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As Founder and Chair of the Middle East Society
for Organ Transplantation (MESOT), it was an honor
and privilege to organize the 16th Congress of the
Middle East Society for Organ Transplantation in
Ankara on 5-7 September, 2018.
Organ and tissue transplantation in the Middle
East has reached new heights and the expansion of
fields and transplant activities in our region is very
encouraging. Although many important steps have
been taken over the past decade, we still have many
battles to win, and one of these is to ensure that
organ trade and transplant tourism are combated.
As such, the theme of the congress was "Enhancing
deceased organ donation and ensuring legal and
ethical transplantation" in compliance with the 10th
Anniversary of the Declaration of Istanbul.
The meeting encompassed the latest developments
in the field of experimental and clinical tissue and
organ transplantation that were discussed with
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international experts and leaders from all the
disciplines in the field of transplantation. Subjects
explored during the course of the 3 days included
approaches to the further development of deceased
donation and ethical living donor transplantation, as
well as clinical issues regarding immunosuppression,
rejection and tolerance, surgical and medical advances
and complications of transplantation.
The manuscripts included in this issue of
Experimental and Clinical Transplantation address
most of the relevant aspects in solid organ transplantation that were discussed in plenary sessions
and symposia during the congress.
Once again attendees have enjoyed an outstanding
opportunity to network with colleagues, engage
in an exchange of ideas and unique educational
opportunities by listening to scientific presentations
of worldwide research and innovative developments
emerging in the field of transplantation.
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MESOT welcomes professionals actively
involved in all fields of transplantation.
The benefits of membership:
■ The opportunity to be part of a regional network of physicians, surgeons and
scientists involved in transplantation

■ Free online access to the journal “Experimental and Clinical Transplantation”,
the official journal of The Middle East Society for Organ Transplantation

■ Substantially reduced rates for subscription to print copies of “Experimental and
Clinical Transplantation”

■ Entitlement to apply to take part in a fellowship program in one of several leading
transplantation centers in the Middle East

■ Reduced registration fee at the biennial international congresses which provide
an innovative and comprehensive overview of the latest research developments
in the field transplantation

■ Free online access to the “Transplant Library”
■ MESOT newsletter updating members about the latest activities in the transplant
community

■ Access to the online MESOT Member Directory

Apply online today at

http://www.mesot-tx.org
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MESOT Fellowship Program
in Organ Transplantation
The Middle East Society for Organ Transplantation is pleased to announce the establishment
of the MESOT Fellowship Program. The program, which will be 1-2 years in duration, has
been created for physicians and surgeons from the Middle East region willing to acquire
particular skills related to clinical and medical aspects of organ transplantation.
The objective of this program is to promote and advance organ transplantation in
underserved areas of the region by helping physicians to establish new programs or
improve already existing ones. In addition to liver, kidney, pancreas, heart and cornea
transplant fellowships, training will be offered in various other departments to support
the multidisciplinary nature of transplantation, including gastroenterology, nephrology,
cardiology, immunology, radiology, pathology, infectious diseases and intensive care.
A limited number of grants will also be available, with recipients being determined by the
Fellowship Program Committee.
Further information can be found online at http://www.mesot-tx.org/home/
fellowship.php, where candidates may also apply online. The application deadline is the
30th of June of each year.
Inquiries may be directed to the Chairman of the MESOT Fellowship Program Committee:

Mustafa Al-Mousawi, MD, FRCS
Chairman, MESOT Fellowship Program Committee
P.O. Box 288, Safat 13003
Kuwait
Fax: +965 24848615
Email: drmosawi@yahoo.com
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International
Center for
Transplant Ethics
We are proud to announce the establishment of the International
Center for Transplant Ethics under the aegis of the World
Academy of Medical, Biomedical and Ethical Sciences at Başkent
University
The center’s mission is:
· to provide leadership in ethical activities and policy
· to promote ethical activities in transplantation
· to introduce ethically sound procurement policies and practice in
order to prevent exploitation of individuals as organ providers based
on human dignity and human rights.
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Living-Donor Organ Donation:
Impact of Expansion of Genetic Relationship
Saleh Hammad, Abdel-Hadi Albreizat

Abstract
In Jordan, the history of organ transplantation started
in 1972 with a kidney transplant from a deceased
donor. At present, Jordan is in a good position with
regard to organ transplantation among developing
countries. It remains important to follow through with
some decisions and enact laws that would increase the
percentage of legal organ donations and transplant
procedures. This has involved the expansion of relative
degree donation. Until 2013, most relative degree
donations involved 1st-degree and 2nd-degree relatives. The degree of genetical and legal relatives in
living organ donation was then expanded to allow
4th- and 5th-degree relatives. This expansion to a
5th-degree relative came about when it was realized
that the percentage of organ transplants in 2nddegree relatives was high. Therefore, the idea of organ
donation in these degrees may be beneficial, as it
can lead to significantly higher numbers of organ
donations.
Key words: Jordanian Center for Organ Transplantation
Directorate, Procurement, Relative donation, Transplant
Introduction
To achieve optimal interest in organ donation, there
must be sufficient efforts by medical, legal, and
supervisory authorities, such as suspicious material
compensation, genetic and legal relationships,
financial needs, and issues of age. Interested parties
should restrict donations to relatives and the degree
that they deem to be appropriate.
From the Jordanian Center for Organ Transplantation Directorate (JCOTD)/Ministry of Health,
Amman, Jordan
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There are many ethical concerns raised with regard
to regulations and procedures for organ transplantation in developing countries. These concerns include
where to get the organ and how to get it for transplantation, as well as the concept of justice in distribution.
Here, we review the history of organ transplantation in Jordan, legislation efforts, and achievements
over time. We also analyzed 1070 organ donations
from January 1, 2013 to June 30, 2018, in Jordan. All
age groups, both males and females, and the relative
degree between 1st degree to 5th degree, as well as
whether these were genetic relatives or relatives by
marriage, were included in our analyses.
History of organ transplantation in Jordan
The history of organ transplant in Jordan is as
follows: the first (deceased-donor) kidney transplant
was in 1972, the first cornea transplant was in 1979,
the first heart transplant was in 1985, the first lung
transplant was in 1997, and the first liver transplant
was in 2004. Regarding transplants involving blood
components, the first bone marrow transplant was in
1987, the first peripheral blood transplant was in
1995, and the first cord blood transplant was in 2008.
Legislation
A deceased donation law is a sine qua non condition
to start a deceased donation program. Jordan issued
a law for use of corneas from deceased donors in
1956. In 1977, the Law of the Usage of Organs and
Tissues of the Human Body was issued in and then
adjusted in 2000.
Instructions regarding transplantation of human
organs and tissues were written in 1999 and adjusted
in 2015.
Living-donor organ transplant
Until 2013, most living-donor organ transplants
involved 1st-degree and 2nd-degree relatives. The
DOI: 10.6002/ect.MESOT2018.L24
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degree of genetic and legal relatives for living-donor
organ transplant procedures was then expanded to
4th-degree and 5th-degree relatives.
Creation of a functioning governmental institution
The Jordanian Center for Organ Transplantation
Directorate (JCOTD) was established in April 2010
and activated in October 2011.
Living-donor organ donation: impact of expansion
of genetic relationship
The expansion of the degree of the genetic and
legal relationships in living organ donation from
1st-degree and 2nd-degree relatives to 5th-degree
relatives increased organ donation about 6% to 10%.
However, this alone does not serve as a substitute of
building up a national program for deceased organ
donations.
The distribution of kidney and liver organ transplants according to genetic and legal relationships
from January 1, 2013 to June 30, 2018 (N = 1070) is
shown in Tables 1 and 2 and Figures 1 and 2.

Exp Clin Transplant

efficiency of the donation process, and conducting
training courses and workshops for human resources.
Organization transplant meetings, creation of a
national wait list system, and no organ transplant
service cost are needed.
In September 2018, a decision was made to
permit living organ donation (3/Sha’ban/1439H),
which corresponded to an earlier date (April 19,
2018).
For donation of organs without any material
compensation, there must be sufficient efforts for
investigations by medical, legal, and supervisory
authorities, including suspicious material compensation, genetic and legal relationships, and financial
needs. Interested parties should restrict donations
to relatives and the degree they deem to be
appropriate.
Figure 1. Distribution of Kidney and Liver Transplants According to
Genetic/Legal (Intermarriage) Relationships From January 1, 2013 to June 30,
2018 (N = 1070)

Table 1. Distribution of Kidney and Liver Transplants According to
Genetic/Legal (Intermarriage) Relationships From January 1, 2013 to June
30, 2018 (N = 1070)
Relationship Degree

Total Number

First-degree genetically
First-degree intermarriage
Total
Second-degree genetically
Second-degree intermarriage
Total
Third-degree genetically
Third-degree intermarriage
Total
Fourth-degree genetically
Other (deceased donors)
Total
Overall

375/1070
96/1070
471/1070
504/1070
5/1070
509/1070
58/1070
1/1070
59/1070
27/1070
4/1070
31/1070
1070

Percentage

35.05%
8.97%
44.02%
47.10%
0.47%
47.57%
5.42%
0.09%
5.51%
2.52%
0.37%
2.90%
100.00%

Figure 2. Distribution by Year of Kidney and Liver Transplants According
Genetic/Legal (Intermarriage) Relationships From January 1, 2013 to June 30,
2018 (N = 1070)

Table 2. Distribution by Year of Kidney and Liver Transplants According to
Genetic/Legal (Intermarriage) Relationships From January 1, 2013 to June
30, 2018 (N = 1070)

Year

First

2013
2014
2015
2016
2017
2018

40.14%
42.8%
43.2%
43.2%
45.9%
50.5%

Relationship Degree, %
Second
Third

54.02%
49.1%
47.6%
48%
44%
43.1%

2.92%
6.4%
5.2%
6.2%
7.2%
3.7%

Total

Fourth

2.92%
1.7%
4%
2.6%
2.9%
2.7%

5.84%
8.3%
9.2%
8.8%
10.1%
6.4%

Building a deceased-donor organ transplant
program: pressure and resistance
Several legislative rules have been added with the
aim of increasing public awareness, improving

Chairman of the Fatwa Council
The Chairman of the Fatwa Council is the Grand Mufti
of the Kingdom/His Eminence Sheikh Abdul Karim.
Regional cooperation
The 1st Symposium on Organ Donation and
Procurement of JCOTD in collaboration with Saudi
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Center For Organ Transplantation (SCOT) and the
Jordanian Society for Organ Donation occurred on
February 23 and 24, 2015 (Figure 3).
The Second Symposium on Organ Donation and
Procurement of JCOTD in collaboration SCOT
Figure 3. Images From the First Symposium on Organ Donation and
Procurement (2015)

3

occurred on March 30 and 31, 2016 (Figure 4). In
2016, the Middle East Society for Organ Transplantation was held in Amman, Jordan (Figure 5).
On October 23, 2015, a campaign for organ
donation encouragement was held for entry in the
Guinness Encyclopedia (4863 donation cards were
collected) (Figure 6).
General provisions were made to regulate the
process of organ, tissue, and cell transplant from
Figure 5. Middle East Society for Organ Transplantation Congress in Amman,
Jordan in 2016

Figure 4. Image From the Second Symposium on Organ Donation and
Procurement (2016)

Figure 6. Campaign for Organ Donation Encouragement for Entry in the
Guinness Encyclopedia (2015)
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living donors (Figure 7). These provisions stated that
donors should be genetically related, as confirmed
and authenticated by official authorities, with
relationship from a 1st-degree or 2nd-degree relative
or in according to fatwas issued from the Jordanian
Iftaa Council. The exception is transplantation of
renewable organs such as bone marrow.
Figure 7. Images of General Provisions to Regulate the Process of Organ
Donation and Transplantation

Questionnaires were also distributed to the Jordanian population from April 2014 to August 2018
(N = 2971 participants). The results of the questionnaires are shown in Figure 8.

Exp Clin Transplant

Figure 8. Questionnaire on Brain Death and Organ Procurement in a Jordanian
Population (N = 2971 Participants) From April 2014 to August 2018
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Barriers to establishment of a deceased-donor
program
The barriers to establishment of a deceased-donor
program include the following: lack of public
knowledge about brain death even in educated
sectors; lack of trained transplant staff, including
surgeons, physicians, coordinators, and nurses; lack
of qualified supporting units (eg, gastroenterology,
radiology, and immunopathology); and lack of trust
and confidence in success among governmental
officials, especially for complicated procedures such
as liver and heart transplant.
Overcoming barriers and present achievements
Barriers have been overcome because of negotiations
with Ministry of Health officials to allocate a special
budget for transplant centers. In addition, charities
for kidney and liver diseases have been established
for fundraising to help patients.
Achievements have so far included the following:
increased cases of brain death diagnosis; increased

cases of family approach; establishment of national
training programs for numerous transplant teams;
free cost in governmental institutions and marked
decreases in cost of procedures in private centers;
progress against unethical/illegal issues in transplantation; and establishment of laparoscopic donor
nephrectomy. Table 3 lists potential deceased donors
from March 2015 to August 2018.
Table 3. Potential Deceased Donors From March 2015 to August 15, 2018

Number of
Cases

Cases approved by brain death protocol adopted by JCOTD
Confirmed diagnosed cases based on neurologic criteria
Cases of eligible donors who were medically suitable
Cardiac death occurred during diagnostic procedure
Family approach
Family approval
Family refusal
Utilization

41
33
14
10
21
12
9
1

Abbreviations: JCOTD, Jordanian Center for Organ Transplantation
Directorate

HLA, Non-HLA Antibodies, and Eplet Mismatches in
Pediatric Liver Transplantation: Observations From a Small,
Single-Center Cohort
Udeme D. Ekong,1 Swati Antala,1 Laurine Bow,2,5 Doreen Sese,5 Raffaella Morotti,3
Manuel Rodriguez-Davalos,2,6 Geliang Gan,4 Yanhong Deng,4 Sukru H. Emre2
Abstract
Objectives: To identify the risk of developing acute
rejection, allograft fibrosis, and antibody-mediated
rejection, a retrospective review of pediatric patients
who underwent liver transplant between July 31, 1998
and February 29, 2016 and had donor-specific
antibodies measured at time of liver biopsy was
undertaken.
Materials and Methods: HLAMatchmaker Software
(http://www.hlamatchmaker.net) was used to define
epitope mismatches between donors and recipients
and to predict de novo donor-specific antibody risk.
Epitope mismatches were evaluated for their immunogenicity.
Results: In our group of 42 recipients, 20 (48%) had
donor-specific antibodies. Having an antibody against
HLA-DQB1*02 was associated with acute rejection
(66.6% vs 36%; P = .024). We found that DQ epitope
mismatch load was greater in recipients with class II
donor-specific antibodies (9.7 vs 3.6; P = .001). HLA-DQ
(7.4 vs 3.6; P = .04) and HLA-DR (8.8 vs 3.8; P = .04)
epitope mismatch loads were higher in recipients with
DQ + DR donor-specific antibodies. A high portal
fibrosis score was associated with higher mismatch
load at the DQ locus (P = .005) and DQ + DR loci
(P = .03). Having > 5 or > 6 epitope mismatch loads at
the DQ locus identified a threshold above which
development of DQ donor-specific antibodies would
From the 1Department of Pediatrics, the 2Department of Surgery, and the 3Department of
Pathology, Yale University School of Medicine; the 4Yale Center for Analytical Sciences; and the
5Histocompatibility and Immune Evaluation Laboratory, Yale University School of Medicine,
New Haven, Connecticut, USA; and the 6Department of Surgery, University of Utah, Salt Lake
City, Utah, USA
Acknowledgements: We received funding from the National Center for Advancing
Translational Science (NCATS), a component of the National Institutes of Health (UL1
TR000142) and the National Institute of Diabetes and Digestive and Kidney Diseases of the
National Institutes of Health (P30KD034989). The authors declare no conflicts of interest.
Corresponding author: Sukru H. Emre, Section of Transplantation and Immunology,
Department of Surgery, 333 Cedar Street, FMB121 PO Box 208062, New Haven, CT 06520,
USA
Phone: +1 203 785 6501
E-mail: sukru.emre@yale.edu

Experimental and Clinical Transplantation (2019) 1: 6-17

Copyright © Başkent University 2019
Printed in Turkey. All Rights Reserved.

occur (area under the curve = 0.878). Mismatches
for eplet 4Q, 45GE, 52PQ, and 52PL, thought to be
immunodominant epitopes, were observed for several
recipients.
Conclusions: Knowledge of epitope mismatches
between recipients and donors may aid transplant
physicians in devising immunosuppression strategies.
Key words: Acute rejection, Allograft dysfunction,
Allograft fibrosis, Donor-specific antibodies, Epitope
Introduction
The application of high-resolution molecular HLA
typing has resulted in an increased knowledge of the
amino acid sequences of HLA alleles, enabling the
identification of polymorphic positions and a better
understanding of the quaternary structure of HLAs.14 An eplet consists of polymorphic HLA residues
within 3.0 to 3.5 Angstrom of a given sequence
position on the molecular surface.5 An epitope
consists of one or multiple combinations of eplets.5,6
HLAMatchmaker is a computer-based matching
program that considers the structural basis of epitopes
on class I and II HLA antigens.5,6 The matching
algorithm determines the degree of mismatch
between donor and recipient pairs based on structural
epitopes called eplets.6,7 Several reports have
demonstrated the usefulness of HLAMatchmaker in
kidney,8-10 heart,11 and lung12 transplantation.
Given that several risk factors proposed as being
associated with allograft inflammation and fibrosis
in pediatric protocol liver biopsies13-15 are mostly
postoperative factors, we sought to identify preoperative factors for predicting the risk of developing
(1) acute cellular (T-cell-mediated) rejection (ACR),
(2) allograft fibrosis, and (3) antibody-mediated
rejection (AMR) in terms of histocompatibility.
Epitope mismatches for HLA-DR, HLA-DQ, and
DOI: 10.6002/ect.MESOT2018.L30
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HLA-DP were evaluated to predict de novo donorspecific antibody (DSA) risk, and specific epitope
mismatches were evaluated for their relative
immunogenicity. We hypothesized that an epletbased matching strategy would predict the risk of
developing anti-HLA DSAs, ACR, allograft fibrosis,
and AMR in pediatric patients who underwent liver
transplant.
Materials and Methods
Patients
The Yale University Institutional Review Board (HIC
1503015482) approved this study. A retrospective
review of medical records of patients who underwent liver transplant or were followed at our center
between July 31, 1998 and February 29, 2016, and had
anti-HLA DSAs measured at the time of liver biopsy
was undertaken. Patients who had no anti-HLA
DSA measurements posttransplant were excluded.
Information extracted included recipient date of birth
and transplant, sex, pretransplant diagnosis, blood
group, type of transplant (living donor/deceased
donor), Epstein-Barr virus (EBV) copies in blood at
time of anti-HLA DSA measurement/liver biopsy,
HLA-DRB1*03/04 status of the recipient, liver biopsy
pathologic diagnosis, including fibrosis stage, the
presence and type of anti-HLA DSA, angiotensin II
type 1 receptor (AT1R) antibody, immunoglobulin G
(IgG) and autoantibodies performed at time of antiHLA DSA measurement/liver biopsy, history of
postoperative complications such as bile leaks,
biliary obstruction, vascular complications, donor
age and sex, and blood group.
Pediatric patients on wait lists for transplant
undergo HLA typing, and their sera are stored for
subsequent measurements of anti-HLA DSA and
AT1R. After liver transplant, anti-HLA DSA, serum
IgG, and autoantibodies (antinuclear antibody, antismooth muscle antibody, anti-soluble liver antigen,
anti-liver kidney microsomal antibody) are measured
as part of evaluation of liver allograft dysfunction
and when a protocol liver biopsy is performed.
Protocol liver biopsies are performed at ≥ 5 years
after liver transplant. Measurements of anti-HLA and
non-HLA antibodies are performed at time of liver
biopsy. If a patient had more than 1 liver biopsy
within our study period, only the first liver biopsy
performed at the same time as measurement of antiHLA and non-HLA antibodies was included.

7

Immunosuppression
Our standard immunosuppression protocol consists
of methylprednisolone after perfusion and for the
first 7 days posttransplant before conversion to oral
steroids, basiliximab on postoperative day 0, steroids
weaned at 6 months posttransplant, and short-term
mycophenolate mofetil until therapeutic tacrolimus
levels are attained. Target tacrolimus levels are 10 to 12
ng/mL in month 1 posttransplant, 8 to 10 ng/mL in
months 2 and 3 posttransplant, and 5 to 7 ng/ml in
year 1 posttransplant.
HLA antibody and non-HLA antibody measurements
LABScreen (One Lambda, Canoga Park, CA, USA)
single antigen beads were used to measure HLA
antibody. Mean fluorescence intensity (MFI) > 1000
was considered positive. Tests from One Lambda/
ThermoFisher (Canoga Park, CA, USA) were used to
measure complement 1Q (C1q) DSAs. Antinuclear
antibodies were measured by indirect fluorescent
assay using HEp-2 substrate with an IgG-specific
conjugate. Titers > 1:80 were considered positive.
Anti-smooth muscle and anti-liver kidney
microsome antibodies were measured using a semiquantitative enzyme-linked immunosorbent assay
(ELISA), with levels > 30 U and > 25.0 U, respectively,
considered as positive. Soluble liver antigen autoantibody was measured using ELISA, with level
> 25.0 U considered as positive. The AT1R antibody
was measured by ELISA, with level > 17 U considered
as positive.
HLA typing and epitope mismatch identification
High-resolution HLA typing with Nextgen sequencing
was performed in all recipients for epitope analysis
and in 27 donors using the Omixon HOLOTYPE HLA
24/11 (Cambridge, MA, USA) and IMMUCOR MIA
FORA NGS FLEX HLA (Norcross, GA, USA) typing
kits. Sequencing was run on an Illumina miSeq
platform (Salem, MA, USA). Loci typed for recipients
and their respective donors included A, B, C, DRB1,
DRB3, DRB4, DRB5, DQA, DQB, DPA, and DPB.
HLAMatchmaker DRDQDP version 3.0 (http://www.
hlamatchmaker.net) was used to identify potential
eplet-derived epitope mismatches between donors
and recipients.5 With this method, potential epletderived epitopes have been described for each HLA
locus (170 HLA-DRβ1/3/4/5, 89 HLA-DQα1, 76 HLADQβ1, 17 HLA-DPα1, and 43 HLA-DPβ1) that may be
present on the alleles.8
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determined using the Youden index. Two-sided P
values < .05 were considered statistically significant.
We used SAS 9.4.3 software (SAS Institute, Cary, NC,
USA) for statistical analyses.

Liver biopsy
Liver biopsy was obtained for cause (ie, evaluation
of allograft dysfunction or as protocol liver biopsy)
using 15G true-cut liver biopsy needles. Three cores
of tissue, each at least 2 cm in length, were obtained for
routine hematoxylin and eosin, Masson trichrome, and
complement 4d (C4d) staining by either immunofluorescence or immunohistochemistry. Briefly, rabbit
monoclonal antibody (SP91; Cell Marque, Rocklin, CA,
USA) in prediluted form, following low-pH epitope
retrieval over 20 minutes, was used for preparation of
paraffin-embedded, formalin-fixed liver tissue. For
immunofluorescence, rabbit polyclonal anti-human
C4d antibody (Biomedica, Wien, Austria) was used.
Fibrosis was staged as described by Venturi and
associates.16 The terms ACR and AMR were defined
as previously described.17 Liver biopsies were
reviewed by a blinded pathologist for the purpose of
this study.

Results
Demographics
Patients included in the study are shown in Figure 1.
Donor and recipient characteristics are shown in
Tables 1 to 3. Table 4 compares the 42 recipients who
formed the study cohort and the recipients excluded
due to lack of DSA testing. Of 42 recipients, 20
(47.6%) had anti-HLA DSAs, mostly to class II HLA.
Class II anti-HLA DSAs were predominantly a de
novo occurrence posttransplant. Two patients had
Figure 1. Consort Diagram Showing the Study Population

Statistical analyses
Patient characteristics were summarized using mean,
standard deviation, median, and range for continuous
variables and frequency and percentage for categorical
variables. Wilcoxon rank sum or Kruskal-Wallis
tests were conducted to test group differences
for continuous variables. Chi-square or Fisher exact
tests were conducted to test associations between
categorical variables. Associations between 2 continuous variables were tested using the Spearman
correlation coefficient. Kaplan-Meier curves were
created for time-to-event outcomes, and log-rank
tests were conducted to test differences in survival
among defined patient groups. The accuracy of
epitope mismatch loads predicting DSA development was assessed using receiver operating
characteristic curve analysis and logistic regression
models. Cutoffs for epitope mismatch load were
Table 1. HLA Antibodies Posttransplant

Median recipient age (range), y
Median donor age (range), y
Living donor, No.

Mean HLA-DRβ1/3/4/5
epitope mismatches ± SD
Mean HLA-DQα1/β1 epitope
mismatches ± SD

Exp Clin Transplant

Of 77 patients who received liver transplants and were followed at our
center, 42 had anti-HLA donor-specific antibodies (DSAs) measured
posttransplant, forming the study cohort. The other 35 had no measurement
of anti-HLA DSAs posttransplant and were excluded. Of the 42 study
patients, anti-HLA DSAs were measured at time of allograft dysfunction in
30 patients and at time of surveillance/protocol liver biopsy in 12 patients.
Anti-HLA class II DSAs were present in 20 patients posttransplant
(absent in 22 patients). Of these 20 patients, DSAs were not present
pretransplant in 12 patients (therefore, de novo [dn]). DSA was not de novo
in 1 patient and was not tested pretransplant in 7 patients due to insufficient
sera. Of the 20 patients with anti-HLA class II DSA posttransplant,
HLA-DR was present in 7 patients, HLA-DQ in 20 patients, and HLA-DP in
1 patient.

No Class II DSA
(n = 22)

Class II DSA
(n = 20)

DR DSA Alone
(n = 0)

1.5 (0.4-19.1)
28 (0.7-53)
13

1.2 (0.5-17.5)
23 (1-56)
8

NA
NA
NA

No Class II DSA
(n = 13)

Class II DSA
(n = 14)

DR DSA Alone
(n = 0)

DQ DSA Alone
(n = 13)

1.4 (0.5-17.5)
28 (2-48)
4
DQ DSA Alone
(n = 8)

DP DSA Alone
(n = 0)

Both DR and
DQ DSA (n = 6)

DR, DQ, and
DP DSA (n = 1)

NA
NA
NA

1.9 (0.6-14.3)
21 (2-56)
3

1
22
1

DP DSA Alone
(n = 0)

Both DR and
DQ DSA (n = 5)

DR, DQ, and
DP DSA (n = 1)

3.8 ± 4.5

5.6 ± 3.8

NA

4.0 ± 2.7

NA

8.8 ± 3.7*

2

3.6 ± 3.6

9.7 ± 4.5**

NA

11.0 ± 5.0

NA

7.4 ± 3.5*

11

Abbreviations: DSA, donor-specific antibodies; NA, not applicable; SD, standard deviation
*P = .04; **P = .001.
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class I anti-HLA DSAs pretransplant. After liver
transplant, the previously detected class I anti-HLA
DSAs disappeared; however, 2 patients had class I
anti-HLA DSA posttransplant. This was a new
occurrence in 1 patient. Because the second patient
had missing pretransplant testing, it was unclear
whether this was de novo or present pretransplant.
Of the 22 recipients without posttransplant anti-HLA
DSAs, 1 recipient had class I DSA pretransplant, 16
recipients had no anti-HLA DSA pretransplant, and
5 recipients had insufficient pretransplant sera for
measurement of anti-HLA DSAs.
Of the patients with elevated anti-AT1R antibody
levels posttransplant, 6 patients also had elevated
levels pretransplant. Unfortunately, most patients
did not have anti-AT1R antibody measurements
pretransplant (insufficient sera) (Table 2). The trend
in anti-AT1R antibody levels is shown in Figure 2A.
Because AT1R was not measured pretransplant in all
patients, it is unclear whether AT1R levels were
Table 2. Recipient Demographics (N = 42)
Characteristic

Pretransplant diagnosis
Acute liver failure
Autoimmune hepatitis
Biliary atresia
Genetic
Other
Median age at transplant (range), y
Median duration from transplant to blood
draw (range), mo
Donor sex
Male
Female
Donor ABO
A
AA1
B
O
O+
Recipient sex
Male
Female
Recipient ABO
A
AB
B
O
Pretransplant class I DSA
Yes
No
Missing data
Pretransplant class II DSA
Yes
No
Missing data
Pretransplant AT1R
Yes
No
Missing data

elevated or normal in patients before transplant and
then normalized immediately after transplant and
subsequently became elevated at some time point
posttransplant.
Table 3. Non-HLA Antibodies Posttransplant in Recipients (N = 42)
Antibody

No. of Patients (%)

Antinuclear antibody
Yes
No
Missing data
Anti-smooth muscle antibody
Yes
No
Missing data
Anti-liver kidney microsomal antibody
No
Missing data
Anti-soluble liver antigen
No
Missing data
AT1R
Yes
No
Missing data

3 (7.14)
3 (7.14)
24 (57.14)
6 (14.29)
6 (14.29)
1.4 (0.4-19.1)
38.0 (0.4-202.8)

4 (9.52)
20 (47.62)
18 (42.26)
27 (64.29)
15 (35.71)
22 (53.28)
20 (47.62)

Abbreviations: AT1R, angiotensin II type 1 receptor

32 (76.19)
9 (21.42)
1 (2.38)

Table 4. Demographics of Study Cohort and Excluded Patients
Excluded Patients
(N = 35)

Result, No. (%)

5 (11.9)
23 (54.76)
14 (33.33)

Median age at transplant
(range), y
Pretransplant diagnosis, No. (%)
Acute liver failure
Autoimmune hepatitis
Biliary atresia
Genetic
Other
Recipient sex, No. (%)
Female
Male

Study Cohort
(N = 42)

P Value

2.7 (0.4-17.7)

1.4 (0.4-19.1)

.97

6 (17.14%)
1 (2.86%)
9 (25.71%)
12 (34.29%)
7 (20.00%)

3 (7.14%)
3 (7.14%)
24 (57.14%)
6 (14.29%)
6 (14.29%)

.03

12 (34.29%)
23 (65.71%)

.33

22 (52.38)
20 (47.62)
6 (14.29)
1 (2.38)
4 (9.52)
4 (9.52)
26 (61.9)
1 (2.38)
23 (54.76)
19 (45.24)
15 (35.71)
1 (2.38)
4 (9.52)
22 (52.38)
2 (4.76)
29 (69.05)
11 (26.19)
1 (2.38)
28 (66.67)
13 (30.95)
9 (21.43)
4 (9.52)
29 (69.05)

Abbreviations: AT1R, angiotensin II type 1 receptor; DSA, donor-specific
antibody

Anti-HLA class II donor-specific antibodies
increased with duration posttransplant
The median duration from transplant to the time of
obtaining a blood sample was significantly shorter in
patients without anti-HLA class II DSAs (18.9 mo
[range, 0.4-119.6 mo] vs 58.3 mo [range, 8.2-202.8 mo];
P = .006). The presence of anti-HLA class II DSAs was
not significantly associated with age at transplant,
donor age, donor type (living or deceased donor),
elevated serum aminotransferase levels, the presence
of EBV copies in blood, or the presence of
autoantibodies. Within our cohort, there were 13
cases of DQ2 mismatch between recipient and donor,
2 cases of DQ4 mismatch, 2 cases of DQ5 mismatch,
8 cases of DQ6 mismatch, 9 cases of DQ7 mismatch,
3 cases of DQ8 mismatch, and 1 case of DQ9
mismatch. Antibody to the DQ antigen was the
predominant antibody (Table 1), with antibody to
DQ2 being the most frequent (9 patients). Antibody
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Figure 2. Non-HLA Antibody and Anti-HLA Class II Donor-Specific Antibody Trend

A

B

(A) Trend of anti-angiotensin II type 1 receptor (AT1R) antibody level pretransplant (n = 13) and posttransplant (n = 41).
Of 13 patients who had pre- and posttransplant AT1R levels measured, levels were elevated in 8 patients pretransplant,
remained elevated in 6 patients posttransplant, decreased to normal in 2 patients posttransplant, went from normal
pretransplant to elevated posttransplant in 4 patients, and remained normal both pre- and posttransplant in 1 patient.
(B) Recipients with acute cellular rejection (ACR) developed HLA-DQ donor-specific antibodies (DSA) significantly
earlier posttransplant than recipients without acute rejection (P = .02).

to DQ3, DQ4, DQ8, and DQ9 was present in 1 patient
each, DQ6 in 2 patients, DQ5 in 2 patients, DQ7 in 6
patients, DQA5 in 3 patients, and DQA2 and DQA3 in
1 patient each. No patient had DR DSA alone,
DP DSA alone, or a combination of DR + DP DSA (Table
1). DQ mismatch between recipient and donor was
present in 31 of 42 recipients (~74%). Patients with DQ
mismatch between donor and recipient were
significantly less likely to have smooth muscle antibody
(P = .007) and showed a nonsignificant trend toward
being less likely to have any autoantibody present (P =
.06). DQ mismatch was not significantly associated with
elevated serum aminotransferases or EBV levels, and
the number of DQ mismatches was not significantly
associated with the presence of anti-HLA class II DSA
or ACR (P = .32 and P = .54, respectively).
With regard to relationship between when DSA
presence was noted and biliary and/or vascular
complications, 6 patients within the study cohort had
biliary complications (5 had biliary stricture and 1
had a bile leak). No DSAs were detected immediately
preceding and immediately after diagnosis of biliary
strictures in 2 patients; DSAs were detected
immediately preceding the diagnosis of biliary
stricture in 1 patient; 2 patients had DSAs checked
after the diagnosis of a biliary complication, with
DSAs detected in both; and 1 patient had a biliary
stricture, but it was present 5 years before its
diagnosis, with DSA checked but not detected. No
patient in the study cohort had a vascular

complication. The small number of patients with
biliary complications in our study cohort contributed
to difficulty in drawing any conclusions about a
temporal relationship between DSA presence and
biliary complications.

Mismatch for HLA-DQB1*02 antigen associated
with acute cellular rejection
Presence of anti-HLA class II DSAs was significantly
associated with ACR (66.7% vs 26.6%; P = .034), and
the median time to development of DQ DSA
posttransplant was significantly shorter for patients
with ACR at 43.17 months (range, 15.83-93.37 mo)
versus 146.27 months (range, 96.87-165.03 mo;
P = .02) (Figure 2B). Moreover, patients with antibody
against HLA-DQB1*02 antigen were significantly
more likely to develop ACR (66.6% vs 36%; P = .024).
We found that 13 recipients had a mismatch for HLADQB1*02; however, only 9 developed antibody to
DQ2. Table 5 shows the differences between the 13
recipients. Although there appeared to be a tendency
for patients with a combination of DQ + DR ± DP
DSAs to develop ACR earlier posttransplant
compared with patients with DQ DSA alone, this did
not achieve statistical significance (Figure 3; P = .31).
The average MFI of anti-HLA class II DSA is shown
in Table 6; recipients with ACR had overall
significantly higher MFI results for anti-HLA class II
DSAs compared with recipients with no ACR
(16 458 vs 5976; P = .027). Moreover, DQ MFI was
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significantly higher in recipients with ACR compared
with recipients without ACR (13 840 vs 5792; P = .034).
Only 1 and 3 patients within our study cohort had
liver biopsy suspicious and indeterminate for AMR,17
respectively. We therefore found no association
between presence of anti-HLA DSAs or antibodies
against HLA-DQB1*02 antigen and AMR.
DQ donor-specific antibodies are significantly
associated with portal fibrosis and complement
fixing anti-HLA class II donor-specific antibodies
are significantly associated with sinusoidal fibrosis
Portal, central, sinusoidal, and overall mean fibrosis
scores were not significantly different between liver
biopsies performed for evaluation of allograft
Table 5. Recipients With Mismatches for HLA-DQB1*02
Antibody Against DQ2 No DQ2 Antibody
(n = 9)
(n = 4)

Median age at transplant
(range), y
Mean tacrolimus level at
blood draw ± SD, ng/mL
Number of patients on steroids

6.8 (0.9-15.3)

9.7 (0.7-19.1)

4.6 ± 3.0
5

7.3 ± 3.1
3

Abbreviations: SD, standard deviation

Table 6. Average Mean Fluorescence Intensity of Anti-HLA Class II DonorSpecific Antibodies
Class II Donor-Specific
Average Mean
No. of
Antibodies
Fluorescence Intensity
Patients

DQ alone
DR
DQ + non-DQ

19 992
9 839
23 776

13
7
20

DQ mean fluorescence intensity values were calculated using mean of all
the DQ beads bearing that antigen.

Figure 3. Acute Cellular (T-Cell Mediated) Rejection Was Not Observed
Significantly Earlier After Liver Transplant in Patients With DQ + DR ± DP
Donor-Specific Antibodies Compared With Patients With DQ Donor-Specific
Antibodies (P = .31)

Abbreviations: DSA, donor-specific antibody
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dysfunction and protocol liver biopsies. Mean portal
fibrosis score was significantly lower in patients
without anti-HLA class II DSA or antibody against DQ
(2.0 vs 1.6; P = .018). There was also a nonsignificant
trend toward higher mean total fibrosis score in
patients with anti-HLA class II DSAs or antibodies
against DQ (3.9 vs 3.1; P = .09). Mean sinusoidal
fibrosis score was significantly lower in patients
without complement fixing anti-HLA class II DSAs
(1.29 vs 1.0; P = .023). Although there appeared to be
a tendency for patients with a combination of
DQ + DR ± DP DSAs to develop average total fibrosis
score of > 2 earlier posttransplant than patients with
DQ DSA alone, this did not achieve statistical
significance (Figure 4; P = .56). There were no
significant associations between portal fibrosis scores
in recipients with higher overall MFI results for antiHLA class II DSAs and higher MFI results for DQ
DSA (P = .06 and P = .07, respectively). However, a
similar association was not observed with sinusoidal,
central, or total fibrosis scores. Fibrosis score was not
significantly associated with the presence of antibody
against HLA-DQB1*02 antigen or recipient HLA
DRB1*03 or HLA DRB1*04.
In our patient cohort, the presence of anti-AT1R
antibody, antinuclear antibody, or anti-smooth
muscle antibody posttransplant was not significantly
associated with portal, central, sinusoidal, or overall
fibrosis score.
Figure 4. Development of Average Total Portal Fibrosis Score > 2 Was Not
Observed Significantly Earlier After Liver Transplant in Patients With DQ +
DR ± DP Donor-Specific Antibodies Compared With Patients With DQ DonorSpecific Antibodies (P = .56)

Abbreviations: DSA, donor-specific antibody
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Higher DQ epitope mismatch load is associated
with development of class II donor-specific
antibodies and higher portal fibrosis scores
High-resolution molecular typing data were
available for 40 recipients, with DNA available for
high-resolution molecular typing in donors of 27/40
recipients. Thus epitope mismatch could only be
evaluated in 27 recipients and their respective
donors. Of these 27 recipient/donor pairs, results
for anti-HLA DSA pretransplant were available
for all but 7 recipients, as there were insufficient
pretransplant sera for testing in these 7 recipients.
Two of the 7 recipients had no anti-HLA DSAs
detected posttransplant, and 5 had class II anti-HLA
DSAs detected posttransplant.
To quantify HLA-DRβ epitope mismatches, HLADRβ1 and HLA-DRβ3/4/5 were considered together.
Similarly, both HLA-DQα1 and β1 chains were
considered as a combined HLA-DQα1/β1 score.
Epitope mismatch load was greater in patients with
class II DSAs than in patients without class II DSAs
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(Table 1). DQ epitope mismatch load was
significantly greater in those who developed class II
DSAs (9.7 vs 3.6; P = .001; Table 1). In contrast, DR
epitope mismatch load was not significantly greater
in those who developed class II DSAs (5.6 vs 3.8;
P = .14; Table 1). For patients who developed DSAs
against both HLA-DR and HLA-DQ loci, DQ epitope
mismatch load (7.4 vs 3.6; P = .04) and DR epitope
mismatch load (8.8 vs 3.8; P = .04) were significantly
higher than that shown in patients with no class II
DSAs. Epitope mismatch load at the DQ locus
seemed to discriminate best those who developed
DQ DSAs from those who did not develop DQ DSAs
(Figure 5A). When we compared non-antibodydefined epitope-mismatch loads at the DR + DQ loci,
we observed a significantly higher epitope mismatch
load in patients with class II DSAs than in patients
with no class II DSAs (34.2 vs 20.7; P = .03). (A nonantibody-defined epitope is an epitope without an
identified monoclonal antibody; that is, the
histocompatibility field is unable to prove that the

Figure 5. Locus-Specific Epitope Mismatch and Development of Class II Anti-HLA Donor-Specific Antibodies and Portal Fibrosis Posttransplant, Showing HLADQα1/β1 or HLA-DRβ1/3/4/5 Eplet-Derived Epitope Mismatches

A

C

B

D

E

(A) Epitope mismatch load in the DQ locus appeared to provide better discrimination in development of donor-specific antibodies (DSAs). (B) Optimal
epitope mismatch load cutoff for development of HLA-DQ DSA is > 5 or > 6. (C) With the criteria from panel B, the area under the curve was 0.878, suggesting
that development of HLA-DQ DSA could be well predicted by epitope mismatch load at the DQ locus. (D) Recipients with higher epitope mismatch load
at the DQ locus had significantly higher mean portal fibrosis scores (P = .005). (E) Recipients with higher epitope mismatch load at the DQ + DR loci had
significantly higher mean portal fibrosis scores (P = .03).
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Table 7. DQ Epitope Mismatch Load Cutoff for Development of DQ DonorSpecific Antibodies
Yes
(n = 20)

DQ epitope
mismatch load > 5
Yes
No
Missing
DQ epitope
mismatch load > 6
Yes
No
Missing

Number (%)
No
(n = 22)

Total
(n = 42)

P Value

11 (55.0%)
3 (15.0%)
6 (30.0%)

2 (9.0%)
10 (45.4%)
10 (45.4%)

13 (30.9%)
13 (30.9%)
16 (38.1%)

.002

10 (50.0%)
4 (20.0%)
6 (30.0%)

2 (9.0%)
10 (45.4%)
10 (45.4)

12 (28.5%)
14 (33.3%)
16 (38.1%)

.005

Abbreviations: SD, standard deviation

theoretical epitope can actually induce antibody
formation.) Because only 1 patient developed DSAs
against HLA-DR, HLA-DQ, and HLA-DP, we did not
compare epitope mismatch at the DP loci.
We attempted to define the threshold for epitope
mismatch load at each locus above which
development of class II DSAs would occur. We
identified a cutoff of > 5 or > 6 epitope mismatch
loads at the DQ locus (Figure 5B, Table 7), with an
area under the curve of 0.878 (Figure 5C). We were
unable to define a cutoff for the DR locus, likely
because of the small number of patients in our
cohort who had DR DSAs. Recipients with
higher portal fibrosis scores were significantly
more likely to have a higher mismatch load at the DQ
locus (P = .005) and DQ + DR loci (P = .03) (Figure 5,
D and E). Although recipients with acute rejection
also had higher mismatch loads at the DQ locus and
DQ + DR loci, this did not achieve statistical
significance.

Epitope specificities
Epitope specificities were assigned for DSAs against
HLA-DQ or HLA-DR (Table 8). The most common
epitope specificity assigned to DQB1*02-DSA was
45GE (Terasaki epitope [TerEp] no. 2001]. The most
common to DQB1*03:01-DSA was 45EV (TerEp no.
2005), and the most common to DQB1*06-DSA was
52PQ (TerEp no. 2004). Assigned epitope specificities
for DQB1*04-DSA included 182N (TerEp no. 2014),
84QL (TerEp no. 2013), 70ED (TerEp no. 2002), and
52PL, 140T, and 182N (TerEp no. 2014). For DQB1*05DSA, these included 52PQ (TerEp no. 2004) and
116I (TerEp no. 2015); for DQB1*03:03-DSA, the
assigned epitope specificity was 182N (TerEp no.
2014).18
The most common epitope specificities assigned
to DR53-DSA were 4Q (TerEp no. 1001), 18L, 26WN,
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40YNL, 81Y, 181M, and 48Q. The assigned epitope
for DR15, DR51-DSA was 108T (TerEp no. 1402).8 The
2 epitopes assigned to DR12 and DR52 (77N and
98Q) were TerEp no. 1027 and 1036, respectively.18
Discussion
The principal findings of this study are that (1) the
HLA-DQB1*02 allele was associated with an
increased risk of ACR, (2) DQ DSAs were associated
with portal fibrosis, and fixed complement class II
DSAs were associated with sinusoidal fibrosis; (3) an
epitope-based mismatching approach can predict
DQ de novo DSA development in pediatric liver
transplant recipients; and (4) higher epitope mismatch
loads at the DQ and DQ + DR loci were significantly
associated with higher portal fibrosis scores.
HLA-DQB1*02 has been reported to carry a
higher risk for development of multiple sclerosis19
and confer a high risk for the development of celiac
disease.20 However, almost no patients with celiac
disease carry either one or more of the at-risk
variants, and most individuals carrying the celiac
disease-associated HLA-DQ molecules will never
develop celiac disease, suggesting certain HLA genes
are necessary but not sufficient for the development
of celiac disease.20 In the same manner, because our
study was a retrospective study, it was unclear what
role factors such as medication nonadherence, degree
of immunosuppression, and age at transplant played
in predisposing recipients who developed antibody
to HLA-DQB1*02 to developing ACR. As shown in
Table 5, our numbers were much too small for
meaningful statistics to be done; however, this
should be further studied in a prospective fashion in
a larger multicenter study.
HLA-DQ allotypes lead to celiac disease by
presenting gluten antigens to CD4+ T cells, with
subsequent immune reactions leading to formation
of the celiac lesion.21-23 Similarly, in ACR, alloantigen
presentation involves either (1) the direct pathway,
where allogeneic major histocompatibility complex
(MHC) molecules on the surface of donor antigenpresenting cells are recognized by recipient T cells,
or (2) the indirect pathway, where recipient antigenpresenting cells traffic through the graft and
phagocytose allogeneic material shed by donor cells
(mostly peptides derived from allogeneic MHC
molecules) and present it to recipient T cells.24 CD4+
T cells primarily mediate the rejection response. The
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Table 8. Epitope Specificities of De Novo Donor-Specific Antibodies
DR DSA

DQ DSA

R1

DR53

DQB1*02

R2

None

None

R3

None

R4

DR Antibody
DQ
Defined
Antibody
Epitope
Defined
Mismatch
Epitope
Load
Mismatch
Load

DR Defined
Epitope Mismatch

DQB Defined
Epitope Mismatch
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DQA Defined
Epitope Mismatch

8

5

4Q 18L 25Q 26WN 48Q 40YNL
81Y 181M

45GE 55LPA 74AVR

47KHL 40ERV

14

8

4Q 18L 25Q 26WN 48Q 40YNL
70QT 96HK 81Y 104A
181M 67LQ 13FE 96ES

45GE 55LPA 74AVR
56PV 84QL 125A

47KHL 40ERV

DQB1*05
DQB1*06

5

11

11STS 70QT 96EV 13FE 96ES

26G 45GV 52PQ 56PV
52PR 74SR 74SV 85VG
85VA 116I 125S

None

None

DQA1*05

2

6

74R 47F

None

40GR 47CL 53QF 75S
163E 175K

R5

DR53
DR4

DQB1*02
DQB1*03:02

11

8

4Q 18L 26WN 48Q 40YNL
70QT 74R 96Y 81Y 180LT 181M

45GE 55LPA 74AVR 77R

25YS 47QL 52RR
40ERV

R6

None

None

1

5

74R

26G 66DI 55RL 74SV 70ED

None

R7

None

None

0

0

None

None

None

R8

None

None

0

0

R9

DR52

DQB1*03:01

2

11

R10

None

None

0

R11

None

None

11

R13

None

None

0

R14

DR12
DR52

DQB1*03:01
DQA1*05

6

R15

None

None

7

R16

None

DQA1*05

R17

None

R18

None

None

None

37YV 57DE

45EV 52PL 55PP 140T
182N

40GR 47CL 53QF 75S
163E 175K

0

None

None

None

4

4Q 18L 26WN 48Q 57DE
40YNL 96Y 81Y 180LT 181M 47F

None

25YS 47QL 52RR
40ERV

3

None

None

40GR 47CL 53QF

7

11STS 16Y 74R 77N 96HK 98Q

45EV

40GR 47CL 53QF 75S
163E 175K

12

11STS 25Q 70D 77N 96HK
98Q 47F

45GE 55LPA 74AVR 52PQ
52PR 77R 85VG 85VA 87F
140A 182S

47KHL

5

20

11STS 74R 77N 98Q 47F

26G 45GV 46VY 28T 52PQ
56PV 52PR 52P 74SR 74SV
85VG 85VA 116I 125S

40GR 47CL 53QF
75S 163E 175K

DQB1*04
DQB1*03:01

3

16

16Y 37YV 57DE

45EV 52PL 66DI 55PP
55RL 70ED 84QL 125A
140T 182N

40GR 47CL 53QF 75S
163E 175K

DR53

DQB1*03:01

14

13

4Q 18L 25Q 26WN 37YV 48Q
57DE 40YNL 70D 73A 77T 81Y
181M 47F

45GE 45EV 55LPA 74AVR
55PP 77R 140A 182S

47KHL 75S 163E
175K 40ERV

R19

None

DQB1*02
DQA1*02

2

5

25Q 96HK

45GE 45EV 55LPA 74AVR

47KHL

R20

None

None

3

4

70QT 96Y 180LT

None

25YS 47QL 52RR
40ERV

R21

None

DQB1*02
DQB1*06

7

11

11STS 74R 96EV 108T 142M
396EN 104ART

45GE 55LPA 74AVR 52PQ
52PR 77R 85VG 85VA
87F 140A 182S

None

R22

DR51
DR15

DQB1*02
DQB1*06

5

4

74R 108T 142M 396EN 104ART

45GE 55LPA 74AVR 87F

None

R23

None
DQA1*05

DQB1*02

8

11

4Q 18L 25Q 26WN 48Q 40YNL
81Y 181M

45GE 55LPA 74AVR
77R 84QL125A

47KHL 40GR 47CL
53QF 40ERV

R24

None

None

4

4

70QT 67LQ 13FE 96ES

56PV

40GR 47CL 53QF

R25

None

None

2

1

13FE 96ES

56PV

None

R26

None

DQB1*03:03
DQA1*03

0

8

None

52PL 55PP 77T 140T
182N

25YS 47QL 52RR

R27

None

None

1

Abbreviations: DSA, donor-specific antibody
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association of HLA-DQB1*02 with ACR may explain
our finding that recipients with ACR had a higher
probability of developing DQ DSAs earlier posttransplant (Figure 2B).

The association of class II DSA with portal fibrosis
has been previously reported.25 In our cohort, we
found a similar association between the presence of
class II DSAs and increased risk for portal fibrosis;
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this association appeared to be driven by DQ DSAs
and not DR DSAs. Portal tracts are reported to have
high hepatic stellate cell levels26 that can become
activated and fibrogenic by persistent inflammation.
Because our study did not collect serial HLA
antibody measurements and data on inflammation
from serial liver biopsies, we were unable to
comment on whether DSA development preceded or
followed inflammation. In contrast to Varma and
colleagues,25 we found no significant association
between recipient HLA-DRB1*03/04 allele and graft
fibrosis. This may be because almost half of their
recipients had the HLA-DRB1*03/04 allele but only
about a third of our cohort had the HLA-DRB1*03/04
allele. In our patient cohort, the presence of antiAT1R antibody posttransplant was not significantly
associated with portal, central, sinusoidal, or overall
fibrosis score. This is in contrast to the published
observations of Ohe and associates,27 possibly
because those investigators used the Ishak system for
scoring fibrosis. In our study, we used the liver
allograft fibrosis score developed by Venturi and
associates,16 which is now generally considered to be
more appropriate for assessing and scoring fibrosis
in the posttransplant liver allograft.
Presence of class II DSAs with fixed complement
(C1q) was significantly associated with sinusoidal
fibrosis in our cohort. Class II C1q DSAs have been
reported to successfully predict early rejection risk in
liver transplant recipients,28 be associated with de
novo autoimmune hepatitis, late ACR, and chronic
rejection in pediatric LT recipients,29 and be a
supportive adjunct in identifying patients at risk of
postoperative acute AMR.30 However, those studies
were not designed to assess the relationship between
the presence of fixed C1q DSA and allograft fibrosis.
No patient in our cohort had chronic rejection, and
only 1 and 3 patients within our study cohort had
liver biopsy suspicious and indeterminate for
AMR,17 respectively.
In our cohort, epitope mismatch load at the DQ
locus seemed to discriminate best those who
developed DQ DSAs from those who did not
develop DQ DSAs (Figure 5, A and B; Table 7). The
significant correlation between higher epitope
mismatch load at the DQ and DQ + DR loci and
higher portal fibrosis score is likely driven by
mismatch load at the DQ locus, as both we and
others have shown portal fibrosis to be significantly
associated with DQ DSA. Epitope mismatch load at
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the DQ locus and DQ + DR loci was not significantly
associated with ACR, likely due to our small sample
size. This not withstanding, being that development
of ACR is significantly associated with the presence
of DQ DSAs, epitope mismatch load may be able to
provide clinicians with a more detailed assessment
of immunologic risk posttransplant and aid in
clinical decision making with regard to immunosuppression-sparing strategies or the need for
posttransplant monitoring for de novo DSA. Although
the mechanisms of how epitope load increases the risk
of de novo DSA development are unknown, the
probability of allorecognition by a specific B-cell
clone likely increases with an increasing number
of mismatches, as would the likelihood of an
immunodominant epitope being present.8
Our study is the first to report eplet-derived
epitopes to which de novo DSA is directed against in
pediatric liver transplant recipients (Table 8).
Importantly, some of the eplet-derived epitopes
observed in our study cohort correlate with known
monoclonal antibody or isolated alloantibody single
antigen bead reactivity patterns used to identify the
Terasaki epitopes.18 Moreover, the eplet 4Q (TerEp
no. 1001) for HLA-DR DSAs and the eplets 45GE
(TerEp no. 2001), 52PQ (TerEp no. 2004), and 52PL
(TerEp no. 2014) for HLA-DQ DSAs observed in
several of our patients are thought to be possible
immunodominant epitopes (Figure 6).8 Of note,
45GE is the eplet-derived epitope for HLA-DQB1*02,
and we have shown that development of antibody
to HLA-DQB1*02 is associated with risk of ACR
development. Further examination in a larger
prospective cohort of consecutive pediatric liver
transplant recipients could uncover whether any of
these eplet-derived epitopes would be significant
independent predictors of de novo DSA development.
If validated, this could be added information for
transplant physicians to utilize in immunosuppression decision making. Thus, performance of
high-resolution HLA typing at time of recipient
listing with collection of donor DNA during organ
procurement for performance of the same would
enable identification of eplet-derived epitopes
deemed to be immunodominant epitopes and guide
risk stratification of patients.
Some of the limitations of our study include its
retrospective nature and our small sample size,
allowing an associated risk for a type II error. Several
statistical tests were performed for the purpose of
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hypothesis generation. We acknowledge that a
larger-scale prospective study is needed to further
verify the associations observed in our study. One
could argue that the incidence of T-cell-mediated
rejection (ACR) seems high in our cohort; however,
these results are in line with the published literature
in pediatric liver transplant patients from a North
American pediatric liver transplant database, which
reported that the probability of an episode of acute
rejection occurring within 5 years of liver transplant
was 60%.31 Despite good faith efforts, we were also
unable to obtain donor samples from all donors for
high-resolution molecular typing. Liver biopsies
were not done at the exact point in time after liver
transplant in recipients, and blood was not collected
for measurement of anti-HLA DSA and non-HLA
antibodies at the same time point posttransplant.
Therefore, it is entirely plausible that recipients with
ACR appeared to develop anti-HLA DSAs earlier
posttransplant because they had liver biopsies and
DSA measurements performed earlier posttransplant
for evaluation of allograft dysfunction. Because our
study was conducted for hypothesis generation,
these points can be addressed and confirmed in a
larger prospective study. Given the duration of our
study, it would be prudent to test for an era effect;
however, our small cohort precluded this.
Our data demonstrated a significant difference in
patients developing antibody to DQ when the
mismatch load was greater than 5. Because our
cohort was small, we chose to refine our analysis
specifically to DQ mismatched epitopes, to avoid the
possible irrelevant contribution to the mismatch score
by DR or DP epitopes. Studies by Wiebe and SapirPichhadze and colleagues8,9 in kidney transplant
patients demonstrated significant differences in class
II antibody formation when the epitope mismatch was
greater than 17; however, their measurement is
inclusive of epitope mismatches at DR and DP as
well as DQ. Thus, it is expected that the load
differences would be higher. It is important to note
that epitope mismatch contribution to class II DSA
development was clearly shown in our study and in
the report from Wiebe and associates8; even with our
small cohort, these results perhaps highlight the
importance of these mismatches in contributing to
antibody formation and rejection.
We acknowledge that there were missing data in
our study cohort, specifically anti-HLA and non-HLA
antibodies pretransplant. There were patients who had
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sera collected, but unfortunately the amount was
insufficient to complete all measurements. Despite
these limitations, we feel it is important to be
transparent about our missing data and report this
in the results, especially because we believe our
study adds to the pediatric liver transplant literature
and also has relevance to adult liver transplant. We
also acknowledge that some recipients were
excluded due to lack of measurement of anti-HLA
DSAs. Despite this limitation, we believe our results
provide a foundation for subsequent prospective,
multicenter studies that could better understand the
mechanism(s) underlying fibrosis in pediatric liver
transplant recipients.
Conclusions
Allorecognition can generate antibodies to nonself
epitope mismatches; thus knowledge of the presence
of HLA-DR and HLA-DQ epitope mismatches
between recipients and donors in the immediate
posttransplant period may aid transplant physicians
in devising immunosuppression strategies in select
patients after liver transplant.
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Update on Chronic Rejection After Intestinal Transplant:
An Overview From Experimental Settings
to Clinical Outcomes
Augusto Lauro,1 Ignazio R. Marino2
Abstract
Chronic rejection affects the long-term survival of
solid-organ transplants, accounting for an incidence
of between 5% and 10% after intestinal/multivisceral
transplant. Because of unclear symptoms and signs
and endoscopic findings, the diagnosis is often
delayed. Presently, allograft removal represents the
only available therapy due to the absence of effective
pharmacologic approaches. Extensive research,
through animal models, has been performed over the
past 20 years to clarify the complex immune- and
nonimmune-mediated mechanisms behind the
development of chronic allograft enteropathy, with the
aim of elucidating how to avert chronic rejection. The
role of donor-specific antibodies and the way to
challenge them in the clinic have gained acceptance
among transplant centers as one of the main steps to
prevent chronic rejection, although no common
protocol exists that can be applied in a systematic
fashion. The adjunct of a liver graft when retransplanting
is needed in a sensitized recipient due to its protective
effect against humoral immunity. Multicenter studies
and clinical trials are required to better understand the
pathogenesis of chronic rejection and to find the
therapeutic answer to this clinical query.
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Introduction
Since publication of studies from the Pittsburgh
group dating from the early 1990s,1-4 chronic rejection
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(CR) has been viewed as the major cause of late
graft loss and reduced late patient survival after
intestinal/multivisceral transplant (ITx). This
phenomenon has not been changed by recent
immunosuppressive preconditioning protocols.5 It
presents as enteropathy, which has an incidence
ranging from 10% to 20% in historical series,6,7 and
follows an insidious, progressive course lacking early
or specific clinical symptoms or mucosal findings
through endoscopy. The median time to development of CR is 39 months, with a range of 22 to 67
months.7 The risk increases 2 years after transplant,
achieving a nadir during posttransplant year 3. An
isolated small bowel transplant appears to render the
graft more susceptible to CR than liver-intestine
transplant procedures (21% vs 5%).7 A consensus
conference (unpublished results) held in June 2015 in
Buenos Aires, Argentina during the XIV Intestinal
Small Bowel Transplant Symposium (ISBTS; now
named Congress of Intestinal Rehabilitation and
Transplantation Association) proposed several
criteria to identify CR: recipients can present with
abdominal pain, mass, or distension with chronic
diarrhea, bowel obstruction, enterocutaneous
fistulas, intolerance to feeding with recurrent emesis,
weight loss, enteropathy with protein loss, failure to
thrive, or complications of ostomy site. Similar to
acute cellular rejection (ACR), reliable fecal and
serum markers are not available. The conference
proposed decreased citrullin (concomitant loss of
graft mass and function) and elevated C-reactive
protein/lipopolysaccharide-binding protein (mucosal
translocation) as surrogate CR markers.
Computed tomography and magnetic resonance
imaging may support diagnosis by showing
thickening of mesentery and/or intestinal wall and
rarity of mesenteric vessels. Close endoscopic
monitoring is mandatory for all ITx recipients: the
common endoscopic presentation of CR is persistent,
DOI: 10.6002/ect.MESOT2018.L32
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non-healing, focal mucosal ulceration, which is often
preceded by repeated episodes of ACR.8 Later,
mucosal folds become effaced with pseudomembranes, and the bowel appears firm and fibrotic.
Biopsy specimens may show mild ischemic changes,
low-grade apoptosis, crypt loss, and often mild
fibrosis of the lamina propria.8 Mucosal biopsies are
often noncontributory, even in front of refractory
intestinal dysfunction. In biopsies with fibrosis, the
cause may be unclear because fibrosis may be
secondary to other causes, such as previous episodes
of rejection, ischemic injury, prior infections,
medication-associated chronic injury, and prior
biopsy site irritation.8 Thus, clinical and endoscopic
diagnoses of CR are difficult.
Chronic rejection is characterized by an arteriopathy with blunting of villi, concentric vasculopathy,
luminal occlusion, leukocyte infiltration, and a marked
fibrotic change.6 The marked intimal hyperplasia
associated with fibrosis leads to impaired vascular
perfusion of the graft.8 Unfortunately, this finding is
seen in submucosal or mesenteric arteries, which are
not normally sampled on an endoscopic biopsy.
There is much discussion among transplant
centers on “when” to perform graft explants in cases
of irreversible chronic allograft enteropathy (that is,
prior or during retransplant), and many pro and
con arguments were debated during the already
quoted ISBTS 2015 meeting (unpublished results).
Nevertheless, diagnosis of CR is usually confirmed
only in full-thickness biopsies through explanted
failed grafts that show the associated obliterative
vasculopathy.8 Studies and discussion on this issue
continue. Therefore, it is worthwhile to review the
experimental findings and clinical series on this
topic to get a wider picture, to clarify the updated
knowledge, and to increase the relative awareness in
the medical community.
Pathogenesis from acute cellular rejection to
chronic rejection: The role of immunosuppression
The relationships between ACR (a recurring occurrence after ITx) and CR and their correlations with
immunosuppressive treatment require clarification.
Although the frequency of ACR has decreased from
historic levels of 80% to present levels of 20% to 40% in
the early phase,5 rejection episodes remain one of the
most frequent complications after ITx. Occurrence of
severe ACR within 30 days posttransplant, a higher
number of ACR episodes, and late-onset ACR have
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been associated with progression to CR.9 Although
adequate control of ACR in the early phase has
resulted in improved short-term graft and patient
survival, the impact of recurrent ACR episodes on
the development of CR graft dysfunction and the
recovery after ACR are not well understood.
Intestinal transplant models of long-term CR in
the allograft have been used to elucidate its
mechanisms. In 2000, de Bruin and associates10
performed experimental ITx through a Dark Agoutito-AS rat strain combination. Rats received shortterm (days - 2 to + 9) or long-term (until day 50)
intramuscular cyclosporine (5 mg/kg) to prevent
ACR. Controls were untreated allografts, Dark
Agouti isografts with and without cyclosporine, and
normal Dark Agouti and AS rats. Rats were followed
for 50 and 100 days after transplant. Animals that
survived had histologic signs of CR by 50 and 100 days
after transplant; however, long-term cyclosporine
treatment delayed its development, with functional
abnormalities only seen in animals that were treated
with short-term therapy.
In 2013, Li and colleagues11 used Fisher 344 and
Lewis rats as ITx donors and recipients, respectively.
Animals received intramuscular cyclosporine
(5 mg/kg/day) from postoperative day (POD)
0 to POD13 and intramuscular FK506 (0.3, 0.5, or
1.0 mg/kg/day) on POD0 to POD13, POD20, and
POD27. In the cyclosporine group, all allografts
demonstrated one or more histologic features of CR
but no serious villous blunting. In addition, there
were no signiﬁcant difference in features of CR
between POD60 and POD90. In the FK506 group,
the rats that received FK506 at doses of 0.3 or
0.5 mg/kg/day survived to POD126 but died before
POD156, whereas recipients that were administered
FK506 at 1.0 mg/kg/day survived beyond POD180
and showed the same body weight gain as the
isogeneic group. Histopathologic analyses revealed
distinctive features of CR in the rat models induced
by cyclosporine or FK506. The authors concluded
that recipients administered FK506 survived longer
but showed more classic characteristics of CR than
those treated with cyclosporine.
These 2 experimental studies showed that
histologic findings of CR are the final results of a
complex, multistage process of cellular injury and
inflammation, where repetitive insults exhaust the
recipient’s natural repair mechanisms, leading to
fibrotic replacement and intestinal failure. Emerging
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evidence suggests that immune-mediated injuries to
the graft are the fundamental cause of CR.12
Pathogenesis of donor-specific antibodies and
chronic rejection
Recently, the role of humoral alloimmunity has also
appeared to be closely related to CR after solid-organ
transplant, and the presence of circulating donorspecific antibodies (DSA) may be associated with
worse clinical outcomes after ITx as well. The major
target of humoral immunity appears to be the graft
endothelium, which can be activated and injured by
HLA antibodies, but the mechanisms by which
humoral alloimmunity leads to CR are not clear.
Several trials have been conducted to verify the
relationship between CR and DSA in solid-organ
transplant. In the field of ITx, the first clinical report
came in 2000 from Pittsburgh,13 in which 18% of
recipients of ITx harbored preformed antidonor
immunoglobulin G lymphocytotoxic antibodies in
sera. Compared with other solid-organ transplant
recipients, Bond and colleagues13 attributed this
relatively high rate of preformed antibodies to the
multiple abdominal operations that these patients
receive before transplant, together with the frequent
need for numerous blood transfusions. Similar to
other solid-organ allografts, positive T-cell lymphocytotoxic crossmatch increased the frequency and
severity of intestinal rejection. Such a risk was
significantly higher among patients who received ITx
only, whereas those who also had simultaneous liver
transplant (as part of a composite visceral allograft)
seemed to ameliorate the negative effects of the
preformed antibodies and crossmatch reactivity.
Twelve years later, Abu-Elmagd and associates14
from the same group performed a retrospective
study to investigate the effects of HLA antibodies on
CR among 194 consecutive primary adult ITx
recipients. Of these patients, 71 (37%) also received
liver allografts. Immunosuppression was tacrolimus
based with antilymphocyte recipient pretreatment in
150 patients (77%). The authors observed a relatively
high incidence of CR (19%; 36 cases) in their series, in
which the average follow-up was 21 ± 10 months
(range, 288 mo). Crossmatch was positive in 55
patients (28%). HLA DSAs were detectable before
transplant in 49 recipients (31%), with 19 continuing
to have circulating antibodies. Another 19 recipients
(18%) developed de novo DSA. Cumulative risk of
CR was slightly higher in recipients with a positive
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crossmatch versus a negative crossmatch. Presence
of persistent and de novo HLA DSAs signiﬁcantly
(P < .001) increased risk of CR and associated graft
loss, and this event was irreversible in one-third of
the patients. Inclusion of the liver was a signiﬁcant
predictor of better outcome (P = .004, hazard ratio =
0.347), with significant clearance of preformed
antibodies (P = .04, odds ratio = 56) and lower
induction of de novo DSA (P = .07, odds ratio = 24).
Overall, patients who also had liver transplants
showed reduced rates of CR. The results reported by
Abu-Elmagd and associates illustrate a strong
relation between DSA and an increased risk of CR
with allograft failure after ITx.
In 2015, Kubal and associates15 prospectively
screened sera for DSA in 79 recipients up to 3 years
after ITx. Standard immunosuppression included
thymoglobulin-rituximab induction and tacrolimusprednisone maintenance. Twenty-two patients (28%)
developed de novo DSA at a median posttransplant
period of 3 months (range, 1-36 mo). De novo DSAs
were observed in 10 of 40 liver-included and 12 of 39
liver-excluded transplants (P = .57). Chronic rejection
(14% vs 5%; P = .21) and graft loss due to ACR (18%
vs 7%; P = .14) were numerically higher in patients
with de novo DSA. In their series, de novo DSA
formation, particularly early in the posttransplant
course, was associated with a trend toward worse
outcomes.
Both of the above studies were arguments in
favor of the use of “virtual” crossmatch before ITx to
prevent this phenomenon. However, plasmapheresis
and rituximab may also reduce the concentration of
circulating HLA antibodies, even if both methods are
ineffective against antibody-producing plasma cells,
which belong to the bone marrow compartment.
Consequently, splenic and bone marrow plasma cells
do not respond to typical desensitization regimens:
proteasome inhibitors like bortezomib deplete
nonmalignant plasma cells and suppress T-cell
function, providing effective treatment of antibodymediated rejection.16
Few reports have shown evidence of bortezomib
efﬁcacy in the reduction and elimination of DSAs
after renal, pancreas, and intestinal transplant. In an
unpublished report from 2011 at the XII ISBTS
meeting (Washington, DC, USA), the Pittsburgh
group presented a small series of 5 recipients treated
by bortezomib for DSA positivity. Likewise, in 2011,
Gerlach and associates16 reported on patients affected
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by recurrent ACR and successfully treated by
bortezomib. At the end of the treatment, anti-HLA
antibodies were almost entirely eliminated, and
there was a complete resolution of inﬂammatory
graft alteration under tacrolimus (trough levels of
4-5 ng/mL) and mycophenolate mofetil (2 × 1000
mg). As a result of persistent DSA levels despite
exhaustive treatment, histologic signs of chronic
allograft alterations (ie, ﬁbrosis) showed CR in the
allograft.
The above studies suggest that DSA development
after ITx is associated with CR and that high
numbers of antigen and epitope mismatches between
donors and recipients represent signiﬁcant risk
factors for DSA development. Antibody-mediated
rejection may be accepted as an entity of “vascular”
rejection, and persistently high DSA levels may
continuously injure the graft, yielding risk of
treatment-refractory allograft rejection.
Pathogenesis of the “liver protective effect” on
chronic rejection
In 2000, a rat model was used by Meyer and
associates17 to investigate the tolerogenic effects of a
liver allograft simultaneously transplanted with a
small bowel. The group compared a rat model of
isolated ITx versus the combined model, in which
syngeneic Lewis and 2 fully allogeneic rat strain
combinations (Brown Norway-to-Lewis and Dark
Agouti-to-Lewis) were used. Clinical course and
histologic findings after isolated ITx demonstrated
CR of the allograft within 100 days. In the liver plus
small bowel transplant model, long-term (> 150
days) graft acceptance was achieved, although initial
immunosuppression was significantly lower.
To confirm the role of the liver in clearing DSAs
in highly sensitized recipients, which could thus
reduce CR, Wu and Cruz18 analyzed outcomes of
retransplant procedures over 10 years, comparing 13
adult patients who received liver-free retransplants
versus 10 patients who received liver-inclusive
retransplants. Patient survival rates at 1, 3, and 5
years were 91.7%, 55.6%, and 41.7%, respectively, in
those with liver-free retransplant compared with
90.0%, 80.0%, and 80.0% in patients with liverinclusive retransplant. Graft survival rates at 1, 3, and
5 years in liver-free retransplants were 76.2%, 40.6%,
and 27.1%, respectively, which were significantly
worse than those in liver-inclusive retransplants
(P = .03). Within an average follow-up of 32.3 months,
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8 of 13 patients (61.5%) with liver-free retransplant
underwent enterectomy because of severe ACR (n = 3)
or CR (n = 5), and 6 of 13 recipients (46.2%) succumbed
to rejection-related complications. Compared with
liver-free retransplants, the rate and severity of ACR
were markedly decreased in liver-inclusive retransplants, and no incidence of CR was seen. Within an
average follow-up of 44.5 months, 2 of 10 recipients
(20%) died due to graft-versus-host disease (GVHD)
and infection, respectively. The investigators
concluded that including the liver as part of an
intestinal graft should be considered in adult
recipients when retransplant becomes necessary.
Endoscopic/bioptic diagnosis of chronic rejection:
mucosal fibrosis
Independently from pathogenesis of CR, its
diagnosis has always been difficult due to lack of
clear clinical symptoms or signs and the vagueness of
endoscopic/biopsy findings. In 2006, the presence of
mucosal fibrosis in graft biopsies as indicative of CR
was investigated in 182 human ITx recipients.19
Kaplan-Meier analysis showed that, within 5 years
posttransplant, 33% of ITx patients had graft biopsies
positive for mucosal fibrosis. Although the presence
of mucosal fibrosis did not affect patient or graft
survival, patients with this lesion were at higher risk
of developing chronic allograft enteropathy.
In 2013, Swanson and associates20 suggested that
some mucosal alterations of CR, seen through biopsy,
could correlate with histologic diagnosis in specimens.
The group retrospectively investigated explanted
human small bowel allografts for histologic alterations
in the mucosa and submucosa, showing that crypt
epithelial mucin loss and submucosal fibrosis were
statistically associated with CR.
From an experimental point of view,
Kouwenhoven and associates21 reported that the
cytokine basic fibroblast growth factor (bFGF) might
be involved in tissue remodeling of CR, causing the
fibrotic changes. They performed ITx in an allogeneic
Dark Agouti-to-AS rat combination and administered
cyclosporine to prevent acute rejection. Controls were
Dark Agouti isografts and normal Dark Agouti. The
group evaluated bFGF gene expression using reverse
transcriptase polymerase chain reaction, determining
bFGF protein by immunohistochemistry. Allografts
showed histologic features of CR, whereas isografts
preserved normal architecture; bFGF gene expression
was present in normal ileum and significantly
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upregulated in allografts. Immunohistochemical
staining showed a significant increase in bFGF protein
compared with isografts. Most bFGF-positive cells
were localized in the submucosa and muscularis,
particularly around the neural plexus, and appeared
to be activated macrophages.
In a more recent study, Pech and associates9
investigated the process of intestinal recovery after
ACR and potential mechanisms for functional graft
deterioration, possibly inducing CR, in a major
histocompatibility complex (MHC)-disparate rat
strain combination (Brown Norway to Lewis). Two
rescue therapies (FK506 monotherapy and FK506 plus
inﬂiximab) were efﬁcacious in reversing ACR in the
ITx rodent model. Interestingly, not all parameters
returned to normal during the observation periods
(14 and 21 days after ITx), which was characterized by
ACR and subsequent rescue therapy. In particular,
the authors showed a remarkable increase of ﬁbrosis
after ACR and rescue therapy with a concomitant
increase of the ﬁbrogenic mediator vascular
endothelial growth factor, even as early as 2 and 3
weeks after ITx in both rescue groups. In this
experimental setting, reversal of ACR resulted in
early-stage graft ﬁbrosis, clearly demonstrating
increased graft ﬁbrosis after treatment and recovery
from ACR, even after only 1 episode of rejection.
Microchimerism and tolerance to prevent chronic
rejection
Bone marrow chimerism has been successful in
inducing tolerance in ACR and CR models after heart
and kidney transplant. At the beginning of 2000, the
highly immunogenic small bowel allograft provided
a rigorous test of this tolerance regimen in many
experimental settings. In 2000, Orloff and associates22
examined whether induction of tolerance by bone
marrow chimerism could prevent vascular sclerosis
(VS), typical of CR, in a model of Fisher 344 to Lewis
rat ITx. Bone marrow chimeras (BMC) were created
by transplant of bone marrow T-cell-depleted Fisher
344 rats into irradiated Lewis rats. Chimerism was
assessed by flow cytometry. The Fisher 344 model,
heterotopically transplanted into the chimeras, was
clinically and histologically assessed for CR. Fisher
344 grafts, transplanted into cyclosporine-treated
Lewis recipients, served as control grafts for CR.
Cyclosporine-treated Lewis rats chronically rejected
the Fisher 344 grafts. In contrast, the BMC group
demonstrated tolerance and had long-term graft
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survival (> 120 days) without VS. The BMC group
demonstrated immune competence by prompt
rejection of third-party allografts in ACI (RT1av1)
rats. Bone marrow chimerism prevented chronic
graft failure secondary to VS in a model of CR.
Vascular sclerosis failed to develop when tolerance
was established, suggesting that the mechanisms
involved in VS are, in part, immunologically
mediated.
Tolerance-inducing strategies that infuse donor
bone marrow cells in conjunction with costimulation
blockade have also been applied experimentally.23
Transplanted intestines from BALB/c mice into
C57BL/6 recipients were treated with anti-CD40L
monoclonal antibody, CTLA4 immunoglobulin,
donor bone marrow, and busulfan. After completion
of this regimen, most transplanted mice developed
hematopoietic macrochimerism (although the
degree of chimerism varied widely between
recipients) and experienced long-term allograft
survival. T cells from these mice showed donorspecific hyporesponsiveness in vitro. However, T
cells from chimeric mice proliferated to donor
alloantigen in vivo. Furthermore, chimeric mice
bearing intestinal allografts were capable of rejecting
subsequently placed donor-strain skin grafts. These
data suggest that, although long-term allograft
survival occurs in the absence of ACR or CR,
recipient mice are not completely unresponsive to
donor alloantigens. When ITx was performed at the
time of initial bone marrow infusion (initiation of the
chimerism protocol), most recipients failed to
develop chimerism and promptly rejected the
intestinal allograft.
Murase and associates24 hypothesized that
infusion of donor bone marrow cells (BMCs) in
recipients of irradiated intestine would improve
tolerogenesis without increasing the risk of GVHD.
The passenger leukocytes in the intestine have a
lineage profile that predisposes to GVHD in some
animal models and have inferior tolerogenic qualities
compared with leukocytes in the liver, other solid
organs, and bone marrow. Ex vivo irradiation of
mature lymphoid elements from bowel allografts is
known to eliminate the GVHD risk. The authors
performed ITx in a GVHD-prone Lewis-to-Brown
Norway combination and the reverse GVHDresistant Brown Norway-to-Lewis model under a
short course of tacrolimus treatment (1 mg/kg/day
on days 0-13, 20, and 27). Grafts were irradiated ex
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vivo using a 137Cs source. In selected experimental
groups, donor BMCs (2.5 × l08) were infused on the
day of ITx. The unmodified Lewis intestine remained
intact (whether transplanted alone or with adjunct
donor BMC infusion), but all the Brown Norway
recipients died of GVHD after approximately 2
months. Intestinal graft irradiation (10 Gy) effectively
prevented GVHD and prolonged survival to 92.5
days, but all Brown Norway recipients died with CR
of the Lewis grafts, which was prevented by infusion
of adjunct donor BMCs without causing GVHD. In
the GVHD-resistant reverse strain direction (Brown
Norway-to-Lewis combination), all ITx recipients
treated for 27 days with tacrolimus survived ≥ 150
days without regard for graft irradiation or adjunct
BMC. However, CR was severe in the irradiated
intestine, moderate in the unaltered graft, and least in
the irradiated intestine transplanted with adjunct
BMC. Mild arteritis in the 150-day allografts of both
strain combinations may have been associated with
irradiation, but this was prevented when weekly
doses of tacrolimus were continued for the duration
of the experiment rather than being stopped at 27
days. The authors concluded that recipients were
protected from GVHD by irradiating intestinal
allografts, but the resulting leukocyte depletion led
to CR of the transplanted bowel. Adjunct donor BMC
prevented CR without causing GVHD.
To examine whether long-term graft function is
associated with donor-specific tolerance, Timmermann
and associates25 analyzed the functional status of
recipient T cells in vivo and in vitro. One-step
orthotopic ITx was performed in the allogeneic
Brown Norway-to-Lewis rat strain combination.
FK506 was given daily at a dose of 2 mg/kg from
days 0 to 5 in the rejection model and from days 0 to
9 in the long-term functional model. Mean survival
time in the rejection model was 98 ± 2.8 days.
Histologic examination of these small bowel
allografts disclosed signs of CR. In contrast, all longterm functional animals survived for > 250 days
without clinical signs of CR. Furthermore, this
animal model showed evidence of donor-specific
tolerance, whereas heterotopic Dark Agouti hearts
were rejected regularly within 7 days and Brown
Norway hearts survived indefinitely (> 70 days). In
vitro, mixed leukocyte reactivity of CD4-positive T
cells was similarly strong against donor (Brown
Norway) antigens as against third-party (Dark
Agouti) antigens. The split tolerance, shown by in

23

vivo and in vitro results, enabled acceptance of both
the donor-specific heart allografts and small bowel
allografts without signs of CR.
In 2016, Ceulemans and associates26 translated the
Leuven immunomodulatory protocol (LIP) from the
laboratory to the clinic. This protocol consisted of
donor-speciﬁc blood transfusion, avoiding high-dose
steroids and calcineurin inhibitors and minimizing
reperfusion injury/endotoxin translocation, to
promote T-regulatory cell (Treg)-dependent graftprotective mechanisms. Regulatory T cells may
promote the establishment of allogeneic mixed
chimerism and the induction of donor-speciﬁc
tolerance, controlling both ACR and CR and
contributing to protection of the allograft from
ischemia-reperfusion injury (IRI). The LIP was tested
by the authors in 13 consecutive recipients of deceased
ITx donations over 15 years. Early ACR developed in
2 recipients (15%), and late ACR developed in 3
recipients (23%); all were reversible. There was no
occurrence of CR. At last follow-up (3.5 y; range,
0.5-12.5 y), no DSAs were detected. However, a high
frequency of circulating CD4+CD45RA-Foxp3hi
memory Tregs was found (1.8%; range, 1.39% to
2.21%), comparable to that shown in tolerant kidney
transplant recipients and superior to stable
immunosuppressed kidney transplant recipients,
kidney transplant recipients with CR, and healthy
volunteers. In this human ITx cohort, the authors
showed that donor-speciﬁc blood transfusion in a lowinﬂammatory/proregulatory environment activates
Tregs at levels similar to tolerant kidney transplant
patients without causing sensitization. In their
setting, LIP limited ACR and CR under reduced
immunosuppression and thereby prolonged longterm survival after ITx.
Fish oil and chronic rejection: did we find the “holy
grail”?
Fish oil has been long debated as beneficial to CR
since the beginning of the new millennium. Recently,
Wang and associates27 investigated the beneficial
effects of n-3 polyunsaturated fatty acids (n-3 PUFA)
enriched with fish oil on CR. Laboratory animals
were divided into 3 groups: the isograft group
(cyclosporine + corn oil-supplemented diet), the
allograft group (cyclosporine + corn oil-supplemented
diet), and the allograft-2 group (cyclosporine + ﬁsh
oil-supplemented diet). Donor intestines from Fisher
344 rats were transplanted orthotopically into Lewis
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rat recipients. Cyclosporine was administered at
5 mg/kg/day for 2 weeks postoperatively. Chronic
rejection developed on POD90, but n-3 PUFA
signiﬁcantly decreased CR scores and increased
postoperative weight gain. This attenuation was
associated with reduced graft interleukin 15
expression, a key player in various immunologic
processes, including CR after renal and cardiac
transplant. Fish oil contributed to improved
pathologic and clinical outcomes with regard to
chronic small bowel allograft rejection, and this
improvement was associated with reduced interleukin
15 graft expression.
Li and associates28 also examined the role of fish
oil in the post-CR recovery of gut microbiota. With
the use of denaturing gradient gel electrophoresis at
190 days after ITx, the authors showed the luminal
and mucosal microbiota composition in CR rats by
sequence analyses. Furthermore, changes in the
localization of intestinal tight junction (TJ) proteins
were examined by immunofluorescent staining.
These analyses revealed that gut microbiota in CR
rats had a shift toward increased Escherichia coli,
Bacteroides species, and Clostridium species and a
decreased abundance of Lactobacillus bacteria in the
intestine. Fish oil supplementation enhanced the
recovery of gut microbiota, showing a significant
decrease of gut bacterial proportions of Escherichia
coli and Bacteroides species and an increase of
Lactobacillus species. In addition, CR rats showed
pronounced alteration of TJs, depicted by marked
changes in epithelial cell ultrastructure and
redistribution of the TJ proteins occludens and
claudin, as well as disruption in TJ barrier function.
Fish oil administration ameliorated disruption of
epithelial integrity in CR, which was associated with
improved mucosal structure, leading to recovered
TJs. This study presented evidence that fish oil is
involved in the maintenance of epithelial TJ integrity
and recovery of gut microbiota, which may have
therapeutic potential against CR after ITx.
In 2003, Wei and associates29 investigated the role
of n-3 PUFA in preventing chronic allograft
vasculopathy (CAV), a typical feature of CR after ITx.
Fish oil potentially regulates the pathway mediated
by the receptor for advanced glycation end products
(RAGE) and its ligand high mobility group box-1
(HMGB1), which may contribute to the pathogenesis
of CAV. Using a CR model of rat ITx, the group
investigated whether amelioration of CAV by ﬁsh oil
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feeding was associated with regulation of the RAGE
signaling pathway. The authors administered lowdose ﬁsh oil to rats for 190 postoperative days. Male
inbred Lewis rats and Fisher 344 rats were used to
establish a CR model of ITx. Recipient rats received
phosphate-buffered saline or ﬁsh oil at a daily dose of
3 mL/kg. All rats were alive on POD190. The
expression of HMGB1 and RAGE increased in CAVbearing vessels. Feeding low-dose ﬁsh oil for 6
months attenuated CAV and signiﬁcantly reduced
HMGB1 and RAGE expression levels, indicating that
the beneﬁcial effects of low-dose ﬁsh oil on CAV may
occur via down-regulation of the HMGB1-RAGE
pathway.
In contrast, a 2012 study by Wei and associates30
showed that feeding of corn oil containing low levels
of n-3 PUFA had no favorable effects on CAV
development and failed to decrease HMGB1 and
RAGE expression. With regard to clinical settings,
there are no studies in the English literature reporting
on the role of fish oil in human small bowel CR after
ITx.
Matsumoto and colleagues31 debated its role on
total parenteral nutrition liver disease, comparing
hepatic explant pathology and biochemical outcomes
of pediatric patients with intestinal failure who had
received a liver-inclusive ITx. Their aim was to
evaluate the effects of parenteral fish oil lipid emulsion
on cholestasis and fibrosis of explanted livers
compared with standard omega-6 polyunsaturated
fatty acid (O6FA) parenteral nutrition after ITx. Seven
liver-inclusive ITxs were performed in 7 patients who
received fish oil for a mean of 62% ± 13% of total
patient lifespan (16.1 ± 7.0 mo) before transplant.
Median total bilirubin fell significantly from
6.9 mg/dL at the start of treatment to 0.7 mg/dL at
the time of transplant (P < .02) compared with the
similarly matched O6FA cohort (P = .012). All 7
explanted livers from fish oil-treated intestinal
recipients had advanced fibrosis (stage 3 or 4) noted
on explant pathologic examination, despite resolution
of cholestasis at the time of transplant. Histologic
inflammatory scores were lower (P = .056) in the fish
oil group, with similar degrees of advanced fibrosis
as in the O6FA group. Their conclusion was that
significant hepatic fibrosis was present in the
explanted livers despite a reduction in inflammation,
confirming concern that the use of fish oil may have
a limited role in altering the development of hepatic
fibrosis from parenteral nutrition.
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Long-term survival and chronic enteropathy: The
role of tumor necrosisfactor α Inhibition and nonHLA antibodies
It has been hypothesized that anti-tumor necrosis
factor α (TNF-α) therapy may help diminish chronic,
inflammatory long-term effects after solid-organ
transplant, avoiding chronic allograft enteropathy in
the ITx field. In a previous report, Pech and
associates9 studied the effects of anti-TNF- therapy
in an experimental ITx setting. Reversal of severe
ACR by infliximab resulted in early-stage graft
ﬁbrosis (an early sign of CR), clearly demonstrating
increased ﬁbrosis in the bowel after both treatment
and recovery from severe ACR, even after only 1
episode of rejection. Langrehr and associates32 used
TNF-α inhibition to prolong long-term survival,
performing ITx in a Dark Agouti-Lewis rat combination. Recipients were treated perioperatively
with either the anti-CD4 antibody RIB5/2 (days -1
and 0 and on POD1, POD2, POD4, POD7, POD10,
POD14, POD17, and POD21), the anti-TNF antibody
etanercept (60 min before reperfusion and on
POD3, POD6, and POD9), or a combination of both.
Survival, histology, and expression of immunologic
mediator genes on days 3 and 4 after transplant were
investigated. Treatment with anti-CD4 antibody
alone (19.71 ± 5.94) and the antibody combination
(171.58 ± 122.76) prolonged survival. The chemokine
MIP-1α was significantly decreased in both anti-CD4
antibody treatment groups, possibly indicating an
additional effect of TNF-α blockade on the immune
modulation by RIB5/2. Their study demonstrated
long-term graft survival with short-term anti-CD4
antibody plus TNF-α antibody treatment in more
than 50% of the recipients of intestinal grafts.
The question of whether the “TNF-α inhibition”
effect on the transplanted bowel was always related
to ACR reversal was addressed by Gerlach and
associates.33 Intestinal transplant patients with
ileitis/anastomositis who were given inﬂiximab
showed no ACR. Two patients with ulcerative distal
graft inﬂammation (resembling terminal ileitis) and
inﬂammation of the ileocolic anastomosis were
treated with inﬂiximab even when histologic signs of
ACR were not detected. Both patients presented with
permanent clinical signs of inﬂammation (subfebrile
temperatures, weight loss), suggesting chronic
inﬂammation and bacterial translocation. Histologic
examination showed an ulcer with granulation tissue
and ﬁbrinoid necrosis on the surface, with no increase
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in apoptosis and no inﬁltration of lymphocytes
(no ACR). There was a rapid recovery of clinical signs
and laboratory markers after the ﬁrst inﬂiximab
administration (5 mg/kg body weight), achieving
sustained remission in 1 patient and transient
remission in the other. The authors concluded that
late organ impairment with ileal ulceration after ITx
may present some form of inﬂammatory graft
enteropathy more similar to inflammatory bowel
disease than to rejection, which might be appropriate
for long-term TNF-α inhibition versus a standard
antirejection regimen.
The same group34 also studied the effects of
different TNF-α inhibitors on acute IRI and longterm inflammatory responses in experimental
ITx. Orthotopic ITx was performed in an isogenic
ischemia-reperfusion model of Lewis rats. The
TNF-α inhibition groups received either infliximab
after reperfusion; etanercept before reperfusion and
at POD1, POD3, POD5, and POD7; or pentoxifylline
before reperfusion and at POD1 to POD5. Tissue
samples were taken from proximal and distal graft
sections and mesenteric lymph nodes at 20 minutes,
12 hours, 7 days, and 6 months after reperfusion
for histopathology, immune histology, terminal
deoxyribosyl transferase-mediated dUTP nick-end
labeling, and real-time polymerase chain reaction.
Lung sections were stained for the myeloperoxidase
assay. In all treatment groups, TNF-α inhibitors
decreased inflammation after IRI. Infliximab
significantly improved 7-day survival and reduced the
histologic and immune histochemical signs of IRI, the
numbers of graft-infiltrating T cells, ED1 monocytes,
and macrophages, and pulmonary neutrophil
infiltration; it also enhanced the accumulation of
cytoprotective markers. Graft injury was more
prominent in the distal graft than in the proximal
graft in all groups, regardless of TNF-α inhibition.
Infliximab significantly reduced both acute IRI and,
as with other TNF-α inhibitors, the long-term
inflammatory response after rat ITx. The author’s
conclusion was that TNF-α inhibition may help
diminish chronic long-term inflammation and avoid
chronic allograft enteropathy.
Whether humoral immunity is deeply involved
in CR development after ITx and its possible role
in this phenomenon was studied in non-HLA
alloantibodies and autoantibodies, for which immune
activity has been proven to favor allograft rejection in
kidney and heart transplant. The development of anti-
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angiotensin II type I receptor and anti-endothelin-type
A receptor antibodies (non-HLA antibodies) was
investigated versus the clinical course and histopathologic findings in 29 ITx recipients.12 Twenty
patients developed anti-angiotensin II type I receptor
and/or anti-endothelin-type A receptor antibodies
and 9 did not (control group). The non-HLA
antibody groups had higher rates of allograft
rejection than the control group (80% vs 55%) and
significantly higher rates of antibody-mediated
rejection (55% vs 11%; P < .01) with detection of antiHLA DSAs. All rejection episodes in the non-HLA
antibody groups appeared around the time of positive
non-HLA antibody detection. Five patients had ACR
at the time of non-HLA antibody development and 4
had viral infections. These results suggest that
antibody-mediated mechanisms, targeting antigens
beyond HLA, may trigger and accelerate immune
responses and non-HLA antibodies could enhance
rejection and affect long-term allograft survival.
Expression of inflammatory and anti-inflammatory
markers during chronic rejection
From previously described reports, we could assume
that CR after ITx is not only an immunologic
mechanism of graft chronic damage (mediated by
cell immunity, DSA, and non-HLA antibodies)
but also a complex cell stress response involving
numerous inflammatory and anti-inflammatory
markers. In 2013, Wang and colleagues35 assessed the
expression of 5 cell stress molecules during rat small
bowel allograft CR (heat shock protein [HSP]-60,
HSP70, interferon-α, rat retinoic acid early inducible1-like transcript, and vasoactive intestinal peptide).
A rat model of small bowel allograft rejection was
induced on POD90 using Fisher 344 rats as donors
and Lewis rats as recipients, which were immunosuppressed by cyclosporine. Lamina propria HSP60
(mean rank grade of 8.3 and 3.2, respectively), graft
rat retinoic acid early inducible-1-like transcript
(relative mRNA amounts of 5.1 ± 1.8 and 3.0 ± 1.3,
respectively), and IFN-α (relative mRNA amounts of
108.3 ± 49.2 and 59.2 ± 22.0, respectively) expression
levels were increased in the allograft group
compared with the isograft group, suggesting the
presence of cell stress during chronic small bowel
allograft rejection. This cell response could ultimately
provoke activation of natural killer cells and the
subsequent downstream innate immune system.
Natural killer cell activation has been found during
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the pathologic process of transplant from IRI to CR in
other solid organs. Because natural killer cells are not
targeted by current immunosuppressive therapies,
including cyclosporine, this may explain why CR still
developed under immunosuppressive treatment
after ITx.
In another rat study, Gerlach and associates36
studied single-dose tacrolimus at varying concentrations to simulate the clinical situation of ACR
versus moderate and severe CR. Graft histology and
immune histology were assessed on POD7, POD14,
and POD45. Intragraft and peripheral gene
expression of inflammatory and anti-inflammatory
markers, plasma lipopolysaccharide binding protein,
and alloantibodies were simultaneously measured.
In rats that received 1 mg tacrolimus, acute rejection
and recipient death occurred; however, 3 mg and 5
mg prolonged survival and led to severe or moderate
CR, respectively, with 50% of the 5-mg tacrolimus
recipients surviving the observation period.
Consequently, the authors observed severe infiltration
on POD7 in untreated and in the 1-mg tacrolimus
groups compared with minor histologic alterations in
the 3-mg and 5-mg groups. Only treatment with 5 mg
tacrolimus prevented accumulation of CD4-positive
T cells and ED1-positive macrophages during the
observation period. Peripheral and intragraft
expression levels of the T-cell activation inhibitormitochondrial gene, previously named Toag-1
(tolerance associated gene-1), were stable in the longterm surviving 5-mg group but declined before acute
rejection or CR in the 1-mg and 3-mg groups. In
contrast, lipopolysaccharide binding protein levels
increased during acute rejection and CR. With this
preclinical model, the authors were able to track
different parameters during the course of rejection,
identifying early, noninvasive markers that may help
differentiate between long-term graft acceptance and
graft rejection, thus potentially improving posttransplant monitoring and allowing for an early
initiation of antirejection treatment.
Magnitude of chronic rejection in clinical series
In reviewing the incidence of CR in clinical series, to
quantify its present burden on ITx patients, it is
worthwhile to start with the largest study from
Pittsburgh. In 2012, Abu-Elmagd and associates14,37
observed CR in 36 allografts (19%) of 194 patients
with ITx (71 with liver) at 2 to 87 months posttransplant (mean of 21 ± 10 mo). Concomitant active
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injury was observed in most biopsies. Each of the
transplanted organs was affected, with the highest
injury in the intestine. Graft failure due to CR was
inevitable in 33 recipients (92%). Cumulative risk of
CR was modestly higher (P > .05) in patients with
positive versus negative crossmatch, with 5-year
incidences of 29 ± 7 and 21 ± 4, respectively. Utilizing
DSA-free allografts as a control, the group showed
that CR cumulative probability was significantly
(P < .001) higher in recipients with persistent and de
novo DSA, independent (P > .1) of visceral allograft
type. Acute cellular rejection within 90 days was a
signiﬁcant risk factor (P = .02) for CR, whereas type
of immunosuppression was not a signiﬁcant
predictor (P = .6). This relatively high incidence of
CR of 19% in their series (compared with the
previous 8% reported by the same group38) could be
partially explained by the later strict immunosuppressive “weaning” protocol adopted by the
Pittsburgh group.
In a pediatric study, Nayyar and associates39
reported CR rates of > 10% after ITx. A broader,
single-center series showed an incidence of CR of
11%; interestingly, the organ most affected by CR was
the pancreas in the multivisceral graft.40 On the other
hand, Gerlach and associates41 reported no incidence
of CR in their series of 30 ITx recipients (18 isolated,
12 multivisceral). Their immunosuppression was
mainly induced by thymoglobulin and infliximab
and maintained by tacrolimus and mycophenolate
mofetil/sirolimus. If patients produced DSAs,
treatment with plasmapheresis and intravenous
immunoglobulin was initiated. In the event of DSA
persistence and/or treatment-refractory rejection,
rituximab and/or bortezomib was added. Other
clinical studies have shown CR rates after ITx
ranging from 5% to 10%. In an older study,42 2 of 28
recipients (7.1%) developed CR. In 2011, the topic
was widely addressed during the XII ISBTS meeting
(unpublished results), with CR rates of 7% (8
recipients, 3.5 ± 2.4 y after ITx) reported by Farmer
and associates from Los Angeles, CA, USA, 9% (8
recipients, with half having combined liver-bowel
transplant) reported by Gupte and colleagues from
Birmingham, UK, 4.9% (5 failed grafts) reported by
Lacaille and associates from Paris, France, and 2%
reported by Matsumoto and colleagues from
Washington, DC, USA. In 2016, another group from
Buenos Aires, Argentina43 reported a 7.1% rate of
graft loss due to CR (3 of 42 ITx, in which 32 were

isolated and 10 were multivisceral). In another
study15 that included 79 intestine/multivisceral
recipients (40 liver-inclusive allografts), CR affected
6 patients (8%) and was numerically higher in
patients with de novo DSA (14% vs 5%; P = .21). In a
report of 48 adult recipients (49 grafts) treated from
2001 to 2011,44 5 recipients (8%) received an isolated
bowel graft and experienced CR, always preceded by
ACR episodes. Two of these patients had survived
after surgery (one after partial bowel resection).
There was another case of segmental involvement of
bowel by CR, with subsequent successful graft
salvage by partial resection, as reported by Kim and
associates,45 although this occurrence is rarely seen
in the literature. In a study of 23 patients (24 ITx
procedures, including 9 with isolated ITx, 11 with
combined liver-ITx, and 4 with multivisceral ITx)
from 1999 to 2104 from Ceulemans and associates,46
CR occurred in 2 patients (8.3%).
The living-related ITx experience did not change
the incidence of CR, with incidence of 10% (1/10
patients) previously reported by one group.47 There
were other reports at the XIII ISBTS 2013 (Oxford,
UK) and the XIV ISBTS 2015 (Buenos Aires,
Argentina) meetings, showing mean rates of between
5% and 10% (unpublished results). Table 1 summarizes the main results.
Table 1. Clinical Series of Chronic Rejection and Relative Incidence
Clinical Series

Year of Report and Chronic
Rejection Rate, %

Pittsburgh, PA, USA14,37,38
Miami, FL, USA40
Chicago, IL, USA47
Birmingham, UK (unpublished results)
Belgium (5 centers)46
Bologna, Italy44
Indianapolis, IN, USA15
Buenos Aires, Argentina43
Omaha, NE, USA42
Los Angeles, CA, USA (unpublished results)
Paris, France (unpublished results)
Washington, DC, USA (unpublished results)
Berlin, Germany41
Leuven, Belgium26
Mean rate

2012 = 19%; 2003 = 8%
2008 = 11%
Living-related 2009 = 10%
2011 = 9%
2015 = 8.3%
2013 = 8%
2015 = 8%
2016 = 7.1 %
2002 = 7.1%
2011 = 7%
2011 = 4.9%
2011 = 2%
2014 = 0%
2016 = 0%
7.2%

Discussion
The advent of tacrolimus-based immunosuppression
has facilitated dramatic improvements in short-term
outcomes for ITx recipients. However, CR and
chronic allograft enteropathy still represent one of
the main causes of late graft loss. As with other solidorgan transplants, CR is affected and likely caused
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by an interaction of numerous nonimmune and
immune factors.48,49 Apart from ACR prevention,
here we have identified 3 factors that affect long-term
allograft survival after ITx: the presence of
inflammatory factors (ie, TNF-α and inflammatory
and anti-inflammatory markers), humoral immunity
activity (ie, DSAs and non-HLA antibodies), and the
development of microchimerism and tolerance.
Chronic rejection starts with inflammation of the
arteries, subsequently generating ischemic injuries to
the graft because of obliterative arteriopathy, a
typical feature described in heart, kidney, and lung
recipients and also known as chronic transplant
vasculopathy.50 Donor endothelial cells, expressing
both type I and II MHC molecules (HLA), are
attacked by mononuclear and polymorphonuclear
infiltrates mediated by TNF-α. When the recipient’s
immune system encounters donor endothelial cells,
this interaction induces apoptosis of the endothelial
cells themselves, generating hyperadhesiveness to
leukocytes and recruitment of other leukocytes. This,
in turn, induces a continuous fibroproliferative
reaction. Because of chronic inflammation resulting
from cellular infiltrates, organ adhesions occur,
which are caused by fibrosis of the parenchyma. This
theory is the so-called “direct injury hypothesis”51
(Figure 1).
Humoral immunity affects graft survival, as
shown by hyperacute rejection with necrosis of the
allograft after reperfusion, a preformed antibodyFigure 1. “Direct Injury Hypothesis” of Chronic Rejection
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mediated process. However, the clear association
with presensitization of the recipient allows the
selection of patients at risk and few attempts at
desensitization. Plasmapheresis and/or combined
liver-ITx allows aggressive removal of DSAs, as
DSAs negatively affect graft survival and the liver
offers some degree of protection from preformed
DSAs.52 Although individual case reports exist,
desensitization protocols have not yet been applied
in a systematic fashion. With the increasing number
of recipients requiring retransplant, it is to be expected
that high panel reactive antibody candidates will be
increasingly common on ITx wait lists.
Microchimerism is the presence of a small
number of cells that originate from another individual and are therefore genetically distinct from the
cells of the host individual. Solid-organ transplant
provokes chimerism through immune activation,
thanks to the initial engagement of the donor and
recipient lymphoid systems balanced by immunosuppression. This occurrence could be followed by a
more stable relationship when immunosuppressants
can be considerably lowered or even withdrawn.
Previously, the presence of donor passenger
leukocytes had been considered to be essentially
deleterious to allograft survival, directly sensitizing
the recipient’s immune system. Destruction of these
donor cells was thought to improve the
donor/recipient immunologic interface. Later, the
exact opposite was proven, in which it was shown
that donor passenger leukocytes persisted in
successful long-term allograft recipients but were
destroyed in recipients with CR. This transplant form
of microchimerism has shown that donor passenger
leukocytes are necessary, but alone not sufficient, to
induce tolerance and thus freedom from CR.
In their study of microchimerism in 1997, Demetris
and colleagues51 created a historical, experimental ITx
animal model of CR. They created 2 groups of
genetically identical recipients: “CR-resistant” by
pretreatment with a donor liver allograft and “CRprone” by bone marrow infusion. A heart allograft
was implanted without immunosuppression in both
groups, causing a transient ACR within days, but
then the cardiac grafts were accepted and remained
functional for more than 100 days. However, the group
pretreated with a bone marrow infusion eventually
developed CR and obliterative arteriopathy, whereas
those pretreated with a liver became resistant to CR.
The occurrence of ACR was overtaken easily by both
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groups, although with important differences. In the
CR-prone animals, ACR was characterized by presence
of recipient macrophages and their cytokines,
upregulation of class II MHC antigens on the vascular
endothelia, and loss of intragraft and extragraft and
donor passenger leukocytes. In contrast, ACR in the
CR-resistant group showed a weak endothelial class
II MHC and macrophage expression, but the
presence of transient and passenger leukocytes
persisted in the graft and recipient lymphoid tissues.
Thus, the major differences between these 2 groups
were the persistence of donor passenger leukocytes
in the CR-resistant animals and heightened recipient
macrophage influx in the CR-prone group.
Induction of tolerance after ITx through establishment of mixed chimeras could be a potential
approach to solve graft survival and toxicity
associated with the use of immunosuppressants.
Several recent studies demonstrated that Tregs could
promote the establishment of allogeneic mixed
chimerism and the induction of donor-speciﬁc
tolerance.53 Regulatory T-cell-based therapy could
prevent allograft rejection. In addition, Tregs not only
play a critical role in controlling both ACR and CR
but also might contribute to the protection of the
allograft from IRI.53 A cotransplant of donor bone
marrow plus Tregs speciﬁc for alloantigens could be
an effective regimen to induce transplant tolerance,
improving the overall outcomes of ITx.
Conclusions
There is an abundance of research over the past 20
years to clarify the mechanisms of CR development
after ITx. Many animal models have simplified the
complex steps leading toward chronic allograft
enteropathy, highlighting the role of the different key
players acting in a human scenario. About 5% to 10%
of recipients worldwide are affected by CR, but its
early diagnosis remains difficult and pharmacologic
options are still not available. Unfortunately, a
graftectomy still represents the criterion standard for
diagnosis and therapy. Despite these drawbacks,
important steps have been undertaken toward full
comprehension of this phenomenon. Although it
remains important to prevent severe ACR episodes,
the role of humoral immunity (and the way to
prevent it) is gaining acceptance as one of the main
factors related to CR development. In addition,
nonimmune, inflammatory factors act as co-players

29

in this complex process. The discovery of new
immunosuppressants (as single drugs or in
combination) could transform microchimerism and
tolerance from chimeras to reality, enabling all
recipients to prevent CR. A multicenter approach is
required to achieve this goal.
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Genome Engineering for Stem Cell Transplantation
Hassan Argani

Abstract
To avoid the ethical issues of embryonic stem cells,
genome engineering has focused on inducible
pluripotent stem cells, which can develop into all 3
germ layers. The ability to detect methylation patterns
in these cells allows research into pluripotency markers.
The recently developed CRISPR system has allowed
widespread application of genome engineering
techniques. The CRISPR-Cas9 system, a potent system
for genome editing, can be used for gene knockout or
knock-in genome manipulations through substitution
of a target genetic sequence with a desired donor
sequence. Two types of genome engineering can be
initiated: homologous or nonhomologous DNA repair
by the Cas9 nuclease. Delivery of the CRISPR-Cas9 and
target donor vectors in human pluripotent stem cells
can be accomplished via viral and nonviral delivery
methods. Nonviral delivery includes lipid-mediated
transfection and electroporation. It has become the
most common and efficient in vitro delivery method
for human pluripotent stem cells. The CRISPR-Cas9
system can be combined with inducible pluripotent
stem cells to generate single or multiple gene
knockouts, correct mutations, or insert reporter
transgenes. Knockouts can also be utilized to
investigate epigenetic roles and targets, such as
investigation of DNA methylation. CRISPR could be
combined with human pluripotent stem cells to explore
genetic determinants of lineage choice, differentiation,
and stem cell fate, allowing investigators to study how
various genes or noncoding elements contribute to
specific processes and pathways. The CRISPR-Cas9
system can also be used to create null or nucleasedead Cas9, which has no enzymatic activity but has
been utilized through fusion with other functional
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protein domains. In conclusion, RNA-guided genome
targeting will have broad implications for synthetic
biology, direct perturbation of gene networks, and
targeted ex vivo and in vivo gene therapy.
Key words: CRISPR-Cas9 system, Gene therapy,
Inducible pluripotent stem cells
Introduction
Genome engineering focuses on gene editing by gene
insertion, deletion, or DNA replacement in a specific
cell or cells. Identifying the target DNA sequence of
interest is necessary to correct the injured gene, to
produce antigens, to manipulate cytokine and tumor
suppressor genes, to stimulate or suppress growth
factor genes, to replicate inhibitor genes, and to
produce suicide genes. In studies of genetic disorders,
researchers have focussed on how damaged DNA
could be replaced by new healthy DNA. In this regard,
the ability to cleave the specific region of DNA by
nuclease factors for DNA breaks is needed.
With homologous recombination, nucleotide
sequences are exchanged between 2 similar or
identical molecules of DNA, and the use of nuclease
factors to find DNA breaks can be done by 3 types of
nucleases1: (1) zinc finger nucleases (ZFNs), which
comprise the first generation of programmable
nucleases, (2) transcription activator-like effector
nucleases (TALENs), and (3) second-generation
programmable nucleases and third-generation programmable nucleases obtained through the CRISPRCas9 system. The 3 types of nucleases, ZFN, TALEN,
and CRISPR-Cas9-generated nucleases, consist of
sequence-specific DNA-binding domains attached to
nonspecific DNA nucleases. The ZFNs consist of a
zinc finger DNA-binding domain and a nuclease
domain derived from the restriction enzyme FokI.
The TALENs also contain the same FokI nuclease
domain but use a different DNA-binding domain
DOI: 10.6002/ect.MESOT2018.L34
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derived from transcription activator-like effectors.
The CRISPR-Cas9 system-generated nucleases are
composed of a DNA recognition part of a single-guide
RNA and a nuclease (Cas9). The nuclease (FokI or
Cas9) cuts the target DNA sequence and generates a
double-strand break (DSB) that is repaired by either
nonhomologous end-joining (NHEJ) repair or
homology-directed repair (HDR). With the NHEJ
pathway, random insertions or deletions occur at the
site of editing, often leading to gene disruption. A
donor template that includes sequences homologous
to the DSB flanking regions can be incorporated into
the genomic DNA, resulting in gene correction. The
emerging technology of genome editing, also known
as genome engineering, seeks to meet this need by
providing the ability to more efficiently introduce a
variety of genetic alterations, ranging from singlenucleotide modifications to whole gene addition or
deletion, all with a high degree of target specificity.2
The key features of the most widely used genomeediting systems, in addition to the major advantages
and disadvantages of each, are described in Table 1.
In the first stage, engineered endonucleases are
used to make DNA DSBs at the specific sites in the
genome. As a consequence, intrinsic cellular DNA
damage repair pathways are activated to repair the
DSBs and to sometimes introduce insertions and/or
deletions at the target sites. The ZFNs, TALENs, and
clustered regularly interspaced short palindromic
repeats (CRISPR)-CRISPR-associated protein (Cas)
systems have a high degree of targeting flexibility
and can efficiently make DSBs in targeted genome
loci. Regardless, there are significant differences
among these 3 systems.
The ZFNs and TALENs are engineered proteins
that target specific DNA sequences through proteinDNA interactions. As a result, ZFNs and TALENs are
usually difficult to design and construct. In contrast,
the CRISPR-Cas system relies on a simple design and
Table 1. Nucleases Used for Gene Editing Systems
System

Origin
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synthesis of an RNA molecule complementary to the
DNA target sites. Of the 2 main mechanisms for DSB
repair, repair with NHEJ does not require donor
DNA, and often insertions or deletions are introduced
at the target sites. Repair with HDR requires a donor
DNA to facilitate precise genome modification at the
cleavage sites.3 The predominant and error-prone
NHEJ pathway often results in small nucleotide
insertions or deletions that can be used to construct
knockout alleles. Alternatively, HDR activity can
result in precise modifications incorporating
exogenous DNA fragments into the cut site.
However, genetic recombination in mammalian
systems through the HDR pathway is an inefficient
process and requires cumbersome laboratory
methods to identify the desired accurate insertion
events. This is further compromised by the activity
of the competing DNA repair pathway, NHEJ, which
repairs most nuclease-induced DNA DSBs and is also
responsible for mutagenic insertion and deletion
events at off-target locations throughout the genome.
Various methodologies have been developed to
increase the efficiency of designer nuclease-based
HDR-mediated gene editing.4
Repurposing of engineered nucleases can also
enable inactivation of their endonuclease activity
while retaining the DNA-binding capabilities. When
fused with functional moieties (eg, epigenetic
modification enzymes), these tools can be harnessed
for epigenetic modification at target genome sites. As
another example, when fused with a base editor,
these tools can convert a specific nucleotide to
another without introducing a DSB.
The cleavage enzymatic systems have gained
widespread popularity in applications ranging from
gene editing, transcriptional and epigenetic manipulations, agricultural science, human embryo
editing, and disease therapies. Therapeutic effects of
Cas9 for genome engineering include genome repair

Typical Genomic Target Site

Flexibility in
Site
Selection

Ease of Use
and
Affordability

Efficacy

Specificity
and Lack of
Off-Target
Effects

ZFNs

Adapted from zinc finger proteins
widely found in nature

Pair of 9- or 12-bp sequences

+

+

++

++

TALENs

Adapted from TAL effector proteins in
plant pathogens

Pair of 13-bp or longer sequences
(no length limitation)

++

++

++

TBD

CRISPR/Cas9

Adapted from bacterial (S. pyogenes)
immune system

20-bp protospacer + 3-bp PAM
(23-bp sequence)

++

+++

TBD

TBD

Abbreviations: PAM, proto-spacer adjacent motif; TALEN, transcription activator-like effector nuclease; TBD, to be determined; ZFN, zinc finger nuclease;

+, weakly; ++, moderately; +++, good
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for genetically mutated genes, genome disruption for
invading pathogen genomes, genome repression for
oncogenic pathogens, and tumor genome activation
in the case of tumor suppression genes.5 The latter
will be discussed in more detail regarding their
application in stem cells.
Stem cells in genome engineering
The combination of genome editing with stem cells is
promising for medical sciences by creating similar
diseases in animals and developing new therapeutic
models. It might be possible to engineer pluripotent
stem cell-derived grafts, with the usual caveats
concerning activated oncogenes so that they would
be immunologically inert and identifiable by an array
of imaging strategies. The target stem cells could be
embryonic stem cells (ESC) or adult stem cells. The
latter cells are mostly induced pluripotent stem cells
(iPSC) and rarely hematopoietic stem cells (HSCs)
(Table 2).
Genome editing has been used to generate or
correct stem cell-based disease models. It allows a
disease-causing target gene mutation to be inserted
into healthy control stem cells to produce diseased
stem cells for research or vice versa to allow
correction of the diseased genome for treatment of a
congenital disease. One of the most promising
applications of somatic cell reprogramming is the
production of customized pluripotent stem cells
followed by gene correction, differentiation into
adult stem cells, and autotransplant with intent to
cure any one of the many different inherited genetic
disorders of the blood-forming system.
Shinya Yamanaka of Kyoto University6 and James
Thomson of the University of Wisconsin-Madison7
both published papers on their separate discoveries
of iPSCs. These pluripotent cells were created from
Table 2. Types of Stem Cells Used for Genome Engineering

skin cells that had 4 genes inserted into them with
viruses. This procedure resulted in the skin cells
acquiring properties similar to ESCs. These iPSC were
reprogrammed with 4 transcription factors (OCT4,
SOX2, KLF4, and MYC) from somatic cells.8 These
reprogrammed cells could be differentiated into a
variety of cells of almost any type. Embryonic stem
cells are derived from the early-stage preimplantation
embryo and can also be differentiated into almost
any type of cell, and HSCs can be derived from bone
marrow and can be differentiated into all types of
blood cells.
Successful cell transplant requires optimization of
the best cell type and site for engraftment, prevention
of limitations regarding cell migration, and minimization of immunologic reactivity. Either in vivo or
ex vivo models can be used for genome editing (see
illustration in Clement and associates9). With the in
vivo approach, or direct delivery-based in vivo
editing, the CRISPR-Cas9 system components are
directly delivered into the patient using either viral
or nonviral vectors for in situ gene editing.9,10 With
the ex vivo approach, genes are edited in patientderived cells in vitro. Once either the iPSCs are
reprogrammed or the somatic stem/progenitor cells
are expanded, they are transplanted back into the
same patient after correction of the target genome.
Although the second approach could select and
analyze the target cells more precisely, it requires cell
expansion in culture, which can lead to additional
unwanted genomic alterations.
Role of plasmid transport in genome engineering
Plasmid is a small DNA molecule within a cell that
is separated from a chromosomal DNA and can
replicate independently. Plasmids are widely used as
vectors in molecular cloning, serving to drive the

Human Embryonic Stem Cell

SCNT Embryonic Stem Cell

Derivation
method

Removal of cells from ICM of
blastocyst embryo from IVF

Transfer of somatic cell
nucleus to enucleated egg

Reprogramming of somatic
cells by introduction of specific
regulatory factor genes

Inducible Pluripotent Stem Cell

Isolation from adult
tissues

Characteristic

Differentiate into all cell types;
excess of IVF embryos exist

Differentiate into all cell
types; stem cells can be
matched to patient

“Embryonic stem cell-like”
characteristics; stem cells
can be matched to patient;
does not require embryos

Successful treatments
demonstrated; stem
cells can be matched
to patient

Limitation

Limited number of lines available
for federally funded research;
immune rejection issues; risk of
tumors (teratomas) from
transplanting undifferentiated
cells; requires use of embryo.

Risk of tumors (teratomas)
from transplant of
undifferentiated cells;
eggs difficult to obtain

Unknown if cells can
differentiate into all cell
types; risk of tumors (teratomas)
from transplant of undifferentiated
cells and from expression of
introduced genes

Cells not found in all
tissues; produces a
limited number of cell
types; difficult to identify,
isolate, and grow

Abbreviations: ICM, inner cell mass; IVF, in vitro fertilization; SCNT, somatic cell nuclear transfer

Adult Stem Cell
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replication of recombinant DNA sequences within
host organisms. It can transfer information from cell
to cell. There are 2 types of plasmids that can be used
within host bacteria: (1) nonintegrated plasmid
replication, which is separate from bacterial DNA
and could be expressed transiently and (2) episomes,
which can integrate into the host chromosome and
could then be permanently expressed on the DNA.
There are currently 3 methods in which the
necessary components can be introduced into the
cell11: (1) transient transfection of 2 plasmids, one
containing the coding sequence for Cas9 and the
other expressing the guide RNA, (2) viral integration
of the Cas9 coding sequence and transient expression
of the guide RNA, and (3) viral integration of both
Cas9 and guide RNA sequences. Genome-integrating
viral vectors are mostly highly efficient and allow
long-term transgene expression. However, there are
risks associated with viral vector-based methods (ie,
mutagenesis, aberrant transgene expression, and
immunogenicity). With nonintegrated viruses,
although highly efficient in transduction and safer,
they offer only a limited duration of transgene
expression.
The application of viral vectors for gene delivery
is based on their natural ability to infect cells. Their
use as a relatively safe molecular biology tool was
made possible by modification of the viral genome
by deletion of some critical coding sequences to
prevent spontaneous replication in target cells.12
Currently, viruses are commonly used as vehicles in
both in vitro and in vivo delivery paradigms.
Retroviruses, lentiviruses, and adeno-associated
viruses are the 3 main integrating virus types that are
used for transduction of mammalian cells for longterm transgene expression. Each virus has different
characteristics with respect to their tendency to
transfect DNA or mRNA and their efficiency in
different types of stem cells.
Nonviral-based vectors for gene manipulation
can also transfect stem cells by plasmid and mRNA
without the necessary viral particles and with
different efficiencies (Table 3). Methods for this type
of gene manipulation could be chemically or
physically based. Chemical-based methods use
calcium phosphate, cationic lipids, cationic polymers,
cationic peptides, cationic polysaccharides, or
inorganic nanomaterials. Physical techniques used to
transfer plasmid and associated nucleases include
sono-transfection (which uses ultrasonographic
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frequencies), electroporation (which uses electrical
currents), microporation targeting of any individual
cell, nucleofection (which transports the complex
directly to the nuclei), electromagnetic poration (which
uses the electromagnetic field), and microinjection
(manually injects the complex into the nuclei).
Although low-immunogenicity and unlimited sizes of
transgenes could be transmitted, these methods have
the disadvantage of a relatively low efficiency
compared with viral transduction. Established
nonviral methods of transfection of plasmid delivery
of nucleic acids to human pluripotent stem cells are
limited using standard lipofection reagents;
therefore, most studies utilize electroporation or
nucleofection.10
Table 3. Nonviral-Based Vectors for Genetic Manipulation That Can Also
Transfect Stem Cells by Plasmid and mRNA
Transfection Method
Genetic Material Efficiency, %
Cell Type

Electroporation
Microporation
Nucleofection
Sono-transfection
Microinjection
Nanocroinjection
Lipofection
Cationic polymer
Cationic peptide
Cationic polysaccharide
Inorganic nanomaterial

DNA
RNA
DNA
DNA
RNA
siRNA
DNA
DNA
DNA
RNA
DNA
DNA
DNA
DNA

80; 2
> 90
83
41
> 90
47
10
70
20
90
24
12
100
66

MSC; ESC
MSC
MSC
MSC
MSC
MSC
MSC
MSC
NSC
ESC; MSC
MSC
MSC
MSC
MSC

Abbreviations: ESC, embryonic stem cells; MSC, mesenchymal stem cells

Clinical applications of engineered stem cells
Transplantation of gene-edited autologous cells to
treat monogenic diseases is a multistep process.
Somatic cells are harvested and converted into iPSCs,
which are treated with targeted nucleases to correct
the mutation, differentiated into the relevant cell
type, and returned to the patient.13 The explosion of
preclinical and clinical studies in this field suggests
that CRISPR-Cas9 (and older ZFNs and TALENs)
will become the dominant genome-editing platforms
for cell therapy (Table 4).
Several mutation types have been corrected in beta
thalassemia patient-derived iPSCs using wild-type or
humanized SpCas9. Sickle cell anemia, another betaglobin disease, is caused by a homozygous missense
point mutation in the HBB gene. CRISPR-Cas9 has
corrected the mutation in one allele in patient iPSCs
and detected beta-globin expression in erythrocytes
differentiated from the corrected cell.14 The targeted
iPSC clones can find the corrected one and also disrupt
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the sickle cell alleles through erythroid-differentiation
assays. Erythrocytes from either the corrected or its
parental (uncorrected) iPSC line have been generated
with similar efficiencies. Up to 10% of differentiated
erythrocytes have been shown to lack nuclei, which
is characteristic of further matured erythrocytes
called reticulocytes. A new approach to treat both
beta thalassemia and sickle cell anemia is to
upregulate expression of gamma globin, which is
normally silenced after birth. This approach for
erythroid precursor cells has been used by CRISPERCAS9 to knock out expression of a transcriptional
regulator that is responsible for gamma globin
silencing.15
Table 4. Mutations in Patient-Derived Cells That Have Been Corrected Using
CRISPR-Cas9
Disease

Gene Targeted

Beta thalassemia
Sickle cell anemia
Beta globin disorders
Hemophilia A
Polycythemia vera
Cystic fibrosis
Duchenne muscular
dystrophy
Chronic granulomatous
disease
Severe combined
immunodeficiency
Limb girdle muscle dystrophy
α1-Antitrypsin deficiency
Retinitis pigmentosa

Mutation Corrected or
Introduced

HBB
HBB
BCL 11A
F8
JAK2
CFTR

Point mutation
Point mutation
Enhancer knockout
Chromosomal inversion
Point mutation
3-bp deletion

DMD

Whole exon deletion

CYBB

Point mutation

JAK3
DYSF
SERPINA 1
RPGR

Point mutation
Point mutation
Point mutation
Point mutation

Genome editing with the use of CRISPR-Cas9 has
also been applied to iPSCs from patients with other
hematologic diseases, such as hemophilia or polycythemia vera. Corrected iPSCs could rescue
hemophilia by switching of endothelial cells to
produce factor 8.
Correction of the cystic fibrosis gene has also been
conducted with the CRISPER-Cas9 system.16 Firth
and associates used the CRISPR approach to correct
the mutated gene with efficiency of 16.7%, which
corrected the epithelium airway. Exon knock-in was
an effective method for Duchenne disease, restoring
expression of full-length dystrophin proteins.
There are many other disorders in which patient
iPSCs have been corrected by CRISPR-Cas9, including
chronic granulomatous disease, limb girdle muscular
dystrophy, alpha-1-antitrypsin deficiency, retinitis
pigmentosa, Alzheimer disease, and congenital
hearing loss.17 For the latter disorder, the authors
showed that cationic lipid-mediated in vivo delivery
of Cas9-guide RNA complexes can ameliorate
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hearing loss in a mouse model of human genetic
deafness. Disruption of the CCR5 genome in iPSCs
by CRISPR-Cas9 has been used successfully to
generate human immunodeficiency virus-resistant
cells.18 Mismatch of human leukocyte antigens
(HLA) adversely impacts outcomes of patients after
allogeneic HSC transplant. Elimination of HLA-A
expression in HSC was achieved using artificial ZFN
designed to target HLA-A alleles.19 These engineered
HSCs maintained their ability to engraft and
reconstitute hematopoiesis in immunocompromised
mice. This introduced loss of HLA-A expression,
decreasing the need to recruit large numbers of
donors to match with potential recipients, with
particular importance in patients whose HLA
repertoire is underrepresented in the current donor
pool. Furthermore, genetic engineering of stem cells
has provided a translational approach to HLA
matching of a limited number of third-party donors
with a wide number of recipients.
Transgene strategies with stem cells have been
used for tumor therapy. In one study, CD34-positive
human umbilical cord blood stem cells (UCBSCs)
were engineered to express interleukin 21 (IL-21) and
then were transplanted into A2780 ovarian cancer
xenograft-bearing Balb/c nude mice.20 The therapeutic
efficacy of this procedure on ovarian cancer indicated
that UCBSCs did not form gross or histologic
teratomas until up to 70 days postinjection. The
CD34-positive UCBSC-IL-21 therapy showed a
consistent effect in treatment of mice with ovarian
cancer, delaying tumor appearance, reducing tumor
size, and extending life expectancy. The efficacy was
attributable to keeping CD34-positive UCBSC-IL-21
in neoplastic tissues for more than 21 days. The
secreted IL-21 not only increased the quantity of
CD11a-positive and CD56-positive natural killer cells
but also increased natural killer cell cytotoxicities to
YAC-1 cells and A2780 cells. The efficacy was
also associated with enhanced levels of interferongamma, interleukin 4, and tumor necrosis factor
alpha in mice and high expression levels of
NKG2D and MIC A/B molecules in tumor
tissue. Another hypothetical effect of antitumor
efficacy of edited iPSC is delivery of proapoptotic
proteins via stem cells, allowing engineered HSCs to
express tumor antigens and produce a suicide
gene.
Human mesenchymal stem cells have also been
engineered to release interferon-beta against glioma.21
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In this study, human bone marrow-derived mesenchymal stem cells were applied to treat glioma
successfully. Recently, partial reprogramming of
iPSCs derived from other organs and changed into
other organs was achieved.22 With this method, it is
possible to switch cardiomyocyte stem cells directly
into neurons.
The ability to pass pluripotency and directly
reprogram readily accessible human tissues, such as
skin, into neural cells, offers a fast and efficient
approach to study neurologic disorders.23 Although
direct neuronal conversion may offer unique
benefits, this approach is currently limited to a small
number of protocols to specify neuronal subtypes
using postnatal or adult human samples. Advantages
of this direct method for iPSC engineering is
predicted to be an unlaborious process, has short
turnaround time and cost, eliminates the possibility
of teratoma formation, and permits a smaller subset
of somatic cell types necessary for this procedure.
The construction of a cell model of disease in vitro
is an urgent task and is the key to discovering the
pathogenesis of the disease. Autosomal dominant
polycystic kidney disease (ADPKD) is a common lifethreatening inherited renal disorder, characterized by
the progressive formation of renal cysts and resulting
in severe destruction of normal renal parenchyma
and eventually leading to renal failure. Genetic
defects in 2 genes named PKD1 (polycystin-1; PC1)
and PKD2 (polycystin-2; PC2) are associated with
ADPKD. Mutations of these 2 PKD genes account for
approximately 91% of the pathogenesis of the
disease. Because of an absence of credible human cell
models, the pathogenesis of ADPKD has not been
thoroughly investigated. In one study,24 iPSCs from
ADPKD patients without PKD1/PKD2 mutations
were generated. These iPSCs were indistinguishable
from human ESCs with respect to colony morphology,
passaging, surface and pluripotent markers, normal
karyotype, DNA methylation, and differentiation
potential. They also differentiated to ADPKD
directly. Results from the study24 revealed that special
ADPKD-iPSCs without PKD1/PKD2 gene mutations
can be generated and induced to differentiate into
functional kidney-like cells using a modified
differentiation protocol.
In the case of α1-antitrypsin deficiency, a point
mutation in α1-antitrypsin was corrected. The
corrected human iPSCs were differentiated into
hepatocyte-like cells and transplanted into mice,
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thereby restoring the structure and function of
α1-antitrypsin by secreted human albumin.25
Genome editing by CRISPR-Cas9 technology has
also been applied to evaluate colon cancer by
intestinal stem cells. Briefly, a colorectal cancer model
was created with intestinal stem cells by mutating the
cancer-related genes.26 The use of this model allowed
the researchers to analyze the involvement of each
gene in colon cancer pathways.
An engineered genome for cardiovascular diseases
has also shown benefits.27 These techniques can
improve the isolation, selection, and differentiation of
stem cells before implantation and can allow the
development of strategies to promote the retention,
mobilization, survival, integration, and tracking of
stem cells after implantation. In one study, human
MSCs genetically engineered to express myocardin,
a dynamic cardiomyogenic transcription factor,
attained a cardiac phenotype with an efficiency of
90% to 100% when implanted into an infarcted
mouse heart. As a result, left ventricular function was
increased and detrimental ventricular remodeling
was reduced compared with the use of control
nonengineered MSCs.28
Stem cell transplant for production of beta cells
may represent an unlimited source of insulinproducing cells.29 Although pancreas transplant and
the infusion of cadaveric islets are currently
implemented clinically, the procedures have many
adverse effects, including over-immunosuppression
over the lifetime of the recipient. There are also
limited numbers of donors. A diabetic, immunocompetent animal model was corrected by using
human stem cell-derived beta cells. These cells were
encapsulated with alginate derivatives capable of
mitigating foreign body responses in vivo and
implanted into the intraperitoneal space.30
Conclusions
Genome engineering with stem cells translated to the
clinic has recently had a significant upsurge as a novel
therapy. The discovery and characterization of programmable nucleases using the ZFN, TALEN, and
CRISPR-Cas9 systems have shown great promise for
the development of therapeutic strategies to treat
human genetic diseases. These technologies have
unique opportunities for significant impact when used
together with stem cells. In particular, various iPSCs
derived from patients with different genetic diseases
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have been corrected with genome editing, providing
hope to many patients. The CRISPR-Cas9 system has
advantages over ZFNs and TALENs given that Cas9
is extremely easy to use and has many variants that
can be used in a variety of medical research areas.
Despite the many advantages of this system, there are
several reports indicating that CRISPR-Cas9 had high
off-target effects, limiting its use in clinical settings.
Many obstacles should be resolved before the use of
genome engineering as routine therapy, such as
recurrent autoimmunity, which would require
immunosuppression for some diseases, and resolving
the optimized site for delivery of engineered iPSC and
the method for transplant of the engineered cells.
Because of safety and ethical concerns, CRISPR-Cas9based genome editing studies in human zygotes are
not legally approved. The resolution of all of these
issues through close collaboration between scientists,
clinicians, and industry is critical.
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Anti-HLA Antibody: The Role of Epitopes in Organ
Transplantation
Hassan Argani

Abstract
Recent developments have been achieved for better
matching in solid-organ transplantation by epitope
matching. HLA matching remains a standard immunologic strategy to determine organ compatibility for
recipients. Advancements in tissue typing have
introduced HLA matching at the epitope level. For this,
B cells are able to recognize polymorphic amino acid
configurations, which are named epitopes. However,
antibody production against these epitopes may be a
leading cause of rejection. Although data to support
the added clinical benefit of epitope matching over
traditional antigen matching are still lacking, there are
at least 2 theoretical reasons for epitope matching: (1)
to avoid future allosensitization with the development
of anti-HLA antibodies and (2) to allow selection of a
suitable allograft for highly sensitized patients
through virtual crossmatch. Sensitive antibody tests
with a comprehensive panel of single alleles have
yielded informative, donor-specific antibody reactivity
patterns that can be analyzed with a computer
algorithm. This program (HLAMatchmaker) uses
structurally defined eplets to describe epitopes that
can react with specific antibodies. Although low mean
fluorescence intensity levels by Luminex (Austin, TX,
USA) assay are usually considered low risk for solidorgan transplant, it could be important in posttransplant humoral rejection. Thus, specific shared
eplets should always be investigated with respect to
previous transplant mismatches. Epitopes are present
on a single HLA (private epitope) or shared by multiple
antigens (public epitope). The phenomenon of crossreactivity in HLA testing, often explained as crossreactive groups of antigens with antibody, can be
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clearly explained now by public epitopes, an antibody
targeting an epitope that shows positive reaction
with all antigens sharing the epitope. A better
understanding of the immunogenicity and structural
characteristics of HLA epitopes will guide us to consider
epitope matching as an important parameter for donor
selection in kidney transplant in the near future.
Key words: Allosensitization, Antibody-mediated rejection,
Donor-specific antibody, Eplet
Introduction
The human leukocyte antigen (HLA) system
regulates the human immune system against
invasion of pathogens. It is composed of 2 major
histocompatibility complex (MHC) molecules: MHC
class I and II.
Because of the close relationship between higher
risk of rejection and graft loss and an increasing
numbers of HLA mismatches, HLA-A, HLA-B, and
HLA-DR matching remains the core of deceased
organ allocation.1 In addition, HLA mismatches can
predispose to the development of anti-HLA donorspecific antibodies (DSAs), which are strongly linked
to antibody-mediated rejection and late allograft loss.
The presence of pretransplant DSAs is a great barrier
for candidates of second or third solid-organ
transplant procedures. These patients remain longer
on wait lists until a suitable donor can be found.
Although concern about the degree of HLA
matching when ABO blood type and T-cell crossmatch
are compatible has been previously low,2 optimizing
the HLA matching for class I and II has been shown
now to improve allograft survival.3 Among class II
HLA matching, HLA-DR may be more important
than HLA-DQ, whereas the mismatch in the latter
may cause acute rejection in up to 50% of cases.4
HLA typing is determined by serology or
polymerase chain reaction methods. Although the
DOI: 10.6002/ect.MESOT2018.L41
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serology method can be easily performed, the
polymerase chain reaction method allows HLA
typing with higher resolution and more precision
through a DNA-based technique. High-resolution
molecular HLA typing has resulted in increased
knowledge of amino acid sequences of HLA alleles.
It has enabled us to identify polymorphic positions of
the HLA, as well as provided more knowledge about
the quaternary structure of the HLA by modeling of
crystalline HLA molecular structures.5 HLA typing
has several advantages in solid-organ transplant. It
allows improved donor-recipient HLA matching,
therefore reducing patient exposure to immunologic
alloantigens. With HLA typing, preformed antibodies
could also be specified; hence, donors with these
HLAs would not be accepted for these highly
sensitized recipients or otherwise the plan of
desensitization protocols would be implied.
The resolution of molecular typing methods
means the ability to distinguish among minor differences in allele sequences, which vary according to
the technology used and the number of alleles at a
particular locus. Low-resolution or 2-digit typing can
distinguish among allele groups and is similar to
serologic typing, whereas high-resolution or 4-digit
typing can distinguish among alleles to the protein
level. The HLA nomenclature Website currently lists
15000 HLA alleles, encoding more than 10 000 unique
proteins.6
In addition to HLA typing, testing for anti-HLA
antibodies is mandatory to identify presensitized
patients. Currently, solid-phase assays are widely
available (see details in Sypek and associates7). These
assays include indirect enzyme-linked immunosorbent
assays or microbead flow cytometry assays.7
Many centers use population frequencies of HLA
typing to determine the number of calculated panelreactive antibodies based on the specificity of a
potential recipient’s anti-HLA antibody profile. This
number represents the percentage of the donor pool
with whom the recipient is predicted to have a
positive crossmatch and is increasingly being used in
organ allocation algorithms.
Epitope and epitope matching
An epitope refers to the specific target amino acids
that an individual antibody binds to. Generally, an
epitope is about 5 or 6 amino acids in length. A
protein sequence may actually have different
epitopes that bind to the paratope. Binding between
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the paratope and the epitope occurs at the tip of the
variable region on the antibody.
Development of a custom antibody is important
to allow targeting of a specific epitope on a protein
versus simply having antibodies (which may be
against a number of epitopes) that recognize a particular protein. Modeling of crystalized HLA molecules
and amino acid sequence comparisons between HLA
alleles has allowed researchers to view structural
descriptions, referred to in the HLAMatchmaker
program as eplets, which are essential components of
HLA epitopes. Several reviews have described
molecular models of HLA epitope structures and their
reactivity with antibodies,8 which was originally
termed as a triplet.9 Eplets are small configurations of
amino acids in antibodies that are in accessible
locations on the HLA molecular surface. They are
recognized by their amino acid sequence numbers
and polymorphic residues with standard single letter
codes.
Antibody reactivity to a presensitized HLA
follows first the recognition of a recipient antibody
to the specific donor epitope that is then recognized
as the foreign antigen by the recipient immune
system. HLA compatibility between recipients and
donors can be assessed by 3-dimensional molecular
modeling, for epitope-paratope interfaces of antigenantibody complexes (see details in Lim and
associates10). This is the fundamental feature of
HLAMatchmaker software, which is based on a
computer algorithm.10
Although high-resolution 4-digit HLA typing
usually is mandatory for eplet matching (see
example in Sypek and colleagues7), 4-digit alleles can
be estimated from 2-digit alleles using a catalog of
common antigens found within the HLAMatchmaker
Website. Four-digit HLA typing methods are timeconsuming; therefore, these methods are not presently
practical in deceased-donor kidney allocation in which
a rapid turnaround in HLA typing is essential.
Consequently, 2-digit HLA typing methods remain
the standard typing technique for deceased donors.
However, high-resolution 4-digit molecular HLA
typing methods should be undertaken for all
potential kidney transplant candidates, particularly
for highly sensitized patients in whom the correct
assignment of permissible DSAs is critical to
determine transplant potential.10 With the use of the
freely available HLAMatchmaker software, the
number of eplet mismatches between a donor and
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recipient or the eplet specificity of an anti-HLA
antibody can be determined based on 4-digit HLA
typing.
Clinical signiﬁcance of anti-HLA donor-specific
antibodies
Anti-HLA DSAs are strongly associated with increased risk of rejection and allograft loss.1 Although
no consensus for defining their pathogenicity and no
standard for their evaluation to guide clinical
decision making exist, anti-HLA DSAs are considered as important biomarkers for predicting
allograft injury and loss. Transplant centers presently
evaluate immunologic risk before and after
transplant using mean fluorescence intensity (MFI)
provided by single-antigen flow bead technique,
which demonstrates sensitivity and intensity of antiHLA antibodies.
Advances have been made in diagnosis of
patients with antibody-mediated rejection and the
role of anti-HLA antibody in transplant outcomes. In
addition to the presence of pretransplant DSAs
associated with increased risk of acute antibodymediated rejection, these may also be associated with
transplant glomerulopathy and late allograft loss.
Therefore, transplant eligibility in patients with
preexisting DSAs should be carefully considered.
Assessment of the capability of anti-HLA antibodies to bind complement, particularly C1q binding,
and the characterization of their immunoglobulin G
(IgG) subclass composition are important. The
tendency of anti-HLA DSAs for binding complement is
known to be associated with increased risk of
antibody-mediated injury and poor allograft survival
in solid-organ transplant. In addition, the type of IgG
subclass of anti-HLA DSAs may have a direct
relationship with allograft injury and allograft
survival. Stratifying patients by their immunologic
risk may solve the puzzle of alloimmune conditions
determining allograft outcomes and increase longterm allograft and patient survival rates by
improving the efficacy of allocation policies and
therapeutic strategies.
Systematic monitoring and precise characterization
of anti-HLA DSAs, including their complement
binding capacity and IgG subclass composition,
could add to their predictive value for allograft loss
on the basis of their assessment of strength by MFI
level.11 The risk of antibody-mediated rejection and
allograft loss could be significantly reduced by
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avoiding HLA-incompatible transplant across
preformed C1q binding and/or IgG3-positive antiHLA DSAs.
Although the Luminex solid-phase assay
(Luminex, Austin, TX, USA) is the method of choice
to identify anti-HLA antibodies in recipients, it does
not provide a quantitative measure of the amount of
anti-HLA antibodies in sera. Reports of MFI results
may be different among laboratories, as the standards
among laboratories are not similar. Varying antigen
density between beads, differences in the preparation
of sera for testing, the possibility of false-negative or
positive results, shared epitopes between singleantigen beads, and the potential of multiplicity of
single-antigen beads for the different antigens are
some of the factors contributing to the difficulty in
establishing a clinically relevant MFI threshold
associated with adverse allograft outcomes.12 All
epitope or eplet mismatches are not able to provoke
anti-HLA antibody uniformly. Therefore, we should
differentiate immunogenic versus nonimmunogenic
eplets based on their antibody stimulation property.
With this regard, in vitro verification of those eplets
that can bind to antibody is essential to identify
potentially immunogenic eplets. The clinical
significance of immunogenic eplets is not only
dependent on their ability to induce an antibody
response (ie, immunogenicity), but the antibodies
(including complementary determining regions)
must have the capacity to interact and bind to the
immunizing eplet and the eplet paired with certain
amino acid configurations to form antigen-antibody
complexes (ie, antigenicity) that may be capable of
inducing complement activation.10
Immunogenic eplets can be identified by 2
mechanisms. First, it is possible to use monoclonal
antibodies directed at defined HLA molecules.
Second, Luminex can be used for antibody absorption
and elution methods for recombinant single HLA
antigen-expressing cell lines that recognize Terasaki
epitopes.
The ability of HLA-specific memory B cells of
recipients to induce alloantibodies against HLA class
I or II DSAs may improve the risk stratification in
predicting the production of adverse kidney allograft
outcomes. Antigen-specific B cells can differentiate
into memory B and plasma cells through stimulation
of T cells. Sensitive methods such as enzyme-linked
immunospot assays could be used to detect these
HLA-specific memory B cells and thus could stratify
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the probability of DSA development (see details in
Lim and associates10). The frequency of immunoglobulin-secreting B cells can be determined with the
enzyme-linked immunospot assay. B cells secreting
antigen-specific immunoglobulin, or indeed immunoglobulin of all specificities, can be quantified using
this assay.
B-cell antigenic epitopes could be predicted by
their physicochemical characteristics. In this method,
epitope antigenicities can be speculated by evaluation
of the hydrophobicity and propensity for binding
of the epitopes to the antibodies. This characteristic
defines the antigenicity power of the epitope-paratope
interactions. Differences in the number of polymorphic
amino acid mismatches and their physiochemical
properties for a given recipient HLA type are strong
predictors of class II alloantigen immunogenicity and
alloantibody response before organ transplant.13
Among the physiochemical properties, hydrophobic
and electrostatic interactions between epitopes and
antibodies are more important than the traditional
consideration of the number of epitope mismatches.
Although most HLA class II epitopes remain
unverified because of their complexities, many HLA
class I epitopes have been verified using monoclonal
antibodies and adsorption/elution.
Epitope or eplet mismatches and solid allograft
outcomes
HLA locus-specific triplet or eplet mismatches are
associated with early graft failure by development of
de novo DSAs, acute rejection, and/or transplant
glomerulopathy. Although the threshold of eplet
mismatches for developing adverse allograft
outcome has not been established, the goal of HLA
matching in transplantation is to reduce the number
of foreign targets (including mismatch epitopes) that
antibodies may be raised against and to avoid the
targets of specific preformed antibodies.
A transplant program in Europe has aimed to
prioritize appropriate kidneys for highly sensitized
patients.15 These patients remain on wait lists for
extended periods unless a zero class I triplet
mismatch donor is found. In patients with a negative
flow crossmatch test, even the existence of mismatched
HLA-A/B antigens would not be a barrier for
transplant.14 HLAMatchmaker has been used in this
program to identify organs, regardless of mismatches
at the antigen level, with few eplet mismatches, which
are therefore of lower immunologic risk. This Web-
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based program could significantly expand the
potential donor pool for highly sensitized recipients.
Clinical studies have examined the value of eplet
mismatches for kidney,15-20 lung,21 and heart22
transplant. All of these studies found a strong positive
correlation between the number of class I (or II) triplet
mismatches and the proportion of individuals
producing anti-HLA antibodies, poor graft function,
and glomerulopathy. The studies have also suggested a strategy to minimize eplet mismatches in
solid-organ transplant. This strategy could result in a
reduction in the rate of anti-HLA antibodies, which
would in turn reduce antibody-mediated rejection,
graft failure, and sensitization of recipients.
HLA-DR and HLA-DQ epitope matching has the
potential to minimize the risk of de novo class II DSA
development, thereby improving long-term graft
outcomes.16 Epitope specificity analyses have revealed
that 3 HLA-DR and 3 HLA-DQ epitopes were
independent multivariate predictors of class II de novo
DSAs. HLA-DR and HLA-DQ epitope matching
outperforms traditional low-resolution antigen-based
matching and has the potential to minimize the risk of
de novo class II DSA development, thereby improving
long-term graft outcomes.
The epitope may also play a role in development
of transplant glomerulopathy.17 Minimization of
HLA-DR and HLA-DQ eplet mismatches may
decrease the incidence of transplant glomerulopathy
diagnosed by indication biopsies. The odds ratios for
transplant glomerulopathy were 2.84 and 4.62 in the
presence of 27 to 43 and > 43 HLA-DR plus HLA-DQ
eplet mismatches versus < 27 eplet mismatches,
respectively. When the eplet load was modeled as a
continuous variable, the odds ratio for transplant
glomerulopathy was 1.25 for every 10 additional
HLA-DR plus HLA-DQ eplet mismatches.
All mismatched HLAs should not be considered
as harmful for the allograft. Acceptable HLA
mismatches are mismatched HLAs at the broad
antigen level, comprising structurally and functionally
compatible eplets, which are unlikely to be of clinical
importance. HLAMatchmaker has identified B-cell
epitopes without antibody induction, which are
possibly acceptable mismatches. Unacceptable antigens, which are identified by the presence of specific
antibodies by complement-dependent cytotoxicity
assays in the setting of previous immunizing events
such as rejection, will further assist in the selection of
an immunologically compatible donor kidney.
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Conclusions
There is little doubt that epitope matching will
become one of the standard triage tests for future
kidney transplant allocation and assessment of
immunologic risk. HLA epitope matching will be
beneficial for prevention of sensitization, selection of
donors for highly sensitized patients, and improvement of transplant outcomes. In addition, understanding the complex interactions between the
induced antibody and the reactive HLA molecules
will contribute to the identification of acceptable
mismatches and virtual crossmatching even for
highly sensitized patients. Large-scale collaborative
studies should be conducted to confirm the potential
utility of HLA epitope-based matching before it can
be recommended in widespread clinical practice.
There are several gaps in the literature that must
be addressed before potential widespread use of
epitope or eplet matching in kidney transplant. First,
an association between immunogenic eplet mismatches and clinical outcome must be established,
which could assist in the decision of whether to
consider immunogenic eplet mismatches rather than
the total number of eplet mismatches in allocation
and immunologic risk assessment. Second, the
benefits and costs of incorporating an alternative
eplet-based allocating algorithm should be determined, which would allow an understandings of its
effect on transplant potential, benefit/cost, and
projected survival of the entire transplant cohort.
Third, the benefits and costs of incorporating HLADQ matching into the allocating algorithm should be
determined, given that HLA-DQ DSA is the predominant de novo DSA occurring posttransplant.
Finally, high-resolution HLA typing should be
completed for non-white ethnic groups with
incorporation of the alleles into the HLAMatchmaker
program. These ethnic groups should include
indigenous patients and other minorities in whom
there is likely to be a high prevalence of novel HLA
alleles, which is essential in the accurate identification
and calculation of immunogenic mismatched eplets.
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Living-Donor Kidney Transplant With Preformed
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Abstract
Objectives: We investigated outcomes in living-donor
kidney transplant recipients with preformed donorspecific antibodies (detected with flow cytometry and
specified with the LABScreen single antigen test)
under desensitization pretransplant and immunosuppression posttransplant.
Materials and Methods: Of 15 recipients included, 8 had
ABO-incompatible kidney transplant. Six patients had
sensitization caused by pregnancy, 8 by blood transfusion, 5 by previous transplants, and 1 by unknown
cause. Desensitization was initiated using calcineurin
inhibitors, methylprednisolone, and mycophenolate
mofetil 30 days pretransplant, with rituximab
administered 1 and 10 days pretransplant. Patients
underwent plasmapheresis 1, 3, and 5 days pretransplant. Antithymocyte globulin was administered
for 5 days posttransplant as induction therapy. At
3 and 12 months posttransplant, all recipients
underwent protocol renal allograft biopsies, with
donor-specific antibodies simultaneously measured
with the single antigen test.
Results: T-cell complement-dependent cytotoxicity
crossmatch was negative in all 15 recipients, but T-cell
and B-cell flow cytometry was positive in 8 and 14
recipients, respectively. Anti-HLA class I antibodies
became negative, except in 1 recipient 3 months
posttransplant. Class II antibodies remained positive in 8
recipients 3 months posttransplant. No clinical or
subclinical T-cell-mediated rejection occurred, but 1
recipient experienced clinical acute antibody-mediated
rejection. At 3 and 12 months posttransplant, 8 and 5
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recipients had subclinical acute antibody-mediated
rejection. Cytomegalovirus test showed positivity in 14
recipients, but none developed cytomegalovirus
disease. BK viremia was detected in 2 recipients, with 1
developing BK virus nephropathy, which was reversed
by reducing immunosuppression.
Conclusions: Transplant patients with preformed
donor-specific antibodies showed good outcomes in
terms of desensitization and immunosuppression.
However, most anti-HLA class II donor-specific antibodies remained, and microvascular inflammation
score could indicate long-term risk of renal allograft
dysfunction.
Key words: Antibody-mediated rejection, Renal allograft
dysfunction, T-cell-mediated rejection
Introduction
The complement-dependent cytotoxicity (CDC)
crossmatch test is unable to detect low titers of
donor-specific antibodies (DSAs); therefore, a more
sensitive flow cytometry (FCM) crossmatch test has
been adopted in deceased-donor kidney transplants
since 2013 in the Japan Organ Transplant Network.
Since then, the number of nonprimary functions in
deceased-donor kidney transplants has decreased,1
which may be because of fewer incidences of acute
antibody-mediated rejection (AMR). In most major
kidney transplant centers, the FCM crossmatch test
is also popular in living-donor kidney transplants
(LDKT). In addition, DSAs are specified using the
LABScreen single antigen test. Patients with high
titers of DSAs (mean fluorescence intensity [MFI] >
1000) should be desensitized pretransplant to avoid
acute AMR posttransplant. In Japan, the primary
relationship between a recipient and donor in LDKT
is a spousal relationship.2 The number of spousal
LDKTs has exceeded the number of LDKTs between
parent and child. Matching a wife with DSAs grafted
DOI: 10.6002/ect.MESOT2018.L42
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from a husband can induce acute AMR posttransplant. Therefore, with this matching, DSAs
should be studied in detail pretransplant. Other causes
of generation of DSAs are blood transfusion and
previous history of transplants. In Japan, the wait time
for deceased-donor kidney transplant is > 14 years,3
and paired donations of LDKT are not systematized
because these types of transplants are prohibited by
the ethical guidelines of the Japan Society for
Transplantation.4 Therefore, we often need to perform
LDKT for a recipient with preformed DSAs from a
donor with HLA-specific antigens.
Desensitization involves the administration of
rituximab, mycofenolate mofetil (MMF), steroids,
calcineur in inhibitors (CNIs), intravenous immunoglobulin (IVIG) and the procedure of double -filtration
plasmapheresis pretransplant (Figure 1). This desensitization protocol should result in negative T-cell CDC
crossmatch. We evaluated whether desensitization
pretransplant and antithymocyte globulin induction
triple therapy (MMF, steroid, and CNI) posttransplant
could prevent clinical acute, hyperacute, and subclinical AMR. In addition, we assessed whether such
heavy immunosuppression could induce serious
complications, including life-threatening infections.
Materials and Methods
Recipients underwent CDC and FCM crossmatch tests;
when either the T- or B-cell FCM crossmatch test was
positive, DSAs were specified with the LABScreen
single antigen test. Fifteen recipients with DSAs were
enrolled in the present study (Table 1), with 8 recipients
having ABO-incompatible kidney transplants. Six
patients had sensitization caused by pregnancy, 8 by
blood transfusion, 5 because of previous transplants,
and 1 because of unknown reasons (Table 1).
For pretransplant desensitization, CNIs (6 patients received cyclosporine and 9 patients received
tacrolimus), methylprednisolone, and MMF were
initiated 30 days before transplant, and rituximab
(100 mg/day) was administered 1 and 10 days before
transplant (Figure 1). The recipients underwent
plasmapheresis 1, 3, and 5 days before transplant.
Nine study patients received IVIG (100 mg to 1 g/kg)
pretransplant. After transplant, antithymocyte globulin
(1.5 mg/kg/day) was administered for 5 days
(days 1-4) as induction therapy in 13 of 15 recipients.
An MFI cutoff of < 1000 was defined as negative.
All rejection events were pathologically proven
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Table 1. Characteristics of Living-Donor Kidney Transplant Recipients With
Preformed Donor-Specific Antibodies
Characteristic

Male/female
Age, y
Diabetes mellitus
ABO incompatible
PEKT
Cyclosporine/tacrolimus
IVIG (100 mg to 1 g/kg)
Past history of sensitization
Pregnancy
Blood transfusion
Previous transplant
Unknown

Number of Patients (N = 15) or
Result (Mean ± SD)

6/9
44.2 ± 15.1
2
7
2 (13%)
6/9
9 (60%)
6
8 (only blood transfusion 3)
5
1

Abbreviations: IVIG, intravenous immunoglobulin; PEKT, preemptive
kidney transplant
Figure 1. Desensitization and Immunosuppression in Living-Donor Kidney
Transplant Recipients With Preformed Donor-Specific Antibodies

Abbreviations: CNI, calcineurin inhibitor; DFPP, double filtration
plasmapheresis; IVIG, intravenous immunoglobulin; MP, methylprednisolone;
MPA, mycophenolic acid; PE, plasma exchange; rATG, rabbit antithymocyte
globulin; Tx, transplant

with biopsies. All 15 recipients underwent protocol
renal allograft biopsies 3 and 12 months posttransplant.
Acute AMR was diagnosed according to microvascular
inflammation (MVI) score, C4d ≥ 2 (immunofluorescence), glomerulitis plus peritubulitis score (g + ptc)
≥ 2, and positive DSA based on Banff classification
2013.5 Incidences of rejection, complications (including
infections and late-onset neutropenia), serum
creatinine levels, and patient and graft survival rates
were evaluated. Neutropenia was classified as mild
(1000-1500 cells/μL), moderate (500-1000 cells/μL;
grade 3), or severe (< 500 cells/μL; grade 4) based on
absolute neutrophil count.6
The paired t test, Welch t test, and chi-square test
with Yates continuity correction were used for
statistical analyses.
This study was conducted in accordance with the
principles of the Declarations of Helsinki and
Istanbul. All study procedures were approved by the
Ethical Committee of the Toho University, Omori
Medical Center (approval number: 27-203).
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Results
T-cell CDC crossmatch was negative in all 15 recipients, but T-cell FCM crossmatch was positive in 8
recipients on day of transplant (Table 2). B-cell FCM
crossmatch was positive in 14 recipients (Table 2). Ten
of 11 recipients (91%) with class I-positive DSAs
developed negative DSAs within 12 months posttransplant (Figure 2A). Conversely, 4 of 15 recipients
with class II DSAs maintained high MFI values
(> 10000), and 6 of 15 recipients (40%) developed negative class II DSAs (MFI < 1000) (Figure 2B).
The negative rate of DSAs posttransplant was
significantly higher in class I than in class II DSAs
(P < .026; chi-square test with Yates continuity
correction). The MFI values of class II DSAs versus
class I DSAs were significantly higher at 3 months
(4221 ± 5855 vs 720 ± 1662; P < .022) and 12 months
(5498 ± 8345 vs 520 ± 1001; P < .019) posttransplant
despite no significant differences in MFI values
before transplant (7969 ± 6346 vs 5244 ± 5116).
No clinical or subclinical T-cell-mediated rejection
occurred, but clinical acute AMR occurred in 1 ABO-

compatible kidney transplant recipient. The biopsy
of a recipient with a clinical acute AMR episode
showed positive MVI (g + ptc = 3) and intimal or
transmural arteritis (v = 1) although C4d was
negative and the recipient had DSAs. In contrast, 8
and 5 of 15 recipients had subclinical acute AMR 3
months and 1 year posttransplant, respectively
(Tables 3 and 4). Scores for g + ptc in protocol
biopsies increased in 3 of 15 recipients at 12 versus 3
months posttransplant (Tables 3 and 4). C4d scores
increased in 4 of 15 recipients at 12 versus 3 months
posttransplant in protocol biopsies (Tables 3 and 4).
Severity of MVI on light microscopy did not
Figure 2. Mean Fluorescence Intensity Values in HLA Class I (A) and Class II
(B) Donor-Specific Antibodies

A

Table 2. Flow Cytometry Crossmatch on Day of Transplant
Patient
T Cell
B Cell

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Positive
Negative
Positive
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Negative
Negative
Negative

B

Positive
Positive
Positive
Positive
Positive
Negative
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

Ten of 11 (91%) class I donor-specific antibodies (DSAs) became negative
within 12 months posttransplant. In contrast, 4 of 15 class II DSAs remained
high in mean fluorescence intensity (MFI) values (> 10 000) and 6 of 15 (40%)
class II DSAs became negative.

Table 3. Protocol Biopsies 3 Months Posttransplant According to the 2013 Banff Classification
Patient

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Microvascular
Inflammation (g or ptc)

C4d ≥ 2
(score) (IF)

g + ptc ≥
2 (score)

Anti-HLA

Negative
Negative
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

Positive (3)
Positive (2)
Negative
Negative
Positive (3)
Negative
Negative
Negative
Positive (3)
Negative
Negative
Negative
Positive (3)
Positive (3)
Positive (3)

Negative
Negative
Positive (4)
Positive (2)
Positive (4)
Positive (4)
Positive (4)
Negative
Negative
Positive (6)
Positive (3)
Positive (4)
Negative
Positive (5)
Positive (4)

Positive
Negative
Negative
Positive
Positive
Negative
Positive
Positive
Negative
Positive
Negative
Positive
Positive
Positive
Positive

Abbreviations: AMR, acute antibody-mediated rejection; DSA, donor-specific antibody

DSA
Antidonor Blood Group

x16
x1
x0
Compatible
Compatible
Compatible
Compatible
Compatible
Unknown
x1
x0
x0
x2
Compatible
Compatible

Acute AMR

Negative
Negative
Suspicious
Positive
Positive
Negative
Positive
Negative
Suspicious
Positive
Suspicious
Positive
Positive
Positive
Positive
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Table 4. Protocol Biopsies 12 Months Posttransplant According to 2013 Banff Classification
Patient

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Microvascular
Inflammation (g or ptc)

C4d ≥ 2
(score) (IF)

g + ptc ≥
2 (score)

Anti-HLA

Positive
Negative
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Positive
Positive
Positive
Positive
Positive
Positive

Negative
Negative
Positive (3)
Negative
Positive (2)
Negative
Negative
Negative
Positive (3)
Positive (3)
Positive (3)
Positive (3)
Positive (2)
Positive (2)
Positive (3)

Negative
Negative
Negative
Negative
Positive (5)
Positive (4)
Negative
Negative
Negative
Positive (3)
Positive (5)
Positive (3)
Negative
Positive (4)
Positive (3)

Positive
Negative
Negative
Positive
Positive
Negative
Positive
Positive
Negative
Positive
Negative
Positive
Positive
Positive
Positive

Abbreviations: AMR, acute antibody-mediated rejection; DSA, donor-specific antibody

appear to develop in all recipients. Scores of tubulitis
(t), interstitial infiltration (i), and vasculitis (v) based
on Banff classification in biopsies at 3 versus 12
months posttransplant were 0.40 ± 0.63 versus
0.47 ± 0.64, 0.13 ± 0.35 versus 0.13 ± 0.35, and
0.00 ± 0.00 versus 0.00 ± 0.00 (all not significant).
Protocol biopsies in 8 and 7 recipients 3 months
posttransplant and 10 and 5 recipients 12 months
posttransplant showed ct1 and ct0, respectively.
Protocol biopsies in 1 and 14 of 15 recipients
at 3 months posttransplant and 7 and 8 of 15 recipients
12 months posttransplant showed ci1 and ci0,
respectively. Interstitial fibrosis, but not tubular
atrophy, developed (P < .039; chi-square test with Yates
continuity correction) 12 months posttransplant.
Cytomegalovirus (CMV) antigenemia test became
positive in 14 of 15 recipients. One of 2 CMVseronegative patients who received a graft from a
seropositive donor did not show positivity for
antigenemia, and no recipients developed CMV
disease. BK virus in urine was detected in 3
recipients, with 2 showing BK viremia and 1
developing BK virus nephropathy, which was treated
by reducing immunosuppressant doses. One
recipient had a urinary tract infection. Another had
pneumonia. Anemia, late-onset neutropenia, newonset diabetes, and hypertension occurred in 9, 6, 5,
and 11 recipients, respectively. Absolute neutrophil
counts in the 6 recipients with late-onset neutropenia
were 986 cells/μL at 4 months, 528 cells/μL at 13
months, 1091 cells/μL at 3 months, 224 cells/μL at 5
months, 782 cells/μL at 5 months, and 1321 cells/μL
at 7 months, respectively.
Serum creatinine levels in the 15 recipients did
not increase until 1 year posttransplant (1.09 ± 0.32,

DSA
Antidonor Blood Group

x8
unknown
x0
Compatible
Compatible
Compatible
Compatible
Compatible
Unknown
x1
x0
x0
x2
Compatible
Compatible

Exp Clin Transplant

Acute AMR

Negative
Negative
Suspicious
Negative
Positive
Suspicious
Negative
Negative
Suspicious
Positive
Suspicious
Positive
Negative
Positive
Positive

1.08 ± 0.32, 1.07 ± 0.32 mg/dL at 3, 6, and 12 months
posttransplant) (Figure 3). However, 12 recipients
showed increased levels 2 years posttransplant, with
mean level (1.20 ± 0.23 mg/dL) significantly higher
than that at 1-year posttransplant (P < .012).
Proteinuria (0.6 g/g creatinine) developed in 1
recipient at 1-year posttransplant. Patient and graft
survival rates were 100% at 2 years; however, 1
patient died of lung cancer 2 years and 10 months
posttransplant. So far, the other 14 recipients have
survived with functioning grafts.
Figure 3. Serum Creatinine Levels Posttransplant

Serum creatinine (sCr) levels in 15 recipients did not increase until 1 year
posttransplant; however, mean sCr 2 years posttransplant (1.20 ± 0.23 mg/dL)
was significantly higher than that at 1 year posttransplant (1.07 ± 0.32 mg/dL).

Discussion
In the past, the CDC crossmatch test to detect DSAs
was the standard; however, sensitivity is so low that
low titers of DSAs cannot be detected. The FCM
crossmatch test is more sensitive and has been
recently used for both deceased-donor kidney
transplant and LDKT in Japan. In 2012, 2 recipients
from a brain-dead donor and 9 recipients from a
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donor after cardiac arrest had primary graft
nonfunction.1 However, 4 and 1 recipients in 2013, 1
and 0 in 2014, and 3 and 2 in 2015 had primary graft
nonfunction. The introduction of FCM crossmatch
test in 2013 may have reduced the incidence of acute
AMR, resulting in fewer primary nonfunctioning
grafts after deceased-donor kidney transplant.
In Japan, the spouse is the most popular donor in
LDKT.2 In 2016, 506 of 1331 LDKT procedures
(38.0%) were from spousal donors. A kidney donated
from a husband to a wife may induce acute AMR due
to DSAs after a wife is pregnant. Sagasaki and
associates reported a case of acute AMR due to antiHLA-DQ antibody after pregnancy and delivery in a
female kidney transplant recipient7 who underwent
LDKT with her mother as a donor. After delivery, she
developed anti-HLA-DQ5 de novo antibody against
her husband. Coincidentally, her mother had HLADQ5; thus anti-HLA-DQ5 de novo antibody was a
DSA against her renal allograft. Previous organ
transplants and history of blood transfusion have
also been reported as risk factors for generating
DSAs and inducing acute AMR.
Acute AMR due to preformed DSAs is an
immunologic reaction of the remaining and accelerated
producing DSAs against vascular endothelium cells.
The use of double-filtration plasmapheresis and
plasma exchange, IVIG, and desensitization
involving rituximab can reduce DSA titers. The
immune response against a renal allograft in the
remaining antibodies must be minimized, and
hyperacute rejection must not occur. However,
accelerated production of DSAs is a second-onset
antibody response in terms of memory B cells and is
not easily controlled. Memory B cells rapidly produce
massive DSAs when the same antigens, such as with a
renal allograft, are exposed. The unique cytoplasmic
domain of immunoglobulin G (IgG) causes the prompt
activation of antigen-experienced IgG memory B cells.8
Antigen-experienced IgG1 memory B cells rapidly
differentiate into plasma cells, whereas nonexperienced IgG1 B cells do not, suggesting the importance of stimulation history. Repression of the Bach2
transcription factor, which results from the antigen
experience, contributes to the predisposition of IgG1
memory B cells to differentiate into plasma cells.8
In the United States,9 Europe,10 and South
Korea,11 paired donations have been popular in
LDKT with preformed DSAs. However, the ethical
guidelines of the Japan Society for Transplantation
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prohibit living organ donations from a third-party
donor.4 Therefore, paired donations (donor
exchange), donations from an emotional-related
donor, and altruistic donations in LDKT are
prohibited in Japan. In 2016, the numbers of
deceased-donor kidney transplants in Japan were
considerably less than numbers in South Korea and
Taiwan as well as in Western countries.12 The mean
wait time for deceased-donor procedures exceeds 14
years in Japan.3 Therefore, we have been challenged
to perform LDKT with preformed DSAs.
It is interesting to note that most class I DSAs
became negative within 12 months posttransplant
versus the class II DSAs. This may be because of the
antigenic structure of the kidney, with HLA class I
antigens having a wide distribution and class II
antigens having restricted expression on renal
vasculature.13 A renal allograft contains a larger
amount of class I than class II antigens. When a renal
graft is transplanted, a part of class I DSAs may be
adsorbed in the renal tissues with a large amount of
class I antigens. However, class II DSAs are not
adsorbed into the renal tissue with a trace amount of
class II antigens. Therefore, class II DSAs may
remain at higher levels than class I DSAs. The
HLA-DQ antigen was not shown to be expressed in
normal renal tissues,14 but the HLA-DR antigen has
been shown to be faintly expressed in proximal
tubular cells.15 However, all 3 HLA class II antigens
(HLA-DR, HLA-DP, and HLA-DQ) have been
detected on renal endothelial cells with a markedly
increased expression of HLA class II antigens in
renal allografts undergoing rejection.16 The increase
in HLA-DQ expression allows endothelial cells
to behave as potential inducers of T-cell activation
and as targets of DSAs directed against HLA-DQ.
Patients who produce HLA class II DSAs in kidney
allografts have a higher risk of developing transplant
glomerulopathy associated with reduced long-term
graft survival.17 In our study, although t, i, and ct
scores were not different between at 3 and 12
months, scores of interstitial fibrosis (ci) significantly
increased at 12 months posttransplant, suggesting
that interstitial fibrosis gradually developed
and could be related to the remaining HLA class II
DSAs.
In the present study, acute AMR was diagnosed
according to the MVI score and g + ptc score based
on 2013 Banff classification.5 Nine of our recipients
had C4d of ≥ 2, although 6 of 9 had ABO-incom-
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patible LDKT. Haas and associates reported that
peritubular capillary C4d is often present on protocol
biopsies, even when the histologic features of acute
AMR are lacking in ABO-incompatible grafts,18
suggesting that diffuse peritubular capillary C4d
deposition without rejection is associated with a
lower risk for scarring in ABO-incompatible
renal allografts. Therefore, it was difficult to evaluate
the significance of positive C4d in the 6 ABOincompatible LDKT recipients.
Scores of g + ptc ≥ 2 indicate moderate MVI based
on the 2013 Banff classification.5 In our study, 10 and
7 of 15 recipients had scores ≥ 2 at 3 and 12 months
posttransplant, and subclinical acute AMR was
suspected due to MVI severity. Loupy and associates
reported that patients with subclinical acute AMR
had worse graft survival at 8 years posttransplant
(56%) than those with subclinical T-cell-mediated
rejection (88%) and those without rejection (90%).19
At 1 year, subclinical acute AMR was shown to be
independently associated with a 3.5-fold increase in
graft loss and more rapid progression to transplant
glomerulopathy.19 Early lesions involving the glomerular and peritubular capillaries on subclinical
acute AMR included glomerular endothelial swelling
and vacuolization, glomerular endothelial edema
with subendothelial electron-lucent widening, early
duplication/multilayering in glomerular basement
membrane with subendothelial electron-lucent
widening, and early multilayering in PTC basement
membrane.20 Multilayering in the PTC basement
membrane could be an early specific sign of chronic
active. AMR. Haas and associates reported that
rituximab, IVIG, and plasmapheresis for acute AMR
can reduce the subsequent development of overt
transplant glomerulopathy.20 Therefore, protocol
biopsies should include electron microscopy findings
to detect early signs of chronic active AMR in LDKT
with preformed DSAs, and treatments for subclinical
acute AMR should be considered.
Fourteen of our 15 recipients had positive CMV
antigenemia; however, no patient developed CMV
disease. Strict monitoring of CMV antigenemia and
prophylactic use of valganciclovir appeared to keep
CMV infection from developing into a serious
infection. However, 1 of 2 recipients with BK viremia
developed BK virus nephropathy, although the patient
recovered after doses of MMF and tacrolimus were
reduced. There were no incidences of life-threatening
infection even under heavy immunosuppression.
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Late-onset neutropenia associated with rituximab
occurred in 6 recipients. In the present study, mild,
moderate, and severe late-onset neutropenia
occurred in 2, 3, and 1 recipient, respectively, at
about 3 to 13 months posttransplant. All 6 recipients
recovered without serious infection due to repeated
administration of granulocyte colony-stimulating
factor. The increased serum creatinine levels in 12
recipients at 2 years versus 1 year posttransplant
(1.20 ± 0.23 mg/dL; P < .012) and proteinuria
(0.6 g/g creatinine) in 1 of 15 recipients at 1 year
posttransplant could have been due to chronic
AMR.
Conclusions
In LDKT with preformed DSAs, desensitization and
immunosuppression could largely prevent clinical
acute AMR but not always subclinical acute AMR. In
our patients, HLA class I DSAs disappeared, but
some class II DSAs remained at high levels
posttransplant. We found that higher MVI and g + ptc
scores indicated acute AMR severity and may result
in chronic AMR. However, short-term outcomes of
LDKT with preformed DSAs were satisfactory
despite the remaining risk of chronic AMR.
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Posttransplant Care of Kidney Transplant Recipients and
Their Donors in Nigeria
Ifeoma I. Ulasi,1,2 Chinwuba Ijoma,1 Obinna Onodugo,1 Ejikeme Arodiwe,1 Julius Okoye,1
Ugochi Onu,1 Uchenna Ijoma,1 Ngozi Ifebunandu,2 Olaronke Afolabi,2 Ume Nwobodo2
Abstract
Objectives: Kidney transplantation is not readily
available in low-resource settings because of poor
health structure, dearth of experts, and pervading
poverty. Although many centers now offer kidney
transplant, patients still travel outside Nigeria for this
service for many reasons and many return home
without a detailed medical report.
Materials and Methods: Medical records of individuals
who underwent kidney transplant in Nigeria and
elsewhere and who were presently receiving posttransplant care or had received such care from 2002 to
2018 at 4 Nigerian hospitals were retrospectively
reviewed and analyzed.
Results: Of 35 patients (30 males; 85.7%) analyzed
(mean ages of 42 ± 16 and 47 ± 8 years for men and
women, respectively; P = .54), common primary kidney
diseases included hypertension (27.2%), glomerulonephritis (24.2%), and diabetes mellitus/hypertension
(18.3%). Most patients received transplants in India
(48.6%), with others in Nigeria (23.0%) and Pakistan
(8.6%). Relationships to recipient were unrelated
(28.5%), living related (22.9%), and unknown (48.6%).
Less than 30% of recipients had care details in their
hospital records. Almost all transplant patients were
treated with prednisolone (81.8%); cyclosporine
(40.0%), mycophenolate mofetil (31.4%), tacrolimus
(20.0%), and azathioprine (9.1%) were also used.
Complications were documented in 88.9%, with
57.0% due to bacterial infections/sepsis. Many
(88.9%) had more than 2 complications. In follow-up,
median first transplant duration was 24 months
(interquartile range, 6-44). Of total patients, 25.7%
were still alive, 17.1% had died, and 54.2% were lost to
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follow-up. Follow-up data for only 2 donors were
available.
Conclusions: Lapses in follow-up care of kidney
transplant recipients and donors continue in lowresource settings where transplant tourism is still rife,
resulting in poor graft/patient survival. Adherence to
transplant guidelines is advocated. We propose a
transplant stratification model according to level of
development and resources of countries or regions.
This model will encourage customizing strategies for
improving patient outcomes.
Key words: Posttransplant complications, Poverty,
Transplant development stratification, Transplant tourism
Introduction
Chronic kidney disease (CKD) and end-stage renal
disease (ESRD) are increasing, and various metaanalysis have highlighted high prevalence globally,1
in Africa,2 and in Nigeria.3 Kidney transplantation is
the preferred treatment for most patients with
ESRD.4 However, this procedure is not readily
available in low-resource settings because of poor
health structure, dearth of experts, and pervading
poverty that precludes many from accessing the
criterion standard of care treatment.5,6 Potential
kidney recipients and donors are routinely evaluated
according to the guidelines.7-16 After successful
transplant, recipients are followed up in accordance
with guidelines adopted by the transplant program.
Previously, kidney donors were thought to be largely
free of long-term complications, especially if well
matched.17 However, recent evidence shows that it
may not be so. Studies from the United States18 and
Norway19 have demonstrated some significant
complications. These underscore the need for
adequate and proper follow-up of both recipients
and their donors. Newer guidelines have emphasized the need for proper donor and recipient
evaluations before and after transplant.7,13,16,20
DOI: 10.6002/ect.MESOT2018.L44
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Before 2000, kidney transplant procedures were
not possible in Nigeria. Most patients who had ESRD
received only dialysis (hemodialysis and peritoneal
dialysis), and those who could afford it accessed
kidney transplant abroad. However, the first kidney
transplant procedure in Nigeria was performed in
2000, pioneered by a private hospital in Lagos.5,21
Since then, many other hospitals have introduced
kidney transplant services. As of February 2018, there
are 12 such centers with different levels of function
and expertise.22 Despite this growth, many patients
still travel outside the country to access transplant
services for a variety of reasons, including cheaper cost
of service and ease of accessing relevant medications.5
Many such patients who access kidney transplant
abroad come back without proper medical reports,6,23
in particular essential information like HLA typing and
tissue crossmatching and relationship to donor. Donor
evaluations and immediate care posttransplant are
not included in reports. As a result, adequate and
appropriate follow-up of recipients and donors have
become a problem as they are transplanted in a
different facility in the same or a different country from
where they are followed-up.
The objective of this study was to evaluate kidney
transplant recipients (and their donors) who were
followed at 4 main facilities in 2 of 5 southeast states
in Nigeria from 2002 to 2018.
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pression regimen, outcome of transplant, drug levels,
posttransplant complications, and patient and graft
survival).
Statistical analyses were performed with SPSS
software (SPSS: An IBM Company, version 21.0, IBM
Corporation, Armonk, NY, USA). Sociodemographic
variables were collated and summarized. Independent
variables were compared with t tests for continuous
variables and chi-square tests for categorical variables.
Statistical significance was set at P < .05.
Figure 1. Map of Nigeria With the 6 Regions

Results

Materials and Methods
Our retrospective study included individuals who
underwent kidney transplant in Nigeria and elsewhere and who received posttransplant care in 4
hospitals in Southeast of Nigeria (Figure 1). The
study was approved by the institutional ethics
committee of the University of Nigeria Teaching
Hospital (Ituku-Ozalla, Enugu, Nigeria).
The medical records of patients who were
currently receiving posttransplant care or had received
such care at 2 privately owned and 2 governmentowned tertiary institutions in Ebonyi and Enugu States
were reviewed. Data were extracted from hospital
medical records, medical reports, referral letters, and
investigation reports. Data included demographics
(age, sex, occupation, place of domicile), medical
history (primary cause of ESRD), and transplantrelated information (kidney donor, relationship of
donor to recipient, HLA typing, tissue crossmatching,
date of transplant, place of transplant, immunosup-

Demographic and other characteristics
Thirty-five kidney transplant recipients were
followed-up from January 2002 to July 2018. The
demographic attributes of kidney transplant recipients
are shown in Table 1. Most patients were male (n = 30;
85.7%). The mean ages were similar in men and
women: 46.9 ± 11.5 years for men versus 47 ± 8.5 years
for women (P = .54). Most transplant recipients were
fairly affluent, being mainly professionals and
business owners, as payment was out-of-pocket. Two
study patients (1 man and 1 woman) were sponsored
by their employers.
The common primary kidney diseases included
hypertension (27.2%), glomerulonephritis (24.2%),
and diabetes mellitus with hypertension (18.3%)
(Table 1).
Kidney transplant and follow-up of recipients
Most transplant procedures (48.6%) were performed
in India, followed by 23% in Nigeria and 8.6% in
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Pakistan (Figure 2). A number of patients were not
properly referred to the transplant centers. Further
analysis showed that about one-quarter of patients
transplanted in India were not referred, whereas about
two-thirds of those who went to Pakistan were not
referred (Table 2). Consequently, less than 30% of
recipients had medical reports from the transplant
centers detailing their posttransplant care. Many
donors were unrelated (28.5%), with 22.9% being living
related donors. The relationship of recipient to donor
was not recorded in a significant number (48.6%).
Table 1. Characteristics of the Study Population
Parameter

All Patients
(N = 35)

Mean age, y
47.0 ±11.11
Sex
35
Primary diseases,
No. (%)
• CGN
8 (22.9)
• HIVAN
3 (8.6)
• DM ±
hypertension 8 (22.9)
• Hypertension 10 (28.6)
• ADKPD
2 (5.7)
• Unknown
4 (11.4)
Occupation*
• Professional
7
• Business
5
• Civil service
3
• Student
2

Male
Patients
(n = 30)

Female
Patients
(n = 5)

46.9 ±11.5
30

47.2 ±8.5
5

7
3

1
0

7
9
0
4

1
1
2
0

6
5
2
2

1
0
1
0

Df

1

P Value

.95
< .001

.109

6

.885

Abbreviations: ADPKD, autosomal dominant polycystic kidney disease;
CGN, chronic glomerulonephritis; DM, diabetes mellitus; HIVAN, human
immunodeficiency virus-associated nephropathy
*Only 17 kidney transplant recipients had record of occupation.

Figure 2. Proportion of Study Recipients by Country of Transplant

Only 1 recipient had induction therapy with
daclizumab. Every recipient who had records of
treatment documented had prednisolone (81.8%),
with use of cyclosporine (40.0%), mycophenolate
mofetil (31.4%), tacrolimus (20.0%), and azathioprine
(9.1%) also noted. Almost all patients who had full
documentation had at least 1 complication during
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the course of their follow-up. Most recipients (88.9%)
had more than 2 complications. Median first
transplant duration was 24 months (interquartile
range, 6-44 mo). However, many patients were lost
to follow-up (54.2%), with 25.7% still alive and 17.1%
known to be dead (Table 2). Of the 35 recipients, 2
had second transplant procedures. One had a first
transplant from a cytomegalovirus-infected living
relative and subsequently suffered graft loss. The
second had the first kidney transplant from an
unrelated Pakistani donor and had early graft loss.
Table 2. Kidney Transplant Characteristics
Parameter

Relationship of recipient to donor
• Unrelated
• Biologically related
• Emotionally related
• Not recorded
Referral of transplant candidates
• Nigeria
• India
• Pakistan
Country of transplant
• Nigeria
• India
• Pakistan
Outcome of transplant
• Alive
• Dead
• Relocated
• Lost to follow-up
Immunosuppression
• Prednisolone
• Cyclosporine
• Mycophenolate mofetil
• Tacrolimus
• Azathioprine
Complication
• Bacterial infection
• Viral
• Fungal
• Malaria
• Posttransplant glomerulonephritis
• Malignancy

Number (%)

10 (28.6)
6 (17.1)
3 (8.6)
16 (45.7)
Referred
8 (100)
13 (76.5)
1 (33.3)

P Value

Not Referred
0 (0)
4 (23.5)
2 (66.7)

.046

8 (22.9)
17 (48.6)
3 (8.6)
10 (25.7)
6 (17.1)
1 (2.9)
18 (54.2)
25 (71.4)
14 (40.0)
21 (60.4)
8 (22.9)
3 (8.6)
20 (57.2)
9 (25.7)
2 (5.7)
8 (22.9)
5 (14.3)
1 (2.9)

Donor characteristics and follow-up
There was sparse information about donors; only 19
participants had donor type documented. Of these,
only 2 donors were followed-up after the procedure,
and both were donors seen at one of the government
tertiary hospitals. Donor sex was documented in 9
donors (8 male and 1 female), and age was documented in only 4 donors (range, 22-44 y); these donors were
biologically or emotionally related to the recipients.
Of note was the poor documentation in many of
the medical records of the kidney transplant recipients, with most recipients having scant information
about their donors.
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Discussion
Kidney transplant is the preferred and best form of
treatment for most cases of ESRD because of its better
outcome compared with other forms of renal
replacement therapy.4 However, its outcome depends
on many factors, including type of transplant, type
of donation, and pretransplant evaluations and
posttransplant care. In Nigeria, as in many developing countries, living donations continue to be the
prevalent type of donor source for transplant.
After transplant, there should be proper and adequate follow-up of recipients and donors. Several
guidelines have stipulated immediate and long-term
follow-up protocols for kidney transplant recipients.12,13,16,20 These guidelines are to ensure patient
and graft survival. Previously, postoperative care of
donors was less stringently monitored. Reports from
the United States18 and Norway19 have since emphasized the need for more structured follow-up of donors.
Our study documented the posttransplant care of
kidney transplant recipients seen in southeast
Nigeria. This subregion of the country until about 1
year ago did not have any centers with transplant
services. Kidney transplant recipients received their
procedures mostly outside the country for many
reasons, ranging from transplant candidate
preference, dearth of services, and cost of services.
Characteristics of the study population
The mean age of the study recipients was 47.0 ± 11.11
years, which is similar to other studies in Nigeria6
and other sub-Saharan African countries.2,24 These
patients are in their prime productive age; hence,
the implication on the family’s and nation’s economy
is dire. This is in contrast to the experience of
developed countries where most ESRD patients are
in the 7th and 8th decades of life. Our kidney
transplant recipients were predominantly males and
mostly high-earning professionals and business
owners. Previous studies have documented gender
bias in favor of males.25,26 The most common primary
cause of ESRD in our study population was hypertension followed by glomerulonephritis and diabetes
mellitus. This agrees with previous data.27
Kidney transplant recipient follow-up and transplant
destination
Our study shows that more kidney transplants took
place outside the country than within, which is
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similar to what occurs in many sub-Saharan African
countries where transplant programs are new.28,29
Reasons for sourcing kidney transplants abroad
(transplant tourism) include scarcity of transplant
centers, nonavailability of donors, and high cost of
services in the native country.5,6,23 Many of these
patients who receive transplant procedures outside
the country come back without a detailed medical
report, making subsequent follow-up problematic. In
addition, some local transplant facilities have limited
experience with aftercare of transplant recipients. In
this study, more than half of the recipients were lost
to follow-up.
For those who were followed up, many missed
scheduled appointments, including the mandatory
1-year posttransplant evaluation at the center where
the transplant had been performed. Many patients
would present to the clinic when there was a problem
or at their convenience or when they had funds for
such appointments. Distance from service centers
also militated against regular check-up.
Of the 35 patients analyzed in this study, only 8
procedures (23%) were performed in Nigeria. Most
were done abroad in India, with 10 of the 19
documented cases (52%) being transplants from
unrelated donors. Similarly, a previous study by
Amira and associates6 showed that 77% (20/26) of
the patients had transplant procedures in India. In
that study, 14 of 26 (54%) were from unrelated donors
and 18 of 26 (69%) were self-referred to the transplant
center. This is in contrast to the findings in our study,
in which 78% (22/28) were properly referred by a
medical doctor. This may be explained in part on the
basis of Lagos (the location in the study by Amira
and colleagues6) being a more cosmopolitan and
affluent economy and patients having preference for
treatment abroad.
From our data, most patients did not have
induction treatment for transplant; only 1 patient
was documented to have daclizumab. All documented patients in our study had prednisolone
followed by mycophenolate mofetil, cyclosporine,
and tacrolimus. Few patients received azathioprine.
These regimens depended on the protocol of the
transplant center.
Almost all patients who had full documentation
had at least 1 complication during the course of
follow-up. Most recipients (88.9%) had more than 2
complications. For example, 1 of the recipients who
was not referred and had unrelated donation had
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several complications ranging from viral infections
(herpes simplex virus and BK virus), sepsis,
fungemia, Kaposi sarcoma, and bipolar affective
disorder.
Donor follow-up
Of the 35 kidney transplants analyzed in our study,
only 2 donors were followed-up after the procedure,
with both seen at one of the government tertiary
hospitals. This practice appears to be widespread.6,23
Follow-up of kidney donors was not structured
previously because kidney donation was thought
to be free of significant long-term consequences.
Recent studies have associated kidney donation with
some long-term risks.18,19 As a result, current
guidelines recommend regular follow-up of kidney
donors.16,20 Indeed, in the United States, centers
must register new transplant donors and
follow-up previous donors over a specified time
frame.20,30
Transplant outcomes
Poor documentation and follow-up were prevalent;
hence, graft and patient survival were not adequately
established. In our study, 54.2% of patients were lost
to follow-up.
In a review article, Akoh23 noted that outcomes of
commercial kidney transplant procedures are
unreliable for several reasons, including early return
to home country soon after transplant without
adequate postoperative follow-up and the transplant
centers not interested in publishing poor outcome
results.
Transplant tourism
The World Health Organization defines transplant
tourism as “patients travelling across the borders to
be transplanted elsewhere.”31 Transplant tourism is a
global phenomenon, and it is estimated to account
for about 10% of kidney transplants performed
annually.32 Several studies have documented
unfavorable safety and outcomes after such renal
transplant procedures.6,23,33 However, the practice
continues unmitigated due to a number of reasons,
including (1) financial (transplant services are
cheaper in Asia than in Nigeria); (2) dearth of active
transplant centers and facilities (poorly developed
tissue typing, drug level monitoring, and histopathology support services); (3) exorbitant drug prices
for aftercare (because medications are imported from
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America and Europe but are considerably cheaper in
India, where they are produced locally); (4) social
reasons (sourcing of donors); and (5) loss of
confidence in the local health care system.
India is a destination of choice for many
Nigerians who need kidney transplant. This was
observed in our study, which showed that 48.6% of
kidney transplants took place in India. The next
favored place was Pakistan. This experience has also
been documented by Amira and associates6 who
reviewed cases of kidney transplants procured
outside Nigeria and followed-up in Nigeria. Many
transplant candidates resort to transplant tourism
because local transplant centers insist on living
related donations and the prospective recipients may
not have such donors. They travel abroad hoping to
“purchase” or secure an organ from commercial
donors. The Istanbul declaration on transplant
tourism34 has clearly described reasons against this
practice.
Stratification of transplant programs
Countries are at different stages of development of
transplant services and programs, with those that
have higher income economies having better
developed transplant programs versus countries
with lower income economies. Higher income
countries have well-developed deceased donor
programs, have advanced organ sharing guidelines
and better kidney pair exchanges, are less dependent
on living donations, and are better equipped and
have better run transplant facilities. In contrast,
countries with lower income economies may have a
nonexistent transplant program or at best rudimentary facilities. In addition, lower income countries
are more likely to have higher rates of transplant
tourism. Similar transition patterns have been
proposed in other spheres, such as demographic
transition,35 epidemiological transition,36 nutritional
transition,37 and obstetric transition.38
A transplant stratification model is hereby
proposed according to level of development and
resources. This model will encourage customizing
strategies for improving transplant outcomes. The
proposed stratification is stated in Table 3. A similar
stratification has been proposed in the past by White
and associates,39 titled “Definitions of hierarchical
levels of capacity with respect to provision of organ
donation and transplantation services in a given
country”.
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Table 3. Proposed Staging for Transplant Stratification Model (Transplant Transition)
Stage

I
II

III

IV

V

Characteristic

Country

No existing transplant program with little or no posttransplant and postdonation care.
Transplant tourism is rife.
Faltering or poorly developed transplant program offering only living-related donation, no
nationally structured transplant program, and often no legislation. There is nonexistent deceased donor program and proliferation of transplant tourism with little or no posttransplant
and postdonation care.
Fairly developed transplant program offering, mostly living-related donation with rudimentary
deceased-donor program. Poorly developed kidney paired exchange and organ sharing programs,
often with poor posttransplant and postdonation care. Increasing level of transplant tourism and
moderate to long wait time.
Well-developed structured transplant program and accompanying legislation offering deceased
donation, kidney paired exchange, and organ sharing programs with good posttransplant and
postdonation care. There is little transplant tourism and short to moderate wait times for transplant.
Highly developed and structured transplant program and accompanying legislation offering mostly
deceased donation, advanced donation/kidney paired exchange, and organ sharing programs with
excellent posttransplant and postdonation care. There is no transplant tourism and short or no wait
times for transplant.

Conclusions
This study highlighted the lapses in follow-up of
kidney transplant recipients and donors in a lowresource setting. In particular, many patients are not
properly referred for transplant, most transplants are
procured abroad, and many patients do not present
detailed medical reports on return, resulting in less
than optimal posttransplant care. The consequence
of all of these factors is poor graft and patient
survival.
It is recommended that transplant guidelines be
adopted for better patient and graft outcomes. With
regard to transplant tourism, the recently inaugurated
World Health Organization Task Force (June 2018) is a
solid move in the right direction. The Task Force
should articulate credible and sustainable ways to
stamp out transplant tourism.
We have proposed a transplant stratification
model according to level of development and
resources. This model will encourage customizing
strategies for improving patient outcomes.
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How a Vision Was Made to Come True
Raimund Margreiter

Abstract
A kidney transplant program was started at Innsbruck
University Hospital in 1974. This was followed by the
first liver transplant in 1977 and the first combined
pancreas-kidney transplant in 1979. Because these 3
programs were quite successful, the idea was born to
try to establish a unit that could provide temporary
and permanent replacement for the loss of all kinds of
organ function. In 1993, a special unit for transplant
was opened. Dialysis was incorporated as part of
available treatment right from the beginning. The new
ward made it possible to routinely treat patients in
need of bioartificial livers, to provide ventricular assist
devices and later total artificial hearts, and to provide
extracorporeal membrane oxygenation. The first heart
transplant was performed in 1983, the first heart-lung
in 1985, the first double-lung in 1987, followed by the
first multivisceral transplant in 1989, the first isolated
bowel in 1994, and finally the first double-hand
transplant was performed in 2000. Thus, our vision of
such a unit has become true.
Key words: Multiorgan transplant, Organ transplant,
Transplant program
Introduction
In the early 1970s, when I was at an early stage of my
career, an experienced surgeon invited me to help him
develop a renal transplant program. Unfortunately,
after I had organized tissue typing, brain death
declarations, and organ preservation protocols, the
colleague left the hospital, leaving me with the decision
of whether to continue our plan. The decision was not
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an easy one since there were 2 other well-established
departments (Urology and Vascular Surgery) that
wanted to conduct kidney transplant procedures. An
infrastructure virtually did not exist. There was only
one 2-bed hospital room without a bathroom at my
disposal. Transplants had to be performed during the
night, since there were no available operating rooms
during the day. Needless to say, there were no
personnel, be it surgeons, administrators, or specially
trained nursing staff. Despite all of these unfavorable
preconditions, I finally decided to take up the
challenge.
Kidney transplantation
In Innsbruck, the first renal transplant was performed
in August 1965 and the second one in January 1967 by
the same team. Although the transplant procedures
were technically successful, both patients died
from infection due to over-immunosuppression.
Subsequently, no more transplants were performed
until 1974, when the author initiated a kidney
transplant program.1 The number of transplants
increased from year to year; in 1982, we for the first
time performed more than 100 renal transplant
procedures. Under conventional immunosuppression
with steroids and azathioprine, 1-year graft survival
did not exceed 65%. As participants in the European
Cyclosporine Trial, our group witnessed enormous
improvements in patient and graft survival, namely to
99% and 86%, respectively.2 A further improvement
was achieved with the introduction of tacrolimus and
with the reduction of calcineurin inhibitors.3,4 After
2002, 1-year deceased-donor graft survival was never
less than 95%. In the 1980s, our center had about 30
donors per million population in Austria, and it was
not necessary to use organs from living donors.
However, this favorable situation later changed, and
we began to require kidneys from living donors in
about 25% of cases, with 1-year graft survival of 100%.
DOI: 10.6002/ect.MESOT2018.L45
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Liver transplantation
It just so happened that Roy Calne was on a skiing
holiday in Tirol. Because he was already in Austria, I
asked him to do our first liver transplant in April
1977. Unfortunately, this patient, a 43-year-old
woman, died, as well as 2 subsequent transplant
patients. Our fourth recipient demonstrated longterm survival. He became the first successful liver
transplant in Austria.1 The number of transplants
increased steadily over the following years, and the
results improved. In transplant procedures conducted
between 1995 and 2000, the 5-year patient survival rate
was 88.3% and the 5-year graft survival rate was
84.8% in adults; for children, these figures were 93%
and 82%, respectively.
Combined liver and autologous bone marrow
transplant
In late September 1982, we performed our first liver
transplant followed by high-dose cyclophosphamide,
total body irradiation, and autologous bone marrow
transplant for treatment of metastatic breast cancer.5
This kind of therapy was applied in 5 patients. All
survived this complex procedure; the first patient
had a life expectancy of no more than 6 months and
survived by more than 6 years. Because none of these
patients could actually be cured, we discontinued the
program.
Liver-kidney transplantation
A combined liver-kidney transplant was performed
for the first time ever in December 1983. The patient
was a 27-year-old man with end-stage liver and
kidney disease due to chronic glomerulonephritis
and hepatitis B infection. Today, this patient is still
alive with 2 normally functioning grafts.6 Until the
author retired in 2009, a total of 46 such combined
transplants were performed in Innsbruck, with a
15-year patient survival rate of 66%.
In November 1984, the first pediatric liver
transplant in Innsbruck was performed. The 2-yearold girl is still alive, as is our first living-donor liver
transplant patient. This procedure was performed in
October 1997 in an 8-month-old girl with biliary
atresia.1
Pancreas transplantation
The first combined pancreas-kidney transplant in
Austria was performed in December 1979. This
transplant failed, as did the next 4 transplant

Exp Clin Transplant

procedures. Only patient 6 has remained free of
exogenous insulin for many years. In our first 5
patients, we used pancreatic segments, the ducts of
which were occluded with an alcohol-prolamin
solution before implantation. In our first patient, the
pancreas was placed extraperitoneally. However, in
our second patient and the next 3, the pancreatic
graft was placed intraperitoneally. In the next 13
procedures, the segment was anastomosed to the
bowel. After our group experienced a number of
serious complications with this technique, we
introduced delayed duct occlusion. This technique
turned out to be safe but caused a number of local
complications that prompted us after 17 such
transplants to switch to bladder drainage, although
still with a pancreatic segment. From patient
6 on, a drain was inserted into the pancreatic
duct, which provided us with pancreatic juice and
allowed us to develop pancreatic juice cytology.
This turned out to be a reliable diagnostic tool
with regard to rejection. After our group performed
101 procedures with this technique, we finally began
to use the whole organ and attach the graft
duodenum to the second loop of jejunum, with
attachment to the bladder only in 3 patients. In a
series of 87 transplant procedures between 2004 and
2008, the 1-year patient survival rate was 100%, with
rates of 96% for kidney survival and 92% for
pancreas survival.7
Later, we began to perform pancreas transplants
in patients with type 2 diabetes mellitus. In 22
patients, the 1-year graft survival rate was 80%,
which was somewhat less favorable than results for
patients with type 1 diabetes.
Other developments in our transplant program
After we had successfully established the kidney,
liver, and pancreas transplant programs, we realized
that the problems experienced by recipients of
various organs are much the same: all patients require
appropriate immunosuppression (that is, prophylaxis
or treatment of rejection) and prevention or treatment
of infections. Organ-specific monitoring was quite
easy to learn for the nursing staff. This experience
gave us the idea to build a single unit that would
provide temporary or permanent replacement of
every organ function.
As far as temporary replacement of renal function
is concerned, all patients, if necessary before transplant,
or for those with delayed or no graft function, dialysis
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was provided at the beginning of our activities by
our own staff. Before new employees could work
within our unit, they had to be trained in various
forms of dialysis treatment.
Patients with liver failure either before or after
transplant were treated with devices that were
available at the various times. We designed a new
type of bioartificial liver that prolonged survival of
pigs with fulminant hepatic failure.8
After we finally had a department sufficiently
large enough for transplant procedures of any kind
of organ failure, in 1993, we started to routinely use
ventricular assist devices and later total artificial hearts,
as well as extracorporeal membrane oxygenation.
Thus, our first target had been reached.
At that time, we tested a new rotary blood pump
that was based on the Wankel principle. This model
offered several advantages compared with pneumatic
pumping devices and impeller or pusher plate pumps.
Our pump had no valves and therefore no dead space,
had a gap seal that guaranteed only little backflow,
and permitted blood cells to concentrate in the
middle where they are not traumatized. Because the
piston moves in only one direction, the pump’s
energy requirements are much less than for all other
pumps.9
Heart transplantation
In Austria, the history of heart transplant began in
October 1983 when we transplanted a heart in a
52-year-old man with end-stage ischemic cardiomyopathy. Because of excessive pulmonary vascular
resistance, the graft was placed in a heterotopic
position. This patient survived, as did our next
patient, a 28-year-old man with idiopathic cardiomyopathy who received a transplant in February
1984. He is still alive and thus is the patient who has
been living for the longest time with a grafted heart
in our country.1
Although our results with cardiac transplant
procedures in the 1980s were quite satisfying, we had
to cancel an increasing number of transplants due to
lack of capacity in our intensive care unit. In 1993,
when a unit with intensive care facilities was opened
for transplant for any kind of organ failure, we
resumed our activities in this field. Until then, all
kinds of transplants were performed by only one
team. Because this new situation led to a significant
increase in our transplant activities and we were
frequently forced to do 2 organ transplant procedures
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with short ischemia tolerance in parallel, I changed the
structure insofar as thoracic organs were from now on
transplanted by our cardiac surgeons. The postoperative care of these patients, however, was still
performed by the transplant unit.
Heart-lung transplantation
Our first heart-lung transplant was performed in
September 1985. The recipient was a 36-year-old man
with obstructive lung disease. He survived, as did
the next 3 patients.
In August 1987, the first double-lung transplant
was performed in a 51-year-old male patient with
end-stage emphysema. Unfortunately, the patient
died a few days later from bleeding problems.1 The
introduction of cytomegalovirus prophylaxis for 100
days was able to significantly improve the results to
75% patient survival at 5 years.
Multivisceral transplantation
The first attempt at multivisceral transplant, namely,
transplant of 3 or more abdominal organs en bloc,
was made by Dr. Starzl in Pittsburgh in 1983.
However, the patient, a 6-year-old girl, bled to death
during surgery. In 1988, another child underwent
multivisceral transplant in Pittsburgh. Two such
transplants were also reported by Dr. Williams from
Chicago. His first patient lived 4 days, whereas the
second child transplanted in Pittsburgh and the
second one in Chicago lived 190 and 100 days,
respectively. However, they had not been discharged
or had been fed orally.
In late December 1989, we performed a multivisceral transplant in a 49-year-old male patient; this
was the first such procedure in an adult patient. After
an initially stormy course, the patient was able to
leave the hospital on enteral nutrition only.10
Altogether, we performed 12 such transplants, with
the procedure extended to the colon, vascular
structures, or ureter in some patients. Some of these
patients lived up to 15 years.
Intestinal transplantation
In Innsbruck, the first isolated intestinal transplant
was performed in late November 1994 in a 51-yearold male patient with familiar idiopathic visceral
neuropathy. After resection of the entire small bowel
together with the great gut down to the sigmoid
colon, the small bowel was implanted together with
the right hemicolon. To meet the concerns of the
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patient’s underlying disease, the upper part of the
stomach was, after transection, anastomosed to the
proximal end of the graft, whereas the distal part of
the stomach was simply closed. Although this
surgical technique had never been described before,
it worked well. At the time that the patient was
discharged, he was on enteral nutrition only.1
For safety reasons and to provide easy access to
the graft, the distal end of the bowel is usually
brought out as a stoma that is closed whenever the
graft is felt to be immunologically safe. To keep
endoscopic monitoring simple, we began to leave the
stoma in place as a sentinel tissue after restoration of
bowel continuity.11
Islet cell transplantation
Optimistic reports from leading centers in the field
in the mid-1990s prompted us to start such a
program. We performed our first islet cell transplant
in mid-January 1995 in a 31-year-old patient with
type 1 diabetes who had already received a kidney
some time earlier. A total of 450 000 islet cells isolated
for us by the San Raffaele team were injected into the
portal vein. After our center established an isolation
facility, the subsequent years until 2005 included a
total of 17 transplants performed by our team. In all
patients, we achieved at least a temporary reduction
in exogenous insulin of up to 70%. Unfortunately,
none of these patients became independent of
insulin. They would have needed at least a second
injection, which all patients declined. On the other
hand, patient selection was not ideal in all cases.
Because of these disappointing results, we decided
to stop these activities.1
Hand transplantation
We performed our first double-hand transplant 7
weeks after the first such transplant was conducted
in Lyon in January 2000 in a 49-year-old police officer
who had lost both hands while trying to defuse a
pipe bomb. These hands still function well without
any signs of chronic rejection.12 In February 2003, for
the first time ever, a double forearm transplant was
performed in a 41-year-old man. He had lost both
forearms in a high-voltage current accident.13 Today,
these grafts are still in place. Altogether, we performed
3 double-hand and 1 single-hand transplant procedure
as well as the double-forearm transplant. Except
for the single hand, all grafts are still functioning. The
single hand had to be removed after 8 years for
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chronic rejection, which was possibly induced by
continuous traumatization in his work with
Christmas trees.
Conclusions
Performing temporary as well as permanent replacement of loss of function of every vital organ in one
single unit is not only possible but also provides
excellent results, is economical, and is diversified,
thus producing a lot of excitement for the medical
and nursing staff. It is certainly a challenge to run
such a unit because it requires knowledge of the basic
pathology of every organ, as well as knowledge of
the diagnostic and therapeutic possibilities (Figure 1).
Needless to say, one also must be familiar with the
various immunosuppressive regimens. The fact that
only one team can transplant all organs is certainly
an exception, however my vision was realized.
Figure 1. Transplant Center Innsbruck: 1974 to 2009
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Abstract
Objectives: Chronic hepatitis C infection incidence and
prevalence are high in Egypt and represent a major
health burden. Hepatitis C virus infection can affect
graft outcomes in kidney transplant recipients.
Treatment of hepatitis C virus infection among this
special group was difficult during the interferon era;
however, with advances in direct-acting antivirals,
treatment outcomes have become more promising.
Materials and Methods: This is a pilot, observational,
single-center, one arm study that included 50 kidney
transplant recipients seen at the Mansoura (Egypt)
Urology and Nephrology Center. Patients were consented to receive a sofosbuvir-based regimen as all had
creatinine clearance of greater than 30 mL/min/1.73 m2.
Results: All patients achieved rapid virologic responses
4 weeks after starting treatment. Forty-nine of 50
patients achieved 12-week and 24-week sustained
viral responses. Six patients had increased serum
creatinine levels. Four graft biopsies were performed.
Anemia was the most common adverse effect among
the patients who were maintained on ribavirin.
Conclusions: Treatment of chronic hepatitis C infection
has become easier and safe with the advance of new
direct-acting antivirals.
Key words: Direct-acting antiviral agents, Drug
interactions, Kidney transplantation
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Introduction
Hepatitis C virus (HCV) infection can increase
morbidity and mortality.1 Cirrhosis, hepatocellular
carcinoma, liver transplantation, and liver-related
deaths worldwide are complications of HCV.2
Hepatitis C virus represents a great health and
economic burden due to its hepatic and extrahepatic
manifestations.3
Egypt has the highest incidence of HCV in the
world. The incidence of HCV antibodies and HCV
RNA in individuals from 15 to 59 years old was
estimated by the Egyptian Demographic Health
Survey to be 14.7% and 9.8%, respectively, in
2008. Based on the 2008 population census
and the Egyptian Demographic Health Survey, it was
found that more than 6.8 million individuals aged
15 to 59 years had HCV antibodies, of which more
than 4.5 million individuals had active HCV
infection.4
Chronic HCV infection is highly represented with
a risk of renal impairment.5 The incidence of HCV is
higher among patients with chronic kidney disease,
particularly stage 5 diseases, than among the general
population.6 As a result, chronic HCV infection is
common among kidney transplant recipients (KTRs)
and is a significant reason for comorbid conditions.
Substantial evidence has indicated that chronic HCV
infection in renal allograft cases is associated with a
higher risk of renal impairment and graft loss and
with higher mortality rates.7
Chronic HCV infection is a systemic disease with
important extrahepatic manifestations. This disease
has been implicated in the pathogenesis of glomerular diseases and in the development of newonset diabetes after transplant in KTRs, which may
cause cardiovascular disease and malignancy.8
Before the appearance of direct-acting antivirals
(DAAs) in 2015, the guidelines recommended a
DOI: 10.6002/ect.MESOT2018.L57
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combination treatment with pegylated interferon
injections and oral ribavirin. Today, DAAs are the
standard treatment for HCV, especially in those with
normal kidney function. The DAA-based regimens
are advantageous because they have an oral route of
administration, few side effects, and a much higher
efficacy.9
After kidney transplant, treating HCV infection
with the goal of eliminating the risk of complications
has been difficult.10 Interferon regimens have been
associated with poor tolerability, with these regimens
having only modest efficacy in viral eradication.11 In
addition, interferon therapy is associated with
increased risk of rejection due to its immunostimulatory effect, and ribavirin alone cannot affect
the HCV viral load.12
Since the advent of DAAs, several studies have
been done among recipients of liver and other solidorgan transplants with HCV infection. In these
groups, DAA-based therapy has been found to be
safe and effective, and its use is recommended.13
However, the experience with these drugs in KTRs is
limited.
Materials and Methods
Patients
In this pilot study, 394 KTRs of 2700 who were shown
to be HCV antibody positive after screening using
the chemiluminescent microparticle immunoassay
technique, ARCHITECT set (Abbott, Abbott Park, IL,
USA), were considered for inclusion. All of these
patients were seen at the Mansoura Urology and
Nephrology Center until December 2015. Quantitative
HCV RNA polymerase chain reactions (PCRs) were
performed for HCV antibody-positive KTRs using
the HCV RNA TaqMan real-time PCR test,
Ampiprep/COBAS TaqMan 48 set (Roche,
Indianapolis, IN, USA), which considered viral loads
below 15 IU/L as negative. The results were positive
for 114 patients. Fifty patients were enrolled in this
study, and they were consented to receive the DAAs.
Before start of treatment, all patients were
investigated for serum creatinine levels and
creatinine clearance, liver function tests, serum
albumin, lipid profile, complete blood counts, urine
analysis, drug levels, antinuclear antibodies, and
alpha-fetoprotein. In addition, pelvic-abdominal and
liver ultrasonography scans were done for all
patients.
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Treatment details
The plan for treatment was determined by the
hepatology consultants. Before treatment, hepatic
decompensation and creatinine clearance results
were considered as recommended by the 2015
European Association for the Study of the Liver
Guidelines14 and the Protocol of Insurance Institute
Egyptian Ministry of Health. All patients received a
sofosbuvir-based regimen (dual DAA) because all
patients had stable graft function with creatinine
clearance of more than 30 mL/min/1.73 m2. A triple
DAA regimen that included ribavirin was prescribed
to 5 patients who experienced relapse on or after
interferon therapy. Duration of treatment was 6
months. The dose of ribavirin was calculated
with regard to creatinine clearance for each
patient (those with level > 50 mL/min received
1200 mg, and those with levels of 30-49 mL/min
received alternating doses of 200 and 400 mg
every other day). No discontinuation of any
drug occurred except for ribavirin, which was
modified or stopped due to drop of hemoglobin
levels.
During the treatment period, liver function and
renal function were monitored monthly. Drug trough
levels were assessed every 2 weeks during month 1
and then monthly. A baseline quantitative HCV PCR
was done for all patients and then at 1 month after
start of treatment and at 3 and 6 months after end of
treatment.
Immunosuppressive protocols
Thirty-three patients received tacrolimus, 15 patients
received cyclosporine, and 10 patients received
sirolimus for immunosuppression. Thirty-five
patients were maintained on mycophenolate mofetil
and 10 patients on azathioprine. Induction therapies
utilized included basiliximab (29 patients) and
thymoglobulin (7 patients).
Statistical analyses
Statistical analyses were performed with SPSS
software (SPSS: An IBM Company, version 17.0,
IBM Corporation, Armonk, NY, USA). Descriptive
measures were used for demographic and pretreatment data. The repeated-measures analysis of
variance test for parametric data and the Freidman
test for nonparametric data were used to compare the
laboratory findings before, during, and after
treatment. P ≤ .05 was considered significant.
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Results
Baseline demographic characteristics
Fifty KTRs were included in this study. Mean age
was 41.4 ± 11.6 years, and 41 patients were males.
Mean body mass index was 23.1 ± 3.9 kg/m2. Five
patients were treated with interferon before
transplant; however, the interferon course was not
completed due to recurrent infections and bone
marrow suppression, and HCV was not cleared.
Hepatitis B virus coinfection was reported in 2
patients, and both received lamivudine, with
hepatitis B virus PCR becoming below detection
limits before start of DAA therapy. One patient was
diagnosed with hepatocellular carcinoma, and he
was treated with chemoembolization.
Baseline kidney transplant data
Mean duration after kidney transplant was 13.5 ± 5.4
years. Regarding graft function, baseline serum
creatinine level was 1.3 ± 0.6 mg/dL, and estimated
glomerular filtration rate was 69.3 ± 33.24
mL/min/1.73 m2. Glomerular filtration rate was
estimated using the Modification of Diet in Renal
Disease equation. In our patient group, 54% had
previous acute rejection episodes and 38% had
chronic changes at their last biopsy (Table 1).
Child-Pugh score assessment showed that 94% of
patients were Child-Pugh class A. A noninvasive
assessment for liver fibrosis (FibroScan, Echosens,
Paris, France) was performed for all patients
(Table 2): ~90% had no fibrosis (F0) or portal fibrosis
Table 1. Demographic Data and Associated Medical Disorders in Kidney
Transplant Recipients (N = 50)
Variable

Mean age ± SD
Sex, No. (%)
• Male
• Female
Mean body mass index ± SD
Previously treated by interferon, No. (%)
Comorbidities, No. (%)
• Hypertension
• Diabetes mellitus
• Ischemic heart disease
• HBV coinfection
• Cerebrovascular accident
• Hepatocellular carcinoma
Mean kidney transplant duration ± SD
Mean baseline serum creatinine ± SD
Mean baseline creatinine clearance ± SD
Biopsy results (before treatment), No. (%)
• Previous acute rejection
• Previous chronic rejection
• Previous acute tubular injury

Result

41.4 ± 11.6 y
41 (82)
9 (18)
23.1 ± 3.9 kg/m2
5 (10)
46 (92)
23 (46)
17 (34)
2 (4)
2 (4)
1 (2)
13.5 ± 5.4 y
1.3 ± 0.6 mg/dL
69.3 ± 33.24 mL/min/1.73 m2
27 (54)
19 (38)
26 (52)

Abbreviations: HBV, hepatitis B virus; SD, standard deviation
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(F1), and the remainder had portal fibrosis with
septae (F2) or bridging fibrosis (F3). Mean viral load
(quantitative HCV PCR) before start of treatment
was 285 796 ± 52 364 IU/mL. Forty-five patients were
genotype 4, and 5 patients were genotype 1
(genotype 2). Antinuclear antibodies and alfafetoprotein levels were within normal ranges.
Table 2. Clinical Conditions Associated With Hepatic Disease in Kidney
Transplant Recipients (N = 50)
Variable

FibroScan result, No. (%)
• F0
• F1
• F2
• F3
Liver ultrasonography, No. (%)
• Normal
• Enlarged
• Cirrhotic
Spleen ultrasonography, No. (%)
• Normal
• Mild enlargement
• Moderate enlargement
• Marked enlargement
Child-Pugh score, No. (%)
• Class A
• Class B
• Class C
HCV PCR, No. (%)
• Weak (< 100 000)
• Moderate (100 000 to 800 000)
• High (> 800 000)
HCV genotyping, No. (%)
• Genotype 1
• Genotype 4

Result

24 (48)
21 (42)
4 (8)
1 (2)
40 (80)
9 (18)
1 (2)
45 (90)
3 (6)
1 (2)
1 (2)
47 (94)
2 (4)
1 (2)
16 (32)
19 (38)
15 (30)
5 (10)
45 (90)

Abbreviations: HCV, hepatitis C virus; PCR, polymerase chain reaction

Efficacy of treatment
All patients achieved a rapid virological response
(RVR) within 4 weeks of starting DAAs. A sustained
viral response (SVR) at 12 weeks and 24 weeks was
successfully reached in 49 patients (98%). The relapse
occurred in the sofosbuvir and ribavirin group 3 months
after completion of treatment. A significant improvement in liver enzyme levels was shown (P < .001) with
no significant hematologic effects (Table 3).
Safety
Direct-acting antivirals were tolerable for patients,
and there were few adverse effects. Seven patients on
ribavirin had anemia, with 1 patient needing blood
transfusion. Ribavirin dose was reduced to 30% in
5 patients and discontinued for 2 patients. This
corrected anemia in the patients; therefore, no
significant differences were shown regarding
hemoglobin levels before, during, and after treatment
(Table 3). The patient with relapse showed severe
decompensation 3 months after the end of treatment,
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Table 3. Laboratory Investigations

Pretreatment
Week 4

Serum bilirubin, mg/dL
Serum albumin, g/dL
Serum cholesterol, g/dL
Median (range) ALT, IU/L
Median (range) AST, IU/L
Hemoglobin, g/dL
White blood count, ×103/mm3
Platelet count, ×103/mm2

0.55 ± 0.1
3.76 ± 1.50
161.7 ± 62.7
51.96 (11-145)
53.019 (12-230)
11.5 ± 1.1
7.31 ± 2.43
199 ± 63.4

0.34 ± 0.16
3.5 ± 0.4
163.2 ± 43.7
35.73 (10-160)
35.25 (6.00-220)
11.62 ± 2.4
7.31 ± 2.53
208 ± 83.4

Posttreatment
Week 12 (SVR 12)

Week 24 (SVR 24)

P Value

0.33 ± 0.14
3.56 ± 0.16
166.4 ± 38.2
20.54 (6-155)
24.86 (10-240)
12.22 ± 2.09
7.4 ± 2.67
208 ± 82.41

0.32 ± 0.15
3.9 ± 0.24
166.7 ± 38.4
19.23 (6-164)
24.019 (5-230)
12.28 ± 2.19
7.54 ± 2.15
210.5 ± 53.7

.367
.385
.736
.001
.001
.435
.682
.423

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; SVR, sustained viral response
Results are shown as mean ± standard deviation unless otherwise indicated.

with increased liver enzymes and low albumin
levels; he was then treated with liver supportive
drugs, including ursodeoxycholic acid and
intravenous albumin and diuretics, and received
regular upper gastrointestinal endoscopy with
ligation of any varices. Unfortunately, 1 case of
malignancy was found: this was non-Hodgkin
lymphoma and not hepatocellular carcinoma.
Regarding graft function, serum creatinine levels
increased in 6 patients, and graft biopsies were done
for 4 patients. Biopsies revealed acute cellular rejection
grade 1A in 1 patient, acute cellular rejection grade 1B
in 1 patient, chronic transplant glomerulopathy in 1
patient, and acute tubular injury in 1 patient (Table 4).
We observed no significant differences in serum
creatinine levels, creatinine clearance, and tacrolimus,
cyclosporine, and sirolimus trough levels before,
during, and after treatment (Table 5).
Table 4. Treatment Details and Complications in Kidney Transplant
Recipients (N = 50)
Variable
Number of Patients (%)

Direct-acting antiviral regimen
• Sofosbuvir + ribavirin
• Sofosbuvir + daclatasvir
• Sofosbuvir + ribavirin + daclatasvir
Course duration
• 6 months
• 3- and 6-month SVR
Complication
• Anemia
• Dizziness
• Fatigue
• GI upsets
• Bone aches
• Hepatic decompensation
• Hepatocellular carcinoma
• Other malignancies (NHL)
• Relapse
Graft-related complication
• Increased serum creatinine ≥ 25% of baseline
• Need for graft biopsy
• Acute rejection episode
• Chronic rejection episode
Acute tubular injury incidence

2 (4)
43 (86)
5 (10)
50 (100)
49 (98)
7/50 (14)
3/50 (6)
10/50 (20)
3/50 (6)
3/50 (6)
1/50 (2)
0
1/50 (2)
1/50 (2)
6 (12)
4 (8)
2 (4)
1 (2)
1 (2)

Abbreviations: GI, gastrointestinal; NHL, non-Hodgkin lymphoma; SVR,
sustained viral response

Table 5. Graft Function and Immunosuppressive Drugs
Baseline

Serum creatinine,
mg/dL
Creatinine clearance,
mL/min/1.73 m2
Trough level, ng/dL
• Tacrolimus
• Cyclosporine
• Sirolimus

4 Weeks After 4 Weeks After
Treatment
Treatment
Start
Stop

P
Value

1.23 ± 0.54

1.24 ± 0.64

1.29 ± 0.54

.489

69.3 ± 33.24

68.3 ± 33.24

68.32 ± 32.24

.235

5.2 ± 0.3
90.1 ± 37.4
6.3 ± 1.42

5.2 ± 0.2
85.0 ± 31.38
6.2 ± 1.43

5.1 ± 0.6
81.6 ± 27.00
6.1 ± 1.39

.372
.311
.254

Results are shown as mean ± standard deviation.

Discussion
To the best of our knowledge, this is the first study to
assess the safety and efficacy of sofosbuvir-based
DAAs in HCV-positive KTRs (genotype 4) in Egypt.
Type and duration of the different DAAs were
chosen according to guidelines for the treatment of
HCV in renal transplant patients.14
In our work, all patients achieved RVR 4 weeks
after start of treatment. In a French population, Kamar
and associates reported that RVR was achieved in only
80% of patients.15 They also observed no difference
between cirrhotic and noncirrhotic patients. These
results differ from those observed by Lin and
colleagues,16 in which noncirrhotic patients achieved
an undetectable viral load sooner than cirrhotic
patients. However, not all of the patients reached RVR
within 4 weeks. This may be due to differences in
race/ethnicity and/or genotype in which about 80%
of their cases were genotype 1.16
An SVR represents the standard measure for
successful treatment. As reported in the 2015
European Association for the Study of the Liver
Guidelines, SVR is defined as undetectable HCV
RNA at 12 weeks after completion of DAA
treatment.14 In our cohort, 98% achieved SVRs at 12
and 24 weeks. In the study from Kamar and
colleagues,15 SVR at week 12 was 100% but SVR at
week 24 was only reached in 8 of 25 patients (32%)
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(only 25 patients had available data at this point of
follow-up). In a US study from Sawinski and
associates, 100% of patients achieved SVR at week 12,
but their study included a small number of cases
(25 patients) and only included a sofosbuvir-based
regimen.17 Goel and associates reported that an RVR
and an SVR of 100%, but their sample size included
only 6 KTRs.9
In our study, liver enzyme levels, serum bilirubin,
and serum albumin were assessed before, during,
and after treatment. The overall significant improvement that we observed is similar to that reported in
an Austrian study by Beinhardt and colleagues.18
Anemia was only reported in recipients who
received ribavirin (7 patients). Dose modifications
were needed, and erythropoietin-stimulating agents
were added until hemoglobin levels improved.
Therefore, there were no significance differences in
hemoglobin levels before, during, and after
treatment. Bhamidimarri and associates had advised
to not use ribavirin.19 Apart from ribavirin, the other
DAAs were well tolerated and did not cause any
significant adverse effects, which is similar to the
findings reported by the PRISMA-compliant study
from Chen and associates (meta-analysis of 6 studies
that including 360 kidney transplant patients).20
Regarding graft function, 6 patients (12%) had
increased serum creatinine levels in our patient
cohort. At the end of treatment, serum creatinine had
improved in 4 of 6 patients. Four graft biopsies were
performed, with 1 revealing transplant glomerulopathy, 2 with acute graft rejection, and 1 showing
acute tubular injury. Bhamidimarri and associates
reported increased serum creatinine in 4 of 25 patients
with biopsy-proven antibody-mediated rejection and
no improvement at the end of treatment.19 No graft
rejection episodes were reported by Lin and
associates.16 In the study from Sawinski and associates,
4 of 20 KTRs showed increased serum creatinine levels,
which had resolved after stopping losartan.17
Calcineurin inhibitors and sirolimus trough levels
were not affected by drug interactions with the
sofosbuvir regimens, and there were no changes in
these doses during treatment in our study patients.
This result was also reported in liver transplant
recipients maintained on tacrolimus with sofosbuvir
and ribavirin.21
Dose adjustments, mainly increases, were
required for 13 of 25 patients in the study from
Bhamidimarri and associates, especially after
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clearance of viral load and improvement in liver
function tests.19 Kamar and colleagues15 also
reported a significant reduction in tacrolimus trough
levels during and after treatment, but, in contrast to
our study, no change in dose was required. Our
results may be attributed to recipients having
worse liver conditions or a longer period of HCV
infection.
Our study has some limitations. First, it was
observational and lacked the rigor of a randomized
controlled trial. We were also unable to assess the
effects of DAAs on proteinuria posttransplant. In
addition, the safety of sofosbuvir in those with low
creatinine clearance was not tested. No protocol
biopsies were performed during DAA treatment to
detect any subclinical rejections. This study included
a large number of Egyptian kidney transplant
patients who were maintained on various types of
immunosuppressive drugs.
We conclude that the DAAs effectively treated
HCV in our cohort of Egyptian KTRs, who had
prevalence of genotype 4 and of which some were
cirrhotic, regardless of the immunosuppressive
regimen used and time since transplant. Few adverse
events affected the transplanted kidney, and changes
in immunosuppressive drug trough levels were
minimal.
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Effects of Different Volatile Anesthetics on Cytokine and
Chemokine Production After Ischemia-Reperfusion Injury
in Patients Undergoing Living-Donor Kidney Transplant
Meltem Savran Karadeniz,1* Hayriye Senturk Ciftci,2* Tzevat Tefik,3 Tayfun Oktar,3 Ismet Nane,3
Aydin Turkmen,4 Fatma Oguz,2 Kamil Mehmet Tugrul1
Abstract
Objectives: Renal transplant is the treatment of choice
for patients with end-stage renal disease. Ischemiareperfusion damage is a major cause of early
renal dysfunction during the perioperative period.
Ischemic hypoxic damage increases local inflammation,
leading to secretion of cytokines and chemokines.
Anesthetic conditioning is a widely described strategy
to attenuate ischemia-reperfusion injury. Here, we
compared the effects of desflurane and sevoflurane
on serum proinflammatory cytokines and urine
chemokines in living-donor kidney transplant
recipients.
Materials and Methods: Eighty donor-recipient couples
were included in this randomized study. Anesthesia
maintenance was provided by desflurane or
sevoflurane. Patient demographic characteristics,
immunologic data, clinical data, and hemodynamic
parameters were recorded. Tumor necrosis factor α,
interleukins 2 and 8, chemokines 9 and 10, and serum
creatinine levels were studied from pretransplant,
posttransplant days 1 and 7, and posttransplant
months 1 and 3 sample results. Estimated glomerular
filtration rates were calculated. Acute rejection
episodes and graft loss within 6 months posttransplant were recorded.
Results: Seventy donor-recipient couples completed
the study. There were no significant differences in
demographic, immunologic, and clinical data between
desflurane and sevoflurane groups (P > .05). Tumor
necrosis factor α, interleukin 2, chemokine 9, and
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chemokine 10 levels were similar preoperatively and
on postoperative days 1 and 7 and months 1 and 3
(P > .05). Serum interleukin 8 levels were significantly
higher in patients who received sevoflurane on
postoperative days 1 (P = .045) and 7 (P = .037). No
significant differences were detected in serum
creatinine and estimated glomerular filtration rate
between groups (P > .05). No graft loss occurred within
6 months posttransplant.
Conclusions: Although sevoflurane seemed to produce
higher interleukin 8 levels posttransplant, both
desflurane and sevoflurane had similar effects on
posttransplant kidney function. We suggest that both
agents have protective effects on ischemic-reperfusion damage in living-donor kidney transplant
recipients.
Key words: Desflurane, Renal dysfunction, Renal
transplantation, Sevoflurane
Introduction
Renal dysfunction secondary to ischemia-reperfusion
injury (IRI) is a major clinical issue in patients
undergoing living-related donor renal transplant.
Ischemia-reperfusion injury is an inflammatory
condition containing multiple systemic and cellular
reactions, including up-regulation of several
proinflammatory cytokines (for example, tumor
necrosis factor alpha [TNF-α], interleukin 2 [IL-2],
and interleukin 8 [IL-8]) and chemokine receptor
3-binding chemokines (for example, chemokine 9
[CXCL9; monokine induced by interferon-gamma]
and chemokine 10 [CXCL10; interferon-induced
protein]). Local inflammation, which is caused
by hypoxic damage, leads to the secretion of
cytokines, producing injured proximal tubes, and
endothelial cells. In addition, chemokines promote
local inflammation by inviting cytotoxic neutrophils
and cytotoxic T lymphocytes to the kidney after
DOI: 10.6002/ect.MESOT2018.O10

Meltem Savran Karadeniz et al/Experimental and Clinical Transplantation (2019) 1: 68-74

IRI.1 Chemokines are small inducible proinflammatory cytokines, which are normally expressed at
low levels and are rapidly up-regulated at the onset
of the immune response. Higher urinary levels
of chemokines robustly predict acute rejection
episodes.2,3
Volatiles are an essential part of general
anesthesia. In addition to their anesthetic effects, they
significantly modulate the immune system in vivo
and in vitro.4-6 Researchers have shown that the
immune modulator effects of volatile anesthetics are
associated with trifluorocarbon molecules in the
structures and that renal protection is associated
with lipid solubility.7 Volatile anesthetics use
various signaling pathways to prevent IRI, involving
transforming growth factor β generation, sphingosine
kinase activation, adenosine generation, and L-11
synthesis independent of the ATP-dependent
potassium channel.1,4,8 To date, preconditioning
and postconditioning effects on the preservation of
organ function in different surgeries (including
coronary bypass, lung surgery with single-lung
ventilation, and liver transplant) have been shown
in many studies.9-12 However, studies comparing
the effects of volatile anesthetics on grafted
kidney function after living-donor related
kidney transplant are scarce. Most studies have
been experimental animal investigations, and the
effects of anesthetics on IRI have only been
evaluated in a few randomized controlled clinical
trials.13,14
The objective of the present randomized, clinical
study was to compare the preconditioning and
postconditioning effects of sevoflurane and
desflurane on the living-donor transplanted kidney.
Within our study design, serum proinflammatory
cytokines, urine chemokines, and kidney function
tests (serum creatinine and estimated glomerular
filtration rate [eGFR]) were evaluated. We
hypothesized that desflurane-based anesthesia
would be less potent in supplying renal protection
due to its less lipid solubility compared with
sevoflurane-based anesthesia. Our primary outcome
was renal injury biomarkers (serum TNF-α, IL-2,
and IL-8 levels and urine CXCL10 and CXCL9
levels) in the postoperative period. Secondary
endpoints were serum creatinine levels and eGFR
on postoperative days 1 and 7 and months 1 and 3,
acute rejection episodes, and graft loss within 6
months.
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Materials and Methods
Study population and study protocol
Eighty donor-recipient couples undergoing livingrelated donor transplant surgery classified as I to III
according the American Society of Anesthesiologists
were recruited to this prospective, randomized clinical
study. The study was conducted between April 2014
and November 2016 after Ethics Committee approval
of Istanbul Medical Faculty (2013/1073) was granted
and written informed consent was obtained from
patients. Before the operation, immunologic factors
(eg, the number of matched HLA-A, HLA-B, and
HLA-DR, results of crossmatch test, and pretransplant and posttransplant HLA antibodies) that could
affect renal graft function were analyzed in all
patients. Patients with positive complementdependent cytotoxicity crossmatch or flow cytometry
tests, those diagnosed with severe heart or
respiratory failure, and those with systemic or
urinary tract infection or with evidence of drug
toxicity were excluded from the study.
Patients were randomly allocated to the
sevoflurane group or the desflurane group using a
computerized single-block randomization program.
Recipient and donor couples were administered the
same volatile anesthetic. Electrocardiograms, invasive
blood pressure, and pulse oximetry of all recipients
and donors were monitored in the operating room.
General anesthesia was administered intravenously
using 0.03 mg/kg of midazolam, 2 mg/kg of propofol,
1 mg/kg of remifentanil, and 0.5 mg/kg of
rocuronium. An appropriate size endotracheal tube
was inserted, and mechanical ventilation was then
initiated at a favorable tidal volume (6-8 mL/kg) and
respiratory rate (10-12 breaths/min). We aimed to
keep the end-tidal carbon dioxide concentration at 32
to 35 mm Hg and end-tidal volatile anesthetic
concentration at 1.2 minimum alveolar concentration
throughout the procedure.
The sevoflurane group was given 2% to 3%
sevoflurane, and the desflurane group was given 4%
to 6% desflurane with a mixture of 50% oxygen and
50% air with 2 L of fresh gas flow. All patients received
continuous intravenous infusion of remifentanil
(0.1-0.2 mg/kg/min) for balanced anesthesia.
Fluid management in the donors encompassed
6 to 8 mL/kg of crystalloids. Isotonic saline
(approximately 5 mL/kg/h) was infused in recipients
to maintain central venous pressure at 10 to
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15 mm Hg, which enabled the adequate perfusion of
the grafted kidney. We aimed to maintain blood
pressure levels within 20% of preoperative values.
Volume replacement and incremental 5-mg
ephedrine were used in case of arterial hypotension.
Bradycardia (heart rate of < 50 beats/min) was
treated using 0.01 mg/kg atropine. Intravenous 20%
mannitol (0.3 mg/kg) was administered before the
kidney was retrieved from the donor and during
reperfusion to the recipient.
Patients were extubated and transferred to the
postanesthesia care unit at the end of the surgery.
Tramadol (1.5 mg/kg) and paracetamol (1 g) were
intravenously administered to all patients for
postoperative pain relief. Patients were transferred
to a transplant ward when the discharge criteria were
met. All donor nephrectomies and renal transplant
procedures were performed by the same surgical
team.
Immunosuppressive protocol
Postoperative immunosuppressant therapy was
achieved using a combination of tacrolimus with
mycophenolate mofetil/mycophenolate sodium and
prednisolone. Acute cellular rejection episodes were
treated with a daily high dose of intravenous
methylprednisolone (500 mg each dose) for 3 days,
with antithymocyte globulin at 2 mg/kg/day for 10
to 14 days used in refractory cases.
Clinical outcomes
We analyzed the demographic characteristic
of the patients, the duration of surgery and
anesthesia, cold and warm ischemia time, the
amount of intravenous fluids given, and hospital
stay duration. Mean arterial pressure was recorded
every 15 minutes during the operation. Serum
TNF-α, IL-2, and IL-8, urine CXCL9 and CXCL10,
serum creatinine levels, and eGFR results were
evaluated before transplant and on posttransplant
days 1 and 7 and posttransplant months 1 and 3. We
calculated eGFR using the Modification of Diet in
Renal Disease study equation. Preoperative and
postoperative immunologic data (number of HLA
mismatches and pretransplant and posttransplant
HLA antibody status) were evaluated. All
patients were followed for more than 6 months
after kidney transplant. Acute rejection episodes and
graft loss within 6 months posttransplant were
recorded.
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Sample determination
Urine specimens were centrifuged at 2600g for 30
minute to remove the sediment for CXCL9 and
CXCL10 levels. Serum specimens were centrifuged at
2600g for 10 minutes to remove sediment for TNF-α,
IL-2, and IL-8 levels. Samples were stored in 1-mL
aliquots at -20°C. Enzyme-linked immunosorbent
assay kits from Abnova (Taiwan) were used for measurements of urine CXCL9 and CXCL10 levels, and
commercial enzyme-linked immunosorbent assay kits
from eBioscience (Vienna, Austria) were used for the
measurement of serum TNF-α, IL-2, and IL-8 levels.
Statistical analyses
Data analysis was performed using Statistical
Package for the Social Sciences software version 21
(SPSS, Chicago, IL, USA). The creatinine level was
1.5 ± 0.5 mg/dL on postoperative day 7 with
desflurane in a pilot study. We calculated that a
minimum of 32 patients would be required for each
group to obtain a 0.30 difference with an SD of 0.5
with α and β errors of 0.05 and 0.2, respectively. We
included 80 patients in the study in case of dropouts.
Continuous data were tested for normality using the
Kolmogorov-Smirnov test. Data are shown as median
(minimum to maximum) or mean and standard
deviation with interquartile range. We used t tests in
cases of normal distribution and Mann-Whitney U
tests to analyze groups with nonnormal distribution.
For categorical data, chi-square or Fisher exact tests
were used. P < .05 was considered statistically
significant.
Results
Eighty donor-recipient couples who underwent
kidney transplant were recruited for the present
study. Three patients in the desflurane group
were excluded due to errors in blood sampling, and
2 patients were excluded due to violation in
immunosuppressive protocol. Five patients in the
sevoflurane group were excluded because of errors
in blood sampling. Seventy donor-recipient couples
completed the study (Figure 1). There were no
significant differences in demographic, clinical, and
immunologic data between the 2 groups (P > .05).
Demographic and clinical characteristics of patients
are shown in Table 1.
All recipients had negative flow cytometry crossmatches at transplant. We observed no statistical dif-
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Table 1. Clinical and Demographic Characteristics of the Renal Transplant
Recipients
Parameter

Desflurane Group
(n = 35)

Mean age ± SD, y
Female/male, No. (%)
Mean height ± SD, cm
Mean weight ± SD, kg
First/second transplant,
No. (%)

Sevoflurane Group
P
(n = 35)
Value

37.37 ± 14.03
11 (31.4%)/24
(68.6%)
167.37 ± 8.18
66.47 ± 12.83

34.63 ± 11.90
17 (48.6%)/18
(51.4%)
163.80 ± 7.76
64.27 ± 14.44

.381
.143

30 (85.7%)/5
(14.3%)

29 (82.9%)/6
(17.1%)

.743

Primary kidney disease, No. (%)
Chronic glomerulonephritis
12 (34.3%)
Tubulointerstitial nephritis
7 (20.0%)
Unknown
9 (25.7%)
Primary nephrosclerosis
4 (11.4%)
Amyloidosis
0
Diabetic nephropathy
3 (8.6%)
Dialysis treatment, No. (%)
Preemptive
13 (54.3%)
Hemodialysis
19 (8.6%)
Peritoneal dialysis
3 (37.1%)
Mean duration of
anesthesia ± SD, min
305.12 ± 25.12
Mean duration of
operation ± SD, min
296.57 ± 41.01
Mean fluid intake ± SD, mL
2073.33 ± 706.58
Mean cold ischemia
time ± SD, min
56.56 ± 17.00
Mean warm ischemia
time ± SD, min
6.25 ± 2.08
Mean hospital stay ± SD, d
18.37 ± 6.35

Abbreviations: SD, standard deviation

Figure 1. Flow Chart Showing Patient Selection

.065
.503

17 (48.6%)
4 (11.6%)
10 (28.6%)
0
1 (2.9%)
3 (8.6%)
17 (48.6%)
17 (48.6%)
1 (2.9%)

.439

310.28 ± 32.37

.357

282.82 ± 40.04
2157.14 ± 829.35

.161
.665

62.03 ± 23.72

.286

6.31 ± 2.90
21.89 ± 11.24

.936
.112

ferences in HLA mismatches (P = .516), pretransplant
anti-HLA antibodies (P = .743), and posttransplant
anti-HLA antibodies (P = .999) between groups. Table
2 shows the immunologic characteristics of the
patients. No significant differences were observed in
mean arterial pressure during the preoperative,
intraoperative, and early postoperative periods
(P > .05) (Figure 2).
Kidney allograft function until postoperative
month 3 is shown in Figure 3. No significant
differences were detected in serum creatinine levels
and eGFR between the sevoflurane and desflurane
groups (P > .05).
Serum TNF-α, IL-2, and IL-8 levels were assessed
for each group, with summary of results shown in
Figure 4 for the sevoflurane and desflurane groups.
We found that TNF-α and IL-2 levels were similar
preoperatively and on postoperative day 1, day 7,
Table 2. Immunologic Data of Renal Transplant Recipients
Parameter

Immunologic status, No. (%)
Pretransplant anti-HLA antibody (negative/positive)
Posttransplant anti-HLA antibody (negative/positive)
≥ 3 HLA mismatches
FK + MMF + Pred/FK + MYF + Pred, No. (%)
Graft loss
Acute rejection episode (negative/positive)

Figure 2. Mean Arterial Pressure in Desflurane and Sevoflurane Groups
Throughout the Perioperative Period

Abbreviations: DES, desflurane; Preop, preoperative; Postop, postoperative;
SEVO, sevoflurane

month 1, and month 3 in both groups (P > .05).
However, serum IL-8 levels were significantly higher
in the sevoflurane versus the desflurane group on
postoperative days 1 and 7 (P = .045 and P = .037)
(Figure 4). Urine CXCL9 and CXCL10 levels in
both treatment groups are summarized in Figure 4.
No differences were observed in CXCL9 and CXCL10
levels between groups preoperatively and on
postoperative days 1 and 7 and months 1 and 3
(P > .05) (Figure 5).
We observed no significant differences between
the 2 groups in terms of acute rejection episodes
within 6 months of transplant (P = .307). There was
no graft loss within 6 months of transplant (Table 2).
Desflurane Group (n = 35)

Sevoflurane Group (n = 35)

P Value

27 (77.1%)/8 (22.9%)
30 (85.7%)/5 (14.3%)
8 (22.9%)
25/10 (71.4%/28.6%)
0
32/3(91.4%/8.6%)

27 (77.1%)/8 (22.9%)
29 (82.9%)/6 (17.1%)
3 (14.3%)
26/9 (74.3%/25.7%)
0
28/7 (80.0%/20.0%)

.999
.743
.516
.788

Abbreviations: FK, tacrolimus; MMF, mycophenolate mofetil; MYF, mycophenolate sodium; Pred, prednisolone

.307
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Figure 3. Serum Creatinine and Estimated Glomerular Filtration Rate in Desflurane and Sevoflurane Groups
Preoperatively and Postoperatively

Abbreviations: Des, desflurane; eGFR, estimated glomerular filtration rate; Preop, preoperatively; sCr, serum
creatinine; Sevo, sevoflurane
Figure 4. Cytokine Levels in Desflurane and Sevoflurane Groups Preoperatively and Postoperatively

Abbreviations: Des, desflurane; IL-2, interleukin 2; IL-8, interleukin 8; Preop, preoperatively; Sevo, sevoflurane;
TNF-α, tumor necrosis factor alpha
*P < .05.

Figure 5. Chemokine Levels in Desflurane and Sevoflurane Groups Preoperatively and Postoperatively

Abbreviations: CXCL9, chemokine 9; CXCL10, chemokine 10; Des, desflurane; Preop, preoperatively; Sevo,
sevoflurane

Discussion
In the present study, we observed no differences in
grafted kidney function of donors and recipients
anesthetized with sevoflurane or desflurane. Serum
levels of the proinflammatory cytokine IL-8 were
significantly higher early posttransplant in the

sevoflurane group than in the desflurane group.
Minimizing IRI in kidneys during donor nephrectomy and transplant procedures has vital
importance in transplant surgery. More than 50% of
donor nephrectomies are exposed to short periods of
tissue hypoxia, with graft dysfunction detected in
10% of cases, which can result in dialysis requirement
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in the first week, acute rejection episodes, and poor
prognosis over the long term.15 Tissue hypoxia due to
IRI increases reactive oxygen species production and
dysfunction of the antioxidant system, causing
necrosis in renal tubular cells. In addition, the
secretion of proinflammatory cytokines (TNF-α, IL-2,
and IL-8) and chemokines in these tissues can result
in higher inflammation and increased tissue
damage.1,16 In addition to conventional tests (such as
measurement of serum creatinine levels and eGFR),
increased serum and urine levels of proinflammatory
cytokines and chemokines can provide valuable
information in identifying early kidney damage.
Induction of proinflammatory chemokines and
cytokines after reperfusion has been increasingly
implicated in renal injury. Recent studies have shown
that higher urine levels of CXCL9 and CXCL10 are
associated with acute rejection and decreased eGFR
posttransplant.3,17-19
Volatile anesthetics have been known to reduce
IRI, and the protective effects of halogenized
anesthetics on IRI have been demonstrated in many
studies.20-23 Volatile anesthetics were first and mostly
used in cardiopulmonary bypass surgery due to these
effects.9,10 Julier and associates demonstrated that the
preconditioning effects of sevoflurane protected the
myocardium in bypass surgery and had renal
protective effects due to its ability to significantly
decrease secretion of the brain natriuretic peptide.9
Mangus and associates reported that isoflurane,
sevoflurane, and desflurane had protective effects
against IRI in the early period after liver transplant.11
Lee and associates demonstrated that volatile
anesthetics, including isoflurane, had antinecrotic
characteristics in renal tubular cells owing to the
reduced inflammatory response.4 Guye and colleagues
found that kidney tubular cell damage created in
rabbits was decreased with the preconditioning
effect of desflurane, as shown histopathologically.24
Although many in vivo and in vitro studies have
compared the renal effects of volatile anesthetics,
studies investigating the effects on kidney function
posttransplant are limited.
Lee and associates also investigated the pre- and
postconditioning effects of sevoflurane and desflurane
in the living-donor transplanted kidney. They found
that, in those who received desflurane, eGFR values
were significantly higher posttransplant day 1 and
hospital stay duration was shorter versus those who
received sevoflurane. However, the superiority of one

73

agent versus another could not be demonstrated for 1year graft survival.14 Similar to the study of Lee and
colleagues, our results showed that these 2 agents had
similar effects on long-term kidney function.
According to our knowledge, our study was the
first to compare the effects of desflurane and
sevoflurane on serum TNF-α, IL-2, and IL-8 and
urine CXCL10 and CXCL9 in living-donor kidney
transplant recipients. Although there were no
differences regarding kidney functions, it was striking
to detect high levels of IL-8 on postoperative days 1
and 7 in patients who were administered sevoflurane.
Our original hypothesis was that sevoflurane would
be inferior in suppressing proinflammatory cytokines
owing to its high lipid solubility compared with
desflurane. Lee and associates, in their comparison
of the in vivo effects of 3 different inhalation agents
(sevoflurane, isoflurane, and desflurane), found that
desflurane had the lowest protective effect due to its
low lipid solubility.4
In addition to lipid solubility, we suggest that
different mechanisms of action may have a role in
modulation of the inflammatory response. Therefore,
more clinical studies are required to identify the most
suitable agent in kidney transplant patients.
Nieuwenhuijs-Moeke and associates investigated
the effects of inhalation (sevoflurane) and intravenous
(propofol) anesthesia in kidney transplant. The urine
damage biomarkers KIM-1, NAG, and H-FABP and
blood cytokine levels (IL-1β, IL-4, IL-5, IL-9, IL-18,
TNF-α, transforming growth factor β, IL-6, IL-8, and
IL-10) were studied. No differences were detected
regarding cytokine levels between the groups;
however, KIM-1 and NAG levels were higher early
posttransplant with sevoflurane than with propofol.
However, no differences were detected regarding
long-term graft function between inhalation and
intravenous anesthesia.13 Lee and colleagues also
found no differences in postoperative eGFR, serum
creatinine, and neutrophil gelatinase-associated
lipocalin levels between desflurane and propofol in
the second stage of their study in living relateddonor transplant surgery.14 These 2 studies showed
that an intravenous anesthetic (propofol) had no
advantage versus sevoflurane or desflurane in
transplant surgery.
Conclusions
Although sevoflurane seems to produce higher IL-8
levels posttransplant in renal transplant recipients,
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both desflurane and sevoflurane have similar effects
on posttransplant kidney function. We suggest that
both agents have protective effects in IRI in the
living-donor transplanted kidney. Further studies on
the effects of both sevoflurane and desflurane in
deceased-donor kidney transplant (where ischemic
damage is higher) should be considered.
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Over 5 Years of Excellent Graft Kidney Function
Determinants: Baskent University Experience
Burak Sayin,1 Aydan Ozdemir,2 Ebru H. Ayvazoglu Soy,3 Mahir Kirnap,3 Aydincan Akdur,3
Gokhan Moray,3 Mehmet Haberal3
Abstract
Objectives: Kidney graft survival may be evaluated
according to the duration of time with a functioning
graft. Survival alone may not satisfy expectations of a
successful kidney transplant if the graft kidney does
not show excellent function. In our study, we analyzed
the characteristics of kidney transplant recipients who
showed excellent graft function after 5 to 10 years of
follow-up in an aim to improve graft survival and to
ensure the best kidney function in the long term.
Materials and Methods: We retrospectively evaluated
graft function and demographic characteristics of 288
patients who underwent kidney transplant between
January 2008 and December 2012.
Results: We found that 149 patients (51.7%) had
excellent graft function, 88 patients (30.5%) had a
functioning graft with a glomerular filtration rate
lower than 60 mL/min and/or had signs of graft kidney
dysfunction, and 45 patients (15.6%) experienced
graft loss. Of 288 kidney transplant recipients enrolled
in the study, most were male (56%), and mean age was
30.47 ± 14.36 years at time of transplant. Median time
on dialysis was 39.09 ± 59.30 months. The overall graft
survival rate in the patient group was 82.2% after 5 to
10 years of follow-up. Multivariate analysis showed
that excellent graft survival predictors beyond 5 years
were negative panel reactive antibody levels, lower
donor age, shorter duration on dialysis, absence of
acute rejection episodes, 3 or less HLA mismatches,
lower immunosuppressive levels, and lower recipient
age at transplant.
Conclusions: Lower panel reactive antibody levels,
lower donor age, shorter duration on dialysis, absence
of acute rejection episodes, 3 or less HLA mismatches,
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and lower recipient age at transplant are major
determinants of excellent graft survival in our kidney
transplant recipients.
Key words: Characteristics, Graft survival, Long term
Introduction
Successful kidney transplant promises better quality
of life and results in longer survival in patients with
end-stage renal disease.1,2 Over the past 20 years,
short-term graft survival rates have improved;
however, long-term graft survival still remains an
important problem to be solved.3,4 Kidney graft
survival may be evaluated according to the duration
of time with a functioning graft, as graft survival alone
may not satisfy expectations of a successful kidney
transplant if the graft kidney does not show excellent
function. Excellent graft function may be described
as serum creatinine levels < 1.2 mg/dL, estimated
glomerular filtration rate (eGFR) > 60 mL/min, and
absence of coexisting proteinuria, glomerular hematuria, and chronic allograft dysfunction. Preserving
graft function and minimizing the modifiable risk
factors are the main targets to improving graft
outcomes.5,6 In our study, we analyzed the
characteristics of kidney transplant recipients who
showed excellent graft function after 5 to 10 years of
follow-up with the aim of improving graft survival
and ensuring the best kidney function in the long
term.
Materials and Methods
Between January 2008 and December 2012, 288
patients underwent kidney transplant. We retrospectively evaluated graft function and demographic
characteristics of this patient group. The standard
immunosuppressive treatment in our center consisted of a calcineurin inhibitor or a mammalian
DOI: 10.6002/ect.MESOT2018.O12
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target of rapamycin inhibitor, prednisolone, and
mycophenolate mofetil.
Continuous variables are expressed as means and
standard deviation. To evaluate the differences
between mean values, we used t tests. Chi-square
tests were used for categorical variables, and P ≤ .05
was accepted as significant. Statistics were mainly
calculated with the use of SPSS version 20.0 software
(Statistical Package for the Social Sciences, Inc.,
Chicago, IL, USA).
Results
During a 5- to 10-year follow-up of 288 patients who
received kidney transplants between January 2008
and December 2012, 149 patients (51.7%) showed
excellent graft function, 88 patients (30.5%) had a
functioning graft with eGFR lower than 60 mL/min
and/or had coexisting signs of graft kidney
dysfunction, and 45 patients (15.6%) experienced graft
loss. Determinations of patient status were made by
analyses of recipient and donor characteristics, mean
serum immunosuppressive drug levels, acute
rejection episodes, and biochemical parameters.
Most patients in our study group were male
(56%), and the mean age was 30.47 ± 14.36 years at
the time of transplant. Median time on dialysis was
39.09 ± 59.30 months.
The overall graft survival rate was 82.2% in our
kidney transplant recipients after 5 to 10 years of
follow-up. The 149 recipients (51.7%) with excellent
graft function had eGFR > 60 mL/min without
coexisting proteinuria or glomerular hematuria or
any signs of chronic allograft dysfunction after at
least 5 years. The 88 patients (30.5%) with a
functioning graft had eGFR lower than 60 mL/min
or proteinuria higher than 300 mg per 24 hours
without need for hemodialysis. Six patients (2%) died
due to cardiovascular and infectious reasons.
We found that donor age, recipient age, low
serum creatinine levels in the 1st month and 12th
month after transplant, negative panel reactive
antibody (PRA), 3 or less HLA mismatches, and
lower mean immunosuppressive levels were the
major determinants of excellent graft function after
5 to 10 years of follow-up.
The 149 patients with excellent graft function had
lower donor age (39.53 ± 11.28 vs 47.36 ± 18.21 y;
P = .01), lower recipient age (30.47 ± 14.36 vs
38.45 ± 19.16 y; P = .01), shorter duration on dialysis
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(37.09 ± 59.30 vs 53.15 ± 71.24 mo; P = .01), 0% of PRA
class I and II levels (85.9% vs 71.2%; P = .01), 3 or less
HLA mismatches (77.8% vs 61.6%; P = .001), and
lower incidence of acute rejection episodes (5.4% vs
23.6%; P = .001) than patients who had lower eGFR,
higher proteinuria, or both. Comparisons are
summarized in Table 1.
Multivariate analysis showed that excellent graft
survival predictors beyond 5 years were negative
PRA levels, lower donor age, shorter duration on
dialysis, absence of acute rejection episodes, 3 or less
HLA mismatches, lower immunosuppressive levels,
and lower recipient age at transplant.
Table 1. Comparison of Patients With Excellent Graft Function Versus Those
With Worse Graft Function and Graft Loss
Characteristic
Patients With
Patients With
P
Excellent Graft
Worse Graft
Value
Function
Function (n = 88)
(n = 149)
and Graft Loss
(n = 45)

Age of recipient, y
30.47 ± 14.36
Male recipient, No. (%)
85 (57%)
HD duration, mo
37.09 ± 59.30
PRA > 30%, No. (%)
21 (14.1%)
Preemptive treatment,
No. (%)
10 (6.7%)
Acute humoral rejection
episode, No. (%)
1 (0.7%)
Acute cellular episode, No. (%)
7 (4.7%)
12-month serum creatinine
level, mg/dL
0.82 ± 0.22
Mismatches ≤ 3, No. (%)
116 (77.8%)
Donor age, y
39.53 ± 11.28
Male donor, No. (%)
52 (34.8%)
Deceased donor, No. (%)
27 (18.1%)

38.45 ± 19.16
76 (57.1%)
53.15 ± 71.24
37 (27.8%)
6 (4.5%)

< .05
NS
< .05
< .05
NS

48 (36.0%)
75 (56.3%)

< .05
< .05

1.68 ± 1.96
82 (61.6%)
47.36 ± 18.21
41 (30.8%)
45 (33.8%)

< .05
< .05
< .05
NS
< .05

Abbreviations: HD, hemodialysis; NS, not significant; PRA, panel reactive
antibody

Discussion
We aimed to determine the characteristics of the
kidney transplant recipients who had excellent graft
function after 5 to 10 years of transplant. These
findings could improve our kidney transplant
recipient selection criteria and result in better
monitoring of high-risk recipients in our population.
Our population showed an overall graft survival rate
of 82.2%, with 51.7% showing excellent graft survival
after 5 to 10 years of follow-up.
Most of our population (82.9%) received kidneys
from living donors. Studies have indicated that a
12-month optimal graft function without any acute
rejection episodes is a strong indicator of long-term
graft survival.7-9 In our long-term follow-up study,
we showed that negative PRA levels before
transplant, absence of proteinuria in the first year
after transplant, and 3 or less HLA mismatches were
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also determinants of excellent graft function. We also
found that patients who were categorized as having
excellent graft function over 5 years had lower acute
rejection episode rates than patients with signs of
graft kidney dysfunction or graft loss.
Patients at our center receive an immunosuppressive regimen composed of a calcineurin inhibitor
in the first year after kidney transplant. We have not
experienced major adverse effects that may prevent
our recipients against acute rejection episodes
compared with a mammalian target of rapamycinbased regimen. As previously reported, lower
plasma creatinine levels and lower proteinuria levels
at 12 months after transplant are strong determinants
of excellent graft function after 5 years.5,9 Our results
are comparable with the literature, as we also found
that lower creatinine levels with concomitant lower
proteinuria at 12 months posttransplant were
predictors of excellent graft function.
Other reported determinants of graft survival are
lower recipient age at transplant, donor age, duration
of dialysis before transplant, and lower PRA
levels.10,11 Although younger kidney transplant
recipients are considered to have an active immune
response compared with older recipients, they also
have smaller atherosclerotic vessels that may affect
graft survival. Relatively lower blood transfusion rates
after recombinant erythropoietin administration in
our hemodialysis population may be the major
determinant of higher rates of PRA-negative kidney
transplant recipients in our center.12,13
Our study had several limitations, including its
retrospective design, different immunosuppressive
regimens, and different donor characteristics. Livingdonor kidney transplant is still the leading option in
our country and in our center, which is a contributing
factor of better graft outcomes. Nevertheless, our
study included a large number of kidney transplant
recipients and had a long follow-up of 5 to 10 years.
In our patient group, 51.7% had excellent graft
function. Although this is an excellent rate for longterm graft survival, we believe that better results can
be achieved by using our findings for better patient
monitoring.
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Conclusions
Lower PRA levels, lower donor age, shorter duration
on dialysis, absence of acute rejection episodes, 3 or
less HLA mismatches, and lower recipient age at
transplant are major determinants of excellent graft
survival in our kidney transplant recipients. The
results may be helpful to determine future selection
criteria for kidney transplant recipients and donors
in our center.
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Renal Transplant and Its Outcomes: Single-Center
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Abstract
Objectives: Improvements in early graft survival and
long-term graft function have made kidney transplant
a more cost-effective alternative to dialysis. We aimed
to assess renal transplant outcomes over a 9-month
follow-up of recipients in a cost-limited setting (a
tertiary care center in India).
Materials and Methods: Included patients in this
prospective observational study were those who
underwent renal transplant from July 2016 to
February 2017 (8 months) and followed for 9 months.
Results: Of 122 included patients, 20 (16.4%) were
women and 102 (83.6%) were men (mean age
35.61± 10.64 y), with 92 (75.4%) from a lower
socioeconomic status. Kidneys were from first-degree
relatives for 52 patients (42.6%), from spousal donors
for 34 (27.9%), from deceased donors for 24 (19.7%),
and from second/third degree relative donors for 12
(9.8%). All patients underwent only complementdependent cytotoxicity crossmatch due to financial
constraints. Fifty patients (41%) had history of packed
red blood cell transfusion. Induction was thymoglobulin in 60 patients (49.2%), basiliximab in 8 (6.6%),
and no induction in 54 (44.3%). Forty patients (30.1%)
underwent biopsy for graft dysfunction, and 32
(26.2%) had graft rejection: 18 (14.8%) with antibodymediated rejection, 5 (4.1%) with T-cell-mediated
rejection, and 9 (7.4%) with both. Opportunistic
infections were shown in 24.5% of patients, including
primarily cytomegalovirus (10.7%), tuberculosis
(5.7%), and aspergillosis (3.3%). Twenty-nine patients
(24%) had new-onset diabetes posttransplant. At end
of follow-up, 93 patients (76.2%) had normal graft
function, 21 (17.2%) had chronic graft dysfunction, 3
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(2.4%) had graft loss, and 5 (4.1%) died. History of
blood transfusion (P = .001) predicted the occurrence
of antibody-mediated rejection, and induction used
showed trend toward prediction (P = .083).
Conclusions: With high rejection rates, it would be
prudent to include proper immunologic testing, even
in cost-limited settings, pretransplant. The high
infection and death rates are also concerning.
Key words: End-stage renal disease, Graft loss,
Socioeconomic status
Introduction
End-stage renal disease is quite common in developing and developed countries, with significant
morbidity and mortality. Renal transplant remains
the treatment of choice for most patients, as it
improves the patient’s quality of life and survival
compared with dialysis.1 Since the advent of renal
transplant in 1954, patient and graft survival rates
have improved significantly because of advances in
surgical techniques, immunologic work-up, and
immunosuppression. Because of different allocation
policies, cultural differences influencing preferences
for living versus deceased donations, and
government-funded health care in some countries, it
is possible that posttransplant outcomes remain
vastly different in different countries.2
The living kidney transplant program in India has
evolved in the past 45 years and is currently the
second largest program in number after the United
States.3 The prevalence of end-stage renal disease
requiring transplant in India is estimated to be
between 151 and 232 per million population.4 If an
average of these figures is taken, it is estimated that
almost 220 000 people require kidney transplant
procedures in India. About 7500 kidney transplant
procedures have been performed at 250 kidney
transplant centers in India until now. Of these, 90%
come from living donors and 10% from deceased
DOI: 10.6002/ect.MESOT2018.O14
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donors. However, data are not as accurate as would
be desirable due to the absence of a national
transplant registry.3 In this study, our aim was to
assess the outcomes of renal transplant, various
causes of graft dysfunction, incidence of antibodymediated rejection (ABMR) and factors predicting it,
and opportunistic infections in a 9-month followup of renal transplant recipients in a cost-limited
setting.
Materials and Methods
This prospective observational study was conducted
at the Post Graduate Institute of Medical Education
and Research in Chandigarh, India, from July 2016 to
December 2017. During the 8-month recruitment
period, all adult patients (age > 18 y) who underwent
renal transplant were included; all included patients
were actively followed for 9 months. Informed
consent was obtained from each patient. The research
was in compliance with the Declaration of Helsinki
and approved by the local ethical committee.
Patient characteristics noted included age, sex,
and socioeconomic status (according to modified
Kuppuswamy scale), clinical history and their basic
disease, type of donor, HLA matches, immunosuppression strategy, and laboratory results, including
hemogram blood tests, renal function tests, urine
examinations, and 24-hour urinary protein. Donorspecific antibodies (DSAs) before and after therapy
were recorded in available patients. Histopathologic
and immunofluorescence/immunohistochemistry
findings of renal biopsies of patients who underwent
biopsy during follow-up were noted.
After transplant, all patients were treated with
triple immunosuppression (tacrolimus + mycophenolate mofetil + steroids). Daily urine output, serum
creatinine levels, and alternate day serum tacrolimus
levels were monitored. We kept day 10 as the cutoff
for normalization of serum creatinine (≤ 1.2 mg/dL)
irrespective of type of donor. Patients were initially
followed weekly during month 1 posttransplant, then
every 2 weeks during month 2, monthly during
month 3 and later, and every 3 months at 9 months.
Tacrolimus dose was modified according to tacrolimus
levels. Patients underwent renal biopsy once they
exhibited graft dysfunction in the form of elevated
serum creatinine levels (> 1.2 mg/dL or elevation of
> 25% from baseline). Included investigations were
hemogram blood tests, renal function tests, complete

urine examination, and 24-hour urinary protein at
end of 1, 2, 3, 6, and 9 months.
Statistical analyses
All relevant data was recorded in Excel worksheets.Statistical analyses were performed with SPSS
software (SPSS: An IBM Company, version 22.0,
IBM Corporation, Armonk, NY, USA). Continuous
variables are presented as means and standard
deviation, and categorical variables are presented as
frequencies and percentages. Differences between
groups were estimated by t tests for unpaired continuous variables and chi-square tests/Fisher exact
tests for categorical variables. Univariate and
multivariate regression analyses were applied to find
factors that predictedABMR (adjusted odds ratio).
P < .05 was considered significant.
Results
Of 122 included patients, 20 (16.4%) were women
and 102 (83.6%) were men. Mean age was
35.61 ± 10.64 years. Most patients (n = 92; 75.4%)
belonged to a lower socioeconomic status. Basic
disease was unknown in 60 patients (49.2%); relative
frequencies of basic diseases are shown in Table 1.
Regarding type of donor, a first-degree related donor
was the most common (n = 52; 42.6%), followed by
spousal donor (n = 34; 27.9%), deceased donor
(n = 24; 19.7%), and second/third-degree related
donor (n = 12; 9.8%).
Table 1. Basic Diseases in Renal Transplant Patients
Basic Disease

Unknown
CGN
Diabetic nephropathy
IgA nephropathy
CAKUT
CIN
ADPKD
AAV
MGN
MPGN
Prior graft loss

No. of Patients (N = 122)

Percentage

60
14
13
9
8
7
4
2
2
2
1

49.2%
11.5%
10.7%
7.4%
6.6%
5.4%
3.3%
1.6%
1.6%
1.6%
0.8%

Abbreviations: ADPKD, autosomal polycystic kidney disease; AAV, antineutrophil cytoplasmic antibody-associated vasculitis; CAKUT, congenital
anomalies of kidney and urinary tract; CGN, chronic glomerulonephritis; CIN,
chronic interstitial nephritis; IgG, immunoglobulin G; MGN, membranous
nephropathy; MPGN, membranoproliferative glomerulonephritis

All patients underwent complement-dependent
cytotoxicity (CDC) crossmatching; patients with
prior renal transplant underwent additional flow
crossmatching and tests for panel reactive antibodies.
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Forty-nine patients (40.2%) had history of blood
transfusion (> 2 units in the last 2 years before
transplant). Sixty patients (49.2%) received antithymocyte globulin, 8 (6.5%) received basiliximab, and 54
(44.3%) received no induction therapy. Among
patients who did not receive induction therapy, 2 had
spousal donors; reason for not receiving induction
was financial issues.
At the time of transplant, 3 patients (2.4%) were
positive for hepatitis B surface antigen and received
treatment with entecavir, and 10 patients (8.1%) were
hepatitis C virus positive and were treated with directacting antiviral agents. These patients achieved
sustained virologic responses at the end of treatment
before transplant. Baseline parameters of patients are
shown in Table 2.
Table 2. Baseline Investigations

Parameter

Mean ± Standard Deviation(Range)

Hemoglobin, g/dL
9.23 ± 1.10 (6.5-12)
Total leucocyte count,
cells/cm3
8234 ± 2124 (4300-15 800 cells/cm3)
Platelet count, cells/cm3
231 340 ± 79 622 (102 000-446 000 cells/cm3)
Serum creatinine, mg/dL
1.73 ± 1.35 (0.6-6.4)
Urea, mg/dL
43.22 ± 26.19 (17-136)
Protein, g/dL
6.93 ± 1.23 (5.6-8.6)
Serum albumin, g/dL
3.72 ± 0.44 (2.85-5)
Serum calcium, mg/dL
8.66 ± 0.53 (7-10)
Phosphorus, mg/dL
3.96 ± 0.77 (2-7)
24-hour urine protein, mg/day
345.66 ± 319.22 (100-4800)

Of 121 patients who completed follow-up, 1
patient died immediately after transplant due to
surgical complications. Forty patients (30.1%) underwent renal biopsy due to graft dysfunction, and 32
patients (26.2%) showed rejection, including 27
(22.3%) with acute ABMR (24 patients [88.8%] had
rejection within 1 month posttransplant and 3 [11.2%]
had rejection from 1-3 months posttransplant; no
patients had rejection episodes after 3 months). C4d
was negative in 19 patients (70.4%), and C4d staining
on biopsy tissue was done with immunohistochemistry rather than with immunofluorescence.
Of 27 patients with ABMR, 21 (77.8%) had history of
blood transfusion. Various causes of graft dysfunction and their relative frequencies are shown in
Figure 1. All patients with ABMR received only
methylprednisolone, and none received plasmapheresis or rituximab due to financial constraints.
Conversion from tacrolimus to cyclosporine
occurred in 15 patients (12.4%) due to poor glycemic
control (n = 6; 4.9%) and failure to achieve
therapeutic levels (n = 9; 7.5%). All patients received
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cotrimoxazole prophylaxis for 6 months, and 67
patients (55.4%) received valganciclovir prophylaxis
for 3 months. Incidence of new-onset diabetes
posttransplant was 24%, 36 patients (29.7%) had
diarrhea, and 26 patients (21.5%) had mycophenolate
mofetil intolerance. Incidences of various viral,
fungal, and tubercular infections posttransplant are
shown in Table 3.
Figure 1. Graft Dysfunction Shown by Biopsy

Abbreviations: ABMR, antibody-mediated rejection; BKV, BK virus; CNI,
calcineurin inhibitor; TCMR, T-cell-mediated rejection
Table 3. Opportunistic Infections After Renal Transplant

Infection

Herpes simplex virus
Cytomegalovirus
BK virus
Tuberculosis
Cryptococcus
Fungal
Nocardiosis

No. of Cases (N = 121)

2
13
2
7
1
4
1

Percentage

1.7%
10.7%
1.7%
5.7%
0.8%
3.3%
0.8%

At the end of the 9-month follow-up, 93 patients
(76.2%) had normal graft function (serum creatinine
≤ 1.2 mg/dL), 21 patients (17.2%) had chronic graft
dysfunction (serum creatinine > 1.2 mg/dL for more
than 3 mo), and 3 patients had graft loss (became
dialysis dependent). Graft loss was due to ABMR in
2 patients who did not respond to therapy and
recurrence of basic disease (C3 glomerulonephritis)
in 1 patient. Five patients (4.1%) died, 4 due to
infection (2 fungal, 1 disseminated tuberculosis, 1
bacterial pyelonephritis) and 1 due to surgical
complications (Table 4).
Table 4. Outcomes After Renal Transplant at End of 9-Month Follow-Up

Outcome

Normal
Chronic graft dysfunction
Graft loss
Death

No. of Patients (N = 121)

93
21
3
5

Percentage

76.2%
17.2%
2.4%
4.1%

Univariate regression analyses showed that
history of blood transfusion and 24-hour urine
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protein results were significant indicators of
rejection, with type of induction displaying a trend
toward predicting ABMR. Multivariate regression
analyses showed that history of blood transfusion
and 24-hour urine protein remained statistically
significant indicators.
Discussion
Our prospective observational study of patients in a
cost-limited setting showed high rejection rates, high
rates of opportunistic infections, which tended to
occur early following transplant, and overall poor
graft survival due to limited resources.
Difficulty securing financing, compounded by the
lack of a government policy for treatment of
emerging chronic diseases, has been a major hurdle
for the development of renal replacement therapy
facilities in India. Kidney transplant has been
recognized as the most viable form of long-term renal
replacement therapy in India. Most kidney
transplants in India are from living donors.5 In the
present study, patients undergoing renal transplant
were predominantly younger, with mean age of
35.61± 10.64 years, had a low socioeconomic status,
and were males. Male patients were also more likely
to have kidney transplant, as depicted by the high
male-to-female ratio of 5:1. This could be attributed
to the sociocultural peculiarities of Indian populations, where male sex has preferred status.
Puttarajappa and associates6 reported an acute
ABMR rate of 5% to 7% for kidney transplant
recipients; ABMR was responsible for 20% to 48% of
acute rejection episodes among their population of
presensitized crossmatch-positive patients. In patients
with high levels of DSAs (ie, sufficient to cause
strongly positive crossmatch), the incidence of ABMR
in the first month after transplant may be as high as
40%, whereas the incidence in patients with a negative
crossmatch and DSA, shown by solid-phase assay, was
less than 10%.7 Various guidelines recommend performing CDC crossmatching, flow crossmatching, and
DSA testing in all renal transplant recipients before
proceeding to renal transplant; however, in resourceconstrained countries, only CDC may be sufficient.
When we consider our current evidence, flow
crossmatching and DSA should be performed in
patients with history of sensitization. In our study,
we performed only CDC crossmatching, irrespective
of sensitization history, due to financial constraints
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and nonavailability of other immunologic tests at our
center. With the higher rejection rates and poor graft
survival due to inadequate immunologic work-up
shown here, advanced immunologic work-up should
be conducted, even in resource-poor settings.
C4d can be detected in biopsy specimens by 2
methods,8 either by immunofluorescence or by
immunohistochemistry on paraffin-embedded tissue
with a polyvalent antibody. C4d negativity in our
study was 70.4%, despite the significant glomerular
inflammation and peritubular capillary dilatation
shown in biopsy tissue. These results are similar to
other studies, including Loupy and associates9 and
Sis and associates,10 who reported 60% negativity.
According to these studies, C4d staining was
inconsistent and not a sensitive indicator of
parenchymal disease in the first year after transplant.
Additional factors for higher C4d negativity are use of
immunohistochemistry versus immunofluorescence,
which is less sensitive and has increased intra- and
interobserver variabilities.
At the end of follow-up, normal graft function
was seen in 76.2% of patients, 17.2% of patients had
chronic graft dysfunction, 2.4% of patients had graft
loss, and 4.1% of patients (5/122) died. This lower
graft survival was due to high rejection rate with
inadequate treatment of rejection episodes due to
financial constraints. Infections are a common cause
of morbidity and mortality after transplant, and
infections ranked second as cause of death in patients
with allograft function. In our center, 24.5% of
patients (30/122) had opportunistic infections during
follow-up, with 10.7% having cytomegalovirus
infections and 5.7% having tuberculosis. Although
previous studies11 have shown that opportunistic
infections like aspergillosis and nocardiosis are
common 6 months after renal transplant, our study
found that these infections occurred earlier, perhaps
related to the presence of predisposing comorbid
conditions or low socioeconomic status and poor
hygiene. Compared with previous results,12 the
incidence of new-onset diabetes following renal
transplant in our study was almost similar at 24%.
A history of blood transfusion was seen in 77.8%
of patients with ABMR compared with only 29.8% in
those without ABMR (P = .001). Incidence of ABMR
was also higher in those who had a first-degreerelated donor compared with those with donations
from spouses (15/52, [28.8%] vs 5/34 [14.7%]), a
result also observed previously.13 On univariate
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regression analyses, a history of blood transfusion
and 24-hour urine protein results were statistically
significant (both with P = .001); type of induction
used also trended (P = .083) toward predicting ABMR.
On multivariate regression analyses, a history of
blood transfusion and 24-hour urine protein remained statistically significant.
Limitations and conclusions
This was a single-center observational study, with a
small sample size and relatively short follow-up
duration. Donor-specific antibody results were not
available in all patients for diagnosis of ABMR.
However, with the high rejection rates shown here,
it would be prudent to include proper immunologic
testing, even in cost-limited settings, prior to
transplant. Similarly, the high infection and death
rates are also a cause for concern.
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Screening for BK Viremia/Viruria and the Impact of
Management of BK Virus Nephropathy
in Renal Transplant Recipients
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Abstract
Objectives: The prevalence of BK-induced nephritis in
renal transplant recipients is estimated to be 1% to
10%; the rate of graft loss within 1 year is 30% to 65%.
We conducted this study to evaluate screening of BK
virus in blood and/or urine among renal transplant
recipients and to assess the effects of different
therapeutic modalities in renal transplant recipients
with BK nephropathy.
Materials and Methods: Kidney transplant recipients
were screened at the time of transplant and then at 1,
2, 3, 6, 9, 12, 18, and 24 months posttransplant. Fiftynine patients were diagnosed with BK virus viremia.
Patients were divided into 2 groups according to
treatment: group 1 (n = 29) received an active
treatment and group 2 (n = 30) received minimized
immunosuppression.
Results: Most patients required graft biopsies to confirm
diagnosis (86.2% in group 1 vs 50% in group 2; P = .03).
Both groups were comparable regarding demographic
data. Initial posttransplant graft function was significantly better in group 1 (P = .017); ultimately, there was
no significant difference between both groups regarding graft survival (P = .51). Fifty percent of patients had
biopsy-proven acute T-cell-mediated rejection before BK
virus-associated nephropathy diagnosis (significantly
higher in group 1). Serum creatinine levels were
significantly better in group 2 at 3, 4, and 5 years after
BK nephropathy (P = .001, .017, and .003, respectively).
Conclusions: The prevalence of BK nephropathy in our
renal transplant recipients was 5.9% with a rate of
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graft loss ranging from 43% to 51%. Regular screening,
less intensive immunosuppressive therapy, and early
intervention by reduction of immunosuppressive
medications are advisable to obtain early diagnosis
and to have better outcomes of BK virus-associated
nephropathy with antiviral agents.
Key words: Immunosuppression, Kidney transplant
recipients, Nephritis
Introduction
Kidney transplant is the treatment of choice for endstage renal disease.1 A successful kidney transplant
improves the quality of life and reduces the mortality
risk for most patients compared with maintenance
on dialysis. However, patients require close followup after transplant since they are on complex
immunosuppressive regimens that render them
susceptible to infection, malignancy, and cardiovascular disease.2
Patient survival after renal transplant varies
based on the source of the allograft, patient age, and
the presence and degree of severity of comorbid
conditions. Other possible contributing factors
include patient sex, race/ethnicity, and degree of
immunosuppression.3
The prevalence of BK-induced nephritis in renal
transplant recipients is estimated to be 1% to 10%; the
rate of graft loss within 1 year is 30% to 65%. Viruria
and viremia precede nephritis, which can occur as
early as 6 days and up to 5 years posttransplant
(mean of 10-13 months).4
Most cases of clinically significant nephropathy
are thus preceded by a period of asymptomatic
viruria followed by viremia. Viruria and viremia may
be detected weeks to months before there is a
detectable increase in serum creatinine levels,
DOI: 10.6002/ect.MESOT2018.O17
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suggesting that routine screening and preemptive
treatment may be an effective strategy among
transplant recipients.4
Although urinary “decoy cells” have excellent
sensitivity for the detection of overt BK virusassociated nephropathy (BKVN), polymerase chain
reaction (PCR) is 4 times more sensitive than urine
cytology for monitoring asymptomatic viruria.
Quantitative nucleic acid-based viral load assays of
urine or blood are becoming widely used for BK
virus screening. Detectable virus in the blood is more
predictive of BKVN than viruria alone.5
Donor-related risk factors include deceased-donor
organs, active BK virus or cytomegalovirus (CMV)
infection, seropositivity, and absence of HLA-C7.6
Recipient-related risk factors include old age, male sex,
white ethnicity, diabetes mellitus, prior tubular injury,
CMV infection, seropositivity, absence of HLA-C7,
HLA-DR mismatch, procurement injury, cold ischemia
time, delayed graft function, immunosuppression,
especially tacrolimus and mycophenolate mofetil
(MMF), treatment of rejection by antilymphocytes or
steroids, drug toxicity, and HLA mismatch.6
Materials and Methods
Of 1000 renal transplant recipients screened for BK
virus at the Hamed Al-Essa Organ Transplant Center
of Kuwait between 2002 and 2012, 59 patients were
included in this retrospective cohort. Kidney
transplant recipients were screened for BK virus in
urine and blood by qualitative and quantitative PCR
at the time of transplantation, every month for 3
months posttransplant and then every 3rd month
during the first 2 years posttransplant, when allograft
dysfunction was noted (creatinine increase of > 25%
over baseline), whenever allograft biopsy was
performed, and whenever any viremia was noted.
Inclusion and exclusion criteria
All adult renal transplant recipients (male and
females) with proven BK viremia and viruria were
included in this retrospective cohort. All patients
were followed up in our transplant center between
2002 and 2012. We excluded patients with negative
BK virus in blood and urine.
Techniques used for diagnosis and treatment
A positive screening test was considered significant
if the number of viral copies exceeded 107 copies/mL
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in urine or 104 copies/mL in blood; a positive test
required confirmation within 4 weeks. Diagnosis of
BK virus infection was considered if any viruria or
viremia was present without graft dysfunction or
BKVN. A diagnosis of presumptive BKVN meant
twice positive test for viruria > 107 or viremia > 104
copies/mL without graft dysfunction. A diagnosis of
definite BKVN meant a twice positive test for viruria
> 107 or viremia > 104 with graft dysfunction or any
positive graft biopsy for BKVN.
Indications for graft biopsy included high clinical
suspicion, 2 measurements of viremia < 104 with
graft dysfunction, 2 positive measurements of
viremia > 104 or viruria > 107 with or without graft
dysfunction, or unexplained serum creatinine
increase during follow-up after diagnosis of BKVN.
BK virus-associated nephropathy was classified
into 3 patterns: pattern A was defined as evidence of
BKVN with minimal inflammation, pattern B was
defined as BKVN with focal or diffuse interstitial
fibrosis and tubular atrophy, and pattern C was
defined as BKVN with significant graft sclerosis.
Treatment strategy
Patients who were enrolled in this study were
subcategorized according to type of treatment: those
with active treatment (group 1, n = 29) and those
with minimization treatment (group 2, n = 30).
For those in the active treatment group (group 1),
once they were diagnosed as definite or presumptive
BKVN, MMF was discontinued and replaced with
leflunomide as maintenance immunosuppression
(loading dose of 100 mg/d for 3-5 d and then
20-60 mg/d). If significant adverse effects developed
(eg, bone marrow suppression, acute hepatitis, or
increased transaminases of more than double normal
values), we held leflunomide and restarted a smaller
dose when adverse effects improved (eg, 10 mg). A
course of ciprofloxacin (500 mg twice daily for 2
weeks) was given, in addition to a course of
intravenous immunoglobulin (IVIG; 2 g/kg to
maximum of 125 g) over 3 to 5 days. Steroids were
gradually reduced, and tacrolimus was either
converted to cyclosporine or gradually reduced to a
maintenance level of 4 to 5 ng/mL for tacrolimus and
to 50 ng/mL for cyclosporine according to time of
transplant. Conversion of calcineurin inhibitors
(CNIs) to sirolimus was another approach, with
maintenance of trough levels at 4 to 5 ng/dL to avoid
CNI nephrotoxicity.
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After this first step, with reduced viral load and
stable graft function, we continued monitoring the
same immunosuppression. However, in cases of
sustained or rising viral load without further graft
dysfunction, we reduced maintenance immunosuppression further with close monitoring. If there was
further unexplained graft dysfunction, we considered
graft rebiopsy and proceeded with treatment
according to the following results. If no evidence of
BKVN was shown, we reduced immunosuppression
and continued monitoring; if BKVN was evidenced
alone without rejection, we tapered CNIs/sirolimus
and continued close monitoring; if BKVN was
associated with acute rejection, we treated rejection
conventionally followed by reduction of maintenance
immunosuppression; finally, if we could not differentiate BKVN from acute rejection, we considered
another course of IVIG with further reduction of
immunosuppression and continued monitoring.
For those in the immunosuppression minimization
group (group 2), treatment followed 3 steps. First,
once patients were diagnosed with definite or
presumptive BKVN, maintenance immunosuppression was gradually reduced with close monitoring
and antirejection treatment was given as for
group 1. Next, similar to group 1 but without
antiviral therapy or IVIG, we considered treatment
to be successful if the patient was without
viremia with stable graft function. If BKVN
and concurrent acute rejection were diagnosed,
conventional antirejection treatment was considered
according to the type of rejection, with IVIG
(2 g/kg to maximum of 125 g over 5 days) preferred
or pulse steroid (500-1000 mg daily for 3 days)
followed by immediate reduction to previous steroid
dose.
Data collection
We obtained information from a registered database
of all kidney transplant recipients over a 5-year
follow-up period. In particular, the following
variables were collected: demographic data (age, sex,
weight), associated comorbidities (diabetes mellitus,
CMV, immediate graft function state), immunologic
data, especially crossmatch and tissue typing
data, type of immunosuppression (induction and
maintenance), donor criteria (age, BK virus status,
sex), number and type of rejection episode, patient
and graft outcomes at last follow-up, and medical
complications, especially hypertension, new-onset
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diabetes mellitus after transplant, CMV, malignancy,
and other infections.
Immunosuppressive regimens
All patients received triple immunosuppressive
regimens consisting of CNIs, MMF, and corticosteroids. All induction therapy was based on our
protocol guidelines and transplant risk factors.
Patients at high risk for acute rejection (those who
had retransplants and panel reactive antibodies of
> 20%) received daily 1 mg/kg thymoglobulin for 5
days. Other patients received interleukin 2 receptor
blockers as induction using basiliximab 20 mg
intravenously on days 0 and 4. Corticosteroids were
initiated intraoperatively, with 1000 mg methylprednisolone given initially, then 1 mg/kg to a
maximum of 60 mg/day from day 1, and then lowdose prednisolone (0.1-0.5 mg/kg/d) by 3 months
posttransplant.
Statistical analyses
Statistical analysis was conducted using SPSS
software (version 20, Chicago, IL, USA). Qualitative
data are presented as number and percentage,
whereas quantitative data are presented as means
and standard deviation. The t test was used to
compare means and standard deviations of the
groups. Categorical data were compared using the
chi-square test. P < .05 was considered significant.
Results
Most of the study patients were males in their 5th
decade of life, with mean age of 40.12 ± 15.04 years
for group 1 and 40.18 ± 17.38 years for group 2
(P = .989; Table 1). Group 1 patients had a
slightly higher mean weight than group 2 patients
(86.91 ± 18.19 vs 70.42 ± 17.63 kg; P = .431). More than
85% of the study patients were recipients of a first
renal allograft with no significant difference between
the 2 groups (P = .612), and most received grafts from
living unrelated donors (44.8% in group 1 vs 53.3% in
group 2; P = .163). Postoperative graft function was
significantly better in group 1 than in group 2 (48.3%
of patients in group 1 showed immediate graft
function vs 20% in group 2); however, the number of
patients with delayed graft function was significantly
higher in group 1 (P = .017). Most patients in both
groups received hemodialysis (no significant
difference between groups, P = .585). We found no
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significant difference between the groups regarding
the number of patients with diabetes mellitus
(P = .3). There was a higher number of immunologically high-risk patients in group 1, and most
patients in group 2 were immunologically low risk;
however, these differences were not significant
(P = .29; Table 1). Moreover, mean total HLA mismatches were comparable in both groups (P = .344).
The original kidney disease was comparable
between the 2 groups, although most patients had
Table 1. Characteristics of Study Patients in the 2 Groups
Group 1
(n = 29)

Recipient age, y
40.12 ± 15.04
Recipient weight, kg
86.91 ± 18.19
Recipient sex
• Male
17 (58.6%)
• Female
12 (41.4%)
Transplant number
• 1st transplant
26 (89.7%)
• 2nd transplant
3 (10.3%)
• 3rd transplant
0 (0.0%)
Donor type
• Deceased
2 (41.4%)
• Living related
4 (13.8%)
• Living unrelated
13 (44.8%)
Posttransplant graft function
• Delayed graft function
4 (13.8%)
• Immediate graft function
14 (48.3%)
• Slow graft function
8 (27.6%)
• Unknown
3 (10.3%)
Pretransplant dialysis
• Hemodialysis
23 (72.4%)
• Peritoneal dialysis
1 (3.4%)
• Preemptive
5 (17.2%)
• Unknown
2 (6.9%)
Pretransplant type 2
diabetes mellitus
10 (45.5%)
Immunological risk
• High
11 (37.9%)
• Intermediate
6 (20.7%)
• Low
5 (17.2%)
• Unknown
7 (24.1%)
Total HLA mismatch
4.04 ± 1.11
Original kidney disease
• Chronic tubule-interstitial
nephropathy
4 (13.7%)
• Chronic glomerulonephritis
4 (13.7%)
• Diabetic kidney disease
4 (13.8%)
• Hypertensive nephropathy
1 (3.4%)
• Other
2 (6.8%)
• Unknown
14 (48.3%)
Induction immunosuppression:
• Simulect
7 (24.1%)
• Lymphocyte-depleting agent 17 (58.6%)
• Unknown
5 (17.2%)
Desensitization
• None
26 (89.7%)
• IVIG, rituximab
1 (3.4%)
• Immunoadsorption,
rituximab
1 (3.4%)
• Plasma exchange, IVIG,
rituximab
1 (3.4%)
Primary immunosuppression
• Cyclosporine based
10 (34.4%)
• Calcineurin inhibitor free
2 (6.8%)
• Tacrolimus based
17 (58.6%)

Group 2
(n = 30)

P
Value

40.18 ± 17.38
70.42 ± 17.63

.989
.431

20 (66.7%)
10 (33.3%)

.523

26 (86.7%)
3 (10.0%)
1 (3.3%)

.612

6 (20.0%)
8 (26.7%)
16 (53.3%

.163

2 (6.7%)
6 (20.0%)
930.0%)
13 (43.3%)

.017

20 (56.7%)
3 (10.0%)
7 (23.3%)
3 (10.0%)

.585

18 (54.5%)

.3

6 (20.0%)
6 (20.0%)
11 (36.7%)
7 (23.3%)
3.67 ± 1.41
0 (0.0%)
4 (13.3%)
5 (16.7%)
0 (0.0%)
3 (10%)
18 (60.0%)
6 (20.0%)
13 (43.3%)
11 (36.7%)
30 (100.0%)
0 (0.0%)

.295
.344

.630

.203

.352

0 (0.0%)
0 (0.0%)
14 (46.6%)
2 (6.8%)
14 (46.6%)

.653

Abbreviations: IVIG, intravenous immunoglobulin
Results are shown as means ± standard deviation or number of patients (%).
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disease of unknown cause. Diabetic kidney disease
and chronic glomerulonephritis represented the most
common causes of end-stage kidney disease (P = .63;
Table 1).
The number of patients who received induction
was higher in group 1 than in group 2, although not
significantly (P = .203). Moreover, most patients did not
receive desensitization. Both groups were comparable
regarding primary maintenance immunosuppression
(P = .653, Table 1).
We observed that all patients had significant
viremia (viral load of > 10 000 copies/mL) at the start
of the study. However, the number of patients with
BKVN was significantly higher in group 1 (25 patients)
than in group 2 (15 patients) (P = .003; Table 2).
We found no significant differences between the 2
groups regarding the viral load at different time
intervals during the study period until 1 year after
BK virus diagnosis (P > .05; Table 2). However, in
both groups, there was a significant reduction in the
viral load compared with baseline values (P < .05).
We found no significant differences between
groups regarding immunosuppression modification.
Most patients in both groups underwent reduction
of both CNIs and antiproliferative agents (P = .098;
Table 3).
There were no significant differences between the
study groups regarding mean serum creatinine levels
at the time of BKVN diagnosis. We found that graft
function, as shown by serum creatinine levels, was
significantly better in group 2 at 3 years, 4 years, and
5 years (P = .001, .017, and .003, respectively). Graft
function had significantly deteriorated in group 1,
as shown by mean baseline serum creatinine
(185 μmol/L) compared with levels at end of the
study in both groups (Table 4).
Table 2. Follow-Up of BK Viral Load for 1 Year From Time of Diagnosis of
BK Viral Nephropathy in Study Groups
Group 1 (n = 29)
Group 2 (n = 30) P Value

Viral load (at BKVN
diagnosis)
654950.0 ± 95096.1
Viral load (1 mo from
BKVN diagnosis)
348275.0 ± 294281.6
Viral load (3 mo from
BKVN diagnosis)
162883.3 ± 10 016.8
Viral load (6 mo from
BKVN diagnosis)
67120.0 ± 11 248.0
Viral load (1 y from BKVN
diagnosis)
33850.0 ± 11 256.4
Cases with viremia
and BKVN
25 (86.2%)
Cases with viremia
without biopsy
4 (13.8%)

98986.0 ± 15231.3

.068

6900.0 ± 15010.4

.197

17365.0 ± 20668.4

.970

12482.6 ± 1522.4

.469

11369.0 ± 1248.0

.475

15 (50.0%)
15 (50.0%)

.003

Abbreviations: BKVN, BK viral nephropathy
Results are shown as means ± standard deviation or number of patients (%).
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We observed a significant deterioration in renal
allograft estimated glomerular filtration rate (eGFR)
in group 1 (P = .64) versus an improvement in group
2 (P = .050). There was no significant difference
between the study groups regarding the number
of patients with end-stage graft failure (P = .519;
Table 5).
Table 3. Maintenance Immunosuppression Modification Regimens and
Antiviral Management Used Among Study Groups
Group 1
Group 2
P
(n = 29), No. (%)
(n = 30),No. (%) Value

Immunosuppression modification
• MMF modification
• CNI modification
• Shift to mTOR
• CNI and MMF modification
Ciprofloxacin
Intravenous immunoglobulin
Leflunomide
Cidofovir

5 (17.2%)
5 (17.2%)
5 (17.2%)
14 (48.3%)
19 (65.5%)
23 (79.3%)
23 (79.3%)
1 (3.4%)

6 (20.0%)
5 (3.3%)
6 (20.0%)
17 (56.7%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

Discussion

.098

Abbreviations: CNI, calcineurin inhibitor; MMF, mycophenolate mofetil;
mTOR, mammalian target of rapamycin
Table 4. Follow-Up of Graft Function at Different Time Intervals in Both
Groups

Serum creatinine µmol/L
• Baseline (at transplant)
• Month 1 from transplant
• Month 3 from transplant
• Month 6 from transplant
• Month 9 from transplant
• Year 1 from transplant
• Year 3 from transplant
• Year 5 from transplant
• Year 10 from transplant
• At BKVN diagnosis
• Month 1 from BKVN
diagnosis
• Month 3 from BKVN
diagnosis
• Month 6 from BKVN
diagnosis
• Year 1 from BKVN diagnosis
• Year 2 from BKVN diagnosis
• Year 3 from BKVN diagnosis
• Year 4 from BKVN diagnosis
• Year 5 from BKVN diagnosis
Baseline eGFR, mL/min
eGFR at the end of study,
mL/min

We found that the 2 groups were comparable
regarding the total number of rejection episodes
before and after BKVN diagnosis (P = .08 and .23,
respectively). More than 50% of patients had biopsyproven acute rejection before BKVN diagnosis. These
were mainly episodes of acute cellular rejection,
which were significantly higher in group 1. Both
acute antibody-mediated rejection and steroidresistant rejection were comparable in both groups
(P > .05; Table 5).

Group 1
(n = 29)

Group 2
(n = 30)

P
Value

153.57 ± 100.92
141.36 ± 85.57
123.81 ± 46.12
138.96 ± 60.84
161.04 ± 86.71
167.71 ± 74.47
222.63 ± 153.09
177.18 ± 113.64
167.33 ± 69.79
185.93 ± 62.90

133.82 ± 52.24
123.13 ± 47.65
130.71 ± 40.79
134.96 ± 55.75
151.89 ± 75.41
159.77 ± 100.47
142.24 ± 57.32
148.40 ± 50.44
218.73 ± 130.86
168.13 ± 98.12

.456
.372
.579
.800
.681
.754
.042
.440
.223
.165

196.90 ± 66.50

171.17 ± 93.83

.231

222.82 ± 99.59

168.33 ± 85.07

.340

226.42 ± 100.60
241.60 ± 103.78
238.12 ± 136.44
210.00 ± 93.63
205.08 ± 110.65
202.22 ± 97.64
45.7 ± 18.2

181.93 ± 116.75
175.31 ± 101.27
201.19 ± 105.72
147.79 ± 42.22
148.28 ± 45.89
146.78 ± 49.78
51.1 ± 21.3

.665
.400
.818
.001
.017
.003
.64

33.4 ± 15.7

56.3 ± 23.1

.05

Abbreviations: BKVN, BK viral nephropathy; eGFR, estimated glomerular
filtration rate
Results are shown as means ± standard deviation.

With the development of effective immunosuppressive regimens, renal transplant is considered the
preferred treatment to extend expectancy and quality
of life for patients with end-stage kidney disease.7
Human polyomaviruses, including BK virus and JC
virus, are highly prevalent in humans but appear to
cause clinical disease only in immunocompromised
patients. BK virus primarily induces tubulointerstitial
nephritis and ureteral stenosis in renal transplant
recipients and hemorrhagic cystitis in bone marrow
transplant recipients.8 BK virus infection is generally
acquired at an earlier age (at 3-4 years).9,10
Since 2002, kidney transplant recipients have been
screened at our center for possible BKVN using
qualitative and quantitative PCR analyses of urine
and blood. We started our routine mass screening of
all kidney transplant recipients since 2006, with
screening continued for 2 years posttransplant. In
our study cohort, the prevalence of BK viremia was
5.9%; these results are similar to those reported by
Dharnidharka and associates, in which the prevalence
of BKVN was 4%.11 Schold and associates12 and van
Aalderen and associates13 showed an estimated
prevalence of BKVN of 1% to 10% with a mean of
nearly 5%. In contrast, Chon and colleagues14
reported a higher prevalence of BK viremia in their
cohort (52 of 361 patients [14.4%] were positive).
Moreover, they showed a higher number of cases of

Table 5. Rejection Episodes Before and After BK Virus-Associated Nephropathy and Graft Outcomes in Study Groups
Group 1 (n = 29)

Total rejection episodes (before/after BKVN)
TCMR (before/after BKVN)
ABMR (before/after BKVN)
Steroid-resistant rejection (before/after BKVN)
Graft outcome
• Patients with functioning grafts
• Patients with graft failure

17/10 (68%/45%)
15/8 (60.2%/.36.4%)
3/4 (9%/13.6%)
8/4 (30.8%/15.4%)
14 (48.3%)
15 (51.7%)

Group 2 (n = 30)

P Value

15/12 (63.6%/45.5%)
10/4 (30.3%/12.1%)
4/6 (12.1%/18.1%)
6/3 (18%/9%)

.08/.23
.04/.04
.54/.48
.12/.46

17 (56.7%)
13 (43.3%)

.519

Abbreviations: ABMR, acute antibody-mediated rejection; BKVN, BK virus-associated nephropathy; TCMR, T-cellmediated rejection
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biopsy-proven BKVN (46 of 248 patients, 18.6%). Both
Dogan and associates15 and Boobes and associates16
reported a higher prevalence of BK viremia (15.8% and
14.7% in their cohorts, respectively).
The higher prevalence of BK viremia in other
studies could be explained by the more prevalent risk
factors, including more frequent use of thymoglobulin as induction, more patients with diabetes,
and the use of a heavier maintenance tacrolimusbased immunosuppression strategy.14 Moreover,
Pai and associates17 added that a higher mean
cumulative dose of thymoglobulin as induction
therapy was associated with higher prevalence of
BKVN, although their results were not statistically
significant (P = .07). Dogan and colleagues15 reported
other risk factors in their cohort, including deceaseddonor transplant and human leukocyte antigen
matching (HLA-A24 and HLA-B55).
Quantitative or real-time PCR analysis for BK
viral DNA of plasma or serum and less so of urine
appears to be useful in monitoring kidney transplant
recipients and significant viremia (> 104 copies/mL);
this method can confirm BKVN diagnosis.18 In our
study, we found that BK viral load was significantly
positive at the time of diagnosis and became negative
in almost all patients by the end of the study.
Initially, our patients had been screened for BK
virus when unexplained graft dysfunction was
noticed (> 20% of basal serum creatinine) or
whenever graft biopsy was indicated. This practice
is in accordance with that reported by Hirsch and
associates,19 in which diagnosis of BKVN may be
made in the absence of definitive findings on biopsy.
In our study, most patients required graft biopsies to
confirm the diagnosis of BKVN (86.2% in group 1 vs
50% in group 2; P = .003; Table 2).
Similar to that reported previously,20 our findings
of sustained significant BK replication (plasma DNA
PCR load > 10000 copies/mL) with or without
kidney dysfunction could be responsible for poor
graft outcomes, especially in group 1. In addition,
most patients were males and approximately in their
5th decade of life, which is similar to that reported
previously by Chon and associates,14 who reported
male preponderance (63.9%) in their cohort with mean
age of 47.7 years. Multivariate analyses have shown
that male sex is an independent risk factor.9-11,21,22
Both Wiseman and associates21 and Hirsch and
associates19 hypothesized other risk factors, including
older recipient age. The most reliable risk factor
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identified for the development of BKVN has been the
overall degree of immunosuppression. In their
prospective study, Brennan and associates5 found
that incidences of BK viruria and viremia were
similar in patients randomly assigned to tacrolimus
or cyclosporine; BKVN has also been shown to
develop in recipients receiving different combinations
of cyclosporine, azathioprine, and sirolimus and even
in those who had CNI-free regimens.23,24 In a US
study10 of more than 1000 kidney transplant
recipients, no specific form of immunosuppression,
including tacrolimus and MMF, was identified as a
risk factor. Moreover, no specific immunosuppressive drug or combination has been conclusively
associated with BKVN.25,26 An Indian report showed
a high frequency of BK virus (30 cases, prevalence of
10%) in patients not receiving tacrolimus or MMF.27
Another stated that BKVN developed only rarely in
patients who did not receive either tacrolimus or
MMF.28 Others found that tacrolimus, but not
MMF, was a risk factor.29 However, Hirsch and
associates30 demonstrated that patients who received
cyclosporine-based immunosuppression had a lower
rate of BKVN at 6 and 12 months posttransplant than
those who were maintained on tacrolimus-based
therapy. Moreover, they added that high titer of BK
virus and the overall median BK viral loads were
higher in the tacrolimus group.
In our study, although most patients were not
highly sensitized, they received intensive immunosuppression therapy (thymoglobulin induction, MMF,
and tacrolimus) possibly due to other immunologic
risk factors, including number of HLA mismatches
(total mean HLA mismatch was 3.88 ± 1.24; Table 1),
more acute rejection episodes before BKVN diagnosis,
and donor type. However, the 2 groups were matched
regarding induction and primary maintenance
immunosuppression. We observed higher numbers of
immunologically high-risk patients in group 1 with
more potent induction (thymoglobulin) and maintenance immunosuppression (tacrolimus based)
(Table 1) than in group 2, although results were not
significant (P = .29; Table 1). This lower prevalence
of BK viremia and BKVN despite previous known
risk factors could be due to early detection of cases
by our mass screening and their earlier treatment by
either active or minimization regimens.
Most of our study patients received grafts from
living donors (> 60%) and more than 85% received a
first renal allograft (with no significance between
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groups regarding donor type; P = .612). This finding
may explain the lower prevalence of BKVN in our
cohort as deceased-donor transplant has been shown
to be a risk factor.15
Differentiating between cellular infiltrates of
rejection and BKVN has been shown to be
difficult.29,30 BK virus nephropathy could be
distinguished from allograft rejection by the presence
of BK virus inclusions and immune histologic or in
situ hybridization evidence of virally infected cells,
which were usually tubular epithelial cells, rather
than podocytes or endothelial cells.21 It can also be
possible that some patients with acute cellular
rejection also have evolving BKVN.31-33
In our study, we found that most patients (> 80%)
started treatment after histopathologic evidence of
BKVN, with > 50% showing pattern B. Other studies
have shown that most BKVN biopsies display pattern
A, with subsequent deterioration to patterns B and C.
This could be explained by the heterogenous nature
of the histopathologic abnormalities of BKVN.18,29
Significant graft dysfunction at the time of
diagnosis of BKVN is a major risk factor for graft
failure.9,12 We observed high baseline serum
creatinine levels and reduced eGFR in both groups
at the start of the study (Table 4). These observations
may be due to more adverse prognostic factors (more
males, more tacrolimus-based regimens, more
rejection episodes, and more histologic pattern B).
As shown by eGFR results, group 1 patients had
significant deterioration of renal allograft function
compared with baseline eGFR results and compared
with group 2 eGFR results at end of study (P < .05).
In line with this observation, we observed no
significant differences between groups regarding
mean serum creatinine levels at the time of BKVN
diagnosis. However, we found that graft function, as
represented by serum creatinine, was significantly
better in group 2 at 3, 4, and 5 years of follow-up.
BK virus nephropathy has an aggressive course,
resulting in graft failure in more than 40% of our
kidney transplant recipients on long-term follow-up
(28 of 59 cases over 5-year follow up; Table 5). A
similar finding was reported by Balba and associates34 who showed that renal allograft loss from
BKVN can occur in up to 50% of affected recipients
despite clearance of viremia with reduction of
immunosuppressive agents. Better results have been
reported in other studies, which could be explained
by shorter follow-up, fewer enrolled patients, and
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early diagnosis of the disease in their cohorts.29,34,35
More than 50% of patients had biopsy-proven acute
rejection before BKVN diagnosis (Table 5). Most
rejection episodes were T-cell-mediated rejection,
with results significantly higher in group 1. The total
number of T-cell-mediated rejection episodes was
significantly higher in group 1 before and after
BKVN diagnosis, which could be a reason for worse
graft outcomes in group 1 than in group 2.
A recent review of the published literature
showed that certain patients with BK viremia or
BKVN could benefit from cidofovir, leflunomide, and
IVIG therapy, but these data were derived from case
series or protocol-driven cohort studies.36 A combined therapy incorporating adjuvant IVIG was
more effective in eliminating virus from BKVN than
conventional therapy. Moreover, IVIG administration
appeared to be safe and effective in treating BK
viremia and BKVN and preventing graft loss in
patients who had inadequate response to immunosuppression reduction and leflunomide therapy.
From our study, we observed that patients in group
1 who received high-dose IVIG treatment (23
patients) did not gain any benefit and had worse
long-term graft outcomes (Table 3). This discrepancy
in response to IVIG may be due to differences in
patient characteristics, with possible hypogammaglobulinemia in some patients and not in others.
An advantage of IVIG is that it could effectively
treat both polyoma infection and allograft rejection.
An IVIG treatment may contain antibodies against
BK and JC virus, since these viruses are ubiquitous
in the general population. However, these antibodies
may not be neutralizing.37 In addition, anti-BK
antibodies were not shown to be protective and may
indicate an augmented humoral response to an
inadequate cellular immune response.37
Treatment with leflunomide may be effective for
BKVN.38 Leflunomide is a prodrug whose antimetabolite has both immunosuppressive and antiviral
activity.39 However, no well-designed randomized
controlled studies have examined the efficacy of
leflunomide in BKVN. Leflunomide has some
limitations in its use in kidney transplant recipients
due to unpredictable blood levels, difficulty in
monitoring, and weak immunosuppressive effects.
From our study, we observed that group 1 patients
who received leflunomide treatment (23 patients) did
not gain any benefit and had worse long-term graft
outcome (Table 3). Our unfavorable results may be
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due to its late use and possible interrupted therapy
due to its adverse effects.
Regarding the use of ciprofloxacin, Leung and
colleagues40 showed that quinolones had antipolyomavirus activity in vitro and observed
resolution of BK virus replication in vivo in some
transplant patients. A recent prospective, multicenter,
double-blind, placebo-controlled trial showed that
administration of 500 mg/day of levofloxacin or
placebo for 30 days resulted in an equivalent percent
reduction in BK viral load at 1, 3, and 6 months and
no difference in graft outcome. Moreover, therapy
with a quinolone was initiated because it was fairly
inexpensive and easy to administer. Quinolone
antibiotics may have anti-BK virus properties by
inhibiting DNA topoisomerase activity and SV40
large T antigen helicase.41
Compared with cephalosporin, ciprofloxacin
significantly lowered urinary BK viral loads. An
observational study reported that the use of a
fluoroquinolone was associated with prevention of BK
viremia.42 These data supported a role for quinolones
in prevention of BK viremia and BKVN. However, so
far, data at present are insufficient to support the use
of this agent in this setting. From our study, we
observed no benefit, with patients in group 1 even
having worse long-term graft outcomes (Table 3).
Vandercam and associates43 reported that cidofovir had a significant in vitro effect regarding
inhibition of nonhuman polyomaviruses. However,
the pronounced nephrotoxicity limited its use,
particularly in renal transplant recipients.9,44 Only 1
patient in group 1 received this treatment in our
study group.
In a retrospective nonrandomized study of 21
patients with BKVN, 8 were administered weekly
adjuvant low-dose cidofovir plus a reduction in
immunosuppressive therapy, whereas 13 were
treated with reduced immunosuppressive therapy
alone. At a median period of 25 months, all allografts
of those administered cidofovir survived. However,
8 of 13 allografts not given cidofovir were lost at a
median period of 8 months.45 In one report of 4
patients, including 2 children, cidofovir was effective
in all 4 patients.46
However, cidofovir has been shown to be highly
nephrotoxic, resulting in proteinuria and renal failure
in 20% of patients.44 Therefore, it should be used
cautiously and under the supervision of a transplant
center familiar with BKVN and cidofovir. An
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international panel also recommended that patients
be enrolled in clinical studies, if possible.33 Until
results of additional trials become available, cidofovir
should only be used when all other interventions have
failed after a trial period of 3 months.
Conclusions
The prevalence of BKVN in our renal transplant
recipients was 5.9% with a rate of graft loss that
ranged between 43% and 51%. Regular screening,
less intensive immunosuppressive therapy, and early
intervention by reduction of immunosuppressive
medications are advisable to obtain early diagnosis
and to have better outcomes of BKVN.
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Abstract
Objectives: In this study, our aim was to create a
bioactive wound dressing that combined decellularized
and lyophilized human amniotic membrane and
freeze-dried rat bone marrow stem cells for the
treatment of nonhealing wounds.
Materials and Methods: For the decellularized human
amniotic membrane, sodium dodecyl sulfate and 1%
Triton X-100 were used. The mononuclear fraction of
bone marrow stem cells was isolated by density
gradient centrifugation using Ficoll Paque Plus (GE
Healthcare Bio-Sciences, Pittsburgh, PA, USA).
Investigations were conducted on Lewis inbred rats
with the radiation wound model (dose of 60 Gy). On day
20 after application of radiation, the skin was excised
around the radiation burn. The wound was treated with
decellularized human amniotic membrane seeded with
and without freeze-dried bone marrow stem cells.
Results: The use of a decellularized amniotic membrane
for closing the burn wound increased the rate of healing
by 2.5 times; the use of a decellularized amniotic
membrane seeded with bone marrow stem cells or
freeze-dried bone marrow stem cells increased the rate
of wound healing by approximately 4 times.
Conclusions: Administration of freeze-dried bone
marrow stem cell may represent a novel therapeutic
approach in the treatment of nonhealing wounds and
other conditions. We observed no evidence of local or
systemic complications related to the procedure.
However, further efforts with better protocol design
for future studies are needed.
Key words: Animal model, Bioactive wound dressing,
Paracrine bioactive factors
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Introduction
Radiotherapy is one of the components of cancer
treatment that is used alone or in conjunction with
other treatments such as surgery or chemotherapy.
The main objectives of radiotherapy are to destroy or
damage tumors and suppress their growth.1-5
Radiotherapy is usually painless and well tolerated
by patients. However, during the procedure, together
with tumor cells, the surrounding normal tissues are
also damaged, which can lead to complications,
including skin atrophy, soft tissue fibrosis,
desquamation, epithelial ulceration, and fistula
formation.6,7 Complications after radiation therapy
occur in up to 60% of surgical patients.8 Surgical
procedures performed on previously irradiated
tissues can also lead to the emergence of nonhealing
wounds (nonhealing irradiated wounds that are
unamenable to surgical repair).9 For the treatment of
chronic nonhealing radiation wounds, local or
regional free flaps from skin, fascia, muscle, and
mucous membrane and fasciocutaneous flaps with
the cutaneous pedicle are used.10-14 However, local
flaps can be unreliable since, in some cases, they are
affected by the radiation, which can lead to a gaping
wound, fistula development, skin necrosis around
the graft, and necrosis of the graft itself.15-17 The use
of regional flaps for radiation wound treatment can
lead to only a slight reduction in the number of
complications.18
Various bioactive and functional wound dressings
from biologic scaffold materials comprising extracellular matrix (ECM) and bioactive molecules or bone
marrow stem cells (BMSCs) have recently been
developed to treat nonhealing wounds19-22; these
materials stimulate granulation, tissue formation,
angiogenesis, and reepithelization.23 Encouraging
wound repair results have been obtained after
DOI: 10.6002/ect.MESOT2018.O29
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treatment with infiltration or local application of
bone marrow-derived mesenchymal stem cells
(MSCs).24,25 Once directly injected into a wound,
MSCs can regulate the wound-healing process by
means of early activation of matrix metalloproteinase9 and vascular endothelial growth factor (VEGF).26-29 In
addition, MSCs can support tissue regeneration during
the proliferation phase and promote production of
an ECM.30-32 In an animal experiment, the systematic
administration of allogeneic and syngeneic bone
marrow-derived MSCs caused the rapid resolution
of the acute inflammatory phase and early formation
of granulation tissue, resulting in wound healing.33
We hypothesized that freeze-dried stem cells
could be used to treat nonhealing wounds. Here,
we created a bioactive wound dressing (BAWD)
that combined decellularized and lyophilized
human amniotic membrane seeded with freeze-dried
rat BMSCs for the treatment of nonhealing wounds.
Materials and Methods
Preparation of decellularized and lyophilized human
amniotic membrane
This study included use of 2 full-term placentas
obtained from donors who signed an informed
consent form and gave birth at 38 to 42 weeks of
gestation. The women had normal pregnancies and
delivered healthy newborn babies (weight ranging
from 2500-3800 g). Newly acquired placentas were
washed with 0.9% saline solution and heparin at
37°C under physiological pressure. Decellularization
of placentas together with amniotic membrane was
performed according to our previously described
method.34,35 After decellularization, amniotic membrane was separated from the placenta and cut into
6 × 6-cm flaps and placed in a lyophilization device
(Power Dry PL 6000 Freeze Dryers, Shenzhen,
China). The decellularized and lyophilized human
amniotic membrane grafts were stored aseptically at
room temperature until use.
Fabrication of bioactive wound dressing
Isolation and seeding of bone marrow-derived MSCs
on decellularized human amniotic membrane was
performed according to our previously described
method.36 For acquisition of BMSCs, 20 Lewis inbred
laboratory rats of both sexes weighing 200 to 250 g
were used. Animals were euthanized with lethal
injection of 0.5% sodium thiopental solution (Sigma,
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St. Louis, MO, USA). The lower extremities were
amputated after they were processed with 70%
alcohol solution. Femurs, which were cleared of
muscle tissues, were resected in the epiphysis and
diaphysis area. A needle was inserted into the lumen
of the bone canal, and the syringe was used to elute
the bone marrow with Dulbecco’s modified eagle’s
medium (Sigma). The mononuclear fraction was
isolated by density gradient centrifugation at 400g for
30 minutes at room temperature using Ficoll Paque
Plus or Ficoll Paque Premium solution (GE Healthcare
Bio-Sciences, Pittsburgh, PA, USA). After they were
washed with phosphate-buffered saline (PBS), cells
were centrifuged at 200g for 5 minutes. A portion of
cells was dissolved in 1 mL of PBS and then placed in
a Neubauer chamber, with vitality determined with
Trypan blue (Sigma). The remaining portion was
seeded on the surface of the 6 × 6-cm samples of
decellularized human amniotic membrane.
The decellularized human amniotic membrane
was thoroughly rinsed in sterile PBS for 30 minutes
and immersed in RPMI 1640 medium (SigmaAldrich; EMD Millipore, St. Louis, MO, USA). In
total, 2.5 × 106 mononuclear cells were seeded on the
top surface of the decellularized human amniotic
membrane. After 15 minutes, the decellularized
human amniotic membrane was turned over, and the
same quantity of cells was seeded on the opposite
side. This process was repeated every 15 minutes for
up to 1 hour to facilitate uniform cell distribution.
Decellularized human amniotic membranes with
mononuclear cells were cultivated in a humidified
incubator (37°C, 5% CO2) for 4 days in nutritive
medium containing Dulbecco’s modified Eagle’s
medium-low glucose (Sigma-Aldrich; EMD Millipore)
supplemented with 10% fetal bovine serum
(Sigma-Aldrich; EMD Millipore) and antibiotics
(100 U/mL penicillin G and 0.1 mg/mL streptomycin;
Invitrogen, Carlsbad, CA, USA ). Subsequently, the
decellularized human amniotic membrane with the
seeded mononuclear cells was lyophilized. The BAWD
was stored aseptically at room temperature until use.
Radiation wound model and bioactive wound
dressing application
Seventy-five Lewis inbred rats (age 8-10 weeks,
weight 200-250 g) were obtained from the breeding
facility of the Tbilisi State Medical University (Tbilisi,
Georgia). This study was carried out in strict
accordance with the recommendations in the Guide
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for the Care and Use of Laboratory Animals and the
Institutional Animal Care and Use Committee. The
protocol was approved by the Committee of Ethics
of the Georgian National Medical Research Institute in
Tbilisi, Georgia (permit number 5/26). All surgical
animals were under anesthesia with intraabdominal
administration of pentobarbital sodium (30 mg/kg).
The animals were divided into 5 equivalent groups.
In group I animals (n = 15), a wound model
(diameter of 2 cm2 and depth of no more than 0.3 cm)
was created in the spinal area. In animal groups II,
III, IV, and V, a model of third-degree radiation burn
was created in the spinal area. A radiation device
(RUM-17, Russia) was used as the source of
radiation. The tube voltage was 250 kV, the tube
current was 10 mA, and the distance from target to
the point of measurement was 25 cm. The dose
reached 60 Gy, and the diameter of the damaged
surface area was 1 to 1.3 cm2.
On day 20 after administration of radiation, the
skin was excised around the radiation burn (diameter
of 2 cm2 and depth of 0.3 cm). After excision of the
radiation wound, group II animals (n = 15) were not
treated and the wound remained open. For group III
animals (n = 15), the skin wound defect was covered
with decellularized human amniotic membrane
(diameter of 4 cm). For group IV animals (n = 15), the
skin wound defect was covered with the
decellularized human amniotic membrane (diameter
of 4 cm) on the inner surface where BMSCs were
seeded. In group V animals (n = 15), the skin wound
defect was covered with the 4-cm-diameter BAWD
that we developed and that contained the freezedried BMSC paracrine factors.
Postoperative care
Animals were housed in standard laboratory
conditions under 12:12-hour day-night cycles with
provision of pelleted rodent diet and water ad libitum.
In the postoperative period, the rate of wound healing
was determined using the planimetric method. To
characterize wound vascularization postsurgery, the
number of dermal microvessels was counted using the
transillumination method.
On days 3, 7, 14, 30, 45, 60, and 90 after surgery, rats
were euthanized by a lethal intraperitoneal injection of
0.5% sodium thiopental solution. Full-thickness skin
samples, including subcutaneous tissue at the center
of the wound and surrounding connective tissues,
were obtained with surgical scissors.
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Scanning electron microscopy
For scanning electron microscopy analyses, the
collected wound tissues with and without BAWD
were dehydrated by processing them with an
ethanol solution before they were dried with a
Tousimis Samdri-780 Critical Point Dryer (Tousimis
Research Corporation, Rockville, MD, USA). After
completion of drying, all tissues were sputter coated
lightly with gold and imaged on a JEOL JSM-65 10
LW scanning electron microscopy (JEOL Ltd, Tokyo,
Japan).
Energy-dispersive spectroscopy
Energy-dispersive spectroscopy was used to determine what elements and chemical compounds were
present in BAWD before and after its application to
the wound. For energy-dispersive analysis of the
scanning electron microscopy results, we used
AZtecEnergy analysis software (Oxford Instruments,
Oxford, UK) and the X-MaxN SDD detector (Oxford
Instruments).
Histologic study
Each wound tissue was harvested in its entirety by
using sterile surgical scissors and placed in a tube.
The sample was fixed overnight in 10% buffered
formalin solution, after which the tissue was
trimmed and cut through on the widest margin,
embedded in paraffin, and sectioned in 3-μm
increments. Sections were made perpendicular to the
anteroposterior axis and perpendicular to the surface
of the wound. For each wound, sections were placed
on a slide and stained with hematoxylin and eosin and
Masson trichrome stain. Histologic slides were
analyzed with an upright microscope (E100; Nikon
Corporation, Tokyo, Japan) and with a stereoscopic
microscope (MBS-9; Lomo, St. Petersburg, Russia).
Results
Our studies showed that irradiation of the animal
skin in the spinal area with a dose of 60 Gy caused
third-degree burns that covered the same surface
area without causing a lethal outcome.
On days 2 and 3 after excision of the burn wound
in animals in group II, a hemorrhagic scab was formed.
Starting on day 7, the central part of the scab started to
soften; after pressure was applied, the serous-purulent
exudate was discharged. The rejection of the scab
started on days 22 and 23 in group II animals.
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In group III, IV, and V animals, on day 3 after
excision of the burn wound, the amniotic membrane
was tightly attached to the wound, which was dry
and dark brown in color. After pressure was applied
on the membrane, there was no discharge from the
wound. The formed scab was noticeably thinner and
less infiltrated by the cellular elements than in
group II animals. Scab rejection in these animals started
on days 7 and 8. Under the membrane, we observed
granulation tissue foci of pink color. The presence of
exudate under the amniotic membrane was not
observed. We suggest that this was caused by the good
sorption feature of the amniotic membrane.
On day 14 in group III, IV, and V animals, the
entire surface of the wound was lined with young
granulation tissue. This tissue consisted of a large
number of vascular vessel formations that were
oriented perpendicular to the wound surface and
numerous fibroblast bundles. Thin-walled vessels
were directed radially to the center of the wound and
were nearly of the same diameter. In group II animals
on day 14, edema and neutrophilic tissue infiltration
persisted in the affected area, with necrotic changes
being spread to the hypodermis and adjacent muscles,
which we considered as signs of the still-continuing
exudative phase of inflammation. Microcirculatory
disorders in the wound were expressed in the form of
venous plethora, the presence of capillary stasis, and
hemolysis of the erythrocytes. In group I animals,
complete healing of the wound was observed on days
28 to 30. On day 30 in group II animals, in the
histologic skin samples, the zone of the regenerate
was partially covered with an epithelial stratum of
uneven thickness. The healing of wounds was
finalized on days 55 to 60. Burn wounds took an
oblong form with subsequent epithelization and
formation of a coarse scar. In group III animals,
complete healing of the wound was observed on
days 18 to 20. In group IV and V animals, healing
was observed on days 14 to 18 after start of treatment
with the formation of a thin, tender, mobile scar in
which the rudiments of the sebaceous glands and
hair follicles were detected (Figures 1 and 2).
Discussion
In our development of composite wound dressings
for nonhealing wounds, we focused on both the
structure of the amnion and freeze-dried BMSCs.
Stem cell therapy for the treatment of nonhealing
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Figure 1. Healing Process of a Cutaneous Radiation Wound Treated With and
Without Decellularized Human Amniotic Membrane

Figure 2. Radiation Wound Model and Bioactive Wound Dressing Application
Over 14 Days

(A) Stereomicroscopy. (B) Wound tissue transillumination. (C) Histologic
examination of wound tissue. Hematoxylin-eosin staining (×200
magnification) was used.

chronic wounds has shown potentially positive
therapeutic effects in several preclinical and clinical
studies.37,38 It is known that cells are potential sources
of paracrine factors, and, as previously suggested,
the therapeutic effects of stem cells in the treatment
of chronic wounds is associated with these paracrine
bioactive factors.39 The group’s39 MSC-conditioned
media contained epidermal growth factor, keratinocyte
growth factor, insulin-like growth factor 1, VEGF-α,
erythropoietin, stromal cell-derived factor 1, and
macrophage inflammatory proteins 1a and 1b.
It has been suggested that MSCs may work via a
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paracrine mechanism to accelerate the woundhealing process.40,41 Mesenchymal stem cells can also
secrete such paracrine angiogenesis-enhancing
factors as VEGF, granulocyte colony-stimulating
factor, hepatocyte growth factor, monocyte chemotactic
protein-1, interleukin 6, and transforming growth
factor (TGF) β1.42-44 However, the mechanism by
which MSCs may exert beneficial effects is debated,
with no definitive answers.39
We found that freeze-dried BMSCs retained their
unique paracrine factors and, in combination with
decellularized and lyophilized human amniotic
membrane, improved clinical wound healing and
reepithelialization of the wound. We found that
decellularized and lyophilized human amniotic
membrane to be a promising potential candidate as a
3-dimensional scaffold for cell adhesion, migration,
and proliferation. In addition, decellularized and
lyophilized human amniotic membrane was shown to
possess immunomodulative and immune privilege,
anti-microbial, anti-scarring, and anti-inflammatory
features. It has also been reported that amniotic
membrane reduces pain, enhances fibrogenesis and
angiogenesis, and increases ECM deposition.45-49
The human amniotic membrane contains a large
number of cytokines and growth factors, including
epidermal growth factor, basic fibroblast growth
factor, keratinocyte growth factor, VEGF, TGF-α,
TGF-β, platelet-derived growth factor, hepatocyte
growth factor, and nerve growth factor.50-53 Human
amniotic membrane loaded with MSCs has been
shown to play an effective role during the healing of
skin defects, with no significant differences observed
in wound healing between autologous and allogeneic
MSC transplant.54
There is currently growing interest in the process
of preservation of stem cells by lyophilization.55,56
Bone marrow stem cell paracrine factors and their
role in the process of damaged tissue and organ
restoration are increasingly being studied.57-60 Here,
we found that BAWD containing decellularized and
lyophilized human amniotic membrane and freezedried BMSC paracrine factors could be used for the
treatment of nonhealing wounds.
To analyze wound-healing speed, the so-called
semiempirical method of mathematical modeling was
used, which is based on the selection of a mathematical
function that describes the dynamics of the reduction
of the wound area with sufficient accuracy. This
method allowed use not only to assess the advantages
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of a particular treatment method but also how one
method was more effective than the other.
In all animal groups, the wound area decreased
according to a certain regularity, which can be
described with the following mathematical formula:
St = So exp(-t/T), where So is the wound area at the
time of its formation, St is the wound area at time t,
and the T parameter characterizes the speed of the
wound healing. The T parameter is different for all
of the groups. The smaller the T parameter, the faster
the wound-healing process occurs. We entered that
T1/2 = T ln 2 ≈ 0.693 T value, which represented the
time during which the wound area was reduced by
2 times. The T and T1/2 values are shown in Table 1.
Figure 3 illustrates the dynamics of the woundhealing process in the various groups. As shown, it is
evident that the calculated curves within the limits of
statistical variation matched the experimental data.
After comparison of the values of the T parameter
for different groups of animals, the following
conclusions can be drawn: (1) wound healing in
group II animals was about 2.7 times slower than in
group I animals; (2) the use of a decellularized
amniotic membrane for closing the burn wound
increased the rate of healing by 2.5 times; (3) the use
of a decellularized amniotic membrane seeded with
BMSCs increased the rate of wound healing by 4
times; (4) BAWD increased the wound-healing rate
by approximately 4 times, similarly to that shown in
group IV animals.
As shown in our study, when the decellularized
human amniotic membrane was used, inflammation
did not develop, which obviously was associated
with its expressive anti-inflammatory and barrier
features. It has to be also mentioned that, when the
decellularized human amniotic membrane was used,
there were no exudations present. We believe that
this was associated with the good sorption feature of
the decellularized and lyophilized human amniotic
membrane. Radiation wounds in rats that were not
treated showed incomplete reparative regeneration
and thick, rough scar tissue formation.
Table 1 Speed of Wound-Healing Parameters
Group I

T
T1/2

4.3
3.0

Speed of Wound Healing, days
Group II
Group III
Group IV

11.5
8.0

4.6
3.2

2.8
1.9

Group V

3.0
2.1

Abbreviations: T, parameter for speed of wound healing (T1/2 = T ln
2 ≈ 0.693, where T1/2 is time during which the wound area is reduced by 2
times)
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Figure 3. Dynamics of Healing of Radiation Burn Wounds

Conclusions
Administration of freeze-dried BMSC paracrine
factors may represent a novel therapeutic approach
in the treatment of nonhealing wounds and other
conditions. We observed no evidence of local or
systemic complications related to the procedure.
However, further efforts into the design of better
protocols for future studies are needed.
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Abstract
Objectives: Pregnancy after kidney transplant has a
high risk for maternal and fetal complications;
however, it can be successful if patients are properly
selected. Here, we studied outcomes and complications of pregnancies in kidney transplant
recipients who received calcineurin inhibitor-based
immunosuppression.
Materials and Methods: In this case control study, we
reviewed patients who became pregnant between
2004 and 2017. For this analysis, each pregnancy was
considered an event. We divided pregnancies into 2
groups according to calcineurin inhibitor-based maintenance immunosuppression: group 1 (49 pregnancies)
received cyclosporine, and group 2 (33 pregnancies)
received tacrolimus. Patients also received steroids and
azathioprine. Patients had regular antenatal follow-up
at the Hamed Alessa Organ Transplant Center (Kuwait)
and in the maternity hospital (monthly until month 7
and then weekly until delivery).
Results: Of 750 female kidney transplant recipients
within childbearing potential, there were 82 pregnancies (10.9%) in 49 recipients (6.5%). Seventy-eight
pregnancies were planned, and 4 pregnancies occurred
while women were using contraception. There was 1
triple pregnancy, 5 double, and 76 single pregnancies.
Two women had preeclampsia as maternal complication, 2 had uncontrolled hypertension, and 7
developed graft dysfunction. Forty-seven women
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(57.3%) had caesarean section, and the remaining had
vaginal deliveries. Of 89 babies, 86 were viable (1
intrauterine fetal death and 2 abortions). Eight babies
were delivered prematurely with low birth weight, and
2 needed incubators. Mean serum creatinine levels
were 97.9 ± 24, 109 ± 38, 100 ± 39, 120 ± 46, and
115 ± 57 µmol/L at baseline, first, second, and third
trimesters, and postpartum, respectively. Twelve
patients showed high panel reactive antibodies but
without donor-specific antibodies.
Conclusions: Posttransplant pregnancy can be
successful in most renal allograft recipients, but the
increased risk of fetal and maternal complications,
including low birth weight, spontaneous abortus, and
preeclampsia, should be considered.
Key words: Immunosuppression, Kidney transplantation,
Preeclampsia, Posttransplant pregnancy
Introduction
End-stage renal disease affects fertility negatively
through hypothalamic-pituitary suppression, resulting
in abnormal menstruation in most premenopausal
women.1,2 Successful kidney transplant can lead to
restoration of fertility, as early normalization of
pituitary-gonadal hormone levels can occur from 3
to 4 months after transplant. In addition, both men
and women have reported improved libido and
sexual functions.3
Female kidney transplant recipients regain
fertility early after renal transplant, allowing women
to get pregnant.4 The renal allograft can adapt to the
physiologic changes of pregnancy with an increase
in creatinine clearance of approximately 30% in the
first trimester, which is sustained with a small
decrease in the second trimester and a return to
prepregnancy levels during the third trimester.5
Allograft recipients also have a higher 24-hour
DOI: 10.6002/ect.MESOT2018.O42
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protein excretion compared with healthy women,
which increases throughout pregnancy, becomes
threefold higher by the third trimester (regularly
exceeding 500 mg vs 200 mg in healthy women), and
returns to prepregnancy levels at 3 months postpartum. Proteinuria in pregnancy should never be
attributed to normal pregnancy-related changes, and
common comorbidities like urinary tract infection
and preeclampsia should be ruled out.6
Pregnancy after kidney transplant has been
considered as having high risk of maternal and fetal
complications, but it can be successful if patients are
properly selected. Since 1954, over 14000 women have
given birth after solid-organ transplant.4 It is difficult
to distinguish preeclampsia from hypertension in renal
transplant recipients because of the frequent increase
in blood pressure after 20 weeks in previously
normotensive women and hyperfiltration-related
worsening of preexisting proteinuria. Hyperuricemia
becomes a less reliable marker for diagnosing
preeclampsia because renal transplant recipients are
usually on calcineurin inhibitors (CNIs), which can
also increase uric acid levels.7 In addition, sudden
worsening of hypertension and a marked increase in
proteinuria are also noted in acute rejection, which
further makes the diagnosis of preeclampsia
challenging. Hypertension during pregnancy
increases the risk of preterm delivery, intrauterine
growth retardation, and graft loss.
The rate of live births in allograft recipients is
comparable to the general population and ranges
from 71% to 79%.8 The incidence of preterm delivery
has been reported to be as high as 40% to 60% versus
5% to 15% in the general population and occurs
mostly due to maternal or fetal compromise rather
than spontaneous preterm labor.9
Management of immunosuppression in pregnant
renal transplant recipients is important due to the
concern for teratogenicity risk and potential adverse
effects. All immunosuppressive drugs cross the
maternal-fetal circulation and have been detected in
variable degrees in the fetal circulation.10 The Food
and Drug Administration has categorized drugs for
pregnancy safety as follows: A (no human risk), B
(animal studies showing risk but no evidence of
human risk), C (human risk not ruled out), D
(evidence of human risk), and X (absolutely
contraindicated). Most drugs fall into category C,
where risk and benefits have to be weighed. The
commonly used immunosuppressive drugs used in
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renal transplant recipients and their pregnancy
information are summarized in Table 1.11
Mycophenolate mofetil should be discontinued at
least 6 weeks before pregnancy, as it has been shown
in case reports and registry data to cause fetal
malformations, with ear, mouth, finger, and
ocular/organ involvement.12 Although there are
some concerns regarding azathioprine use, with fetal
abnormalities shown in animals, most practitioners
consider this medication as a safe alternative, based
on its long record of use in transplant recipients. Both
azathioprine and corticosteroids have little to no
evidence of teratogenic risk. Although CNIs can cross
the placenta and have been previously shown to
have immunosuppressive properties in fetal blood,
the US registry data have shown no pattern of
congenital anomalies associated with these agents,
and both cyclosporine and tacrolimus are usually
continued during pregnancy.13 Data on the safety
profile of sirolimus and everolimus are limited, and
both are currently classified as category C and should
be stopped before conception, as per the KDIGO
guidelines.14
In this study, we evaluated outcomes of pregnancies in kidney recipients who were using CNIbased immunosuppression, focusing on fetal and
maternal complications.
Table 1. Common Immunosuppressive Drugs Used in Transplantation
Food and Drug
Administration Category

Induction
• Basiliximab
• Alemtuzumab
• Antithymocyte globulin
• Methylprednisolone
Maintenance
• Azathioprine
• Cyclosporine
• Tacrolimus
• Mycophenolate mofetil
• Sirolimus, rapamycin
• Prednisone
• Belatacept
• Leflunomide
Treatment of rejection
• Antithymocyte globulin
• Basiliximab

B
C
C
C
D
C
C
D
C
B
C
X
C
B

Abbreviations: A, no human risk; B, animal studies showing risk but no
evidence of human risk; C, human risk not ruled out; D, evidence of human
risk; X, absolutely contraindicated

Materials and Methods
This was a single-center case control study of a
cohort of kidney transplant recipients who were
followed at the Hamed Alessa Organ Transplant
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Center of Kuwait. The study design was reviewed
and approved by the local Ethics Committee. Eligible
patients were renal transplant recipients who became
pregnant during the period between 2004 and 2017.
All patients were followed at our center in
collaboration with a maternity hospital in the Sabah
area in Kuwait. Patients were determined to be
pregnant by positive β-human chorionic gonadotropin
test during, which was then confirmed by ultrasonography. We focused on patient, fetal, and graft
outcomes. All pregnancy data were collected from
medical records maintained by the institution. For
this analysis, each pregnancy was considered as an
event.
All patients were maintained on steroids and
azathioprine in addition to CNIs. We divided the
pregnancies into 2 comparable groups according to
type of CNI used as maintenance immunosuppression: group 1 (49 pregnancies) had cyclosporinebased maintenance immunosuppression, whereas
group 2 (33 pregnancies) had tacrolimus-based
maintenance immunosuppression. All patients had
regular antenatal follow-up in our center and in the
maternity hospital (monthly until month 7 and then
weekly until delivery).
All patients were clinically evaluated with special
focus on infection and preeclampsia (body weight,
blood pressure, edema of lower limbs). Laboratory
assessments were conducted at each visit for kidney
graft function, complete blood count, trough level of
CNIs, serum electrolytes, urine analysis and culture,
and 24-hour urine protein. Radiologic assessments
were undertaken by antenatal sonography. Fetal
growth was monitored to diagnose intrauterine
growth retardation and uteroplacental insufﬁciency
at the earliest. For patients with planned pregnancies,
the immunosuppression protocol consisted of
induction with antilymphocyte antibody with 5 daily
doses of antithymocyte globulin at a dose of 1 mg/kg
(rabbit-derived thymoglobulin; Sanofi Aventis, Inc.,
Bridgewater, NJ, USA) or 2 doses of interleukin 2
receptor blocker (basiliximab; Novartis, Inc., Basel,
Switzerland) based on immunologic risk stratification.
Maintenance therapy consisted of prednisone,
mycophenolate mofetil, and CNIs. Sirolimus was
given to patients who were stable with low
immunologic risk and when conversion from a CNI
was applicable. Acute cellular rejection was treated
with intravenous pulse steroids (methylprednisolone
at 1 g daily for 3 d) and/or thymoglobulin (1 mg/kg
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daily for 7-10 d) for steroid-resistant rejection.
Antibody-mediated rejection was treated with plasma
exchange, 2 g/kg intravenous immunoglobulin, and
rituximab. All rejection episodes were diagnosed by
biopsies and treated according to Banff criteria. All
female kidney transplant recipients were maintained
on azathioprine for at least 6 weeks before pregnancy.
Statistical analyses
Statistical analyses were performed with SPSS
software (SPSS: An IBM Company, version 20, IBM
Corporation, and Armonk, NY, USA). Means were
compared using paired sample t test, independent
sample t test, analysis of variance, chi-square test,
and Fisher exact test as appropriate. Results are
shown as means and standard deviation, with
differences considered significant at P ≤ .05.
Results
Of 750 female kidney transplant recipients within
their childbearing period at our center, there were 82
pregnancies (10.9%) among 49 kidney allograft
recipients (6.5%). Seventy-eight pregnancies were
planned, and 4 women became pregnant while
they were using contraception. There was 1 triple
pregnancy, 5 double, and 76 single pregnancies. Two
women had preeclampsia as maternal complication, 2
had uncontrolled hypertension, and 7 developed graft
dysfunction during their pregnancies. Regarding
mode of delivery, 47 women (57.3%) had cesarean
section, with the remaining having vaginal deliveries.
The total number of babies was 89 (86 viable, 1
intrauterine fetal death, and 2 abortions). Eight
babies were delivered prematurely with low birth
weight, and 2 needed incubators. Forty-two infants
were males and 44 were females, with mean birth
weight of 2.44 ± 0.6 kg.
Forty-nine women were maintained on a
cyclosporine-based immunosuppressive regimen
(group 1), and 33 were maintained on a tacrolimusbased regimen (group 2). The 2 groups matched
regarding demographic data (pretransplant dialysis
type, donor type, induction immunosuppression, and
pretransplant comorbidities; Table 2). Twelve patients
showed high panel reactive antibodies but without
donor-specific antibodies. The number of patients
with slow graft function immediately after transplant
was significantly higher in group 2 (6 patients, 18.1%)
than in group 1 (1 patient, 2.1%) (P = .03).
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Mean serum creatinine levels were 97.9 ± 24,
109 ± 38, 100 ± 39, 120 ± 46, and 115 ± 57 μmol/L at
baseline, first, second, and third trimesters, and
postpartum, respectively. However, long-term graft
function was significantly better in group 2 patients
(P = .001).
Fetal outcomes in women maintained on tacrolimus were worse (2 abortions [6.1%] and 1 intrauterine
fetal death [3.3%]); however, these results were not
significant (P = .16; Table 3). The mean fetal body
weight was comparable in both groups (2.5 ± 0.7 vs
2.57 ± 0.6; P = .97). Urinary tract infection in 1 patient
was easily controlled by oral antibiotics.
Table 2. Demographic Characteristics of Study Patients
CyclosporineBased Group
(n = 49), No. (%)

Pretransplant dialysis
• Preemptive
• Hemodialysis
• Peritoneal dialysis
Donor type
• Living related
• Living unrelated
• Deceased
Induction immunosuppression
• None
• Basiliximab
• Thymoglobulin
• Antithymocyte globulin
• Unknown
Initial graft function
• Immediate
• Slow graft function

TacrolimusBased Group
(n = 33), No. (%)

P
Value

1 (2)
46 (93.9)
2 (4.1)

2 (6.1)
31 (93.9)
0 (0)

.33

18 (36.7)
22 (44.9)
9 (18.4)

9 (27.3)
22 (66.7)
2 (6.1)

.105

5 (10.2)
9 (18.4)
4 (8.2)
8 (16.3)
23 (46.9)

5 (15.2)
8 (24.2)
6 (18.2)
3 (9.1)
11 (33.3)

.4

48 (97.9)
1 (2.1)

27 (81.9)
6 (18.1)

.03

Table 3. Maternal and Fetal Characteristics of Pregnant Study Patients
CyclosporineBased Group
(n = 49), No. (%)

Use of contraception
Planned pregnancy
Complications during pregnancy
Graft dysfunction
Preeclampsia
Uncontrollable hypertension
Kidney graft condition at last
follow-up
Functioning
Failed
Lost to follow-up
Delivery mode
Caesarian section
Normal vaginal
Outcome of delivery
Healthy full term
Premature
Dead (intrauterine fetal death)
Abortion
Sex of baby
Male
Female
Number of babies
Single
Twin
Triplet

TacrolimusBased Group
(n = 33), No. (%)

P
Value

2 (4.1)
47 (95.9)

2 (6.1)
31 (93.9)

.127
.68

5 (10.2)
1 (4.1)
1 (2)

2 (6.1)
1 (3.1)
1 (3.1)

.53

39 (79.6)
5 (10.2)
5 (10.2)

27 (81.8)
6 (18.2)
0 (0)

.11

25 (51)
24 (49)

22 (66.7)
11 (33.3)

.17

43 (87.8)
6 (12.2)
0 (0)
0 (0)

28 (84.8)
2 (6.1)
1 (3.3)
2 (6.1)

.424

25 (42.9)
28 (57.1)

17 (53)
16 (47)

.642

45 (91.8)
4 (8.2)
0 (0)

28 (93.3)
1 (3.3)
1 (3.3)

.313
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Discussion
Female kidney transplant recipients can regain
fertility early after kidney transplant, enabling
women to get pregnant. Pregnancy after kidney
transplant has been considered as having a high risk
for maternal and fetal complications; however, it can
be successful if the patient is properly selected.
From 750 kidney transplant patients within their
childbearing period, there were 82 pregnancies
(10.9%) among 49 kidney allograft recipients (6.5%)
at our center. Hold and associates reported that
optimal contraception is important to initiate before
transplant in women of childbearing age.15 Four
patients in our cohort became pregnant while using
contraceptions. This could be explained by the failure
rate of different methods of contraception as reported
by Kenny and colleagues, who showed that contraceptions should be used before transplant because
women could become pregnant during the peritransplant period.16 The optimal timing of pregnancy
depends somewhat on the circumstances of the
transplant recipient. Historically, the recommendation
has been to wait 2 years after successful transplant.17
This recommendation has been replaced by the
American Society of Transplantation Consensus
Opinion, which has stated that, as long as graft
function is optimal (defined as a serum creatinine
< 1.5 mg/dL, with < 500 mg/24 h protein excretion),
no concurrent fetotoxic infections are present, the
patient is not using teratogenic or fetotoxic
medications, and immunosuppressive dosing is
stable at maintenance levels, the patient can safely
proceed with the pregnancy.18 We have adopted this
policy at our center, with education sessions
delivered to all female transplant patients within
their childbearing period.
Coscia and associates reported that the incidence
of preeclampsia in renal transplant recipients ranges
between 24% and 38%, with a 6-fold higher risk,
compared with an incidence of 4% to 5% in the general
population.9 In our study, 2 women had preeclampsia
and 2 had uncontrolled hypertension. The lower
prevalence of preeclampsia and uncontrolled hypertension among our cohort could be due to the low-risk
factors before conception (according to the American
Society of Transplantation Consensus Opinion), with
patients having stable graft function, minimal or no
proteinuria, and none or 1 antihypertensive agent at
the start of pregnancy. Moreover, we closely monitor
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our patients for potential high-risk pregnancies, and
all patients are maintained on aspirin.
Sibanda and colleagues reported that hypertension was common in kidney transplant recipients
with a reported incidence of 52% to 69%.8 Duley and
associates19 documented that antihypertensives
should be initiated if blood pressure is consistently
higher than 140/90 mm Hg. Alpha-methyldopa and
hydralazine are the traditional agents that have been
used safely for controlling blood pressure during
pregnancy. Other antihypertensive agents that are
safe during pregnancy include beta-blockers and
calcium channel blockers. Angiotensinogen-converting
enzyme inhibitors are contraindicated due to their
association with pulmonary hypoplasia and oligohydramnios in fetus. Low-dose aspirin can reduce the
risk of preeclampsia in high-risk patients and should
be given to all renal transplant recipients.19
The lower prevalence of hypertension in our
cohort (4 of 82 patients) could be explained by the
lower number of antihypertensive agents used by
our patients before conception. All women with
hypertension received alpha-methyldopa alone
(n = 2) or in combination with a calcium channel
blocker (n = 2).
In our study, 11 women developed graft dysfunction (5 in group 1 and 6 in group 2; P > .05)
during their pregnancies. Twelve patients showed
high panel reactive antibodies but without donorspecific antibodies. Stratta and colleagues20 reported
that pregnancy is a state of immunologic tolerance
associated with immune-depressant activity of
lymphocytes, which creates tolerance to the fetus and
which may benefit the renal allograft. However, there
is a possibility that the antigenic stimulus provided
by the fetus may trigger graft rejection as well. In
addition, acute rejection may be higher in the
postpartum period due to return to normal
immunosurveillance status.20 As shown previously,
the rate of allograft rejection is not increased during
pregnancy or 3 months postpartum and varies
between 1% and 14.5%, which is comparable to
nonpregnant transplant recipients.9,21 We reported 2
resistant rejections that resulted in graft failure; in
these patients, the pregnancies were terminated
fruitfully (1 patient was on dialysis support until
labor). The remaining graft losses were due to
nonimmunologic causes.
The risk of requiring cesarean section in renal
transplant recipients is higher than in the general
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population, with a reported incidence of 43% to
64%.9,22 Our higher prevalence of cesarean section
(57.3%) matched that reported by Bramham and
associates, who showed that the likelihood of
cesarean section in renal transplant recipients from a
UK transplant registry was 5-fold higher and was
twice as common compared with the general
population (64% vs 24%), with most because of fetal
distress and 3% due to the presence of the renal
allograft.22 In our cohort, concern for the fetus was
the main cause of cesarean delivery.
In our study, there were 86 viable births of 89
babies, with 8 babies delivered prematurely with low
birth weight (2 needing incubators). This result
matched observations from Coscia and associates9
and Sibanda and colleagues8 who reported that the
rate of live births in allograft recipients is comparable
to the general population and ranges from 71% to
79%. In addition, they reported that the incidence of
preterm delivery was as high as 40% to 60% versus
5% to 15% in the general population and occurs
mostly because of maternal or fetal compromise
rather than spontaneous preterm labor.9 High serum
creatinine ≥ 1.7 mg/dL and the presence of maternal
hypertension can predispose to preterm delivery.8 In
addition, renal transplant patients have a high
incidence of preterm birth (52% to 53%), low birth
weight (42% to 46%), and intrauterine growth retardation (30% to 50%).9,20,23 Renal allograft recipients
have a 13-fold higher risk of preterm deliveries, 12-fold
higher risk of low-birth-weight babies, and 5-fold
higher risk of small for gestation babies compared with
the general population as reported by Bramham and
colleagues.22 The mean gestational age for newborns
is 35.6 weeks with mean birth weight of 2420 g.24 The
miscarriage rate ranges from 11% to 26% versus 8%
to 9% in the general population; however, there is no
higher risk of perinatal mortality in the absence of
risk factors of hypertension, proteinuria, and
impaired allograft dysfunction.8,9,22
Long-term graft function was significantly better in
our group 2 (tacrolimus) patients (P = .001) (Figure 1).
Such an observation could be explained by the better
immunosuppressive effects of tacrolimus and less
nephrotoxicity. Stoumpos and associates reported that
there was no difference in estimated glomerular
filtration rate at 1, 5, and 10 years in pregnant women
compared with nonpregnant controls, and pregnancy
was not associated with worse 10-year allograft or
20-year patient survival.25
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Figure 1. Graft Function as Represented by Serum Creatinine Levels at Different Time Intervals

Abbreviations: m, month; SCr, serum creatinine (in μmol/L); Tac, tacrolimus

Conclusions
Posttransplant pregnancy could be successful in
most renal allograft recipients but can have increased
risk of fetal and maternal complications, including
low birth weight, spontaneous abortion, and
preeclampsia. However, with meticulous follow-up,
outcomes can be successful without significant
adverse effects. Tacrolimus may be beneficial to longterm graft survival.
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Efficacy of 2 Doses of Rituximab on B-Cell and Antidonor
Antibody and Outcomes of ABO-Incompatible LivingDonor Pediatric Kidney Transplant
Yuko Hamasaki,1,2 Atsushi Aikawa,1 Yoshihiro Itabashi,1 Masaki Muramatsu,1 Yoji Hyoudou,1
Kazunobu Shinoda,1 Yusuke Takahashi,1,2 Kei Sakurabayashi,1 Toshihide Mizutani,1
Hideyo Oguchi,1 Takeshi Kawamura,1 Ken Sakai,1 Seiichiro Shishido1,2
Abstract
Objectives: Rituximab treatment strategies vary in ABOincompatible pediatric kidney transplant recipients.
Here, we present the efficacy of 2 doses of rituximab
and subsequent outcomes in ABO-incompatible
pediatric kidney transplant patients.
Materials and Methods: Our study of ABO-incompatible
pediatric kidney transplant recipients included 21 who
were pretreated with desensitization that included 2
doses of 100 mg rituximab (rituximab group) at 10 and
1 day pretransplant and 14 who received splenectomy
without rituximab (splenectomy group). Both groups
received immunosuppression. Basiliximab was administered during transplant and 4 days posttransplant.
Double-filtration plasmapheresis and/or plasma
exchange procedures were performed pretransplant
in those with higher antidonor antibody titers. CD19positive and CD20-positive B cells were measured
sequentially in the rituximab group. Maximum titers
of antidonor antibody pre- and posttransplant, patient
and graft survival, biopsy-proven rejection, and
complications/infections were compared between
groups.
Results: In the rituximab group, CD19- and CD20positive B cells were depleted on transplant, persistently depleted at 3 months, and under 5% until 1
year posttransplant. Maximum titers of antidonor
antibodies decreased significantly posttranplant in
the rituximab (P < .001) but not in the splenectomy
group (P = .174), with maximum titers posttransplant
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significantly lower than shown in the splenectomy
group (P < .001). No rituximab patients had clinical
rejection, but 5 splenectomy group patients had
clinical T-cell-mediated rejection, with 2 also having
antibody-mediated rejection. Six in the rituximab
group had cytomegalovirus viremia but no cytomegalovirus disease; however, 5 splenectomy group
recipients had cytomegalovirus disease and viremia.
In the rituximab group, 3 had late-onset neutropenia.
One child died of hypertrophic cardiomyopathy with
a functioning graft; all others survived with no failed
grafts. All splenectomy group children survived,
although 2 had deteriorated graft function.
Conclusions: Two doses of rituximab were effective in
long-term B-cell depletion to suppress antidonor
antibodies. The possibility of late-onset neutropenia
must be considered.
Key words: Antibody-mediated rejection, CD19, CD20,
Renal transplant
Introduction
Rituximab is used to deplete B cells to suppress
antidonor antibodies (ADAb) in ABO-incompatible
pediatric kidney transplant recipients.1 Splenectomy
requires surgery and may then induce serious
pneumococcal infection in young children.2 Therefore,
in our clinic, we have established a standard protocol
since 2009 to use rituximab instead of splenectomy to
suppress ADAb in ABO-incompatible pediatric
kidney transplant patients. However, the optimal
dose and timing of rituximab are still unknown in
these patients. In most American3 and European4,5
transplant centers, the dose of rituximab is 375 mg/m2,
and centers routinely perform intravenous immunoglobulin and plasmapheresis treatment or immunoadsorption to reduce ADAb. In contrast, a single or
double doses of rituximab of 150 to 200 mg is given
DOI: 10.6002/ect.MESOT2018.O43
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as desensitization to suppress ADAb in adult ABOincompatible pediatric kidney transplant patients in
Japan.6-8 Double-filtration plasmapheresis (DFPP)
and plasma exchange remove not only ADAb but
also rituximab and thus results in lower serum
rituximab concentration.9 Therefore, we planned to
administer rituximab 100 mg twice as desensitization
at 10 days before and 1 day before kidney transplant
following plasma exchange. Recently, in our center,
DFPP and plasma exchange have been avoided in
children with a low titer of immunoglobulin G ADAb
(< 64). Avoiding DFPP and plasma exchange maintains higher serum concentrations of rituximab,
which will subsequently improve B-cell depletion
over a longer period.
Antibody-mediated rejection (AMR) should be
avoided in ABO-incompatible pediatric kidney
transplant patients within 2 weeks after transplant.10
AMR usually occurs due to a rebound of ADAb
following transplant; therefore, the titer of ADAb
should be as low as possible. Thus, we studied
whether 2 doses of rituximab could be effective for
desensitization in terms of CD19-positive and CD20positive cell counts and subsequent titers of ADAb. In
addition, outcomes such as complications, patient
survival, and graft survival rates were also studied.
Materials and Methods
Twenty-one ABO-incompatible pediatric kidney
transplant recipients were pretreated with a
desensitization protocol that included 2 doses of
rituximab (rituximab group). Background data of
recipients and donors in the rituximab group and
splenectomy group are shown in Tables 1 and 2. No
recipients in the rituximab group underwent
splenectomy. Fourteen ABO-incompatible pediatric
kidney transplant recipients with splenectomy and
not using rituximab were controls for comparison
with the rituximab group.
Immunosuppression consisted of cyclosporine or
tacrolimus (calcineurin inhibitor; CNI), mycophenolate mofetil, and steroids in both groups.
Mycophenolate mofetil 600 to 800 mg/m2 and CNI
were administered 10 days before transplant.
Rituximab 100 mg was administered 10 days and 1
day before transplant. Basiliximab 10 or 20 mg was
administered on day of transplant and 4 days
posttransplant. Plasma exchange and/or DFPP were
performed before transplant; however, these
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procedures were recently excluded in recipients with
a low titer (< ×64) of immunoglobulin G ADAb.
Measurements of CD19-positive and CD20-positive
B cells were performed only in the rituximab group
sequentially. The maximum titers of ADAb pre- and
posttransplant were compared between the rituximab
and splenectomy groups.
Titers were analyzed with the paired t test, Welch
t test, and chi-square test with Yates continuity
correction. Patient and graft survival, biopsy-proven
rejection, and complications, including infection,
were compared between the rituximab group and the
splenectomy group.
This study was conducted in accordance with the
principles of the Declarations of Helsinki and
Istanbul. All study procedures were approved by the
Ethical Committee of the Toho University, Omori
Medical Center (approval number: 27-236).
Table 1. Recipient and Donor Backgrounds in the Rituximab Group (N = 21)
Parameter
Recipient
Donor

Age, y
Male/female, No.
Weight, kg
PD/HD/PEKT, No.
PEX/No PEX, No.
CNI, No.
Follow-up period, mo

10.1 ± 4.8 (3-9)
14/7

41.9 ± 7.3 (31-59)
8/13 (7 fathers,
1 uncle, 13 mothers)

25.3 ± 12.3 (9.6-47.4)
13/0/8
9/12
4 (FK), 17 (CSA)
25-105

Abbreviations: CNI, calcineurin inhibitor; CSA, cyclosporine; FK,
tacrolimus; HD, hemodialysis; PD, peritoneal dialysis; PEKT, preemptive
kidney transplant; PEX, plasma exchange
Table 2. Recipient and Donor Backgrounds in the Splenectomy Group
(N = 14)
Parameter
Recipient
Donor

Age, y
Male/female, No.
Weight, kg
PD/HD/PEKT, No.
PEX/No PEX, No.
CNI, No.
Follow-up period, mo

13.2 ± 4.0 (6-19)
4/10

42.5 ± 6.4 (32-59)
3/11 (3 fathers,
11 mothers)

30.0 ± 14.2 (12.9-55.0)
4/11/1
14/0
8 (FK), 6 (CSA)
157-300

Abbreviations: CNI, calcineurin inhibitor; CSA, cyclosporine; FK,
tacrolimus; HD, hemodialysis; PD, peritoneal dialysis; PEKT, preemptive
kidney transplant; PEX, plasma exchange

Results
CD19-positive and CD20-positive B cells were
depleted on transplant, and this depletion persisted
for 3 months posttransplant in the rituximab group
(Figures 1 and 2). The rates of CD19-positive
and CD20-positive B cells in the peripheral blood of
recipients in the rituximab group remained
below 5% in 20 of 21 recipients until 1 year
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posttransplant. The maximum titers of the ADAb
decreased significantly (P < .001) posttransplant in
the rituximab group (log2n: n = 3.00 ± 2.74
pretransplant and n = 1.52 ± 1.83 posttransplant;
Figure 3, a and b). In contrast, these titers
did not decrease in the splenectomy group (log2n:
n = 3.93 ± 2.76 pretransplant and n = 5.07 ± 1.14
Figure 1. CD20-Positive B Cells in the Rituximab Group

Figure 2. CD19-Positive B Cells in the Rituximab Group
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posttransplant; P = .174). Pretransplant values were
not significantly different between the 2 groups, but
maximum titers posttransplant in the rituximab
group were significantly lower than those in the
splenectomy group (P < .001). Maximum titers in the
rituximab group decreased or remained at 0
posttransplant in 20 of the 21 children in the
rituximab group and decreased in 3 of the 14 children
in the splenectomy group. Children in the rituximab
group tended to have decreased ADAb compared
with those in the splenectomy group (P < .001).
Regarding these results, rituximab appeared to
suppress ADAb production more than splenectomy.
In the rituximab group, there were no cases of
clinical rejection, but protocol biopsies 3 months
posttransplant revealed subclinical rejection (4 with
borderline, 1 with AMR, and 1 with grade 2A) in 6 of
the 21 recipients. In the splenectomy group, 5
recipients had clinical T-cell-mediated rejection
(TMR; 4 with grade 1A, 1 with grade 2A, and 1 with
grade 1B). Two of the 5 recipients with TMR also had
clinical AMR. Protocol biopsies at 3 months
posttransplant revealed subclinical rejections (4 with
borderline, 1 with AMR, and 1 with grade 2A). The
incidence of clinical acute rejection episodes, either
of AMR or TMR, was higher in the splenectomy
group than in the rituximab group (P < .001, chisquare test with Yates continuity correction).
In the rituximab group, 7 of the 21 recipients had
cytomegalovirus (CMV) viremia but none had CMV
disease. One child had Aspergillus pneumonia and
one had adenovirus hemorrhagic cystitis. In contrast,
5 of the 14 transplant recipients in the splenectomy
group had CMV disease with CMV viremia. One

Figure 3. Maximum Titers of Antidonor Antibodies in the Splenectomy (A) and Rituximab (B) Groups

108

Yuko Hamasaki et al/Experimental and Clinical Transplantation (2019) 1:105-109

child had herpes zoster and 1 had adenovirus
hemorrhagic cystitis. In the rituximab group, 3
children developed late-onset neutropenia (absolute
neutrophil counts of 14/μL, 845/μL, and 126/μL) at
4, 2, and 4 months posttransplant, although all
patients recovered from neutropenia after treatment
with granulocyte colony-stimulating factor. One
child died of hypertrophic cardiomyopathy with a
functioning graft 8 months posttransplant. However,
20 patients survived without any failed grafts
(follow-up period of 8-105 mo). In the splenectomy
group, 2 patients had deteriorated graft function, but
all 14 recipients survived (follow-up period of 180300 mo).
Discussion
The optimum dosage and timing of rituximab in
ABO-incompatible pediatric kidney transplant
recipients is still unknown. Tyden and associates5
reported a dose of rituximab of 375 mg/m2 once at 4
weeks before immunoadsorption. Stojanovic and
associates4 also administered rituximab 1 month
before transplant but only in children with a titer of
ADAb ≥ ×8. Toki and associates11 demonstrated that
spleen and peripheral B cells were depleted after a
dose of 35 to 300 mg of rituximab. In addition,
Kamburova and associates12 demonstrated that a
single dose of rituximab does not deplete B cells in
secondary lymphoid organs.
In our clinic, we still perform DFPP and/or plasma
exchange to reduce ADAb in children with a high titer
of > ×64 for ABO-incompatible pediatric kidney
transplant patients. McDonald and associates9 showed
that serum rituximab concentrations were significantly
lower in patients with plasma exchange. We previously
determined in an unpublished study that the removal
rate of rituximab was 81.9% with DFPP and 50.5%
with plasma exchange. Based on these findings, we
decided to administer rituximab 100 mg twice at 10
days and 1 day before transplant following plasma
exchange. In the rituximab group, 12 of the 21 children
had no plasma exchange procedure pretransplant and
thus may have maintained higher serum rituximab
levels. The procedure of plasma exchange itself,
including insertion of a blood access catheter and
even immunoadsorption, poses a great risk and
burden for children with peritoneal dialysis.
However, ADAb-removal procedures such as DFPP,
plasma exchange, and immunoadsorption are not
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more important than desensitization because these
procedures never suppress the production ADAb
but rather remove ADAb. Once AMR, including
hyperacute rejection, occurs, ADAb production is
accelerated by a complement-cascade reaction, and
ADAb-removal procedures are not able to inhibit this
reaction. Therefore, these procedures were excluded
in 12 children with lower titers of ADAb (< ×64) in
the rituximab group. Despite this, the 12 children had
no clinical AMR.
The levels of CD19-positive and CD20-positive B
cells remained depleted 3 months after transplant.
Twenty of the 21 children had no rebound of the titer
of ADAb posttransplant, and 1 patient had increased
ADAb only to ×32. The cause of AMR was not ADAb
against red blood cells but rather against the vascular
endothelium in which the A or B blood group antigens
are rich but are different from those in a red blood cell
membrane.13 Therefore, rebound of the titer of ADAb
posttransplant is likely due to an increase of
antibodies against the vascular endothelium.
Suppression of ADAb in the rituximab group was
significantly stronger than in the splenectomy group.
However, there were no differences between groups
in terms of the dose or timing of mycophenolate
mofetil, steroids, and CNI except for rituximab dose.
Therefore, 2 doses of rituximab seemed to improve
B-cell depletion and ADAb suppression, thus
lowering AMR incidence. Infection was controlled
better in the rituximab group than in the splenectomy
group. Lee and associates14 reported that standarddose rituximab (375 mg/m2) was an independent risk
factor for serious infections but had no relationship
with rejection, renal function, graft survival, and
patient survival compared with reduced-dose
rituximab (200 mg). Incidence of CMV disease was
much higher in the splenectomy group because
antigenemia monitoring was not strict and
prophylactic use of valganciclovir was not adopted
in the splenectomy group.
Late-onset neutropenia is a complication of
rituximab, although it is curable with granulocyte
colony-stimulating factor treatment. Two of the 21
children (9.5%) had late-onset neutropenia in this
study, but this rate was much lower than shown in
other studies.7,15 In addition, late-onset neutropenia
did not induce serious bacterial or opportunistic
infections in our pediatric patients. However, doctors
and coordinators should note the recipients’ white
blood cell counts in an outpatient transplant clinic.
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Patient and graft survival rates in ABOincompatible pediatric kidney transplant recipients
were not different from those in ABO-compatible
pediatric transplant recipients.16 In fact, only 1 of the
21 recipients died (of hypertrophic cardiomyopathy)
but had a functioning graft; the remaining 20
children survived with a functioning graft.
Long-term dialysis is not a good option for
children. Preemptive ABO-incompatible kidney
transplant should be recommended as a first-line
treatment for children with end-stage renal disease.
Conclusions
Two doses of rituximab are effective for B-cell
depletion and for lowering the titer of ADAb in ABOincompatible pediatric kidney transplant. In our
study, there were no clinical AMR episodes, although
protocol biopsies showed low incidence of
subclinical AMR episodes. There were no serious
complications, including infection, in the rituximab
group posttransplant. Patient and graft survival
outcomes were excellent. Antibody removal
procedures in children with < ×64 ADAb are not
necessary if 2 doses of rituximab are used for
desensitization. This treatment is beneficial for
children who receive preemptive ABO-incompatible
kidney transplant and children on peritoneal dialysis
without blood access.
References
1. Aikawa A, Saito K, Takahashi K. Trends in ABO-incompatible kidney
transplantation. Exp Clin Transplant. 2015;13 Suppl 1:18-22.
2. Karatzas NB. Fatal pneumococcal septicemia after splenectomy. Br
Med J. 1966;2(5528):1500-1501.
3. Segev DL, Simpkins CE, Warren DS, et al. ABO incompatible hightiter renal transplantation without splenectomy or anti-CD20
treatment. Am J Transplant. 2005;5(10):2570-2575.

109

4. Stojanovic J, Adamusiak A, Kessaris N, et al. Immune
desensitization allows pediatric blood group incompatible kidney
transplantation. Transplantation. 2017;101(6):1242-1246.
5. Tyden G, Kumlien G, Berg UB. ABO-incompatible kidney
transplantation in children. Pediatr Transplant. 2011;15(5):502-504.
6. Okumi M, Toki D, Nozaki T, et al. ABO-incompatible living kidney
transplants: evolution of outcomes and immunosuppressive
management. Am J Transplant. 2016;16(3):886-896.
7. Kabei K, Uchida J, Iwai T, et al. Late-onset neutropenia and acute
rejection in ABO-incompatible kidney transplant recipients
receiving rituximab and mycophenolate mofetil. Transpl Immunol.
2014;31(2):92-97.
8. Okada M, Watarai Y, Iwasaki K, et al. Favorable results in ABOincompatible renal transplantation without B cell-targeted
therapy: Advantages and disadvantages of rituximab pretreatment. Clin Transplant. 2017;31(10).
9. McDonald V, Manns K, Mackie IJ, Machin SJ, Scully MA. Rituximab
pharmacokinetics during the management of acute idiopathic
thrombotic thrombocytopenic purpura. J Thromb Haemost. 2010;
8(6):1201-1208.
10. Takahashi K. Recent findings in ABO-incompatible kidney
transplantation: classification and therapeutic strategy for acute
antibody-mediated rejection due to ABO-blood-group-related
antigens during the critical period preceding the establishment
of accommodation. Clin Exp Nephrol. 2007;11(2):128-141.
11. Toki D, Ishida H, Horita S, Setoguchi K, Yamaguchi Y, Tanabe K.
Impact of low-dose rituximab on splenic B cells in ABOincompatible renal transplant recipients. Transpl Int. 2009;22(4):
447-454.
12. Kamburova EG, Koenen HJ, Borgman KJ, ten Berge IJ, Joosten I,
Hilbrands LB. A single dose of rituximab does not deplete B cells
in secondary lymphoid organs but alters phenotype and function.
Am J Transplant. 2013;13(6):1503-1511.
13. Tasaki M, Yoshida Y, Miyamoto M, et al. Identification and
characterization of major proteins carrying ABO blood group
antigens in the human kidney. Transplantation. 2009;87(8):11251133.
14. Lee J, Lee JG, Kim S, et al. The effect of rituximab dose on
infectious complications in ABO-incompatible kidney transplantation. Nephrol Dial Transplant. 2016;31(6):1013-1021.
15. Ishida H, Inui M, Furusawa M, Tanabe K. Late-onset neutropenia
(LON) after low-dose rituximab treatment in living related kidney
transplantation--single-center study. Transpl Immunol. 2013;28
(2-3):93-99.
16. Hattori M, Mieno M, Shishido S, et al. Outcomes of pediatric ABOincompatible living kidney transplantations from 2002 to 2015:
An analysis of the Japanese Kidney Transplant Registry.
Transplantation. 2018;102(11):1934-1942.

Consequences of More Coordinator Engagement to Take
Consent for Organ Donation: Comparisons of New Versus
Experienced Staff
Farahnaz Sadegh Beigee, Mojtaba Mohsenzadeh, Shagin Shahryari, Meysam Mojtabaee,
Masoud Mazaheri
Abstract
Objectives: The method of obtaining family consent for
organ donation after occurrence of brain death in Iran
is an opt-in process. Because of complicated cultural,
legal, religious, and familial structures in Iran, it is not
simple to take consent for organ donation in brain
death situations. The process needs the professional
staff to be experienced and have an appropriate
personality to obtain consent.
Materials and Methods: We previous used a limited
number of experienced coordinators to take consent.
We revised our decision 2 years ago because of lack of
trained personnel. From the beginning of 2017, we
have started training courses regarding approaching
families for donations for all interested coordinators.
After participants finished the theoretical and practical
training, we allowed them to interview themselves to
practice a first evaluation for a suitable potential
donor. We have continued this strategy and have
gathered feedback from participating coordinators.
Results: At the beginning of 2017, 9 coordinators who
were previously qualified for handling other steps of
organ donation were put into a compact training
program to train for family interviews. In 2016, the
experienced interviewers had a 88% success rate
compared with a success rate of 83% in 2017 for
inexperienced interviewers (P = .1). No significant
differences were shown. Despite younger ages of
donors obtained in 2017, median donated organs per
donor decreased from 2.81 to 2.66. The average time
interval between first contact with families and
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establishment of family consent was not significantly
different between experienced and inexperienced
coordinators (9.2 vs 8.7 h).
Conclusions: Although with the new strategy we
experiensed a decrease in the consent rate, we believe
this strategy will have long-term beneficial effects for
our organization and the decreased rate will be a
temporary decline. Interviews showed that this
strategy made our coordinators more motivated and
responsible for their job. As a result, both volume and
quality of organ procurement activities will be
increased.
Key words: Brain death, Deceased donors, Family consent,
Transplant coordinators
Introduction
Family consent for organ donation is no longer a
nightmare for many Organ Procurement Units
(OPU). After a decade of huge cultural and
educational activities, staff members in our OPU are
more comfortable in obtaining family consent. The
Shahid Beheshti University of Medical Sciences OPU
has been active from 2004, so far interacting with
families of 1863 deceased potential donors, resulting
in 1795 organ retrieval operations and 5003 donated
organs as of the end of 2017. The organ donation rate
per million population has risen to 30. With the
consideration of our process being an opt-in one and
the ethnic diversity of our population,1 this number
compares well with other OPUs in the country and in
the whole continent. Table 1 summarizes the hospitals
and beds that are covered by our center.
Recruitment of new coordinators is a vital step in
further development of any OPU.2 In many settings,
a lack of knowledge exists regarding organ donation
and transplant medicine among physicians, including
specialists.3,4 Therefore, in addition to careful selection
of coordinators with certain personality and comDOI: 10.6002/ect.MESOT2018.O50
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munication skills and proper training, allowing
advancement into new levels of coordination is helpful
for building and maintaining the future labor force.
Table 1. Summary of Hospital Beds Under Coverage of the Shahid Beheshti
University of Medical Sciences Organ Procurement Unit
Total Number

447
66
6
54
14
137
45
18
6
793
73
5 488 230

Non-University
Hospital

308
59
0
41
0
113
22
0
4
547
53

University
Hospital

139
7
6
13
14
24
23
18
2
246
20
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different between experienced and inexperienced
coordinators (9.2 vs 8.7 hours).
Figure 1. Monthly Family Consent Rate in 2016 and 2017

Intensive Care
Unit Type

General
Internal medicine
Infectious
General surgery
Neurosurgery
Open heart
Pediatric
Poison
Burn
Total
Number of Hospitals
Covered population

Materials and Methods
With the purpose of increasing involvement of more
coordinators in the family interview process, we
began a strategy of engaging inexperienced coordinators in 2017. The family consent rates before and
after initiation of this strategy were compared.
Monthly statistics were also considered.
Results
At the beginning of 2017, 9 coordinators who were
previously qualified for handling other steps of
organ donation were put into a compact training
program and entered into the family interview
process. Among this group, 2 coordinators had to
leave the interview team because of a more than twothirds failure rate to obtain consent. In 2017, 3
experienced coordinators who formed the interview
team in 2016 had 88% success rate compared with a
rate of 83% for the new inexperienced interviewers,
with no significant differences (P = .1).
Figure 1 shows the consent rates in 2016 and 2017,
which are clustered by month. The mean age of
donors had reduced significantly from 36.2 ± 16.4
years to 31.1 ± 15.8 years (P = .04), which may have
been due to differences in type of hospital, which
included trauma and nontrauma centers.
Despite the younger age of donors in 2017, the
median number of donated organs per donor
decreased from 2.81 to 2.66. The average time
interval between first contact with families and
establishment of family consent was not significantly

Discussion
We found that organ donation directors can approbate use of younger or less experienced coordinators as family interviewers after completion of a
proper training program. Albeit flawless family
consent can only be achieved after exact assessment
of the family’s and the donor’s situation, the
interviewer’s character and abilities also play
important roles. In other words, every case is a unique
one that involves certain compatibility criteria from the
coordinator. There have been certain donor/donor
family characteristics in the literature that are
accompanied with variable consent rates. These
include donor age,5 number of family members,1,6
language and ethnicity of donor and coordinator,7,8
religious adherence,9 positive perception of the
coordinator from the family at first contact,10 and
educational and socioeconomic levels.11,12
The above facts should be kept in mind when we
can train coordinators for family interviews. Our
training strategy allows trainees to gradually earn
more experience and to then work under supervision; once trained, they will be ready for
challenging cases regarding the above-mentioned
characteristics for more difficult consent situations.
With proper coordinator-donor/donor family case
selection, we can develop new OPUs and also
amplify our work force to extend organ donation.13,14
Conclusions
Although our new strategy resulted in a nonsignificant
decrease in consent rate, we believe this strategy will
have long-term benefits for our organization, allowing
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it to be stronger despite this temporary decline in
rate. This strategy made our coordinators more
motivated and responsible for their job according to
our interviews. As a result, both volume and quality
of organ procurement activities will be increased.
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Management of Chronic Active Antibody-Mediated
Rejection in Renal Transplant Recipients:
Single-Center Experience
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Abstract
Objectives: Data on the management of chronic
antibody-mediated rejection after kidney transplantation are limited. We aimed to assess the impact
of treatment of biopsy-proven chronic active antibodymediated rejection with combined plasma exchange,
intravenous immunoglobulin, and rituximab treatment
versus intravenous immunoglobulin alone or conservative management on the evolution of renal function
in renal transplant recipients.
Materials and Methods: In this retrospective study, we
compared patients diagnosed with chronic active
antibody-mediated rejection who were treated with
standard of care steroids, intravenous immunoglobulin, plasma exchange, and rituximab (n = 40) at
our center versus those who received intravenous
immunoglobulin only or just intensified maintenance
immunosuppression (n = 28). All patients were
followed for 12 months clinically and by laboratory
tests for graft and patient outcomes.
Results: The two groups were matched regarding mean
recipient age (41.9 ± 15.4 vs 37.8 ± 15.5 y in patients
with conservative versus combined treatment),
recipient sex, mean body weight, and the cause of
end-stage kidney disease. Most patients and their
donors were males. Glomerulonephritis represented
the most common cause of end-stage kidney disease
in both groups followed by diabetic nephropathy. The
type of induction and pretransplant comorbidities
were not different between groups (P > .05) except for
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the significantly higher number of chronic hepatitis C
infections in patients who received conservative
treatment (P = .007). Mean serum creatinine values
before and after treatment of chronic active antibodymediated rejection were comparable between groups
(P > .05). Active treatment with heavier immunosuppression (rituximab and plasma exchange) was
associated with posttreatment viral (cytomegalovirus
and BK virus) and bacterial infections that necessitated
more hospitalization (P > .05). However, graft and
patient outcomes were significantly better in the active
treatment group than in patients with conservative
treatment (P = .002 and .028, respectively).
Conclusions: Combined treatment of chronic active
antibody-mediated rejection with plasma exchange,
intravenous immunoglobulin, and rituximab can
significantly improve outcomes after renal transplant.
Key words: End-stage kidney disease, Kidney transplant,
Rituximab
Introduction
Despite chronic active antibody-mediated rejection
(ABMR) being one of the main causes for late graft
dysfunction,1-3 there have been no approved drugs for
its prevention and/or treatment.4 It is characterized by
a silent clinical evolution that can delay its diagnosis.5,6
Since its description in 2005, its diagnostic criteria have
been modified.7 The diagnosis of chronic active ABMR
requires C4d deposition in peritubular capillaries in
addition to suggestive histopathologic lesions and the
presence of donor-specific antibodies (DSAs). The
most characteristic morphologic lesion of chronic
active ABMR is transplant glomerulopathy, although
it is not specific.8-11
Some retrospective studies have shown that a
combined treatment, which may include antibody
removal, intravenous immunoglobulin (IVIG),
DOI: 10.6002/ect.MESOT2018.O58
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rituximab, eculizumab, or bortezomib, can result in
improved renal function in some patients.12 However,
reversal of acute renal functional deterioration is
limited in long-term follow-up.13
The efficacy of different strategies to treat chronic
ABMR is unclear. Some small, uncontrolled studies
have suggested a beneficial effect of combined
treatment based on IVIG and rituximab.14,15 However,
published data on the efficacy and safety of this
treatment are scarce. In this study, our aim was to
assess the effects of treatment of biopsy-proven
chronic active ABMR with combined plasma
exchange, IVIG, and rituximab compared with IVIG
alone or conservative management on the evolution
of renal function in renal transplant recipients.
Materials and Methods
In this retrospective study, we evaluated 65 renal
transplant recipients who developed biopsy-proven
chronic active ABMR between July 2004 and May 2010
according to the Banff 2005 and 2007 classification.1,7
For detection of C4d in peritubular capillaries, we used
a polyclonal anti-C4d antibody (C4dpAb; Biomedica,
Vienna, Austria) as described elsewhere in detail.16
Chronic active ABMR was defined as the presence of
chronic transplant glomerulopathy (cg score > 0) either
with or without C4d deposition in peritubular
capillaries and the presence of anti-HLA DSAs
determined with immunology tests. All patients were
followed up in the Hamed Al-Essa Organ Transplant
Center of Kuwait. All patients had been subjected to
graft biopsy and C4d staining.
Patients were subcategorized into 2 groups: those
who did not receive therapy or received only IVIG
represented group 1 (n = 28 patients), and those who
received combined rituximab, plasma exchange, and
IVIG represented group 2 (n = 37). All patients were
older than 18 years, and all provided informed written
consent to receive chronic active ABMR treatment.
Inclusion required a negative pregnancy test in women
of childbearing age. Exclusion criteria included active
neoplasia or history of neoplasia during the last 5
years, except for nonmelanoma skin cancer, active
bacterial, viral, or fungal infections, and history of
hypersensitivity reaction to any of the treatments.
Immunosuppression
The initial immunosuppressive therapy posttransplant
consisted of a triple regimen of cyclosporine micro-

Exp Clin Transplant

emulsion in 39 patients, tacrolimus in 22 patients, in
conjunction with mycophenolate mofetil, and
prednisolone. Calcineurin inhibitor doses were
gradually decreased until the end of year 1, guided
by 12-hour trough level. All patients were given
cytomegalovirus (CMV) and Pneumocystis jiroveci
pneumonia prophylaxis for 6 months in a dose according to estimated glomerular filtration rate (eGFR).
After diagnosis of chronic active ABMR, patients
in group 2 received 1 volume of plasma exchange
every other day for 5 sessions using 5% human
albumin or fresh frozen plasma as replacement based
on daily coagulation profile of the patient. In
addition, high-dose IVIG (2 g/kg to maximum of 120 g)
was given on 5 consecutive daily doses after plasma
exchange. Finally, a single dose of rituximab was
added at the end of the last dose of IVIG with dose of
375 mg/m2 adjusted based on the patient’s body
surface area. Complete blood counts, blood culture
and sensitivity, urine culture and sensitivity, chest
radiography, and electrocardiogram were performed
before rituximab was given. Group 2 patients also
received premedication in the form of injection of
methylprednisolone (250 mg in 100 mL normal
saline) over 30 minutes, intravenous injection of
hydrocortisone (100 mg), chlorpheniramine maleate
(2 mg tablet), and paracetamol (1 g tablet). Infusion
was given slowly as follows: 50 mL/hour during the
first hour and 75 mL/hour over the next 30 minutes,
which was then increased by 25 mL every 30 minutes
until the end of infusion.
Patients in group 1 received only IVIG or were
maintained on a more potent maintenance immunosuppression regimen.
Response to antibody-mediated rejection therapy
was defined as reduced eGFR by at least 30% in the
period 6 months after initiation of therapy compared
with the period 6 months before intervention.
Patient follow-up
All patients were evaluated monthly for kidney graft
function using eGFR according to the Modification
of Diet in Renal Disease equation at baseline and 1
year after treatment. Patients who had graft loss 12
months after treatment of chronic active ABMR were
assigned a 12-month eGFR of 0 mL/min/1.73 m2.
Secondary outcomes were intergroup and intragroup
differences between baseline and 1 year proteinuria.
Safety was evaluated according to the information
of new or worsening adverse events as determined by
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investigators, with special stress on respiratory, urinary
infections, and opportunistic viral infections, including
CMV and BK viremia. Death with a functioning graft
and graft loss were recorded. All patients were
screened at regular intervals for BK viremia and/or
viruria according to international guidelines.15 In case
of positive results, the kidney allograft biopsy was
investigated for BK nephropathy by SV40 staining. All
patients tested negative for BK viremia and/or viruria
at the time of index biopsy.
Statistical analyses
A descriptive analysis was carried out for all
variables at baseline to check homogeneity between
groups. Nonnumerical variables were compared by
chi-square test or the Fisher exact test. Quantitative
variables were compared by t test. P < .05 was
considered significant. Statistical analyses were
performed with SPSS software (SPSS: An IBM
Company, version 22, IBM Corporation, Armonk,
NY, USA).
Results
Renal transplant recipients with biopsy-confirmed
chronic active ABMR were categorized into 2 groups
according to the management protocol given. Group
1 (28 patients) did not receive active management
(6 patients) or only received IVIG (22 patients).
Group 2 (37 patients) received combined active
treatment in the form of rituximab and plasma
exchange in addition to IVIG.
The 2 groups were matched regarding mean
recipient age (41.9 ± 15.4 vs 37.8 ± 15.5 years in group
1 vs 2) and mean body weight. Most patients in both
groups were matched with regard to recipient sex
(with most being men in both groups). Moreover,
most kidney donors were also males in both groups
(Table 1; P > .05). Glomerulonephritis represented the
most common cause of end-stage kidney disease
(ESKD) in both groups (39.3% vs 37.8%) followed by
diabetic nephropathy; both groups were comparable
regarding causes of ESKD.
The type of induction and pretransplant comorbidities were comparable between groups (P > .05)
except for a significantly higher number of chronic
hepatitis C infections in group 1 (Table 1; P = .007).
The number of patients with posttransplant
diabetes was similar between groups until the time of
chronic chronic active ABMR development (P > .05).

We found that baseline levels of mean serum
creatinine and levels at 6 months and 1 year
posttransplant were comparable between groups (P
> .05). Mean serum creatinine values before and after
treatment of chronic active ABMR were also
comparable between groups (Table 2; P > .05), with
similar findings regarding their quantitative
proteinuria (around 1.2 ± 0.5 g /day).
Table 1. Patient Demographics Before Treatment of Chronic Active
Antibody-Mediated Rejection
Only IVIG or No
Treatment Group
(n = 28)

Age, y
41.96 ± 15.4
Weight, kg
73.79 ± 23.2
Height, cm
155.25 ± 20.77
Recipient sex
• Male
16 (57.1%)
• Female
12 (42.9%)
Nationality
• Kuwait
14 (50%)
• Non-Kuwaiti
14 (50%)
Donor sex
• Male
14 (50%)
• Female
14 (49.6%)
Original kidney disease
• Unknown
7 (25.0%)
• Diabetic nephropathy
3 (10.7%)
• Hypertension
0 (0.0%)
• Glomerulonephritis
11 (39.3%)
• Other
7 (25%)
Induction
• No induction
1 (3.6%)
• Simulect
9 (32.1)
• Lymphocyte-depleting
agent
6 (21.4%)
• Not available
12 (52.2%)
Maintenance
immunosuppression
• Cyclosporine based
19 (67.9)
• Tacrolimus based
6 (21.4%)
• Other
3 (10.7%)
Pretransplant comorbidities
• Pretransplant hypertension 23 (82.1%)
• Pretransplant diabetes
mellitus
8 (28.6%)
• Pretransplant IHD
5 (17.9%)
• Pretransplant tuberculosis
1 (3.6%)
• Pretransplant HCV
7 (25.0%)
• Pretransplant bone disease 5 (17.9%)

Combined
Rituximab,
Plasma Exchange,
and IVIG Group
(n = 37)

P
Value

37.84 ± 15.5
73.27 ± 24.5
159.46 ± 17.33

.29
.93
.41

26 (70.3%)
11 (29.7%)

.27

24 (64.9%)
13 (35.1)

.228

20 (54%)
17 (45.5)

.277

8 (21.0%)
2 (5.4%)
1 (2.7%)
14 (37.8%)
12 (32.4%)

.785

1 (2.7%)
9 (24.3%)
16 (43.2%)
11 (29.0%)

.333

20 (54.1%)
16 (43.2%)
1 (2.7%)

.11

29 (78.4%)

.76

4 (10.8%)
3 (8.1%)
0 (0.0%)
1 (12.5%)
6 (16.2%)

.068
.237
.256
.007
.497

Abbreviations: HCV, hepatitis C virus; IHD, ischemic heart disease; IVIG,
intravenous immunoglobulin

We observed that there was a trend toward a higher
incidence of T-cell-mediated rejection in group 2 (14.3%
vs 7.1% in group 1) and lower incidence of biopsyproven moderate and severe interstitial fibrosis and
tubular atrophy in group 2; however, this finding was
not significant (Table 3; P > .05). As shown in Table 3,
C4d staining was significantly higher in biopsyproven chronic active ABMR of group 2 (60.7% in
group 1 vs 78.4% in group 2; P = .04).
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Table 2. Follow-Up of Patients Before Treatment of Chronic Active AntibodyMediated Rejection
IVIG or No
Combined
Treatment
Rituximab,
Group (n = 28) Plasma Exchange,
and IVIG Group
(n = 37)

Posttransplant diabetes mellitus
6 (21.4%)
Serum creatinine, µmol/L
• Baseline
110.41 ± 41.5
• 6 mo posttransplant
101.74 ± 37.4
• 12 mo posttransplant
107.11 ± 42.8
• Before chronic active ABMR 236.21 ± 74.5
• 1 year after chronic active
ABMR
419.29 ± 220.3
eGFR before chronic active
ABMR, mL/min
36
eGFR after chronic active
ABMR, mL/min
20

P
Value

8 (21.6%)

.98

111.08 ± 39.7
111.56 ± 47.07
128.94 ± 92.7
217.24 ± 111.97

.94
.37
.26
.116

371.08 ± 245.58

.41

40

.12

23

.41

Abbreviations: ABMR, antibody-mediated rejection; eGFR, estimated
glomerular filtration rate; IVIG, intravenous immunoglobulin
Table 3. Pathologic Parameters of Biopsies Showing Chronic Active
Antibody-Mediated Rejection in Both Groups
IVIG or No
Treatment
Group (n = 28)

T-cell-mediated rejection, No. (%) 2 (7.1%)
Mean glomerulosclerosis, %
20.5 ± 19.4
IFTA, No. (%)
• No
2 (5.6%)
• Mild
2 (5.6%)
• Moderate
18 (66.7%)
• Severe
6 (22.2%)
Tubular atrophy, No. (%)
• No
2 (5.6%)
• Mild
5 (16.7%)
• Moderate
16 (61.1%)
• Severe
5 (16.7%)
SV40 stain positivity
0
C4d positivity
17 (60.7%)

Combined
Rituximab,
Plasma Exchange,
and IVIG Group
(n = 37)

P
Value

5 (14.3%)
17 ± 18

.35
.54

7 (19.2%)
10 (26.9%)
16 (42.3%)
4 (11.5%)
7 (18.5%)
8 (22.2%)
17 (44.4%)
5 (14.8%)
3 (8.1%)
29 (78.4%)

P > .05). However, both graft (P = .002) and patient
(P = .028) outcomes were significantly better in group
2 (active treatment group) than in group 1 (Table 5).
Table 4. Follow-Up Parameters of Study Patients Before Treatment of
Chronic Active Antibody-Mediated Rejection
IVIG or No
Treatment
Group (n = 28)

MFI of DSA against HLA-A
• Baseline
• 3 months
• 6 months
• 12 months
MFI of DSA against HLA-B
• Baseline
• 3 months
• 6 months
• 12 months
MFI of DSA against HLA-DR
• Baseline
• 3 months
• 6 months
• 12 months

We did not find any significant differences between
groups regarding DSA levels at different follow-up
intervals after chronic active ABMR treatment
(Table 4; P > .05). Regarding response to chronic
active ABMR treatment, we found that most patients
did not respond to therapy (65.5% in group 1 vs
70.3% in group 2) and that graft function, as
represented by eGFR, remained nearly unchanged
versus that shown before treatment. The number of
patients who partially responded to treatment (but
their graft function did not return to baseline values)
were comparable in both groups (30.8% in group 1
vs 27% in group 2; Table 5; P = .9).
Active treatment with heavier immunosuppression (rituximab and plasma exchange) was
associated with posttreatment viral (CMV and BK
virus) and bacterial infections that necessitated
hospitalization versus that shown in group 1 (Table 5;

P
Value

3354.6 ± 4192.5
1099.8 ± 2694.0
1455.3 ± 3564.8
1603.5 ± 2716.3

3201.6 ± 4871.5
1116.0 ± 2434.5
1715.3 ± 4500.8
1337.3 ± 3133.2

.29
.57
.88
.66

1270.6 ± 3112.4
1563.5 ± 2463.3
2523.0 ± 3194.5
1337.5 ± 2100.8

3574.2 ± 5551.8
3179.2 ± 5878.6
2669.3 ± 5368.4
1393.9 ± 4181.8

.61
.63
.65
.79

2171.0 ± 5317.8
750.0 ± 1837.1
1635.1 ± 4005.3
0.00 ± 0.00

3891.8 ± 5266.8
2258.2 ± 4155.5
2589.7 ± 4790.3
3031.7 ± 6177.1

.74
.36
.84
.50

IVIG,

intravenous

Table 5. Posttransplant Outcomes of Study Patients

.10

Abbreviations: IFTA, interstitial fibrosis and tubular atrophy; IVIG,
intravenous immunoglobulin

Combined
Rituximab,
Plasma Exchange,
and IVIG Group
(n = 37)

Abbreviations: DSA, donor-specific antibody;
immunoglobulin; MFI, mean fluorescence intensity

Results After Chronic Active
ABMR Treatment

.54
.22
.04
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IVIG or No
Treatment
Group (n = 28)

Response
• Full response
• Partial response
• No response
BK viremia
• Negative
• Positive
BK nephropathy
• Negative
• Positive
• Not available
CMV
• Negative
• Positive
Bacterial infection
• Negative
• Positive
• Not available
Graft outcome at 12 months
• Functioning
• Failed
Patient outcome at 12 months
• Living
• Dead
• Lost to follow-up

Combined
Rituximab,
Plasma Exchange,
and IVIG Group
(n = 37)

P
Value

1 (3.8%)
8 (30.8%)
17 (65.5%)

1 (2.7%)
10 (27.0%)
26 (70.3%)

.90

23 (82.2%)
5 (17.9%)

56 (86.1%)
9 (13.8%)

.34

24 (85.7%)
3 (10.7%)
1 (3.6%)

35 (59.3%)
5 (7.7%)
1 (1.5%)

.36

28 (97.9%)
0 (0.0%)

35 (94.6%)
2 (5.4%)

.242

17 (60.7%)
10 (35.7%)
1 (3.6%)

27 (75.0%)
9 (25.0%)
0 (0.0%)

.30

2 (7.1%)
26 (92.9%)

15 (40.5%)
22 (59.5%)

.002

23 (82.1%)
2 (7.1%)
3 (10.7)

37 (100%)
0 (0.0%)
0 (0.0%)

.028

Abbreviations: ABMR, antibody-mediated rejection; CMV, cytomegalovirus;
IVIG, intravenous immunoglobulin

Discussion
Published data have shown that the number of trials
done to treat chronic active ABMR is so far
insufficient, especially because it is one of the main
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reasons for late graft dysfunction. Moreover, many
studies have rather small sample sizes, with longer
than expected recruitment time. In fact, all trials were
investigator determined and faced budget limitations
due to the high cost of treatment. These have been
major obstacles for the development of efficient
treatment for chronic active ABMR.
In this retrospective study, we evaluated the
impact of treatment of chronic active ABMR with
combined plasma exchange, IVIG, and rituximab
(group 2) compared with treatment with only IVIG
or just intensification of maintenance immunosuppression (group 1). The 2 study groups were
matched regarding their demographic data (P > .05),
with glomerulonephritis and diabetic nephropathy
as the most frequent causes of ESKD in both groups.
We observed that chronic hepatitis C virus infection
was significantly more prevalent in group 1 (P < .05)
but did not significantly affect the induction or
maintenance immunosuppression (P > .05).
We observed that graft function as represented by
eGFR before treatment of chronic active ABMR was
comparable in both groups (P > .05), ranging from 39
to 40 mL/min, which was in accordance with results
from another study by Stolyarevich and associates17
who reported eGFR around 42 mL/min in their cohort.
At 1 year after treatment of chronic active ABMR,
we observed better graft outcomes in group 2
(P = .002), although eGFR was comparable in both
groups (P > .05; Table 2). This finding matched that
shown by Moreso and associates18 who reported,
with caution because of small sample size, that the
eGFR decline during the first year was not different
between their treatment and placebo groups. This
finding suggested that the combined use of IVIG and
rituximab did not stabilize renal function in patients
with chronic active ABMR who had transplant glomerulopathy. Choi and associates19 suggested that
IVIG and rituximab did not significantly modify the
natural history of chronic active ABMR with
transplant glomerulopathy. In addition, the absence
of any effect on circulating DSAs suggests that this
treatment may be also not efficient in patients with
chronic active ABMR diagnosed at earlier stages.
Fehr and associates15 and Billing and associates14
reported findings similar to ours regarding
successful treatment of chronic activeABMR with
IVIG and rituximab.
Billing and associates20 also reported significant
improvements in eGFR decline 6 months after
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treatment, especially in patients without transplant
glomerulopathy. Thus, we cannot attribute the lack
of response among group 1 patients to be due to the
selection of a population with too advanced histologic
damage, as the groups were comparable regarding
their biopsy findings.
In other studies, investigators evaluated different
strategies combining steroid boluses, IVIG, rituximab,
and thymoglobulin for the treatment of chronic active
ABMR in noncontrolled cohorts,14,15,21 which showed
some benefits. In our study and after 1-year followup, we found that most patients in both groups did
not respond to therapy (65.5% in group 1 and 70.3%
in group 2; P > .05) and that graft function as
represented by eGFR remained nearly unchanged
from that shown before treatment. However, the
number of patients with functioning grafts was
significantly higher in group 2 (P = .002).
In a recent systematic review that evaluated the
utility of rituximab with or without IVIG in 6
retrospective controlled cohort studies, this treatment
did not appear to reliably improve outcomes in
chronic active ABMR.22 High-dose IVIG is considered
an immunomodulatory agent that may inhibit T-cell
proliferation, cytokine synthesis, complement
activation, and anti-idiotypic blockade of
alloantibodies.23 Jordan and associates concluded
that IVIG was better than placebo in reducing antiHLA antibody levels and improving transplant
outcomes in highly sensitized patients with ESKD.24
Lefaucheur and associates25 compared the
outcomes of a plasmapheresis (plasma exchange),
IVIG, and rituximab-based protocol versus IVIG
alone. The researchers concluded that high-dose
IVIG was inferior to combination therapy. Garces and
associates26 reported that the efficacy of IVIG as a
monotherapy for AMR is likely limited, with better
allograft outcomes in patients who received a
combination therapy of plasma exchange and
rituximab. These reports support our study, which
revealed better graft and patient outcomes with
combined treatment rather than IVIG as monotherapy.
The efficacy of rituximab in patients with chronic
active ABMR remains controversial.27 Two clinical
trials that assessed rituximab in patients with chronic
ABMR had been recorded in the ClinicalTrials.gov
database. One study, which had randomized patients
with de novo DSA (ClinicalTrials.gov NCT00307125),
was terminated at 9 years due to insufficient
recruitment. The RituxiCAN-C4 study, which started
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in 2007, has not reported results (ClinicalTrials.gov
NCT00476164). On the other hand, the RITUX ERAH
study28 failed to show any benefit of rituximab
added to plasma exchange, IVIG, and corticosteroids
for the treatment of acute ABMR. However, the
interpretation of this study should be cautious since
the study drug was administered to the control
group as rescue therapy in a significant proportion
of patients (8 of 19 patients).
In our study, benefits were shown in the
combined therapy group at 1 year despite its use
among patients with chronic active ABMR. Some
benefits among the combined treatment group may
have been due to a possible trend of relatively less
chronic changes and more T-cell-mediated elements
detected in the biopsies (despite both groups being
matched), which have a better prognosis in the long
term.
Regarding the importance of C4d staining,
Haririan and associates29 did not show significant
differences in the course of rejection depending on
type of C4d positivity; others have noticed more
favorable prognosis in patients with focal C4d
expression. In our study, we observed better graft
outcomes in group 2, possibly due to a significantly
less number of patients with positive C4d staining.
Regarding the safe use of rituximab among our
patients, we found no significant differences between
groups regarding posttreatment viral (CMV and BK
virus) and bacterial infections necessitating hospitalization (Table 3; P > .05). This observation was
matched with that reported by Parajuli and
associates30 who showed no difference in the rate of
BK viremia or other infections (including pyelonephritis, cellulitis, and norovirus) between the
rituximab group and the standard-of-care group
(P = .31 and P = .41, respectively). However, patients
who received standard of care (IVIG and steroid
pulse) had a higher incidence of CMV infection than
the rituximab group (P = .04). This last observation
was not matched with our finding, possibly because
of our routine antiviral prophylaxis.
Other recent treatments for chronic active ABMR
have also been tested. Eculizumab has been evaluated
in patients with late-onset chronic active ABMR.23 In
one study, patients who were randomized to receive
eculizumab for 6 months and followed for an
additional 6 months showed a trend for renal function
stabilization (P = .09).31 Bortezomib has also been
tested in chronic active ABMR; these studies include
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the BORTEJECT Study32 and the Tribute study
(ClinicalTrials.gov NCT02201576), which is so far not
published.
The anti-interleukin 6 receptor monoclonal
antibody tocilizumab has also been evaluated in an
open study as rescue therapy.19 In 36 patients with
chronic active ABMR who did not respond to
standard of care (plasma exchange, IVIG, and
rituximab), patients who received tocilizumab showed
reduced mean fluorescence intensity of the immunodominant DSA, stabilization of renal function, and
amelioration of microcirculatory lesions.19 There is
also another ongoing trial with the anti-interleukin 6
receptor monoclonal antibody clazakizumab for
chronic active ABMR in kidney transplant recipients
(ClinicalTrials.gov NCT03380377).
Conclusions
Combined treatment of chronic active ABMR with
plasma exchange, IVIG, and rituximab significantly
improved outcomes after renal transplant.
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Reasons for Donor Lungs Unsuitability
After Radiographic Selection
Meysam Mojtabaee, Shagin Shahryari, Farahnaz Sadegh Beigee

Abstract
Objectives: Deceased lung donation requires optimum
donor care, with lung viability greatly affected by the
progress of the disease leading to brain death. In this
study, we searched for causes of lung unsuitability for
transplant in both primary and secondary evaluations.
Materials and Methods: Primary lung evaluations
included chest radiography, oxygen challenge test, and
donor clinical and history examination. Secondary
evaluations for lungs that passed the first step included
fiberoptic bronchoscopy and donor-recipient matching.
Results: From 2012 to 2017, there were 1020 potential
deceased organ donors in our center. Primary
evaluations showed that the most prominent reason
for lung donation unsuitability was low oxygen
challenge result (n = 433, 42.5%). Other reasons were
abnormal chest radiograph (n = 378, 38%), history of
heavy smoking and inhaled drugs addiction (n = 112,
11%), prolonged intubation (n = 28, 2.7%), and lung
disease history (n = 69, 6.7%). There were 104 (10.1%)
potential donors to undergo fiberoptic bronchoscopy
for further lung evaluation, with 47 (45.2%) selected
for final lung donation. Five lungs (4.8%) with
bronchoscopic confirmation for suitability were not
retrieved due to lack of instruments and resources.
Among the 57 (54.8%) rejected potential lung
donations, the greatest factor impacting suitability
was observation of purulent secretions in bronchoscopy (n = 24, 23%), evidence of aspiration (n = 10,
9.6%), infiltration (n = 7, 6.7%), and tracheitis.
Conclusions: The most common cause of lung rejection
after primary evaluation is observation of purulent
From the Organ Procurement Unit (OPU), Lung Transplantation Research Center (LTRC),
National Research Institute of Tuberculosis and Lung Diseases (NRITLD), Shahid Beheshti
University of Medical Sciences (SBMU), Tehran, Iran
Acknowledgements: The authors declare that they have no sources of funding for this study,
and they have no conflicts of interest to declare.
Corresponding author: Farahnaz Sadegh Beigee, Organ Procurement Unit (OPU), Lung
Transplantation Research Center (LTRC), National Research Institute of Tuberculosis and Lung
Diseases (NRITLD), Shahid Beheshti University of Medical Sciences (SBMU), Darabad,
Niavaran, Tehran, Iran 19569-44413
Phone: +98 21 27122103 E-mail: Beigeef@hotmail.com

Experimental and Clinical Transplantation (2019) 1: 120-122

Copyright © Başkent University 2019
Printed in Turkey. All Rights Reserved.

secretions in tracheobronchial tree. Therefore,
implementation of appropriate strategies to prevent
respiratory infection in the intensive care unit is
needed to expand the lung donor pool.
Key words: Brain death, Chest radiography, Fiberoptic
bronchoscopy, Organ donation
Introduction
Significant improvements have been recently made
in the field of lung transplantation. Better pretransplant
and posttransplant care, novel immunosuppressive
agents, and modern surgical techniques have led to
better short-term and long-term survival of marginalquality or below-optimal-quality lungs from deceased
donors.1-3 In addition, new approaches have been
established to enhance performance of donated lungs
before transplant surgery. Ex vivo lung perfusion,
proper antibiotic therapy protocols, use of steroidal
drugs,4-6 and better donor recruitment criteria are
among the strategies taking place before transplant.
Despite these efforts, the rate of lung donation
suitability is still low compared with other organs.6
Regarding donor lung selection criteria, less strict
criteria have emerged, with acceptance and tolerance
of looser physiologic and social parameters. These
include arterial partial oxygen pressure/fraction of
inspired oxygen ratio, smoking history, donor age,
and results of microbiological studies.7,8 However,
major bronchoscopic findings, such as evidence of
aspiration and suppurative secretions, should not be
neglected.9 In this study, we searched for causes of
lung donor unsuitability for transplant regarding
both primary and secondary evaluations within
modern selection criteria.
Materials and Methods
Primary lung evaluation included chest radiography,
oxygen challenge test, and donor clinical and history
DOI: 10.6002/ect.MESOT2018.O62
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examinations. Secondary evaluations for lungs that
passed the first step included fiberoptic bronchoscopy
and donor-recipient matching. Underlying causes of
rejection of donor lungs within each evaluation were
recorded and compared.
Results
From 2012 to August 2017, there were 1020 potential
deceased organ donors in our center. Primary
evaluations showed that the most prominent reason
for lung donation unsuitability was low oxygen
challenge result (n = 433, 42.5%). Other reasons were
abnormal chest radiograph (n = 378, 38%), history of
heavy smoking or inhaled drugs addiction (n = 112,
11%), prolonged intubation (n = 28, 2.7%), and
history of lung disease (n = 69, 6.7%). We observed
significant mean results of oxygen challenge test in
donor lungs that underwent bronchoscopy and those
that were rejected (348.7 vs 179.4 mm Hg; P = .01).
A total number of 104 (10.1%) potential donor
lungs underwent fiberoptic bronchoscopy for further
lung evaluation. Of these, 47 (45.2%) were final lung
donors. Five lungs (4.8%) with bronchoscopic confirmation for suitability were not retrieved due to
lack of instruments and resources. Among the 57
potential lungs (54.8%) that were rejected, the
greatest factor affecting rejection was observation of
purulent secretions in bronchoscopy (n = 24, 23%).
Evidence of aspiration (n = 10, 9.6%), infiltration
(n = 7, 6.7%), and tracheitis, mass, edema, and
erythema (n = 5, 4.8%), as well as lack of instruments
and donor-recipient mismatch (n = 10, 9.6%), were
other reasons for termination of the lung procurement process.
Discussion
Our results remind us first of the importance of
bronchoscopy in final lung donor selection. In other
words, without this procedure, about half of the
candidates would undergo lung retrieval despite
containing a serious pathology. The literature has
already shown acceptable evidence regarding the
negligible use of gram stain samples and bronchial
culture in donor lungs.9-11
Prospective follow-up of donor airway culture
and bronchial tissue culture samples have demonstrated a low risk of infection in recipients (< 1.5%).11
These findings are in agreement with 2 other studies
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that investigated recipient transmission of nonsuppurative bacterial or fungal contamination.9,10 The
breakthrough of course has been the recommendation
of proper antibiotic therapy for Pseudomonas species
and Staphylococcus aureus. On the other hand, evidence
of frank aspiration has been reported to be problematic
for lung donation.12 Therefore, with this finding, it is
strongly recommended to place the lungs in the red
zone to prevent transmission of infection.
Although radiographic examinations during the
donor selection process take place routinely, certain
studies have questioned the ability of radiographic
studies to reject lungs. Bansal and associates reported
a successful and noncomplicated lung transplant
from a donor with multiple chest radiographic scans
that demonstrated massive lobar atelectasis.13
However, the predictive value of radiographic scans
to consider or reject lungs for transplant suitability
was not satisfactory according to a retrospective
study by Bolton and associates.14 The group reported
that diagnostic restriction and variability of
interpretation can lead to dissatisfactory results for
radiographic scans. Existence of pulmonary infiltrates in plain radiographs has also been discussed
as a confounding factor in lung utilization. McCowin
and associates challenged radiographic findings by
demonstrating that 37% of donors had infiltrates on
primary evaluations, 51% of which resolved thoroughly after specific donor management.15 However,
a systematic review recommended that massive
bilateral infiltrations in clinically suspicious cases
should be an alarm to exclude the donor.16
Conclusions
The most common cause of lung donor rejection after
primary evaluation is observation of purulent
secretions in the tracheobronchial tree. This could be
the result of insufficient donor respiratory care both
before and after brain death. Therefore, appropriate
strategies are needed to prevent respiratory infections in intensive care units to expand the lung donor
pool.
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Levels of High-Sensitivity C-Reactive Protein in Heart
Transplant Patients With and Without Periodontitis
Yasemin Sezgin,1 Şule Bulut,1 Sema Bozalıoğlu,2 Atilla Sezgin3

these findings reinforce the need for the inclusion of
regular periodontal visits after transplant.

Abstract
Objectives: The outcomes of heart transplantation are
very favorable, but inflammation still plays a critical role
in deterioration of chronic transplants. Periodontal
diseases are not limited to supporting the structures of
the teeth, but they also cause systemic inflammation.
Based on the importance of inflammation in heart
transplant recipients and the association between
periodontal disease and systemic inflammation, this
study explored whether periodontitis may be a
modifier of serum high-sensitivity C-reactive protein
in heart transplant patients.
Materials and Methods: Our study included 33 patients
who had heart transplant procedures at the Baskent
University Hospital. Clinical periodontal parameters
were recorded to assess the periodontal status. On the
same day as clinical measurements, blood samples
were collected to measure the serum levels of highsensitivity C-reactive protein.
Results: Of the 33 heart transplant patients, 9 patients
(27.3%) were diagnosed with periodontitis, 4 (12.1%)
were periodontally healthy, and 20 (60.6%) had
gingivitis. In the group with periodontitis, serum highsensitivity C-reactive protein levels were significantly
higher than the periodontally healthy and gingivitis
groups (P = .006). In addition, Spearman correlation
analyses showed that serum high-sensitivity C-reactive
protein was positively correlated with probing
depth (r = 0.358; P = .041), clinical attachment level
(r = 0.352; P = .045), and gingival recession (r = 0.422;
P = .014).
Conclusions: We found that elevated levels of serum
high-sensitivity C-reactive protein in heart transplant
patients were associated with periodontitis. Thus,
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Introduction
Heart transplantation is the definitive therapeutic
alternative for patients with end-stage heart disease.
Outcomes after heart transplantation are favorable
due to the well-established indications and contraindications. Nevertheless, early and late complications may occur that can decrease survival rates.1
C-reactive protein (CRP) is an acute-phase protein
that is produced by hepatocytes under the control of
inflammatory cytokines and is an established marker
for acute and chronic inflammation ongoing in the
body.2 It has also been suggested that elevated levels
of CRP are associated with allograft failure and
angiographic evidence of cardiac allograft vasculopathy in cardiac transplant recipients.3-6
Periodontal diseases are bacteria-induced, chronic
inflammatory diseases of the supporting structures of
the teeth.7,8 Gingivitis and periodontitis are the 2 most
common forms of periodontal disease. Gingivitis is
characterized by the presence of clinical signs of
inflammation, which is localized to the gingiva.
However, periodontitis results in progressive
destruction of the supporting tissues, which includes
the periodontal ligament and alveolar bone.9 In the
past, it was emphasized that periodontal infections
are localized to the marginal periodontium, and thus
they rarely have systemic implications in healthy
individuals. However, in recent years, an association
between periodontal inflammation and systemic
health has been extensively researched. Indeed, it
was shown that patients with severe periodontitis
have increased serum levels of CRP, interleukin 1,
and interleukin 6 compared with periodontally
DOI: 10.6002/ect.MESOT2018.O65
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healthy individuals.10-13 Furthermore treatment of
periodontitis resulted in decreases in inflammatory
markers.14-16
Based on the importance of inflammation in heart
transplant recipients and the relation between
periodontal disease and systemic inflammation, this
study explored whether periodontitis may be a
modifier of serum high-sensitivity C-reactive protein
(HsCRP) in heart transplant patients.
Materials and Methods
Study population and study design
This single-center cross-sectional study was conducted from April 2016 to May 2018 to evaluate
levels of HsCRP in heart transplant patients with and
without periodontitis. The study protocol was
approved by the Baskent University Institutional
Review Board and Ethics Committee (16/02). The
study was performed in accordance with the
Helsinki Declaration of 1975, as revised in 2000. The
patients who underwent heart transplant between
2004 and April 2016 at Baskent University Hospital
were asked to participate in the study during routine
outpatient visits at Baskent University Hospital.
Our study included 33 heart transplant patients;
before enrollment, patients received a detailed
description of the study and provided signed
informed consent. For study inclusion, patients had
to (1) be clinically stable, (2) be at least 1 year
posttransplant, (3) have no history of antibiotic use
during the preceding 4 months, and (5) have no
periodontal treatment within the previous year.
Periodontal examination
Periodontal examinations were performed by a
periodontist who was trained before initiation of the
study. The following clinical parameters were
assessed using a periodontal probe (Nordent
Manufacturing Inc., Elk Grove Village, IL, USA): (1)
plaque index,17 (2) gingival index,18 (3) gingival
recession, measured from the cementoenamel
junction to the gingival margin, (4) probing depth,
measured from gingival margin to the bottom of the
gingival sulcus, (5) and clinical attachment level
(CAL), measured from the cementoenamel junction
to the bottom of the gingival sulcus.
Patients were categorized into a healthy/gingivitis
group or a periodontitis group. The periodontitis
group consisted of patients who had probing depths
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> 3 mm, inflammation, and evidence of attachment
loss.19 The healthy/gingivitis group consisted of
patients who had probing depths of 3 mm or less,
with/without clinical signs of inflammation.
Blood samples and laboratory analyses
We obtained 12-hour fasting serum samples from
each participant for HsCRP measurements. Venous
blood was collected by venipuncture using a
vacutainer tube (Vacusera 8-mL serum gel and clot
activator tube, Disera, Izmir, Turkey). Samples were
allowed to coagulate for 30 minutes at 37°C. Serum
was then separated by centrifugation at 2000g for 10
minutes at 4°C. We measured CRP values using a
HsCRP enzyme-linked immunosorbent assay and a
commercially available kit (Multigent CRP Vario
assay, Abbott Laboratories, Abbott Park, IL, USA).
Statistical analyses
Data analyses were performed with IBM SPSS
Statistics version 17.0 software (IBM Corporation,
Armonk, NY, USA). Determination of whether
continuous variables were normally or not normally
distributed was determined by the Shapiro-Wilk test.
Descriptive statistics for continuous variables are
expressed as means and SD. Number of cases and
percentages were used for categorical data. Mean
differences in age levels between the healthy/gingivitis
group and the periodontitis group were compared by
t test; the Fisher exact test was applied for comparisons
of sex distribution. Determination of whether
periodontal measurements and serum levels of HsCRP
between groups were statistically significant was
evaluated by the Mann-Whitney U test. Degrees of
associations between serum levels of HsCRP and
periodontal measurements were evaluated by
Spearman rank correlation analyses. P < .05 was
considered statistically significant.
Results
Population characteristics and periodontal findings
Sample demographics, periodontal measurements,
and serum levels of HsCRP of the patients are shown
in Table 1. Of the total 33 patients, 21 were male
(63.6%) and 12 were female (36.4%), with age ranging
from 11 to 59 years (mean age of 33.1 ± 14.67 y). Of
total patients, 24 (72.7%) were in the periodontally
healthy/gingivitis group and 9 (27.3%) were in the
periodontitis group.
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There were significant differences between study
groups regarding mean ages. The periodontally
healthy/gingivitis group was younger than the
periodontitis group (P < .001). Sex distribution was
similar in both groups (P > .05). In the periodontitis
group, mean probing depth, gingival recession, and
CAL were higher than results in the periodontally
healthy/gingivitis group (P < .001). Gingival index
and plaque index were similar in both the
periodontally healthy/gingivitis and the periodontitis
groups (P > .05).
Serum high-sensitivity C-reactive protein level and
periodontal status
The periodontitis group exhibited higher serum
HsCRP levels than the periodontally healthy/gingivitis
group (P = .006; Table 1). Correlation values between
serum levels of HsCRP and clinical parameters
are given in Table 2. Spearman correlation analyses
showed that serum HsCRP was positively correlated
with probing depth (r = 0.358; P = .041), CAL
(r = 0.352; P = .045), and gingival recession
(r = 0.422; P = .014).
Table 1. Demographics, Periodontal Measurements, and Serum Levels of
High-Sensitivity C-Reactive Protein Stratified by Periodontal Status
Variable
Healthy/Gingivitis Periodontitis P Value
Overall
(n = 24)
(n = 9)
(n = 33)

Male patient
Age, y
Probing depth, mm
Clinical attachment
level, mm
Gingival recession,
mm
Plaque index
Gingival index
Serum HsCRP
level, mg/L

13 (54.2%)
27.5 ± 12.7
1.87 ± 0.49

8 (88.9%)
48.1 ± 7.1
2.50 ± 0.54

.107a
< .001b
< .001c

21 (63.6%)
33.1 ± 14.7
2.04 ± 0.58

1.99 ± 0.71

2.87 ± 0.72

< .001c

2.24 ± 0.81

0.13 ± 0.28
1.12 ± 0.53
0.90 ± 0.36

0.38 ± 0.28
1.11 ± 0.38
1.03 ± 0.22

< .001c
.564c
.512c

0.20 ± 0.31
1.12 ± 0.49
0.94 ± 0.33

2.71 ± 2.23

10.68 ± 12.48

.006c

4.88 ± 7.45

Abbreviations: HsCRP, high-sensitivity C-reactive protein
a
Fisher exact test; bt test; cMann Whitney U test.

Table 2. Correlation Analyses Between Periodontal Measurements and
Serum Levels of High-Sensitivity C-Reactive Protein
Variable
Result
Coefficient
P Valuea
of Correlation

Probing depth, mm
Clinical attachment level, mm
Gingival recession, mm
Plaque index
Gingival index

33
33
33
33
33

Spearman rank-order correlation analyses.

a

0.358
0.352
0.422
-0.252
-0.079

.041
.045
.014
.157
.664

Discussion
Chronic low-grade inflammation plays an important
role in the pathogenesis of atherosclerosis.20,21 Several

125

studies have suggested that elevated serum CRP, a
sensitive marker of systemic inflammation, is an
independent risk for native atherosclerosis in healthy
individuals.21-25 Regarding its important role in the
initiation and progression of native atherosclerosis,
in recent years, the relationships between CRP and
allograft survival and transplant coronary artery
disease have been explored. Eisenberg and associates
showed that increased levels of CRP are associated
with allograft failure in heart transplant patients.5 In
another study, Labarrere and colleagues investigated
whether CRP was associated with the development,
increased severity, and enhanced rate of progression
of transplant coronary artery disease.6 Their results
showed that development and severity of cardiac
allograft vasculopathy was significantly higher in
patients with increased CRP levels. From these
results, they concluded that CRP can be used to
identify heart transplant patients at increased risk of
coronary artery disease and graft failure. Similarly,
Hognestad and associates showed that levels of
HsCRP are associated with the development of
cardiac allograft vasculopathy.3
Periodontitis is an inflammatory disease of the
supporting structures of the teeth in response to
bacterial accumulations; if not treated, it will
lead to tooth loss. Periodontitis allows entry of
oral/periodontal pathogens (or their products) into the
bloodstream from the inflamed and ulcerated gingival
epithelium. This leads to activation of the host
inflammatory response by multiple mechanisms.7
Periodontitis can result in increased serum levels of
CRP, interleukin 1, interleukin 6, and hyperfibrinogenemia compared with periodontally healthy
patients. In addition, periodontal treatment can reduce
systemic inflammation, as evidenced by reduced CRP.
Several studies have shown that patients with
periodontal disease may have a higher risk for
atherosclerosis and coronary heart disease.26-30 In a
recent consensus report of the Joint European
Federation of Periodontology and American Academy
of Periodontology and American Academy of
Periodontology Workshop on Periodontitis and
Systemic Diseases, it was concluded that there is
consistent and strong epidemiologic evidence that
periodontitis imparts increased risk for future
cardiovascular disease.7 In their work, Noack and
associates31 found significantly increased CRP levels in
patients with periodontal disease versus healthy
patients. Similarly, Fredriksson and associates and
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Ebersole and associates found higher serum CRP
concentrations in periodontitis patients versus
healthy patients.11,32 Although these studies assessed
CRP levels in patients with periodontitis, to our
knowledge, our study is the first to compare HsCRP
levels in heart transplant patients with and without
periodontitis.
In this first study in heart transplant patients, we
showed that periodontitis may be a modifier of
systemic CRP in heart transplant recipients. Our
results demonstrated that heart transplant recipients
with periodontitis exhibited higher serum HsCRP
levels than heart transplant recipients without
periodontitis. The mean HsCRP level in the
periodontally healthy group was 2.71 ± 2.23 mg/L,
whereas the mean HsCRP level in the periodontitis
group was 10.68 ± 12.48 mg/L. Moreover, we also
found significant and positive correlations among
probing depth, CAL, and gingival recession. These
results are consistent with previous studies that
evaluated CRP levels in patients with periodontitis
versus periodontally healthy patients.11,31,32
We observed significant differences in probing
depth, gingival recession, and CAL between our
periodontitis and periodontally healthy/gingivitis
groups, whereas gingival index and plaque index
results were similar between groups. Obtaining
differences in probing depth, gingival recession, and
CAL between periodontitis and periodontally
healthy/gingivitis group is an expected result because
periodontitis is a chronic inflammatory disease of the
supporting structures of the teeth, which is
characterized by periodontal pocket formation and
loss of connective tissue attachment and alveolar
bone.33
With regard to gingival index scores, we expected
the gingival index scores in the periodontitis group
would actually be higher than the periodontally
healthy/gingivitis group. One possible reason for the
lack of statistically significant differences in gingival
index between the groups may be because signs of
periodontal disease are reduced by immunosuppressive therapy. This consideration is supported by
previous studies in which transplant patients
experienced reduced gingival inflammation.34,35
The plaque index scores were also similar
between groups. These results demonstrate that most
participants had poor oral hygiene. In addition, the
periodontally healthy/gingivitis group was younger
than the periodontitis group. When we consider both
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the younger age of the periodontally healthy/gingivitis
group and the poor oral hygiene behavior, we suggest
that most of these patients are at high likelihood for
developing periodontitis at a later age.
In previous studies, elevated CRP levels were
shown to be associated with graft survival and
development of cardiac allograft vasculopathy.
Therefore, there is a possibility that graft survival and
development of transplant coronary artery disease
may be associated with periodontal disease.3-6
Considering the often life-long immunosuppression
required after heart transplant and the systemic
effects of periodontitis, dental and periodontal
examinations are necessary before heart transplant.
In addition, careful examination of periodontal status
in heart transplant recipients and appropriate
treatment of periodontitis are necessary. However,
the results of this study should be interpreted with
caution because the cross-sectional design of our
study presents limitations. To establish a true cause
and effect relationship, further prospective studies
that assess the effects of periodontal therapy on
HsCRP levels are needed.
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Failed Organ Donations After Transfer to an Organ
Procurement Unit
Masoud Mazaheri, Meysam Mojtabaee, Mojtabaee Mohsenzadeh,
Farahnaz Sadegh Beigee
Abstract
Objectives: In Iran, each medical university can have
one organ procurement unit for its own hospital. If the
family consents, all patients with brain death must be
transferred to the organ procurement unit. When brain
death is officially confirmed and the family gives the
second consent, the organs are then retrieved in the
operating room.
Materials and Methods: To minimize the number of
“failed donations” (and to reduce their related costs),
we studied 685 patients with brain death who
were transferred to the Masih Daneshvari Organ
Procurement Unit (Tehran, Iran) from 2016 to 2018 in
terms of their outcomes. Of these, 623 led to (at least
one) organ donation, whereas the remaining 62 had
different causes for unsuccessful organ retrieval and
donation.
Results: Two causes (not officially confirmed and family
withdrawal) were responsible for 4 failed donations
(0.5%). We focused on the remaining 58 cases, which
had principally medical grounds for unsuccessful
organ retrieval and donation. These were further
subcategorized into 3 groups: expired, unacceptable
laboratory results, and exclusion in the operating room.
We compared these groups versus the successful
donation group in terms of average age, male-tofemale ratio, average body mass index, pace of brain
death occurrence, and days of hospitalization. Results
showed that age, body mass index, and cause of brain
death are important predictive factors in differentiating
successful and failed donations, whereas sex and days
of hospitalization are not so decisive.
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Conclusions: Special precautions must be considered
before transfer of brain dead donors who are
overweight, are of older age, and have nonhemorrhagic
causes of brain death. Stricter criteria are needed to
control psychologic and financial burdens of failed
transfers of deceased donors to the organ procurement
unit.
Key words: Brain death, Family consent, Organ retrieval
Introduction
Over the past few decades, there have been gains
over several obstacles to make organ transplant an
effective life-saving treatment for many patients.
Among them are the refinement of surgical
techniques and the availability of effective immunosuppressive regimens against rejection, which have
both played major roles.1,2
The present increased organ shortages no longer
depend on the location of the country. In a Middle
Eastern country with a growing population like Iran,
it is disappointing to witness unsuccessful retrieval
of organs from deceased donors. In our center, if the
family consents, all deceased potential donors are
transferred from their original hospital to the organ
procurement unit (OPU) hospital. When primary
case selection results in questionable quality due to
abnormal laboratory results or lowered quality
because of past history, both the organ donation and
transplant teams have already put in great efforts
and thus become worn out for nothing. Even in welldeveloped countries, the organ and tissue donation
process has special complexities for relatively newer
centers. The classical framework in which brain death,
referral, consent, and organ recovery procedures
are clearly structured3 looks like a dream for us.
Indeed, we have advanced our own donation
processes by creativity and gaining from international
experts.
DOI: 10.6002/ect.MESOT2018.O79
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In Iran, each medical university can have one
OPU for its own hospital. If the family consents, all
potential brain-dead donors are transferred from
their original hospital to the OPU hospital. When
brain death is officially confirmed and the family
gives the second consent, the organs will be recovered
in the OPU operating room. In other words, we
transfer only deceased donors to the OPU when we
are 100% sure they are going to operating room.
The OPU process takes 12 to 24 hours, and all
efforts are done to maximize the quantity and quality
of transplantable organs. Some deceased donors,
however, may have no transplantable organs; in
addition, the heart may stop beating before organ
donation, and we have no donation after cardiac death
facilities. Therefore, efforts are focussed on the
conversion of possible donors to actual ones.4 Here, we
discuss successful and unsuccessful organ donations
and their processes after transfer to our OPU.

4 failed donations (0.5%). We then focused on the
remaining 58 candidates, which had principally
medical grounds for unsuccessful donations. These
were further subcategorized into 3 groups: expired,
unacceptable laboratory results, and exclusion in the
operating room. We compared the successful donation
group versus these groups in terms of average age,
male-to-female ratio, average body mass index, pace
of brain death occurrence, and days of hospitalization. These results are shown in Table 2.
Table 2. Comparison of Successful Versus Unsuccessful Donations
Parameter

Average age, y
Female/male ratio
Average BMI
Cause of BD (fast
paced/slow paced)
Hospitalization, d

Successful
Donation

Laboratory
Result

Operating
Room

P

Expired

39
31%
26

40
33%
32

47
33%
27

50
36%
28

.02
NS
NS

58%
7

22%
4.7

66%
8

56%
4.8

.01
NS

Abbreviations: BD, brain death; BMI, body mass index; NS, not significant

Materials and Methods

Discussion

In this retrospective study, all potential brain-dead
donors who were transferred to the OPU from 2016
to July 2018 were included. If potential candidates
did not make it to organ recovery, reasons were
recorded, as shown in Table 1. Demographics of
potential donors, cause of brain death, and
hospitalization duration were also recorded.

After specialized intensive care unit hospitalization,
proper considerations regarding management of
potential donors are critical to achieve optimum
donation targets. In the literature, investigations have
reported substantial benefits with specific donor
management procedures,5 with less favorable results
shown with rushing of organ recovery efforts,1,2
which can affect transplant outcomes.
Jansen and associates6 expressed that, after family
rejection (57% to 62%), donor management problems
and surgical techniques (38% to 43%) were barriers
to conversion of potential donors into actual ones.6
Increasing donor age may be a relatively new
difficulty for our OPU, as we have had a history of
organ procurement from young trauma donors.
Najafizadeh and associates reported a mean age of
31.7 ± 15.5 years for their potential brain-dead
donors.7 In Kazemeyni and associates, the mean age
was 29 years in their population of donors.8
Presently, many potential donors have cerebrovascular accident as the cause of brain death, with

Results
We examined a total of 685 brain-dead patients in
terms of their outcomes. Of these, 623 led to (at least
one) organ donation, whereas the remaining 62 were
unsuccessful because of multiple causes (Table 1).
Our results showed that age (P = .02) and cause
of brain death (P = .01) were important influencing
factors in differentiating successful and unsuccessful
donations, whereas sex, body mass index, and days
of hospitalization were not so decisive.
Two potential causes (not official brain death
confirmation and family withdrawal) comprised

Table 1. Outcomes of Potential Brain-Dead Donors Transferred to the Masih Daneshvari Organ Procurement Unit From
2016 to 2018
Total Number Total Successful Brain Death
Transferred
Donations
Not Confirmed

Number
Percent

685
100

623
90.9%

1
0.14%

Family
Withdrawal

3
0.4%

Unsuccessful Donations
Medical Reasons (58 cases, 8.4%)
Expired
Laboratory Operating
Result
Room

18
2.6%

15
2.2%

25
3.6%
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our numbers getting close to those of developed
countries.9 Elderly donors, which are starting to be
the leading group of candidates for deceased
donation,10 can have additional negative factors,
including cardiovascular risk factors and history of
ischemic heart disease. However, toxicity has also
been seen in a relatively high proportion of potential
(unsuccessful) candidates, with an overall mean age
equal to actual donors; indeed, the mean age of
poisoned candidates was 26.7 years. Acute poisoning
involving different agents may be responsible for a
greater incidence of certain conditions such as
metabolic acidosis. These explanations leave elderly
and poisoned potential organ donation candidates
more prone to loss before organ donation surgery.
We divided the different causes of brain death
into slow-paced and fast-paced categories. Fast-paced
causes include head trauma, intracranial hemorrhage,
and rupture of aneurysm, whereas slow-paced causes
include nonhemorrhagic ischemia, complications after
cardiopulmonary resuscitation, drug toxicities, brain
tumors, convulsions, and infections of the central
nervous system, which all have slower brain
deterioration. This classification of course is not exact
but does arrive from clinical experience. Because of
harsher factors, hemodynamic instability seems to be
more in line with the first category. Therefore, the legal
and medical processes should be optimized for these
donors. However, these strategies may influence
organ quality.
Conclusions
Special precautions must be considered before
transfer of brain-dead candidates with older age and
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with nonhemorrhagic causes of brain death
(particular with complication after cardiopulmonary
resuscitation and drug toxicities) to the operating
room for organ recovery. Stricter criteria are needed
for these groups to control psychologic and financial
burdens of failed transfers.
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Gender Imbalance and the Relationship Between Living
Donors and Recipients in Liver Transplantations in an
Organ Transplant Center in Turkey
Sare Mıhçıokur,1 Ebru H. Ayvazoğlu Soy,2 Ezgi Türkçelik,1 Ayşe Akın,1 Mehmet Haberal2
Abstract
Objectives: Because of the scarcity of publications on
gender differences and the relationship between living
donors and recipients in liver transplant procedures, we
carried out this study with the objective to examine the
gender distribution of donors and recipients and the
relationships between donors and recipients in living
related-donor liver transplants performed in a university
hospital in Ankara, Turkey.
Materials and Methods: We retrospectively evaluated
the data of 549 patients who underwent living relateddonor and deceased-donor liver transplant procedures
conducted in a university hospital between 1988 and
2017 and the 409 living donors.
Results: Males constituted 53.1% of the 409 living
related liver donors and 63.6% of the living liver
recipients. We found that 72.9% of the deceaseddonor liver transplant recipients were also male. Of
living related donors, 91.4% were blood relatives, with
74.8% being first-degree relatives. The most common
donor-recipient relation was mother to son. Analyses
of interspousal donations showed a significant
difference between husband to wife and vice versa
(7 vs 17; P < .05).
Conclusions: Most recipients and donors in living relateddonor liver transplants were males with a young
predominance. It is not known whether this might be
related to biologic, psychologic, or sociocultural features
of patients, gender issues, or economic factors. Further
research with qualitative components on the influential
factors, including gender, is needed.
Key words: Donor-recipient relation, Living-related donor
liver transplantation
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Introduction
Liver transplantation is an important intervention to
reduce mortality in patients with terminal liver
disease.1 However, because of insufficient postmortem
donations, living organ donations have become an
important option.1,2 In 1990, the first pediatric
segmental related living-donor liver transplant
(LDLT) in Turkey and in the Middle Eastern region
was performed by Haberal and colleagues.3-5 During
27 years of LDLT history in Turkey, 8279 LDLTs
(69.0% of all 11 999 liver transplants) have been
performed nationwide in 99 different centers.6
Organ donation is influenced by legislation,
cultural values, and religious beliefs, as well as by
health considerations.7 Surveys have shown that, in
LDLT, living liver donors are generally healthy
family members or individuals with emotional ties
to the recipient. They are also exposed to high levels
of psychologic pressure to make a decision. In
addition to being able to save someone’s life, they
will also be exposed to some health risks.1
Although results of studies worldwide have
indicated that women comprise two-thirds of all
organ donations, slightly more males are living liver
donors, with two-thirds of recipients also being
male.1,7 Gender issues in organ donation can also be
explained by the donor’s relationship to the recipient.
Living donors usually donate to a loved one such
as a spouse, child, sister/brother, parent, or other
relative.7 When donor and recipient relationships were
examined, it was found that 80.0% were relatives,
11.0% were not relatives, and 9.0% were spouses.1
Because of limited research on gender issues and
the relationship between LDLT donors and recipients
in Turkey, we carried out a study with the objective to
examine male-female distribution and relationships
between donors and recipients in LDLT performed in
a university hospital in Ankara, Turkey.
DOI: 10.6002/ect.MESOT2018.O82
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Materials and Methods
In this descriptive study, we retrospectively evaluated
hospital records of the living liver donors (409 cases)
and all 549 liver recipients who underwent LDLT
and deceased-donor liver transplant in a university
hospital between 1988 and 2017. We analyzed data of
all liver transplants performed until December 31,
2017. Data on the number of male and female donors
and recipients, donor-recipient relationship, and age
at the time of the liver transplant were taken from
Nucleus Program records used for the Hospital
Registration System. The study protocol was
approved by the Institutional Review Board.
Statistical analyses were performed with SPSS
software (SPSS: An IBM Company, version 25.0,
IBM Corporation, Armonk, NY, USA). Descriptive
statistics, averages, frequency tables, and dependent
group t tests were used to analyze the variables.
Statistical significance was identified by a two-sided
P value of < .05.
Results
Between 1988 and 2017, 549 liver transplants were
performed at our hospital. Of these, 74.5% (409/549)
were from living donors and 25.5% (140/549) were
from deceased donors. During the analyzed period,
the annual mean number of LDLTs increased from 3
to 26 cases (total 409 cases) per year, and the annual
mean number of deceased-donor liver transplants
increased from 3 to 6 per year.
Males constituted most living donors (53.1%;
217/409) and most LDLT recipients (63.6%; 260/409).
Most deceased-donor liver transplant recipients were
also male (72.9%; 102/140) (Table 1). The median age
of LDLT recipients was 13.0 ± 20.6 years (range,
0-68 y; mean age of 21.4 ± 20.6 y), with 60.0% (245/409)
of LDLT recipients being younger than 18 years (Table
1). In addition, 44.9% (110/245) of LDLT recipients
were under the age of 5 years. In contrast, 99.2%
(406/409) of all donors were 19 years or older (range,
19-66 y), with an average donor age of 34.7 ± 9.2 years
(Table 1). Female living donors donated more often to
pediatric LDLT recipients (32.0% females [131/409] vs
27.9% males [114/409]), whereas male living donors
often donated to recipients who were over 19 years
(25.2% males [103/409] vs 14.9% females [61/409]).
Most living donors were blood relatives (91.4%;
374/409), with 55.6% (208/374) being male and
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44.4% (166/374) being female (Table 2). Only 8
donors (5 female and 3 male donors) were nonblood
relatives, and 3 female donors were not relatives.
First-degree blood relatives accounted for 74.8%
Table 1. Distribution of Gender and Age of Liver Donors and Recipients in
Liver Transplant Procedures at a Transplant Center in Ankara, Turkey (19882017)
Living Liver
Donors

Living-Donor
Liver
Recipients

DeceasedDonor Liver
Recipients

Total Liver
Recipients

Female, No. (%) 192 (46.9)
Male, No. (%)
217 (53.1)
Total
409 (100.0)
Age at transplant, No. (%)
• 0-4 y
• 5-9 y
• 10-14 y
• 15-19 y
7 (1.7)*
• 20-24 y
47 (11.5)
• 25-29 y
74 (18.1)
• 30-34 y
99 (24.2)
• 35-39 y
68 (16.6)
• 40-44 y
51 (12.5)
• 45-49 y
31 (7.6)
• 50-54 y
22 (5.4)
• 55-59 y
8 (2.0)
• 60-85 y
2 (0.5)
Total
409 (100.0)
Age at transplant, y
Mean ± SD
34.7 ± 9.2
Median (range)
33 (17-66)

149 (36.4)
260 (63.6)
409 (100.0)

38 (27.1)
102 (72.9)
140 (100.0)

187 (34.1)
362 (65.9)
549 (100.0)

110 (26.9)
59 (14.4)
43 (10.5)
40 (9.8)
14 (3.4)
7 (1.7)
12 (2.9)
16 (3.9)
18 (4.4)
29 (7.1)
25 (6.1)
20 (4.9)
16 (3.9)
409 (100.0)

3 (2.1)
8 (5.7)
7 (5.0)
19 (13.6)
11 (7.9)
13 (9.3)
9 (6.4)
8 (5.7)
16 (11.4)
8 (5.7)
18 (12.9)
10 (7.1)
10 (7.1)
140 (100.0)

113 (20.6)
67 (12.2)
50 (9.1)
59 (10.7)
25 (4.6)
20 (3.6)
21 (3.8)
24 (4.4)
34 (6.2)
37 (6.7)
43 (7.8)
30 (5.5)
26 (4.7)
549 (100.0)

21.4 ± 20.6
13 (0-68)

34.5 ± 17.7
34.5 (0-67)

24.7 ± 20.7
18 (0-68)

Abbreviations: SD, standard deviation

*3 donors were 18 years old and 4 donors were 19 years old.
Table 2. Distribution of Gender and Relationships Between Living Liver
Donors and Recipients in Liver Transplant Procedures at a Transplant Center
in Ankara, Turkey (1988-2017)
Donor

Female

Female
Male
Total
Relationship: Blood
relative (donor-recipient)
• Female
• Male
Total
Relationship: First-degree
relative (donor-recipient)
• Mother
• Daughter
• Sister
• Father
• Son
• Brother
Total
Relationship: Second-degree
relative (donor-recipient)
• Grandmother, aunt,
niece
• Grandfather, uncle,
nephew
Total
Spousal pairs
• Female
• Male
Total

Recipient, No. (%)
Male

Total

76 (18.6)
73 (17.8)
149 (36.4)

116 (28.4)
144 (35.2)
260 (63.6)

192 (46.9)
217 (53.1)
409 (100.0)

69 (18.4)
64 (17.1)
133 (35.6)

97 (25.9)
144 (38.5)
241 (64.4)

166 (44.4)
208 (55.6)*
374 (100.0)

49 (16.0)
8 (2.6)
4 (1.3)
34 (11.1)
10 (3.2)
8 (2.6)
113 (36.9)

72 (23.5)
5 (1.6)
11 (3.6)
53 (17.3)
27 (8.8)
25 (8.2)
193 (63.1)

121 (39.5)
13 (4.2)
15 (5.0)
87 (28.4)
37 (12.1)
33 (10.8)
306 (100.0)

8 (13.8)

9 (15.5)

17 (29.3)

12 (20.7)
20 (34.5)

29 (50.0)
38 (65.5)

41 (70.7)
58 (100.0)

17 (70.8)

17 (70.8)
7 (29.2)
24 (100.0)

7 (29.2)
7 (29.2)

17 (70.8)

*Blood relative degree of 10 male donors-recipients was not known.
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(306/409) of living donors. Most were parents (68.0%;
208/306), as the most common donor-recipient
relationship was mother to son (23.5%; 72/306).
Fathers donated less than mothers did (28.4% vs
39.5%, respectively). Brothers and sisters donated
more frequently to brothers than to sisters. Only 8
brothers (2.6%) donated livers to sisters, whereas 25
brothers (8.2%) donated livers to brothers. Seconddegree blood relatives accounted for 14.2% (58/409)
of living donors, with the predominant donorrecipient relationship being male to male (50.0%;
29/58). Although the numbers were small,
interspousal donations showed a significant
difference between husband to wife and vice versa
(7 vs 17) (Table 2).
Discussion
In our center, the average number of LDLTs increased
from 3 to 26 cases (total 409 cases) per year during
the past 14 years. The annual average number of
deceased-donor liver transplants did not change
significantly during the analyzed period. Worldwide,
the number of LDLTs has increased yearly due
to the chronic shortage of livers from deceased
donors.8 According to the literature, education and
socioeconomic levels, culture, and religious beliefs
affect the attitudes of communities toward deceased
organ donation. In Turkey, in addition to these
factors, deceased organ donation is low due to lack of
knowledge or misinformation and because most
families do not allow organ donation.9-11
In our study, the specific distributions of LDLT
between males and females showed that slightly
more males (53.1%) were donors and more males
(63.6%) were recipients (Table 1). These results are
similar to the distribution of 2360 LDLTs performed
between 2016 and 2017 in Turkey, in which 62.4% of
living donors were males and 64.9% of recipients
were males.6 Our findings are similar to results of a
study presenting data of 19 countries and 3 single
transplant centers (8933 living donors and 9108 LDLT
recipients). In 11 countries (Austria, China [Beijing],
France, Lebanon, Italy, Japan [Tokyo], Korea, Mexico,
Romania, Australia/New Zealand, and the United
Kingdom), 53.1% to 65.0% (8933) of living donors
were males, and in 7 countries (Belgium, China [Hong
Kong], The Netherlands, Poland, the United States,
Lebanon, and Croatia) more women were living
donors.12 In 12 countries (Belgium, France, China
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[Beijing], China [Hong Kong], Korea, Germany, Italy,
Japan [Tokyo], Lebanon, the Netherlands, the United
States, and the United Kingdom), 59.4% to 70.0%
(9108) of the LDLT recipients were males, whereas in
4 countries (Mexico, Poland, Romania, and Austria),
females were the more frequent recipients.12 In Asian
countries, 70.0% of recipients were male. The
distribution between males and females was quite
balanced in Europe and the United States.1 At a
transplant center in Egypt, 64.7% (125/193) of living
donors were male, and most recipients were male.12
There are few studies investigating the underlying
reasons for gender imbalance in LDLT donors and
recipients. The disparity observed between the sexes
in transplant is influenced by many intertwining
biologic and social factors. The epidemiology of
diseases leading to transplant is not equal for men
and women. Genetically determined immunologic
differences also play a role.13 Male individuals tend
to be more prone to hypertension or ischemic heart
disease; therefore, they may not be appropriate as
donors. In addition, the most frequent indications for
liver transplant are alcohol- and hepatitis C-induced
liver cirrhosis, which are both more frequently
observed in men. Males have a higher incidence of
end-stage diseases that necessitate a transplant, and
this could be the reason why men are more frequent
recipients.14,15 Women and men are ascribed different
social, economic, and cultural roles, and a disparity
of knowledge may exist.7 Women generally feel
responsibility and tend to be caregivers. Because of
these psychosocial factors, women are much more
likely to be living organ donors than men. In many
countries, due to the traditional gender roles of
women in the family, women are also obligated to
take care of sick family members.12,13,16,17
These traditional roles of women as caregivers in
the family and the psychologic factors could also be
the reason why female living donors donated more
often to pediatric LDLT recipients (32.0% females vs
27.9% males) in our center. However, we did not
examine the underlying reasons for their decision.
Motherhood may also give women a sense of
duty to volunteer for donation to save their spouses,
children, and other family members. Sisters, mothers,
and wives have been shown to more frequently
donate their living organs to children, brothers,
fathers, and husbands.16 In our study, most living
donors were blood relatives (91.4%) (Table 2). Most
first-degree blood relative donors were parents
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(68.0%), followed by siblings (15.6%) and children
(13.1%). Second-degree blood relatives such as uncles,
aunts, cousins, and grandparents accounted for 14.2%
of living donors. According to Eurotransplant’s
annual statistical report of 2017, first-degree relatives
accounted for 89.1% (82/92) of LDLTs, as the most
common donor-recipient relation was mother to child
(42.4%) and father to child (32.6%).18 The report
showed that only 6 donors had a spouse/partner
relationship.18 In a study that included 11 countries
by Hermann and associates, 86.0% of living donors
and LDLT recipients were blood relatives. Most
blood relative donors were parents (46.0%), followed
by children (24.0%), siblings (18.0%), and other
relatives (12.0%), including uncles, aunts, cousins,
and grandparents.1 At a transplant center in Egypt,
32.1% (62/193) of blood relative donors were
children, followed by siblings (16.5%) and parents
(15.0%). There were 11 wives (5.7%) who donated
to their husbands. Interestingly, there were no
husbands who donated to their wives.12
In our study, although few in number (only 5.9%
[24/409] of all cases; Table 2), interspousal donation
showed a significant difference between husband to
wife and vice versa (7 versus 17). In a report from the
United Network for Organ Sharing, wife to husband
transplants accounted for 73.0% of 360 spousal pairs
of living organ donations.15 One study showed that
more than 30.0% of eligible wives were willing to
donate to their spouse, whereas less than 7.0% of
husbands were willing to donate to their wives.7
In conclusion, we observed male and younger age
predominance among donors and recipients of
LDLTs in our center. It is not known whether this was
related to biologic, psychologic, or sociocultural
features of patients and gender issues or to economic
factors. Although there was a significant male
predominance among donors when the relationship
between donors and recipients was analyzed, in
families, women more frequently donated to their
spouses and children. Further research studies with
qualitative components on the influential factors,
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including gender issues as underlying causes for
decisions and biological factors for organ compatibility,
are needed.
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Elderly Kidney Transplant Recipients: Single-Center
Experience in the Middle East
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Abstract
Objectives: The number of renal transplants in elderly
patients is increasing as age per se does not constitute
a contraindication to transplant. We compared renal
transplant outcomes in elderly recipients versus a
group of middle-aged patients.
Materials and Methods: Our retrospective casecontrolled study compared elderly transplant recipients
(n = 252; > 60 y old) with a matched cohort of younger
adult recipients (n = 710; between 40 and 60 years old)
who underwent renal transplant at the Hamed Al-Essa
Organ Transplant Center of Kuwait between 2000 and
2014. Demographic characteristics, comorbidities,
complications after transplant, and graft and patient
outcomes were compared between groups.
Results: There were 252 elderly kidney transplant
recipients (mean age of 65.5 ± 4.8 y; 59.52% males)
and 710 younger adult patients (mean age of
49.3 ± 5.5 years; 61.4% males). Most donors were
males in their thirties. Deceased donors predominated
in the younger adult group, whereas living unrelated
donors predominated in the elderly group (P < .05).
Diabetes represented the most common cause of endstage kidney disease. Younger patients tended to
receive heavier induction therapy but comparable
maintenance immunosuppression. Posttransplant
diabetes was higher in younger patients; however,
there were more elderly patients with micro- and
macroangiopathies (P < .05). No significant differences
were shown between groups with regard to patient
or graft survival (P > .05). This could be attributed
to a significantly higher number of patients with
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cardiovascular risks, less rejection episodes, and
higher number of malignancies in the elderly group
(P < .05).
Conclusions: Due to relatively less potent immunosuppression, elderly patients experienced lower
rejection rates and better graft survival; however,
patient survival was lower due to higher cardiovascular risk factors. Older patients should not be
discouraged from living-donor renal transplant.
Targeted research studies on protocols for the elderly
are needed.
Key words: Cardiovascular disease, Immunosuppression,
Malignancy, Posttransplant diabetes, Survival
Introduction
Kidney transplantation is currently the best available
treatment for end-stage kidney disease (ESKD). It is
associated with a better quality of life, lower costs,
and higher survival rates than other renal replacement therapies.1,2 Such advantages can also be
found among elderly renal transplant recipients.3
Untenable factors such as lower life expectancy,
associated comorbidities, surgical risk, and potential
for serious complications have kept elderly patients
from having access to transplants. However, not
enough data exist to justify this conservative attitude
in elderly patients.3
The incidence and prevalence of older patients
with ESKD have been increasing, with a median
patient age of 64.9 years at time of diagnosis in the
United Kingdom.1 Half of patients with ESKD in the
United States are > 65 years old, and one-third are
> 70 years old when first diagnosed.4 In the past 3
years,5 the estimated number of dialysis patients
reached 100 000 in 2013, with 30% over the age of 65
years. However, during this period, patients in the
same age range enrolled for transplant remained
below 15%.6
DOI: 10.6002/ect.MESOT2018.P6
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An awareness of the relative benefits and risks of
treatment for older patients with ESKD is therefore
increasingly important to the practicing gerontologist.
The mean age of renal transplant recipients is rising,
and advanced age is no longer considered a
contraindication to transplant. Better survival and
quality of life and economic advantages have been
demonstrated after renal transplant in older patients,
including those with comorbidities, compared with
dialysis treatment.7-9 However, access to renal
transplant has continued to be limited for older
people with ESKD, possibly due to organ allocation
policies and lack of awareness.10,11 In a Canadian
study, 26.5% of patients > 65 years old had no
contraindications to transplant.12
Clearer definitions of outcomes after renal
transplant in patients at the extremes of age would
be beneficial. In this study, our primary objective was
to evaluate and compare graft and patient outcomes
after renal transplant in older donors and recipients
versus a younger group of middle-aged patients.
Materials and Methods
This single-center retrospective study included 252
elderly patients (≥ 60 years old) who underwent
renal transplant at the Hamed Al-Essa Organ
Transplant Center of Kuwait during the period
between 2000 and 2014. We compared this group of
patients with another group of 710 middle-aged
patients (between 40 and 60 years old). Patient
medical records were reviewed for demographic
parameters, pretransplant comorbidities, type of
immunosuppression (induction and maintenance),
posttransplant complications (immunologic and
nonimmunologic), and graft and patient outcomes.
This study was conducted in full accordance with the
principles of the Declaration of Helsinki and Good
Clinical Practice guidelines and adhered to local and
national regulatory requirements and laws.
Each patient was evaluated clinically with
thorough history taking and physical examinations
monthly in the outpatient clinic. Laboratory tests
included complete blood count, creatinine concentration, creatinine clearance, liver function tests, and
fasting blood sugar. Patients were also tested for
urinary protein level (g/24 h), serum drug levels, and
virology profile (cytomegalovirus, Epstein-Barr virus,
and parvovirus). Patients received annual abdominal
ultrasonography.
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Immunosuppression
Our immunosuppression protocol consisted of 5 doses
of antithymocyte globulin (Sanofi US, Bridgewater,
NJ, USA) for high-risk patients (as retransplants, prior
pregnancy, blood transfusion, HLA-antibody positive,
and/or > 4 HLA mismatches) or 2 doses of interleukin
2 receptor blocker (basiliximab; Novartis, Inc., Basel,
Switzerland) for low-risk patients. Maintenance
therapy consisted of prednisolone, mycophenolate
mofetil, and a calcineurin inhibitor. The dose of
calcineurin inhibitor was gradually decreased until
it reached the lowest dose by the end of year 1, as
guided by 12-hour trough level. We kept the
cyclosporine level between 200 and 250 ng/mL
during month 1, then between 150 and 200 ng/mL
for 2 months, between 125 and 150 ng/mL for up to
6 months, and from 75 to 125 ng/mL until the
end of year 1. Similarly, we kept tacrolimus trough
levels between 8 and 10 ng/mL during the first 3
months and then from 5 to 8 ng/mL thereafter.
Maintenance immunosuppression with a sirolimusbased regimen was used for rejection-free patients
with low immunologic risk at 3 months after
transplant. All patients received valganciclovir and
sulfamethoxazole trimethoprim prophylaxis for 6
months.
Acute cellular rejection was treated with intravenous methylprednisolone sodium succinate (1 g
daily for 3 d) and/or with thymoglobulin (1 mg/kg
for 5-7 d) for steroid-resistant rejection. Antibodymediated rejection was treated with plasma
exchange, intravenous immunoglobulin (2 g/kg), and
rituximab. All rejection episodes were biopsy proven
according to Banff criteria. Patients who received
thymoglobulin as antirejection were managed by
secondary anticytomegalovirus prophylaxis for 1
month, whereas those who developed viremia were
treated with therapeutic valganciclovir for 3 weeks
followed by prophylaxis for 3 months.
Statistical analyses
Statistical analyses were performed with SPSS
software (SPSS: An IBM Company, version 24.0, IBM
Corporation, Armonk, NY, USA). Variables and
means were compared using paired sample t test,
independent sample t test, chi-square test, Fisher
exact test, and analysis of variance as appropriate.
Results are expressed as means and standard
deviation, and differences were considered significant
at P ≤ .05.
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Results
Of 3600 renal transplant recipients, 932 patients were
included in this retrospective analysis. There were
252 elderly kidney transplant recipients with mean
age of 65.5 ± 4.8 years (range, 60-81 y; 59.52% males),
and 710 middle-aged patients with mean age of
49.3 ± 5.5 years (range, 19-59 y; 61.4% males) (P > .05).
Most donors were males (78.5% and 70.14% in the
2 groups), and most were in their thirties. Deceased
donors significantly predominated in the younger
group of patients, whereas living donors significantly predominated in the elderly group (P = .007).
Diabetes represented the most common cause of
ESKD among elderly patients (49.5%), with a significantly higher incidence versus the younger group,
whereas glomerulonephritis represented the second
most common cause among younger patients after
diabetes (28.5%), with a significantly higher incidence versus the older group (Table 1; P < .001). The
2 groups were comparable regarding virology profile
and type of pretransplant dialysis modality (Table 1,
P > .05).
In the elderly group, we observed a significantly
higher percentage of patients with hypertension,
diabetes, dyslipidemia, chronic anemia, reactive
T-spot test for tuberculosis, and ischemic heart disease
(Table 1; P < .05). However, the percentage of patients
with hyperlipidemia and bone disease was comparable between groups (P > .05). The percentage of
elderly patients who received interleukin 2 receptor
blockers as induction was significantly higher
(P < .001). However, the 2 groups were comparable
regarding heavy induction using antilymphocytic
agents and maintenance immunosuppressive regimens (despite the tendency toward steroid-free
regimens in elderly patients; P = .07). In addition, we
observed that the groups were comparable regarding
immediate-term outcomes of graft function posttransplant (P > .05).
We observed more patients with posttransplant
diabetes mellitus (PTDM) in the younger group (24%
vs 17%; P = .053); however, the total percentage of
patients with diabetes was significantly higher in the
elderly group (P = .01, Table 2). In addition, there
were significantly more patients with micro- and
macroangiopathies in the elderly group (P = .01).
Bacterial infections that necessitated hospitalization
(as represented by chest and urinary infections) were
comparable between groups (P > .05). The percentage

of patients with both BK viremia and BK nephropathy
was also comparable between groups (P > .05).
Table 1. Study Group Demographics
Elderly Group:
Age ≥ 60
Years (n = 252)

Patient mean age, y
65.8 ± 4.8
Donor mean age,
34.4 ± 9.1
Recipients (male/female), No.
150/102
Donors (male/female), No.
198/54
Original kidney disease, %
• Idiopathic
14.7%
• Glomerulonephritis
18.9%
• Diabetes
49.5%
• Hypertension
7.4%
• Other
9.5%
Virology, No.
• HCV (positive/negative)
21/231
• CMV IgM (positive/negative)
10/242
• IgG (positive/negative)
235/17
Dialysis type, No.
• Hemodialysis
127
• Peritoneal dialysis
93
• Preemptive
32
Pretransplant comorbidity
• Hypertension
96.7%
• Pretransplant diabetes
61.7%
• Ischemic heart disease
47.3%
• Bone disease
32.7%
• Anemia
33.2%
• Hyperlipidemia
14.8%
• Positive T-spot test for
tuberculosis
55.8%
Donor type
• Living
219 (87.1%)
• Deceased
33 (11.9%)
Induction immunosuppression
• None
5.1%
• IL-2 receptor blocker (Simulect)
37.4%
• Antithymocyte globulin
41.4%
• Other
16.2%
Type of maintenance immunosuppression
• Cyclosporine based
48.8%
• Tacrolimus based
39.37%
• Steroid free
8.1%
• Other
3.3%
Graft function
• Immediate
41.2%
• Slow graft function
14.7%
• Delayed graft function
9.8%
• Nonfunctioning graft
25%

Middle-Age
Group: Age
40-60 Years
(n = 710)

P
Value

49.3 ± 5.5
34.7 ± 8.8
436/274
498/212

.001
.77
.59
.027

18.8%
26.7%
28.5%
5.4%
30.6%

< .001

68/642
25/685
686/24

.65
.86
.23

357
250
103

.86

90.4%
38.2%
22.6%
30.6%
28.7%
11%

.028
< .001
< .001
.63
.048
.15

35.3%

< .001

552 (77.7%)
158 (22.3%)

.007

8.8%
20.7%
40.9%
29.6%

< .001

52.7%
38.5%
3.3%
5.4%

.07

8.8%
20.7%
40.9%
29.6%

.002

Abbreviations: CMV, cytomegalovirus; HCV, hepatitis C virus; IgG,
immunoglobulin G; IgM, immunoglobulin M; IL-2, interleukin 2

Graft survival was significantly better in the
elderly group, whereas patient survival was
significantly better in the younger group of patients
(P < .05; Table 2). We observed a significant increase
in the percentage of patients with early acute
rejection (T-cell mediated, antibody mediated, or
mixed) among the younger patients (P = .024), but
the 2 groups were comparable regarding percentage
of patients with late acute rejection (P = .09; Table 2).
As shown in Figure 1, we found no significant
differences between the groups with regard to

138

Osama Gheith et al/Experimental and Clinical Transplantation (2019) 1: 135-141

Table 2. Posttransplant Complications in the Study Groups
Elderly Group:
Middle-Age
Age ≥ 60
Group: Age
Years (n = 252)
40-60 Years
(n = 710)

Posttransplant diabetes, No.
17%
Total patients with diabetes, No. (%)
172 (68.2%)
BK virus infection
• BK viremia
10.5%
• BK nephropathy
1.6%
Vascular complications, %
• Microangiopathies
2.8%
• Macroangiopathies
6%
Recurrent urinary tract infection, %
0.4%
Acute rejection episodes at 1st biopsy
• Acute T-mediated rejection
13 (5.2%)
• Antibody-mediated rejection
0
• Mixed acute rejection
1 (0.4%)
Acute rejection episodes at 2nd biopsy
• Acute T-mediated rejection
5 (2%)
• Antibody-mediated rejection
2 (0.8%)
• Mixed acute rejection
2 (0.8%)
Mean rejection episodes
0.4 ± 0.55
Graft outcome, %
• Functioning
90.4%
• Failed
7.4%
• Lost to follow-up
2.4%
Patient outcome
• Living
74.9%
• Deceased
11.2%
• Lost to follow-up
13.9%

P
Value

24%
361 (50.8%)

.053
.01

11.6%
1.4%

.64
.87

0.8%
3.5%
1.4%

.01
.19

57 (8%)
14 (2%)
10 (1.4%)

.024

33 (4.6%)
9 (1.3%)
1 (0.1%)
0.61 ± 0.88

.09
.31

79.2%
16.2%
4.2%

.003

76.7%
6%
17.5%

.029

Figure 1. Follow-Up of Serum Creatinine in the Study Groups

baseline graft function, as represented by estimated
glomerular filtration rate (P > .05). Although graft
function was significantly better in the elderly group
at 6 months, 1 year, and 3 years during follow-up
(P < .05), long-term graft function showed no
significant difference between the groups at 5 and 10
years of follow-up (P > .05).
Discussion
Elderly patients represent a considerable and
increasing fraction of adults with ESKD. In the
absence of contraindications, they have better
outcomes after renal transplant than with other
forms of renal replacement therapies.4,13 Stevens and
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associates11 reported a much lower probability of
older patients receiving transplant procedures than
younger patients, with only 8% of listed patients
from 65 to 74.9 years old receiving transplant
procedures within 5 years. Moreover, Segev and
associates14 reported a 30% decrease in access to
transplant for each decade increase in age. When
compared with comorbidity-matched male counterparts, access to transplant was 29% lower for
women aged 65 to 75 years and 59% lower for women
older than age 75 years.3 Here, our work is one of the
few Arab world studies comparing the evolution of
renal transplant in elderly versus middle-aged
recipients with long-term follow-up.
We aimed to compare renal transplant outcomes
in elderly recipients versus a more commonly
transplanted group of kidney recipients (middleaged patients). In our center, the percentage of
elderly kidney transplants represented 15% of annual
total transplants. This percentage is nearly similar to
a population enrolled for transplant in the same age
group (below 15%)15 and slightly more than that
reported in a retrospective study by Dempster and
associates,16 who showed that elderly transplant
recipients represented 4% of living donor and 9.1%
of deceased donor transplants.
Similarly, it was reported that only 12.5% of
kidney transplants, performed in a Brazilian kidney
hospital that was responsible for 20% of all kidney
transplants, were above 60 years old.17 Although 30%
of dialysis patients are elderly (above 65 years old),
those who were listed for transplant remained below
15%.6 Moreover, the US Renal Data System (USRDS)
observed a slower increase in kidney transplant
procedures in patients older than 65 years when
compared over time, such that, by 2006, patients
older than age 65 years only accounted for 13.3% of
all kidney transplant recipients.18
Furthermore, a previous study emphasized that
one-half of dialysis patients referred to a transplant
unit are greater than 65 years old.11 In fact, they
represented only 4% and 9.1% of living-donor and
deceased-donor renal transplants, respectively. In
our study, we did not find any significant difference
between our age groups regarding sex distribution,
which was not in agreement with that reported by
Segev and associates.14 They showed that the probability of transplant is 29% lower among older women
(> 65 y). This difference could be due to cultural and
religious factors with regard to elderly mothers.
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In our study, deceased-donor procedures significantly predominated in the younger group of
patients, whereas living-donor procedures significantly predominated in the elderly group (P = .007;
Table 1). This difference from other studies could be
explained by differences in transplant awareness and
other cultural factors. In addition, it could be
explained by our adopted policy of assigning organs
from younger deceased donors to younger recipients
and vice versa.
Many studies have reported that older age
represents the strongest and most consistent risk
factor for PTDM in kidney transplantation.19-27 Data
from the US Renal Data System showed that
recipients of a first kidney transplant who were
between 45 and 59 year had a relative risk for PTDM
of 1.9 (95% confidence interval [CI], 1.73 to 2.09;
P < .0001), whereas patients older than 60 years had
a risk of 2.6 (95% CI, 2.32 to 2.92; P < .0001).19 Even
with increasing age, the risk for development of
diabetes mellitus increased by 1.5-fold for every
10-year increase in age.25 In our cohort, we observed
a trend toward more patients with PTDM among the
younger group of patients (24% vs 17%; P = .022), but
the total percentage of patients with diabetes was
significantly higher in the elderly group (68.2% vs
50.8%; P = .01). This might be explained by the
significantly higher number of elderly patients with
type 2 diabetes as a cause of ESKD. Although this
finding was matched with that reported by Orlandi
and colleagues,28 in which diabetes mellitus has a
frequency twice as high among elderly patients, it
was not in accordance with other studies. The
difference in such an observation might be due to
genetic factors predisposing to type 2 diabetes mellitus.
The higher prevalence of PTDM among younger
recipients could be explained by the heavier immunosuppression, especially with steroid-based regimens,
which were used to control the significantly higher rate
of early acute rejection episodes recorded in our
younger patients. This observation was in accordance
with Cosio and associates29 who showed that
patients who were older than 45 years were 2.9 times
more likely to develop PTDM. They added that the
rate of increase in PTDM after the first 6 months
posttransplant was significantly faster in older than
in younger individuals. However, we did not
observe this finding in our cohort, which was
possibly due to faster reduction of maintenance
steroid therapy in our protocol.

139

The lower prevalence of biopsy-proven acute
rejection episodes among our elderly patients was also
highlighted previously by Panda and associates.30 The
group explained this issue by the fact that prevention
of rejection is generally easier in older patients due to
natural immunosenescence,30 which allows use of
less potent immunosuppressant regimens. Moreover,
Friedman and colleagues added that immunosuppressant dose reduction in older renal transplant
recipients has been associated with improved recipient
and graft survival, reduction in cardiovascular risk,
reduced drug side effects, and even cost.31
We found that the percentages of patients with
micro- and macroangiopathies were significantly
higher in elderly patients (P = .01; Table 2). This could
be explained by the significantly higher percentage
of patients with hypertension, diabetes, anemia, and
ischemic heart disease in our elderly cohort (P < .05;
Table 1). Neale and colleagues32 also stated that
conventional cardiovascular risk factors such as
diabetes mellitus, hypertension, and renal dysfunction
remain major influences on cardiovascular disease
among renal transplant recipients. Jeloka and
associates33 added that these variables represented
major risk factors responsible for the development
of micro- and macroangiopathies significantly
encountered in elderly patients. Posttransplant
survival of patients with high cardiovascular risk
(with known coronary artery disease) was lower than
for low-risk recipients but remained acceptable, and
cardiac interventions could reduce perioperative risk
without reduction of posttransplant cardiac events
compared with low-risk patients.
Renal transplant recipients continued to be at
higher cardiovascular risk compared with those who
remain on dialysis or even to the general population.
Traditional risk factors and other influential factors
will need to be considered when attempting to
improve morbidity and mortality in this complex
population. Immunosuppression played a vital role
in preserving the graft; medications should be
optimized to prevent toxicity causing a worsening of
cardiovascular disease.28
Infection-related mortality is considered the
second most common cause of death in ESKD and
transplant populations.18 In general, older transplants are more susceptible to infectious deaths
than younger patients.34 This finding might be
due to the susceptibility of the elderly to the effects
of immunosuppression, in addition to age-related
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immunosenescence. In our cohort, we found that
bacterial infections that necessitated hospitalization
(as represented by chest and urinary infections) were
comparable between groups (P > .05). The relatively
low prevalence of bacterial infections in our elderly
patients could be explained by the earlier and more
aggressive antibiotic management protocol adopted
in our center, which was associated with better
patient outcomes. Similarly, the percentages of
patients with BK viremia and BK-associated nephropathy were comparable between groups (P > .05).
Significantly better graft outcomes were observed
among elderly patients, which may be explained by
the significantly higher number of younger living
donors, less acute rejection episodes, and relatively
more potent immunosuppression given to this group
of patients. The worse patient survival could be due
to the significantly higher number of patients with
cardiovascular risks (hypertension, diabetes, cardiac
ischemia, and anemia) and higher number of
malignancies in our elderly group (P < .05). This
outcome was in accordance with that concluded by
Neri and associates,35 who included deceased donor
transplant and reported that optimization of both
organ allocation and immunosuppression protocols
could be vital factors to validate improvements.
Our elderly patients received mainly kidneys
from living donors, which resulted in better graft
outcomes than shown in our younger age group,
who received more grafts from deceased donors.
These results are unlike the inferior outcomes shown
when patients receive grafts from extended-criteria
deceased donors in other studies.36,37 Use of living
donors, even older living donors, provides significantly better outcomes for elderly recipients than use
of deceased donors. However, in the absence of a
living donor, survival is improved significantly by
accepting an extended-criteria donor organ rather
than remaining on a wait list for a standard criteria
deceased donor.36-38
Similarly, Gencoglu and associates39 concluded in
a pilot study of 16 patients older than 55 years that
renal transplant was an effective therapy for elderly
ESKD patients, with results similar to young kidney
transplant recipients. They found no relevant adverse
effects of recipient age on immunologic reactivity.
Despite the augmented effects of age on infectious
death with transplant, kidney transplant is associated with a lower risk of infection-related mortality
in all age groups compared with dialysis.40
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Conclusions
Because of relatively less potent immunosuppression, elderly patients experienced lower rejection
rates with better graft but lower patient survival due
to higher cardiovascular risk factors. Older individuals should therefore not be discouraged from
living-donor renal transplant. Targeted research
studies on protocols are needed for elderly patients.
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Kidney Transplant in a Patient With Factor VII Deficiency:
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Abstract
Organ transplant in patients with congenital bleeding
disorders is a challenge requiring an integrated
approach of various specialists. Inherited factor VII
deficiency is the most common of the rare bleeding
disorders, with a wide set of hemorrhagic features.
Although a kidney allograft is the most frequent type
of solid-organ transplant, it is rarely performed in
individuals with congenital hemorrhagic disorders.
Here, we highlight the course of a patient with
coagulation factor VII deficiency who underwent
successful kidney transplant without significant
coagulopathy. Our patient was a 19-year-old man with
end-stage kidney disease and congenital coagulation
factor VII deficiency. Perioperative bleeding was
successfully prevented by administration of recombinant factor VII, confirming its safety in solid-organ
transplants. Success requires evaluation of doses and
therapeutic schedules, as well as a multidisciplinary
approach.
Key words: Bleeding disorder, Congenital coagulation,
End-stage kidney disease
Introduction
Coagulation factor VII (FVII) deficiency is a rare
autosomal recessive bleeding disorder resulting from
mutations of the gene encoding for FVII, the protein
that starts the extrinsic coagulation pathway.1-3
Coagulation factor VII deficiency produces an
isolated prolongation of the prothrombin time
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boplastin time.4 Once suspected, the FVII assay
(FVII:C) can be easily performed. Clinical manifestations include bleeding symptoms ranging from
mild gum and muscle bleeding to severe life-threatening intracranial and gastrointestinal bleeding.
Unlike hemophilia, there is a poor correlation between
the level of residual circulating FVII and the severity of
bleeding, which makes bleeding in FVII-deficient
patients unpredictable.4
Surgical operations are challenging, and bleeding
is common, often requiring replacement therapy
with concentrates of the missing factor. However,
clear data regarding therapeutic schedules and
experiences in major surgeries are lacking. Bleeding
has been reported among a fraction of patients
treated with replacement therapy.5 Among solidorgan transplant recipients with this bleeding
disorder, the data are extremely limited. Therefore,
we aimed to highlight the course of the transplant in
a patient with FVII deficiency who underwent
successful kidney transplant and postoperative graft
biopsy using recombinant activated FVII (rFVIIa),
without significant coagulopathy.
Case Report
A 19-year-old male patient presented with a history
of type 1 diabetes mellitus, with its microvascular
complications, in addition to congenital deficiency of
coagulation FVII. He was hypertensive and started
hemodialysis via a chronic silicone oval catheter in
the right internal jugular vein (Permcath; Medtronic,
Minneapolis, MN, USA). The catheter was smoothly
inserted, without any bleeding events, a few months
before a planned related living-donor renal transplant from his father.
We were faced with the dilemma of balancing
the perioperative risk of bleeding due to his FVII
deficiency and the induced risk of thrombosis when
DOI: 10.6002/ect.MESOT2018.P9
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using rFVIIa. A multidisciplinary committee recommended transplant with rFVIIa replacement with
close perioperative monitoring of international
normalized ratio (INR), which ranged between 4.7
and 5.2 before transplant.
In view of his low immunologic risk (multiple
myeloma risk = 2, negative panel reactive antibodies,
negative complement-dependent cytotoxicity, and
flow cytometry crossmatch), the patient received
basiliximab as induction, and he was maintained on
prednisolone, cyclosporine, and mycophenolate
mofetil. Recombinant activated FVII was administered
30 minutes before incision, with a measurement of INR
at 6 hours after the dose (which was normal) and then
monitoring of INR on a timely basis. Repeat dosing
of rFVIIa (total of 6 doses) was given for the next 3
days postoperatively when the INR exceeded 2.5, to
prevent possible thrombosis. For this, we depended
only on the practicality of INR monitoring, not on
FVII activity itself. On day 7, his serum creatinine
plateaued to around 180 μmol/L for 4 days.
Pretransplant and posttransplant renal causes were
excluded, and graft biopsy was performed after
reversal of FVII deficiency with only 1 dose of rFVIIa
of 45 μg/kg. The biopsy showed severe acute tubular
necrosis and negative C4d. Currently, graft function
remains stable in this patient.
Discussion
Congenital FVII deficiency is a challenging disorder
to manage.6 The risk of bleeding should not be
underestimated during hemostatic challenges, such
as major surgery, even in asymptomatic individuals,
as the minimal safe levels of FVII:C to ensure
hemostasis in different clinical situations has not
been well defined.7,8 Furthermore, there are no
standard guidelines for the management of congenital FVII deficiency. However, data from the
International Registry of FVII Deficiency have been
helpful in providing clinical guidance.9,10
In a retrospective analysis of 157 patients with
FVII deficiency, the authors described an algorithm
for surgical intervention based on age, FVII:C levels,
type of procedure, and personal bleeding history.
These authors also suggested that not all patients
should receive replacement therapy, as the treatment
is expensive and not required for all surgical
procedures.7 For our patient, we depended on the
INR level to monitor the risk of bleeding and not on

143

the level of FVII. We administered rFVIIa 30 minutes
before the incision, and then we followed INR levels
on a timely basis. There were no significant incidences of intraoperative or postoperative bleeding,
even after a kidney graft biopsy.
Lapecorella and associates reported that they
depended on both the level of FVII and INR to adjust
doses of rFVII over the first 6 days posttransplant.11
Sander and colleagues described a kidney transplant
patient who recovered from massive intraoperative
bleeding after thrombectomy and receiving rFVII.12
Guy and associates reported a case of a deceased
liver donor with FVII deficiency that conveyed to the
recipient; however, the operation had no incidences
of bleeding, and the recipient did not require
replacement with rFVII.13 Ranucci and associates
concluded from their meta-analysis that treatment
with rFVIIa is effective in reducing the rate of
patients undergoing transfusion with allogeneic
packed red blood cells.14 Ranucci and associates also
reported that treatment with rFVIIa is not associated
with increased rates of thromboembolic events or
mortality.14 Another meta-analysis published in 2008
concluded that 73% of the patients who received
rFVII achieved at least a reduction of bleeding and
that the probability of survival is increased in
patients responding to rFVIIa.15 Use of rFVIIa was
not associated with an increased risk of thromboembolism compared with placebo.15 This finding
is in agreement with our case, as our patient did not
develop any thrombotic events during the main
surgery or during graft biopsy.
Conclusions
Renal transplant surgery is feasible among patients
with coagulation FVII deficiency with close
monitoring of INR after its replacement.
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Long-Term Outcome of Zero-Ischemia Partial Nephrectomy
for the Treatment of Multifocal Renal Cell Carcinoma in
Renal Transplant Allograft: A Case Report
Nasser Simforoosh, Mohammad Nadjafi-Semnani
Abstract
Multifocal synchronous renal cell carcinoma in the
functioning allograft is a rare disease; there is no
consensus regarding its treatment, and few cases have
been reported. In isolated masses, some authorities
advocate graft nephrectomy, and some recommend
partial nephrectomy. To our knowledge, we describe
the first experience of nephron-sparing surgery in
multifocal synchronous renal cell carcinoma in an
allograft with its long-term outcome. A 42-year-old
male patient with a history of living related-donor
kidney transplant from his brother (18 years previously)
presented with a history of gross hematuria over
the past few months. Imaging studies revealed a 5.5-cm
exophytic cystic mass lesion in lower pole and an
11-mm solid mass in the upper pole of the renal
allograft. Both graft nephrectomy and nephronsparing surgery were offered to him. After the patient
provided written informed consent, zero-ischemia
partial nephrectomy of lower pole and enucleation of
upper pole mass were performed. Pathology reports
for both lesions indicated clear cell carcinoma, and
margins were free of tumor. Twelve months after
surgery, the patient was free of tumor, and his
creatinine level was 1.6 mg/dL. At 29 months after
surgery, his creatinine level was 2.4 mg/dL, and
imaging revealed a tumor-free allograft. Nephronsparing surgery in multifocal renal cell carcinoma in
the functioning renal allograft was feasible in our
patient, and the long-term outcome was satisfactory.
This surgical option provided dialysis-free and longterm tumor-free survival to the patient.
Key words: Hematuria, Kidney transplantation, Tumor
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Introduction
Malignancy after kidney transplant is a significant
complication.1 In recipients of kidney allografts,
about 3% of diagnosed malignancies are from the
genitourinary tract, which is 4 to 5 times greater than
its occurrence in those who do not receive
transplant.2 Renal cell carcinoma (RCC) is the most
common malignancy after skin disorders, lymphoproliferative disorders, and Kaposi sarcoma in renal
transplant recipients.3 Only 10% of RCCs in renal
transplant recipients occur in the allograft.3 Some
authorities believe, and there appears to be a general
consensus, that renal grafts with tumors should be
removed urgently and that such patients should be
treated with dialysis.4 If technically possible, it has
been recommended that nephron-sparing surgery
should be performed for renal allograft tumors.5
Renal function decreases by approximately 20% after
partial nephrectomy of the operated kidney, due to
ischemic injury or deprivation of nephron mass.6
Ischemic injury can be prevented by zero-ischemia
partial nephrectomy.6 We describe a zero-ischemia
partial nephrectomy for a multifocal synchronous
RCC in a renal allograft with long-term outcome.
Case Report
A 42-year-old man, who was a recipient of a renal
allograft (from his brother, 18 years previously in our
center for end-stage renal disease of unknown cause),
presented with intermittent gross hematuria over the
past 6 months. The patient was a cigarette smoker
and addicted to opium and was being treated with
cyclosporine and prednisolone, and his serum
creatinine level was 1.6 mg/dL at presentation.
Ultrasonography revealed a 52-by-45 mm cystic
complex mass in the lower pole of the allograft.
Abdominopelvic computed tomography scan
revealed a complex exophytic cystic lesion of 41-byDOI: 10.6002/ect.MESOT2018.P13
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40 mm in diameter in the lower pole (enhanced with
contrast; see Figure 1). A magnetic resonance imaging
study revealed a 40-mm cyst with a mural nodule in
the lower pole and another 11-mm mass in the upper
pole (Figure 2). Metastatic work-up was negative.

Figure 1. Computed Tomography Showing Tumor in the Lower Pole of
Allograft, With Enhanced Contrast (Arrow)

Figure 2. Magnetic Resonance Imaging Study of Patient

(A) T2-weighted image of lower pole mass. (B) T2-weighted image of upper
pole mass. Both A and B show hyperintense lesions (arrows) characteristic
of clear cell renal carcinoma in magnetic resonance imaging.

Different treatment options were discussed with
the patient, and he desired to preserve his allograft
with nephron-sparing surgery. The patient was
treated with general anesthesia, and we incised and
extended the previous incision with the extraperitoneal approach. The allograft was dissected
carefully, and the capsule was kept intact. Severe
fibrosis was present; thus, we did not dissect the hilar
vessels, as there was significant risk of injury to the
main renal artery and vein.
With direct compression of renal allograft tissue,
a partial nephrectomy of both masses was accomplished successfully with acceptable blood loss.
The lower pole mass was removed with a margin of
0.5 cm of normal parenchyma attached to the tumor.
After an incision was made around the tumor with
cautery and the incision was deepened toward the
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parenchyma, a resection was quickly completed
using scissor and cautery. Bleeding from parenchyma
was controlled with bipolar cautery and with direct
compression of tissue.
After we removed the mass, deep bleed areas
were ligated with 3-0 chromic suture. The capsule
and the attached parenchyma were sutured with 2-0
polyglactin running sutures, and hemostasis was
secured. After excision of the lower pole mass was
completed, the well-encapsulated and demarcated
upper pole mass was cleaved and enucleated from
the attached parenchyma without cutting the normal
tissues. The mass was removed quickly, and allograft
repair was performed by the same technique as used
for the lower pole mass, except that no normal
parenchyma was resected in the upper pole. The
intraoperatively frozen sections from the renal side
of resection of both poles were free of tumor. After
hemostasis was accomplished, a Hemovac drain was
inserted. The incision was closed in anatomic layers.
The operation time was 90 minutes, and blood loss
was 360 mL.
The postoperative course was uneventful, and the
patient was discharged on postoperative day 5, with
creatinine level of 1.6 mg/dL. Pathology of the
lower pole revealed one cystic mass that measured
5 × 3 × 1.5 cm, with the smooth external surface
containing necrotic material; this material was
diagnosed as clear cell carcinoma (Fuhrman grade 4).
Pathology of the upper pole mass revealed 1 encapsulated solid mass that measured 2.2 × 1.5 × 1 cm,
and the cut surface was observed to be solid,
homogenous, and tan-creamy in color; we diagnosed
this as clear cell carcinoma (Fuhrman grade 2/4). The
inked surgical margins of both lesions were free of
tumor.
At postoperative month 12, the patient’s creatinine
level was 1.6 mg/dL, and computed tomography
revealed a tumor-free allograft. At 24 months after
surgery, his creatinine level was 2.2 mg/dL, and
magnetic resonance imaging revealed a tumor-free
allograft. At 29 months after surgery, he remains
tumor free as observed in ultrasonographic examination.
Discussion
Due to long-term immunosuppression and the effect
of oncogenic viruses after solid-organ transplant, the
incidence of neoplasm is high in renal transplant
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recipients. In younger patients (< 35 years old), as in
our case, the risk of cancer is considerably higher
than shown in the general population and has
standardized incidence ratio of 3.68, although this
risk gradually decreases with increasing age.4
Particularly high risks are observed for cancer of the
kidney (standardized incidence ratio of 3.60).4
Obesity, cigarette smoking, and the occurrence of
recurrent pyelonephritis are known risk factors for
RCC in renal transplant recipients. The first case of
RCC in an allograft was reported in 1988.7 In 2003,
DeLong and associates published the first multifocal
papillary renal carcinoma in an allograft, in which
the patient was treated with transplantectomy.8 Penn
reported 24 cases in 1995.9 Tillou and colleagues, in a
multicenter study in France, published the most
extensive series of 79 cases.10 The incidence of RCC in
the allograft was 0.19% and 0.5% in the studies by
Tillou and colleagues and Penn, respectively.9,10 In
the study by Tillou and associates, 35 patients (44.3%)
were treated with partial nephrectomy; all were
unifocal tumors.10 Most of the tumors were incidental, small, papillary carcinomas and of low grade
and low stage.
Indications for nephrectomy are low-functioning
graft, tumor in the center, and tumors more than 4
cm in maximum diameter.10 Tillou and colleagues
stated that the most critical conclusion from this
largest series is that most tumors in these cases are
low grade and of the papillary subtype.10 Papillary
tumors have better prognosis than the clear cell
type.10 Others believe that RCC in the allograft is
more aggressive, with a higher potential for a poor
outcome.5 Although some strongly advise routine
biopsies for a mass in a renal allograft,11 we did not
perform a biopsy before the partial nephrectomy.
Melchior and colleagues argued that it is controversial that all patients with allograft mass should
have needle biopsy, as there is a risk of tumor seeding
in the needle tract in patients with suppressed
immunity.12 In light of this report, we changed the
immunosuppressive treatment of the patient to
sirolimus. Sirolimus has been used in the posttransplant period while treating malignancies and
has demonstrated antitumor activity.13 It has been
said that a sirolimus immunosuppressive regimen
has been associated with lower neoplasm in renal
transplant recipients.4 In 83% of patients treated in
the study by Tillou and colleagues, the immunosuppressive drug was not changed.10
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We performed enucleation for small upper tumor.
Some authors believe that enucleation of RCCs can
have excellent oncologic results. Minervini and
associates, in a multicenter study that compared 982
partial nephrectomies with 537 simple enucleations,
showed that enucleation of the tumor produced
excellent results compared with partial nephrectomy,
with multivariable analysis showing that either
technique was not an independent predictor of
cancer-free survival.14 It has been said that margin
thickness around the tumor for long-term surveillance is not essential and that the important
prognostic factor is simply that the margin be tumor
free.9 To our knowledge, our study is the first report
of nephron-sparing surgery in multifocal RCC in the
functioning renal allograft with a long-term positive
result.
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Incidence of Urinary Complications With Double J
Stents in Kidney Transplantation
Mahir Kırnap,1 Fatih Boyvat,2 Adnan Torgay,3 Gökhan Moray,1 Sedat Yıldırım,1
Mehmet Haberal1
Abstract
Objectives: Ureteral complications remain a major
source of morbidity and occasional mortality in renal
transplant. Among all ureteral complications, leaks are
the most frequently encountered in the early
posttransplant period. The routine use of a double-J
ureteric stent remains controversial, with reported
increased incidence of urinary tract infection. Here, we
retrospectively compared the efficacy of a double J
stent in kidney transplant patients to investigate
ureteral complication incidence in our center.
Materials and Methods: Our study included 382 kidney
transplant patients. At 5 weeks after transplant, the
double J stent was removed under sedation. Patients
were divided into 2 groups: 125 patients with double
J stent placement (group 1) and 257 patients without
double J stent placement (group 2).
Results: We observed no significant demographic
differences between the 2 groups with regard to
patient age (median patient age of 30 y [range, 2-73 y]
for group 1; median patient age of 33 y [range, 4-69 y]
for group 2), patient sex (30.2% females in group 1,
32.4% females in group 2), and body mass index
(median of 25.1 vs 24.9 kg/m2 in groups 1 and 2,
respectively). Cold and warm ischemia time for donor
organ, delayed graft function, and episodes of acute
rejection did not differ significantly between the
groups. Urinary tract infection was observed in 25/125
(20.4%) and 50/257 patients (19.2%) in groups 1 and
2, respectively. Urinary leak was present in 8/125
group 1 (6.4%) and 6/257 group 2 patients (2.3%).
Conclusions: A double J stent in ureteral anastomosis
was not likely to decrease the frequency of leakage but
is likely to reduce the gravity of the complication and
the need for reoperation. In addition, the use of a
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double J stent was not associated with increased
urinary tract infections in renal transplant recipients.
Key words: Renal transplant, Urinary leaks, Urinary
tract infection
Introduction
Kidney transplantation has long been recognized as
the best available therapy for end-stage kidney
disease. Although the operative techniques have been
refined over time and are now highly standardized,
research remains ongoing on the details of the
procedure, which may lead to a further reduction of
postoperative complications and improved long-term
outcomes. Ureteral complications remain a major
source of morbidity and occasional mortality in renal
transplant despite a reduction in their incidence of at
least one-half over the past 30 years. In different
transplant centers, the incidence of ureteral complications after renal transplant varies from 2% to 20%.
These complications can include urinary leakage from
the ureteral anastomosis, fistula, stenosis, and
obstruction of the ureteral anastomosis.1
Among all ureteral complications, leaks are the
most frequently encountered complication in the early
posttransplantation period.2 These complications can
cause high morbidity, increased hospitalization time,
and subsequent increased costs. Therefore, the use of
ureteral stents during kidney transplant as prophylaxis
to prevent such complications seems logical.3 Routine
ureteric stenting for kidney transplant is widely
regarded as beneficial. However, indwelling stents in
an immunocompromised patient can lead to a risk of
urinary tract infections (UTIs).4
Urologic complications can play a significant role
in patient outcomes, quality of life, graft loss, cost
effectiveness, and hospital stay. Double J ureteral stents
have become one of the most basic and valuable tools
in urologic practice. Indwelling ureteral stents
DOI: 10.6002/ect.MESOT2018.P14
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provide direct drainage of the upper urinary tract to
the bladder without the need for external diversion.
Double J stents are inserted in patients with ureteral
obstruction and for the prevention of complications
after open or endoscopic procedures. However, their
use is not free of complications and problems.
Many centers use double J stents in every patient,
and some centers use this only with selected cases.
Routine intraoperative use of double J stents is
controversial and still debatable. There are many
factors that call for their use, including surgical
technique, graft retrieval and ureteric ischemia,
patient sex, and source of kidney (deceased or living
donor). The insertion of a stent does not eliminate the
risk of complications, particularly urinary leak, but
may alter the approach to managing them.2 Because
of need for immunosuppression posttransplant,
double J stents in transplant patients can increase the
risk of urologic or blood infections. Consequently,
opinions continue to be divided between those who
routinely conduct stent placement and those who only
do so selectively on the basis of clear indications.5
A ureteral stent after kidney transplant will usually
be removed after 4 to 6 weeks, but it should be
noted that the optimal length of time for retaining
ureteral stents is controversial and is not yet
specified.6
To determine whether stent placement increases
the risk of UTIs and the incidence of complications
with double J stents, we performed a retrospective
single-center study to compare the efficacy of doubleJ stent placement versus no stent placement in
kidney transplant patients.
Materials and Methods
Between November 1975 and June 2018, our center
performed 2902 kidney transplant procedures. We
retrospectively reviewed prospectively collected
patient medical records. Our study included 382
kidney transplant recipients (349 from living and 67
from deceased donors). The original total was
416 patients; however, 34 were excluded due to
intraoperative complications or cytomegalovirus
infection. Of 382 patients, 371 (97%) underwent first
transplant, 9 (2%) underwent a second transplant, and
2 (1%) underwent a third transplant. The 382 patients
were divided into 2 groups: group 1 (n = 125) included
those who had a double J stent and group 2 (n = 257)
included those who did not have a double J stent.
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The graft was revascularized in a standard way,
with the renal vein anastomosed to the side of the
external iliac vein. The renal artery was end-to-side
to the external iliac artery or end-to-end anastomosed to the internal iliac artery. Both groups of
patients underwent corner-saving ureterovesical
anastomosis with or without double J stents (with 6/0
polydioxanone). During surgery, a 6F, 12-cm, double
pigtail ureteral stent was inserted in group 1 patients
(the double J stent group) at the discretion of the
surgeon to establish internal drainage from the
uretero-pelvic junction to the bladder. The double J
stent remained for an average of 42 days (range,
28-75 d). Stents were endoscopically removed under
local anesthesia. In both groups, a Foley catheter was
left to drain the bladder for 4 days; suction drains were
placed for 6 or 8 days. After a policy of selective double
J stenting was adopted, the double J stent was used
only in cases of difficult ureteric reimplantation, delayed renal function, and/or compromised vascularity.
Immunosuppressive agents included tacrolimus
(0.1 mg/kg/day), mycophenolic acid (30 mg/kg/day),
and prednisolone (1 mg/kg/day). Antibiotic prophylaxis included a single intravenous dose of
cefazolin (1 g) at anesthetic induction and a daily dose
of cotrimoxazole (480 mg) for 3 months. Induction
therapy with anti-CD25 monoclonal antibodies
(basiliximab 20 mg) was given to 22 patients in group
1 and to 21 patients in group 2 on day 0 and day 4.
Baseline serum creatinine levels were recorded
preoperatively and daily during hospitalization
posttransplant. Color Doppler sonography was
performed daily for the first postoperative week and
as needed afterward to assess organ perfusion and
vascular resistance as well as for diagnosis of
postoperative complications, including hydroureter
and/or hydronephrosis, lymphocele, urine leak, and
hematoma.
Endpoints of this study were postoperative
complications (including UTIs, ureteric stenosis,
anastomotic leakage, and macrohematuria). In
addition, the length of hospital stay was evaluated
and compared between the 2 groups.
The diagnosis of UTI was made on the basis of
compatible symptoms supported by urinalysis
and/or microbiologic culture. These finding were in
conjunction with at least one of the following
symptoms in patients with no other recognized cause:
fever (> 38°C), urgency, frequency, dysuria, and
suprapubic tenderness.
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Ureteric obstruction was defined as a rise in serum
creatinine levels by more than 20%, ultrasonographic
evidence of hydronephrosis, and verification of the
stenotic anastomosis by retrograde pyelography.
Anastomotic leakage was defined as any amount of
contrast agent outside the transplant ureter or bladder
detected by retrograde pyelography, performed
during the first postoperative week.
Statistical analyses were performed with SPSS
software (SPSS Inc., Chicago IL, USA). Group means
or medians were compared using unpaired t test;
contingency tables were analyzed with the Fisher
exact test.
Results
In our patients, the most common causes of established
renal failure were glomerulonephritis (14.7%), cystic
kidney disease (14%), immunoglobulin A nephropathy
(13.3%), and diabetic nephropathy (6.7%). No significant demographic differences were observed
between the 2 groups regarding patient age (median
patient age of 30 y for group 1, and median age of 33
y for group 2), distribution of male versus female
patients (30.2% vs 32.4% females in group 1 vs group
2), and body mass index (median 25.1 vs 24.9 kg/m2
in group 1 and group 2). Duration of cold and warm
ischemia time in the donor organ, delayed graft
function, and episodes of acute rejection did not
significantly differ between the groups (Table 1).
Indications for stenting in the 125 patients with
placement of double J stents during transplant are
shown in Table 2. Thirteen patients were stented at
subsequent reimplantation of the transplant ureter
(stenosis/stricture in 10 patients and urine leak in 3
patients).
Postoperative complications are shown in Table 3.
Urinary tract infections were observed in 25/125
patients in group 1 (20.4%) and 50/257 patients in
group 2 (19.2%). Escherichia coli was the most frequent
causative organism, followed by Klebsiella and
Enterococcus species. Three patients developed Candida
species infection. The mean serum creatinine level at
the end of year 1 was 1.47 mg/dL in group 1 patients
and 1.36 mg/dL in group 2 patients (Table 4). Patients
in both groups were treated with appropriate
antibiotics after urine culture analyses. Urinary leak
was present in 8/125 patients in group 1 (6.4%) and
6/257 patients in group 2 (2.3%). On average, patients
presented with a urinary leak on postoperative day 6
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(range, day 5-11). Leaks were treated with a Foley
catheter reinserted for 7 days with no surgical or
radiologic interventions. As shown by Pearson
correlation test, incidences of urinary tract infection
and anastomosis were not significantly different
between groups.
Table 1. Patient Characteristics
Characteristic

Group 1 (With
Group 2
P Value
Double J Stent)
(Without
(n = 125)
Double J Stent)
(n = 257)

Median age at transplant
(range), y
Sex, %
Male (%)
Female (%)
Median body mass index, kg/m2
Donor origin, %
Living related
Deceased
Cold ischemia time, min
Warm ischemia time, min

30 (2-73)

33 (4-69)

.282
.998

69.8
30.2
25.1

67.6
32.4
24.9

.795

65
35
658 ± 335
32 ± 7

81
19
650 ± 313
30 ± 9

.919
.433

Table 2. Indication for Double J Stent Placement During the Transplant
Procedure
Reason
No. (%)
Comments

Routine
Ureter related
Poor kidney perfusion
Postop urinary
complications
Small kidney
Long cold ischemia
time (> 12 h)
Total

74 (59.2)
25 (2)
6 (0.48)

Stripped ureter

13 (10.4)
3 (0.24)

Urinary complications
Concern about size of renal artery

4 (0.32)
125 (100)

Table 3. Postoperative Complications
Complication

Urinary tract infection
Urethral obstruction
Urinary leak
Hematuria

Group 1 (With
Double J Stent)
(n = 125)

Group 2 (Without
Double J Stent)
(n = 257)

25 (20.4%)
4 (3%)
8 (6.4%)
13 (10.4%)

50 (19.2%)
11 (4%)
6 (2.3%)
24 (9.4%)

P Value

.282
.795
.752
.568

Table 4. Frequency of Various Organisms Causing Urinary Tract Infections
in the Study Patients
Organism
Total No. of
Group 1 (With
Group 2
Patients
Double J Stent) (Without Double
J Stent)

Escherichia coli
Staphylococcus aureus
Enterococcus species
Group B strep
Klebsiella species
Candida species
Proteus vulgaris
Pseudomonas species
Acinetobacter species
Total

35
8
9
1
3
3
6
4
6
75

10
4
5
1
2
2
3
25

25
4
4
1
3
2
4
2
3
50

The overall mean length of hospital stay was comparable in the 2 groups (8 days in group 1 and 7 days
in group 2; P = .533). There were fewer occurrences
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of secondary macrohematuria in group 1 (13/125
patients) than in group 2 (24/257 patients; P = .568).
Discussion
Prophylactic ureteric stenting in renal transplant
recipients remains a matter of controversy. Although
ureteric stents can prevent major surgical complications like ureteric leak and obstruction, they can
also be associated with complications like UTI,
hematuria, stent migration, stent encrustation, and
forgotten stents.7
There are wide variations in the frequency of UTIs
in stented versus nonstented renal transplant
recipients. Ranganathan and associates found a
significantly higher incidence of UTIs in stented than in
nonstented patients (71% vs 39%).8 Osman and
associates9 reported that 36% of stented renal
transplant patients had UTIs compared with 18% in the
nonstented group. However, in a retrospective,
comparative, single-center study involving 310 renal
transplant patients, Mathe and colleagues found
similar rates of UTI in stented (43.3%) versus
nonstented patients (40.1%).10 Derouich and associates
reported a frequency of occurrence of postoperative
UTIs of 47.2% in stented versus 48.7% in nonstented
renal transplant recipients.11 In our study, we found no
significant difference in the frequency of UTIs in
stented versus nonstented renal transplant recipients
(20.4% vs 19.2%).
Early removal of the double J stent may have some
role in the prevention of stent-related complications.12
Tavakoli and associates advocated removal of the
double J stent within 28 days and reported a
significantly high rate of UTI after 30 days of stent
insertion in renal transplant recipients.13 In our study,
there was no significant difference in graft function in
the 2 groups after 1 year of follow-up (serum creatinine
level of 1.47 vs 1.36 mg/dL in stented versus nonstented patients, respectively). This finding is similar
to previous data.9 The slightly elevated creatinine level
in the stented group is probably a reflection of our
policy of selective double J stent placement, in which
patients with delayed graft function, poor ureteric
blood supply, or difficult anastomosis are selected for
stent placement. In addition, Escherichia coli was the
most common organism causing UTI in both the
stented and nonstented groups.
The optimal duration of stent placement in renal
transplant is not known. In this study, the average
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duration for stent placement over our study period
was 42 days (range, 28-75 d). However, stent duration
did not significantly correlate with risk of infection.
We suggest that the ureter stent should be withdrawn
as soon as possible. This approach is similar to that
reported by Verma and associates in a case control
study in which stenting for 4 weeks avoided the
complications associated with prolonged stenting
without compromising the benefits.14 Tavakoli and
associates showed that the rate of UTIs was
increased, especially if stents were left in for more
than 30 days, although they advocated stent removal
after 4 weeks.13 The matter of how long to leave a
stent in situ is an important one and possibly requires
further investigation with a randomized controlled
trial. Perhaps another way to reduce the infection
complications of stents is through technological
development of better materials to reduce or prevent
bacterial adherence to the stents.
The finding that urine leak rate was not affected
by the placement of ureteric stents in this series is
similar to the report by Dharnidharka and associates,
who showed that stents offered no benefit in
preventing ureteric stenosis or leaks nor in improving
graft survival.15 Although lower leak rates have
been shown in patients with stent placement,13,16
Osman and associates9 found a small increase in
leakage in their stented group (4% vs 0%) and a
significant increase in UTIs. Factors like stripping
of the ureter, ureteric injury, multiple renal
arteries, damage to lower polar artery, operative
techniques, cold ischemia time, and donor vascular
disease may be more important risk factors of urine
leak.
Typical postoperative complications after kidney
transplant include obstruction, stenosis or kinking of
the transplant ureter, insufficiency of the ureteroneovesicular anastomosis, and UTIs and postoperative
macrohematuria. These complications can lead to
obstruction of urinary drainage and complications
due to the heightened pressure on the transplanted
kidney as well as the anastomosis.4 Improved
mortality rates and graft survival and decreased
morbidity have allowed renal transplant to become
the treatment of choice for patients with end-stage
renal disease. Urinary leakage, the most common
complication during the early posttransplant period,
has been reported to occur at a rate of 0% to 8.9%.17
The most frequent cause of urinary leakage is
ureteral necrosis due to ischemia.16
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In conclusion, carefully used surgical techniques
to avoid urologic complications during organ recovery
and implantation have decreased the incidence of
urologic complications, especially leakage. In our
series, the use of a double J stent in ureteral anastomosis did not decrease the frequency of leakage and
UTIs; however, stent placement can reduce the gravity
of the complication and the need for reoperation.
Notwithstanding the retrospective nature of this
study, stents did not increase the risks of urologic
infections. Whether stents are used routinely or
selectively, there is need to remove them early (< 4 wk)
to reduce the risk of infection.
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Kidney Transplant in Pediatric Patient With Heart Failure:
Case Report
Juan Carlos Delgado Márquez,1 Jesus Eloy O. Dominguez,1 Oscar Cervantes,1
Ana Del Carmen Ibarra López,3 Juan M. Sandoval,1 Margarita Santiago2
Abstract
Chronic kidney disease is defined as irreversible and
progressive damage of the kidney. Chronicity is defined
by the presence of renal dysfunction for at least 3
months, and renal dysfunction is defined through
combinations of investigation (abnormal radiologic
findings, abnormal urine or abnormal biochemistry
reflecting renal dysfunction) and/or documentation of
glomerular filtration rate below 60 mL/min/1.73 m2. The
case patient was a girl of 11 years of age, with diagnosis
of chronic renal disease, of unknown cause, under renal
replacement therapy with peritoneal dialysis, with
progressive deterioration of general status and decrease
of functional capacity and tolerance to physical activity,
presence of fatigue, pulmonary congestion, retention of
liquids, and edema in lower extremities, even with
adjustment of medical treatment. Transplant was performed from a related living donor, without incidents or
complications. The results of pediatric kidney transplant
are excellent, offering a high quality of life for recipients;
many patients return to school. It is considered the
criterion standard for the treatment of pediatric endstage renal disease with excellent allograft function and
subsequent resolution of systolic dysfunction.
Key words: Chronic kidney disease, Hypertension,
Hypertrophy, Pediatric renal transplant
Introduction
Chronic kidney disease is defined as irreversible and
progressive damage of the kidney. Chronicity is
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defined by the presence of renal dysfunction for at
least 3 months, and renal dysfunction is defined
through combinations of investigation (abnormal
radiologic findings, abnormal urine, or abnormal
biochemistry reflecting renal dysfunction) and/or
documentation of glomerular filtration rate below
60 mL/min/1.73 m2.1,2 The most common diagnosis
for pediatric renal transplantation is aplastic,
hypoplastic, or dysplastic kidneys (15.8%).3
Hypertension and left ventricular hypertrophy are
common and should be expected in children who are
on dialysis. Remodeling of the myocardium results in
structural changes of the geometry of the heart
(concentric and eccentric hypertrophy). Concentric
hypertrophy is seen in response to increased afterload,
and eccentric hypertrophy develops in response to
increased preload. Early markers of cardiomyopathy
may be diagnosed by echocardiography. From onethird to one-half of deaths in children with chronic
renal failure have been attributed to cardiac causes.4,5
Treatment requires a multidisciplinary team
for the care of these often challenging patients.
Multidisciplinary teams, consisting of surgeons,
anesthesiologists, nephrologists, cardiologists, operating room staff, and pediatric intensivists, among
many others, are all important for ensuring good
outcomes in this population.6,7
The importance of adequately assessing the
preoperative patient will reduce surgical morbidity
and mortality, due to the identification of risk factors
that can be modified and eliminated before the event.
Case Report
The patient was an 11-year-old girl, with diagnosis
of chronic renal disease of unknown cause, who was
being treated with renal replacement therapy and
peritoneal dialysis. She had previous hospitalizations
because of events of peritonitis and dyscontrol of
blood hypertension. For these reasons, her treatment
DOI: 10.6002/ect.MESOT2018.P23
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was changed to hemodialysis and adjustments were
made to treatment with antagonist agents, including
calcium channel blockers and angiotensin-converting
enzyme inhibitors. Six months after initial presentation, she had progressive deterioration of general
status, including decreased functional capacity and
decreased tolerance to physical activity, presence of
fatigue, pulmonary congestion, retention of liquids,
and edema in lower extremities (Figure 1).
Figure 1. Kidney Transplant in Children

Drawing of our patient while she was hospitalized.

Complementary laboratory studies reported
anemia with 8.9 g of hemoglobin, hematocrit level
of 27%, reticulocyte level of 1.2%, platelet count of
179 × 103/L, white blood cell count of 6 × 109/L,
albumin level of 3.8 g/dL, and total protein of
60 g/L. Hydroelectrolytic alterations showed
potassium level of 7.4 mmol/L, sodium level of
127 mmol/L, chloride level of 95 mmol/L, total
calcium of 7.8 g/dL, glucose level of 104 mg/dL,
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creatinine level of 12.3 mg/dL, and serum urea
nitrogen level of 171 mg/dL. Coagulation times were
within normal limits. Echocardiogram data indicated
concentric hypertrophy of the left ventricle, ejection
fraction of 25%, shortening fraction of 16%, dilatation
of left cavities with condition of mild mitral
insufficiency, and trivalved aortic valve without data
of insufficiency or stenosis.
The transplant procedure was conducted with a
related living donor (the patient’s father). The kidney
allograft was placed in the extraperitoneal iliac fossa
via a curvilinear incision along the lateral margin
of the rectus muscle, approximately 8 to 10 inches
from just above the pubic bone to just above the
umbilicus.
A left kidney was inserted into the right iliac fossa
while the patient was under general balanced
anesthesia. Two arteries were anastomosed, with the
smallest artery polar to the internal iliac artery and
the main artery to the external iliac artery. A single
vein was anastomosed to the right external iliac vein.
Once the vessels were anastomosed, the ureter was
implanted with the use of the Lich-Gregoir technique
(Figure 2).
For perioperative management, we applied a
central venous catheter (7F), a catheter in the
right radial artery, and support with levosimendan
0.1 μg/kg/min, norepinephrine 0.06 μg/kg/min,
and dopamine 3 μg/kg/min, all in continuous
intravenous infusion. Therapy for the period of
reperfusion was necessary to optimize the state of
volemia with crystalloids and colloids. Central
venous pressure was maintained at 12 mm Hg, and
mean arterial pressure was maintained above 65 mm
Hg. In addition to the use of mannitol at 0.25 mg/kg
bolus and intravenous furosemide at 1.5 mg/kg, we

Figure 2. Imaging Studies

Left: Thorax radiography shows discrete cardiomegaly. Right: Transthoracic study of a renal patient with
dilated cardiomyopathy. Note cabinet studies corresponding to our patient.
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administered methylprednisolone 10 mg/kg and
diphenhydramine 0.5 mg/kg.
There were no notable incidents or complications.
Surgical bleeding was 100 mL; therefore, there was
no need for blood products. The patient met the
parameters for early extubation and transfer to the
intensive care unit for continuous monitoring,
showing good treatment response and amount of
uresis.
Conclusions
Results after pediatric kidney transplant procedures
are excellent, offering a high quality of life for
recipients; many patients may return to their normal
affairs (such as attending school). Transplant is
considered the criterion standard for the treatment
of pediatric patients with end-stage renal disease,
resulting in excellent allograft function and
subsequent resolution of systolic dysfunction. The
treatment of patients with heart failure and chronic
kidney disease is unclear, as there is very little solid
evidence to support any recommendation.9,10
Guidelines for the management of these patients
should be based on hemodynamic and metabolic
behaviors that they present.
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Onset of Hypertension in Living Kidney Donors After
Donor Nephrectomy: Our 20 Years of Experience
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Abstract
Objectives: The development of hypertension can
negatively affect cardiovascular and renal outcomes
in renal kidney donors. Here, we retrospectively
investigated the frequency and risk factors of
hypertension development in healthy renal donors at
our center.
Materials and Methods: Living donors of kidney
transplants performed between January 1998 and
December 2016 were evaluated. Those > 18 years old,
having glomerular filtration rate > 70 mL/min/1.72 m2,
body mass index ≤ 35 kg/m2, and proteinuria
< 300 mg/day were eligible. Those with a history of
diabetes and hypertension and < 1 year of follow-up
were excluded.
Results: In the 190 included donors, mean follow-up
was 56 ± 45 months, mean age was 47 ± 10 years, and
48% were women. Baseline systolic and diastolic blood
pressures were 118 ± 13 and 76 ± 8.8 mm Hg. Follow-up
showed that 19 donors (10%) developed hypertension.
These donors were older and had higher baseline
systolic blood pressure (126 ± 13 vs 117 ± 12 mm Hg;
P = .003), proteinuria (162 ± 89 vs 117 ± 63 mg/day;
P = .05), fasting blood glucose (99 ± 10 vs 94 ± 9.6
mg/dL; P = .03), and uric acid levels (5.4 ± 1.7 vs 4.5 ± 1.2
mg/dL; P = .04). Although these donors had baseline
glomerular filtration rates (97 ± 22 vs 104 ± 22
mL/min/1.72 m2; P = .19) similar to other donors, levels
were lower at last follow-up (62 ± 14 vs 71 ± 19
mL/min/1.72 m2; P = .03). In multiple regression analysis,
preoperative fasting blood glucose, systolic blood
pressure, and serum uric acid levels independently
predicted hypertension development.
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Conclusions: In healthy renal donors, preoperative
detailed evaluations can provide important information
foreseeing the development of hypertension after
nephrectomy.
Key words: Aneurysm, Brain death, Renal transplant
Introduction
Because of a shortage of deceased donations, the rate
of living-donor kidney transplant has gradually
increased in Turkey and in the world. Hemodynamic
and metabolic changes are commonly observed in
healthy donors after nephrectomy.1-3 Both systolic
blood pressure (SBP) and diastolic blood pressure
(DBP) have been shown to increase after donation,
with relative risk for hypertension shown to be about
1.9.1,2 Although ethnicity and genetic differences can
affect hypertension development, hypertension can
occur in all donors, negatively affecting cardiovascular
and renal outcomes. In this study, our aim was to
evaluate the frequency of hypertension development
after kidney donation in a healthy Turkish
population and to identify the risk factors.
Materials and Methods
Living donors of kidney transplant procedures
performed in our center between January 1998 and
December 2016 were evaluated. Eligible living
donors were those > 18 years old, having glomerular
filtration rate (GFR) > 70 mL/min/1.73 m2, having
body mass index (BMI) ≤ 35 kg/m2, and having
proteinuria level of < 300 mg/day. Donors with a
history of diabetes and hypertension and less than
1 year of follow-up were excluded from the study.
Baseline and follow-up data of donors were extracted
from medical records and reviewed retrospectively.
Donors were divided into 2 groups according to
median serum uric acid level.
DOI: 10.6002/ect.MESOT2018.P32
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Results
Our study included 190 donors. The mean follow-up
was 56 ± 45 months (range, 12-215 mo). The mean age
was 47 ± 10 years (range, 19-72 y), and 48% of donors
were women. Baseline and last follow-up GFR, serum
urea, and uric acid results in donors were 103 ± 22
mL/min/1.73 m2 (range, 70-177) versus 70 ± 18
mL/min/1.73 m2 (range, 19-145), 29.2 ± 8.7 mg/dL
(range, 14-50) versus 29.2 ± 8.7 mg/dL, and 4.6 ± 1.3
mg/dL (range, 1.0-9.2) versus 5.6 ± 1.4 mg/dL (range,
2.6-9.5), respectively (P < .001).
Mean baseline SBP was 118 ± 13 mm Hg (range,
160-80 mm Hg), and mean baseline DBP was
76 ± 8.8 mm Hg (range, 90-50 mm Hg), whereas
results at last follow-up showed that mean SBP
(125 ± 15 mm Hg) and DBP (79 ± 9.6 mm Hg) had
increased (P < .001). During follow-up evaluations,
19 donors (10%) had developed hypertension.
Donors with hypertension were older (52 ± 6.9 vs
47 ± 11 y; P = .03) and had higher baseline SBP
(126 ± 13 vs 117 ± 12 mm Hg; P = .003), proteinuria
levels (162 ± 89 vs 117 ± 63 mg/day; P = .05), fasting
blood glucose levels (99 ± 10 vs 94 ± 9.6 mg/dL;
P = .03), and uric acid levels (5.4 ± 1.7 vs 4.5 ± 1.2
mg/dL; P = .04). The donors with new-onset
hypertension had baseline GFR results (97 ± 22 vs
104 ± 22 mL/min/1.73 m2; P = .19) similar to other
donors but had lower GFR results at the last followup (62 ± 14 vs 71 ± 19 mL/min/1.73 m2; P = .03).
These results are shown Table 1.
When the donors were divided into 2 groups
according to baseline uric acid level, those with uric
acid > 4.5 mg/dL had higher BMI (27.7 ± 3.6 vs
25.8 ± 3.6 kg/m2; P < .01) but similar baseline
GFR (101 ± 22 vs 105 ± 22 mL/min/1.73 m2; P = .32)
and serum urea values (30 ± 8.7 vs 28 ± 8.7 mg/dL;
P = .14). However, GFR was lower in the hyperuricemic group at last follow-up (67 ± 17 vs 72 ± 18
mL/min/1.73 m2; P = .05).
Our Kaplan-Meier analysis showed that rate of
hypertension development was higher in the group
with high baseline uric acid level (P < .05) (Figure 1).
In multiple regression analysis, which included age,
sex, SBP, preoperative fasting blood glucose, GFR,
uric acid, and proteinuria as variables, we found that
preoperative fasting blood glucose, SBP, and serum
uric acid levels independently predicted hypertension development.

Table 1. Comparison of Donors With and Without Hypertension
With Hypertension
(n = 19)

Age, y
Sex (female/male), %
BMI, kg/m2
SBP, mm Hg
DBP, mm Hg
Fasting blood glucose, mg/dL
Baseline serum urea, mg/dL
Baseline GFR, mL/min/1.73 m2
Baseline serum uric acid, mg/dL
Baseline proteinuria, mg/day
Last control BMI, kg/m2
Last control SBP, mm Hg
Last control DBP, mm Hg
Last control serum urea, mg/dL
Last control GFR, mL/min/1.73 m2
Last control uric acid, mg/dL

52 ± 6.9
53
28.1 ± 3.8
126 ± 13
78 ± 7.3
99 ± 10
32 ± 10
97 ± 22
5.4 ± 1.7
162 ± 89
29.1 ± 4.7
138 ± 17
86 ± 10
40 ± 17
61 ± 14
6.8 ± 1.3

Without
P Value
Hypertension
(n =171)

47 ± 11
48
26.6 ± 3.9
117 ± 12
76 ± 8.9
94 ± 9.6
29 ± 8.4
104 ± 22
4.5 ± 1.2
117 ± 63
27.5 ± 4.2
121 ± 13
78 ± 9.2
34 ± 8.5
71 ± 18
5.5 ± 1.4

.03
.71
.11
.003
.19
.03
.14
.19
.04
.05
.15
< .001
< .01
< .01
.02
< .001

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; GFR,
glomerular filtration rate; SBP, systolic blood pressure
Figure 1. Kaplan-Meier Analyses Comparing Hypertension Development
Rates in Groups With High and Low Uric Acid Levels

Discussion
We observed a mean increase of 7 mm Hg in SBP and
3 mm Hg in DBP after 5 years of follow-up in our
donors. Hypertension developed in 10% of our
patients. In various studies and meta-analyses, increases in both SBP and DBP after donor nephrectomy
or occurrence of non-dipper-type blood pressure
(which indicates a nocturnal reduction in average
daytime blood pressure of less than 10%) have been
reported.1,2,4-6 A high incidence of hypertension (up
to ~30%) has been shown in both predominantly
White and Japanese cohorts after a mean of at least 15
years of follow-up.6,7 However, these studies had a
retrospective case cohort design and lacked a
comparable control group. In the meta-analysis of
Boudville and associates, which included 5145
donors, a 5-mm Hg increase in SBP and a 1.9-fold
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increase in the risk of developing hypertension were
observed at 5 to 10 years after donation.1 In a recent
meta-analysis that evaluated the results of 52 studies
involving 118 626 living donors and 117 656 healthy
controls (nondonors), O’Keeffe and associates found
a higher DBP and 5-fold worse renal outcome in living
donors than in the nondonors. However, there was no
difference in SBP and hypertension frequency.2 In
contrast, in a recent prospective randomized study of
living kidney donors, Kasiske and colleagues did not
find any statistically significant differences between
donors and controls in 24-hour ambulatory blood
pressure measurements at year 3 after donation.8 The
only limitation of the study was the relatively short
follow-up, which hindered observation of donor
changes that may occur in later periods.
Many risk factors leading to the development of
hypertension, including advanced age, male sex,
baseline blood pressure, and high BMI, have been
identified.1-3,6,7 Similarly, in our study, those who
developed hypertension were older and had
higher BMI and fasting blood glucose values. Donors
with these risk factors should be assessed before
donation with ambulatory blood pressure and
microalbuminuria measurements in terms of
predicting hypertension development.
Hyperuricemia is associated with hypertension,
cardiovascular disease, and chronic kidney disease.5
Kulah identified an association between worsening
kidney function and predonation elevated serum
uric acid levels and suggested that pretransplant uric
acid levels > 6 mg/dL in men and > 5 mg/dL in
women could predict posttransplant creatinine levels
for the remaining kidney with almost 80% accuracy.9
Undurraga and associates reported a gradual
increase of uric acid up to > 7.5 mg/dL in nearly onethird of donors 5 to 10 years after donation.10
In an interesting work that offers reliable
evidence, Matsukuma and colleagues demonstrated
arteriolar hyalinization in “time 0” biopsies of 393
living kidney donors and found a significant
association between arteriolar hyalinization and
serum uric acid levels in multivariable logistic
analysis. In their study, the severity of hyalinosis was
directly proportional to the level of serum uric acid.11
In our study, a high uric acid level before donation
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was a sign of hypertension development. This
elevation may be an early indicator of endothelial
damage in the kidney or in macrovascular structures,
even in healthy donors.
Our study had some limitations. It was relatively
small, lacked an adequate control group, and had a
short follow-up period. In addition, microalbuminuria, an important parameter in predicting
endothelial injury and renal survival, was not
analyzed.
In conclusion, preoperative detailed evaluations
in healthy renal donors can provide important
information that could foresee the development of
hypertension after nephrectomy. We found that
preoperative SBP, fasting blood glucose, and serum
uric acid levels were associated with the development
of hypertension.
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Thymoglobulin-Resistant T-Cell-Mediated Acute
Rejection in a Pregnant Renal Transplant Recipient:
Case Report and Review of the Literature
Mohamed Balaha,1 Torki Al-Otaibi,1 Osama A. Gheith,1,2 Medhat A. Halim,1 Mohamed Shaker,1
Zohair Fayyad,1 Prasad Nair,1 Zakaria Zakaria,1 Hasaneen Abo-Atya,1 Yahya Makkeyia1,3
Abstract
To avoid graft rejection during pregnancy, frequent
monitoring of serum drug levels is recommended.
Pregnancy induces hyperfiltration in transplanted
kidneys, as in native kidneys; therefore, detection of
rejection can be difficult when monitoring by serum
creatinine. If rejection is suspected, ultrasonographguided graft biopsy can be done; once proven, it can
be treated with pulse steroids, but data are scarce
regarding other agents. Here, we present a 28-year-old
pregnant female patient with resistant acute rejection
but with successful pregnancy outcome. Our patient
had end-stage kidney disease secondary to lupus
nephropathy and underwent living-donor renal
transplant in May 2013 after hemodialysis support for
1 year. She received thymoglobulin as induction
therapy and was maintained on prednisolone,
mycophenolate mofetil, and tacrolimus. She had
normal renal graft function without proteinuria. After
she received counseling, she became pregnant in
February 2015. In June 2015, she presented with acute
graft dysfunction with serum creatinine level of
365 µmol/L. Her abdominal ultrasonography showed
mild hydronephrosis and viable fetus. She received
empirical pulse steroids with partial response, and her
graft biopsy showed acute T-cell-mediated rejection
and negative C4d. Intravenous immunoglobulins and
minipulse steroids were administered but without
response. After gynecologic counseling and informed
consent, she received 5 doses of thymoglobulin. She
was dialysis dependent until premature vaginal labor,
which resulted in birth of a viable 2-kg boy. We suggest
that successful pregnancy outcomes could occur with
From the 1Hamed Al-Essa Organ Transplant Center, Kuwait; the 2Urology and Nephrology
Center, Mansoura University, Mansoura, Egypt; and the 3Department of Internal Medicine
and Nephrology, Ain Shams University
Acknowledgements: The authors have no sources of funding for this study and have no conflicts
of interest to declare.
Corresponding author: Osama A. Gheith, Hamed Al-Essa Organ Transplant Center, Ministry
of Health, Ibn Sina Hospital, Kuwait
Phone: +96 566641967
E-mail: ogheith@yahoo.com

Experimental and Clinical Transplantation (2019) 1: 159-163

Copyright © Başkent University 2019
Printed in Turkey. All Rights Reserved.

close monitoring and daily dialysis in female kidney
transplant patients with resistant rejection.
Key words: Dialysis, Female, Gestation, Outcome, Renal
transplant
Introduction
The renal allograft is able to adapt to physiologic
changes of pregnancy with an increase in creatinine
clearance of nearly 30% in the first trimester, which is
sustained with a small decrease in the second
trimester and a return to prepregnancy levels during
the third trimester.1
Risk factors associated with poor pregnancy
outcomes are hypertension, elevated prepregnancy
creatinine levels of ≥ 1.4 mg/dL, proteinuria, and
history of ≥ 2 renal transplants. The likelihood of poor
fetal outcomes (still birth, miscarriage, neonatal death,
birth < 32 weeks, and congenital anomalies) is about
6-fold higher in women with high prepregnancy
creatinine levels and high diastolic pressure during the
second and third trimesters.2 The risk of allograft loss
at 5 years has been shown to be 3.3-fold higher if
prepregnancy creatinine is > 1.3 mg/dL and 7.4-fold
higher if prepregnancy creatinine is > 1.6 mg/dL.3
Acute rejection may be higher in the postpartum
period due to return to normal immunosurveillance
status.4 The rate of allograft rejection is not increased
during pregnancy or 3 months postpartum and
varies between 1% and 14.5%, which is comparable
to nonpregnant transplant recipients.3 Risk factors
include high serum creatinine, rejection before
pregnancy, and changing levels of immunosuppressive agents but not the different immunosuppression regimens.5
The diagnosis of rejection is difficult, since
rejection is frequently associated with a small rise
in creatinine and could be confounded due to
DOI: 10.6002/ect.MESOT2018.P38
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hyperfiltration-related decreases in creatinine levels
during pregnancy. It is safe to do ultrasonographguided allograft biopsy during pregnancy to
diagnose rejection.6 Moreover, the use of high-dose
steroids has been successful in treating allograft
rejection during pregnancy, and these remain a firstline treatment. Data regarding the use of other agents
like antithymocyte globulin and rituximab for
treatment of acute rejection in pregnancy are limited,
and there are no specific recommendations.7
The timing of dialysis remains the most important
approach and the aim of treatment of pregnant patients
in chronic hemodialysis. Direct consequences of
hemodialysis in pregnant women may be a severe
reduction of amniotic fluid due to impairment of liquid
removal and hypertension or hypotension during
dialysis, which may cause ischemic fetal-maternal
damage.3
Pregnancy in renal transplant recipients is high
risk and should be managed by a multidisciplinary
team of high-risk obstetricians, neonatologists, and
transplant nephrologists.4 Vaginal delivery is the
preferred route of delivery, and cesarean section is
indicated only for obstetric indications.6 Here, we
present a pregnant kidney transplant patient who
had developed resistant T-cell-mediated acute
rejection and who had a successful outcome of her
pregnancy. She was given daily hemodialysis despite
treatment with pulse steroids, intravenous immunoglobulin (IVIG), and thymoglobulin.
Case Report
A 28-year-old woman from Kuwait with end-stage
kidney disease secondary to lupus nephropathy
underwent living unrelated renal transplant in May
2013 after hemodialysis support for 1 year. The
procedure proceeded without complication. She
received thymoglobulin as induction therapy, and
she was maintained on prednisolone, mycophenolate
mofetil (MMF), and tacrolimus. In addition,
methylprednisolone (1000 mg) was administered
intraoperatively before reperfusion of the allograft,
with a taper to prednisone 20 mg/day at discharge.
Both tacrolimus and MMF (1000 mg twice daily)
were started on the day of transplant. Pregnancy
risks associated with MMF were discussed with the
patient before beginning therapy. She had normal
renal graft function (serum creatinine of about
74 μmol/L) without proteinuria.
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Despite counseling efforts on the importance of
having a planned pregnancy after kidney transplant
so that medications could be optimized, the patient
became pregnant 2 years after transplant (February
2015). Therefore, she was switched from MMF to
azathioprine 150 mg/day immediately on discovery
of pregnancy to reduce the risk of fetal deformities
or death. Both prednisone and tacrolimus were
continued. In July 2015, the patient presented with
elevated serum creatinine levels (365 μmol/L)
and a subtherapeutic tacrolimus trough level of
4 ng/mL. Her abdominal ultrasonography showed
mild hydronephrosis of the graft and a viable
fetus.
The patient received empirical pulse steroids for
possible rejection with partial response, and she was
admitted to the hospital for graft biopsy. The next
day, graft pathology revealed acute T-cell-mediated
rejection 1B and negative C4d. The patient met with
the gynecologist who discussed the risks and
possible complications of receiving potent antirejection medications and the possible alternative of
return to hemodialysis if treatment was either
unsuccessful or denied. Topics discussed with the
patient included the increased risk of severe
preeclampsia, preterm delivery, potential infectious
complications, worsening of kidney function, fetal
abnormalities, and miscarriage. She was informed
that the necessary treatment for rejection had limited
safety and efficacy data regarding use during
pregnancy. Specifically, due to the lack of information, unknown risks of rabbit antithymocyte
globulin (rATG) therapy were discussed, including
the potential for abnormal development of the fetus’s
thymus, prolonged or permanent impairment of
T-cell immunity, and long-term consequences of bone
marrow suppression for both the patient and her
child.
The patient decided to pursue resolution of
her rejection episode and continue the pregnancy
despite the potential risks to the fetus. The patient
received IVIG and also minipulse steroids (250 mg
methylprednisolone); however, she did not respond
to either. After gynecologic counseling and informed
consent (from her and the husband), she received 5
doses of thymoglobulin (1 mg/kg/d) without any
report of intolerance to either rATG or IVIG over
the course of her admission. Before antirejection
therapy, the patient’s white blood cell count and
platelet count were 7.3 × 103/mm3 (normal range,
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4.0-11.0 × 103/mm3) and 140 × 103/mm3 (normal
range, 150-450 × 103/mm3), respectively. After completion of the antirejection course and before
discharge, her white blood cell count and platelet
count were 9.2 × 103/mm3 and 88 × 103/mm3,
respectively. After she finished the antirejection
therapy, her fetal ultrasonography scan showed
no fetal defects and a normal fetal heart rate of 155
beats/min. On discharge, the patient was maintained
on azathioprine 150 mg/day, tacrolimus 7 mg
twice/day (trough level of 10.2 ng/mL), and prednisone 30 mg/day.
Her graft did not improve, and she received daily
hemodialysis support for 2 months until the date of
labor. The patient was induced into labor at 32 weeks
of gestation due to intrauterine growth restriction.
She had a vaginal delivery that occurred without
complications and gave birth to a healthy baby boy.
His Apgar score was 8/9 at 1/5 minutes, respectively,
indicating good health. The baby weighed 2.1 kg,
had spontaneous respiration, and had no notable
abnormalities.
After birth, her home immunosuppression regimen
consisted of prednisone 5 mg/day, azathioprine 150
mg/day, and tacrolimus 8 mg twice/day (trough level
of 10 ng/mL). More than 6 months after delivery,
both mother and child have not demonstrated any
infectious complications.
Discussion
Due to advancements in transplant surgery and
immunosuppressive regimens over the past 50 years,
pregnancy in solid-organ transplant recipients has
become safer and more feasible despite numerous
risks to the mother. These potential risks include
rejection, gestational diabetes mellitus, and preeclampsia. Risk to the fetus include birth defects,
preterm delivery, and low birth weight.8
Risks that occur with pregnancy in solid-organ
transplant recipients can be managed through
intensive, multidisciplinary prenatal care and a
proper immunosuppressive regimen. Little data are
available to suggest safe and effective treatments for
acute rejection episodes in pregnant solid-organ
transplant recipients. The preferred maintenance
immunosuppressive regimen in pregnancy consists
of corticosteroids, azathioprine, and cyclosporine or
tacrolimus, as they are categorized as category C by
the US Food and Drug Administration. Azathioprine
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results in less fetal abnormalities because the
developing embryo may lack the enzyme required to
metabolize azathioprine to its active metabolite, 6mercaptopurine.9
Despite early transplant counseling about pregnancy, our patient had unplanned pregnancy while she
was on MMF, which was switched to azathioprine at
the time of verification of pregnancy. Mycophenolate
mofetil is known to carry a higher risk of first-trimester
pregnancy loss, anomalies of distal limbs, and
congenital malformations. Therefore, health care
providers are strongly encouraged to ensure that
females of childbearing potential are not pregnant
throughout their course of therapy with MMF.10
Fortunately, her baby did not show any anomalies at
birth.
Optimization of the maintenance immunosuppression regimen in pregnant transplant recipients is
vital to prevent allograft rejection. Despite optimized
maintenance immunosuppression in our patient,
she developed acute rejection during the second
trimester. The risk of rejection is 2% to 4% among
pregnant renal transplant recipients receiving
calcineurin inhibitor-based immunosuppression.12 In
addition, patients with suboptimal renal function,
defined as serum creatinine of > 1.5 mg/dL, are at an
increased risk of experiencing rejection.11 Fortunately,
our patient had stable graft function.
Although data are available to help guide
maintenance immunosuppression regimens in pregnant solid-organ transplant recipients, data on
management of acute episodes of rejection in this
population are still lacking.9
In our patient, high-dose corticosteroids, IVIG,
and rATG were used to treat T-cell-mediated
rejection 1b with no satisfactory response. Therefore,
she was maintained on daily hemodialysis for 2
months until delivery. Corticosteroids, IVIG, and
rATG are designated by the US Food and Drug
Administration as category C. Despite no animal
studies on the use of IVIG, multiple reports have
shown it to be successful in pregnant women for
indications other than solid-organ transplant without
maternal or fetal adverse effects.12
There have been some reports of orofacial
malformations linked to corticosteroid use in pregnancy, but the use of corticosteroids is generally
considered acceptable.13 We did not observe such
complications in our patient, possibly because of its
late use during pregnancy.
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The patient and her husband were counseled, all
risks were explained, and consent was obtained
before the patient was given thymoglobulin. We did
not observe any hematologic adverse effects or
infection related to its use. Aitchison and associates
reported the only case series regarding the use of
antilymphocytic globulin (ALG) during patient
pregnancy, with ALG administered in 3 cases.14 In 2
of these 3 cases, ALG was given after termination of
pregnancy. In the third case, a 21-year-old patient
presented with aplastic anemia at 15 weeks of
gestation and received ALG at 23 weeks of gestation.
A baby boy was vaginally delivered at 36 weeks,
weighing 1.7 kg. Three months after ALG therapy
and 1 week after the patient gave birth, the patient
died of pneumonia without evidence of recovery of
her aplasia. At this time, no reports have been found
describing the use of rATG in human pregnancy.
In one study, anti-CD8 and anti-CD4 therapy
demonstrated reduced placental proliferation in
murine pregnancy.15
Although the pathophysiology of polyhydramnios
has not yet been clarified, it is the most common
complication of hemodialysis during pregnancy,
leading to a bigger risk of premature delivery. Daily
dialysis is recommended for its control and to
maintain the ideal value of serum urea nitrogen
under 50 mg/dL.16 Direct consequences of hemodialysis in pregnant women may be a severe
reduction of amniotic fluid due to impairment of
liquid removal and hypertension or hypotension
during dialysis, which could result in ischemic fetalmaternal damage.3 Our patient did not respond to
antirejection therapy, and she was dialysis dependent
for nearly 2 months. We were obliged to support
her with daily dialysis during such a period
without significant ultrafiltration that compromised
her hemodynamics. Thus, duration and frequency
of hemodialysis treatment are the primary
targets and the challenge for having a better
outcome. An influence of the fetal osmotic diuresis,
caused by the increased concentrations of urea and
related substances in the maternal blood, has been
proposed.16
Some reports have shown polyhydramnios at
week 19 of gestation before start of daily hemodialysis,
probably because of insufficient hemodialysis and
impaired fetal osmotic diuresis.16 In our case, daily
hemodialysis had optimized amniotic fluid with a
prolonged gestational period until a higher fetal
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weight and fetal lung maturity were reached. Most
studies have suggested that increasing dialysis time
during pregnancy results in a longer gestational
period, in a higher number of viable pregnancies,
and in a higher birth weight because of the reduction
of plasmatic urea, which favors a better maternal
diet, better blood pressure levels, and good control
of intravascular and extravascular fluid mass.16
Although maternal prognosis is good with multidisciplinary management, fetal outcomes remain poor;
therefore, the aim is to check and correct blood
pressure, anemia, and blood coagulation and to check
and establish better fetal growth, amniotic fluid levels,
and fetal-maternal Doppler velocimetry.17
For solid-organ transplant recipients presenting
with acute rejection, empiric high-dose corticosteroids
should be considered as the first-line therapy. If the
rejection is unresponsive to corticosteroids alone,
rATG may be considered. However, a meeting with
the patient and her relatives to determine the
patient’s wishes and to ensure that the patient
understands the potential risks and benefits of
treatment is needed. Close monitoring of the patient
and the fetus is warranted during therapy until
birth. Until further information or safety studies
are made available regarding the use of rATG in
this population, we hope that our case described
here can offer insight to a potential treatment
option and outcome for pregnant solid-organ
transplant recipients who experience severe rejection
episodes.
Conclusions
A successful outcome of pregnancy was shown with
close monitoring and daily dialysis in a kidney
transplant patient with thymoglobulin-resistant
T-cell-mediated rejection. The risks and uncertainties
of treating rejection episodes should always be
discussed with and understood by the patient before
an informed decision is made.
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Clinical Relevance of Pretransplant Testing for
Anti-Human Leukocyte Antigen Antibodies in
Iraqi Renal Transplant Patients
Ala Ali, Aroub AL-Kaisi, Iqbal Ali
Abstract
Objectives: The use of highly sensitive Luminex
technology to assess the immunologic risk of renal
transplant candidates have greatly added to the ability
of stratifying patients and have paved the way to avoid
hyperacute antibody-mediated rejection. Our aim was
to understand how much the testing for pretransplant
anti-HLA antibodies affects the decision for transplant
and survival at 1 year posttransplant.
Materials and Methods: From January 2014 to June 2017,
336 transplant candidates were tested by complementdependent cytotoxicity and by the Luminex platform
for anti-HLA antibodies in our nephrology and renal
transplant center (The Medical City, Baghdad, Iraq). All
clinical and laboratory data were noted. Our program is
a living-donor, blood group-compatible donor program.
All transplant patients (sensitized or not) were followed
for 1 year, and the Kaplan-Meier method was used to
determine survival rate.
Results: Mean age of the study group was 34.07 ± 12.4
years. Of 336 transplant patients who were tested,
there were 63 (18.75%) sensitized patients and 159
(47.35%) nonsensitized patients. Blood transfusion
was the main cause of sensitization. Class I anti-HLA
antibodies were detected in 54 of 63 sensitized patients
(85.7%), and class II anti-HLA antibodies were detected
in 39 of 63 sensitized patients (61.9%). Donor-specific
antibodies were detected in 33/63 (52.3%). Thirteen
sensitized patients (15.3%) underwent transplant. No
incidences of hyperacute rejection were recorded. The
1-year survival of the nonsensitized patient group was
90%, whereas survival was 61.5% for the sensitized
patient group.
Conclusions: Pretransplant testing for anti-HLA
antibodies is undoubtedly useful for assessment of
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patient risk, to facilitate decisions regarding patient
and donor selection, and to plan treatment strategies.
The 1-year survival for sensitized patient was lower
than for nonsensitized patients. More knowledge,
experience, technology advancements, and support
are needed to improve the Iraqi practice of transplanting sensitized patients.
Key words: Anti-HLA antibodies, Iraq, Kidney transplant
Introduction
Human leukocyte antigen (HLA) testing and
immunology evaluation of organ recipients and their
respective donors have been greatly developed since
the 1960s work of Terasaki and coworkers.1,2
The microcytotoxicity test developed by Terasaki
and McClelland in 1964 was the international
standard test for HLA typing for more than 30 years.
Although some laboratories still use serologic HLA
typing as a supplemental technique, it is now more
common to type individuals by DNA-based methods.
Three basic methods are used in conjunction with
polymerase chain reaction: sequence-specific oligonucleotide probes, sequence-specific primers, and
sequencing-based typing.2,3
HLA typing is not the only tool for pretransplant
immunology evaluation. The other tool is the test for
pretransplant sensitization. This has been achieved
through testing for anti-HLA antibodies and donorspecific antibodies (DSAs). Prior sensitization
develops from exposure to allogeneic HLA antigens
during the course of pregnancies, through exposure
to blood transfusions, or, increasingly, because of a
failed transplant. Patients who have circulating HLA
antibodies are at high risk of hyperacute rejection or
of accelerated acute rejection that is not easily
controlled with immunosuppression. The clinical
relevance of the humoral response was clearly
demonstrated by the results of the first crossmatch
DOI: 10.6002/ect.MESOT2018.P40
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by Patel and Terasaki in 1968 with the determination
that early antibody-mediated tissue injury is caused
by the binding of anti-HLA antibodies to the
endothelial cells.4,5
This complement-dependent lymphocytotoxicity
assay was the earliest method for HLA antibody
screening. It has been confounded by issues of
sensitivity and accuracy. The development of solidphase antibody detection assays, including flow
cytometric methods and the x-MAP multiple beadbased (Luminex, Austin, TX USA) technology, has
revolutionized the detection and definition of HLA
antibodies with a high degree of sensitivity and
accuracy.1
The accurate and robust detection of such antibodies is of paramount importance. The presence of
preformed HLA antibodies restricts the number of
compatible donors for the sensitized patient to those
who do not express the HLA antigens to which the
patient is sensitized. Sensitized patients often must
wait substantially longer for a crossmatch-compatible
kidney. HLA antibodies have been shown to be
strongly predictive of long-term graft failure with the
risk of developing chronic antibody-mediated
rejection, transplant glomerulopathy, and chronic
allograft dysfunction.6,7
The Luminex antibody screening technology
consists of a series of polystyrene microspheres
(beads), which contain fluorochromes of differing
intensity embedded within the bead. These give each
group of beads with an HLA molecule or molecules
derived from lymphoblastoid cell lines attached a
unique signal. Patient serum is incubated with a
mixture of beads, washed and bound antibody is
detected by adding fluorescently labeled antihuman
immunoglobulin G, and fluorescence is measured
in a Luminex flow cytometer or a similar device.
Interpretation of the test results is based on comparisons of median fluorescence intensity measurements of the test serum to those of positive and
negative serum controls. Neither viable lymphocytes
nor complement fixation is required.8
There are 3 levels of bead attachment. The first
level consists of beads bound with a large number of
class 1 or class 2 molecules; these essentially provide a
positive or negative result. At the second level, the
bead is equivalent to a cell, with each bead containing
2 molecules derived from 2 alleles at each loci: HLAA, HLA-B, and HLA-C in the case of class I and
HLA-DR and HLA-DQ in the case of class II. The
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third level consists of beads with 1 HLA molecule
attached (either class I or II), which is referred to as a
single antigen bead. This third level is particularly
useful for characterizing complex sera with high
panel reactive antibodies, accurately defining the
antibodies present.9
In Iraq, our unit was the first to start Luminex
technology for evaluation of renal transplant candidates on January 2014. Here, we present the results of
Luminex testing of 336 couples from January 2014 to
June 2017. Our objective was to understand how much
the testing for pretransplant anti-HLA antibody could
affect the decision of transplant and the 1-year survival.
Materials and Methods
Settings and study design
A cross-sectional study was conducted at the
nephrology and renal transplant center (The Medical
City of Baghdad) for the period from January 2014 to
June 2017.
Patients
We tested 336 couples consecutively with no exclusion
in the tissue typing and immunology laboratory in our
center. A living-donor program is the sole type of
practice in Iraq, and there is no waiting list or historic
sera to be tested.
Complement-dependent cytotoxicity testing
In our laboratory, patient samples are tested using a
well-characterized selected panel of cells from 20
donors, which includes most HLA antigens. Our
technique is consistent with the standard National
Institutes of Health method,2 with 30 minutes with
patient serum and target lymphocytes followed by
60 minutes with complement. Lymphocytes were
isolated from fresh blood according to the procedure
by Boyum and associates.10
Luminex platform
Sera were tested with LIFECODES LifeScreen
Deluxe-LMX (Gen-Probe-Immucor, Stanford, CT,
USA). According to the manufacturer’s instructions,
serum obtained by centrifugation of whole blood
was incubated with a mixture of beads for 30 minutes
to allow antigen-antibody binding. After samples
were washed with phosphate-buffered saline to
remove everything unbound, a secondary antibodyimmunoglobulin G conjugated with a fluorochrome-
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phycoerythrin was added to allow detection of
antigen-antibody complex by the Luminex laser
system.
Flow cytometry for tissue typing and antibody
testing is still not available in Iraq. One sensitized
patient had flow cytometry testing, which occurred
outside of Iraq. The detection of complement-fixing
anti-HLA DSAs and the technology for detecting
non-HLA antibodies are also not available.
Transplant management
Transplanted nonsensitized patients received basiliximab as induction therapy and were maintained
on triple therapy of calcineurin inhibitors, mycophenolate mofetil, and steroids. Sensitized patients
were defined as those with a sensitization history
and positive immunologic testing (complementdependent lymphocytotoxicity, Luminex platform,
and DSA). Complement-dependent cytotoxicitypositive patients were not transplanted.
Those who had transplant procedures underwent
desensitization by intravenous immunoglobulins,
plasmapheresis, and rituximab (Figure 1). Antibody
testing results were used to make decisions on
whether to induce patients with antithymocyte
globulin or basiliximab. The target tacrolimus levels
were 8 to 11 ng/mL. Prednisone dose at end of
month 1 was 5 to 10 mg/day. No corticosteroid
withdrawal or avoidance was pursued.
Delayed graft function was defined as the need
for dialysis during week 1 after transplant. Acute
rejection was defined as an acute deterioration in
allograft function associated with specific pathologic
changes in the graft. All acute rejection episodes were
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biopsy proven using Banff 2007 criteria. Only 1
patient underwent surveillance biopsy at 3 months;
all other patients refused, with allograft biopsies only
performed at the time of acute graft dysfunction.
For treatment of acute antibody-mediated
rejection, we used pulse steroid, intravenous immunoglobulin, and plasmapheresis. All patients received cytomegalovirus prophylaxis for 100 days.
Ethical considerations
The transplant physician explained the steps of
evaluation to the transplant couple. Formal informed
consent and signatures were obtained before start
of immunologic evaluation. All couples required
approval by the central donor accepting committee
at the Ministry of Health to exclude any evidence of
commercial transplantation.
Data collection and analyses
All data regarding previous sensitizing events were
documented, including the number of pregnancies,
number and time of blood transfusions, and all
previous transplant data for patients presenting for
second transplant. Pretransplant and posttransplant
clinical, immunologic, and laboratory data were
noted, including results of allograft biopsies.
Transplant data at year 1 were collected through
review of medical records and computer-based
registry data, which included hospital records and
transplant clinic follow-up data. Statistical analyses
were performed with SPSS software (SPSS: An IBM
Company, version 21, IBM Corporation, Armonk,
NY, USA). The Kaplan-Meier method was used to
determine the survival rate.

Figure 1. Desensitization Protocol

Abbreviations: ATG, antithymocyte globulin; HD, hemodialysis; IVIg, intravenous immunoglobulin; MP, methylprednisolone;
MMF/MPA, mycophenolic acid; PP, plasmapheresis
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Results
Baseline patient data are shown in Table 1. Clinical
and immunologic data of sensitized patients are shown
in Tables 2 and 3. Table 4 shows the transplant status of
all patients, and Table 5 shows delayed graft function
and rejection in all patients. The 1-year graft survival
rate of nonsensitized patients was 90%, whereas the
rate of sensitized patients was 61.1% (Figure 2).

Table 5. Delayed Graft Function, Hyperacute Rejection, and Biopsy Proven
Acute Rejection in Nonsensitized and Sensitized Patients.
Number of Patients (%)
Nonsensitized
Sensitized Patients
Patients (n = 159)
(n = 13)

Hyperacute rejection
Delayed graft function
Acute cellular rejection
Antibody-mediated rejection

0
3 (2%)
12 (7.4%)
2 (1.25%)

0
2 (15.3%)
2 (15.3%)
6 (46.1%)

Figure 2. Kaplan-Meier Graft Survival Analyses at 12 Months in Sensitized
and Nonsensitized Patients

Table 1. Baseline Characteristics of the Study Group (N = 336)
Characteristic
Result

Sex, No. (%)
Male
Female
Age, y
Mean ± standard deviation
Median
Human leukocyte antigen, No. (%)
< 3 mismatches
> 3 mismatches
Renal transplant number, No. (%)
First transplant
Second transplant
Third transplant
Sensitization, No. (%)
Nonsensitized
Sensitized

234 (69.6%)
102 (30.4%)
34.07 ± 12.4
33
199 (59.5%)
137 (40.5%)
288 (85.7%)
49 (14.5%)
5 (1.4%)
273 (81.25%)
63 (18.75%)

Table 2. Clinical Characteristics of Sensitized Patients (N = 63)
Characteristic
Result

Age
Mean ± standard deviation, y
< 40 years, No. (%)
> 40 years, No. (%)
Sex, No. (%)
Male
Female
Risk factor for sensitization, No. (%)
Previous transplant
Blood transfusion
Multiparity
More than 2 risk factors

36.1 ± 11.07
50 (79.3%)
13 (20.6%)
25 (39.6%)
38 (60.4%)
18 (28.5%)
28 (44.4%)
17 (26.9%)
11 (17.4%)

Table 3. Immunologic Data of Sensitized Patient Group
Characteristic

Mean PRA level
PRA > 50%
Class I anti-HLA antibodies
MFI range for class I antibodies
Class II anti-HLA antibodies
MFI range for class II antibodies
Both class I and class II antibodies
Donor-specific antibodies

Result

40%
10/63 (15.8%)
54/63 (85.7%)
3005 to 25 700
39/63 (61.9%)
3100 to 22 823
23/63 (36.5%)
33/63 (52.3%)

Abbreviations: HLA, human leukocyte antigen; MFI, mean fluorescence
intensity; PRA, panel reactive antibody
Table 4. Transplantation Status of the Study Group
Study Group and Status

Nonsensitized + transplant
Nonsensitized + no transplant
Sensitized
Transplant
No transplant
Death

Result, No. (%)

159/336 (47.35%)
114/336 (33.9%)
63/336 (18.75%)
13 /63 (15.3%)
48/63 (15.3%)
2/63 (46.1%)

Discussion
This study showed that the information obtained
through pretransplant antibody testing is essential
for making transplant decisions and for facilitating
transplant in sensitized patients through proper
selection and well-designed immunosuppression
protocols.
Fifty patients of the 63 sensitized patients were
below the age of 40 years. This can be explained by
the fact that we still have many young patients
with end-stage renal disease, inadequate primary
prevention, and a tendency in our society to save
young beloved relatives through living donations.
Our results are consistent with other data, which
showed that only 1.2% of patients over a 5-year
transplant period were older than 60 years.11 The
characteristics of the immune system in younger
patients may represent another challenge in tailoring
immunosuppression and in planning immune
monitoring. Indeed, the risk of antibody-mediated
rejection in older patients with moderate sensitization
is less compared with patients below 40 years.12
In our sensitized patient group, there were 38
female patients (60.3%). This can be explained by
multiparity and probably by the common practice of
blood transfusion with delivery. This is consistent with
United Network for Organ Sharing (UNOS) data,
which showed that 33% of causes of sensitization for
panel reactive antibodies/calculated panel reactive
antibodies ≥ 98% was due to pregnancy alone
or pregnancy with transfusion. The UNOS data
confirmed our finding that highly sensitized patients
are younger and frequently female.13
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When compared with the UNOS data, blood
transfusion is a significant cause of sensitization in
our practice (28% vs 5%). This can be explained by
the practice of blood transfusion for uremic patients
with mild to moderate anemia and partly due to
irregular provision of erythropoiesis-stimulating
agents in Iraq.13
Only 13 of 63 sensitized patients underwent renal
transplant with desensitization. Two patients died
waiting for transplant. This may indicate improvements in dialysis services but can also unfortunately
indicate the difficulty in mitigating immune barriers
in renal transplant in limited resource situations. This
in turn may force patients to seek renal transplant
through another way, mostly transplant tourism.
Living-donor transplant after desensitization
provided a significant survival benefit for patients
with HLA sensitization, compared with waiting for a
compatible organ. Desensitization protocols may
help overcome incompatibility barriers in livingdonor renal transplant.14,15 The negative side of this
is the significantly elevated risk for early acute
antibody-mediated rejection and inferior graft
outcomes associated with presence of DSAs-solidphase antibodies even with negative pretransplant
cytotoxicity and flow cytometric crossmatches.16,17
The 1-year graft survival analysis of our study was
consistent with this fact, which showed more
antibody-mediated rejection and less graft survival
at 1 year (61.5% vs 90%).
In conclusion, pretransplant testing for anti-HLA
antibodies is undoubtedly useful for the assessment
of patient risk, to facilitate decisions regarding
patient and donor selection, and to plan treatment
strategies. The 1-year survival rate for sensitized
patient was lower than for nonsensitized patients.
More knowledge, experience, technologic advancements, and support are needed to improve the Iraqi
practice of transplanting sensitized patients.
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Role of Diabetes Education Program in Controlling
Posttransplant Diabetes in a Recent Renal Transplant
Bodybuilder: Case Report and
Review of the Literature
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Abstract
Posttransplant diabetes is a common complication of
solid-organ transplantation. We present the possible
role of diabetes education in improvement of posttransplant diabetes in a 36-year-old bodybuilder who
was a kidney transplant recipient. The patient had been
abusing some medications to help in bodybuilding. He
underwent living unrelated-donor renal transplant
with thymoglobulin induction and was maintained
on steroids, tacrolimus, and mycophenolate mofetil.
Posttransplant diabetes was confirmed by blood tests.
His blood sugar was partially controlled by 3 oral agents.
The patient participated in our structured diabetes
education program. This program was created to cover
different items related to diabetes control, including
diet, proper exercise, blood sugar monitoring, sick day
management, and pathophysiologic roles of diabetes
medications. Within 4 months of participation in this
program, the patient’s blood sugar became well
controlled and his diabetes medications started to be
minimized. He presently has stable graft function
with hemoglobin A1c level around 5.6% on only diet
management. Bodybuilders are at risk of deterioration
of their kidney function. A proper diabetes education
program is recommended to help renal transplant
recipients with early posttransplant diabetes mellitus
to control their disease. Success requires close
evaluation and a multidisciplinary approach.
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Introduction
Posttransplant diabetes mellitus (PTDM) is a common complication of solid-organ transplantation and
is likely to become even more common with the
current epidemic of obesity in some countries.
Many risk factors have been identified, including
hepatitis C infection, immunosuppression, and
genetics. Nearly 50% of transplant patients with
PTDM have shown improvements in glucose
tolerance after reduction of immunosuppressive
agents. Complete remission of PTDM is difficult to
predict; however, some patients with PTDM within
the first year posttransplant may show partial
remission.1,2
Bodybuilders often prefer a high-protein and
creatine-supplemented diets to achieve maximum
skeletal muscle hypertrophy and training adaptations during intense exercise. Their lifestyle, which
leads to chronic hypovolemia, may magnify renal
damage processes, and are often exacerbated by an
on-the-spot use of diuretics.3
Anabolic steroids provide a scenario that may
increase the risk of renal failure, especially in those
with preexisting kidney diseases. Bodybuilders, who
are usually exposed to forced muscle gain and hypertensive situations, should be considered a high-risk
group in particular.4 Growth hormone excess is
characterized by insulin resistance at the hepatic and
muscular levels,5 resulting in a counterregulatory
effect of insulin. Exogenous administration of
supraphysiologic doses of such hormones could lead
to hyperglycemia.
DOI: 10.6002/ect.MESOT2018.P46
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Here, we present the role of diabetes education
in improvement of PTDM in a kidney transplant
bodybuilder.
Case Report
A 36-year-old bodybuilder had been abusing some
medications, including anabolic steroids, subcutaneous short-acting insulin, and even growth
hormone to help in bodybuilding. He was not
diabetic, not hypertensive, and had no family history
of diabetes. During travel for an international
competition, he developed some fatigue. Clinical
investigations found that he had reached end-stage
kidney disease, which had been triggered by
excessive exercise-induced myoglobinuria. Renal
biopsy was performed, which showed focal segmental glomerulosclerosis.
The patient received hemodialysis until he
underwent unrelated living-donor renal transplant
with thymoglobulin induction. He was maintained on
steroids, tacrolimus, and mycophenolate mofetil.
Several weeks after transplant, he developed polydipsia, polyuria, nausea, headache, blurry vision, and
an inability to complete his training course. He was
evaluated, and PTDM was confirmed by blood tests.
His blood sugar was partially controlled by 3 oral
agents.
The intensive insulin therapy was tailored to
control his blood sugar. His C-peptide level was
acceptable, and the anti-glutamic acid decarboxylase
antibody test was negative. However, his blood
sugar was not tightly controlled. In view of his high
hemoglobin A1C level (around 9%), he was enrolled
in our structured diabetes education program. This
program was created to cover different items related
to diabetes control, including diet, proper exercise,
blood sugar monitoring, sick day management, and
pathophysiology of diabetes and diabetes medications.
Within 4 months of completion of this education
program, his blood sugar became well controlled and
his diabetes medications started to be minimized. He
presently has stable graft function with hemoglobin
A1c level around 5.6% on only diet management.
Discussion
Many bodybuilders using performance-enhancing
drugs do not consider these drugs a form of abuse.
Rather, they consider these drugs as tools that help
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them to build their bodies in addition to self-realization
and self-expression factors. The prevalence of multidrug abuse among professional and amateur athletes
and bodybuilders has increased all over the world.1
Our patient abused insulin, anabolic steroids, and
even growth hormone as performance-enhancing
agents. Insulin increases the synthesis of glycogen
and proteins and thereby inhibits catabolism in
muscle and liver.3 With concomitant hyperaminoacidemia, its use has been demonstrated to be
anabolic.4 Therefore, insulin is prohibited in those
without diabetes.5
Our patient possibly had chronic kidney disease
that was triggered by excessive exercise-induced
myoglobinuria and drug abuse to reach end-stage
kidney disease.6 Growth hormone and insulin are
presently freely available over the internet, with costs
ranging from £60 to £300 for a typical month’s
supply. However, the question of whether growth
hormone really enhances performance is highly
debatable, and no consensus exists in the medical
community.7
Despite his frequent use of subcutaneous insulin,
he did not develop any hypoglycemic episodes, as
reported previously.8 This might be explained by the
professional way of insulin use by our patient.
Anabolic steroid users are more likely than
nonusers to meet criteria for substance dependence
disorder. Ip and associates7 reported that anxiety
disorder, cocaine use, and sexual abuse are more
frequent among such populations. However, all of
these issues were not reported in our patient,
possibly due to religious factors.
Present assays do not differentiate between
synthetic and natural growth hormones. Consequently,
these have become common substances of misuse over
the past decade.9 There have been no studies to
monitor the chronic effects of growth hormone
misuse. Most studies have focused on the acute
effects that it has on muscle mass and physical
performance.10,11 Therefore, it is not known whether
growth hormone misuse simply unmasks latent type
2 diabetes mellitus at an early stage or whether it
actually induces diabetes in an individual otherwise
without diabetes.
Excess growth hormone has been shown to cause
symptoms of acromegaly, which predisposes up to
40% of patients to diabetes. Geraci and associates12
reported a case of a young bodybuilder without
significant past medical history who was diagnosed
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with new-onset type 2 diabetes mellitus associated
with growth hormone and anabolic steroid abuse.
Both of these agents can induce diabetes. This was
matched by our patient who had been abusing both
in addition to insulin. We investigated our patient for
autoimmune-induced diabetes mellitus by antiinsulin and anti-glutamic acid decarboxylase tests,
and both were negative.
Boregowda and associates13 reported a patient
with primary gonadal failure due to chronic abuse of
anabolic steroids used for bodybuilding. Our patient
also had a transient period of erectile dysfunction
despite a normal hormonal assay.
To our knowledge, this is the first kidney
transplant bodybuilder with PTDM who responded
well to a structured intensive diabetes education
program, with maintenance on lifestyle changes to
control his disease.
Conclusions
Bodybuilders are at risk of deterioration of their
kidney function. A proper diabetes education
program is recommended to help renal transplant
recipients with early PTDM in controlling their
disease. Success requires close evaluation and a
multidisciplinary approach.
References
1. Sulanc E, Lane JT, Puumala SE, Groggel GC, Wrenshall LE, Stevens
RB. New-onset diabetes after kidney transplantation: an
application of 2003 International Guidelines. Transplantation.
2005;80(7):945-952.

171

2. Arner P, Gunnarsson R, Blomdahl S, Groth CG. Some characteristics
of steroid diabetes: a study in renal-transplant recipients receiving
high-dose corticosteroid therapy. Diabetes Care. 1983;6(1):23-25.
3. Brenke B, Nahm AM, Ritz E. Papillary necrosis in a ballet dancer
with no history of analgesic abuse. Nephrol Dial Transplant.
1996;11(12):2501-2503.
4. Zeier M, Gafter U, Ritz E. Renal function and renal disease in males
or females--vive la petite difference. Nephrol Dial Transplant.
1998;13(9):2195-2198.
5. Jorgensen JO, Norrelund H, Conceicao F, Moller N, Christiansen
JS. Somatropin and glucose homeostasis: considerations for
patient management. Treat Endocrinol. 2002;1(4):229-234.
6. Daniels JM, van Westerloo DJ, de Hon OM, Frissen PH.
[Rhabdomyolysis in a bodybuilder using steroids]. Ned Tijdschr
Geneeskd. 2006;150(19):1077-1080.
7. Konrad C, Schupfer G, Wietlisbach M, Gerber H. [Insulin as an
anabolic: hypoglycemia in the bodybuilding world]. Anasthesiol
Intensivmed Notfallmed Schmerzther. 1998;33(7):461-463.
8. Ip EJ, Barnett MJ, Tenerowicz MJ, Perry PJ. The Anabolic 500 survey:
characteristics of male users versus nonusers of anabolicandrogenic steroids for strength training. Pharmacotherapy.
2011;31(8):757-766.
9. Hadzovic A, Nakas-Icindic E, Kucukalic-Selimovic E, Salaka AU.
Growth hormone (GH): usage and abuse. Bosn J Basic Med Sci.
2004;4(4):66-70.
10. Healy ML, Gibney J, Pentecost C, et al. Effects of high-dose growth
hormone on glucose and glycerol metabolism at rest and during
exercise in endurance-trained athletes. J Clin Endocrinol Metab.
2006;91(1):320-327.
11. Healy ML, Gibney J, Russell-Jones DL, et al. High dose growth
hormone exerts an anabolic effect at rest and during exercise in
endurance-trained athletes. J Clin Endocrinol Metab. 2003;88(11):
5221-5226.
12. Geraci MJ, Cole M, Davis P. New onset diabetes associated with
bovine growth hormone and testosterone abuse in a young body
builder. Hum Exp Toxicol. 2011;30(12):2007-2012.
13. Boregowda K, Joels L, Stephens JW, Price DE. Persistent primary
hypogonadism associated with anabolic steroid abuse. Fertil Steril.
2011;96(1):e7-e8.

Acute Respiratory Failure in Renal Transplant Recipients:
A Single Center Experience
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Abstract
Objectives: We evaluated the frequency and cause of
acute respiratory failure in renal transplant recipients.
Materials and Methods: Our single-center retrospective
observational study included consecutive renal transplant recipients who were admitted to an intensive care
unit for acute respiratory failure between 2011 and
2017. Acute respiratory failure was defined as oxygen
saturation < 92% or partial pressure of oxygen in arterial
blood < 60 mm Hg on room air and/or requirement of
noninvasive or invasive mechanical ventilation.
Results: Of 187 renal transplant recipients, 35 (18.71%)
required intensive care unit admission; 11 of these
patients (31.4%) were admitted to the intensive care
unit with acute respiratory failure. Six of these patients
(54.5%) had pneumonia and had shown infiltrates on
chest radiography, which were shown in a minimum
of 3 zones of the lung (2 with Klebsiella pneumonia, 1
with Acinetobacter species, 1 with Proteus mirabilis, 2
with no microorganisms). The other reasons for acute
respiratory failure were cardiogenic pulmonary edema
(2 patients), acute respiratory distress syndrome
(2 patients, due to acute pancreatitis and acute
cerebrovascular thromboembolism), and exacerbation
of chronic obstructive pulmonary disease (1 patient).
Six patients (54.5%) needed invasive mechanical
ventilation because of pneumonia (3 patients),
cardiogenic pulmonary edema (2 patients), and
cerebrovascular thromboembolism (1 patient). Hemodialysis was administered in 5 patients (45%). Six of
11 patients died due to pneumonia (3 patients),
cardiogenic pulmonary edema (2 patients), and
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cerebrovascular thromboembolism (1 patient). Among
the 5 survivors, 3 (60%) had recovered previous graft
function.
Conclusions: Acute respiratory failure is associated
with high mortality and morbidity in renal transplant
recipients. Main causes of acute respiratory failure
were bacterial pneumonia and cardiogenic pulmonary
edema in our study population. Extended chemoprophylaxis for bacterial and fungal infection and early
intensive care unit admission of patients with acute
respiratory failure may improve outcomes.
Key words: Bacterial infection, Kidney transplantation,
Pulmonary disease
Introduction
Renal transplantation is the best treatment option for
end-stage renal disease. It provides a better quality
of life than hemodialysis, increases survival, and is
more cost-effective. Renal transplant has been widely
used all over the world due to development of
immunosuppressive treatments and surgical
techniques. With its common use, elderly renal
transplant recipients with associated comorbidities
and intense immunosuppressive treatments bring
various complications.1 In addition, end-stage renal
disease increases the risk of immunosuppression,
volume overload, and cardiovascular disease. It has
also been shown that renal transplant increases
pulmonary complications2; correspondingly, it is
possible that acute respiratory failure (ARF) can
occur. Noninfectious causes in the postoperative
early period and infectious causes in the late period
are the main reasons for ARF. Respiratory failure in
the postoperative period has a high risk of mortality
and morbidity. It extends the length of stay in the
hospital and in the intensive care unit (ICU).1,3
In our study, we aimed to evaluate the frequency
of ARF, as well as reasons and mortality rates, in
renal transplant recipients with ARF.
DOI: 10.6002/ect.MESOT2018.P49
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Materials and Methods
This study included patients who were admitted to
the ICU due to ARF and who had previous renal
transplant procedures between August 2011 and
December 2017 at Baskent University Adana
Hospital. Patient medical records were examined
retrospectively. Acute respiratory failure was defined
as the decrease of oxygen saturation (< 92%) in room
air with severe respiratory distress or hypoxemia
(partial oxygen pressure < 60 mm Hg) and/or
requirement of invasive/noninvasive mechanical
ventilation. Pneumonia was defined as acute onset
of respiratory symptoms with new infiltration on
chest radiography. Chronic obstructive pulmonary
disease exacerbation was defined as an acute
worsening of respiratory symptoms requiring a
change in treatment. Acute cardiogenic pulmonary
edema was defined as sudden onset of dyspnea,
bilateral rales, and typical findings of congestion on
chest radiography without a history suggesting
pulmonary aspiration or evidence of pneumonia.
The definition of acute respiratory distress syndrome
(ARDS) was based on the American-European
Consensus Conference Committee on ARDS.4
Demographic characteristics, comorbidities, and
invasive and noninvasive procedures administered
to patients were recorded. Pathologies causing ARF
were examined. Patients under 18 years of age were
not included in the study.
Statistical analyses
Variables are presented as mean and standard
deviation or median (range, interquartile range) for
continuous data and as proportion for categorical
data. Shapiro-Wilks test was used to identify whether
continuous variables were normally distributed.
Results
Among the 187 renal transplant recipients, 35 (18.71%)
were admitted to the ICU. Eleven of these patients
(31.4%) were admitted to the ICU with ARF. Baseline
demographics, clinical results, and laboratory data are
summarized in Table 1.
Six of the 11 patients (54%) with ARF had
pneumonia. When chest radiography scans were
evaluated, areas of pneumonic infiltration were
observed in at least 3 lung zones. Respiratory
secretion samples of 1 patient who was diagnosed

with pneumonia were taken by fiberoptic bronchoscopy, and 3 samples were taken by tracheal
aspirate. On sputum, deep tracheal aspirate, and
bronchial lavage samples, Klebsiella pneumonia
(n = 2), Acinetobacter species (n = 1), Proteus mirabilis
(n = 1), or no microorganisms (n = 2) were detected.
Besides pneumonia, other causes of ARF were
cardiogenic pulmonary edema (n = 2), ARDS (n = 2;
due to acute pancreatitis and acute cerebrovascular
thromboembolism), and exacerbation of chronic
obstructive pulmonary disease (n = 1).
Five patients (45%) with ARF needed hemodialysis while in the ICU. Graft function in 3 of these
5 patients returned to normal laboratory values and
discharge from the ICU (18%). Six of 11 patients
(54%) died. Causes of death were pneumonia (n = 3),
cardiogenic pulmonary edema (n = 2), and cerebrovascular thromboembolism (n = 1).
Table 1. Baseline Clinic Characteristics of the Study Population (N = 11)
Characteristic

Age, years
Female patient, No. (%)
Body mass index, kg/m2
Smoker, No. (%)
Hypertension, No. (%)
Diabetes mellitus, No. (%)
SaO2, %
PaO2/FiO2
PCO2, mm Hg
Creatinine, mg/dL
Hemoglobin, g/dL
White blood cells, /mm3
Platelets, 100/mm3
C-reactive protein, mg/dL

Result

43.55 ± 13.11
2 (18.18)
27.54 ± 2.01
1 (9.09)
8 (72.72)
3 (27.27)
78.27 ± 7.08
267.23 ± 70.73
34.82 ± 11.01
2.43 ± 0.93
12.09 ± 1.37
12 490 ± 1183
318 181 ± 39 068
57.27 ± 40

Abbreviations: PaO2, partial pressure of arterial oxygen; PaO2/FiO2, partial
pressure of arterial oxygen to fraction of inspired oxygen ratio; PCO2, partial
pressure of carbon dioxide; SaO2, arterial oxygen saturation

Discussion
When we retrospectively examined the adult patients
who had renal transplant procedures in our hospital,
we found that the primary cause of ARF was
pneumonia. Nosocomial bacterial infections, including gram-negative pathogens, were frequent. In
terms of the need for invasive mechanical ventilation,
most were because of pneumonia. Mortality was also
high in our renal transplant recipients with ARF.
The primary causes of death were shown to be
pneumonia and cardiogenic pulmonary edema.
Acute respiratory failure is not commonly seen in
renal transplant recipients but has a high mortality
rate. In a study by Ulas and associates, 10.7% of renal
transplant recipients were admitted to the ICU, with
median time of 10 months after transplant.5 The
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incidence of ARF for these patients was 47%, and the
mortality rate was 23%.5 In a series of 6819 patients
who were renal transplant recipients, 6.6% were
admitted to the ICU, with 47.8% admitted to the ICU
due to ARF; median time to admission was 17
months after transplant.6 Our results seem to be
consistent with this study.
Acute respiratory failure can be classified as early
(< 100 days) or late (> 100 days) posttransplant.
Infections causing ARF are more commonly seen in
the late period. Infections are also the primary reason
for those admitted to ICUs and are related to death.
Candan and associates7 reported that respiratoryrelated infections were the primary reason for
admission of patients to ICUs in the late postoperative period due to infection. In a 4-year followup in renal transplant recipients, rate of pneumonia
incidence was 61.5%, with pneumonia being the
primary infection requiring ICU hospitalization.7 In
our study, the primary cause of ARF was pneumonia
(54%), and the detectable pathogens were mostly
gram-negative bacteria. Klebsiella pneumoniae (33.33%)
and Acinetobacter baumannii (33.33%) were both
isolated.
Canet and associates6 found that 25% of patients
admitted to the ICU with ARF should continue
hemodialysis treatment.6 In our study, we observed
that 18.18% of renal transplant recipients admitted
to the ICU with ARF required return to renal
replacement treatment.
A limitation of our study was the small number
of patients. Other limitations were the study’s
retrospective design and the different times that
passed after transplant for each patient.
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Conclusions
Acute respiratory failure is not a common health
problem in renal transplant recipients but has a high
rate of mortality and morbidity. Bacterial pneumonia
and cardiogenic pulmonary edema were the primary
causes of ARF in our study. Early diagnosis and
treatment of bacterial pneumonia can reduce
mortality. Mortality and morbidity of pneumonia
were higher in renal transplant recipients and in
those with other immunosuppressive conditions. For
this reason, suitable chemoprophylaxis in this group
of patients may decrease ARF and admissions to the
ICU.
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Living-Donor Kidney Transplant-Associated Thrombotic
Microangiopathy Successfully Treated With Thymoglobulin:
A Case Report
Ahmed Akl,1,2 Sami Alobaidi,1,3 Ghaleb Aboalsamh1,4
Abstract
Transplantation is the ultimate therapy for end-stage
kidney disease. Early graft dysfunction is a devastating
event to patients and carries risk of graft loss. Medical
causes of early graft loss include graft rejection, drug
toxicity, and thrombotic microangiopathy. Here, we
report a case of posttransplant thrombotic microangiopathy associated with cellular vascular rejection.
Thymoglobulin successfully reversed vascular rejection
and thrombotic microangiopathy associated with half
dosing of calcineurin inhibitors.
Key words: Acute cellular rejection, Acute graft loss,
Acute vascular rejection, Calcineurin toxicity
Introduction
Transplant-associated thrombotic microangiopathy
(TMA) is relatively rare and requires expeditious
intervention to avoid irrevocable graft damage.1
Various causes have been attributed to TMA
development, including vascular rejection, antibodymediated rejection, calcineurin inhibitor (CNI)
toxicity, and atypical hemolytic uremic syndrome.2
Most patients with TMA have complement
dysregulation, and it may present with no evidence
of microangiopathic anemia or thrombocytopenia.3
Graft biopsy should be considered for acute kidney
injury or a slow progressive increase in serum
creatinine levels even in the absence of another
apparent cause.4 Consensus regarding the best
treatment approach is lacking.
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Case Report
Our patient was a 24-year-old male with unknown
cause of end-stage renal disease and hypertension,
had irrelevant family history, was on peritoneal
dialysis for 2 years, had low-complement C3 level, and
had negative autoimmunity screen results. He underwent kidney transplant from his uncle. They were the
same blood group (type O) and cytomegalovirus
positive. Human leukocytic antigen (HLA) matching
was 2/6 at low-resolution level and 0/6 at highresolution level. Panel reactive antibody/donor
nonspecific class I was noted. Flow cytometry showed
negative T-cell and B-cell crossmatch. The patient was
Epstein-Barr virus positive. He was declared high risk
due to low matching degree, panel reactive antibodies,
and low complement C3 level.
The patient received thymoglobulin induction
(1.5 mg/kg/d) for 3 days and tacrolimus,
mycophenolate mofetil (1 g/12 h), and steroids
(0.5 mg/kg/day) for maintenance immunosuppression. Prophylaxis included valganciclovir and
sulfamethoxazole/trimethoprim. Decreased intraoperative hemoglobulin levels without signs of
bleeding necessitated transfusion of 2 units of packed
red blood cells.
His postoperative course was without incident;
Doppler ultrasonography of graft showed good
perfusion, resistive index of 0.5, and satisfactory
urine output of 7 L/day. Serum creatinine levels
dropped from 16.58 to 5.14 mg/dL in 24 hours.
Tacrolimus trough level was persistently low at
3.3 ng/mL; however, the patient received 0.16 mg/kg/day. Forty-eight hours after the patient stopped
thymoglobulin treatment, urine output decreased
to 1 L/day and serum creatinine decreased to
2.5 mg/dL. The patient showed hyperkalemia, double
normal lactic dehydrogenase levels (436 U/L), triple
normal alanine aminotransferase levels of 127 U/L,
DOI: 10.6002/ect.MESOT2018.P51
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normal haptoglobin level, and tacrolimus level of
6.2 ng/mL.
Repeat Doppler scan of graft showed normal
graft artery and vein blood flow and good perfused
graft but high resistive index of 0.8 (Figure 1, left) and
delayed renal scintigraphy (Figure 1, right). The
patient underwent a graft biopsy, which showed
Banff grade IIB, focal glomerular fibrin thrombi, and
tubular isometric vacuolization (possibly due to CNI

Exp Clin Transplant

toxicity). Peritubular capillary staining for C4d was
negative (Figure 2). Based on biopsy results, we
decided to administer thymoglobulin for an
additional 4 doses (total of 7 doses of 1.5 mg/kg);
half the oral dose of tacrolimus was given, and
sulfamethoxazole/trimethoprim was held until graft
recovery. Graft function improved, urine output was
achieved, and the patient was discharged with
normal graft function (Figure 3).

Figure 1. Doppler Image at Time of Graft Dysfunction and Delayed Renal Scintigraphy

(Left) Power Doppler image of the transplanted graft at time of rejection. Doppler graft shows normal graft artery and vein blood flow and good perfused
graft but high resistive index of 0.8. (Right) Renal scintigraphy showing delayed response to furosemide injection.
Figure 2. Graft Biopsy at Time of Rejection

(Left) Moderate interstitial inflammation. (Middle) Vascular rejection. (Right) Glomerular thrombus.
Figure 3. Graft Function Monitoring

Image shows daily monitoring levels of serum creatinine (Scr), potassium (k), alanine
aminotransferase (ALT), lactate dehydrogenase (LDH), and hemoglobin (HB).
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Discussion
Posttransplant TMA is usually classified into 2
categories: (1) recurrent disease, in which the native
kidney has TMA that manifests again in the
transplanted graft, and (2) de novo TMA posttransplant, where TMA newly develops in the
transplanted graft in patients who had not previously
had the disease before transplant. Although the
pathogenesis of posttransplant de novo TMA is still
poorly understood, nephrotoxicity related to CNIs and
mammalian target of rapamycin inhibitors and severe
rejection because of cellular or antibody-mediated
rejection have been implicated in most cases. To a lesser
extent, infection and nonimmunosuppressive drugs
have also been implicated. The incidence and response
of patients to risk factors and development of TMA
variation may be attributed to underlying genetic
complement regulatory abnormalities.5
Calcineurin inhibitor-related toxicity is reportedly
the most common cause of early posttransplant
TMA, with complement activation prompted by
direct prothrombotic and vasoconstrictive effects on
the endothelium.1 Regarding genetic susceptibility to
de novo TMA, patients with de novo TMA exhibit an
unexpectedly high frequency (29%) of complement
factor H and I mutations.5 Although genetic
screening is recommended, genetic screening
facilities are limited and expensive. Cellular rejection
and antibody-mediated rejection are common and
important causes of posttransplant TMA. Endothelial
cells in the renal allograft are the primary target of
the recipient’s alloimmune response. Histopathologic
characteristics of acute antibody-mediated rejection
range from endothelial inflammation to necrotizing
vasculitis.6,7 C4d-positive staining as a surrogate
marker of antibody-mediated rejection was observed
in 16% of graft biopsies with TMA.8,9 In our case, C4d
was negative with evidence of vasculitis and
vascular cellular rejection (Banff grade IIB).
Calcineurin inhibitors are major players in the
development of posttransplant TMA when associated
with C4d-negative cellular vascular rejection; in these
cases, the graft has worse outcomes than shown with
antibody-mediated or cellular rejection alone.10,11 The
distinction of whether de novo TMA is a reflection of
vascular rejection or a unique event in the graft is
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critical to determination of the therapeutic approach.
Thrombotic microangiopathy attributed to CNI
toxicity is usually reversed by avoiding the offending
agent and by changing to a different immunosuppressive regimen.10 However, if the CNI toxicityinduced TMA is associated with vascular rejection,
the use of thymoglobulin immunoglobulin is a
beneficial approach to treat rejection and to allow
safe withdrawal of CNI agents, as in our report.
Conclusions
Thymoglobulin readministration reversed the event
of TMA and associated graft rejection. Presently,
evidence does not support evaluation of complement
systems in all patients with de novo TMA; however,
evaluations could be beneficial in younger individuals
where the diagnosis of atypical hemolytic uremic
syndrome may have been missed as the cause of endstage renal disease.
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Successful Treatment With Abatacept in Recurrent Focal
Segmental Glomerulosclerosis After Kidney Transplant
Yaser Shah, Khalid Almeshari, Hassan Aleid, Dieter Broering, Ibrahim Alahmadi, Tariq Ali

Abstract
Primary focal segmental glomerulosclerosis recurrence
occurs in 10% to 50% of recipients after kidney
transplant and may affect both children and adults.
Treatment after recurrence with plasma exchange and
immunosuppression is quite variable and challenging,
and those who do not respond usually progress to
allograft failure. Podocyte injury and B7-1 expression
and subsequently its blockade (abatacept) have been
reported to be associated with complete remission
of proteinuria in 4 patients with focal segmental
glomerulosclerosis recurrence after kidney transplantation and in 1 patient with focal segmental
glomerulosclerosis in native kidney. Here, we report
our experience of successfully treating 3 consecutive
patients with focal segmental glomerulosclerosis
recurrence after kidney transplant with abatacept,
which induced proteinuria remission.
Key words: End-stage renal disease, Plasma exchange,
Renal transplantation
Introduction
Patients with primary focal segmental glomerulosclerosis (FSGS) frequently present with nephroticrange proteinuria, which portends a poor prognosis;
approximately 50% progress to end-stage renal
disease (ESRD) over 3 to 8 years.1 After kidney
transplant, the recurrence rate is high, with up to 10%
to 50% of patients presenting with primary FSGS.2-4
Recurrence of FSGS negatively impacts allograft
survival; graft survival is around 50% in patients
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with FSGS recurrence and is significantly worse than
in patients without recurrence.2,3
The pathogenesis of FSGS is not well understood
and is thought to be due to the existence of 1 or more
circulating factors that target podocytes.5 Despite
advancements in science and improved therapies,
treatment of primary FSGS and recurrent FSGS
after kidney transplant with plasma exchange (PE),
calcineurin inhibitor, and rituximab is often
unsuccessful.3,4,6 Yu and associates7 used abatacept
(CTLA-4-Ig), an inhibitor of the T-cell costimulatory
molecule B7-1 (CD80), in 4 patients with recurrent
FSGS after kidney transplant who were resistant to
rituximab treatment and in 1 patient with steroidresistant primary FSGS in the native kidney. All 5
patients achieved either complete or nearly complete
remission with abatacept treatment. Here, we present
3 consecutive cases of FSGS recurrence after kidney
transplant who were successfully treated with
abatacept (Table 1).
Case Report
Case 1
A 48-year-old female patient developed ESRD
secondary to collapsing FSGS 6 years after donating
a kidney to her sister. She underwent nonrelated
living-donor kidney transplant in Egypt, which
failed immediately due to severe antibody-mediated
rejection. She received a second living-donor
kidney transplant from her son with 4/8 mismatches
and negative flow cytometry crossmatch. She
was induced with 3 doses of thymoglobulin at
1.5 mg/kg. Day one after kidney transplant,
she underwent a biopsy as she became anuric;
biopsy showed diffuse foot process effacement on
electron microscopy. She was commenced on
hemodialysis and PE, and tacrolimus was switched
to cyclosporine. On day 12, she received 500 mg
of rituximab infusion. After 10 sessions of PE, at
DOI: 10.6002/ect.MESOT2018.P53
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Table 1. Study Patients With Recurrent Focal Segmental Glomerulosclerosis After Kidney Transplant
Variable

Patient 1

Patient 2

Patient 3

Age and sex

48-y-old women

22-y-old man

51-y-old woman

Primary renal diagnosis

Collapsing FSGS (genetic screening
negative); kidney donor to her sister
6 y before developing ESRD

FSGS

FSGS

Kidney donor

Living related donor, 4/8 HLA mismatch,
negative flow crossmatch

Living related donor, ABOincompatible (B to A), 0/8 HLA
mismatch

Received living donor kidney via
paired kidney donor exchange
scheme; 3/8 HLA mismatch,
negative flow crossmatch

Induction treatment

Thymoglobulin

Rituximab and PE (3 sessions) before
transplant achieving IgG and IgM
isotiters of < 8; thymoglobulin
induction

Thymoglobulin

Maintenance
immunosuppression

Pred/cyclosporine/MMF

Pred/cyclosporine/MMF

Pred/FK/MMF

FSGS recurrence
posttransplant

Day 1 posttransplant

Day 3 posttransplant

Month 3 posttransplant

FSGS treatment

Plasmapheresis and rituximab

Plasmapheresis

Plasmapheresis

Abatacept therapy

2 doses, 10 mg/kg (3 wk after recurrence)

2 doses, 10 mg/kg
(10 d after recurrence)

2 doses, 10 mg/kg (2 mo after initial
recurrence)

Most recent laboratory
results

8-mo follow-up: SCr of 122 µmol/L,
24-h urinary protein of 0.29 g/d, UACR
of 5.3 mg/mmol, urinalysis negative
for protein

12-mo follow-up: SCr of 110 µmol/L,
24-h urine proteinuria of 0.95 g/d,
urinalysis negative for protein, UACR
of 2.3 mg/mmol

9-mo follow-up: SCr of 142 µmol/L,
24-h urinary protein of 0.63 g/d,
UACR of 4.4 mg/mmol, urinalysis
negative for protein

Abbreviations: ESRD, end-stage renal disease; FK, tacrolimus; FSGS, focal segmental glomerulosclerosis; Ig, immunoglobulin; MMF, mycophenolate mofetil;
PE, plasma exchange; Pred, prednisone; SCr, serum creatinine; UACR, urine albumin-creatinine ratio

3 weeks after FSGS recurrence, she remained dialysis
dependent.
The patient was then treated with abatacept
(10 mg/kg body weight), with 2 doses 2 weeks apart.
Her urine output gradually improved, and she came
off hemodialysis 1 week after receiving a first dose of
abatacept. Plasma exchange sessions were gradually
tapered and then stopped completely after a total of 40
sessions once she had achieved complete remission
(24 h urine protein < 300 mg/d). Her latest serum
creatinine at 8 months posttransplant was 122 μmol/L.
Case 2
A 22-year-old male patient was diagnosed with
primary FSGS on kidney biopsy. He eventually
reached ESRD 2 years later despite treatment with
steroids and tacrolimus. He was commenced on
hemodialysis; 3 years later, he received a full-match
but ABO-incompatible (B to A) kidney transplant. He
received 1 dose of 500 mg rituximab and 3 sessions of
PE prior to kidney transplant. He was induced with
3 doses of thymoglobulin at 1.5 mg/kg. Graft
function was successful for the first 2 days; however,
his urine output then dropped significantly with a
decline in graft function and development of
nephrotic-range proteinuria. His ABO isotiter levels
remained suppressed below 1:8 for immunoglobulin
G and immunoglobulin M. A biopsy was performed,

which showed diffuse foot process effacement on
electron microscopy. He was started on hemodialysis
and PE on day 4 posttransplant.
He was given abatacept 10 mg/kg body weight
on day 10 posttransplant and a second dose 2 weeks
later. Hemodialysis was discontinued 2 weeks after
the patient received the first dose of abatacept. He
continued PE until he achieved complete remission
of proteinuria. In total, he received 34 sessions of PE.
His 12-month follow-up showed serum creatinine
and urine albumin-creatinine ratio (UACR) of
110 μmol/L and 2.3 mg/mmol, respectively.
Case 3
A 51-year-old female patient reached ESRD secondary
to primary FSGS 25 years after development of
subnephrotic-range proteinuria during her pregnancy.
She underwent living-donor kidney transplant as a
part of a paired kidney donation, receiving a kidney
with 3/8 mismatches, no donor-specific antibodies,
and a negative flow cytometry crossmatch. She was
induced with thymoglobulin. Her postoperative
course was uncomplicated, achieving serum creatinine
level of 93 μmol/L. Three months posttransplant, her
serum creatinine went up to 170 μmol/L, and she
developed nephrotic-range proteinuria of 12 g/day.
Allograft biopsy was performed, which showed
diffuse foot process effacement on electron microscopy.
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She was commenced on PE, and, after 7 sessions of PE,
she developed severe pancytopenia that persisted for
several weeks. Bone marrow biopsy was performed,
which showed slightly hypocellular marrow but was
otherwise normal. Parvovirus, IgM, cytomegalovirus,
and Epstein-Barr virus polymerase chain reaction
results were negative. Her pancytopenia improved
gradually, and serum creatinine decreased to
151 μmol/L and UACR to 70 mg/mmol. One month
later, the patient was readmitted with rising
proteinuria (UACR of 398.4 μmol/L).
She was treated with 2 doses of abatacept 10 mg/kg
body weight 2 weeks apart. She did not receive
rituximab during any stage after recurrence of FSGS.
Her condition started to improve along with allograft
function and reduction of proteinuria. At 9-month
follow-up, serum creatinine and UACR levels in
the patient were 142 μmol/L and 4.4 mg/mmol,
respectively.
Discussion
In this case series, we observed that abatacept
treatment was effective at treating FSGS recurrence
after kidney transplant, achieving complete remission.
Two patients developed FSGS recurrence within the
first 3 days and 1 after 2 months posttransplant. The
rational of using abatacept in these patients was
based on almost complete remission of FSGS
recurrence in a previous study.7
Standard treatment, including use of high-dose
cyclosporine, PE, and rituximab, is based on small
case series with variable responses.4,8 Patients who
respond poorly to the treatment often progress to
graft failure. All of our patients were started
immediately on PE after FSGS recurrence and
received on average 27 sessions (range, 7-40). One
patient received rituximab after recurrence, the
second received it before kidney transplant as a part of
ABO-incompatible desensitization, hence treatment
was not repeated after recurrence, and the third did not
receive it as she had severe pancytopenia. Two patients
were switched from tacrolimus to cyclosporine as they
developed recurrence in the first 3 days; for the third
patient, who developed recurrence 2 month posttransplant, we decided to continue with tacrolimus.
Plasma exchange was stopped once the patient
achieved complete remission of proteinuria.

Exp Clin Transplant

Podocyte injury is the hallmark association in
patients with nephrotic syndrome, and B7-1 expression
has been found to be induced in certain proteinuric
kidney diseases, including primary FSGS.7 B7-1
immunostaining of podocytes has been shown to be
negative in most patients with secondary FSGS and
in allograft specimens of all other patients. This
indicates that inhibition of B7-1 (abatacept) would
lead to reversal of podocyte injury and improvement
in proteinuria. Because of early posttransplant
recurrence of FSGS in 2 of our patients, suggesting
the aggressive nature of the condition, we decided to
institute abatacept early in the course of the
treatment paradigm.
In contrast, Delville and associates9 did not find
B7-1 expression in his series of patients with
recurrent FSGS after kidney transplant. In addition,
B7-1 blockade did not induce proteinuria remission.9
B7-1 podocyte staining was not performed in our
patients’ biopsy specimens; therefore, it is unknown
whether the complete response to treatment in our
patients was mainly due to abatacept therapy.
Data on abatacept use are based on small case
series; therefore, additional confirmation in a
prospective trial to study the role of B7-1 in FSGS is
required.
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Relationship Between SCUBE1 Levels and
Echocardiography and Electrocardiography Findings and
Epicardial Adipose Tissue/Carotid Intima-Media Thickness
in Patients Receiving Renal Replacement Therapy
Hatice Ayan,1 Rabia Akilli,2 Bulent Kaya,3 Saime Paydas,3 Ertan Kara,4 Asligul Cureoglu5
Abstract
Objectives: In patients with advanced-stage chronic
kidney disease, renal insufficiency, arterial stiffness,
and vascular calcification are strong predictors of
cardiovascular risk. Signal peptide-CUB-EGF-like
protein-1 (SCUBE1) levels increase during platelet
activation and acute ischemic events. Here, we
evaluated associations between SCUBE1 levels and
electrocardiographic/echocardiographic findings,
epicardial adipose tissue thickness, and carotid intimamedia thickness in patients with chronic kidney
disease.
Materials and Methods: Our study included 21 renal
transplant recipients, 20 peritoneal dialysis patients,
20 hemodialysis patients, 20 predialysis patients with
glomerular filtration rate < 30 mL/min, and 16 healthy
volunteers.
Results: We found no differences in SCUBE1 levels
between patient groups and healthy volunteers,
regardless of history of diabetes mellitus, myocardial
infarction, cerebrovascular events, and hypertension.
SCUBE1 levels correlated with C-reactive protein in
renal transplant recipients; magnesium in peritoneal
dialysis patients; erythrocyte sedimentation rate
in predialysis patients; and parathyroid hormone,
platelet count, calcium-phosphate product, and
calcium in hemodialysis patients. No associations
were shown between SCUBE1 levels and
electrocardiographic/echocardiographic findings.
Elevated C-reactive protein in predialysis patients was
associated with cardiac valvular pathologies. In
hemodialysis patients, SCUBE1 levels increased after
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hemodialysis (P = .007). Levels were higher in healthy
individuals with normal echocardiography and predialysis patients with left ventricular diastolic
dysfunction. Positive correlations were found between
carotid intima-media thickness and SCUBE1 levels in
dialysis patients (P < .05), but no study groups showed
correlations regarding epicardial adipose tissue
thickness.
Conclusions: Hemodialysis may contribute to cardiovascular events because of increased SCUBE1 levels
after hemodialysis; however, no association was
shown between SCUBE1 and electrocardiography/
echocardiography findings. We found no correlations
between epicardial adipose tissue thickness and
SCUBE1 levels, and levels were significantly higher in
healthy patients and in predialysis patients without
left ventricular diastolic dysfunction. However, correlations were shown between SCUBE1 levels and
carotid intima-media thickness and secondary
hyperparathyroidism markers, indicating associations
with atherosclerosis and bone mineral disease in
dialysis patients.
Key words: Cardiovascular disease, Chronic kidney disease,
SCUBE1
Introduction
Chronic kidney disease (CKD) is a global health
problem with a large socioeconomic impact.1 It is
known that most patients with renal failure die from
cardiovascular disease before reaching hemodialysis
or kidney transplant, regardless of their stage.2
Inflammation is associated with chronic renal
failure.3 High-sensitive C-reactive protein (CRP) is
increased in patients with CKD and is associated
with poor prognosis in this population.4,5 Arterial
stiffness and vascular calcification are strong
predictors of cardiovascular risk in patients with
chronic renal failure and renal replacement therapy.
DOI: 10.6002/ect.MESOT2018.P58
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Patients receiving renal replacement therapy are also
prone to thrombotic complications. Signal peptideCUB-EGF-like protein-1 (SCUBE1) is a SCUBE gene
family-bound cell surface protein.6 SCUBE1 is found
in platelet alpha granules and is presented to the cell
surface by platelet stimulation and activation.
SCUBE1 levels have been shown to be increased in
platelet aggregation and acute ischemic events. In
this study, our aim was to evaluate the relationship
between SCUBE1 level, electrocardiography (ECG),
echocardiography, epicardial adipose tissue thickness
(EATT), and carotid intima-media thickness (CIMT) in
patients with chronic renal failure (glomerular
filtration rate < 30 mL/min) and receiving renal
replacement therapy (hemodialysis, peritoneal
dialysis, and renal transplant).
Materials and Methods
Our study included a total of 97 people: 21 renal
transplant recipients, 20 peritoneal dialysis patients,
20 hemodialysis patients, 20 patients with stage 4
chronic renal failure, and 16 healthy volunteers.
Acute myocardial infarction in the last 6 months,
cerebrovascular event, angina pectoris, history of
coronary artery bypass grafting and other surgeries,
active infection, acute trauma, active heart failure,
hepatitis, cirrhosis, malignant disease, rheumatologic
disease, chronic obstructive pulmonary disease, and
pregnancy and postpartum period were defined as
exclusion criteria. Written informed consent was
obtained from all patients regarding voluntary
participation in the study.
Complete blood count, fasting blood glucose,
blood urea nitrogen, creatinine, sodium, potassium,
calcium, phosphorus, magnesium, aspartate aminotransferase, alanine aminotransferase, total protein,
albumin, parathyroid hormone (PTH), vitamin D, C
reactive protein (CRP), and erythrocyte sedimentation rate (ESR) were measured. Serum SCUBE1
levels were measured using the enzyme-linked
immunosorbent assay method with a commercial kit
according to the manufacturer’s instructions.
Absorbents were measured with a microplate reader
at 450 nm. Serum SCUBE1 concentrations of patient
serum samples were calculated with standard
graphics (results are given in ng/mL).
Twelve-lead ECG was performed with ECG device
standardized by the biomedical laboratory. Transthoracic echocardiography was performed according
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to the American Society of Echocardiography and
European Association of Echocardiography
guidelines7 by a cardiologist blinded to the clinical
details of patients. A 3-MHz sector probe was
used with the Generic Electric VIVID-S5 (model
050684VS5N) echocardiography device (GE Healthcare, California, USA) for all patients. M mode, twodimensional, pulse-wave Doppler, and tissue
Doppler parameters were used in the echocardiographic evaluations. Epicardial adipose tissue
thickness was measured in the parasternal long-axis
diastolic phase. The same device was used to
measure CIMT from the right carotid artery using a
12-MHz linear probe.
Electrocardiographic and echocardiographic findings were evaluated by the same cardiologist. Pathologic findings in the ECG included ST segment and
T-wave changes, right or left bundle branch block, and
left ventricular hypertrophy (LVH) findings. According
to the current guidelines, pathologic findings in
echocardiography include LVH and left ventricular
diastolic dysfunction (LVDD), left ventricular systolic
dysfunction (ejection fraction < 45%), right ventricular
systolic dysfunction (right ventricular S wave < 10
m/s, tricuspid annular plane systolic excursion < 15
mm), pericardial effusion, significant valve pathology
(at least moderate), and pulmonary hypertension
(pulmonary artery pressure > 40 mm Hg).
This study was approved by the Çukurova
University Faculty of Medicine Ethics Committee
(2/12/2016 meeting no. 4).
Statistical analyses
Statistical analyses were performed with SPSS
software (SPSS: An IBM Company, IBM Corporation,
Armonk, NY, USA). Data are presented as means and
standard deviation or as medians. P < .05 was
considered statistically significant.
Results
The mean age of the patient groups (81 patients) was
47.90 ± 14.35 years, and the mean age of the control
group (16 healthy people) was 44.87 ± 5.48 years; 49
patients (60.50%) and 9 healthy volunteers (56.30%)
were males. Age distribution and SCUBE1 levels of
the patient groups and the healthy control group are
summarized in Table 1. No statistically significant
difference was found between patient and control
groups in terms of age and sex.
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Table 1. Distribution of Age and SCUBE1 Levels in Patient and Control Groups
Group

No.
(N = 97)

RTR
PDp
Pre
HDp

21
20
20
20

CG

16

Mean Age ± SD
(range), y

Mean SCUBE1 ±
SD, ng/mL

41.09 ± 10.39 (24-63)
1.70 ± 1.90
49.25 ± 13.75 (22-72)
1.89 ± 1.97
55.60 ± 11.32 (31-74)
2.50 ± 4.39
46.00 ± 17.80 (19-71) A: 2.26 ± 4.39*
B: 2.92 ± 4.47
44.87 ± 5.48 (36-54)
2.64 ± 3.58

Median SCUBE1,
ng/mL

0.99 (0.16-8.76)
0.88 (0.04-4.92)
0.89 (0.14-20.00)
A: 0.87 (0.13-20.00)
B: 1.51(0.18-20.00)
1.37 (0.16-14.44)

Table 3. Relationship (P Value) Between SCUBE1 Level and Epicardial Adipose
Tissue Thickness and Carotid Intima-Media Thickness in Study Groups
Parameter

Abbreviations: CG, healthy control group; HDp, hemodialysis patients; PDp,
peritoneal dialysis patients; Pre, predialysis patients; RTR, renal transplant
recipients; SD, standard deviation
*P = .007 compared with predialysis (A) and postdialysis (B).

dialysis (P = .007). Associations between SCUBE1
level and EATT and CIMT in study groups are
shown in Table 3.

Associations between biochemical parameters
and SCUBE1 levels in study groups are summarized
in Table 2. SCUBE1 levels were similar in all patients
regardless of history of diabetes mellitus, myocardial
infarction, cerebrovascular events, and hypertension.
SCUBE1 levels in hemodialysis patients were
significantly increased after dialysis versus before

EATT,
P
CIMT,
P

RTR

PDp

5.54 ± 1.69
.402
0.55 ± 0.13
.322

4.79 ± 1.59
.883
0.58 ± 0.12
.033

Pre

5.37 ± 1.69
.433
0.63 ± 0.10
.489

GFR, mL/min

RTR

72.52 ± 27.45
.291
Na (136-144 mmol/L)
137.60 ± 2.12
.546
K (3.6-5.1 mmol/L)
4.04 ± 0.45
.864
AST (15-41 U/L)
18.61 ± 3.52
.807
ALT (17-63 U/L)
19.61 ± 8.22
.475
Mg (1.8-2.5 mg/dL)
1.84 ± 0.19
.329
ALP (38-126 U/L)
61.90 ± 17.20
.771
PTH (12-88 pg/mL)
110.99 ± 79.64
.284
Ca (8.9-10.3 mg/dL)
9.38 ± 0.42
.630
Vitamin D (10-60 ng/ml)
16.66 ± 8.54
.095
CRP (0-0.8 mg/dL)
0.53 ± 0.40
.016
ESR (0-20/h)
5.05 ± 4.54
.600
HCT (37%-47%)
43.36 ± 5.16
.508
Hemoglobin (12-16 g/dL)
14.11 ± 1.43
.270
MCV (80-94 fL)
85.70 ± 7.67
.830
WBC (4.8-10.8 × 103/µL) 8968.09 ± 2655.29
.722
PLT (130-400 × 103/µL) 241 523.80 ± 53 096.72
.224
P (2.4-4.7 mg/dL)
3.47 ± 0.71
.690
CaXP
32.58 ± 7.04
.824

CG

4.43 ± 1.44
.158
0.55 ± 0.08
.072

Abbreviations: CG, healthy control group; CIMT, carotid intima-media
thickness; EATT, epicardial adipose tissue thickness; HDp, hemodialysis
patients; PDp, peritoneal dialysis patients; Pre, predialysis patients; RTR, renal
transplant recipients

Electrocardiography and echocardiography findings
Although we did not observe any pathologic ECG
findings in the healthy control group, we detected
ST-segment depression (4 patients), T-wave changes
(6 patients), LVH (2 patients), right branch block

Table 2. Mean Biochemical Parameter Values and Relationship (P Value) With SCUBE1 Levels in the Study Groups
Parameter

HDp

5.09 ± 2.35
.083
0.53 ± 0.13
.003

PDp

Pre

HDp

8.31 ± 5.71
.223
134.55 ± 4.43
.298
4.26 ± 0.60
.995
17.35 ± 5.29
.679
20.05 ± 8.16
.742
2.02 ± 0.33
.011
100.45 ± 46.64
.652
466.61 ± 391.03
.892
9.05 ± 0.88
.913
6.94 ± 3.80
.318
1.01 ± 1.64
.350
16.3 ± 9.47
.219
33.69 ± 6.70
.179
11.11 ± 2.04
.358
88.26 ± 8.44
.270
8077.00 ± 2397.58
.703
262 200.00 ± 94 419.33
.623
5.25 ± 1.54
.637
46.46 ± 9.20
.452

20.91 ± 11.82
.120
136.60 ± 2.72
.537
4.57 ± 0.67
.357
16.55 ± 5.79
.944
15.45 ± 6.96
.686
2.12 ± 0.25
.146
83.65 ± 28.76
.091
238.01 ± 167.11
.017
8.89 ± 0.86
.932
14.04 ± 11.94
.425
0.50 ± 0.42
.763
7.75 ± 6.46
.001
36.17 ± 4.43
.436
11.87 ± 1.46
.401
88.09 ± 5.50
.355
8708.50 ± 2285.80
.709
230 800.00 ± 53 433.28
.027
4.49 ± 1.05
.092
39.07 ± 7.11
.041

6.06 ± 1.12
.857
135.70 ± 3.01
.218
5.31 ± 0.73
.626
13.25 ± 3.02
.637
14.15 ± 6.83
.463
2.51 ± 0.59
.122
159.27 ± 197.24
.893
552.69 ± 598.30
.907
8.74 ± 1.04
.037
18.66 ± 11.19
.808
1.32 ± 2.65
.579
11.40 ± 7.58
.717
31.91 ± 6.13
.708
10.60 ± 2.07
.686
92.07 ± 4.80
.470
6755.50 ± 2407.09
.265
216 400.00 ± 100 207.36
.474
4.70 ± 1.45
.347
41.80 ± 16.00
.129

CG

114.04 ± 7.23
.682
139.00 ± 2.06
.393
4.41 ± 0.30
.303
17.93 ± 3.35
.501
17.68 ± 3.70
.224
1.93 ± 0.11
.915
55.85 ± 12.59
.814
48.83 ± 15.49
.073
9.21 ± 0.47
.928
17.49 ± 7.68
.846
0.31 ± 0.13
.070
3.75 ± 3.62
.758
43.04 ± 3.16
.787
14.50 ± 1.25
.983
85.96 ± 4.97
.562
8230.00 ± 2017.74
.922
282 250.00 ± 35 989.81
.842
3.84 ± 0.36
.371
35.35 ± 4.23
.429

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CaXP, calcium (C)-phosphorus (P) product; CG,
healthy control group; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; GFR, glomerular filtration rate; HCT, hematocrit; HDp, hemodialysis
patients; K, potassium; MCV, mean corpuscular volume; Mg, magnesium; Na, sodium; PDp, peritoneal dialysis patients; PLT, platelets; Pre, predialysis
patients; PTH, parathyroid hormone; RTR, renal transplant recipients; WBC, white blood cells
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(5 patients), left branch block (4 patients), and normal
sinus rhythm (60 patients) in the patient groups.
There were no significant differences between
CRP and SCUBE1 values in patients with and
without pathologic ECG findings in the patient
groups. However, median SCUBE1 values were
higher in patients with ECG pathology in the
peritoneal dialysis, predialysis, and hemodialysis
patient groups, although these were not statistically
significant. The echocardiographic evaluation
revealed 5 healthy individuals with LVDD; we
also observed 36 patients with LVH, 58 patients
with LVDD, 1 patient with pericardial effusion, 24
patients with right ventricular systolic dysfunction,
7 patients with significant valve pathology, and
21 patients with pulmonary hypertension. No
statistically significant differences were observed
between patient groups and the healthy group in
terms of pathologic ECG and echocardiographic
findings and EATT versus SCUBE1 levels. Table 4
shows the CRP levels of patients and control groups
with and without ECG and echocardiograph
pathology. Table 5 shows SCUBE1 levels and
comparisons of patient and healthy control groups
with and without ECG and echocardiograph
pathology.
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Relationship between SCUBE1 and epicardial
adipose tissue and carotid intima-media thickness
The mean value of EATT was 5.54 ± 1.69 mm in the
renal transplant group, 4.79 ± 1.59 mm in the
peritoneal dialysis group, 5.37 ± 1.69 mm in the
predialysis group, 5.09 ± 2.35 mm in the hemodialysis group, and 4.43 ± 1.44 mm in the healthy
control group. The right CIMT was 0.55 ± 0.13 mm in
the renal transplant group, 0.58 ± 0.12 mm in the
peritoneal dialysis group, 0.63 ± 0.10 mm in the
predialysis group, 0.53 ± 0.13 mm in hemodialysis
group, and 0.55 ± 0.08 mm in the healthy control
group. When correlations between SCUBE1 levels
and EATT and CIMT were examined, we observed a
significant relationship between CIMT and SCUBE1
level in the hemodialysis and the peritoneal dialysis
groups. The relationships between EATT and right
CIMT and SCUBE1 level are summarized in Table 3.
Discussion
Chronic kidney disease increases the risk of cardiovascular disease by 1.5 to 3.5 times. Both diseases are
characterized by increased inflammation. Increased
levels of CRP in patients with CKD can predict
cardiovascular risk.8 SCUBE1 was found to be stored
in alpha granules in inactive platelets and secreted

Table 4. Comparison of C-Reactive Protein Levels in Patient and Healthy Control Groups With and Without Electrocardiography and Echocardiography
Pathology
RTR

ECG pathology

ECHO pathology

LVH

LVDD

RVSD

Heart valve pathology

PHT

Pericardial effusion

Yes
No
P
Yes
No
P
Yes
No
P
Yes
No
P
Yes
No
P
Yes
No
P
Yes
No
P
Yes
No
P

(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)

0.45 ± 0.18
0.57 ± 0.46
.905
0.53 ± 0.39
0.56 ± 0.54
.829
0.66 ± 0.45
0.46 ± 0.38
.121
0.55 ± 0.44
0.52 ± 0.44
.860
0.72 ± 0.07
0.52 ± 0.43
.152
1.65
0.48 ± 0.33
.095
0.64 ± 0.88
0.52 ± 0.32
.534

PDp

Pre

HDp

2.03 ± 3.01
0.57 ± 0.46
.687
1.10 ± 1.72
0.24 ± 0.11
.292
1.74 ± 2.38
0.49 ± 0.44
.109
1.22 ± 1.81
0.22 ± 0.07
.100
0.34 ± 0.21
1.40 ± 1.99
.196
7.32
0.66 ± 0.63
.105
2.04 ± 3.01
0.65 ± 0.64
.754

0.71 ± 0.41
0.45 ± 0.42
.211
0.52 ± 0.42
0.14
.300
0.34 ± 0.29
0.61 ± 0.47
.238
0.45 ± 0.32
0.65 ± 0.68
.735
0.61 ± 0.27
0.46 ± 0.47
.109
1.30 ± 0.72
0.41 ± 0.29
.042
0.45 ± 0.31
0.51 ± 0.45
.842

0.64 ± 0.69
1.61 ± 3.13
.659
1.39 ± 2.70
0.10
.100
1.39 ± 2.71
1.97 ± 3.49
.152
1.61 ± 3.14
0.65 ± 0.58
.444
0.59 ± 0.59
1.81 ± 3.36
.624
0.35 ± 0.05
1.50 ± 2.85
.305
1.09 ± 0.74
1.40 ± 3.06
.349
1.19
1.32-2.72
.600

CG

0.38 ± 0.11
0.24 ± 0.13
.055

0.33 ± 0.14
0.30 ± 0.14
.827
0.46 ± 0.07
0.26 ± 0.11

Abbreviations: CG, healthy control group; ECG, electrocardiography; ECHO, echocardiography; HDp, hemodialysis patients; LVDD, left ventricular
diastolic dysfunction; LVH, left ventricular hypertrophy; PDp, peritoneal dialysis patients; PHT, pulmonary hypertension; Pre, predialysis patients;
RTR, renal transplant recipients; RVSD, right ventricular systolic dysfunction; SD, standard deviation
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Table 5. Comparison of SCUBE1 Levels in Patient and Healthy Control Groups With Electrocardiography and Echocardiography Pathology

ECG pathology

ECHO pathology

LVH

LVDD

RVSD

Heart valve pathology

PHT

Pericardial effusion

Yes
No
P
Yes
No
P
Yes
No
P
Yes
No
P
Yes
No
P
Yes
No
P
Yes
No
P
Yes
No
P

(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)
(mean ± SD)

RTR

PDp

Pre

HDp

1.01 ± 0.95
1.91 ± 2.09
.313
1.66 ± 1.99
1.88 ± 1.70
.829
1.29 ± 1.04
1.95 ± 2.28
.547
1.93 ± 2.21
1.31 ± 1.29
.547
1.64 ± 1.34
1.70 ± 1.98
.771
2.38
1.66 ± 1.94
.571
1.28 ± 1.00
1.78 ± 2.02
.740

1.98 ± 2.04
1.85 ± 2.02
.622
1.83 ± 1.93
2.42 ± 3.19
1.000
1.06 ± 1.25
2.57 ± 2.24
.395
2.05 ± 1.94
1.25 ± 2.28
.100
2.55 ± 2.21
1.45 ± 1.75
.650
0.38
1.97 ± 1.99
.632
2.62 ± 2.25
1.57 ± 1.84
.444

2.00 ± 2.12
2.63 ± 4.84
.750
1.58 ± 1.56
20.00
.100
1.70 ± 1.61
3.04 ± 5.55
.850
1.32 ± 1.58
6.05 ± 7.86
.033
0.94 ± 1.31
3.17 ± 5.08
.130
3.63 ± 0.12
2.38 ± 4.62
.168
2.01 ± 1.52
2.59 ± 4.74
.546

2.05 ± 1.46
2.35 ± 5.22
.153
2.36 ± 4.48
0.31
.400
2.69 ± 5.83
1.73 ± 1.64
.456
2.59 ± 5.15
1.48 ± 1.79
.841
1.67 ± 1.42
2.65 ± 5.62
.343
0.88 ± 0.93
2.50 ± 4.72
.616
1.59 ± 1.90
2.48 ± 4.99
.479
1.06
2.32 ± 4.50
1.000

(mean ± SD)
(mean ± SD)

CG

1.14 ± 1.23
4.56 ± 4.72
.016

1.12 ± 1.37
3.33 ± 4.39
.145
1.28 ± 1.11
3.25 ± 4.16
.377

Abbreviations: CG, healthy control group; ECG, electrocardiography; ECHO, echocardiography; HDp, hemodialysis patients; LVDD, left
ventricular diastolic dysfunction; LVH, left ventricular hypertrophy; PDp, peritoneal dialysis patients; PHT, pulmonary hypertension; Pre,
predialysis patients; RTR, renal transplant recipients; RVSD, right ventricular systolic dysfunction; SD, standard deviation

into small soluble fragments and incorporated into
thrombus.9 One study showed that SCUBE1 levels
were increased in acute ischemic stroke and acute
coronary syndrome with platelet aggregation and
activation, and it was stated that this protein may be
a good marker in acute thrombotic events.10
In our study, we aimed to investigate whether a
relationship existed between SCUBE1 levels and
ECG and echocardiography findings, EATT, and
CIMT in patients on renal replacement therapy.
There was no significant difference in mean SCUBE1
values between the groups. Male sex is an invariable
risk factor for cardiovascular disease.11 In a study
evaluating the correlations between SCUBE1 levels
and soluble CD-40 ligand inducing plateletactivating factor synthesis in endothelial cells and
smooth muscle cells, predialysis SCUBE1 levels were
significantly higher in male than in female patients;
therefore, SCUBE1 was thought to be one of the factors
contributing to the predisposition to cardiovascular
events in males.12 In our study, no statistically
significant difference was found in SCUBE1 levels
between patient and healthy control groups. However,
SCUBE1 was found to be higher in healthy controls
and hemodialysis patients, whereas, in the other
patient groups, both mean and median values were
higher in women. This may be related to increased
inflammation and/or cardiovascular risk in CKD

women before dialysis, those on peritoneal dialysis,
and those who have received renal transplant.
C-reactive protein, a significant inflammation
marker, and ESR values were significantly higher in
the peritoneal dialysis and hemodialysis groups. As
expected, hematocrit, calcium, and vitamin D levels
were lower and PTH and phosphorus levels were
higher in the peritoneal dialysis and hemodialysis
patient groups. Secondary hyperparathyroidism has
also been implicated in the frequency and severity of
cardiovascular disease in patients with CKD. The
prevalence of vascular calcification was high in
dialysis patients. In a cross-sectional study of patients
with high risk of cardiovascular disease, an inverse
relationship was found between vitamin D levels and
vascular calcification degree.13 In our evaluation of
laboratory values versus SCUBE1 levels, we observed
a correlation between SCUBE1 levels and CRP in the
renal transplant group; magnesium in the peritoneal
dialysis group; PTH, ESR, platelet count, and
calcium-phosphorus product in the predialysis
group; and calcium levels in the hemodialysis group.
We suggest that secondary hyperparathyroidism is
associated with SCUBE1 levels in patients on dialysis
and in patients predialysis.
As an indication of the role of SCUBE1 in the
inflammatory process, an in vitro study indicated
that SCUBE1 concentrations change with interleukin
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1β and tumor necrosis factor treatment.14 Because
hemodialysis triggers inflammation, SCUBE1 levels
increased after hemodialysis in our study. Hemoconcentration may also contribute to this condition.
Similarly, in a study conducted with hemodialysis
patients, SCUBE1 levels after dialysis were found to be
higher than those before dialysis, and the authors
suggested that hemodialysis treatment led to platelet
activation.14 In our study, SCUBE1 levels showed a
parallel increase with inflammation markers (CRP and
ESR) and the number of platelets in renal transplant
recipients and predialysis patients, respectively.
In addition to traditional risk factors, there are
some other factors that increase cardiovascular risk
in patients with CKD. These include left ventricular
mass, carotid-femoral pulse-wave velocity, left
ventricular systolic and diastolic dysfunction, and
vascular calcification. Diastolic dysfunction is
frequently found in patients with CKD.15-17 When we
examined echocardiography findings, significant
pathologies, including LVH and LVDD, pericardial
effusion, right ventricular systolic dysfunction, valve
pathologies, and pulmonary hypertension, were
detected. Some healthy patients showed LVDD.
However, these echocardiography findings were not
significantly related to SCUBE1 and CRP levels. This
may be because of inclusion of clinically stable
patients with no acute problems and the small
number of patients in our study. However, we
suggest that SCUBE1 does not increase without acute
conditions in these patients with endothelial
dysfunction and platelet dysfunction.
Although our healthy control patients showed no
pathologic ECG findings, there were significant ECG
abnormalities in the patients with CKD, including ST
segment and T-wave changes, LVH, and right or left
bundle branch block. However, findings in patients
with and without ischemic ECG results were not
significantly related to CRP and SCUBE1 levels. We
did observe median SCUBE1 levels to be higher (but
not significantly) in patients with ECG pathology in
the peritoneal dialysis, predialysis, and hemodialysis
groups.
In our study, we observed no significant differences between patients and healthy volunteers in
terms of EATT and CIMT and no correlations
between SCUBE1 levels and EATT in both CKD
patients and healthy individuals. A positive
correlation between SCUBE1 levels and CIMT was
only shown in the dialysis groups.
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Both CRP and SCUBE1 levels did not differ
between healthy controls and patients with dialysis,
predialysis, and renal transplant without acute
clinical findings. In renal transplant recipients,
SCUBE1 and CRP levels were correlated. In patients
on peritoneal dialysis, SCUBE1 levels were correlated
with ESR and number of platelets. The effect of
secondary hyperparathyroidism markers on SCUBE1
levels in dialysis patients may support that bone
mineral disease may be a pathogenetic factor in
cardiovascular events. The increase in SCUBE1 levels
after hemodialysis suggests that hemodialysis may
activate platelets and may be a factor that increases
cardiovascular events. However, in nonacute
conditions, SCUBE1 levels were not associated with
ECG or echocardiographic findings. Interestingly, CRP
levels were higher in patients with valvular pathology.
Inflammatory causes of valvular diseases may also
have contributed to this condition. Because no
correlation was shown between SCUBE1 levels and
EATT, which is an important finding in cardiovascular
diseases, and because SCUBE1 was significantly higher
in predialysis patients without LVDD and in healthy
individuals without pathologic echocardiographic
findings, we are not able to comment on cardiovascular
events with single SCUBE1 measurement. In contrast
to healthy individuals, the increase of SCUBE1 levels
may be an important finding (although not statistically
significant) in women with CKD, except for those on
hemodialysis. Carotid intima-media thickness, which
is a good marker of atherosclerosis, and secondary
hyperparathyroidism markers were also correlated
with SCUBE1 levels in dialysis patients. Therefore,
SCUBE1 levels may be associated with atherosclerosis
and bone mineral disease in dialysis patients. Future
studies should examine theoretical and practical
applications.
Limitations
Limitations to our study include the small number of
patients. Our results may be different in larger-scale
studies. Another limitation is the cross-sectional
design of our study.
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Relationship Between Peripheral-Central Blood Pressure
and Cardiac-Renal Damage in Kidney Transplant Recipients
Ahmet Firat,1 Bulent Kaya,2 Mustafa Balal,2 Saime Paydas,2 Rabia Akilli3

Abstract
Objectives: Hypertension is a common and important
problem in kidney transplant recipients, directly
affecting graft and patient survival. Here, we evaluated
the relationship between renal-cardiac damage and
peripheral and central aortic blood pressure levels in
renal transplant recipients.
Materials and Methods: We measured peripheral blood
pressure (office, daytime ambulatory, and central
aortic) in 46 kidney transplant recipients. Biochemical
parameters were simultaneously measured. Electrocardiography and echocardiography were performed.
Patients with office blood pressure > 140/90 mm Hg or
who were treated with antihypertensive drugs were
accepted as hypertensive.
Results: Ambulatory blood pressure measurements
were higher than office blood pressure measurements
(at 135.6/85.6 mm Hg vs 121.8/77.5 mm Hg in
hypertensive and at 118.8/77.6 mm Hg vs 101.6/62.5
mm Hg in normotensive patients) (P < .05). There were
40 hypertensive and 6 normotensive kidney transplant
recipients according to ambulatory blood pressure
measurement and 33 hypertensive and 13 normotensive according to office blood pressure measurements. Central aortic pressure measurements were
significantly higher in hypertensive patients versus
office or ambulatory blood pressure (P = .045 and .048,
respectively). Left ventricle mass index and proteinuria
were significantly correlated with central aortic pressure
(P = .015, r = 0.358 and P = .022, r = 0.499, respectively)
and nonsignificantly correlated with peripheral blood
pressure measurements (P > .05). Left ventricle hypertrophy was found to be less common in patients
using angiotensin-converting enzyme, although not
significantly (P > .05).
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Conclusions: In kidney transplant recipients, blood
pressure should be monitored with ambulatory blood
pressure measurements, even when normal office
pressure levels are shown. The aim of antihypertensive
therapy is not only to decrease brachial artery pressure
but also to keep central aortic systolic blood pressure
in the proper interval, adjusted according to age.
This may more effectively prevent the development
of renal cardiac damage versus peripheral blood
pressure measurement monitoring.
Key words: Central aortic blood pressure, Left ventricular
hypertrophy, Proteinuria, Renal transplantation
Introduction
Hypertension is an important problem in kidney
transplant recipients (KTRs) and directly affects graft
and patient survival. As in the general population,
hypertension is also a major risk factor for cardiovascular diseases in KTRs. Systolic blood pressure
has been found to be strongly correlated with graft
survival.1 Most KTRs have previous hypertension
and target organ damage. In some KTRs, blood
pressure can return to normal levels after kidney
transplant, although this rarely occurs. In one singlecenter study, blood pressure was within the normal
limits in only 5% of KTRs. After kidney transplant,
the risk of hypertension is closely related to
recipients, donors, and immunosuppressive drugs.
Hypertension prevalence has been shown to increase
from 40% to 50% and from 50% to 90% in KTRs who
use calcineurin inhibitors.2 Steroid use also causes
high blood pressure in these patients. The Kidney
Disease Outcomes Quality Initiative has advised
ensuring blood pressure under 130/80 mm Hg.3
There have been questions with regard to the
accuracy of noninvasive blood pressure measurement
methods (mercury sphygmomanometer, aneroid
sphygmomanometer ambulatory blood pressure
measurement [ABPM]). Recently, studies have
DOI: 10.6002/ect.MESOT2018.P59
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shown that central aortic blood pressure measurement (CAPM) has advantages for accuracy versus
classic measurements.4,5 The measurement of blood
pressure via a catheter is the criterion standard, but
it is invasive and it is hard to perform in daily
practice. Therefore, noninvasive methods are
preferred. Some studies have shown that different
antihypertensive drugs had different effects on
central aortic blood pressure (CAP).6,7 In this study,
we aimed to compare the effects of peripheral blood
pressure (PBP) (office and daytime ABPM) and CAP
on cardiovascular and renal damage in KTRs.
Materials and Methods
Our study included 46 KTRs. Inclusion criteria were
posttransplant period > 3 months and serum
creatinine level < 2 mg/dL, without any change in
renal function or drug regimen, including immunosuppressive or antihypertensive drugs, for 1 month.
Recipients with rejection, acute or overt infections,
congestive heart failure, and diabetes mellitus were
excluded from the study.
Office blood pressure (OBP) was measured on the
brachial artery via aneroid sphygmomanometer
(ERKA D-83646, Kallmeyer Medizintechnik, Bad
Tolz, Germany). Ambulatory blood pressure (ABP)
was measured via a Spacelab oscillometric blood
pressure monitor (Redmond, WA) in all patients.
Measurements of ABP were performed between
7 AM and 5 PM with 15-minute intervals, with
consideration of accurate measurements (exceeding
85%). Central aortic pressure and hemodynamic
parameters were measured with an arteriograph
(TensioMed, Budapest, Hungary) according to the
instructions.
All blood pressure measurements were performed during the day after patients rested for 30
minutes in a supine position in a quiet and low-light
room. We defined normal blood pressure levels as
less than 135/85 mm Hg in daytime (with ABP)8 and
less than 130/80 mm Hg (with OBP).3
Echocardiographic and electrocardiographic
examinations were performed via the GE Vivid S-5
model machine (GE Healthcare, Anaheim, CA, USA)
and 3.5-MHz probes and Schiller Cardiovit 102 Plus
(Schiller, Baar, Switzerland) in all patients. Left
ventricular hypertrophy (LVH) was determined as
left ventricular mass index greater than 125 g/m² for
men and greater than 110 g/m² for women.9

189

Complete blood count, blood urea nitrogen,
creatinine, sodium, potassium, calcium, phosphorus,
uric acid, total protein, serum albumin, total
cholesterol, low-density lipoprotein-cholesterol,
high-density lipoprotein-cholesterol, triglyceride,
C-reactive protein, sedimentation, aspartate aminotransferase, and alanine aminotransferase levels were
also measured. Albumin-to-creatinine ratio and
protein-to-creatinine ratio were measured in spot
urine samples. Microalbuminuria was defined as
urinary albumin excretion of 30 to 300 mg/day and
urinary protein excretion > 500 mg/day. Glomerular
filtration rate (GFR) was calculated with the
Modification of Diet in Renal Disease formula.10
Statistical analyses were performed with SPSS
software (SPSS: An IBM Company, version 22, IBM
Corporation, Armonk, NY, USA) P< .05 was accepted
as statistically significant. To compare groups, chisquare test was used, with correlations between
groups evaluated with Pearson or Spearman tests.
Results
Of the 46 KTRs, 28 were male. Demographic
characteristics and laboratory measurements are shown
in Table 1.
Blood pressure measurements
There were 13 normotensive patients who did not
have hypertension history and also were normotensive according to the OBP measurement (OBPM).
Of these, 7 patients (15%) were hypertensive
according to the daytime ABPM. Mean levels of
systolic and diastolic OBP were lower than mean
levels of daytime ABP. Blood pressure measurements
of patients are shown in Table 2.
Antihypertensive agents
Patients used monotherapy (60.6%, n = 20) or
multidrug therapy (39.6%, n = 13) for hypertension
therapy. Monotherapy drugs included calcium
channel blockers (33.3%), angiotensin-convertingenzyme inhibitors (15,1%), and beta blockers (12.1%).
Hypertensive and normotensive patients according
to OBP were similar with regard to use of calcineurin
inhibitors and steroid doses.
Office blood pressure measurements
We observed no significant differences for age, primary
renal disease, type of previous renal replacement
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therapy, duration of dialysis, age at time of transplant,
posttransplant period, donor type, and body mass
index (BMI) in hypertensive versus normotensive
groups according to the OBP. However, there were
significantly more male patients who were
hypertensive.
Table 1. Demographic Characteristics and Laboratory Measurements of
Patients

Parameter

Results, Mean ± SD
(Range) or No.

Age, y
Male/female patient
Age at time of transplant, y
Posttransplant period, mo
Dialysis/preemptive, %
Cause of chronic kidney disease, %
Hypertension/CGN/other
Donor type (living/deceased), No.
Body mass index, kg/m2
Immunosuppressive drugs, %
Tacrolimus/cyclosporine
Mycophenolate mofetil/azathioprine
Everolimus
Steroid dose, mg/d
Use of hypertensive drug, Yes/No
Serum urea nitrogen, mg/dL
Creatinine, mg/dL
Sodium, mmol/L
Potassium, mmol/L
Calcium, mg/dL
Phosphorus, mg/dL
Uric acid, mg/dL
Total cholesterol, mg/dL
LDL cholesterol, mg/dL
HDL cholesterol, mg/dL
Triglyceride, mg/dL
Total protein, g/dL
Albumin, g/dL
WBC, × 103/µL
Hemoglobin, g/dL
Platelets, × 103/µL

34.4 ± 9.6 (20-61)
28/18
31.4 ± 10.6 (16-59)
49.7 ± 40.5 (4-132)
84.8/15.2
34.8/23.9/41.3
38/8
25.7 ± 5.2 (19-41)
93.5/6.5
67.4/19.6
4.3
6.8 ± 5.8 (0-32)
33/13
17.7 ± 11.1 (8-58)
1.1 ± 0.42 (0.55-1.9)
138 ± 1.9 (134-141)
4.1 ± 0.43 (3.4-5.5)
9.5 ± 0.4 (8.5-10.7)
3.4 ± 0.78 (2.3-6.7)
6 ± 1.6 (3-13)
196.9 ± 44.9 (108-306)
112.9 ± 35.8 (45-200)
46.8 ± 12.4 (26-81)
183.7 ± 107 (40-459)
6.6 ± 0.6 (5-8)
3.9 ± 0.4 (2.6-4.7)
8.9 ± 2.7 (3.7-15.4)
13.5 ± 2.1 (8.4-14.9)
249 ± 71 (101-415)

Abbreviations: CGN, chronic glomerulonephritis; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; SD, standard deviation; WBC,
white blood cells
Table 2. Blood Pressure Levels of Hypertensive and Normotensive Patients
According to the Office and Ambulatory Blood Pressure Measurements
Hypertensive, Normotensive,
mm Hg
mm Hg

Systolic OBPM, No. of patients
Mean ± SD
Median (range)
Diastolic OBPM,
No. of patients
Mean ± SD
Median (range)
Daytime systolic ABPM,
No. of patients
Mean ± SD
Median (range)
Daytime diastolic ABPM,
No. of patients
Mean ± SD
Median (range)

33
123.8 ± 17.5
130 (90-155)

13
107.7 ± 13.6
110 (80-120)

33
77.73 ± 13.75
80 (50-110)

13
70.0 ± 12.08
70 (50-85)

40
135.3 ± 13.50
135 (103-161)

6
125.1 ± 8.2
123 (108-138)

40
85.33 ± 12.85
85 (60-115)

6
82.62 ± 8.43
82 (70-105)

Abbreviations: ABPM, ambulatory blood pressure measurement; OBPM,
office blood pressure measurement; SD, standard deviation
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Ambulatory blood pressure measurements
According to the daytime ABPM, 87% (n = 40) of the
patients were hypertensive and 13% (n = 6) were
normotensive. There were no significant differences
regarding hemodynamic characteristics between
male and female patients and with regard to smoking
and nonsmoking patients. In addition, tacrolimus or
cyclosporine use, BMI, donor type, primary renal
disease, and dialysis type were not significantly
different with regard to hemodynamic characteristics.
Central aortic blood pressure measurements
According to CAPM, 30 patients (65.2%) were
hypertensive and 16 patients (34.8%) were normotensive (these included patients who were
currently using antihypertensive drugs). The CAP
levels and hemodynamic findings are shown in
Table 3.
Central aortic blood pressure was found to be
significantly higher in patients with hypertension
according to OBPM and ABPM (P = .045 and P = .048,
respectively). In addition, hypertensive patients,
according to OBPM and ABPM, demonstrated higher
central pulse pressure than normotensive patients
(P = .007 and P = .008, respectively). Other central
aortic hemodynamic characteristics, including
CAP, pulse-wave velocity (PWV), augmentation
index, ejection duration, and rotation time,
were similar in hypertensive and normotensive
patients as determined by OBPM or ABPM.
Pulse wave velocity was not significantly higher
in hypertensive versus normotensive patients
(Table 4).
Table 3. Central Aortic Blood Pressure and Hemodynamic Findings of the
Aorta
Parameter

Central systolic pressure in aorta, mm Hg
Mean ± SD
Median (range)
Central pulse pressure, mm Hg
Mean ± SD
Median (range)
Pulse-wave velocity, m/s
Mean ± SD
Median (range)
Augmentation index, %
Mean ± SD
Median (range)
Ejection duration, ms
Mean ± SD
Median (range)
Rotation time, ms
Mean ± SD
Median (range)

Results (N = 46)

123.04 ± 23.03
121.55 (87.5-213.8)
42.08 ± 17.08
36.20 (26.9-92.1)
8.97 ± 1.77
8.85 (6.0-14.3)
15.07 ± 14.22
11.95 (-3.9 to 68.2)
282.50 ± 31.44
282.50 (215-390)
129.57 ± 22.23
127.0 (72-179)
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Table 4. Relationship Between Central Aortic Hemodynamic Characteristics and Blood Pressure Levels
Office Blood Pressure
Hypertensive
Normotensive
(n = 33)
(n = 13)

CAP, mm Hg
Mean ± SD
Median (range)
CPP, mm Hg
Mean ± SD
Median (range)
PWV, m/s
Mean ± SD
Median (range)
AI, %
Mean ± SD
Median (range)
ED, ms
Mean ± SD
Median (range)
RT, ms
Mean ± SD
Median (range)

P Value

Ambulatory Blood Pressure
Hypertensive
Normotensive
(n = 40)
(n = 6)

P Value

127.0 ± 25.5
130 (87.5-213.8)

113.24 ± 10
114.6 (98.4-130.3)

.045

125.13 ± 24
125.35 (87.5-213.8)

109.13 ± 8.5
108.3 (98.4-122.3)

.048

46.98 ± 18.6
39.2 (29.3-92.1

33.4 ± 5.37
33.6 (26.9-46.5)

.007

44.94 ± 18
38.1 (27.5-92.1)

30.96 ± 3.72
30.4 (26.9-36.1)

.008

9.12 ± 1.92
9.1 (6-14.3)

8.6 ± 1.29
8.1 (6.7-10.8)

.374

9.08 ± 1.83
9.05 (6-14.3)

8.25 ± 1.08
8.10 (6.7-9.6)

.294

16.24 ± 15.9
12 (-3.9-68.2)

12.06 ± 8.21
10.7 (1.5-27.1)

.595

15.1 ± 14.8
11.4 (-3.9-68.2)

14.8 ± 9.9
12.5 (1.5-27.1)

.875

285.6 ± 31.5
290 (235-390)

274.6 ± 31
270 (215-335)

.262

283.2 ± 33.4
282 (215-390)

278 ± 13
277 (260-290)

.614

130.3 ± 24.3
130 (72-179)

127.6 ± 16.4
126 (95-162)

.775

129.0 ± 23.14
126 (72-179)

135 ± 15.2
129 (121-162)

.551

Abbreviations: AI, augmentation index; CAP, central aortic pressure; CPP, central pulse pressure; ED, ejection duration; PWV, pulse wave velocity;
RT, rotation time; SD, standard deviation

Hypertensive renal damage markers
Mean GFR was 84.7 ± 30 mL/min in female patients
and 73.0 ± 24 mL/min in male patients.
Microalbuminuria and proteinuria were detected in
21 patients (45.7%) and 8 patients (17.4%), respectively. We observed a significant relationship
between primary renal disease and GFR (P = .01),
and GFR was higher in patients with hypertensionrelated renal failure than in those with renal
failure from other causes. Renal damage markers
were not different between men and women
or with regard to smoking status, BMI, donor type,
dialysis type, and dialysis duration. Immunosuppressive and antihypertensive drugs had no
effects on renal damage markers and GFR. Patients
who were hypertensive according to OBPM had
lower GFR than normotensive patients (P = .011), and
these hypertensive patients also had significant

incidence of albuminuria versus normotensive
patients (P = .042).
Patients who were hypertensive according to
ABPM had lower GFR than normotensive patients
(P = .018) and also higher incidences of microalbuminuria and proteinuria (P = .047 and P = .039,
respectively).
Glomerular filtration rate was not significantly
different in patients who were hypertensive according to CAPM versus normotensive patients.
Incidence of proteinuria was also significantly
higher in these hypertensive patients than in
normotensive patients (P = .022); however, no associations were shown for albuminuria. Associations
between normotensive and hypertensive patients
according to PBP measurements and CAPM
and renal damage markers are shown in
Table 5.

Table 5. Relationship Between Determination of Normotensive Versus Hypertensive According to Blood Pressure Measurements and Renal
Damage Markers
GFR, mL/min

OBPM
Normotensive
Hypertensive
ABPM
Normotensive
Hypertensive
CAPM
Normotensive
Hypertensive

P Value

Proteinuria,
No. (n = 25)

P Value

Normo
(n = 17)

Albuminuria
Micro Albuminuria
(n = 21)
(n = 8)

P Value

81.11 ± 20.47
76.24 ± 29.64

.011

7
18

.966

8
9

5
16

0
8

.042

84.03 ± 25.75
77.00 ± 27.62

.018

1
24

.047

5
12

1
20

0
8

.039

81.01 ± 20.60
76.02 ± 30.36

.453

5
20

.022

8
9

7
14

1
7

.235

Abbreviations: ABPM, ambulatory blood pressure measurement; CAP, central aortic pressure measurement; Micro, microalbuminuria;
Normo, normoalbuminuria; OBP, office blood pressure measurement
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Associations between PBP measurements and
CAPM and GFR, microalbuminuria levels, and
proteinuria levels are shown in Table 6. Although we
observed significant associations between systolic
CAP and both albuminuria and proteinuria (P = .027,
r = 0.409 and P = .22, r = 0.499, respectively), we
observed no significant relationship between systolic
OBP and proteinuria (P = .049). A weak association
was shown between PWV and albuminuria (P = .05,
r = 0.309). Associations between levels of mean
systolic ABP and systolic CAP and albuminuria are
shown in Figure 1.
Hypertensive cardiac damage markers
The Sokolow-Lyon index was significantly higher in
male patients than in female patients (P = .002).
Cardiovascular indexes were similar for different
immunosuppressive drugs (P > .05). All patients
with higher CAP had LVH on echocardiographic
examination. Levels of PBP and CAP were similar
with regard to determination of LVH whether or not
Sokolow-Lyon index was considered (P > .05). Mean
CAP was 150 ± 38.1 mm Hg in patients with LVH
according to echocardiography and 119.0 ± 17.2 mm
Hg in patients without LVH (P = .03; Figure 2).
However, we did not observe significant differences
between patients with or without LVH according to
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echocardiography and PBP measurements (OBPM
and daytime ABPM) (P > .05; Table 7).
Although no relationship was shown between
central hemodynamic findings and GFR (P > .05),
there was a relationship between central hemodynamic findings and both albuminuria and proteinuria (P = .005, r = 0.710 and P < .001, r = . 770,
respectively). Also, we observed a significant
relationship between central pulse pressure and
proteinuria (P = .01). Left ventricle mass index
showed a significant association with CAP (P = .015,
r = 0.358).

Figure 1. Relationship Between Albuminuria and Levels of Ambulatory and
Aortic Systolic Blood Pressures

Figure 2. Central Aortic Systolic Blood Pressure Based on Left Ventricular
Hypertrophy Status

Table 6. Relationships Between Blood Pressure Levels and Central
Hemodynamic Characteristics, Glomerular Filtration Rate, and Proteinuria
and Albuminuria Levels

Systolic OBP, mm Hg
Diastolic OBP, mm Hg
Systolic ABP, mm Hg
Diastolic ABP, mm Hg
Systolic central BP, mm Hg
Central pulse pressure, mm Hg
Pulse wave velocity, m/s
Augmentation index, %
Ejection duration, m/s
Rotation time, m/s

GFR

P Value
Albuminuria
Level

Proteinuria
Level

.194
.169
.366
.735
.186
.616
.264
.738
.153
.717

.113
.175
.113
.331
.027
.071
.050
.779
.164
.571

.049
.252
.027
.241
.022
.062
.103
.714
.661
.596

Abbreviations: ABP, ambulatory blood pressure; BP, blood pressure; GFR,
glomerular filtration rate; OBPM, office blood pressure

Abbreviations: LVH, left ventricular hypertrophy

Table 7. Peripheral and Central Aortic Blood Pressure According to Left Ventricular Hypertrophy
Blood Pressure

Office
Daytime ABP
Central

LVH (Electrocardiography), mm Hg
Yes
No

Systolic
Diastolic
Systolic
Diastolic
Systolic

118.13 ± 21.03
76.25 ± 20.66
135.75 ± 18.23
88.50 ± 16.02
127.09 ± 22.07

120.47 ± 17.54
75.39 ± 12.07
131.08 ± 11.64
83.95 ± 10.81
122.19 ± 23.40

P Value

.791
.825
.346
.514
.240

Abbreviations: ABP, ambulatory blood pressure; LVH, left ventricular hypertrophy

LVH (Echocardiography), mm Hg
Yes
No

131.03 ± 20.10
81.04 ± 16.86
138.00 ± 16.70
85.05 ± 21.51
150.16 ± 38.05

118.05 ± 17.21
75.07 ± 13.15
130.78 ± 12.16
85.08 ± 9.99
119.01 ± 17.19

P Value

.115
.485
.344
.845
.030
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Discussion
Hypertension is common in KTRs and causes
significant morbidity and mortality. Hypertension
treatment is essential to prevent graft dysfunction
and cardiovascular mortality. In this study, we
investigated relationships between PBP-CAP and
renal and cardiovascular organ damage. Our
literature search showed no studies that investigated
the relationships among 3 different blood pressure
measurement methods (OBPM, ABPM, and CAPM)
and target organ damage. In this study, we did not
find statistical significance between demographic
characteristics and target organ damage.
In KTRs, calcineurin inhibitors are the main drugs
for immunosuppression; cyclosporine has been
shown to cause more hypertension than other
immunosuppressive drugs.11 Steroids are other
important reasons for hypertension in KTRs;
however, we did not find any differences with regard
to steroid use. This may have been related to the
number of patients in our study.
Antihypertensive drugs have different types of
effects on proteinuria. Angiotensin-convertingenzyme inhibitors and angiotensin II receptor
blockers are the more potent drugs for antiproteinuric and renoprotective effects.12 We did not
observe any associations between antihypertensive
drugs and proteinuria, but it is important to highlight
that albuminuria was not shown in patients who
used angiotensin-converting-enzyme inhibitors in
our study.
We measured blood pressure by sphygmomanometer and ABP machine to evaluate PBP levels and
also to exclude “white coat” hypertension. Mean
ABPM results were higher than mean OBPM results.
Systolic and diastolic ABP were 12 mm Hg and 9 mm
Hg higher than systolic and diastolic OBP. In another
study, systolic ABP was 3.6 mm Hg higher than
systolic OBP and 7.5 mm Hg higher than diastolic
ABP according to reported diastolic OBP.13 In our
study, differences in blood pressure measurements
were greater than in other studies, which may have
been related to the fact that we only used daytime
ABPM.
According to OBPM, hypertension was shown in
70% to 90% of KTRs, with diagnosis as high as 95%
according to the ABPM.14 In our study, hypertension
was diagnosed in 71% and 87% of KTRs according to
OBPM and ABPM, respectively.
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Hypertension diagnosis and monitoring were
usually made by brachial arterial blood pressure
measurements. However, blood pressure levels vary
in different parts of the arterial tree. There is a
significant difference between blood pressure in the
brachial artery and the central aorta, which can reach
10 to 15 mm Hg.15 Differences in aortic-brachial
artery blood pressure can reach 30 mm Hg in young
people and during exercise.16 In our study, mean
aortic-brachial artery blood pressure difference was
8.6 mm Hg (maximum of 33 mm Hg).
Atherosclerotic aortas loose elasticity; after
cardiac ejection, pulse wave returns to the aortic
valve during the early systole, causing diminished
blood flow in a coronary artery.17 Low PWV allows
blood flow to coronary arteries. In one study, high
PWV caused a decline in graft function and resulted
in cardiac damage in KTRs.18 Similarly, in our study,
the mean PWV was 8.9 ± 1.7 m/s, and we did not
detect a relationship between PWV and demographic
characteristics. However, hypertensive patients had
higher PWV, and patients with higher PWV had
albuminuria and lower GFR in our study.
LVH is an important risk factor for cardiac failure
and coronary artery disease. Due to regression of
ventricular hypertrophy with blood pressure control,
antihypertensive agents are the best treatment
option. Decreased augmentation index and PWV
have been shown to be accompanied by regression
of cardiac hypertrophy with antihypertensive
treatment.19
Ambulatory blood pressure measurements are
more likely to show cardiac hypertrophy than
OBPM.20 In another study, CAPM was more likely to
show cardiac hypertrophy than OBPM.21 Abnormal
central hemodynamic parameters were not only
related to LVH but were related to increased prevalence of coronary artery disease.22 In some studies,
CAP and augmentation index were better determinants than brachial artery pressure for mortality
in patients with cardiovascular diseases.22-25 In our
study, LVH was closely related to CAP, but not ABP
and OBP, and PWV results were high in patients with
LVH.
Glomeruli are sensitive to central hemodynamic
changes. In rats, intraglomerular pressure was
shown to be 60/40 mm Hg.26 Glomerular capillaries
are exposed to more pulsatile pressure than other
capillaries. Hashimoto and associates demonstrated
that increased CAP causes increased intraglomerular
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pressure and albuminuria.27 In addition, increased
PWV and augmentation index caused increased
albuminuria.28 Increased CAP has been shown to be
more related to proteinuria and increased serum
creatinine levels than OBP in patients with coronary
artery disease.29 In our study, both OBP and systolic
ABP were correlated with albuminuria. Patients with
proteinuria had high ABP and CAP, although more
significantly with CAP.
In conclusion, OBPM in KTRs may be less
sensitive for diagnosis of severity and frequency of
hypertension. In our KTRs, we observed significant
correlations between renal and cardiac damage
severity versus blood pressure levels according to
ABPM and CAPM. Because OBPM can cause
misdiagnosis of hypertension, KTRs should be
monitored with ABPM, even if they have normal
OBP levels. In hypertensive KTRs, the aim of
antihypertensive therapy is not only to decrease the
brachial artery pressure but also to keep systolic CAP
in the proper interval, adjusted according to age,
which may more effectively prevent development of
cardiac and renal damage than use of PBP measurements.
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Recurrence of Pure Red Cell Aplasia in a Kidney
Transplant Recipient Due to Reactivation of Parvovirus B19
Infection Despite Two Cycles of Intravenous
Immunoglobulin Therapy
Bulent Kaya, Saime Paydas
Abstract
Parvovirus B19 is a single-stranded DNA virus that
typically has an affinity for erythroid progenitor cells in
bone marrow and leads to pure red cell aplasia. This is
a common pathogen in humans, and the expression of
the infection depends on the host’s hematologic and
immunologic status. Here, we report a female patient
who developed severe and persistent anemia after
kidney transplant while being on immunosuppressive
therapy. The parvovirus B19 immunoglobulin M test was
positive, and the virus was detected by polymerase
chain reaction as parvovirus B19 (23.5 million copies/mL)
in the blood sample. Bone marrow examination revealed
giant pronormoblasts. She responded well to intravenous immunoglobulin without adverse event.
Hemoglobin levels gradually increased, and normal
levels were achieved at 3 months posttreatment.
Although her renal function did not deteriorate, severe
anemia (with hemoglobin level 5 g/dL) recurred 3
times during 12 months posttransplant.
Key words: Anemia,
transplantation

Immunosuppression,

Renal

Introduction
Parvovirus B19 (PVB19) is a DNA virus that has
affinity for human erythroid precursor cells. In
immunocompromised individuals, PVB19 leads to a
severe anemia known as pure red cell aplasia
(PRCA).1 It has particular tropism for human
erythroid progenitor cells and leads to apoptosis in
infected erythroid progenitors, leading to acute and
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chronic anemia.2 This condition is particularly worse
in immunocompromised individuals. Here, we
present a patient who was successfully treated with
intravenous immunoglobulin (IVIG) despite having
3 relapses of PRCA due to PVB19 infection after
kidney transplant.
Case Report
A 37-year-old female patient presented to our
nephrology clinic with complaints of fatigue and
palpitation. She underwent preemptive renal
transplant 20 days earlier due to end-stage renal failure
secondary to chronic glomerulonephritis. Physical
examination was normal except for pallor. The patient
was on tacrolimus 2 × 6 mg/day, mycophenolate
sodium 2 × 720 mg/day, prednisolone 20 mg/day,
valganciclovir 900 mg/day, trimethoprim-sulfamethoxazole 400/80 mg/day, metoprolol 50 mg/day,
and lansoprazole 40 mg/day. Her hyperglycemia
(blood glucose of 450 mg/dL) was well controlled
with insulin therapy.
Normocytic normochromic erythrocytes without
fragmented erythrocytes and abnormal cells were
detected in peripheral blood smears. Leukocyte
distribution and platelet count were normal.
Corrected reticulocyte count was 0.39%. A bone
marrow aspiration and biopsy showed numerous
giant pronormoblasts. Other cells were normal, and
atypical cells were not detected. Serum ferritin,
transferrin saturation, vitamin B12, folate, and
haptoglobin levels were normal, and direct and
indirect Coombs test were within normal limits. She
did not use any erythropoietin treatment before and
after transplant. Viral markers, including hepatitis B
virus surface antigen, anti-hepatitis C virus, antihuman immunodeficiency virus, cytomegalovirus
polymerase chain reaction (PCR), and BK virus PCR
DOI: 10.6002/ect.MESOT2018.P63
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respiratory viruses.3,4 Numerous cases of PVB19
infection after solid-organ transplant have also been
reported.5,6 However, the clinical significance of
PVB19 infection in the setting of renal transplantation
is not fully understood. Symptomatic PVB19 infection
can develop after transmission from donors or the
community or after reactivation of endogenous latent
or persistent virus in renal transplant recipients.3
The clinical picture associated with PVB19
infection is different between immunosuppressed
and immunocompetent individuals. Immunocompromised individuals cannot produce effective
cellular and humoral responses. Delayed viral
clearance and even persistent and prolonged
erythropoiesis suppression can occur in some
people.3 There are cellular receptors of PVB19 in bone
marrow erythroid precursor cells. Parvovirus B19
infects erythrocyte precursor cells by receptor
binding, replication, and then destruction.7 The
direct effects of PVB19 can lead to PRCA with giant
pronormoblasts in bone marrow. Therefore, acute
anemia and chronic PRCA may occur due to PVB19
infection in renal transplant recipients.8-10
At the time of admission, the hemoglobin level of
our patient at day 20 posttransplant was 9.1 g/dL.
Subsequently, hemoglobin values decreased and
blood transfusion was required. Hemolysis was not
detected in peripheral blood smears and biochemical
tests, and kidney and liver functions were normal.

were negative. Parvovirus B19 immunoglobulin M
and PVB19 PCR (23.5 million copies/mL) were
detected.
Intravenous immunoglobulin 400 mg/kg/day
was given for 5 days due to PRCA. Serum hemoglobin
levels gradually increased in follow-up samples
after IVIG treatment (Table 1). The patient had no
complaints 2 months after the IVIG treatment.
Recurrent symptomatic anemia and reticulocytopenia
episodes developed at month 3 and month 7 posttransplant. Intravenous immunoglobulin treatment
was given for 5 days at 400 mg/kg/day for PRCA
due to recurrent PVB19. When the patient developed
a second episode of PRCA, tacrolimus was changed
to cyclosporine and target blood levels were
maintained at a lower limit. The patient received a
total of 9 units of erythrocyte suspension during the
3 PRCA episodes. The patient had no other complications, including renal dysfunction or anemia, at
a follow-up visit at posttransplant month 17.
Discussion
Transplant recipients are susceptible to viral
infections and may develop primary or reactivation
of latent viral infection. Frequent viral infections in
the posttransplant period are influenza, adenovirus,
herpes virus, cytomegalovirus, polyomavirus,
Epstein-Barr virus, hepatitis B, hepatitis C, and
Table 1. Summary of Patient’s Laboratory Results
Parameter
Normal Pretransplant
Range
Day 20

Glucose, mg/dL
BUN, mg/dL
Creatinine, mg/dL
AST, U/L
ALT, U/L
Total bilirubin,
mg/dL
Direct bilirubin,
mg/dL
LDH, U/L
Calcium, mg/dL
Sodium, mmol/L
Potassium, mmol/L
WBC, × 103/mL
Hemoglobin, g/dL
Hematocrit, %
MCV, fL
Platelet, × 103/mL
Neutrophil, %
Lymphocytes, %
CRP, mg/dL
Tacrolimus, ng/mL
Cyclosporine, ng/mL

70-105
8-20
0.4-1
15-41
14-54

90
82
4.92
13
10

233
18
0.8
33
53

Day 43

82
16.3
0.77

Day 110 Day 125

110
14.1
0.94
18
15
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136
14
0.91
21
19

Posttransplant
Day 133 Day 150 Day 210 Month 10 Month 11 Month 13 Month 17

116
12.1
0.95
17
18

114
12
0.94
18
19

118
10
0.81
24
23

131
10.8
0.7
24
25

118
7
0.8
18
23

0.4-1.2

0.46

0.6

0.1-0.5
115-248
8.9-10.3
136-144
3.6-5.1
4.8-10.8
12-16
36-46
80-94
130/400
50-70
20-44
0-0.8
7-12

0.04
160
8.8
139
4.3
6.66
5
15
88.8
338
66
22.2
0.33

0.2
165
8.9
138
3.9
7110
7.4*
22.8
77.8
360
65.7
23.1

136
4.2
11.16
10.2
31.9
87.9
214
57.4
31.8

8.6
133
4.6
11.1
9.1
26.2
84.5
358
74.3
20.3

9.1
4.21
8.91
7.3
21.7
87.5
454
70.4
22.7

14.6

6.2

9.6
138
4.3
7.96
8.6*
26.8
95.4
270
69.9
18.5

136
5.2
8.79
10.4
32.9
98.8
259
69.4
20

6.3

7.9

9.3
138
4.14
5.71
11.2
34.6
94.8
215
62.4
25
0.174
9.4

9.1
130
4.5
11.70
7.1*
24.6
96
419
70.6
19.8
7.2

137
4.1
7570
14.2
44.2
84.5
296
62.9
23.1
7.5

103
7.6
0.75
23
24

109
17
1.27
20
24

9.54
140
4.2
5900
13.1
45.5
97.3
209
63.9
24.6

9.8
139
4.5
8300
16
47.5
89.1
216
68.4
17

540.5

784

2.6

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CRP, C-reactive protein; LDH, lactate
dehydrogenase; MCV, mean corpuscular volume; WBC, white blood cell
*Intravenous immunoglobulin treatment (400 mg/kg/day for 5 days).
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In addition to anemia, thrombocytopenia and
neutropenia are other blood abnormalities. Clinical
manifestations such as fever and arthralgia may
occur in infected patients.5 Clinical manifestations of
organ involvement such as hepatitis, myocarditis,
and pneumonitis can also be seen.11 Other than
anemia, neutropenia, thrombocytopenia, and organ
involvement were not detected in our patient.
Parvovirus B19 infection can be diagnosed by
PVB19-specific antibodies or viral PCR assays.5 In
serologic tests, the false negative rate is high during
acute PVB19 infection.12 In addition, immunocompromised patients may respond to inadequate and
delayed antibody-mediated immunity.5 Diagnosis by
serologic tests can also be confused after blood
product administration.13 In some reports, it is
recommended for viral DNA to be detected by
PCR.3,13 Parvovirus B19 immunoglobulin M and
PVB19 PCR were both positive in our patient.
Erythropoietin was never used in our patient.
Although numerous giant pronormoblasts were
detected, atypical cells were not detected and other
cells were normal. Hemolysis, atypical cell, leukocyte, and thrombocyte distribution did not show
any abnormalities in peripheral blood smears.
No specific antiviral treatment for PVB19 infection presently exists. However, IVIG containing
antiparvovirus antibodies appears to be beneficial in
PVB19 infection in solid-organ transplant patients.3,5
The optimal dose and duration of treatment are not
known; however, 400 mg/kg/day for 5 days is
recommended.5 Our patient was successfully treated
with IVIG without development of any adverse
events. Progressive increases in hemoglobin values
were observed during the days after IVIG treatment.
The source of the infection was not known in our
patient.

197

Parvovirus B19 infection should be suspected in
renal transplant patients with nonhemolytic anemia
and reticulocytopenia during the early intensive
immunosuppression period. In addition to reducing
immunosuppression treatment for these patients,
IVIG can provide dramatic improvements without
any adverse events.
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Virological Response to Sofosbuvir-Based Treatment in
Renal Transplant Recipients With Hepatitis C in Pakistan
Farina Muhammad Hanif,1 Rajesh Mandhwani,1 Ghullamullah Lail,1
Nasir Hassan Luck,1 Tahir Aziz2
Abstract
Objectives: Direct-acting antiviral agents have recently
been recommended in renal transplant recipients.
Considering our previous encouraging responses with
combined sofosbuvir and ribavirin in renal transplant
recipients and the availability of daclatasvir, we
aimed to evaluate the effectiveness and safety of
sofosbuvir-based direct-acting antiviral agents in our
population.
Materials and Methods: All renal transplant recipients
who received sofosbuvir-based direct-acting antivirals
from August 2015 to March 2018 were included
in our study. Patients were treated with sofosbuvir
and ribavirin for 24 weeks or with combined sofosuvir,
daclatasvir, and ribavirin for 12 weeks. Patient demographics and baseline laboratory parameters were
collected. Rapid virologic response, end of treatment
response, and sustained virologic response at 12 weeks
were analyzed. Statistical analyses were performed with
SPSS software (SPSS: An IBM Company, version 20.0,
IBM Corporation, Armonk, NY, USA).
Results: In our study group of 79 patients, mean age
was 36.5 ± 10.2 years and 60 were men (78.5%). Fiftysix patients (70.9%) were treatment naive; of the
remaining patients, 20 received interferon before
transplant and 3 were treated with sofosbuvir and
ribavirin after renal transplant. Genotype 1 was
observed in 42 patients (53.2%), whereas mixed
genotype (1 and 3) was shown in 10 patients (12.6%).
Sixty-two patients (78.5%) received sofosbuvir and
ribavirin, and 17 patients (21.5%) received sofosbuvir,
daclatasvir, and ribavirin. End of treatment response
was achieved in 78 recipients (98.1%). Anemia was
observed in 13 patients (16.4%).
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Conclusions: Hepatitis C virus was successfully
eradicated in renal transplant recipients who received a
combination of sofosbuvir plus ribavirin or sofosbuvir,
daclatasvir, and ribavirin. These combinations were
effective and well tolerated in our study population,
even in those with mixed genotype, with no major
adverse events.
Key words: Direct-acting antiviral agents, Genotype,
Kidney transplant, Ribavarin
Introduction
The reported prevalence of hepatitis C virus (HCV)
in renal transplant recipients (RTRs) ranges from
1.8% to 8.0%.1 Hepatitis C virus infection in posttransplant patients infers higher risks of decreased
graft and recipient survival.2 Direct-acting antiviral
agents (DAAs) have recently been recommended for
HCV eradication in transplant patients.3 These
agents target nonstructural viral proteins such as
NS3A, NS4A, NS4B, NS5A, and NS5B and are more
effective than interferon owing to less adverse effects
and shorter treatment duration.4
Various studies and case reports have reported
promising results of HCV eradication in RTRs by these
novel agents.5-10 Kamar and associates6 and Xue and
associates7 reported 100% sustained virologic response
at 12 weeks (SVR12) with sofosbuvir plus ribavirin
combination and also sofosbuvir, daclatasvir, and
ribavirin combination. However, allograft rejection,
renal dysfunction, and requirement of immunosuppression dose modification have also been reported.5,10
We previously reported an SVR12 of 100% in 37
RTRs, with 24-week treatment, with combined
sofosbuvir and ribavirin.11 With the availability of
daclatasvir, we aimed to evaluate the effectiveness
and safety of a sofosbuvir-based DAAs treatment,
considering the nonavailability of other novel agents
in our region.
DOI: 10.6002/ect.MESOT2018.P64
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Materials and Methods
All RTRs with HCV infection who visited the
outpatient Department of Hepatogastroenterology
and Transplantation of Sindh Institute of Urology
and Transplantation (Karachi, Pakistan) and who
received DAAs from August 2015 to March 2018
were included in the study. Our institute’s ethical
committee approved the treatment protocol.
Laboratory parameters were recorded at the start
of treatment and then after 4 weeks and at end of
treatment. Hepatitis C virus polymerase chain
reaction (PCR) and genotype testing were performed
in all RTRs at the start of treatment (Roche Cobas
TaqMan and Abbott RealTime HCV, Karachi,
Pakistan). Patients were given 400 mg of generic
sofosbuvir and a glomerular filtration rate-based
dose of ribavirin for 24 weeks. After daclatasvir
became available, RTRs were prescribed combined
sofosbuvir, daclatasvir, and ribavirin for 12 weeks.
During treatment, HCV PCR was checked at 4 and
24 weeks to document rapid virologic response and
end of treatment response (ETR).
After treatment ended, HCV PCR was checked at
weeks 12 and 24 (at end of treatment) to document
SVR (ie, SVR12 and SVR24). All renal donors were
negative for hepatitis B virus surface antigen, antiHCV and anti-human immunodeficiency virus
antibodies, and HCV RNA based on PCR.
Statistical analyses
Data were analyzed using SPSS Statistics software
(SPSS: An IBM Company, version 20.0, IBM
Corporation, Armonk, NY, USA). Continuous
variables were analyzed using t tests or the Wilcoxon
signed-rank test. Categorical variables were analyzed
using the chi-square test or the Fisher exact test. A
comparison of quantitative variables with repeated
measurements was analyzed using the paired t test.
End of treatment was considered as the final outcome.
P < .05 was considered statistically significant.
Results
Of the 93 RTRs, 79 completed the treatment course, 7
were lost to follow-up, 4 were undertreated, and 3
died due to underlying sepsis. In total, 79 RTRs were
analyzed. The mean age of our study population was
36.5 ± 10.2 years, and most were men (n = 62; 78.5%).
Fifty-six patients (70.9%) were treatment naive; of the

remaining 23 patients, 20 received interferon before
transplant and 3 were treated with sofosbuvir and
ribavirin after transplant.
In the 20 RTRs who had received interferon, 16
were responders, 3 were nonresponders, and 1 had
relapse after treatment. Genotype 1 was found in
most patients (n = 42; 53.2%), whereas only 1 patient
had genotype 4. Table 1 shows the clinical and
demographic characteristics of our study population.
Table 1. Clinical Characteristics of Study Population (N = 79)
Parameter

Mean age ± SD, y
Male patient, No. (%)
Mean duration from transplant to
treatment ± SD (range), mo
HCV genotype, No. (%)
• Genotype 1
• Genotype 3
• Genotype 4
• Mixed genotype
Treatment regimen, No. (%)
• Sofosbuvir and ribavirin
• Sofosbuvir, daclatasvir, and ribavirin
Immunosuppressive medication, No. (%)
• Tacrolimus
• Mycophenolate mofetil
• Azathioprine
• Cyclosporine
• Everolimus
• Prednisolone

Result

36.5 ± 10.2
62 (78.5%)
70.26 ± 46.12 (2-228)
42 (53.2%)
26 (32.9%)
1 (1.3%)
10 (12.7%)
62 (78.5%)
17 (21.5%)
11 (14%)
17 (21.5%)
52 (65.8%)
26 (33%)
11 (14%)
79 (100%)

Abbreviations: HCV, hepatitis C virus; SD, standard deviation

Sixty-two RTRs (78.5%) received sofosbuvir and
ribavirin for 24 weeks, whereas 17 RTRs (21.5%) were
prescribed combined sofosbuvir, daclatasvir, and
ribavirin. We found that rapid virologic response was
achieved in 73 RTRs (92.4%). Treatment was extended
to 9 months in the remaining 6 patients (7.5%).
End of treatment response was not achieved in 3
patients on sofosbuvir regimen; 2 patients responded
to the combined sofosbuvir, daclatasvir, and ribavirin
regimen, and 1 patient had a new genotype. Thus,
ETR was achieved in 78 RTRs (98.7%). Until the time
of data collection, 23 patients had achieved SVR24.
One patient did not achieve SVR12 on both
sofosbuvir and the combined sofosbuvir, daclatasvir,
and ribavirin regimen.
Table 2 shows the significant decline in serum
hemoglobin and alanine aminotransferase levels,
with increased serum platelet count. Although
creatinine showed improved levels from nadir value,
the difference was not significant. Anemia was
observed in 13 RTRs (16.4%). Ribavirin was stopped
in 6 patients, whereas dose modification was
performed in the remaining RTRs.
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Table 2. Laboratory Parameters of Renal Transplant Recipients
Pretreatment

Mean serum hemoglobin ± SD,
mg/dL
12.01 ± 2.27
Mean serum platelet ± SD,
206.00 ± 84.41
× 109/L
Mean serum creatinine ± SD,
mg/dL
1.65 ± 0.91
Mean serum bilirubin ± SD,
mg/dL
2.03 ± 5.13
Mean serum ALT ± SD, U/L
72.39 ± 83.90

End of Treatment P Value

11.21 ± 2.30

.01

239.61 ± 86.86

.01

1.78 ± 1.61

.43

0.66 ± 0.32
25.16 ± 14.90

.12
< .001

Abbreviations: ALT, alanine aminotransferase; SD, standard deviation

Treatment was not discontinued in our study
population. Three patients (3.22%) died during
treatment due to underlying sepsis, but these
patients were not included in our analyses.
Discussion
Because of low efficacy and associated risk of
allograft rejection with interferon treatment in RTRs,
recently approved DAAs have revolutionized the
treatment of HCV.12 In a retrospective study by
Goetsch and associates,13 DAAs improved graft
survival in patients with HCV as demonstrated by
significantly decreased protein-to-creatinine ratio in
RTRs. The American Association for the Study of
Liver Diseases3 recently published guidelines recommending glecaprevir/ pibrentasvir combination and
ledipasvir (90 mg) and sofosbuvir combination,
depending on treatment experience and HCV
genotype. However, alternative recommended
regimens include daclatasvir plus sofosbuvir combination along with low doses of ribavirin for 12
weeks.
Various studies and case reports have revealed
effective and safe HCV eradication with sofosbuvirbased regimens.5-10 Kamar and associates6 documented 100% SVR12 in 25 RTRs; 3 patients received
sofosbuvir with ribavirin, whereas 3 were prescribed
sofosbuvir with daclatasvir combination. Similarly,
Xue and associates7 documented 100% SVR12 in 6
RTRs treated for 12 weeks with sofosbuvir and
daclatasvir combination. Hussein and associates8
reported the successful treatment of HCV genotype 4
in 3 renal transplant patients using the combination
of sofosbuvir and ribavirin. In our study, we used
sofosbuvir, an NS5B inhibitor, along with ribavirin
for 24 weeks in 62 patients and sofosbuvir along with
daclatasvir, an NS5A inhibitor, for 12 weeks in 17
patients because this was the only DAAs licensed in
Pakistan.
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The initial hindrance in utilization of sofosbuvirbased regimens in RTRs was risk of drug-related
interactions with immunosuppressive agents and
accumulation of sofosbuvir and its metabolites, leading
to renal injury. Recent guidelines3 have not established
any drug-related interactions between sofosbuvir and
commonly used immunosuppressive drugs. Although
Sawinski and associates5 documented 100% SVR in 20
RTRs treated with a sofosbuvir-based regimen with
stable renal function, 45% of the study population
required calcineurin inhibitor dose reduction. Similar
to Kamar and associates6 and Kwo and Badshah,14
none of our study population required immunosuppressive dose modification.
Fernández and associates10 analyzed 103 RTRs
patients from a Spanish registry and found that 98%
SVR was reached, with 57% of patients given
sofosbuvir plus ledipasvir and 17% of patients given
sofosbuvir plus daclatasvir. The group documented
allograft rejection in 3, renal dysfunction in 17, and
immunosuppression adjustment in 57 RTRs. Various
studies and case reports in RTRs have demonstrated
effective HCV eradiation with no allograft rejection
with a sofosbuvir-based regimen.6-9 This fact was
shown in our study population, as none of the RTRs
had allograft rejection.
Pakistan has a high incidence of HCV infection,
in 4.9% of the general population, with the major
genotype reported as genotype 3.15 Because of
multiple exposures to dialysis, patients are more
prone to mixed genotype infections. More often, its
detection is missed due to less sensitive techniques.16
We have demonstrated the efficacy of sofosbuvir plus
ribavirin and the combination of sofosbuvir,
daclatasvir, and ribavirin in 79 treatment-naive and
treatment-experienced RTRs with HCV infection. In
our study population, most patients had HCV
genotype 1, followed by genotype 3, and we also
reported the effectiveness of this regimen in patients
with mixed HCV genotype 1 and 3 (n = 10). We
observed a significant decline in transaminases in
our study population, which is consistent with our
previous study result and other studies.5,6,11,17
Limitations of our study include the small study
population and nonavailability of multiple newer
DAAs. However, the achievement of a 98.7% ETR is
quite encouraging. We were also not able to
demonstrate the effectiveness of a sofosbuvir-based
regimen in treating extrahepatic HCV-related
complications.
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Conclusions
Hepatitis C virus was successfully eradicated in
RTRs using a combination of sofosbuvir plus
ribavirin and with combined sofosbuvir, daclatasvir,
and ribavirin. These combinations were effective and
well tolerated in our study population, even in those
with mixed genotype (1 and 3), with no major
adverse events.
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Frequency of Hepatotropic Viruses Leading To Deranged
Liver Function Tests in Renal Transplant Recipients
Madiha Asif, Farina Muhammad Hanif, Nasir Hassan Luck, Abbas Ali Tasneem

Abstract
Objectives: The preferred modality for renal replacement therapy is renal transplantation. Marked
improvements in early graft survival and long-term
graft function have made renal transplantation a more
cost-effective alternative to dialysis. The presence of
liver disease in the posttransplant period adversely
affects graft function and survival. Determining the
cause of deranged liver function tests can be helpful
in treating the underlying cause, leading to improved
graft survival and overall quality of life in patients after
renal transplant. Here, we determined the frequency
of hepatotropic viral infections leading to deranged
liver function tests in renal transplant recipients.
Materials and Methods: Our study included 132
patients with deranged liver function tests who had
undergone renal transplant within the past 6 months.
Reactivity and nonreactivity of hepatotropic viruses
leading to deranged liver function tests were recorded.
Results: Average age of patients was 37.17 ± 8.75 years.
There were 84 male (63.64%) and 48 female (36.36%)
patients. Rates of hepatitis C virus antibodies and
hepatitis B surface antigen were 62.88% (83/132) and
37.12% (49/132), respectively, whereas no patients
had hepatitis E virus immunoglobulin M antibodies or
hepatitis A virus immunoglobulin M antibodies.
Conclusions: Among the hepatotropic viral infections
leading to deranged liver function tests in renal
transplant recipients, hepatitis B virus accounted for a
small fraction. In contrast, hepatitis C virus was highly
prevalent in transplant recipients who developed
deranged liver function tests. Renal transplant
recipients with hepatic viral infections have worse
patient and allograft survival after transplant compared
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with noninfected renal transplant recipients. We
recommend that transplant candidates be screened for
hepatitis B and C virus infection, thus allowing
increased graft survival and improved quality of life in
renal transplant recipients.
Key words: Hepatitis B virus, Hepatitis C virus,
Hepatotropic viral infections, Kidney transplant
Introduction
The superiority of renal transplantation in prolonging
the longevity of patients with end-stage renal disease
is well established.1 Around the world over the past 3
to 4 decades, thousands of renal transplants have
been performed, yet the wait list has increased
threefold.2 Marked improvements in early graft
survival and long-term graft function have made
renal transplantation a more cost-effective alternative
to dialysis.
Liver disease has emerged as an important cause
of morbidity and mortality in renal transplant
recipients.3 Various studies have reported liver
dysfunction in 7% to 67% of kidney transplant
recipients.4-7 Moreover, liver insufficiency is the cause
of death in up to 28% of long-term survivors after
renal transplant.8 The causes of liver dysfunction
after renal transplant can be classified broadly into
viral and nonviral causes. Viral infections are
important causes of hepatic complications in renal
transplant recipients. In developing countries, these
viral infections are more common due to many risk
factors, including malnutrition, poverty, and tropical
climate.9
Hepatotropic viruses, including hepatitis A
(HAV), hepatitis B (HBV), hepatitis C (HCV), and
hepatitis E virus (HEV), cause persistent hepatic
dysfunction. Hepatitis C virus infection is found to
be the most common factor responsible for hepatic
dysfunction and graft loss. Its prevalence in renal
DOI: 10.6002/ect.MESOT2018.P66
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transplant recipients is reported to be 65% with
hepatic impairment shown in 28.5% of these
patients.10 The prevalence of HBV is relatively low
due to effective vaccination during hemodialysis.
The prevalence of HBV is reported to be 0.8% with
elevated liver enzymes in renal transplant patients.11
Regarding HEV, 1 study showed that 12 patients of
1200 solid-organ transplant recipients were infected
with HEV; bilirubin levels were elevated in 45.5% of
these patients.12
The presence of liver disease after renal transplant
adversely affects graft function and survival.
Determining the cause of deranged liver function
tests (LFTs) can be helpful in treating the underlying
cause, thus increasing graft survival and improving
the overall quality of life of renal transplant
recipients. In this study, we aimed to determine the
frequency of hepatotropic viral infections leading to
deranged LFTs in renal transplant recipients.
Materials and Methods
This cross-sectional study was conducted in the
Department of Hepatogastroenterology, Sindh
Institute of Urology and Transplantation (Karachi,
Pakistan). Ethical approval was given by our
institutional ethics committee.
Deranged LFTs were considered when any 1 or
more of the following were present13-16: total bilirubin
> 1.2 mg/dL, direct bilirubin > 0.3 mg/dL, alkaline
phosphatase > 140 IU/L, gamma-glutamyltransferase
> 50 IU/L, aspartate aminotransferase > 40 IU/L, and
alanine aminotransferase > 40 IU/L.
Exclusion criteria included the following: patients
with preexisting liver disease before kidney transplant, renal transplant recipients known to have
choledochal cysts or any other congenital anomalies,
and ultrasonograph-documented dilatated common
bile duct due to any reason.
Male and female patients between 18 and 60 years
old with deranged LFTs who had undergone renal
transplant within the past 6 months were included
in the study. Written informed consent was obtained
from each patient. History was taken for age,
residence, level of education, and compliance. Height
and weight were checked to calculate body mass
index (BMI). Liver function tests consisting of total
bilirubin, direct bilirubin, alanine aminotransferase,
aspartate aminotransferase, alkaline phosphatase,
and gamma-glutamyltransferase were conducted
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using the Beckman Coulter Synchron Clinical System
(model DXC 800 Unicell; Beckman Coulter, Fullerton,
CA, USA). Deranged LFT patterns were recorded.
Anti-HCV antibody and HBV surface antigen tests
were performed by enzyme-linked immunosorbent
assay. The reactivity and nonreactivity results of
hepatotropic viruses leading to deranged LFTs were
recorded.
Sample size
With an estimated patient population of 200 renal
transplants during the previous 6 months and an
estimated average prevalence of 50% of elevated liver
enzymes in renal transplant recipients and applying
the Rao soft sample size calculator (d = 8.5% and
confidence interval = 95%), our estimated sample
size was 132.
Statistical analyses
Statistical analysis was performed using SPSS
software version 20.0 (SPSS Inc., Chicago, IL, USA).
Frequencies and percentages were calculated for
binary variables (patient sex, presence of hepatotropic viruses, residence, compliance, and level of
education). Measures of central tendency (including
mean and SD) were calculated for continuous
variables (including age and duration since renal
transplant, height, weight, and BMI). Modifiers like
age, level of education, residence, sex, duration since
renal transplant, and BMI were stratified to see the
effects of these on outcome. After stratification, chisquare tests were applied. P < .05 was significant.
Results
Our study included 132 patients with deranged LFTs
who had undergone renal transplant within the past
6 months. Demographic characteristics of patients
are shown in Table 1.
Of total patients, 84 (63.6%) were male. Most
recipients (n = 53; 40.15%) were 41 to 50 years old,
47 (35.61%) were 31 to 40 years old, and 32 (24.24%)
were ≤ 30 years old. Duration from renal transplant
to presentation of deranged LFTs was 3.13 ± 1.2
months.
Fifty-three patients (40.1%) were from urban
residential areas. Most patients (n = 78; 59.09%)
were illiterate (Table 2), and 105 renal transplant
recipients were compliant with immunosuppression
prescription and follow-up.
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Rates of anti-HCV antibody and HBV surface
antigen were 62.88% (83/132) and 37.12% (49/132),
respectively. No patients showed anti-HEV immunoglobulin M (IgM) or anti-HAV IgM.
Rates of hepatotropic viral infections leading to
deranged liver function were significantly associated
with duration since transplant and education status
of the study population. Stratification analyses
showed no significant association with patient age,
sex, residence, and BMI (Table 3).
Table 1. Descriptive Statistics and Demographic Data of Patients (N = 132)
Mean ± Standard Deviation

Age, y
Weight, kg
Height, cm
Body mass index, kg/m2
Duration since renal transplant, mo

37.17 ± 8.7
72.05 ± 12.7
173.08 ± 9.9
24.26 ± 5.0
3.13 ± 1.2

Range

18-51
45-90
145-198
13.9-35.6
1-6

Table 2. Frequency of Hepatotropic Viral Infections Leading to Deranged
Liver Function Tests as Classified by Education Level
Hepatotropic
Viral Infection

Anti-HCV
antibody
HBV surface
antigen

Illiterate
(n = 78)

Education
Primary and
Tenth
Secondary
Grade
(n = 14)
(n = 31)

42 (53.8%)

9 (64.3%)

36 (46.2%)

5 (35.7%)

Twelfth
Grade
(n = 9)

P
Value

24 (77.4%)

8 (88.9%)

.043

7 (22.6%)

1 (11.1%)

.032

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus

Table 3. Frequency of Hepatotropic Viral Infections Leading to Deranged
Liver Function Tests as Classified by Duration Since Renal Transplant
Hepatotropic Viral Infection

Anti-HCV antibody
HBV surface antigen

Duration Since Renal Transplant
1-3 Months
4-6 Months
(n = 85)
(n = 47)

44 (51.8%)
41 (48.2%)

39 (83%)
8 (17%)

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus

P Value

< .001
< .001

Discussion
A high prevalence of hepatic dysfunction in the
posttransplant period has been noted from the
earliest days of renal transplantation,17,18 and many
articles have since been written attempting to define
the incidence and cause of these abnormalities of
liver function.19 Most often incriminated in this
setting have been infections with either HBV20,21 or
Cytomegalovirus13 and azathioprine therapy.14,15 The
degree to which each of these agents has been held
responsible varies from report to report. Equally
variable has been the reported incidence of hepatic
dysfunction, the clinical severity of the liver disease,
and the risk of its progression to massive hepatic
necrosis or postnecrotic cirrhosis. Although patient
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survival after renal transplant has improved, it has
been associated with medical complications that both
impair the quality of life of transplant recipients and
substantially add to societal health care costs. Infection
is one of the most important medical complications of
transplantation. Over time, the pattern and severity of
various infections have changed, with noticeably
reduced severity. Along with reduction in incidence,
mortality due to infections has decreased from 40% to
less than 5%.16
The average age of patients with end-stage renal
disease has increased each year worldwide. In our
study, 40.15% of patients were 41 to 50 years of age,
35.61% were 31 to 40 years old, and 24.24% were ≤ 30
years of age.
In Europe, most dialysis patients are men,
whereas there is only a small difference between
sexes in the United States.22 Male sex is associated
with a more rapid progression of renal injury in
nondiabetic kidney disease.23 In the 2005 annual
report from Norway, 64.5% of patients who received
renal replacement therapy were men.24 Similarly, in
our study, 63.64% of patients were male and 36.36%
were female. Due to difference in sociocultural and
economic roles, inconsistent knowledge may be
present between men and women, and women have
been considered less informed regarding transplantation. However, another important factor
should be considered to explain the above-reported
gender bias. Specifically, potential mechanisms
for related protection in women include differences
in renal structure, including glomerular number
and size, renal hemodynamics, and different effects
of estrogen or androgen on the synthesis and
release of vasoactive substances, growth factors, and
cytokines.25
Hepatotropic viral infections occur frequently in
allograft recipients and may be caused by a number
of different viruses. Of these, the most important
infectious agents are HBV and HCV, which can cause
both acute and chronic hepatitis. In addition, HEV,
thought previously to only cause acute hepatitis in
the developing world, has emerged as an increasing
cause of chronic hepatitis and even cirrhosis in solidorgan transplant recipients in industrialized
countries.26,27 In our study, the frequency of
hepatotropic viral infections leading to deranged
LFTs in renal transplant recipients, as shown by
incidence of anti-HCV antibody and HBV surface
antigen, was 62.88% and 37.12%, respectively. Anti-
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HEV IgM and anti-HAV IgM were not found in this
study. The prevalence of HBV surface antigen
seropositive status among renal transplant recipients
varies among countries28 and has been decreasing
over time.29-31 Mathurin and associates reported that
HBV surface antigen prevalence has significantly
decreased (from 24.2% before 1982 to 9.1% after
1982; P < .001).29 Recently, Santos and associates30
showed a marked decline in HBV infections
over the past 15 years (from 6.2% in 1994 to 2.3% in
2006). Among renal transplant recipients, the
reported prevalence of HCV infection ranged from
approximately 1.8% to 8%.32,33 Most HCV-infected
transplant recipients are infected before transplant
while on dialysis.34 Transmission of HCV through
kidney transplant is rare due to donor screening.34
A more recent analysis showed that HCV alone
may be prevalent in 40% of renal transplant
recipients.35
Conclusions
Among hepatotropic viral infections leading to
deranged LFTs after renal transplant, HBV accounts
for a small fraction. In contrast, HCV is highly
prevalent in transplant recipients who develop
deranged LFTs. Renal transplant recipients with
hepatic viral infections have worse patient and
allograft survival after transplant than noninfected
renal transplant recipients. We recommend that
transplant candidates be screened for HCV and HBV
infections to hence increase graft survival and
improve overall quality of life after renal transplant.
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Successful Management of Late-Onset
Cytomegalovirus-Induced Hemophagocytic
Lymphohistiocytosis in Kidney Transplant Recipient
After Coronary Artery Bypass Graft Surgery
Torki Alotaibi,1 Mohamed Adel,1 Osama Gheith,1,2,3 Hasaneen Abo-Atya,1 Medhat A. Halim,1
Prasad Nair,1 Tarek Mahmoud,1 Khaled Abdultawab,1 Medhat Fouad,2
Mohamed Mejahed,1 Sheikha Al-Mohareb2
Abstract
Hemophagocytic syndrome combines febrile hepatosplenomegaly, pancytopenia, hypofibrinemia, and
hepatic dysfunction. It is characterized by bone marrow
and organ infiltration of activated, nonmalignant
macrophages that phagocytize blood cells. It is rare
among renal transplant recipients. Here, we present the
successful management of late-onset cytomegalovirusinduced hemophagocytic lymphohistiocytosis in a
kidney transplant recipient after coronary artery bypass
graft surgery. In 2012, our patient had end-stage kidney
disease due to diabetic nephropathy and underwent
related living-donor renal transplant. He was also
hypertensive and hyperuricemic and had heart
ischemia for which percutaneous coronary intervention for triple vessel disease was performed before
transplant. In March 2017, he underwent successful
aortic valve replacement and coronary artery bypass
graft surgery; however, the patient had persistent
thrombocytopenia. Heparin-induced thrombocytopenia was negative. His bone marrow showed
hemophagocytosis possibly due to cytomegalovirus.
Moreover, antiglycoprotein IIb/IIIA autoantibodies
were positive. A positron emission tomography scan
was negative for malignancy. He started treatment for
cytomegalovirus with modification of his immunosuppressive regimen (pulse steroid). Antiplatelet
therapy was held and only resumed if platelet count
exceeded 30000/L. Moreover, he received intravenous
immunoglobulin and romiplostim treatment with
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partial response. Throughout treatment, he had stable
kidney graft function with improving platelet count. A
multidisciplinary approach is needed to treat patients
with hemophagocytic syndrome, especially renal
transplant recipients. Late-onset cytomegalovirus is
an important cause for this syndrome.
Key words: Hemophagocyte, Infection, Renal transplant
Introduction
Hemophagocytic syndrome (HPS) combines febrile
hepatosplenomegaly, pancytopenia, hypofibrinemia,
and hepatic dysfunction. It is characterized by bone
marrow and organ infiltration of activated, nonmalignant macrophages that phagocytize blood cells. It
has rarely been described among renal transplant
recipients.1
Hemophagocytic syndrome may be inherited (in
pediatric patients) or secondary to infection, malignancy, or rheumatologic disease, occurring at any
age. It is diagnosed with the use of clinical criteria
developed by the hemophagocytic lymphohistiocytosis (HLH) study group of the Histiocyte
Society.2
Cytomegalovirus (CMV) infection should be
suspected in all kidney transplant patients who
experience severe septic syndrome. Hemophagocytic
syndrome is a potentially fatal hyperinflammatory
syndrome characterized by histiocyte proliferation
and hemophagocytosis. About 80 cases have been
reported in kidney transplant patients3 with an
estimated prevalence of 0.4%. Cases are usually
triggered by CMV infection4 or other herpesviruses,
including Epstein-Barr virus, human herpesvirus
8, and human herpesvirus 6. Other cases have
been associated with adenovirus, parvovirus B19, BK
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polyomavirus, tuberculosis, bartonellosis, toxoplasmosis, leishmaniasis, babesiosis, and histoplasmosis.3 Cytomegalovirus replication occurs in
most solid-organ transplant recipients during the
first 3 to 6 months after transplant, when immunosuppressive agents are intensely administered.5
Hemophagocytic syndrome can mimic graftversus-host disease, and a differential diagnosis may
be necessary. The prognosis is gloomy, resulting in
nearly 50% mortality with a clinical picture of
multiorgan failure.3
The presence of hemophagocyte in the bone
marrow, spleen, or lymph nodes, elevated serum
lactate dehydrogenase levels (> 1000 IU/L), hyperferritinemia (> 500 ng/mL), hypertriglyceridemia
(> 3 mmol/L), hypofibrinogenemia (< 1.5 g/L), low or
absent natural killer cell cytotoxicity, elevated soluble
interleukin 2 receptor (> 2400 U/mL), and cytopenia
affecting at least 2 cell lineages (platelets < 100 000/μL
or neutrophils < 1000/μL) are suggestive of this
entity.6
In the presence of dyspnea and/or tachypnea
and/or reduced oxygen saturation, a chest radiography scan should be repeated, if initially negative,
and computed tomography may be advisable.7 In the
presence of cytopenia (affecting ≥ 2 lineages in the
peripheral blood), a diagnosis of HLH should be
suspected. Little consensus exists on how to treat
posttransplant HLH, and treatment of this is still far
from being established. Undoubtedly, infectious
agents should be eradicated promptly, which should
be accompanied by supportive care.
Case Report
A 63-year-old male Kuwaiti patient with diabetes,
hypertension, and hyperuricemia and who underwent coronary stenting 30 years previously developed end-stage kidney disease due to diabetic
nephropathy. In 2011, he developed acute myocardial
infarction, which was managed by angioplasty and
stenting. In 2012, the patient underwent renal
transplant. Recently, in 2017, he underwent aortic
valve replacement (using tissue valve prosthesis)
combined with coronary artery bypass grafting.
His postoperative course was complicated by
persistent thrombocytopenia. He was thoroughly
investigated for this issue, and both antiglycoprotein
IIb/IIIA and anti-PF4 allo-autoantibodies were
positive.
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The patient required hospital admission for
further care. On admission, his platelet count was
25 000/μL, which gradually decreased to 12 000/μL,
for which he received platelet concentrate twice.
Treatment of CMV disease was started in view of
positive CMV polymerase chain reaction. The patient
showed aviremia after 2 weeks of ganciclovir
therapy. At that time, he had severe chest pain and
shock, and his electrocardiogram showed depressed
ST segment in lead 1 and aVL lead, and his serum
troponin I level was 4.5 ng/dL, which prompted
diagnosis of non-ST segment elevation myocardial
infarction. The cardiologist advised a nitrate patch
and to resume both clopidogrel 75 mg and aspirin
320 mg whenever platelet counts allowed. His
immunosuppressive therapy was modified to steroids and cyclosporine, and mycophenolate mofetil
was held.
The hematologist had suspected immunemediated thrombocytopenia; therefore, he planned
pulse steroid therapy (1 g/day for 3 days followed
by 1 mg/kg/day for 6 weeks), anti-Rh immunoglobulin, intravenous immunoglobulins (IVIG), and
romiplostim. This treatment plan was accepted by
the cardiologist. Immunologic work-up for autoimmune diseases (antinuclear antibodies, antidouble strand D antibody, anti-CC3 antibody, anti-B2
globulin, antinucleocytoplasma, and Coombs tests)
was negative.
A bone marrow biopsy (Figure 1) was conducted
during hospitalization, which revealed mild hypocellularity, HLH, but no bone marrow infiltration
with metastatic or lymphoma cells. Positron emission
tomography scan was performed, which showed
Figure 1. Bone Marrow Showing Hemophagocytosis
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metabolically active left pleural thickening, mostly
inflammatory. In addition, tiny post-coronary artery
bypass grafting non-fluorodeoxyglucose avid
right lower lobe pulmonary nodules were shown
(Figure 2).
Figure 2. Positron Emission Tomography Axial Scan Showing Metabolically
Active Left Pleural Thickening
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samples showed Escherichia coli, he was (successfully)
treated with amikacin (guided by drug levels), which
was chosen to avoid myelosuppressive and the
hepatotoxic adverse effects of meropenem and
piperacillin/tazobactam, respectively. The antiplatelet
management plan was tailored by both the hematologist and cardiologist. Clopidogrel was resumed
when the platelet count reached above 30000/μL, with
aspirin added if it exceeded 60000/μL. His graft
kidney function was well functioning throughout the
entire period of admission. Unfortunately, he
developed polymyoneuropathy, which was confirmed by electromyography. This critical illness led to
severe axonal sensory and motor neuropathy, for
which he has progressed under physiotherapy.
Discussion

Both cholestasis liver enzymes and bilirubin
(mainly direct) had concomitantly increased since
patient admission, and his abdominal ultrasonography
showed interstitial liver disease and mild splenomegaly. All hepatotoxic drugs (including ganciclovir
and statins) were held; in addition, the patient was
screened for both hepatotropic viruses and autoimmune hepatic antibodies. His virology screening
(for hepatitis A, B, and C viruses; Epstein-Barr virus;
human immunodeficiency virus; and parvovirus)
and autoimmune hepatic antibodies were negative.
Magnetic resonance cholangiopancreatography
showed shrunken cirrhotic liver with ascites, but no
definite hepatic masses with normal spleen. His serum
ferritin levels were high (9571 μg/L). On the basis of
these data, we surmised that our patient had CMVinduced HLH. His CMV viral load was > 4000
copies/mL, and ganciclovir was resumed. In view of
significant improvement of his hepatic function,
we resumed small doses of cyclosporine (10 mg
twice daily). Because the patient’s urine and blood

Hemophagocytic lymphohistiocytosis is an aggressive and life-threatening immune dysregulation
syndrome. It was first described in 1939 by Scott
and colleges8 and is characterized by persistent
activation of the mononuclear phagocytic system,
which can lead to an uncontrolled systemic hyperinflammatory response. It is a clinical syndrome
characterized by infiltration into bone marrow and
the reticuloendothelial system of macrophages and
activated histiocytes, which can lead to uncontrolled
phagocytosis of blood. Patients present with high
fever, hepatosplenomegaly, lymphadenopathy, and
cytopenia. Central nervous system involvement,
cutaneous manifestations, severe coagulation disturbances, and multiple organ dysfunctions can also
occur, although less frequently. Laboratory findings
of high levels of ferritin, hypertriglyceridemia, and
hypofibrinogenemia can also be present.9
The proliferation and activation of histiocytes and
lymphocytes can lead to a cytokine storm.10 Fever,
cachexia, elevated serum triglycerides, high serum
ferritin levels, acute kidney injury, and tubular
necrosis, which present in this situation, all can
attribute to the high cytokine levels.11
According to the Histiocyte Society protocol, our
patient had fulfilled 5 of 8 diagnostic criteria for
HLH.6 Primary CMV infection in immunocompetent
hosts is usually asymptomatic or associated with
nonspecific symptoms similar to acute viral infections. However, in immunosuppressed patients,
this infection can cause retinitis, gastroenteritis,
colitis, pneumonitis, and encephalitis and may be
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responsible for significant morbidity and mortality.
The causes of HLH can be familial or acquired later,
which is more frequent. The familial form is related to
genetic immune defects, whereas the acquired form is
associated with viral (Epstein-Barr virus, CMV, and
human immunodeficiency virus), bacterial, fungal,
and protozoa infections as well as malignancies
(lymphomas) and other conditions, such as rheumatic
disease.9 In our renal transplant patient, we excluded
the different possible causes of this syndrome except
CMV infection with significant viral load.
Kidney transplant recipients are at increased risk
of HLH due to immunosuppression, and most such
cases of the disease are triggered by infection with over
50% mortality. Immunosuppression and deregulated
immune systems are risk factors for both opportunistic
infections and malignancies. Despite this situation,
HPS is a rare condition. Posttransplant HPS usually
occurs during the early period, when patients are in
their highest immunosuppressed condition.12
In a retrospective analysis, Karras and associates1
reported 17 renal transplant recipients with HPS who
presented with fever, with hepatosplenomegaly
shown in more than 52% of these patients. The group
reported elevated liver enzymes in nearly 60% of
patients. Our patient showed the same findings. Most
cases of the disease are due to viral infections, whereas
some are due to bacterial and fungal infections and
malignancy. In our case, we had excluded other
infective causes in addition to malignancy. In the study
from Karras and associates,1 graft nephrectomy had
been performed in 4 of 9 surviving patients.
In our case, we had excluded other infective
causes in addition to malignancy. Graft nephrectomy
was performed in 4 of the 9 surviving patients.1 Our
reported patient had a functioning graft, possibly
because of early diagnosis, optimization of his
immunosuppression, and aggressive management.
Allograft rejection by itself could be a trigger for
HPS evolution8; however, in our case, the graft
function was normal throughout the course of illness
and there was no indication to proceed for graft
biopsy to rule out this possibility. Acute kidney
injury was the most common renal disorder in HPS
followed by nephrotic syndrome13; however, our
patient did not show renal dysfunction that
necessitated further work-up.
Management of HPS in renal transplant recipients
requires immunosuppressive dose reduction and
introduction of specific antiviral treatment. High-
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dose polyvalent immunoglobulin is a beneficial
treatment. Elimination of triggers (mainly infections)
is critical for treatment of adult patients with
HPS. High-dose polyvalent IVIG is beneficial in
infection-, autoimmune-, and transplant-related HPS.
In accordance with our treatment policy, our
patient received IVIG and pulse steroid therapy and
resumed cyclosporine. Interestingly, steroids and
cyclosporine have been proposed as treatments for
HPS. The use of cyclosporine in patients with HPS
who did not respond to IVIG and alemtuzumab was
reported in 3 adult patients with HPS with reliable
results.14
This is the first report of HPS in an older renal
transplant recipient with late-onset CMV infection.
A multidisciplinary approach is needed for care and
treatment of patients with HPS, especially for those
who are immunocompromised such as renal
transplant recipients. This report serves to remind
transplant physicians to consider HLH when
cytopenias and hyperinflammation are shown,
which can be atypical for the usual posttransplant
course, even during later periods posttransplant.
Conclusions
The possibility of HPS should be considered in any
renal transplant recipient with pancytopenia and
allograft dysfunction, and a multidisciplinary approach will be the best way for successful management of such cases.
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Frequencies of Common Infectious Organisms Causing
Chronic Diarrhea in Renal Transplant Patients
Shazia Shad,1 Farina Hanif,1 Manzoor ul Haq,1 Nasir H. Luck,1 Tahir Aziz,2
Muhammad Mubarak3
Abstract
Objectives: Gastrointestinal complications are common
in kidney transplant patients, with the most frequent
being diarrhea (60%). Chronic diarrhea affects the
patient’s quality of life, causes fatigue and weight loss
and malabsorption, increases the number of hospitalizations, increases serum creatinine levels, and
causes alterations in immunosuppressive drug levels.
Diarrhea is also associated with an increased risk of graft
failure and death. In this study, we aimed to determine
the frequencies of common infectious organisms
causing chronic diarrhea in renal transplant patients.
Materials and Methods: Our study included 124 renal
transplant patients who presented with chronic
diarrhea over a 6-month period at the Sindh Institute
of Urology and Transplantation Department tertiary
care hospital (Karachi, Pakistan). Stool analysis was
performed in all transplant recipients. Upper and
lower gastrointestinal endoscopy was also performed
in patients with chronic diarrhea, and biopsy
specimens underwent histopathologic evaluations.
Results: Of 124 renal transplant recipients, 29 were
female (23.4%) and 95 were male (76.6%). Giardia was
the most common organism found (n = 37 patients;
29.8%) followed by Cryptosporidium (n = 36; 29.0%),
Entameba histolytica (n =29; 23.4%), tuberculosis
(n =14; 11.3%), and sprue (n =8; 6.5%). The mean
duration since renal transplant was 78.5 ± 63.37
months. Although not statistically significant, the
frequency of diarrhea was higher in patients who had
transplant procedures ≥ 2 years previously.
Conclusions: Chronic diarrhea is prevalent in
renal transplant patients irrespective of age, sex,
and duration since transplant. Giardiasis and
Cryptosporidium species infections are important
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causes of chronic diarrhea, but other causative factors
need to be further studied, including comorbid
conditions and immunosuppressive agents.
Key words: Cryptosporidium, Gastrointestinal
complications, Giardiasis, Kidney transplant recipients,
Posttransplant hospitalization
Introduction
Gastrointestinal complications are very common in
kidney transplant patients, with the most frequent
complication being diarrhea (60%).1,2 Chronic diarrhea
affects a patient’s quality of life; causes fatigue, weight
loss, and malabsorption; increases number of hospitalizations; increases serum creatinine levels; and
causes alterations in immunosuppressive drug levels.3
Diarrhea is also associated with an increased risk of
graft failure and death.4
The cause of diarrhea may include infectious and
noninfectious causes but can be multifactorial.1,5,6
The incidence of infectious causes of diarrhea in
transplant patient ranges from 17% to 21%.4,7 In this
study, we focused on evaluation of causes of chronic
diarrhea that may lead to graft failure and poor
quality of life in transplant patients, which mainly
included infectious causes.
Although our previous study5 involved renal
transplant recipients with persistent diarrhea in
Pakistan, adequate data are lacking regarding
chronic causes of diarrhea in renal transplant
recipients. Therefore, in this study, we aimed to
determine the main causes of infectious diarrhea, as
early diagnosis and appropriate treatment can
improve patient and graft survival.
Materials and Methods
This cross-sectional study was conducted in the
Department of Hepatogastroenterology, Sindh Institute
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of Urology and Transplantation (Karachi, Pakistan).
Male and female patients between 18 and 60 years
old who presented with chronic diarrhea at least 4
weeks after renal transplant were included in the
study.
Renal transplant recipients who had normal stool
detail reports, patients with history of pancreatitis,
and those with previous bowel surgery were
excluded. Stool specimens of included patients were
sent to the microbiology department of Sindh
Institute of Urology and Transplantation for physical
and microscopic examination of fecal leukocytes, red
blood cells, cysts, Cryptosporidium, Cyclospora, and
Isospora culture. Ultrasonographic examination of the
abdomen was done to rule out abdominal
lymphadenopathy and bowel wall thickening,
whenever it was indicated or when tissue biopsy was
performed. Ultrasonography was reviewed by the
consultant radiologist who had at least 3 years of
post-fellowship experience, preferably by the same
radiologist to avoid interobserver variations. If
required, upper and/or lower gastrointestinal
endoscopies with mucosal biopsies were also
performed. The study received ethical approval from
the institutional ethics committee.
Sample size
When we considered the margin of error as 5%,
confidence interval of 95%, and prevalence of chronic
diarrhea of 22% in renal transplant recipients, the
calculated sample size was determined to be 124.
Statistical analyses
Analyses were conducted with the consecutive
sampling technique. Statistical analyses were performed with SPSS software (SPSS: An IBM Company,
version 20.0, Chicago, IL, USA). Categorical variables
(including patient sex and comorbid conditions of
diarrhea) were expressed as frequencies (%), whereas
continuous variables (like age and duration of
transplant) were expressed as mean and standard
deviation. Renal transplant recipients were stratified
according to duration since transplant. Factors
associated with causes of diarrhea were assessed using
chi-square test. P < .05 was statistically significant.
Possible modifiers of effects, including age, sex,
duration since transplant, and comorbid conditions
(hypertension, diabetes mellitus, hepatitis B virus,
and hepatitis C virus), were analyzed through
stratification to determine their effects on outcomes.

Results
Our study included 124 renal transplant recipients
with chronic diarrhea. Stool analyses and upper and
lower gastrointestinal endoscopies were performed
to determine the cause of chronic infectious diarrhea
in renal transplant recipients. Baseline demographics
of the study population are shown in Table 1.
Of total patients, 95 were male (76.6%) and 29
were female (23.4%). Mean age was 33.76 ± 10.45
years. The most common comorbidity in the present
study was hepatitis B virus infection; no comorbidities
were found in 72 (58.1%) renal transplant recipients.
The most common cause of diarrhea in this study
population was Giardia lamblia in 37 patients (29%),
with the least common being tropical sprue (n = 8;
7%) (Figure 1).
Table 1. Baseline Characteristics of Study Population (N = 124)
Characteristic

Age, y
Sex, No.
Duration since transplant, mo
Diabetes mellitus, No. (%)
Hypertension, No. (%)
Hepatitis serology, No. (%)
• Hepatitis B virus
• Hepatitis C virus

Result

33.76 ± 10.45
95 (male); 29 (female)
78.5 ± 63.37
9 (7.3%)
11 (8.9%)
20 (16.1%)
12 (9.7%)

Figure 1. Frequency of Chronic Diarrhea of Infectious Organisms

In our study population, the mean duration since
renal transplant was 78.5 ± 63.37 months. Patients
were stratified according to duration since transplant
and its association with the development of chronic
diarrhea (Figure 2). The frequency of diarrhea was
higher in patients with duration since transplant of
≥ 2 years (Figure 2). After stratification for duration
since transplant, chi-square test was applied for each
causative factor. That is, the number of patients who
presented at < 2 years and ≥ 2 years since transplant
was 8 and 29 for Giardia (P = .819), 8 and 28 for
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Cryptosporidium (P = .821), 9 and 20 for Entamoeba
histolytica (P = .33), 3 and 11 for tuberculosis (P = 1.0),
and 2 and 6 for and tropical sprue (P = 1.0) (Figure 2).

Figure 2. Stratification of Chronic Diarrhea According to Duration Since
Transplant

Discussion
Renal transplant is the ultimate treatment for patients
with end-stage renal disease. Microbial infections,
abdominal pain, and diarrhea are common gastrointestinal adverse events in renal transplant recipients,
among which diarrhea is more frequent.3,4,7 After renal
transplant, chronic diarrhea can manifest as weight
loss, dehydration,8 renal dysfunction,9 and fluctuations
in immunosuppressive drug levels,10,11 which can in
turn predispose to graft loss and can increase patient
mortality.7
Most renal transplant patients with chronic
diarrhea in our study were males (76.6%). This
finding is consistent with another study3 in which
56% were male patients. This variability in distribution between males and females can be due to
socioeconomic reasons, in which male patients
undergo renal transplant much more frequently than
female patients.
Onset of chronic diarrhea in renal transplant
recipients is usually a delayed presentation, as
mentioned in a previous study12 in which more than
50% of patients had diarrhea 2 or more years after
transplant. Our study had similar results, in which
mean duration of onset of chronic diarrhea since
transplant was 2.16 ± 0.8 years (range, 1-4 y). The
cause of diarrhea may include infectious and
noninfectious causes but can be multifactorial.1,5,6
The prevalence of infectious causes of diarrhea in
transplant recipients ranges from 17% to 21%.3,7 In a
Belgian study of 108 renal transplant recipients by
Maes and associates,3 bacterial infections were most
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common followed by cytomegalovirus infection as a
cause of infectious diarrhea. In an Iranian study13 of
150 renal transplant patients, Entamoeba coli (10.6%)
was the most prevalent parasite detected followed by
Endolimax nana (8.7%) and Giardia lamblia (7.4%). In
another study of 657 renal transplant recipients in
Brazil, Strongyloides stercoralis was the most common
parasite (11/16) followed by Giardia lamblia (3/16).12
In a Turkish study by Arslan and colleagues14 of 43
renal and liver transplant recipients, giardiasis (9/33)
was the most common infectious agent followed by
Cryptosporidium parvum (7/33).
In our study of 124 renal transplant recipients, the
most common infection was Giardia (29.8%). Other
infectious organisms included Cryptosporidium (29.0%)
and Entamoeba histolytica (23.4%). Poor sanitary
conditions and use of unhygienic and contaminated
food and water can be contributing factors for
development of giardiasis. In a subanalysis of our
study, we observed that most patients who
developed giardiasis and Entamoeba-associated
infections were living in remote areas and belonged
to poor socioeconomic status.
The aim of this study was to determine the most
common organisms causing chronic diarrhea in renal
transplant recipients, as diarrhea is a frequent
complication after kidney transplant.15 To the best of
our knowledge, such data are not available in our
country. It is expected that our study could help us in
taking appropriate steps in patient care, which may
result in improvements in graft function and patient
survival. It is also important to understand the
importance of improving sanitation and using hygienic
food and boiled water, which can control and prevent
spread of infectious diarrhea in renal transplant
patients and subsequently result in improved
outcomes in terms of graft function and survival.
Conclusions
Chronic diarrhea is prevalent in renal transplant
patients irrespective of age and sex. However, with
greater duration since renal transplant, there is an
increased chance of developing infectious diarrhea.
Giardiasis and Cryptosporidium species infections are
important causes of chronic diarrhea in renal
transplant recipients, but other causative factors
should also be studied. Early diagnosis and
treatment of chronic infectious diarrhea can prevent
long-term morbidity and mortality.
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Diagnostic Analysis of Computed Tomography Patterns in
Patients With Invasive Pulmonary Aspergillosis After SolidOrgan Transplantation
Koray Hekimoglu,1 Murat Haberal,1 Irem Serifoglu,2 Mahir Kirnap,3 Mehmet Haberal3
Abstract
Objectives: The aim of this study was to assess initial and
follow-up computed tomography findings of invasive
pulmonary aspergillosis in solid-organ transplant
recipients and to examine the most common computed
tomography patterns during hospitalization.
Materials and Methods: From January 2011 to
September 2016, the total number of solid-organ
transplant patients at our institution was 784. These
patients consisted of 550 kidney, 164 liver, and 67
heart transplant recipients. Of these, 15 patients had a
proven diagnosis of invasive pulmonary aspergillosis
according to clinical and radiologic features with
culture evidence of aspergillosis from bronchoalveolar
lavage or lung biopsy. Computed tomography
examinations were performed at initial diagnosis and
at follow-up for evaluation of treatment. Computed
tomography patterns were retrospectively evaluated
by 2 experienced radiologists. Configurations and
types of the largest lesions in each of the 15 patients
were evaluated, and changes to lesions during
treatment were recorded. Invasive pulmonary
aspergillosis patterns were categorized into 6 main
groups: ground-glass opacity, nodules, irregular
nodules, patchy consolidation, cavity, and tree-in-bud
patterns.
Results: The most common patterns were ground-glass
opacity and irregular nodules, which were observed in
12 of 15 patients (80%), followed by regular nodules
(73%), patchy consolidation and cavity (26%), and
tree-in-bud pattern (20%). Long-term follow-up
computed tomography studies showed that the
regular nodules, tree-in-bud patterns, and groundglass opacity areas gradually reduced by 50% in 4
weeks. However, patchy consolidations and irregular
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nodules showed less regression than the other lesions
over the 4-week period.
Conclusions: Irregular nodules and ground-glass
opacity were the most common computed tomography patterns in our solid-organ transplant
recipients. Computed tomography patterns without
irregular nodules and patchy consolidations may be
associated with better prognosis due to their relatively
rapid healing.
Key words: Ground-glass opacity, Irregular nodules,
Pulmonary infections
Introduction
Pulmonary infections are a source of high morbidity
and mortality in immunocompromised transplant
recipients during the posttransplant course.1 The
infective agent generally reaches the lung via
inhalation of airborne droplets or direct dissemination
from the nasopharynx. Hematogenous contamination
from an infected site outside the chest is another
origin of infection.
The lungs are the leading place of infections,
especially in lung and heart transplant recipients,
followed by liver transplant recipients.2 The incidence
of pneumonia is lowest among kidney transplant
recipients. Solid-organ transplant recipients present
with infective complications due to lymphocyte
deficiency. Risk of infection during the first month
posttransplant is generally related to surgery and
hospitalization but is also related to immunosuppressive agents. Recipients receive maximal
immunosuppression within the first 6 months and
are at the greatest risk of opportunistic infections.
Invasive pulmonary aspergillosis (IPA) is the
most common cause of opportunistic fungal
pneumonia in solid-organ transplant recipients.2 The
incidence of IPA is approximately 5% in liver and
heart transplant recipients. It is less common after
kidney transplant.
DOI: 10.6002/ect.MESOT2018.P73
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The main imaging modalities for diagnosis of
suspected pulmonary infections are chest radiography
and computed tomography (CT). Although CT
imaging is not recommended as the first step, it is
much more sensitive and diagnostic than plain chest
radiography.3 A CT scan can depict the exact location
and form of consolidation for pneumonia.
Furthermore, CT scans can also confirm whether
there are associated pathologies, such as pleural
effusion or empyema and lymphadenopathy and
whether any cavities are occurring.
The characteristic CT signs of IPA in immunocompromised patients such as transplant recipients are
solitary or multiple lung nodules with poorly defined
or irregular margins. Generally, lung nodules are
surrounded by ground-glass opacity (GGO), which are
called “halo sign.” These mostly specific signs are best
defined with CT imaging.4 CT findings may be helpful
for exact and rapid diagnosis of pulmonary
aspergillosis and may ensure prompt treatment.
In this study, our aim was to evaluate and analyze
the CT patterns of IPA in solid-organ transplant
recipients at our institution.
Materials and Methods
From January 2011 to September 2016, the total
number of solid-organ transplant patients at our
institution was 784. These patients consisted of 550
kidney, 164 liver, and 67 heart transplant recipients.
Of these, 15 patients (11 males, 4 females) had a
proven diagnosis of IPA according to clinical and
radiologic features, with culture evidence of
aspergillosis from bronchoalveolar lavage or lung
biopsy. All patients with IPA had chest CT scans
performed at our institution. The CT scans had been
obtained using 16-section multidetector row CT
(Sensation 16, Siemens Medical Solutions, Erlangen,
Germany). Intravenous contrast-media were
administered during CT scans.
All CT images were evaluated by 2 radiologists
with over 5 years of experience in interpreting
multidetector CT imaging of the chest in their daily
clinical practice. The analyses of the images were
based on reviews of patient records, which were
available on the workstation (Leonardo, Siemens
Medical Solutions). The radiologists interpreted the
studies using multiplanar reconstruction sections.
Computed tomography scans had been performed for initial diagnosis and during follow-up
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for treatment evaluation. The configurations and
types of lesions in each of the 15 patients were
categorized into 6 main groups: ground-glass
opacity (GGO), nodules, irregular nodules, patchy
consolidation, cavity, and tree-in-bud patterns. The
multidetector CT patterns of IPA lesions were
recorded separately. Long-term evaluations had been
done with second and third control multidetector CT
scans of patients. These findings also allowed
detection of which type of infiltration was more
resistant.
Results
Our study group included 15 transplant recipients
with confirmed IPA diagnosis. The most common
patterns were GGO and irregular nodules, which
were observed in 12 of 15 patients (Figure 1), followed
by regular nodules in 11 patients, patchy consolidation
and cavity in 4 patients (Figures 2 and 3), and tree-inbud patterns in 3 patients. The GGO areas around
the nodules (halo signs) were seen in 10 patients
with regular or irregular nodule form infiltrations
(Figure 4). Twelve patients developed IPA within the
early posttransplant period (31-100 days posttransplant), and 3 patients developed IPA in the late
posttransplant period (101 days and beyond).
Long-term follow-up CT studies showed that the
regular nodules, tree-in-bud patterns, and GGO areas
gradually reduced by 50% in 4 weeks. However,
Figure 1. Computed Tomography Image From a 52-Year-Old Male Patient 2
Weeks After Liver Transplant

Irregular-nodular infiltrations are shown in the right lower lobe of the lung
due to invasive pulmonary aspergillosis.
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Figure 2. Computed Tomography Image From a 55-Year-Old Male Liver
Transplant Recipient

Exp Clin Transplant

(Figure 4). Pleural effusion was seen in 3 patients
(20%). Interlobular septal thickening sign was not
seen in our patients.
Discussion

Recipient cavity (circle) and ground-glass opacity (arrow) infiltration in the
left upper lobe of the lung are shown as a result of invasive pulmonary
aspergillosis.
Figure 3. Computed Tomography Image From a 43-Year-Old Male Liver
Transplant Recipient

(A) Irregular infiltration occurred 3 weeks posttransplant due to invasive
pulmonary aspergillosis. (B) Transformation to cavity is seen due to the
resistance of infection.
Figure 4. Computed Tomography Signs in Invasive Pulmonary Aspergillosis

Abbreviations: CT, computed tomography; GGO, ground-glass opacity

patchy consolidations and irregular nodules showed
less regression than the other lesions in this period

Pulmonary infections are the most commonly
encountered in immunocompromised transplant
recipients, with the lung being the most frequently
affected organ.2 Due to the high risk of morbidity and
mortality, these pulmonary infections require exact
diagnosis and treatment. Specific radiologic signs of
CT may be very helpful in expediting differential
diagnosis with almost specific patterns.
Chest radiography has an important role in the
detection of pulmonary pathologies as a first-step
radiologic modality. Due to the depressed inflammatory reaction, it could be difficult to evaluate chest
radiography scans in immunosuppressed patients.
Most infiltrations look similar to each other, and a
diagnosis is difficult in many cases. Roentgenogram
also has a lower sensitivity for detection of specific
infections, such as IPA.
Heussel and associates concluded that CT scans
are 20% more accurate in detection of pneumonia in
patients with pulmonary infections, occurring 5 days
earlier than use of chest radiography.5 Computed
tomography plays a key role in detection of pulmonary infections when chest radiography alone
lacks specificity.6 It must be carried out when there
is a strong suspicion of pulmonary infection that is
generally accompanied by ambiguous or nonspecific
radiography, especially in immunocompromised
patients. Computed tomography imaging can also
confirm whether there are associated issues, such as
pleural effusion, empyema, cavity formation, or
pathologic lymphadenopathies. Furthermore, CT is
also helpful for IPA follow-up during treatment.7
Invasive pulmonary aspergillosis is a mycotic
disease caused by Aspergillus species, usually
Aspergillus fumigatus. Pulmonary aspergillosis can be
divided into 5 subtypes: aspergilloma, allergic
bronchopulmonary aspergillosis, semi-invasive
aspergillosis, airway-invasive aspergillosis, and IPA.
The typical appearance of new-onset pulmonary
aspergillosis is a single ground-glass area or dens
alveolar consolidation with blurred margins, which
is restricted to the area next to the lung fissures.
Aspergillus species infection is generally associated
with GGO and ill-defined nodules.5,8
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An area of GGO is defined as focal high
attenuation of the lung parenchyma in CT imaging
due to partially filled exudates into alveoli and
decreased air content. This sign is not specific for
infection and could be seen in other conditions,
including congestion and vasculitis. Accompanying
nodules should be demonstrated in the lung to accept
GGO as a diagnostic criteria for IPA9 In our experience,
GGO infiltration was the most common findings,
observed in 80% of the patients in our study.
In addition, IPA is characterized as having
nodular lesions with peripheral GGO, which is
known as the halo sign. The halo sign is due to the
angioinvasive effect of aspergillosis and represents
focal hemorrhage around the nodule as a result
of microvascular involvement. This sign is highly
suggestive of fungal infections in immunocompromised patients, including transplant recipients.10,11
In general, it is accompanied by irregular or wedgeshaped consolidations.1 In our study, GGO infiltration
and irregular nodules were the most common
findings, observed in 80% of our patients.
In our study, regular nodules (73%) were the
second most common sign and the halo sign was
seen around the regular or irregular nodules in about
66% of patients with IPA. However, the halo sign is
neither sensitive nor specific for IPA; this sign has
been reported in 50% of cases in the literature.6,8,10,12
The halo sign may be found in some other patients,
especially those with fungal infections, those with
bronchoalveolar carcinoma, and elderly patients
with Wegener granulomatosis disease.4
Cavitation is not a common complication in IPA
recipients after solid-organ transplant. Semi-invasive
aspergillosis is an uncommon manifestation of
Aspergillus species infection, which is most
commonly seen in patients who are mildly
immunocompromised, such as those who are on
chronic corticosteroid therapy.2 We found cavity
formation in 4 patients (26%) with IPA in our study.
Necrotizing pneumonia with community-acquired
causes such as Staphylococcus aureus may also
create cavitation. Therefore, bacterial pneumonia
should be considered a differential diagnosis in
IPA.1
Another specific CT sign that we found in IPA
patients was the tree-in-bud sign. Three patients
showed this sign (20%). However, the tree-in-bud
sign is a well-appreciated sign in various conditions,
including forms of bronchiolitis and many infective
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pathologies. Therefore, this could not be accepted as
a specific sign of IPA.12
It is important that differential diagnoses be done
carefully before the diagnosis of IPA is confirmed.
Some other lung parenchymas may mimic lung
infection and IPA. These are caused by various
conditions, including cardiogenic edema, cryptogenic
organizing pneumonia, cancer with lymphangitis, and
chemotherapy-associated lung changes. Hence,
recognizing the relevant clinical and laboratory
findings can provide optimal differential diagnoses
and play an important role in patient care.
Our study has some limitations. First, because of
the relatively short research period, we have a
limited number of patients. Second, patients were
primarily given chest radiographic scans at followup. In our center, CT imaging occurs when symptoms become more serious.
Invasive pulmonary aspergillosis can be predicted
in febrile immunocompromised posttransplant recipients with high accuracy if the patient has nodules on
CT imaging. We demonstrated that irregular nodules
and GGO are the most common CT patterns in solidorgan transplant recipients with IPA.
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Abstract
Although chronic kidney disease decreases fertility,
kidney transplantation provides restoration of fertility
in women, enabling them to get pregnant. Data
available from registries have shown that pregnancy
is feasible in solid-organ transplant recipients without
significant impact on long-term graft function. Despite
these reassuring data, some studies have reported
that one-third of female transplant recipients are still
actively being counseled against pregnancy. Here, we
present a patient who received a simultaneous
deceased-donor kidney and pancreas transplant and
who had a favorably evolved pregnancy. The 36-yearold kidney-pancreas transplant recipient conceived 5
months after her marriage. The patient was closely
followed during pregnancy by a multidisciplinary
team that included a nephrologist, gynecologist, and
endocrinologist. Renal function and blood glucose
levels remained within normal limits. She delivered her
baby normally at 31 weeks of pregnancy (1.3-kg male
baby). Currently, both mother and baby are doing well.
Pregnancy in combined kidney and pancreas transplant recipients with stable graft functions is feasible
but remains risky. Proper planning, modification of
immunosuppressive drugs, and close monitoring are
the keys to optimized maternal, fetal, and graft
outcomes.
Key words: Bariatric surgery, Fertility, Kidney-pancreas
transplant, Renal function

Simultaneous kidney and pancreas transplantation
is the ideal treatment for patients with end-stage
kidney disease secondary to type 1 diabetes mellitus.
Simultaneous pancreas-kidney transplantation is a
revolutionary medical way to cure diabetes mellitus
and its complications in one major step. For women
with type 1 diabetes mellitus and end-stage kidney
disease, this procedure not only treats their disease
but may also permits them to have children.1
Pregnancy is a major issue in any female transplant
recipient and is not an easy decision to be accepted
and approved by nephrologists. The social circumstances of the patient, her husband, and their
families must be considered before a decision to
proceed with pregnancy.
The effects of pregnancy on organ transplant
recipients have been widely described, although its
impact on the mother, the fetus, and the graft is still
debated. Experience in simultaneous kidneypancreas transplantation is limited, with few reported cases, which increases the uncertainty about
guidelines to follow in this situation.2 Bariatric
surgeries are feasible and safe procedures for selected
obese renal transplant recipients.3
Here, we present a patient who received a
simultaneous deceased-donor kidney and pancreas
transplant and who had a favorably evolved
pregnancy.
Case Report

Introduction
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A 36-year-old female patient with type 1 diabetes
mellitus that was complicated with diabetic
microangiopathy (as represented by diabetic nephropathy, neuropathy, and retinopathy) had been
maintained on hemodialysis for 2 years. Four years
ago, she had received a simultaneous deceased-donor
DOI: 10.6002/ect.MESOT2018.P75
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kidney and pancreas transplant at Hamed Al-Essa
Organ Transplant Center of Kuwait. She had received
thymoglobulin as induction and was maintained on
steroids, tacrolimus, and mycophenolate mofetil.
Because of her moderate obesity, she underwent
bariatric surgery 1 year posttransplant. She had stable
renal graft function (with serum creatinine level of
around 85 μmol/L) and stable pancreatic graft
function (with blood sugar and hemoglobin A1C
levels maintained within normal values without any
antidiabetic agents). According to the posttransplant
counseling education sessions performed in our
center, she was planning to marry and was keen to
receive permission from her nephrologist in our
center to allow her the chance for pregnancy.
After discussion with the patient and detailed
explanation of the risks for both grafts and for
pregnancy outcome, we agreed to permit her the
chance to become pregnant. She was switched from
mycophenolate mofetil to azathioprine before
marriage and from amlodipine to alpha-methyldopa
to control her blood pressure. She conceived
spontaneously 5 months after marriage, as shown by
positive β-human chorionic gonadotropin test and
confirmed by ultrasonography. She was followed
closely in our center and in the maternity hospital
monthly until month 7 and then weekly until
delivery.
The patient showed stable renal and pancreatic
graft functions without any major adverse events
(acute rejection, infection, or gynecologic events)
during the entire course of her pregnancy. At 31
weeks, she developed vaginal bleeding and
underwent assisted breech delivery under spinal
anesthesia and gave birth to a male baby (1.360 kg).
Both the mother and baby were doing well at followup. Patient graft functions were stable, and she was
shifted back to mycophenolate mofetil.
Discussion
Combined pancreas and kidney transplant represents the best therapeutic option for patients with
end-stage renal disease due to type 1 diabetes
mellitus. Female recipients of pancreas-kidney
transplants may have an increased chance for
pregnancy because the procedure often restores
fertility. Successful pregnancy is possible for female
pancreas-kidney recipients.4 However, lack of
information on pregnancy outcomes after combined
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pancreas and kidney transplant have hampered
balanced medical counseling.
Experience in simultaneous kidney-pancreas
transplant and pregnancy is limited, with few reported cases, which have increased the uncertainty
about guidelines to follow in this situation. In one
study, the patient delivered by caesarean section due
to fetal distress at 38 weeks of gestational age. Five
months after delivery, the child showed normal
development and both the pancreas and kidney
grafts in the mother showed normal function.2
In this case report, we highlight a successful
planned pregnancy in a woman who received a combined kidney-pancreas transplant. No major deleterious effects of pregnancy were shown in both the
mother and baby, except for preterm birth and low
birth weight. Normand and associates5 reported that
preterm delivery rates in patients were 80%, with
National Transplantation Pregnancy Registry data
reporting similar findings.6 Jain and associates added
that 41% of babies were either preterm or premature.7
Premature birth is a common complication among
pregnant solid-organ transplant recipients.6 Bösmüller
and colleagues reported that prematurity is more
frequent among combined kidney-pancreas transplant recipients than other solid-organ transplant
recipients.8 Infants who are born preterm are exposed
to several complications, including respiratory,
bowel, immunity, cardiovascular, and neurologic
disorders.9 Fortunately, there were no fetal malformations in our case. This could be explained by the
education sessions posttransplant about planned
pregnancy and adequate timing of immunosuppression optimization. The reported incidence of fetal
malformations among kidney-pancreas transplant
patient is 7.7%5, which is similar to that shown in
kidney transplant recipients.10 Mycophenolate mofetil
and mammalian target of rapamycin inhibitors are
teratogenic immunosuppressive drugs; therefore,
they require replacement as a crucial part of the plan
for conception.11
Regarding maternal complications, the most
challenging complication among organ transplant
recipients is rejection episodes. These rejection
episodes are described in the literature as being the
consequence of decreased immunosuppressive drug
trough levels resulting from increased maternal blood
volume.12 The low incidence of rejection in the series
reported by Jain and associates may have been due to
differences in the risk factors in different series.7
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After prenatal counseling was conducted, a
decision was made to allow our patient to conceive.
In vitro fertilization pregnancy is also feasible in
pancreas-kidney recipients. Of course, there is a risk
with pregnancy in pancreas-kidney recipients,
requiring close monitoring.13 In our patient, we did
not observe any abnormalities in her blood sugar
levels during pregnancy. This finding was not
matched with that reported by Tyden and associates
who showed reduced islet mass with normal
metabolic control in their report.14 This could be
explained by the metabolic surgery conducted in our
patient after transplant, which helped to avoid an
excess load on her pancreatic graft.
Conclusions
Pregnancy in recipients of combined kidney and
pancreas transplant with stable graft function is
feasible but remains risky. Proper planning, modification of immunosuppressive drugs, and close
monitoring are the keys to optimized maternal, fetal,
and graft outcomes.
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Abstract
Portal hypertensive biliopathy may occur in patients
with noncirrhotic hepatic fibrosis. Portal hypertensive
biliopathy treatment should be focused on management of portal hypertension and relief of biliary
obstruction. In patients with noncirrhotic portal fibrosis
and symptomatic portal hypertensive biliopathy, portal
decompression surgery by proximal splenorenal shunt is
one successful treatment option.
Key words: Direct bilirubinemia, Icterus, Portal
hypertension
Introduction
Portal hypertensive biliopathy (PHB) is characterized
as presence of cholangiopathy in patients with portal
hypertension. Although it is most commonly associated with extrahepatic portal vein obstruction
(EHPVO), it may also be associated with intrahepatic
portal hypertension.1 The rate of incidence of PHB in
patients with EHPVO is 81% to 100 %, with 0% to
33% in patients with cirrhosis and with 9% to 40% in
patients with noncirrhotic portal fibrosis.2 Most
patients with PHB are asymptomatic. Some patients
present with biliary colic, fever, jaundice, pruritus,
and ductal stones.3
The main theory for the pathogenesis of PHB is
compressing portal cavernoma to the bile ducts. In
EHPVO, collaterals develop to bypass obstructed
segments of the portal vein. These large venous
collaterals compress the bile ducts.4 The second
theory for PHB is ischemic origin. The causes of
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ischemia of the bile ducts are prolonged compression
by enlarged collaterals or decreased portal blood
supply.1 The criterion standard for diagnosis of PHB is
endoscopic retrograde cholangiopancreatography
(ERCP), with magnetic resonance cholangiopancreatography (MRCP) usually preferred for initial
diagnosis because it is less invasive than ERCP.1,3
Asymptomatic patients do not require treatment.1,3 In
symptomatic patients, treatment is aimed at the
complications of biliary obstruction and management
of portal hypertension.1
Here, we report a child with PHB secondary to
congenital hepatic fibrosis who was successfully
treated with portosystemic shunt surgery.
Case Report
We obtained permission from the patient/patient’s
family for presentation of results.
A 16-year-old female patient who had been
diagnosed with congenital hepatic fibrosis 4 years
previously was referred to our clinic for liver
transplant. She had only 1 episode of esophageal
variceal bleeding when she was diagnosed. She did
not have any symptoms until 1 month earlier. She
was hospitalized because of new episodes of variceal
bleeding, icterus, and severe pruritus, which had not
been responsive to 1 month of medical therapy.
On physical examination, she had icterus,
hepatomegaly, splenomegaly, and dermatologic
lesions due to scratching. Laboratory tests revealed
hemoglobin level of 8.4 g/dL, leukocyte count of
1900/mm3, platelet count of 37 000/mm3, aspartate
aminotransferase level of 44 U/L, alanine
aminotransferase level of 40 U/L, gammaglutamyltranspeptidase level of 20 U/L, alkaline
phosphatase level of 115 U/L, total bilirubin of
14.3 mg/dL, direct bilirubin of 8.1 mg/dL, albumin
level of 3.9 g/dL, and prothrombin time of 10.3
seconds.
DOI: 10.6002/ect.MESOT2018.P79
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Upper gastrointestinal endoscopy showed
esophageal and fundic varices (Figure 1). Magnetic
resonance cholangiopancreatography showed mild
dilatation of the intrahepatic bile ducts (Figure 2).
Liver biopsy was reported as congenital hepatic
fibrosis and severe bilirubin stasis (Figure 3). Other
causes of cholestasis, including infections, autoimmune and metabolic liver diseases, Caroli disease,
ductopenia, and extrahepatic biliary system disorders,
were excluded on the basis of appropriate serologic,
histopathologic, and radiologic tests. After she was
diagnosed with PHB in accordance with clinical and
radiologic findings, proximal splenorenal shunt was
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performed. Within 20 days after the procedure, her
clinical and laboratory findings had completely
resolved (Figure 4). One year after the surgery, there
were no varices in the upper gastrointestinal
endoscopy (Figure 5).
Figure 3. Image From Liver Biopsy

Figure 1. Upper Gastrointestinal Endoscopy and Fundic Varices

Figure 4. Laboratory Findings

Figure 2. Mild Dilatation of the Intrahepatic Bile Ducts on Magnetic Resonance
Cholangiopancreatograph

Figure 5. Upper Gastrointestinal Endoscopy 1 Year After Surgery

Aydın Dalgıç et al/Experimental and Clinical Transplantation (2019) 1: 223-225

Discussion
The term PHB was defined in 1992 by Sarin and
associates; PHB refers to abnormalities of the
extrahepatic and intrahepatic bile ducts in patients
with portal hypertension. Extrahepatic and intrahepatic bile duct abnormalities are more common
in patients with EHPVO than in patients with
noncirrhotic portal fibrosis or cirrhosis of the liver.1,4
Congenital hepatic fibrosis is a rare cause of PHB. In
our patient, the cause of PHB was portal hypertension due to congenital hepatic fibrosis.
Pathogenesis of PHB is not clear. Compression by
dilated collaterals and ischemia resulting from
venous thrombosis may have roles in its development.1 In a study from Dhiman and associates,
55% of the patients had compression due to
collaterals to the bile ducts. The remaining patients
had no cavernoma compression to the bile ducts. The
absence of compression suggests an ischemic origin
in these patients.5
Most patients with portal hypertension develop
portal cavernoma and biliary changes on cholangiography, but only 5% to 50% of patients are
symptomatic.1 Khuros and associates reported that
38% of patients were symptomatic, with all
symptomatic patients in his study being adults.2
Sezgin and associates reported 10 patients with
symptomatic PHB, with mean age of patients of 36
years.6 Our patient was symptomatic at 16 years old,
and she had icterus and severe pruritus.
Doppler ultrasonography, MRCP, and ERCP are
useful for diagnosis of PHB. Doppler ultrasonography is noninvasive, radioactive-free, and easily
available. Therefore, ultrasonography could be the
initial imaging method. Although ERCP is the most
important imaging method, it is invasive and has
many risk factors. Another sensitive and noninvasive
imaging method is MRCP and portography.1
Abdominal Doppler ultrasonography and MRCP
showed dilated venous collaterals and intrahepatic
biliary ductal dilatation in our patient.
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Most patients with PHB are asymptomatic and do
not require any treatment. A first choice treatment for
patients with common bile duct stones is ERCP
in those with cholangitis and without a shuntable
vein.7 Endoscopic management may result in complications, including injuring the dilated vein complex,
causing hemobilia, and worsening the cholestasis.8
Portosystemic shunt surgery is the other treatment
modality in patients with noncirrhotic portal hypertension and PHB. Esophageal variceal bleeding,
symptoms of hypersplenism, and PHB could be
controlled by portosystemic shunt surgery. Liver
transplant is required in patients with cirrhosis.9 Our
patient did not have gallstones and cholangitis, so we
did not perform ERCP. Proximal splenorenal shunt
surgery was chosen for PHB therapy in our patient
because she had esophageal variceal bleeding and
hypersplenism with normal liver function.
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Liver Transplant in a Patient With Hemophagocytic
Lymphohistiocytosis
Ebru H. Ayvazoğlu Soy,1 Humaira Alam,1 Lale Olcay,2 Zeren Barış,3 Sedat Yıldırım,1
Adnan Torgay,4 Mehmet Haberal1
Abstract
Hemophagocytic lymphohistiocytosis is a rare and
life-threatening systemic disease that can cause
hepatic infiltration and present as acute liver failure.
Here, we report a case of a 3-year-old pediatric
patient who presented with acute liver failure
and hepatic encephalopathy secondary to hemophagocytic lymphohistiocytosis. She had left lateral
segment liver transplant from her father. After 27
months, she had bone marrow transplant from her
sister. At the time of reporting (36 months after
liver transplant), she showed normal liver function
and blood peripheral counts. We found that liver
transplant can be a curative treatment for this type of
rare disorder, not only to improve the quality of life but
also to prolong survival.
Key words: Acute liver failure, Bone marrow transplant,
Living-donor liver transplantation
Introduction
Hemophagocytic lymphohistiocytosis (HLH) is a
life-threatening multisystemic syndrome that is
characterized by ineffective and uncontrolled immune
responses. It is potentially fatal and particularly affects
infants and children. Hemophagocytic lymphohistiocytosis is usually triggered by inherited and
acquired factors.1 The diagnosis of this syndromic
disorder is based on a unique pattern of clinical
and laboratory findings. At clinical presentation,
patients generally present with unremitting
fever, splenomegaly, and cytopenia.2 Patients with
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HLH almost always have evidence of hepatitis that
ranges in severity. Hemophagocytic lymphohistiocytosis can be a rare cause of acute liver
failure in children, resulting in poor prognosis
and mortality rates of between 67% and 100%.3
In the setting of acute liver failure, diagnosis of
HLH can be challenging because of overlapping
symptoms and signs from uncontrolled immune
activation and dysregulation. Therefore, many of
these patients are referred to hospitals with acute
liver failure of unknown causes. Here, we report the
longest known liver transplant survivor of acute liver
failure associated with HLH according to our data
search.
Case Report
A 3-year-old female child was followed for
hepatosplenomegaly at another center for 2 years.
During the last 6 months of follow-up, she developed
pancytopenia. She was admitted to the same center
with jaundice, which lasted for 2 weeks, during which
time she also had another episode of hepatosplenomegaly. Her laboratory tests revealed negative
viral markers and negative liver autoimmune
markers. Dysfunctional B cells were seen in her
lymphocyte subset. A liver biopsy was conducted,
showing hepatocellular injury and necrosis. During
follow-up, her total bilirubin and direct bilirubin
levels increased and thrombocyte and white blood
cell counts decreased.
She was referred to our center with jaundice,
lactic acidosis, resistant high-grade fever, and hepatic
encephalopathy. Although her vital findings were
stable, she was unconscious with positive light reflex,
positive clonus, and increased deep tendon reflex.
She had multiple ecchymosis all over her body. Her
liver was palpable 5 cm below the right costal
margin, and her spleen was palpable 8 cm below
from the left costal margin.
DOI: 10.6002/ect.MESOT2018.P80
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Laboratory tests showed a hemoglobin level of
14.2 g/dL, white blood cell count of 3570/mm3,
thrombocyte count of 84 600/mm3, creatinine level of
0.86 mg/dL, total bilirubin level of 33.1 mg/dL,
direct bilirubin level of 23.1 mg/dL, alanine
aminotransferase level of 496 mg/dL, aspartate
aminotransferase level of 752 mg/dL, and lactate level
of 3.9 mmol/L. She had coagulopathy with international normalized ratio of 2.96. Viral markers for
cytomegalovirus, herpes simplex, hepatitis A, hepatitis
B, hepatitis C, hepatitis E, human immunodeficiency
virus, and parvovirus were all negative. All cultures
and autoimmune markers were also negative. Serum
α1-antitrypsin level was 142 mg/dL (normal range,
110-280 mg/dL), ceruloplasmin was 48.6 mg/dL, and
alpha-fetoprotein was 0.7 IU/mL. Niemann-Pick and
Gaucher enzymes were negative. The lysosomal acid
lipase value was 0.11 nmol/punch/h (normal range,
0.37-2.3 nmol/punch/h). Tandem mass spectrometry
results showed no pathologic amino acid or carnitine
findings. Urine evaluation showed normal organic
acid levels. Hematologic evaluation showed haptoglobin level of 1 mg/dL (normal range, 11-220 mg/dL),
negative indirect and direct Coombs tests, glucose-6phosphate dehydrogenase level of 11.2 U/g (normal
range, 4.6-15.5 U/g), and a higher than normal
ferritin level (1286 ng/mL).
We also evaluated bone marrow aspirates, which
revealed hypocellularity with erythroid series
dominancy. There was dysmorphia in all erythroid,
monocytic, neutrophilic, and megakaryocyte series.
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Hemophagocytic histiocytes were seen in the bone
marrow aspirate (Figure 1). Immunologic tests
showed normal immunoglobulin (Ig) A, IgM, IgG,
and IgE values. The lymphocyte subgroup analyses
showed 62% lymphocytes, 59% CD3-positive T
lymphocytes, 46% CD3/CD4-positive T4 lymphocytes,
12% CD3/CD8-positive T8 lymphocytes, 30% CD19positive B lymphocytes, and 32% CD20-positive B
lymphocytes. Doppler ultrasonography of the liver
showed normal vascular anatomy but increased
echogenicity of liver parenchyma and splenomegaly.
Computed tomography scans showed hepatomegaly
and splenomegaly. No brain edema was seen in the
cranial computed tomography scans.
The diagnostic tests for the cause of acute liver
failure were unrevealing except for HLH. She had
hepatosplenomegaly, resistant fever, pancytopenia,
and decreased natural killer (NK) cell activity.
According to these positive parameters, she was
diagnosed with acute liver failure due to HLH.
In March 2015, the patient received a living-donor
liver transplant of left lateral segments from her
father. Postoperative recovery was uneventful, and
the patient regained full consciousness in 3 days.
Cyclosporine and mycophenolate mofetil were
given as immunosuppression. The pathology of the
explanted liver revealed dense mixed inflammatory
cell infiltrate and extensive necrosis of the
parenchyma (Figure 2). She was discharged from the
hospital on day 20 after transplant. Dexamethasone
was added to her immunosuppression protocol,

Figure 1. Hemophagocytic Histiocytes Are Shown in Bone Marrow Aspirates (×100 Magnification)
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Figure 2. Pathology of the Explanted Liver Shows Dense Mixed Inflammatory Cell Infiltrate and Extensive
Necrosis of Liver Parenchyma

and 3 doses of etoposide were given for HLH.
She continued HLH therapy with 10 mg/m2
dexamethasone administered every 15 days for 7
months. She was also evaluated for central nervous
system involvement of HLH. A lumbar puncture
showed normal cerebrospinal fluid cytology; therefore,
intrathecal therapy was not given. The genetic results
for HLH revealed c.676G>T homozygote mutation on
STX11 gene. A hematopoietic stem cell transplant
(HSCT) from her fully HLA-matched sister was
performed 13 months after liver transplant. Her
immunosupression regimen was changed from
cyclosporine to everolimus. At 36-month follow-up
posttransplant, she continues to have normal liver
function.
Discussion
Hemophagocytic lymphohistiocytosis syndrome was
first described by Scott and Robb Smith in 1939,
which was known at that time as histolytic
medullary reticulosis. The syndrome is characterized
by hyperinflammation, which results in increased
cytokine production and impaired NK and cytotoxic
T-cell production.4 The overproduction of cytokines,
such as interferon gamma, tumor necrotic factor α,
interleukin (IL) 1, and IL-6, results in widespread
hemophagocytosis and host tissue destruction.5 The
Histiocyte Society proposed a standard definition of
HLH in 1994, which was later revised in 2004.6
Because HLH is rare and presentation is variable, the
diagnosis is challenging. Patients with primary or
familial hemophagocytic lymphocytosis, an autosomal
recessive and fatal disease, have poor survival without
treatment. Secondary hemophagocytic syndrome
develops due to a strong immunologic activation
response that is usually caused by severe infections.7
According to the HLH 2004 criteria, a diagnosis
of HLH may be established if a patient demonstrates

a molecular diagnosis consistent with HLH,
including pathologic mutations or presence of 5 or
more of established symptoms (fever ≥ 38.5°C;
splenomegaly; cytopenia; hypertriglyceridemia;
hypofibrinogenemia; hemophagocytosis in bone
marrow, liver, spleen, or lymph nodes; low or absent
NK cell activity; ferritin ≥ 500 ng/mL; and soluble IL2 receptor level ≥ 2400 U/mL).6 Hemophagocytosis
in bone marrow, liver, spleen, or lymph nodes is not
essential or pathognomonic for HLH diagnosis.8
Management of HLH is aimed at suppressing the
underlying inflammatory response. In the HLH
1994 protocol, treatment included dexamethasone,
etoposide, cyclosporine, and intrathecal methotrexate.
The HLH 2004 guidelines have included early
initiation of cyclosporine, antithymocyte globulin, and
alemtuzumab-based protocols.9 However, in patients
with persistent disease or disease reactivation, HSCT
is recommended as a potential cure.2
Liver involvement in HLH is common, and
hepatic dysfunction can range from mild elevation of
transaminases to liver failure. Hemophagocytic
lymphohistiocytosis has been described as a rare cause
of acute liver failure in previous studies.3 Case series
studies have reported death in 7 of 8 patients due to
acute liver failure caused by HLH.9-12 However, HLH
is a controversial indication for liver transplant due to
the risk of posttransplant HLH recurrence.13 Despite
this risk, liver transplant is still the best option of a
potentially lifesaving intervention that allows for
better quality of life.14
In our patient, the diagnostic work-up regarding
cause of acute liver failure was challenging, but the
patient’s immune dysregulation and hyperinflammation guided us to reach a final diagnosis of acute
liver failure secondary to HLH. Our patient met the
HLH 2004 diagnostic criteria, showing persistent
fever ≥ 38.5°C, splenomegaly, cytopenia, hypofibrinogenemia (83 mg/dL), hemophagocytosis in bone
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marrow, low NK cell activity, and hyperferritinemia.
Hemophagocytic histiocytes in the bone marrow
aspirates and the pathology of the explanted liver
confirmed the diagnosis (Figures 1 and 2). Because
of rapid progression of the disease, a diagnosis of
HLH is sometimes confirmed after liver transplant,
although our patient was diagnosed before liver
transplant. Despite the concern for recurrent HLH
posttransplant, our patient was successfully treated
with living-donor liver transplant. In regard to the
immunosuppressive protocol, which is still not clear
for these patients but should aim to prevent HLH
recurrence and graft rejection, our patient first
received cyclosporine and mycophenolate mofetil,
with dexamethasone added later and 3 doses of
etoposide given for HLH. Therapy for HLH
continued with 10 mg/m2 dexamethasone every 15
days for 7 months. After genetic results revealed
c.676G>T homozygote mutation on the STX11 gene,
HSCT was performed, with immunosuppression
changed from cyclosporine to everolimus. At 36
months posttransplant, liver functions have
remained normal.
Our case suggests that HLH should be kept in
mind in the diagnostic work-up of acute liver failure.
We showed that, in a patient with familial-type HLH
disease, liver transplant combined with posttransplant HLH therapy and HSCT safely led to
successful patient outcome. This case is important as
it reports the longest liver transplant survivor of
acute liver failure associated with HLH.

229

References
1. Janka GE. Familial and acquired hemophagocytic
lymphohistiocytosis. Annu Rev Med. 2012;63:233-246.
2. Pinto MV, Esteves I, Bryceson Y, Ferrao A. Hemophagocytic
syndrome with atypical presentation in an adolescent. BMJ Case
Rep. 2013;2013.
3. Squires RH, Jr., Shneider BL, Bucuvalas J, et al. Acute liver failure in
children: the first 348 patients in the pediatric acute liver failure
study group. J Pediatr. 2006;148(5):652-658.
4. Rajadhyaksha A, Sonawale A, Agrawal A, Ahire K, Kawale J. A case
report of hemophagocytic lymphohistiocytosis (HLH). J Assoc
Physicians India. 2014;62(7):637-641.
5. Soyama A, Eguchi S, Takatsuki M, et al. Hemophagocytic
syndrome after liver transplantation: report of two cases. Surg
Today. 2011;41(11):1524-1530.
6. Henter JI, Horne A, Arico M, et al. HLH-2004: Diagnostic and
therapeutic guidelines for hemophagocytic lymphohistiocytosis.
Pediatr Blood Cancer. 2007;48(2):124-131.
7. Henter JI, Elinder G, Ost A. Diagnostic guidelines for
hemophagocytic lymphohistiocytosis. The FHL Study Group of
the Histiocyte Society. Semin Oncol. 1991;18(1):29-33.
8. Zhang Z, Wang J, Ji B, et al. Clinical presentation of hemophagocytic lymphohistiocytosis in adults is less typical than in
children. Clinics (Sao Paulo). 2016;71(4):205-209.
9. Amir AZ, Ling SC, Naqvi A, et al. Liver transplantation for children
with acute liver failure associated with secondary hemophagocytic lymphohistiocytosis. Liver Transpl. 2016;22(9):1245-1253.
10. Jagtap N, Sharma M, Rajesh G, et al. Hemophagocytic lymphohistiocytosis masquerading as acute liver failure: a single center
experience. J Clin Exp Hepatol. 2017;7(3):184-189.
11. Rosado FG, Kim AS. Hemophagocytic lymphohistiocytosis: an
update on diagnosis and pathogenesis. Am J Clin Pathol. 2013;
139(6):713-727.
12. Lin S, Li Y, Long J, Liu Q, Yang F, He Y. Acute liver failure caused by
hemophagocytic lymphohistiocytosis in adults: A case report and
review of the literature. Medicine (Baltimore). 2016;95(47):e5431.
13. Guthery SL, Heubi JE. Liver involvement in childhood histiocytic
syndromes. Curr Opin Gastroenterol. 2001;17(5):474-478.
14. Akdur A, Kirnap M, Ayvazoglu Soy EH, et al. unusual indications
for a liver transplant: a single-center experience. Exp Clin
Transplant. 2017;15(Suppl 1):128-132.

Predictable and Unusual Adverse Effects of
Immunosuppression in Pediatric Liver Transplant Patients
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Abstract
Objectives: Our aim was to determine potentially
adverse effects of immunosuppressive protocols after
liver transplantation in children.
Materials and Methods: The medical records of 60
children who underwent liver transplant retrospectively analyzed. Corticosteroid, tacrolimus, and
mycophenolate mofetil were the primary immunosuppressive agents used in our center.
Results: The mean age of children was 6.1 years,
ranging from 3 months to 17 years (34 boys, 26 girls).
The most common indication for liver transplant was
biliary atresia (26.7%). Thirty-nine patients (65%)
received livers from living donors, and 21 patients
(35%) received from livers from deceased donors. The
main complications of immunosuppressive therapy
were diarrhea associated with mycophenolate mofetil,
hyperglycemia and hypertension associated with
corticosteroid, and seizures and tremors associated
with tacrolimus. Two patients developed posttransplant lymphoproliferative disorder. The diagnosis was
based on histologic findings of cervical lymphadenopathy and duodenal biopsy. One patient was
diagnosed with acute lymphoblastic lymphoma. In
addition to these predictable adverse effects, unusual
adverse effects of immunosuppression were also
observed. Hemolytic anemia (n = 3) (one was also
diagnosed with Evans syndrome), eosinophilic
gastroenteritis (n = 2), de novo food allergy (n = 2),
posttransplant lymphoproliferative disorder (n = 2),
Burkitt lymphoma (n = 1), and renal tubular acidosis
(n = 1) were thought to be related to tacrolimus therapy.
Conclusions: Adverse effects of immunosuppression
represent a major cause of postoperative morbidity.
From the 1Department of Pediatric Gastroenterology and the 2Transplantation Center, Gazi
University Faculty of Medicine, Ankara, Turkey; and the 3Department of General Surgery,
Numune Training and Research Hospital, Ankara, Turkey
Acknowledgements: The authors have no sources of funding for this study and have no conflicts
of interest to declare.
Corresponding author: Hakan Öztürk, Gazi Üniversitesi Sağlık Araştırma ve Uygulama
Merkezi Gazi Hastanesi Beşevler, Ankara, Turkey
Phone: +90 312 202 4148
E-mail: hakan.ozturk@gazi.edu.tr

Experimental and Clinical Transplantation (2019) 1: 230-233

Copyright © Başkent University 2019
Printed in Turkey. All Rights Reserved.

The common effects of immunosuppression are
recognized easily by clinicians. It should be kept in
mind that unexpected symptoms and signs may be
related to immunosuppression in pediatric liver
transplant patients.
Key words: Dose-related toxicity, Eosinophilic gastroenteritis, Hemolysis, Renal tubular acidosis, Tacrolimus
Introduction
The success of liver transplantation has improved
after the discovery of potent immunosuppressive
drugs, such as calcineurin inhibitors and purine
synthesis inhibitors. The common adverse effects of
these immunosuppressive are infections, neurotoxicity, nephrotoxicity, gastrointestinal toxicity,
hypertension, diabetes, hyperlipidemia, and malignancy. Adverse effects can also occur when the
blood concentration is normal because of the
immeasurability of the unbound concentrations of
the drugs. Our aim was to determine potentially rare
and unusual adverse effects of immunosuppressive
protocols after liver transplant in pediatric patients.
Materials and Methods
We retrospectively analyzed the medical records of 60
children who underwent liver transplant in our
institute between February 2006 and January 2018.
Both deceased-donor and living-donor liver transplant
patients were included in the study. The immunosuppressive protocol used at our institute includes
tacrolimus, mycophenolate mofetil, and steroids.
Tacrolimus was given at 0.15 mg/kg/day and started
on posttransplant day 3. Mycophenolate mofetil was
started preoperatively at 20 mg/kg/day and was
continued for 1 year. Steroids were started intraoperatively and were continued for 3 months with a
lower dose. If an adverse effect occurred, the drug
therapy was changed to another immunosuppressant.
DOI: 10.6002/ect.MESOT2018.P81
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with hemolysis, 2 patients (3.3%) had eosinophilic
gastroenteritis, 2 patients (3.3%) had posttransplant
lymphoproliferative disorder (PTLD), 2 patients
(3.3%) had de novo food allergy, 1 patient (1.6%) had
renal tubular acidosis, and 1 patient (1.6%) had
Burkitt lymphoma owing to the adverse effects of
immunosuppressant therapy. Patient clinical characteristic are shown in Table 1.

Results
The mean age of children was 6.1 years and ranged
from 3 months to 17 years. In total, 60 children
received liver transplant, which included 34 boys
(60%) and 26 girls (40%). Thirty-nine patients (65%)
had living-donor and 21 patients (35%) had
deceased-donor liver transplant. The most common
causes of liver diseases were biliary atresia (25%),
progressive familial intrahepatic cholestasis (16%),
cryptogenic cirrhosis (14%), Wilson disease (10%),
tyrosinemia (5%), autoimmune hepatitis (5%), and
other causes (for example, hyperoxaluria type 1 and
fulminant hepatitis A) (25%).
The main complications of immunosuppressive
therapy were diarrhea associated with mycophenolate
mofetil, hyperglycemia and hypertension associated
with corticosteroids, and seizures and tremors
associated with tacrolimus. In addition to these
predictable adverse effects, unusual adverse effects
of immunosuppression were also observed.
In our patient group, 9 of 60 patients had unusual
adverse effects: 3 patients (5%) were diagnosed
Table 1. Clinical Characteristics of Pediatric Liver Transplant Patients
Patient Sex
Age at LT, y
Cause
IS Therapy

Discussion
Hemolysis is a rare complication in liver transplant
recipients associated with immunosuppressive drugs,
especially tacrolimus and cyclosporine. In a previous
review, there were only 59 patients with hemolysis
after solid-organ transplant over a 10-year period.1
Hemolytic anemia can be seen with different
mechanisms, including microangiopathic hemolytic
anemia, alloimmune hemolytic anemia, and autoimmune hemolytic anemia. Microangiopathic
hemolytic anemia is the most common type of
hemolytic anemia in liver transplant recipients and
is caused by endothelial cell injury and an impaired
Adverse Effect

Symptom

1

M

0.5

Biliary atresia

Tacrolimus,
MMF

Hemolysis

Anemia

2

F

0.6

Biliary atresia

Tacrolimus,
MMF

Hemolysis

Anemia

3

M

14

Wilson disease

Hemolysis

Anemia

4

M

1

Eosinophilic
eosophagogastroenteritis

Diarrhea

5

F

1

Crigler Najjar
syndrome
type 1
Biliary atresia

Steroid,
tacrolimus,
MMF
Tacrolimus

Tacrolimus,
MMF

Eosinophilic esophagitis
and duodenitis, food
allergy (anaphylaxis
with sesame oil);renal
tubular acidosis

6

F

0.6

Biliary atresia

Food allergy (cow milk)

7

M

0.5

Biliary atresia

Steroid,
tacrolimus,
MMF
Tacrolimus

Diarrhea, atopic
dermatitis,
hypoalbuminemia;
acidosis, hypokalemia,
hyperchloremia,
alkali urine
Anaphylaxis

8

F

6

PFIC

9

M

0.6

Biliary atresia

PTLD (colonoscopic
biopsy)

Plasma and tissue
EBV PCR positivity,
diarrhea

Tacrolimus

PTLD (lymph node
biopsy)

Cervical LAP

Tacrolimus

Burkitt lymphoma

Intraabdominal LAP,
pancytopenia

Treatment

Tacrolimus changed to
cyclosporine, steroid
started: hemolysis
resolved
Tacrolimus changed to
sirolimus: hemolysis
resolved
Tacrolimus changed to
everolimus: hemolysis
resolved
Montelukast: diarrhea
persisted; PPI and steroids:
diarrhea resolved
PPI: diarrhea resolved;
tacrolimus changed to
everolimus: acidosis
resolved

Diet elimination and
steroid resumed: no
reoccurrence
Rituximab (4 doses) and
tacrolimus changed to
everolimus: EBV PCR
positivity resolved
Rituximab, tacrolimus
changed to everolimus
symptoms resolved
Chemotherapy (rituximab,
ifosfamide, carboplatin,
etoposide): died due to
Burkitt lymphoma

Abbreviations: EBV, Ebstein-Barr virus; F, female; IS, immunosuppressive; LAP, lymphadenopathy; M, male; MMF, mycophenolate mofetil; PCR, polymerase
chain reaction; PFIC, progressive familial intrahepatic cholestasis; PPI, proton pump inhibitor; PTLD, posttransplant lymphoproliferative disorder
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immune response. Alloimmune hemolytic anemia
tends to occur with tacrolimus-related T-cell suppression and B-cell proliferation, which is also called
passenger lymphocyte syndrome. Autoimmune
hemolytic anemia is related to infections or immunosuppressive agents or is a manifestation of PTLD and
is usually seen during year 1 after liver transplant.
Thrombocytopenia, also called Evans syndrome,
can coexist with autoimmune hemolytic anemia
in 29% of patients.2 One of the 3 patients who were
diagnosed with hemolytic anemia had Evans
syndrome. Reducing or changing tacrolimus to
sirolimus/cyclosporine, steroids, intravenous immunoglobulin, plasmapheresis, rituximab, and
splenectomy are treatment options for hemolytic
anemia.3 In our patients, tacrolimus was changed to
another immunosuppressant (cyclosporine, sirolimus,
and everolimus), with 1 patient also given steroids.
The frequency of de novo food allergies and
eosinophilic gastrointestinal disease is known to
increase in children after liver transplant at rates of
6% to 17% and 3% to 26%, respectively.4-7 The highest
prevalence of allergic disease is reported in children
under the age of 2 years.8 Similar to the literature, the
age of patients with allergic diseases in our study
was less than 1 year. The pathogenesis remains
unclear, but a possible mechanism is passive transfer
of immunoglobulin E from the allergic donor to
naïve recipient. Another possibility is an impaired
type 2 T-helper cell-mediated immune system
response through tacrolimus. De novo allergic
symptoms such asthma, rhinitis, and eczema can be
observed after liver transplant. Peripheral eosinophilia
can be an accompanying finding in these patients. In
patients diagnosed with de novo food allergy who
underwent endoscopy, 73% had eosinophilic infiltrates
in their gastrointestinal system.9 Ceasing tacrolimus
can be a more appropriate choice for these patients.
Diet elimination is an effective treatment option if the
trigger agent can be identified. Proton pump inhibitors
and steroids are treatment options.10 In our study,
diarrhea related to eosinophilic gastrointestinal disease
was resolved with proton pump inhibitors and steroid
treatment. Fortunately, we identified the allergens
with prick tests, and symptoms did not reoccur after
treatment.
Posttransplant lymphoproliferative disorder is
a disease of abnormal proliferation of B cells in
liver transplant recipients, which can range from
polymorphic cellular expansion of lymphocytes to
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monomorphic large-cell non-Hodgkin lymphomas.
The prevalence of PTLD in pediatric liver transplant
recipients is as high as 20%.11 Liver transplant at
younger ages is a risk factor for PTLD, which may be
associated with these patients being Epstein-Barr virus
(EBV) naïve. Liver transplant recipients should be
monitored closely for EBV viral load. Autoimmune
liver disease is another risk factor for PTLD because of
the long exposure to steroids. Those with PTLD
within the first year of liver transplant have earlyonset and those with PTLD after the first year have
late-onset PTLD. Kremers and associates reported that
the incidence of PTLD was highest after the first 18
months posttransplant, with cumulative incidences
of 0.5%, 0.9%, and 1.1% at 6, 12, and 18 months,
respectively.12 There is no consensus on PTLD
treatment. Treatment options include decreasing or
stopping immunosuppression, rituximab, surgery,
and chemotherapy.13 If immunosuppressant therapy
continues, it is crucial to change immunosuppressants to mammalian target of rapamycin inhibitors, such as sirolimus, due to their antiproliferative
effects. In addition to PTLD, other types of malignancies can develop, including lymphoma and
colorectal, hepatocellular, and skin cancers. One of
our patients, who was diagnosed with Burkitt
lymphoma, was not EBV naïve. The patient showed
890 million copies/mL with EBV polymerase chain
reaction at the time of diagnosis. Chemotherapy
(rituximab, ifosfamide, carboplatin, etoposide) was
started, and tacrolimus was changed to sirolimus.
Unfortunately, the patient died from Burkitt
lymphoma.
Nephrotoxicity is a common adverse effect of
calcineurin inhibitors, seen as high as 28% in adult
liver transplant recipients. It usually affects the renal
glomeruli but rarely affects the renal tubules and
causes a hyperkalemic type of renal tubular acidosis.14
There are only 2 reports of pediatric liver transplant
patients with hyperkalemic renal tubular acidosis
associated with tacrolimus in the literature.15,16 In our
study, our patient presented with refractory acidosis,
hyperkalemia, and hyperchloremia after tacrolimus
treatment. Tacrolimus toxicity occurs after inhibition
of basolateral sodium potassium-ATPases, which
consequently leads to hyperkalemia. Metabolic
acidosis occurs due to impaired hydrogen secretion.
As seen in our case, tacrolimus discontinuation
normalized potassium levels and the acid-base
balance.
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Liver transplant is a life-saving modality in
patients with liver failure, but life-long immunosuppressant therapy can have a high risk of adverse
effects. Some of these adverse effects are predictable
and can be easily recognized; however, some require
more suspiciousness from clinicians for diagnosis.
Unexpected symptoms and signs should be considered
as perhaps related to immunosuppressant therapy in
pediatric liver transplant recipients.
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Integral Hematologic Indices in the Evaluation of the
Immunologic Reactivity of the Organism in a Patient
With Complication of Type 1 Diabetes Mellitus: A Case of
Diabetic Retinopathy After Autologous Mesenchymal
Stem Cell Transplant
Manshuk Yeltokova,1 Olga Ulyanova,2 Manarbek Askarov,3 Anna Chernyshova,4 Larissa Kozina5
Abstract
The search continues for pathogenetically effective
measures in autoimmune processes for a number of
complications of type 1 diabetes mellitus, in particular,
diabetic retinopathy. However, there are few studies
of the prognostic and therapeutic values of the
systemic autoimmune response in this pathology
after transplant of autologous mesenchymal stem
cells. Here, we present a 40-year-old patient with
complications of type 1 diabetes mellitus (diabetic
retinopathy) after mesenchymal stem cell transplant.
Based on peripheral blood results, we were able to
calculate integral hematologic parameters, allowing
us to indirectly assess the patient’s immune system
after autologous mesenchymal stem cell transplant.
One month after autologous mesenchymal stem cell
transplant, we observed a positive immune response,
with a 40% decrease in leukocyte intoxication index
and a 22% increase from the initial lymphocyte and
eosinophil ratio index values, which indicated the
formation of a delayed-type hypersensitivity reaction.
Two months after transplant, stem cell leukocyte
intoxication index, in contrast, increased by 10%,
indicating a possible metabolic shift. At the same time,
changes were observed in the lymphocyte stimulation
index value, which increased by 11%. This observation
indicated negative immunologic reactivity, namely,
poor function of factors of nonspecific resistance due
to autointoxication of the organism. However, 3
months after transplant, the hematologic parameters
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of this patient returned to levels before treatment. The
use of integral hematologic parameters can indirectly
interpret parallels between immunologic reactivity
and metabolic disorders in type 1 diabetes mellitus
complications (diabetic retinopathy) after autologous
mesenchymal stem cell transplant. These parameters
could become a diagnostic indicator in the correction
of pathogenetic therapy.
Key words: Immune system, Leukocyte intoxication
index, Lymphocyte stimulation index
Introduction
Autologous cell groups (that is, the patient’s own
cells) have the greatest chance of functioning in the
body due to the absence of rejection by its immune
system.1 In patient’s with diabetes mellitus, immunologic reactivity can launch a cascade of consecutive
interconnected stages of development of vascular
retinal pathology in response to patient hypoxia.2,3
Hence, searches have continued for pathogenetically
effective diagnostic and therapeutic measures in
autoimmune processes for complications of type 1
diabetes mellitus, particularly diabetic retinopathy, are
relevant. However, studies of the systemic autoimmune response in this pathology after autologous
mesenchymal stem cell (MSC) transplant with regard
to prognostic and therapeutic values are rare.
Case Report
In this case report, we present a 40-year-old patient
with complications of type 1 diabetes mellitus
(diabetic retinopathy) after MSC transplant.
Autologous MSCs were obtained from bone marrow
samples of the iliac crest of the patient and cultured
for 3 to 4 weeks. Autologous MSC transplant was
DOI: 10.6002/ect.MESOT2018.P99
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performed using intravenous infusion at a rate of
50 mL/hour. The quantity of autologous MSCs
infused was 95 to 97 × 106. This clinical study and its
methods were approved by the Local Ethics
Committee following Helsinki Declaration guidelines at our institution. The patient provided written
informed consent before recruitment.
Statistical analyses were performed using standard
methods and Stastistica software (StatSoft Inc., version
6.0, Tulsa, OK, USA).
To assess the contribution of autologous MSCs
to the development of changes in the patient’s
immunological parameters, we calculated 5 integral
hematologic parameters of peripheral blood (Table 1).
These included (1) the modified leukocyte index of
intoxication (LII), an indicator of the processes of
tissue degradation and the level of endogenous
intoxication; (2) the ratio of neutrophils to
lymphocytes; (3) the ratio of neutrophils to
monocytes, which makes it possible to judge the ratio
of the components of the phagocytic system, and the
ratio of lymphocytes to monocytes; (4) the ratio of
lymphocytes to eosinophils, which has already been
used to characterize the processes of hypersensitivity
of the immediate and delayed types; and (5) the
leukocyte index, which reflects the relationship of
cellular and humoral immunity.4-6 These calculations
Table 1. Integral Hematologic Results in a Patient With Type 1 Diabetes
Mellitus and Diabetic Retinopathy Before and After Autologous
Mesenchymal Stem Cell Transplant
Index

LII
ISNL
ISNM
ISLE
LI

Before
Transplant

1.8
2.8
6.43
9.5
0.35

After 1 Month

1.08
2.43
6.97
12.2
0.41

After Transplant
After 2 Months After 3 Months

2.02
3.14
6.97
12.53
0.32

1.86
2.88
6.84
9.8
0.35

Abbreviations: ISLE, ratio of lymphocytes to eosinophils; ISNL, ratio of
neutrophils to lymphocytes; ISNM, ratio of neutrophils to monocytes; LI,
leukocytal index; LII, leukocyte index of intoxication
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allowed us to indirectly assess the state of the
immune system in patients after autologous MSC
transplant.
Discussion
Here, we used integral hematologic indicators to
determine the state of immunologic reactivity of the
organism against the introduction of autologous
MSCs in a patient with type 1 diabetes mellitus and
diabetic retinopathy. Although this is a small clinical
laboratory research report, our observations were
somewhat encouraging and the data were statistically
confirmed. Thus, the use of integral hematological
parameters could indirectly interpret parallels
between the state of immunologic reactivity of
an organism and metabolic disorders, as in
complications of type 1 diabetes mellitus (diabetic
retinopathy) after autologous MSC transplant.
Results of calculations could be used as diagnostic
indicators in the correction of pathogenetic therapy.
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Autologous Mesenchymal Stem Cell Transplant in Patients
with Type 1 Diabetes Mellitus
Olga Ulyanova,1 Manarbek Askarov,2 Larissa Kozina,3 Temirlan Karibekov,4
Galiya Shaimardanova,5 Aigerim Zhakupova,2 Diana Danilova,1
Dina Serebrennikova1
Abstract
Objectives: Our goal was to determine the efficacy
of autologous mesenchymal stem cell transplant
for treatment in patients with type 1 diabetes
mellitus.
Materials and Methods: We examined 5 patients (4 male,
1 female; age 20-42 y) with type 1 diabetes mellitus
who received autologous mesenchymal stem cell
transplant (cells were obtained from the patient’s iliac
crest and cultured for 3-4 weeks) performed by
intravenous infusion. The quantity of autologous
mesenchymal stem cells infused was 95 to 97 × 106. We
analyzed daily insulin dosages and leptin and glycated
hemoglobin levels in patients before and 1, 2, and 3
months after their autologous mesenchymal stem cell
transplant procedure.
Results: In patients with type 1 diabetes mellitus,
autologous mesenchymal stem cell transplant led to a
decrease in daily insulin dosage levels, from 63 ± 8.83
to 50.2 ± 12.1 U (P = .064) after 1 month, with significantly increased leptin levels and trend to decreased
glycated hemoglobin levels, from 6.86 to 10.77 ng/mL
(P = .016) and 9.11% to 8.74% (P = .84) after 3 months,
respectively.
Conclusions: Daily insulin dosage level decreased within
1 month and leptin levels increased significantly within
3 months after autologous mesenchymal stem cell
transplant in patients with type 1 diabetes mellitus.
Key words: Adipokines, Glycated hemoglobin, Pancreatic
islet cell regeneration
From the 1Department of Endocrine Disturbances, the 2Department of Stem Cell Technology,
the 3Department of Clinical Laboratory, the 4Deputy Chairman of the Board for Medicine and
Science, and the 5Department of the Research Management, the National Scientific Medical
Research Center, Astana, Kazakhstan
Acknowledgements: The authors declare that they have no sources of funding for this study,
and they have no conflicts of interest to declare.
Corresponding author: Olga Ulyanova, Department of Endocrine Disturbances, National
Scientific Medical Research Center, 010009, Ave. Abylay-khan #42, Astana, Kazakhstan
Phone: +7 70 138 38107
E-mail: olgaulyanova1971@gmail.com

Experimental and Clinical Transplantation (2019) 1: 236-238

Copyright © Başkent University 2019
Printed in Turkey. All Rights Reserved.

Introduction
Recently, diabetes mellitus (DM) has become one of
the main public health care problems, with higher
incidence worldwide. According to the International
Diabetes Federation, by 2040, the number of
patients with DM in the world will reach 642 million
people.1 Diabetes mellitus is a major risk factor for
ischemic heart disease and stroke, which collectively
account for high rates of morbidity and mortality
among adult patients. Type 1 DM is the result of the
immune-mediated destruction of insulin-producing
-cells, which are located in the islets of Langerhans
of the pancreas.2 The administration of exogenous
insulin through daily injections or insulin pumps
is the most prominent treatment for type 1 DM,
but its administration is often associated with
impaired glucose metabolism control, which
ultimately leads to episodes of hyperglycemia or
hypoglycemia.
Some other approaches have been developed
in past decades, such as pancreas and islet
transplantation.3,4 Immunosuppression toxicity,
limited donor supply, and high procedural costs limit
this therapy to patients with type 1 DM. Stem cells
are a sufficient source for creating insulin-producing
cells, such cells are derived from mesenchymal
stem cells, embryonic stem cells, and induced
pluripotent stem cells.5 Although progress in
use of embryonic stem cells has been demonstrated,
their application is limited due to ethical
complications.6-8 Some studies have demonstrated
treatment the efficiency with autologous mesenchymal stem cells in animals and in patients with type 1
DM.9
Thus, autologous mesenchymal stem cell transplant (AMSCT) has attached attention as a potentially effective therapeutic approach for regeneration
of islet cells and treatment of type 1 DM.
DOI: 10.6002/ect.MESOT2018.P100
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Materials and Methods
This prospective cohort study included 5 patients
(20-42 years old) with type 1 DM who received
AMSCT performed by intravenous infusion. We
analyzed the daily insulin dosages, leptin levels, and
glycated hemoglobin (HbA1c) levels in patients
before and 1, 2, and 3 months after AMSCT.
Autologous mesenchymal stem cells were obtained
from bone marrow samples of the iliac crest of
patients and were cultured for 3 to 4 weeks. For
AMSCT, an intravenous infusion of 50 mL/hour was
used. The quantity of autologous mesenchymal stem
cells infused was 95 to 97 × 106. This clinical study and
its methods were approved by the Local Ethics
Committee following Helsinki Declaration guidelines
at our institution. All the patients signed written
informed consent forms before the recruitment.
Statistical analyses were performed using
standard methods and Stastistica software (StatSoft
Inc., version 6.0, Tulsa, OK, USA). Clinical assessments of patients, as described, were calculated using
averages, margins of error, and standard deviations.
To compare independent groups, we used the
nonparametric Mann-Whitney U test.
Results
Before the AMSCT procedure, all patients with type
1 DM had poor glycemic control. Among our patients,
HbA1c level was more than 7%. We did not observe
any complications after the AMSCT procedure.
In our examinations, we found that the mean
baseline level of leptin in patients with type 1 DM
was 6.86 ± 1.89 ng/mL, which is within the normal
range. The mean baseline level of HbA1c was
9.11 ± 1.46 %, which is higher than the established
normal level (Table 1). The mean daily insulin dosage
level was 63.0 ± 8.83 U.
Table 1. Changes in Daily Insulin Dosages, Leptin Levels, and Glycated
Hemoglobin Levels After Autologous Mesenchymal Stem Cell Transplant in 5
Patients with Type 1 Diabetes Mellitus

Daily insulin, U
P value
Leptin, ng/mL
P value
HbA1c, %
P value

Baseline
Level

Level After
1 Month

Level After
2 Months

Level After
3 Months

63 ± 8.83

50.2 ± 12.1
.064
8.31 ± 2.03
> .05
8.44 ± 1.03
.41

57.5 ± 13.8
.73
12.67 ± 5.37
.056
8.27 ± 1.13
.29

53.6 ± 12.01
.42
10.77 ± 1.78
.016
8.74 ± 1.35
.84

6.86 ± 1.89
9.11 ± 1.46

Abbreviations: HbA1c, glycated hemoglobin
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On the day of AMSCT, patients with type 1 DM
were given subcutaneous insulin. Patient dose was
adjusted according to their blood glucose level,
which was checked once every 4 hours during the
first day of AMSCT. During the subsequent 3 days,
fasting glucose and postprandial glucose levels were
throughly controlled.
Baseline data and their changes after AMSCT are
presented in Table 1. In patients with type 1 DM, 1
month after the procedure, the mean daily insulin
dosage level decreased from 63.0 ± 8.83 to 50.2 ± 12.1
U (P = .064) and the mean leptin and HbA1c levels
did not change significantly, from 6.86 ± 1.89 to
8.31 ± 2.03 ng/mL (P > .05) and from 9.11 ± 1.46% to
8.44 ± 1.03%, respectively (P = .41) (Table 1).
2 months after AMSCT, corresponding mean
daily insulin dosages, leptin levels, and HbA1c levels
did not significantly change in patients with type 1
DM from baseline, with daily insulin dosage levels
of 63.0 ± 8.83 versus 57.5 ± 13.8 U (P = .73), baseline
versus 2-month leptin levels of 6.86 ± 1.89 versus
12.67 ± 5.37 ng/mL (P = .056), and baseline and
HbA1c levels of 9.11 ± 1.46% versus 8.27 ± 1.13%
(P = .29) (Table 1).
After 3 months, mean leptin levels in patients
with type 1 DM who received AMSCT were significantly higher than baseline mean leptin levels, at
6.86 ± 1.89 versus 10.77 ± 1.78 ng/mL (P = .016).
Discussion
Three months after AMSCT, patients with type 1 DM
showed significantly increased leptin levels, with
trend to decreased daily insulin dosages and HbA1c
levels. Leptin is a peptide hormone secreted by
fat cells that regulates the control of glucose
homeostasis.10 Leptin may have clinical relevance for
treatment of hyperglycemia, particularly in conditions
of leptin deficiency, such as lipodystrophy and type
1 DM.11 Rodents and humans with type 1 DM and
leptin deficiency demonstrated that leptin resistance
affected glucose metabolism.10,11 According to some
studies, leptin levels were also elevated after fetal
stem cell transplant in patients with type 1 and type
2 DM.12,13 Autologous adipose-derived stem cells
were also shown to be efficient in a study of patients
with type 2 DM.14
The observed significant increase in leptin level
and the tendency of decreased daily insulin dosage
and HbA1c levels in patients who received the
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AMSCT procedure in our study may indicate the
efficacy of AMSCT.
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Intra-Arterial Injection of Autologous Bone MarrowDerived Mononuclear Cells in Ischemic Stroke Patients
Abdul Majeed Alwan Hammadi, Fizel Alhimyari

Abstract
Objectives: This study aimed to show the positive
effects of autologous bone marrow-derived mononuclear cells in the functional recovery of adult
patients with subacute and chronic ischemic stroke.
Stroke is a leading cause of morbidity and long-term
disability in the world, with about one-third of
survivors being permanently disabled. Bone marrowderived mononuclear cell concentrate is thought to
improve cerebral blood flow and to speed recovery in
animal models. Many types of stem cells have
been used, including mesenchymal, cord blood
cells, and embryonic, with different administration
methods, including intrathecal, intravenous, intraarterial, and intracerebral, all with variable degrees
of success. Mechanisms of action include induction
of angiogenesis, promotion of neurogenesis, prevention of apoptosis, and immunomodulation. The
use of autologous bone marrow-derived mononuclear
cells with the closed method has nearly minimal
manipulation requirements and is a low-risk procedure.
Materials and Methods: We aspirated 100 cm3 (mean
volume) of bone marrow from 37 (12 women/25 men)
Iraqi adult patients (age range, 42-80 y). After
filtration, we injected a small volume (15 cm3) intraarterially through a catheter in the internal carotid
arteries. The remaining volume was injected intravenously. Mononuclear cell count was 5 to 6 × 108
per product. Time from diagnosis until transplant
procedure ranged from 3 months to 5 years.
Results: Intra-arterial administration of autologous
bone marrow mononuclear cells resulted in improvements in the European Stroke Scale (from +4 to 20)
in 25 of 37 patients (67.5%) over 4 to 8 weeks.
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Conclusions: Stem cell therapy is promising in subacute
and chronic stroke patients.
Key words: Cerebral blood flow, Cerebral ischemia, Stem
cell therapy
Introduction
Stroke is one of the leading causes of morbidity and
long-term disability in the world, with about onethird of survivors becoming permanently disabled.
In the early phases of stroke, thrombolytic therapy
and endovascular thrombectomy may reduce overall
disability; however, options are minimal for recovery
once the neurologic deficits have been established.1
In recent years, extensive cell therapy preclinical
research has demonstrated a neurorestorative effect
after cerebral ischemia, which showed improved
neurologic outcomes even in the long term. The most
promising cell therapy is the use of bone marrow
mononuclear cells, which have consistently demonstrated efficacy in animal stroke models in different
laboratories and species. These cells have the
advantage of being rapidly and easily extracted from
bone marrow, without cultivation and with minimal
manipulation. Because these cells can be injected
within 1 hour from bone marrow aspiration, they are
suited for autologous administration at any stage of
stroke. In addition, the risk of malignant transformation and chances of contamination are reduced
with autologous minimal manipulation procedures.2,3
Some preliminary trials have recently shown the
safety and feasibility of autologous bone marrow
transplant in stroke patients. However, many
questions regarding dose, route, and type of cells need
to be addressed before starting phase III trials.4
In addition to bone marrow mononuclear cell,
many other kinds of stem cells have been tested in
clinical trials, including autologous mesenchymal
stem cells, allogeneic mesenchymal-derived stem cells,
DOI: 10.6002/ect.MESOT2018.P102
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autologous peripheral blood stem cells, allogeneic
teratocarcinoma-derived neuronal cells, cord blood
stem cells, and fetal porcine-derived neural stem
cells. These cells have multiple mechanisms of action,
including induction of angiogenesis, promotion of
neurogenesis, prevention of apoptosis, and immunomodulation.5-9
Compared with intravenous administration of
mesenchymal stem cells, injection of bone marrow
mononuclear cells is expected to have a lower risk of
pulmonary embolism because of its smaller cell
size.10,11
In this study, the effects of combined intra-arterial
and intravenous administration of autologous
bone marrow mononuclear cells were examined in
treatment and recovery of patients with chronic
stroke.
Materials and Methods
Patient characteristics and selection
Patient selection was based on the World Medical
Association Declaration of Helsinki and in accordance with the Iraqi guidelines for stem cell therapy.
This study was approved by our health ministry
ethical committee and by a higher national
committee for regenerative medicine. Intervention
was performed after written informed consent was
given by all patients and/or their relatives in cases
when higher mental functions had been affected.12
In this single-arm clinical study, 37 consecutive,
eligible, and consenting patients were included.
Patients (12 women/25 men) ranged in age from 42 to
80 years. Inclusion criteria were patients with chronic
ischemic stroke involving the anterior circulation at 3
months to 5 years after onset of stroke.
Product preparation and infusion
Bone marrow aspiration was done under local
anesthesia with or without sedation, depending on
the individual case. Around 100 mL of bone marrow
were aspirated from the posterior iliac crest after
proper sterilization using a bone marrow aspiration
needle (size according to the patient). Heparinized
syringes were used for collection. Mononuclear cells
were obtained by filtration. The isolated mononuclear cells were checked for viability manually and
confirmed with the use of a cell count machine.
Separated mononuclear cells (total cell count
range of 5-6 × 108) were administered immediately
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after filtration. Mononuclear cell products were
infused into the antecubital vein (average of 35 cm3).
A small volume (average of 15 cm3) was given by
catheter to both internal carotid arteries.
We used the European Stroke Scale to assess
clinical response to treatment.13 Outcomes measured
for safety included immediate reactions after cell
infusion and evidence of tumor formation at 6
months to 1 year. Patients were followed monthly
after the procedure for 1 year to determine clinical
progress using the European Stroke Scale.
Follow-up
Patients were monitored regularly for any immediate
adverse effects in the hospital for 3 days after cell
therapy. Patients were advised to have follow-up
every month. During each follow-up, patients
underwent complete neurologic assessment and
were monitored for any long-term adverse effects.
Patients were followed for a minimum of 6 months.
Results
All 37 patients underwent autologous bone marrow
mononuclear cell injection intra-arterially and
intravenously. Mononuclear cell counts ranged from
5 to 6 × 108 per product with 97% viability.
Two patients had mild fever 24 hours after
infusion, which responded to simple antipyretics.
None of the patients had serious adverse events. Of
37 patients, 25 (67.5%) showed improvements in
neurological status with increase in European Stroke
Scale from 4 to 20.
Time from performing the procedure until
showing improvement ranged from 4 to 16 weeks
after autologous bone marrow mononuclear cell
infusion. Some patients (n = 3) showed marked
improvements in speech; in 4 weeks, they were able
to speak 1 or 2 words. Others (n = 22) showed
improved motor function after neurorehabilitation,
which markedly increased the European Stroke
Score.
Discussion
Stem cell therapy has been shown to improve
functional status in many neurologic diseases,
including cerebral palsy, mental retardation, spinal
cord injury, and stroke. A number of trials have
demonstrated clinical safety of autologous bone
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marrow mononuclear cell transplant and even
autologous bone marrow-derived mesenchymal
stem cell transplant in cases of brain stroke.14,15 In a
multicenter study, the positive effects of intravenously administered bone marrow mononuclear
cells were clear in patients with ischemic stroke.16
Two issues require clarification. First, if improvements occur in patients with chronic ischemic stroke,
then we do not believe that there are any other
factors that contribute to the improvement if it
occurs. This is in contrast to patients with acute or
subacute disease, where natural recovery can be a
factor. In this study, 67.5% of patients showed
improvements. The second important issue is
method of bone marrow-derived mononuclear cell
administration. Logically, an intra-arterial route
would be better in terms of clinical outcome, as more
cell count is available at the site of the lesion;
however, one study showed no clear differences
between the 2 routes of administration.17,18 Here, we
showed that our high clinical response rate (67.5%)
may be due to intra-arterial injection.
The improvements seen here can be explained by
the physiological processes occurring at the microcellular level in the brain as a result of cell therapy,
which is exerted by bone marrow cells. These
processes (angiogenesis, neovascularization, production of growth factors, and paracrine effects) lead to
increased synaptic plasticity at the penumbral area
in the brain. In addition, bone marrow stem cells are
multipotent and can differentiate into different tissue
types, including astrocytes, neurons, and endothelial
cells in the brain.19
With regard to safety, because our procedure was
autologous, use of these cells does not hold the risk
of graft-versus-host disease or tumors. Future studies
will determine the best route and type of cells to be
used in patients with chronic ischemic stroke.
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Demographic Differences Between Two 7-Year Periods of
Organ Donation in Iran: A Single-Center Experience
Farahnaz Sadegh Beigee,1 Fariba Ghorbani,2 Shagin Shahryari,1 Meysam Mojtabaee1

Abstract
Objectives: Donor characteristics can directly affect
transplant outcomes. In this study, we examined donor
patterns in an organ procurement unit, which covered
one-third of the population in Tehran, Iran over the
past 12 years (2005 to 2018).
Materials and Methods: Demographic data of donors,
including sex, age, cause of death, blood group,
outcome of donation, number of organs per donor,
and comorbidities (including diabetes mellitus and
hypertension), were assessed.
Results: Our analyses included 1848 deceased donors
from 2005 to 2018; of these, 649 were female donors
(35.11%), and mean age was 37.11 years old. During
the study period, donor age significantly increased.
The number of pediatric donors under 15 years old
decreased from 11.11% to 7.44%, whereas the number
of donors under 5 years old significantly increased
during the later period. Cause of death shifted to
cerebral hemorrhage rather than trauma. We observed
a significant increase in donors with diabetes mellitus
and hypertension. In the early study period, 16% of
the donors had these comorbidities; however, in the
later period, 31% of the donors had at least 1 risk
factor, including diabetes mellitus or hypertension.
Number of organs per donor was steady over the
study period.
Conclusion: Because donors with brain death are the
only source for heart, lung, and liver transplants, it is
necessary to determine weak points to reduce lost
transplant opportunities.
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Introduction
The greatest hurdle facing organ recovery from
deceased donors is ways to increase the number of
available organs for transplant.1 In this regard, a
variety of approaches have been employed to extend
the donor organ pool. Utilization of extended-criteria
donors, efforts to increase society awareness, utilization of all brain death sources to detect potential
donors, methods to improve the rate of obtaining
consent from families and next of kin, national sharing
models, and optimization of organ allocation are some
activities to overcome the limitations of accessible
organs.2-4 Consequently, organ procurement has
improved over time due to increases in awareness
and positive attitudes toward organ donation among
health care staff and society.5 In some countries,
significant changes in donor characteristics over the
past decade have been detected. Increases in donor
age and donor body mass index have indicated a shift
in the preference of transplant teams against donors
with comorbidities.6-8 In addition, the number of
donations after cardiac death has significantly jumped
by 2.6-fold,8 with quantity of deceased donors only
slightly increasing. Another notable revision in organ
procurement is donation from human immunocompromised virus-infected donors.9 From an ethical
point of view, these types of donors must be
discarded; however, the willingness of potential
recipients along with the presence of patients who
are human immunodeficiency virus positive on
organ transplant wait lists have opened new
windows.10
In Iran, organ procurement after cardiac death is
not a possible consideration, and deceased donors
are the only sources for organs such as heart, lung,
liver, and pancreas.11 Moreover, additional psychoDOI: 10.6002/ect.MESOT2018.P106
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social supportive directives are needed for both
society and medical professionals to improve organ
utilization from deceased donors. Indeed, all parts of
the organ donation process from detection to
donation require close observations to prevent any
failures.
It is known that donor characteristics can directly
affect transplant outcomes12; therefore, their consideration in the organ donation and transplant
process is crucial. In this study, we examined
donation patterns in an organ procurement unit that
covered half of the population in Tehran, Iran over
the past 12 years (2005 to 2018).
Materials and Methods
This study was approved by the National Research
Institute of Tuberculosis and Lung Diseases. We
performed a retrospective analysis of our center’s
database to obtain information on donors consented
for organ donation between December 2005 and
October 2018. The retrieved records were then
categorized into 2 time periods, from 2005 to
December 2011 and from 2012 to 2018.
Demographic data of donors, including sex, age,
cause of death, blood group, outcomes after
donation, number of organ per donor, and some
comorbidities (diabetes mellitus and hypertension),
were assessed.
Data were exported to SPSS software (SPSS: An
IBM Company, version 21, IBM Corporation,
Armonk, NY, USA) from the center’s database.
According to normal distribution of quantitative
date, t tests were conducted for analysis and for
nominal variables. Statistical comparisons were
made using chi-square test. P < .05 was considered
statistically significant.

Over the study period, the number of pediatric
donors under 15 years old decreased from 11.11% to
7.44%, whereas donors under 5 years old were
significantly higher in the later period. In the later
period, 3.18% of all donors were under 5 years old
versus 2.04% in the early period (P = .03; Figure 1).
We also observed a change in donation outcomes.
In the early period, among 538 deceased donors,
93.6% were successful, whereas 3.6% of donors had
cardiac death before organ retrieval and the donation
Table 1. Comparing Donors Characteristics During the 2 Study Periods

Male
Female/Male
Mean age of male donors ± SD
Mean age of female donors ± SD
Mean age of all donors ± SD
Donors ≤ 15 years old, %
Mean age ± SD of donors
≤ 15 years old, year
Donation percent
Family refusal before organ
retrieval, %
Cardiac death before organ
retrieval, %
Not suitable organ, %
Head trauma, %
Intracerebral hemorrhage, %
Convulsion, %
CVA, %
Drug toxicity, %
Brain tumor, %
Post-CPR, %
Other, %
Comorbid factors (diabetes
mellitus and hypertension), %
Mean BMI ± SD, kg/m2

2005-2011

2012-2018

P Value

63%
0.58
31.51 ± 15.28
33.68 ± 11.21
32 ± 15.27
11.11%

66%
0.52
40 ± 22.3
38.42 ± 10.2
39.1 ± 16.58
7.44

NS
NS
< .001
NS
< .001
.03

9.3 ± 4.2
93.6

7.2 ± 4.6
94.61

.04
NS

0

0.39

NS

3.6
3.6
50.5
16.6
4
11.6
4.6
5.9
2.3
4.5

2.03
2.97
29
27.3
1.5
12
5.5
5.7
10
9

.03
NS
< .001
.04
NS
NS
NS
NS
.02
NA

16%
26.52 ± 6.2

31%
25.7 ± 4.3

.01
NS

Abbreviations: BMI, body mass index; CPR, cardiopulmonary resuscitation;
CVA, cerebrovascular accident; NA, not available; NS, not significant; SD,
standard deviation
Figure 1. Proportion of Each Age Category of Donors Over Time

Results
From 2005 to 2018, there were 1848 deceased donors;
of these, 649 were female (35.11%), and the mean age
was 37.11 years. Over the study years investigated
here, we observed a change in the demographics of
organ donors. As shown in Table 1, age of male
donors significantly increased, with mean age
increasing from 31.51 ± 15.28 years in the early period
to 40 ± 22.3 years in the later period. However, the
proportion of female and male donors was steady,
with 60% to 65% of donors who were male.

During the later time period, organ donations from pediatric donors less
than 5 years old had significantly increased.
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process was terminated. In the later period, the rate
of cardiac death before organ recovery decreased to
2.03%.
The incidence of brain death due to head trauma
decreased from 50.5% in the early period to 29% in
the later period (P < .001). However, it was the most
prevalent cause in both periods. Likewise, intracerebral hemorrhage as cause of death increased
from 16.6% to 27.3% (P = .04). Furthermore, brain
death after prolonged cardiopulmonary resuscitation
was more prominent in the later period versus in the
early period (10% vs 2.3%).
When we considered the use of extended-criteria
donors, we observed a significant increase in donors
with risk factors such as diabetes mellitus and
hypertension. In the early period, 16% of donors had
these comorbidities; however, in the later period,
31% of donors had at least 1 risk factor, including
diabetes mellitus or hypertension (P = .01). Blood
group patterns were equal during both periods of
time (Figure 2), and no differences were detected
among donors during the time period.
Figure 2. Change in Blood Groups Over the 2 Time Periods (2005-2011 and
2012-2018)

Blood group patterns were similar to those shown in the general population,
with no shift shown over time.

Figure 3. Rate of Organs Per Donors Over the 2 Time Periods (2005-2011 and
2012-2018)

There were no differences in rates of organ donations from each donor,
although a decline was noted.
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There were no significant differences in rate of
organ procurement based on organs per donor. As
indicated in Figure 3, rate of organs per donor was
2.91 ± 1.6 from 2005 to 2011 and remained similar over
the later period (2.58 ± 1.38; P > .05). Furthermore, we
observed no significant changes in body mass index
of donors during the periods of observation.
Discussion
Organ transplant is the final therapeutic option in
patients with organ failure and is a confirmed highly
effective treatment. In this regard, donor characteristics can strongly impact future organ donation
rates. Increased road safety, more obese donors, more
elderly donors, and a tendency to use extendedcriteria donors to shorten times on transplant wait
lists are some changes seen in organ procurement
and utilization.
In our center, we began from 5.8 ±1.9 organ
retrievals per month in 2005 to 30.1 ± 7.6 organs per
month in 2011. In 2018, the rate of organs retrieved per
month was steady due to the increased number of
extended-criteria donors, who only have one proper
organ to transplant. Other organ procurement units
have mentioned declines in standard criteria donors
from 78% to about 65% during a decade-long period.8
Our study showed a 15% growth in utilization of
donors with underlying disorders such as diabetes
mellitus or hypertension. In addition, the average age
of donors increased by about 21.56%, confirming
increased utilization of elderly donors by transplant
teams. Overall, donor age has progressively increased
over recent decades. From 1994 to 2004, there has been
about a 150% increase in liver transplant donors who
are more than 50 years old.13
A positive attitude toward brain death among
medical staff has resulted in improvements in donor
management, with cardiac arrest before final
donation reduced by 1.6%.
According to the United Network for Organ
Sharing database, a history of cancer is notable in
2.7% of deceased donors.13 Our study revealed that
less than 6% of the donors (in both time periods) had
brain death due to primary brain tumor. Our
transplant teams do not use organs procured from
donors with malignancy, although in some societies
donors with malignancies and donors with viral
hepatitis are considered.6 In 2013, Routh and
associates explored shifting patterns in donor
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selection criteria for liver transplant, which included
use of obese donors.6 Our data showed no changes
in body mass index criterion among donors. Ising
and associates illustrated an increasing number of
drug-intoxicated heart donors from 2% in 2005 to
13% in 2015.14 In our organ procurement unit, the
rate of intoxicated donors ranged from 4.6% to 5.5%
with no significant change.15 It is worth mentioning
that donors with cardiac death and donors with viral
hepatitis are not included in our organ procurement
program. Nelson and associates emphasized that, of
27 000 deceased donors annually throughout the
world, most are from brain death.13,16 However, the
number of total deceased organ donors will not
greatly change unless there is a significant expansion
to donations after cardiac death. Therefore, it is
necessary to determine weak points to reduce lost
transplant opportunities. Because these weak points
can vary from hospital to hospital and from one time
point to another, standardized techniques and strict
instructions can minimize loss of potential donors
and allow appropriate marginal organs.
Conclusion
Because donors with brain death are the only source
for heart and lung transplants in many countries
without DCD program, it is necessary to determine
weak points to reduce lost transplant opportunities.
Demographic changes in donors in the last decade
necessitate professionals to pay attention to new
techniques in order to avoid more serious organ
shortage.
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Gender Disparity and the Relationship Between Living
Donors and Recipients in Kidney Transplants in an
Organ Transplant Center in Turkey
Sare Mıhçıokur,1 Ebru Hatice Ayvazoğlu Soy,2 Ezgi Türkçelik,1 Ayşe Akın,1 Mehmet Haberal2
Abstract
Objectives: The literature search on kidney transplant
procedures performed in Turkey showed that few
publications are available about gender distribution
and the relationships between living donors and
recipients. Therefore, this study aimed to examine the
gender distributions and the relationships between
donors and recipients of living-donor kidney transplants performed in a university hospital in Ankara,
Turkey.
Materials and Methods: In this study, we retrospectively
analyzed the hospital records of living kidney donors
(1611 cases) and all 1991 kidney recipients who underwent living-donor and deceased-donor kidney transplant procedures in a university hospital between
1985 and 2017.
Results: In the study hospital, the annual average
number of living-donor kidney transplants increased
from 19 to 49 cases (total of 1611 cases) per year
during the analyzed period. Among them, 57.8% of all
kidney donors were female (P < .05), whereas 74.7% of
the recipients were male (P < .05). Two-thirds (60.0%;
228/380) of deceased-donor kidney recipients were
male. First-degree blood relatives accounted for most
of the donors, as the most common donor-recipient
relation was mother to son (67.3%; 327/486; P < .05).
Interspousal donation also showed a significant
difference between husband to wife and vice versa
(36 vs 145; P < .05).
Conclusions: There was a male and young predominance among recipients and a female and middleaged predominance among donors of living kidney
transplants in this hospital. It is not known whether
this might be related to possible differences between
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cultural and gender inequalities, or to economic
factors. Further research with qualitative components
on gender factors should be carried out.
Key words: Donor-recipient relation, Living-donor kidney
transplantation, Living kidney recipient
Introduction
Kidney transplantation is the most successful
treatment method to improve the quality of life and
the survival of patients with end-stage renal disease.
Living-donor kidney transplantation has gained
more importance due to insufficiency of deceased
organ donations. Donations from living donors save
many lives; it is an example of sacrifice, solidarity,
and the sincere care for the well-being of others.1
Increased public awareness of renal failure and its
treatment by transplantation and the safety of kidney
donation, as well as scarcity of organs from deceased
donors, have played important roles in the increase
of living-related kidney donations.2
Worldwide and in most Western countries, in
organ transplants from living kidney donors, there
are significant differences in the gender distribution
of living donors (two-thirds female) and recipients
(two-thirds male). Women mostly donate organs to
both women and men, whereas most men give
organs to men and most recipients are also male.3-6
Middle Eastern and Eastern countries show a male
predominance in donation.2,7-9 This gender difference
could be the result of the communities socioeconomic
and cultural characteristics and traditional and
religious beliefs. When the donor and recipient
relationships were examined, it was found that most
were blood relatives, and 1 in 10 were spouses.3-6,10,11
Although there is considerable research in the
literature, in Turkey, there are few publications about
gender distribution and the relationships between
living donors and recipients. Therefore, this study
DOI: 10.6002/ect.MESOT2018.P109
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aimed to examine the gender distributions and
relationships between donors and recipients in livingdonor kidney transplant procedures performed in a
university hospital in Ankara, Turkey.
Materials and Methods
In this study, we retrospectively analyzed the hospital records of living kidney donors (1611 cases) and
all 1991 kidney recipients who received living-donor
and deceased-donor kidney transplant procedures in
a university hospital between 1985 and 2017. We
analyzed data of all kidney transplants performed
until December 31, 2017. Information about the
number of male and female donors as well as
recipients, donor-recipient relationships, and age of
individuals at the time of kidney transplant were
obtained from the Nucleus Program records used for
our Hospital Registration System. The study protocol
was approved by the Institutional Review Board.
Statistical analyses were performed with SPSS
software (SPSS: An IBM Company, version 25.0, IBM
Corporation, Armonk, NY, USA). Descriptive statistics, averages, frequency tables, and dependentgroup t tests were used to analyze the variables.
Statistical significance was identified by a two-sided
P value of < .05.
Results
In our hospital, the annual average number of livingdonor kidney transplants increased from 19 to 49
cases (total 1611 cases) per year from 1985 to 2017.
Only one-third of all deceased-donor and livingdonor kidney recipients were female, whereas 71.8%
were male. Two thirds (60.0%; 228/380) of deceaseddonor kidney recipients were male. Among all living
kidney donors, 57.8% of recipients were female
(P < .05) and 74.7% of recipients were male (P < .05).
The distribution of male to male donations
constituted 71.5% (486/680), and the distribution of
male to female constituted 28.5% (194/680) (P < .05).
Females provided 76.5% (713/931) and 23.4%
(218/931) of living kidney donations to males and
females, respectively (P < .05). Most males received
kidneys from females and donated their kidneys
more often to males.
The mean age of recipients was 31.9 ± 12.6 years,
and 85.0% (1360/1611) were younger than 44 years
old. In addition, 42.2% (680/1611) of all living donors

were middle-aged (range, 45-79 y), with an average
donor age of 42.1 ± 11.8 years (Table 1). Women more
often donated their kidneys to pediatric recipients
(13.6% female donors [127/931] vs 9.7% male donors
[66/680]; P < .05), whereas men more often donated
to elderly (16.8% male donors [114/680] vs 14.7%
female donors [137/931]).
Table 1. Distribution of Gender and Age of Donors and Recipients in Kidney
Transplant Procedures in a Transplant Center (Ankara, Turkey, 1985-2017)
Living Kidney
Donor

Living Kidney
Recipient

Deceased
Kidney
Recipient

Total Kidney
Recipient

Gender, No. (%)
• Female
931 (57.8)
412 (25.6)
149 (39.2)
561 (28.2)
• Male
680 (42.2) 1199 (74.4)
231 (60.8) 1430 (71.8)
• Total
1611 (100.0) 1611 (100.0) 380 (100.0) 1991 (100.0)
Age group at transplant, No. (%)
• 0-4 y
14 (0.9)
3 (0.8)
17 (0.9)
• 5-9 y
23 (1.4)
4 (1.1)
27 (1.4)
• 10-14 y
61 (3.8)
18 (4.7)
79 (4.0)
• 15-19 y
16 (1.0)
165 (10.2)
44 (11.6)
209 (10.5)
• 20-24 y
94 (5.8)
217 (13.5)
46 (12.1)
263 (13.2)
• 25-29 y
162 (10.1)
263 (16.3)
48 (12.6)
311 (15.6)
• 30-34 y
197 (12.2)
228 (14.2)
41 (10.8)
269 (13.5)
• 35-39 y
226 (14.0)
214 (13.3)
48 (12.6)
262 (13.2)
• 40-44 y
236 (14.6)
175 (10.9)
35 (9.2)
210 (10.5)
• 45-49 y
212 (13.2)
101 (6.3)
32 (8.4)
133 (6.7)
• 50-54 y
199 (12.4)
72 (4.5)
34 (8.9)
106 (5.3)
• 55-59 y
141 (8.8)
54 (3.4)
15 (3.9)
69 (3.5)
• 60-85 y
128 (7.9)
24 (1.4)
12 (3.2)
36 (1.9)
• Total
1611 (100.0) 1611 (100.0) 380 (100.0) 1991 (100.0)
Mean age at
transplant ± SD, y 42.1 ± 11.8 31.9 ± 12.6 33.5 ± 13.9 32.2 ± 12.9

Most living donors were blood relatives (87.7%;
1413/1611). Only 10 donors (3 female, 7 male) were
nonblood relatives and 6 donors were not relatives
(2 female, 4 male). First-degree relatives accounted
for most of the donors (76.6%; 1234/1611), and the
most common donor-recipient relation was mother
to son (26.5%; 327/1234; P < .05). Mothers were more
likely to donate than fathers (39.4% vs 20.0%,
respectively). Further analyses showed that brothers
(178 vs 46; P < .05) and sisters (176 vs 41; P < .05) were
giving more frequently to brothers than to sisters.
Interspousal donations also showed a significant
difference between husband to wife and vice versa
donations (36 vs 145; P < .05) (Table 2).
Discussion
Our study showed that there is an evident gender
difference between living donors and their recipients.
Females donated more and received fewer kidneys
than males (Table 1). Numerous international studies
and many from Western countries (including Canada,
Norway, India, United States, and Switzerland) have
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Table 2. Distribution of Gender and Relationships of Donors and Recipients
in Living-Donor Kidney Transplant Procedures in a Transplant Center
(Ankara, Turkey, 1985-2017)
Donor

Recipient, No. (%)
Female
Male

Living donor
• Female
218 (13.5)
713 (44.3)
• Male
194 (12.0)
486 (30.2)
• Total
412 (25.5)
1199 (74.4)
First-degree relatives (donor-recipient)
• Mother
159 (12.9)
327 (26.5)
• Father
67 (5.4)
180 (14.6)
• Daughter
9 (0.7)
21 (1.7)
• Son
16 (1.3)
14 (1.1)
• Sister
41 (3.3)
176 (14.3)
• Brother
46 (3.7)
178 (14.4)
• Total
338 (27.4)
896 (72.6)
Spousal pair
• Female
145(80.1)
• Male
36 (19.9)
• Total
36 (19.9)
145(80.1 )
P value indicates gender difference.

a

Total, No. (%)

P Value

931 (57.8)
680 (42.2)
1611 (100.0)
486 (39.4)
247 (20.0)
30 (2.4)
30 (2.4)
217 (17.6)
224 (18.2)
1234 (100.0)

< .001

145 (80.1)
36 (19.9)
181 (100.0)

< .001

< .001
< .001

also shown that women constitute the majority of
living kidney donors.3-6,10,11 Female donation rates
reported by multiple Western renal registries range
between 57.0% and 68.0%.3-6 In our hospital, the
gender distribution in living-donor kidney transplants
was similar to that shown in Western countries. In our
study, 57.0% of living kidney donors were female and
74.7% of recipients were male (Table 1). The gender
difference was statistically significant (P < .05). These
results are similar to the gender distribution of 15 131
living-donor kidney transplants performed between
2008 and 2017 in Turkey, in which 57.3% of living
donors were female and 64.9% of recipients were
male.12 However, in contrast to that shown in
Western countries, in Middle Eastern and Eastern
Islamic countries, most living donors and recipients
are male.2,7-9 In a study that assessed donor and
recipient gender distribution in Saudi Arabia, males
donated significantly more than females (67.4%
vs 32.6%) and also received more than females.2 Of
16 672 living-donor kidney transplant procedures
performed in Iran, 80.0% of living donors and 62.0%
of recipients were male.8 Although Turkey is
perceived as a Middle Eastern country and most of
the population has the same religious beliefs as in
those countries, the gender differences among living
donors and recipients are not similar. This may be
related to its sociocultural similarity to Western
countries.
The reason for gender discrepancies is variable
and multifactorial and may vary depending on both
sociocultural matters and biological determinants. In
Western countries, the main reasons for gender
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disparities in recipients could be the higher incidence
of kidney disease in men and fear of losing earnings
of male donors and recipients. Female preponderance in living donors could be the result of
women’s perception of renal donation as an
extension of family responsibilities of women.3-5,8 It
was also suggested that social, economic, and gender
attitude differences could be responsible.3,4
In our study, we also found that most males
(76.5%) received kidneys from females and donated
their kidneys more often to males (71.5%). Male to
female donation was 28.5%. This also shows similarity with reports from Western countries where
women are most likely to donate to men and men are
less likely to donate to women.3,6,13 This contrasts
again with the rates shown in Middle Eastern and
Eastern countries.2,4,5,7 Disparities between findings
could be due to divergent cultural and social
conditions in different societies. There is also some
evidence that men and women have different
attitudes toward donation.14,15
In our study, recipients were generally young
with a mean age of 31.9 ± 12.6 years and most were
younger than 44 years old at the time of transplant.
Most living donors were middle-aged with an
average donor age of 42.1 ± 11.8 years (Table 1).
Compared with Iran, recipients of living-donor
kidney transplants in our study were younger and
donors were found to be older. The mean age of
recipients of living-donor kidney transplants in Iran
was 38 ± 16 year, and most donors were less than 35
years old at the time of transplant (mean age of
28 ± 7 years).8 In our study, the gender distribution of
donors regarding recipient age was noteworthy.
Women donated their kidneys more often to
pediatric recipients (P < .05), whereas men donated
more often to the elderly. In Norway, both fathers
and mothers donated to their young children.5 In
Iran, fathers and mothers donated to their children
irrespective of age and gender.8
In our hospital, most living donors were blood
relatives (87.7%; 1413/1611); only 16 donors were
nonblood relatives or were not relatives. According
to the Iranian National database and report on
gender of donors and recipients, living unrelated
donors were much more common than living related
donors (84.0% vs 16.0%, respectively).8 For bloodrelated donors, we found that 76.6% were firstdegree relatives and 59.4% were female. Parental
donations constituted the major donor source.
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Mothers were more likely to donate than fathers, and
the most common donor-recipient relation was
mother to son (P < .05) (Table 2). These findings are
similar to findings from other countries. It seems that
there is a global predominance for mothers among
parental donations.8,10,16 In our study, in transplants
between siblings, the percentage of sisters and
brothers as donors were similar, but they were giving
more frequently to brothers than to sisters (Table 2). In
a Norwegian report, sisters were more frequent
donors than brothers.5 In addition to that shown in
Norway, siblings in the United Kingdom, Switzerland,
and Iran constituted the major first-degree blood
relative among living donors.4,5,8,17 In our study,
interspousal donations showed significant differences between husband to wife and wife to
husband; 145 (80.1%) of the donors were females,
donating their kidney to their husbands, whereas
36 (19.9%) were males who donated to their wives
(P < .05) (Table 2).
Female predominance in spousal donations is
also seen worldwide.3,5,6,11,18 In Switzerland, about
73.0% of spousal donations were made by females.4 In
Canada, 90.0% of spousal kidney transplants were
from wives to husbands.3 Moreover, females comprise
more than 68.0% and two-thirds of the American and
Norwegian spousal donors, respectively.5,6 This
finding could be related to the social expectations for
women to donate their kidney as they are perceived
as the caregivers of the family.
In conclusion, there was a male and young
predominance among recipients and a female and
middle-aged one among donors of living-donor
kidney transplants in our hospital. Most living
donors were first-degree female blood relatives. It is
not known whether this might be related to the
possible differences between genders regarding
biological determinants, sociocultural and gender
inequalities, or economic factors. Further research
with qualitative components on gender factors
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should be carried out to determine to what extent
these or other factors are contributing.
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Living Unrelated Kidney Transplantation: Does It Prevent
Deceased-Donor Kidney Transplantation Growth?
Nasser Simforoosh, Abbas Basiri, Ali Tabibi, Mohammad Nadjafi-Semnani

Abstract
Objectives: It is usually assumed that an active livingdonor transplant program inhibits the growth of a
deceased-donor kidney transplant program. In our 33year experience, we found the contrary to be true.
Materials and Methods: From 1984 until 2017, we
performed a total of 4966 kidney transplant procedures.
All cases were registered through the Collaborating
Transplant Study (Heidelberg, Germany).
Results: During the first 16 years, only living-donor
kidney transplant procedures were done. Our first
unrelated living-donor kidney transplant procedure
was in 1986 and involved a wife to husband donation.
This breakthrough in our country was the first in our
unrelated living-donor kidney transplant program. In
2000, the Iranian Parliament passed the deceaseddonor transplant act, and we have started deceaseddonor kidney transplants since then. Despite a
jam-packed living-donor kidney transplant program,
our deceased-donor kidney transplant program has
grown steadily since then and now comprises more
than 50% of our kidney transplant procedures. When
we compared the outcome of these programs, the
5-year survival from Collaborating Transplant Study
report of 3527 cases of 114 living-related donor
procedures was 90%. The 5-year survival rates for
living unrelated-donor (n = 2689) and deceased-donor
(n = 724) transplant procedures were 88% and 83%,
respectively (P = .001).
Conclusions: Our data showed that deceased-donor
kidney transplant procedures have steadily increased
despite an active unrelated living-donor kidney
transplant program. Wait lists for kidney transplant
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can be significantly reduced by following our model,
both in developed and in developing countries.
Key words: Deceased-donor renal transplantation, Ethics,
Iranian model, Living related kidney donor, Living
unrelated kidney donor, Reward gifting
Introduction
Unrelated living-donor kidney transplants (LDKT)
from spouse and other unrelated donors have similar
patient and graft survival rates as related LDKT, even
with 0 mismatches.1 These procedures are valuable
sources of kidney organs for transplant, which
provide not only better graft survival and half-life
compared with deceased-donor kidney transplant
(DDKT) procedures but also can decrease time on a
wait list.1 Transplantation in the Middle East started
in Iran in 1967 with renal transplantation,2 and Iran
has a unique living unrelated reward-gifting program
for renal transplantation.3 Although the Iranian model
for kidney transplant has eliminated transplant
tourism,4 some concerns exist regarding the effects of
this unique program on the progression of the
deceased-donor program.5 With regard to data from
one center in Iran, it was concluded that terminating
the unrelated LDKT program has increased DDKT.5
It is well-known that transplant tourism and
purchasing kidneys illegally abroad are serious
hindrances to the development of DDKT.6 Here, we
report our experience with more than 4996 kidney
transplant procedures, which started 33 years
previously and has been maintained in both eras,
that is, both before implementation of the DDKT
program and after its implementation.
Materials and Methods
From 1984 to 2017, our center performed 4966 kidney
transplant procedures. All cases in our center have
DOI: 10.6002/ect.MESOT2018.P110

Nasser Simforoosh et al/Experimental and Clinical Transplantation (2019) 1: 250-253

been registered with the Collaborating Transplant
Study (CTS) at Heidelberg, Germany, and all data
reported here are from the CTS. Our transplants
during earlier years were only LDKT because there
was not a law to allow DDKT. The Iranian parliament
later passed an act to allow DDKT; therefore,
there are now both LDKT and DDKT programs.
The number and type of kidney transplants and
survival rates of related LDKT, unrelated LDKT, and
DDKT procedures were obtained from the CTS
database.
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Figure 2. Five-Year Survival Rate for Unrelated Living-Donor and DeceasedDonor Kidney Transplant Recipients

Results
During the first 16 years, only LDKT procedures
were done. Our first unrelated LDKT was in
1986 and involved a wife to husband donation,
leading to the first unrelated LDKT program in
our country and the Middle East, which was a
breakthrough.7 In 2000, the Iranian Parliament
passed the deceased-donor transplantation act, and
we started the DDKT program since then. Deceaseddonor kidney transplant procedures have steadily
increased and now make up more than 50%
of our kidney transplant procedures. Figure 1 shows
that, despite an active unrelated LDKT program,
there has been a steady increase in the rate of
DDKT.
Figure 1. Deceased-Donor Kidney Transplants Have Grown Steadily to Above
50% of All Kidney Transplants

Among the first 3527 cases from the CTS
report, the 5-year survival of 114 related LDKT
recipients was 90%. The 5-year survival rates for
unrelated LDKT (n = 2689) and DDKT (n = 724)
recipients were 88% and 83%, respectively (P = .001;
Figure 2).

Discussion
The first renal transplant in the Middle East Society
of Organ Transplantation region and Iran was
performed in 1967 in Shiraz, Iran.2,8-12 From this
breakthrough up to the Islamic revolution of Iran in
1979, about 112 transplant procedures were
conducted,13 mostly from living related donors.8,14
From 1980 to 1984, no transplant procedures were
performed in Iran; instead, around 400 Iranian
patients were sent by the Ministry of Health to other
countries (mostly the United Kingdom) for renal
transplant procedures.12,15
In 1984, 2 transplant teams started transplant
procedures from living related donors.13 Specifically,
the process was started in Tehran, Iran by Professor
Iraj Fazel.1,8,9 Professor Nasser Simforoosh was the
second pioneer of renal transplant procedures and
started kidney transplant procedures in 1984 at the
Shahid Labbafinejad Hospital Medical Center.9 This
program of renal transplantation is Iran’s center of
excellence16 and has completed more than 4996
kidney transplant procedures, actively performing
both DDKT and unrelated LDKT procedures.7,17 The
first living unrelated allograft transplant in Iran and
the Middle East18 was done in January 1987 in the
Shahid Labbafinejad Hospital in Tehran, involving a
wife to husband donation.1,8-10 This was a breakthrough in renal transplant in Iran.18 At that time, due
to the Iran-Iraq war (1980-1988), economic sanctions,
lack of sufficient dialysis facilities, and other countless
problems, many renal patients were dying.19 In 1988,
many patients with end-stage renal disease needed
a renal transplant but had no living related donor.
Deceased-donor transplant procedures had not yet
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been implemented, and there was a long wait list. For
these reasons, the living unrelated reward-gifting
program was established by the government in
1988. 7,12, 19,20
While the Iranian model (reward gifting) was in
progress, Dr. Fazel13 received religious approval
(Fatwa) from the Supreme Leader of Iran, the late
Imam Khomeini, in 1989, who recognized brain
death and allowed deceased-donor organ transplant.
This religious approval was given for the first time
in the entire Shia community.13 The number of renal
transplants that were performed increased rapidly
such that, by 1999, the renal transplant wait list was
eliminated in Iran.12 Iran also has the most active
renal transplant program, especially DDKT program,
in the Middle East.21
In the Iranian model, if a patient has no related
donor, then he or she is referred to the charity
organization named Dialysis and Transplant Patients
Association (DTPA) to find a suitable living unrelated donor. The DTPA is the exclusive authority
with rights to handle the matching of donors and
recipients.18 The unrelated donors, once registered at
DTPA, are systematically evaluated.18 After the
donor is confirmed to be in good health and has
provided valid informed consent, donors are
introduced to potential recipients.18 Most members
of DTPA are end-stage renal disease patients; DTPA
is a nonprofit charity run by aids of the people.
“Middleman” or agency intermediacy is illegal and
prohibited.18 Transplant procedures are done in
university hospitals, and transplantation and dialysis
are free of charge for all Iranian citizens.18 After
transplant, the living unrelated donor receives an
award from the government and from the recipient
(for poor recipients, this reward is given by
DATPA).18 The university hospital and the transplant
teams receive a fixed amount of payment from the
government for each transplant. The rewarding gifts
are kept to a range that most recipients of middle to
poor socioeconomic classes can afford, especially
with the help of the charity foundations.18 This
program is run by the Ministry of Health and
Medical Education of Iran. Kidney transplant to a
foreign citizen is illegal except for countries that do
not have transplant programs. In this case, the
donors have to be from the same country.18,22
Our center has been active for the past 33 years,
contributing to more than 4996 kidney transplant
procedures, and we are running a busy living-donor
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program. Despite these facts, our deceased-donor
program has grown steadily in our center, with more
than 50% of our transplants from deceased donors
(Figure 1).
Conclusions
The Iranian model of kidney transplant has
decreased the wait list time for kidney transplant and
has eliminated transplant tourism.4 There are many
controversial ethical issues regarding the Iranian
model of transplantation, and, of course, some
aspects of this model need reform and change. There
is also some concern regarding the effects of this
unique program on the progression of DDKT. Our
data prove that DDKT has grown steadily despite an
active unrelated LDKT program. Our data show that
time on wait lists for kidney transplant can be
significantly reduced by following our model, for
both developed and developing countries.
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Liver Donation From Marginal Donors:
To Donate or Not to Donate?
Masoud Mazaheri, Meysam Mojtabaee, Mojtaba Mohsenzadeh, Shagin Shahryari,
Farahnaz Sadegh Beigee
Abstract
Objectives: Livers from deceased donors compose
nearly 30% of all organ transplants, and about 700
liver transplants are carried out per year. Marginal
livers (extended-criteria donors), however, are not
usually accepted by recipient teams, and there is only
one center for these procedures in Iran. The final
decision is made according to criteria that are much
more conservative than other globally accepted ones.
Materials and Methods: To find significant differences
and construct an algorithm to predict the future of
marginal livers (before transfer of donors to our organ
procurement unit), successfully donated and unsuccessfully donated livers divided into 2 age groups
were compared in terms of age, sex, body mass index,
liver function tests, significant medical disorders, and
preretrieval liver sonography report.
Results: In the first age group (50-59 years old), there
were 88 successful donors and 27 unsuccessful cases
(due to 3 reasons: positive virology tests, death before
retrieval, and ruled out by surgeons in the operating
room). In the second age group (≥ 60 years old), there
were 45 successful donors and 11 unsuccessful cases.
The results showed that there were no differences
between successful and unsuccessful cases regarding
age and liver sonography results; however, sex, body
mass index, liver function tests, and previous medical
disorder were different between groups. Donors in both
age groups were mostly male (60% and 73%); however,
surprisingly, most unsuccessful cases were female
(56.6% and 57%). Donors had generally lower body
mass index (2 numerical difference), better liver function
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tests, and less risk factors (heart disease, diabetes
mellitus, fatty liver, and chronic alcohol consumption).
Conclusions: Before transfer of marginal liver donors
to the organ procurement unit for further evaluation
and organ retrieval, one must consider that age is just
a number and the presence of other comorbidities can
have more decisive roles on liver quality.
Key words: Brain death, Extended-criteria donors, Organ
donation
Introduction
In the past decade, letting go of optimum criteria for
selection of deceased-donor organs has pushed liver
procurement and transplant numbers to higher
levels.1,2 Marginal liver donors have been frequently
reported to be effective without significant decreases
in survival rates and quality of life of recipients if
the cases are well selected and matched.3 However,
when marginality has been certainly proved, exact
determination of the conditions of whether the
neurologically dead person can be a successful donor
is another field of concern. The process of brain death
and subsequent mechanisms of injury themselves, as
well as potential donor characteristics and considerations of past medical history on the organ, can
affect its rejection.
In Iran, donation after brain death has developed
rapidly in the past decade, with donations per million
population increasing by 50 times in the 21st century
(from 0.2 in 2000 up to 11.4 in 2017).4 Livers from deceased donors compose nearly 30% of all organ transplants, and about 700 liver transplants are carried out
per year. Marginal livers (extended criteria donors),
however, are not usually accepted by recipient teams,
and there is only one center that considers these livers
for further evaluation. The final decision is made according to some (empirical, self-made) criteria that are
much more conservative than globally accepted ones.5
DOI: 10.6002/ect.MESOT2018.P112
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Materials and Methods
To better understand the decision-making process of
recipient teams and to prevent wasted time and
financial resources on unusable livers, we studied
all procured livers from donors of 2 age groups
(50-59 year old and ≥ 60 year old) over 2 consecutive
Iranian years (March 2016 to March 2018) (Table 1).
To find significant differences and to construct an
algorithm to predict the future of marginal livers
(before donors are transferred to our organ
procurement unit), successfully donated livers and
unsuccessfully donated livers in both age groups
were compared in terms of age, sex, body mass index
(BMI), liver function tests, significant medical
disorders, and preretrieval liver sonography report.
Table 1. Livers From 2 Age Groups of Deceased Potential Donors
Age
Group

50-59 year
≥ 60 year

Total
Number

Successfully
Donated
Liver

115
56

88 (76.5%)
45 (80.3%)

Unsuccessfully Donated Liver
Rejected in
Positive
Death
Operating
Virology
Before
Room
Test
Retrieval

23 (20%)
7 (12.5%)

3 (2.6%)
3 (5.3%)

1 (0.8%)
1 (1.7%)

Results
In the first age group (50-59 years old), there were
88 successful donations and 27 unsuccessful cases
(due to 3 reasons: positive virology tests making
donation impossible, death before organ retrieval,
and ruled out by surgeon in the operating room). In
the second group (≥ 60 years old), there were 45
successful donors (80.4%) and 11 unsuccessful cases
(19.6%).
We observed no differences between successful
donors and unsuccessful cases regarding age and
liver sonography results. However, sex, BMI, liver
function tests, and previous medical disorders were
different between the 2 groups. Donors in both age
groups were mostly male (60% and 73%); however,
surprisingly, most unsuccessful cases were female
(56.6% and 57%; P = .05 and .02). The donor

population had generally lower BMI (P = .05), better
liver function tests (P = .04), and less risk factors
(heart disease, diabetes mellitus, fatty liver, and
chronic alcohol consumption; P = .03) (Table 2).
Discussion
The use of marginal donors in liver transplant
procedures until now has been questioned in the
literature. Among various factors affecting donation
are donor age, donor height, donation after cardiac
death, split liver donors, black race/ethnicity,
vascular accident as cause of death, regional sharing,
and cold ischemia time.6 The most controversial
criterion is donor age. After a careful overview of
related papers, we deduced that donor age alone is
not a determining factor regarding organ quality and
graft survival.7-10
In their report of characteristics related to graft
and patient survival in donors older than 70 years,
Alamo and associates11 suggested that such donors
can be of similar benefit compared with younger
donors if special selection tips are considered. They
suggested that prolonged ascites and hepatitis C
virus infection were alarming signs. In our center and
in accordance with our methodology and results, we
suggest the same idea because we have not
considered all potential donors greater than 60 years
at the same rate as younger donors.
Some researchers have proposed ultrasonography,
computed tomography, or even magnetic resonance
imaging studies to validate the quality of the liver
before retrieval. With the heavy shadow of definitive
histology studies like biopsy with frozen section
regarding determination of existence and degree of
steatosis, fibrosis, and other morphologic considerations, the accuracy and fruitfulness of these
modalities have faded.12 However, due to the
surprising increase in liver steatosis incidence in
some populations, performance of at least one of the
above modalities seems vital to avoid the subsequent
waste of resources.

Table 2. Donor Specifications of Successfully Donated and Unsuccessfully Donated Livers
Age Group

Successfully donated
50-59 yUnsuccessfully donated (surgeon)
Successfully donated
≥ 60 yUnsuccessfully donated (surgeon)

Mean Age, y

Female, %

Mean BMI,
kg/m2

54.6
53.5
63
62.8

40
56.6
37
57

27.17
30.16
26.8
31.02

Mean
AST/ALT

Risk Factors,
No. (%)

Notable Liver
Sonography, No. (%)

90/60
115/75
65/33
141/87

17/88 (19%)
8/23 (35%)
7/45 (15.5%)
2/7 (28.5%)

7/88 (8%)%)
3/23 (13%)
1/45 (2.2%)
0/7 (0)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index
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It is clear that use of liver function tests in a
setting like the intensive care unit for prediction of
liver quality can be deceptive. In fact, their
compatibility with histology studies can explain
some pathologies.13 However, we have considered
the test results before definitive studies and found a
relationship between alanine aminotransferase and
aspartate aminotransferase levels versus the final
destination of the procured liver.
Conclusions
Before transfer of marginal liver donors to the organ
procurement unit for further evaluation and organ
retrieval, one must consider that age is just a number
and the presence of other comorbidities can have
more decisive roles on liver quality. One must be
cautious as well with higher BMI and female cases
because of their higher liver rejection rates. Liver
function tests are also important in predicting liver
suitability for donation, but sonography is not an
accurate way and we must search for another
method for liver evaluation before retrieval.
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Role of Methylprednisolone in the Management of
Hemodynamically Unstable Brain-Dead Cases
Farahnaz Sadegh Beigee, Elnaz Nazifi Daryani, Shagin Shahryari, Meysam Mojtabaee

Abstract
Objectives: Optimal care of potential donors can lead
to successful transplantation. Hemodynamic instability is a common complication in deceased potential
donors. The most common underlying causes are
hormonal and electrolyte disturbances as well as a
hyperinflammatory state, which is rooted in activation
of the cytokine cascade. In this study, our aim was to
evaluate the efficacy of methylprednisolone injection,
an agent introduced for inflammation suppression to
achieve more stability in cases of hemodynamic
disturbances.
Materials and Methods: This study covered the period
from April 2016 to June 2017 and included 45 randomly
selected hemodynamically unstable brain-dead cases
(mean arterial pressure < 60 mm Hg). For these cases,
primary management included trying to achieve
stability; however, after many hours, we experienced
hemodynamic instability again. Because of no other
correctable methods, we decided to use methylprednisolone injection. The potential deceased donors
received a total of 1 g methylprednisolone in two 500mg divided doses after transfer to the organ procurement unit.
Results: Of 45 patients, 26 were male (58%), and the
mean age of patients was 33 years. The most common
causes of brain death were trauma (33%) and cerebrovascular accident (22%). Systolic and diastolic blood
pressures increased significantly after methylprednisolone use. We observed no significant differences
in pulse rate. In addition, methylprednisolone could
correct pH from 7.33 ± 0.11 to 7.38 ± 0.12 (P = .007).
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Conclusions: Use of methylprednisolone in hemodynamically unstable deceased donors could allow
better management of these cases. Because there are
various factors such as infusion of vasopressor drugs or
fluid therapy that could affect the hemodynamic status
of these cases, future studies with larger sample sizes are
recommended to control these confounding factors.
Key words: Blood pressure, Deceased donors, Hemodynamic
instability, Inflammation
Introduction
Transplantation is the only option for many patients
with end-stage organ failure, and wait list mortality
is a real issue.1 Optimal care of potential donors
could result in successful transplantation, decrease
the number of donors lost, and increase the number
of organs retrieved per potential donor.1-3
Hemodynamic instability is one of the most
common complications of brain death. The sympathetic storm and the subsequent hemodynamic
instability after brain death may lead to hypoperfusion and ischemia in various organs, consequently activating the cytokine system. This process
could lead to negative effects on transplant outcomes
of major organs such as heart, liver, and kidneys.4,5
Therefore, the goals in management of hemodynamic
instability include maintenance of blood pressure
with minimal use of inotropes, optimizing fluid
management, and maintenance of organ perfusion.6
Methylprednisolone is an effective agent in
suppressing inflammatory chemicals, such as
monocyte chemotactic protein 1, interleukin (IL) 2,
IL-6, tumor necrosis factor alpha (TNF-α), and
inducible protein 1, and increasing steroid plasma
levels. Previous clinical trials on the effects of
methylprednisolone on hemodynamic instability are
limited. In this study, our aim was to evaluate the
efficacy of methylprednisolone injection in achieving
DOI: 10.6002/ect.MESOT2018.P113
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more stability in hemodynamic disturbances in
deceased donors.7
Materials and Methods
Our study included 45 randomly selected brain-dead
potential donors who were seen over a 14-month
period (from April 2016 to June 2017). Inclusion
criteria were brain death of different causes and
hemodynamic instability (mean arterial pressure
< 60 mm Hg). Brain death was diagnosed clinically
(coma, absences of brainstem reflexes, apnea test) and
then confirmed with electroencephalography and
transcranial Doppler sonogram.
Hemodynamic stability was assessed by continuous, complete cardiac monitoring and by
measurement of systolic blood pressure (SBP) and
diastolic blood pressure (DBP) levels. All patients
received endotracheal intubation and were ventilated,
with respiratory systems monitored using pulse
oximetry and arterial blood-gas sampling. Electrolytes
were measured. Proper hydration procedures were
performed, and inotropes were administered to
maintain mean arterial pressure > 60 mm Hg and urine
output > 1 mL/kg/h.8
For these cases, we performed primary management and tried to achieve stability; however, after
many hours, we experienced hemodynamic instability
again. We found no other correctable method and
finally decided to use methylprednisolone injection.
Potential deceased donors received a total of 1 g
methylprednisolone in two 500-mg divided doses after
transfer to the organ procurement unit of the Massih
Daneshvari Hospital (Tehran, Iran).
Vital signs, arterial blood-gas indexes, and
electrolyte levels were measured before and 1 hour
after methylprednisolone injection.
Before start of study, the ethics committee of the
institution approved this study; the protocols
conformed to the ethical guidelines of the 1975
Helsinki Declaration. Written informed consent was
obtained from all donor families for organ donation
and for research purposes. Paired sample t tests were
used for comparisons of measurements before and
after treatment.
Results
Of 45 total patients, 26 were male (58%), and the
mean age was 33 years. The most common causes of
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brain death were trauma (33%) and cerebrovascular
accident (22%). We found that SBP and DBP increased
significantly after methylprednisolone use (mean SBP
from 82 to 94 mm Hg; P = .021 and mean DBP from 51
to 62 mm Hg; P = .04). There were no significant differences in pulse rate. Although the mean concentration of potassium and sodium after treatment
increased to 4.1 ± 0.9 mEq/L and 144 ± 6.2 mEq/L,
they were not statistically significant (P = .072 and
P = .3). In addition, methylprednisolone corrected pH
from 7.33 ± 0.11 to 7.38 ± 0.12 (P = .007).
Discussion
In this study, use of methylprednisolone had a
significant effect on increasing mean arterial pressure
and achieving hemodynamic stability in potential
deceased donors. We found that SBP and DBP
increased significantly after methylprednisolone
injection. However, there has been previous
conflicting evidence to support the routine use of
corticosteroids in the management of organ donors,
and there is no absolute guideline for types of
corticosteroid use and optimum dosage.9
Different dosages have been used in previous
studies.10 Nevertheless, the most recommended dose
has been 15 mg/kg.1,11,12 In our study, treatment with
2 divided doses of 500 mg methylprednisolone
resulted in a rise of SBP from 61 to 72 mm Hg
independent of inotrope dosage. We observed no
significant differences in pulse rate, which is in
agreement with previous studies. For example,
Novitzky and associates showed that use of hormonal
therapy resulted in hemodynamic stability and
reduced inotrope usage.13 In a study from NicolasRobin and colleagues, corticosteroid supplementation
enhanced the systemic hemodynamic stability and
decreased the inotrope dose regardless of the
donor’s pathophysiologic corticosteroid status.14
Regarding the effects of methylprednisolone on graft
function, some investigations of kidney allografts
from deceased donors showed no difference in
graft function.15,16 Another study by Kotsch
and associates showed improved graft function
after methylprednisolone administration.7 However,
Dhar and associates found that corticosteroid
administration had no significant influence on
vasopressor weaning and resulted in no difference in
ejection fraction or difference in graft and patient
survival.17
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Another finding in our study was that methylprednisolone could correct pH from 7.33 to 7.38 without
bicarbonate requirement. This is in agreement
with Novitzky and associates, who showed that
methylprednisolone treatment could decrease the
bicarbonate requirement and could lead to correction
of metabolic acidosis.13
Possible mechanisms of action
Brain death has been shown to result in increased
blood levels of several cytokines, including TNF-α,
IL-6, IL-8, IL-1b, and IL-2R.7,18 Glucocorticoids have
been shown to decrease inflammatory responses
caused by brain death. In the study from Kotsch and
associates,7 after methylprednisolone treatment,
steroid plasma levels were significantly higher and
significant decreases in soluble interleukins, monocyte chemotactic protein 1, IL-2, IL-6, TNF-α, and
inducible protein 10 were observed. Corticosteroid
supplementation is also beneficial for adrenal
insufficiency caused by brain death and endogenous
corticosteroid resistance.14,19 Sprung and colleagues20
showed that hydrocortisone reduces the need for
vasopressors. These characteristics could explain the
benefits of corticosteroids in treating hemodynamic
instability in deceased donors.20
There are several limitations in our study. For
example, follow-up of organ donation and adverse
effects of methylprednisolone on organs could not be
observed. Future studies with bigger sample sizes
and more cases and attempts to form an equalized
control group are recommended.
Conclusions
The use of methylprednisolone in hemodynamically
unstable deceased donors could result in better
management of these cases. Because of the various
factors, such as infusion of vasopressor drugs or fluid
therapy, that could have affected the hemodynamic
status of these cases, future studies with larger
sample sizes are recommended to control these
confounding factors.
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Virology Tests in Brain-Dead Donors:
Let the Bills Run Up?
Masoud Mazaheri,1 Meysam Mojtabaee,1 Fariba Ghorbani,2 Farahnaz Sadegh Beigee1

Abstract
Objectives: In the organ donation process, screening
for serologic markers for a selection of agents is
essential to prevent infection transmission. The
screening of donors for specific potential infections
can never absolutely exclude the risk of transmission.
For reevaluation of serology tests, we analyzed results
of tests requested for all brain-dead donors.
Materials and Methods: Our study included all actual
brain-dead donors who were seen from January 2017
to February 2018, received ancillary tests, and had
final confirmation of brain death at our organ
procurement unit.
Results: Most candidates for organ and tissue donation
were seronegative for intended agents. We found that
14.4% of the samples were suspicious for infectious
and needed further evaluation; 12.2% of donors had
positive results corresponding to hepatitis B, and only
1.9% were rejected from donation. Requisiteness to
DNA detection for hepatitis B virus infection was
mainly related to age over 50 years.
Conclusions: The process of donor screening must
systemically assess the donor. At the final stage, essential
biomarkers must be investigated. Application of more
caution in evaluation of older donors, including more
screening tests before transfer to the operating room,
remains mandatory.
Key words: Brain death, Deceased donor, Infection,
Serology, Transmission
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Introduction
In the organ donation process, screens for serologic
markers of a selection of agents is essential to prevent
infection transmission.1 However, with consideration
of graft shortages, there are risks of eliminating
noninfectious seropositive donors, thus increasing
mortality of patients on transplant wait lists.
However, because there are still possibilities of
infectious transmission by seronegative donors,
prevention of transmission during transplant must
be based on donor screening by exact selection
protocols and tests.2
In general, laboratory screening is performed for
hepatitis B virus (HBV) and hepatitis C virus (HCV),
human immunodeficiency virus (HIV), and syphilis.
However, serology for human T-cell lymphotropic
virus (HTLV-1/HTLV-2) is not routinely performed
and depends on the donor’s origin from high-incidence
areas. Serology tests for pestiviruses, Cytomegalovirus,
herpes simplex viruses 1 and 2, varicella zoster virus,
and Epstein-Barr virus are routine, with some variations between organ donation centers.3
Challine and associates4 provided valuable results
corresponding to the prevalence of viral biomarkers
among a general population and in brain-dead
donors. They reported a 16.7% false-positive result
in cornea donors and found that the prevalence of
viral markers was higher than shown in a French
general population.4 In more detail, prevalence rates
of hepatitis B surface antigen (HBsAg), HIV antibody,
and HCV antibody were 0.68%, 0.16%, and 0.86% in
the general population and 1.56%, 1.15%, and 3.54%
in brain-dead donors. The exact cause of this
difference was not discussed, and more research in
this field is necessary.
There are many reports on the possibility of organ
transplant from infected donors and transmission of
agents from recipients.5-7 Evaluation of donors for
uncommon agents or nonendemic ones may be time
DOI: 10.6002/ect.MESOT2018.P114
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consuming and expensive. However, obtaining a
history of traveling and accurate physical examinations of the potential donor could lessen the costbenefit burden. Today, evaluation of donors by
serology tests is a tool for proper organ allocation
rather than exclusion of organs. In an effort to
reevaluate serology tests, we analyzed the results of
tests requested for all brain-dead donors.
Materials and Methods
This study was performed at the Masih Daneshvari
Hospital of Shahid Beheshti University of Medical
Sciences (Tehran, Iran). From January 2017 to
February 2018 after performance of ancillary tests
and final confirmation of brain death, all actual
donors were included in this study.
To screen donors, documentation of medical
history and physical examination were first obtained.
Any unusual neurologic presentation should be
considered and the exact cause of death must be
specified. For those not excluded by drug, social, and
physical examinations, blood samples were collected
to assess for viral infections. All tests were performed
in a referral laboratory center.
For hepatitis B, HBsAg and anti-hepatitis B core
antibody (anti-HBc), Vitros assays (Ortho-Clinical
Diagnostics, Raritan, NJ, USA) were checked; if
seropositive results were shown, polymerase chain
reaction was conducted.
For hepatitis C, HCV antibody was detected with
the Vitros anti-HCV assay (Ortho-Clinical Diagnostics)
and the Access HCV antibody Plus method (PasteurBio-Rad, Veenendaal, The Netherlands). In addition,
detection of HIV antigen was with the Vidas HIV p24
II method (bioMerieux Inc., Craponne, France), and
its presence was systematically confirmed by neutralization. Anti-HTLV-1 antibodies were detected with
the Murex HTLV-1 and HTLV-2 enzyme immunoassay (Abbott Laboratories, Abbott Park, IL, USA).
Statistical analyses were performed with SPSS
software (SPSS: An IBM Company, version 22, IBM
Corporation, Armonk, NY, USA). For quantitative
and qualitative variables, t tests or chi-square tests
were used, with significance level of P ≤ .05.
Results
Of 263 total cases, it was striking that 85.6%
had completely negative results. Serology tests

categorized brain-dead donors as completely
negative donors (CND) and suspicious donors (SD),
with mean age of 32.8 and 43.2 years, respectively
(P = .02), although 87.5% were above 50 years old.
We found that 62% of CNDs and 66% of SDs were
male, with no significant difference in male versus
female donors (P = .2).
In CNDs, causes of brain death included trauma
(42%), although most were due to cerebrovascular
accident (56%; P = .01). Among the SD group, history
of recreational drug abuse or drug addiction was
shown in 32%, which was different from CNDs with
35% showing such history (P = .2). Most cases needed
PCR (mostly because of anti-HBc positivity).
Although 1.9% (n = 5) of cases were excluded by
antigen/antibody results, PCR results did not exclude
any cases. Table 1 summarizes the prevalence of
positive and negative results. Abbreviations of
serology tests are presented in Table 2.
Table 1. Results of Serology Tests for Brain-Dead Donors
Number

Total samples
Completely negative
Somewhat suspicious
HBsAg positive
Anti-HBc positive (PCR needed)
Anti-HBe positive
HCV antibody positive
HIV antibody positive
HTLV antibody positive (PCR needed)
CMV antibody positive
Exclusion by antigen/antibody results
Exclusion by PCR

263
225
38
2
32
1
0
0
1
2
5
0

Percent

100%
85.6%
14.4%
0.07%
12.1%
0.03%
0
0
0.03%
0.07%
1.9%
0

Abbreviations: Anti-HBc, hepatitis B core antibody; Anti-HBe, hepatitis B e
antibody; CMV, cytomegalovirus; HBsAg, hepatitis B surface antigen; HCV,
hepatitis C virus; HIV, human immunodeficiency virus; HTLV, human
T-lymphotropic virus; PCR, polymerase chain reaction
Table 2. Abbreviations of Serology Tests
Definition

Hepatitis B surface antigen
Hepatitis B surface antibody
Hepatitis B core antibody
Hepatitis B, e antibody
Hepatitis C virus
Human immunodeficiency virus
Cytomegalovirus
Epstein-Barr virus
Human T-lymphotropic virus
Venereal disease research laboratory
Polymerase chain reaction

Abbreviation

HBsAg
Anti-HBs
Anti-HBc
Anti-HBe
HCV
HIV
CMV
EBV
HTLV
VDRL
PCR

Discussion
Our study demonstrated that most brain-dead
candidates for organ and tissue donation were
seronegative for viral agents that are considered in
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Iranian protocols of organ procurement. Only 14.4%
of samples were suspicious for infection and needed
further evaluation.
Organ transplant may expose recipients to
numerous infectious agents, including bacterial,
viral, and fungal contaminations, as well as infection
by other rare agents such as parasitic and prion,
which could be transmitted via organ and tissue
allografts.8 However, screening donors by viral
biomarkers is a double-edged sword, which can
indicate seronegative blood samples but exclude
noninfectious seropositive samples.3 Indeed, falsepositive results for donor samples9 and HIV transmission from a seronegative donor to 7 recipients10
have been reported in the literature.
Organ donation in Iran involves a centralized
model: each medical university has its own organ
procurement unit (OPU) for all hospitals under its
coverage. Any potential brain-dead donor must be
referred and transferred to the related OPU. Official
brain death confirmation, final organ evaluation,
organ allocation, and organ retrieval are all executed
in the OPU.11 Apart from the legal dimension, the
whole process in the OPU could be seen as an effort
to maximize the quantity and quality of transplantable organs. According to strict safety regulations from the Iran Ministry of Health, all deceased
cases transferred to OPUs must pass comprehensive
virology tests in a reference laboratory (even if they
have negative or nonreactive results in the first
hospital laboratory). After known cases of viral
infections are excluded, at first visit by the organ
donation team, additional evaluations would be
performed. These tests include detecting antibody
titers for hepatitis B and C (HBsAg, anti-HBs, antiHBc, anti-HBe, and HCV antibody), other agents
(including HIV antibody, cytomegalovirus immunoglobulin G [IgG] antibody, Toxoplasma IgG antibody,
Epstein-Barr IgG antibody, HTLV IgG antibody, the
venereal disease research laboratory test), and P24
(in high-risk cases). In cases of any suspicious or
borderline results, a related PCR must be conducted
(usually for anti-HBc-positive cases).
Procured organs from identified donors with
positive tests may be utilized for specific recipients
on wait lists after informed consent is received, based
on the patient’s condition. Hepatitis B virus infection
is extremely prevalent worldwide.12 Therefore, a
donor’s blood is screened for HBsAg and anti-HBc
in most countries and for anti-HBs in some
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countries.4 Our study showed that 12.2% of donors
were suspicious for HBV infectious, which would
need more evaluation to confirm active infection. We
did not perform anti-HBs tests due to the national
Iranian vaccination program; however, HBV DNA
was detected in 0.07% of the donors with either
seronegative or anti-HBs-positive results.13 In
general, donors with HBsAg are excluded from
donation, but there have been previous successful
renal transplants from HBsAg-positive donors in 6
patients.14
In case of HCV-infected organs, there is controversy regarding transplantation, and these organs are
commonly used for HCV-infected recipients. Our
data showed no HCV infection among the 263 actual
brain-dead donors.
Other agents such as Toxoplasma gondii, which is
more related to cardiac transplantation, are also
considered by both donation and transplant teams.
In a retrospective study in Canada, Toxoplasma
seroconversion, transmission, and donor-recipient
mismatch were evaluated over a period of 14 years.
The mismatch condition was in 9.5% between donors
and recipients. With respect to annual laboratory
cost, the authors concluded that routine screening
for Toxoplasma is not necessary, particularly in
transplant centers that use routine prophylaxis.15
Regarding the use of organs procured from HIVpositive cases, as shown in a South African study,16 it
is important to make strategic decisions to extend the
organ donation pool using HIV-positive donors. A
nationwide investigation in the United States
described an annual average of 494 potential
donation from HIV-positive cases as donors.17 In
these donors, however, comorbid factors such as
coinfection of hepatitis and aging should be
considered. In a previous national survey, 71.9% of
HIV-positive patients agreed to be organ donors.18
However, 7965 patients were on the organ transplant
wait list, while only 366 patients received organ
transplants in 2015.18 Obviously, the increased
longevity of HIV-positive patients and occurrence of
organ failure among them are other motivating
factors to accept these organs.
The special situation of organ recipients leaves no
room for any risk, and a thorough approach to screen
all infections seems reasonable. The PCR is a very
expensive test and can easily triple the final bill for
OPUs. In our study, we did not discuss costs of
laboratory tests.
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Because there have been reports of rabies virus
transmission through solid-organ transplant,19 it
should be noted that screening of donors for
potential infections does not absolutely exclude all
risks. However, rabies transmission is an uncommon
event. Indeed, the process of donor screening must
systemically assess the donor with essential
biomarkers. However, if infectious transmissions can
be registered in a unique database and be made
available to all transplanted team, it would be easier
to assess an infected organ. In other words, whether
to be on a wait list for an SD organ or no organ,
which is the best option?
Conclusions
We recommend a revision in the serology test
protocol, PCR indications for deceased donors, and
the status of the reference laboratory. In addition,
more caution should be applied in evaluations of
older donors and more screening tests should be
conducted before transfer of potential brain-dead
donors to the OPU.
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Emergency Department Visits After Kidney, Liver, and
Heart Transplantation in a Hospital of a University in
Turkey: A Retrospective Study
Sare Mıhçıokur,1 Gülser Doğan,1 Gülsüm Kocalar,2 Rengin Erdal,1 Mehmet Haberal3
Abstract
Objectives: In our country, there are few publications
evaluating emergency department visits among
kidney, liver, and heart transplant recipients. Here, we
examined emergency department visits of transplant
recipients after initial hospital discharge following
organ transplant performed in a medical faculty
hospital in Ankara, Turkey.
Materials and Methods: We retrospectively analyzed
hospital records of 1144 transplant recipients (700
kidney, 332 liver, and 112 heart) who underwent
living-donor and deceased-donor organ transplant
procedures in a university hospital between 2007 and
2017 and were admitted to the emergency department during the same period.
Results: The study population (1144 organ transplants)
consisted of kidney (61.2%), liver (29.0%), and heart
(9.8%) transplant recipients. Among them, 67.9% of
kidney transplant recipients and 62.0% of liver
transplant recipients were male, whereas 65.2% of
heart transplant recipients were female. Average ages
were 32.8 ± 15.5, 24.26 ± 21.6, and 29.9 ± 18.7 years,
respectively. Among all groups, 41.4% visited the
emergency department within 2 years after transplant. Median time to emergency department
visit for kidney, liver, and heart transplant recipients
was 4.7 months, 3.5 months, and 11.5 months,
respectively. Emergency department admissions were
due to complaints of abdominal/pelvic pain, fever,
nausea/vomiting, hypertension, and nonspecific chest
pain. Among all groups, the main diagnoses were most
commonly classified by fluid and electrolyte disorders,
abnormal results of renal function, urinary tract
infections, and acute respiratory infections. One-third
of patients were hospitalized.
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Conclusions: Nearly one-quarter of kidney transplant
recipients, one-fifth of liver transplant recipients,
and one-tenth of heart transplant recipients visited
the emergency department within 30 days of
transplantation. Considering that one-third were
rehospitalized, the recipients could be targeted for
better transitions of care and for earlier or more
frequent outpatient follow-up and also be informed
about what symptoms are not normal and in which
situations they should seek emergency care.
Key words: Hospital readmission, Outpatient follow-up,
Posttransplant care
Introduction
Organ transplantation is a treatment method for
patients with end-stage liver disease.1-3 The first renal
transplant in Turkey was performed in 1975 with a
kidney donated from mother to son. This was followed by the first deceased-donor kidney transplant,
which was carried out in 1978, using an organ
supplied by the Eurotransplant Foundation. In 1990,
the first pediatric segmental living-related liver
transplant in Turkey and in the Middle Eastern
region was performed by Haberal and colleagues.4-7
From 2008 to 2017, more than 20 thousand renal
transplant procedures and about 1500 liver transplant procedures were performed; in addition, from
2016 to 2017, more than 100 heart transplants were
performed nationwide in 99 different centers.8
Since the introduction of effective immunosuppressive agents, organ transplant recipients survive
longer. These effective agents have resulted in an
increase in the number of patients undergoing organ
transplant.1,9 However, these therapies have caused
other distinct health problems such as chronic
immunosuppression and high rates of postoperative
complications.10,11 Due to these reasons, organ transplant recipients may present to emergency departments (ED) for problems related to adverse effects of
DOI: 10.6002/ect.MESOT2018.P120
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organ transplant surgery, acute rejection episodes,
infections, cardiovascular diseases, and adverse
effects of immunosuppressive drugs. As a result, the
possibility of emergency physicians encountering
transplant patients is increasing.11-13 The lack of
knowledge and approach to transplant patients may
be an important problem in the care of these patients
in ED.9,11 Therefore, it is important to develop more
patient-centered emergency care and to mitigate the
risks and costs of ED visits.
Although there is considerable research in the
literature, in Turkey, there are few publications
evaluating ED visits among kidney, liver, and heart
transplant recipients. This study aimed to determine
the reasons for ED visits by renal, liver, and heart
transplant recipients after initial hospital discharge
and to share the experiences of the ED of a university
hospital in Ankara, Turkey.
Materials and Methods
We retrospectively analyzed the hospital records of
all 1144 transplant recipients (700 kidney, 332 liver,
and 112 heart) who underwent living-donor and
deceased-donor organ transplant procedures in a
university hospital between January 1, 2007 and
December 31, 2017. Data of all transplant patients
who presented to our ED were obtained from the
records of the Nucleus Program used for the Hospital
Registration System. Demographic characteristics
(age, male/female), ED presenting complaints,
number of ED admissions, and final diagnosis
and outcomes (including hospitalization or
discharge from ED) were evaluated. The time

between transplant and ED visit and the cumulative
incidences of ED visits at 1, 6, 12, and 24 months for all
transplant recipients (kidney, liver and heart) were
calculated.
The study protocol was approved by the Institutional Review Board. Statistical analyses were
performed with SPSS software (SPSS: An IBM
Company, version 25, IBM Corporation, Armonk,
NY, USA). Descriptive statistics, averages, frequency
tables, and dependent group t tests were used to
analyze the variables. Significance was identified by
2-sided P value of < .05.
Results
Over the 10-year period (January 2007 to December
2017), there were 1144 total recipients: 700 kidney, 332
liver, and 112 heart transplant recipients (Table 1).
Among them, 67.9% of kidney transplant recipients
and 62.0% of liver transplant recipients were male,
whereas 65.2% of heart transplant recipients were
female (Table 1). The average ages of kidney, liver,
and heart transplant recipients were 32.8 ± 15.5,
24.2 ± 21.6, and 29.9 ± 18.7 years, respectively
(Table 1). Among all transplant recipients, 41.4%
(n = 474) presented to the ED within 2 years after
transplant: 49.4% (346/700) of kidney, 28.3% (94/332)
of liver, and 9.8% (34/112) of heart transplant
recipients. The number of transplant recipients who
visited the ED increased cumulatively over the years.
The average number of visits to the ED was
6.07 ± 6.86 for female recipients and 5.16 ± 6.09
for male recipients, with mean number for both of
3 (range, 1-45). Two-thirds of all the transplant

Table 1. Distribution of Age, Male/Female Patients, and Transplant Year in Organ Transplant Recipients (Ankara, Turkey,
2007-2017)
Characteristic

Mean age at transplant ± SD, y
Female patient, No. (%*)
Male patient, No. (%*)
Transplant year, No. (%*)
• 2007
• 2008
• 2009
• 2010
• 2011
• 2012
• 2013
• 2014
• 2015
• 2016
• 2017
Total**

Kidney Transplant
Recipients

Liver Transplant
Recipients

Heart Transplant
Recipients

Total

32.79 ±15.46
225 (32.1)
475 (67.9)

24.16 ± 21.58
126 (38.0)
206 (62.0)

29.94 ± 18.69
73 (65.2)
39 (34.8)

28.96 ± 18.58
424 (37.1)
720 (62.9)

61 (8.7)
58 (8.3)
93 (13.3)
77 (11.0)
66 (9.4)
57 (8.1)
57 (8.1)
60 (8.6)
70 (10.0)
48 (6.9)
53 (7.6)
700 (61.2)

56 (16.9)
51 (15.4)
21 (6.3)
20 (6.0)
14 (4.2)
26 (7.8)
34 (10.2)
34 (10.2)
30 (9.0)
29 (8.7)
17 (5.1)
332 (29.0)

9 (8.0)
11 (9.8)
9 (8.0)
11 (9.8)
11 (9.8)
8 (7.1)
13 (11.6)
9 (8.0)
17 (15.2)
9 (8.0)
5 (4.5)
112 (9.8)

126 (11.0)
120 (10.5)
123 (10.8)
108 (9.4)
91 (8.0)
91 (8.0)
104 (9.1)
103 (9.0)
117 (10.2)
86 (7.5)
75 (6.6)
1144 (100.0)

*Column percentage; **Row percentage.

266

Sare Mıhçıokur et al/Experimental and Clinical Transplantation (2019) 1: 264-269

Exp Clin Transplant

recipients who visited the ED were discharged, and
30.1% (145/474) were hospitalized.

(pneumonia, bronchiolitis) increased from 6 to 24
months.

Findings of kidney transplant recipients
The cumulative incidence of ED visits at 1, 6, 12, and
24 months for kidney transplant recipients was
23.1%, 54.9%, 67.1%, and 76.9%, respectively, with a
median time of 4.7 months (Table 2). The distribution
of cumulative incidence of ED visits between female
and male patients showed that female recipients had
an incidence rate of 4 months median time compared
with 5 months for male patients. The cumulative
incidence of ED visits at 1, 6, 12, and 24 months for
male patients was 22.8%, 54.3%, 67.2%, and 77.6%,
respectively. Respective incidences for female
patients were 23.7%, 56.1%, 64.7%, and 75.4%. The
difference between female and male patient visits
was not significant (P > .05; Table 2).
Most kidney transplant recipients admitted to the
ED at 1, 6, 12, and 24 months had complaints of
abdominal/pelvic pain (15.3%, 17.4%, 14.9%, and
14.1%, respectively), followed by fever, nausea/vomiting, hypertension, headache, dizziness, syncope,
seizure, and nonspecific chest pain (Table 3).
Main diagnoses of kidney transplant recipients
admitted to the ED at 1, 6, 12, and 24 months
were most commonly classified by fluid and
electrolyte disorders (18.0%, 30.2%, 31.9%, and
33.2%, respectively) and acute upper respiratory
tract infections (17.1%, 6.6%, 9.5%, and 10.8%,
respectively), followed by urinary tract infections
and abnormal results of renal function (Table 3).
Visits due to urinary system infections, intestinal
infections, and lower respiratory tract infections

Findings of liver transplant recipients
The cumulative incidence of ED visits at 1, 6, 12, and
24 months for liver transplant recipients was 20.2%,
60.6%, 72.3%, and 80.9%, respectively, with a median
time of 3.5 months (Table 2). Distribution of
cumulative incidence plots of ED visits showed that
male patients had higher incidence rate (2.5 mo
median time) than female patients (5 mo). The
cumulative incidence rate of ED visits at 1, 6, 12, and
24 months for male patients was 21.3%, 65.6%, 75.4%,
and 85.2%, respectively. For women, it was 18.2%,
51.5%, 66.7%, and 72.7%, respectively. The difference
between male and female visits was not significant
(P > .05; Table 2).
Most liver transplant recipients admitted to the
ED at 1, 6, 12, and 24 months had complaints of
abdominal/pelvic pain (13.6%, 20.7%, 23.7%, and
21.8%, respectively), followed by fever, nausea/vomiting, headache, dizziness, syncope, seizure,
hypertension, and nonspecific chest pain (Table 4).
Main diagnoses of liver transplant recipients
admitted to the ED at 1, 6, 12, and 24 months were
most commonly classified by fluid and electrolyte
disorders (18.2%, 27.0%, 27.3%, and 24.3%,
respectively), abnormal results of kidney function
tests (18.2%, 22.5%, 21.7%, and 18.4, respectively),
and urinary system infections (4.5%, 14.4%, 10.6%,
and 10.1%, respectively), followed by acute
abdominal diseases and complications (cholangitis,
cholecystitis, appendicitis, peritonitis) and lower and
upper respiratory tract infections (Table 4).

Table 2. Distribution of Emergency Visit for Transplant Recipients (N = 474) by Gender (Ankara, Turkey, 2007-2017)

Kidney transplant recipient
Female (n = 114)
Male (n = 232)
Total (n = 346)
P*
Liver transplant recipient
Female (n = 61)
Male (n = 33)
Total (n = 94)
P*
Heart transplant recipient
Female (n = 8)
Male (n = 26)
Total (n = 34)
P*

1 Month

Visit, No. (%)
6 Months
12 Months

24 Months

Median Time to Visit (Range)

27 (23.7)
53 (22.8)
80 (23.1)
.862

64 (56.1)
126 (54.3)
190 (54.9)
.748

76 (64.7)
156 (67.2)
232 (67.1)
.915

86 (75.4)
180 (77.6)
266 (76.9)
.656

4 mo (8 d to 104 mo)
5 mo (7 d to 107 mo)
4.7 mo (7 d to 107 mo)

6 (18.2)
13 (21.3)
19 (20.2)
.927

17 (51.5)
40 (65.6)
57 (60.6)
.267

22 (66.7)
46 (75.4)
68 (72.3)
.507

24 (72.7)
52 (85.2)
76 (80.9)
.231

5 mo (10 d to 70 mo)
2.5 mo (12 d to 109 mo)
3.5 mo (10 d to 109 mo)

1 (12.5)
3 (11.5)
4 (11.8)
1.000

2 (25.0)
8 (30.8)
10 (29.4)
1.000

4 (50.0)
14 (53.8)
18 (52.9)
1.000

5 (62.5)
18 (69.2)
23 (67.6)
1.000

11 mo (26 d to 64 mo)
11.5 mo (11 d to 119 mo)
11.5 mo (11 d to 119 mo)

*Pearson chi-square (kidney transplant), Yates chi-square (liver transplant), and Fisher exact chi-square (heart transplant) for male versus female
recipients.

267

Sare Mıhçıokur et al/Experimental and Clinical Transplantation (2019) 1: 264-269

Table 3. Distribution of Complaints and Diagnoses of Patients Admitted to the
Emergency Department After Kidney Transplant (Ankara, Turkey, 2007-2017)*
Complaints
and Diagnosis

1 Month 6 Months 12 Months 24 Months
(n = 111) (n = 334), (n = 524), (n = 772),
No. (%) No. (%)
No. (%)
No. (%)

Other disorders of electrolyte
and liquid balance
20 (18.0) 101 (30.2) 167 (31.9)
Abnormal results of
kidney function
15 (13.5) 76 (22.8) 126 (24.0)
Urinary system infections
16 (14.4) 80 (24.0) 137 (26.1)
Abdominal and/or pelvic pain 17 (15.3) 58 (17.4) 78 (14.9)
Intestinal infection
2 (1.8)
29 (8.7)
65 (12.4)
Lower respiratory tract infections
(pneumonia,bronchiolitis)
4 (3.6)
21 (6.3)
65 (12.4)
Acute upper respiratory
tract infections
19 (17.1) 22 (6.6)
50 (9.5)
Fever
6 (5.4)
27 (8.1)
42 (8.0)
Nausea, vomiting
3 (2.7)
20 (6.0)
34 (6.5)
Chronic renal failure, end
stage renal failure
4 (3.6)
29 (8.7)
39 (7.4)
Hypertension
4 (3.6)
18 (5.4)
26 (5.0)
Gastrointestinal
symptoms and diseases
1 (0.9)
10 (3.0)
21 (4.0)
Acute abdominal diseases
and complications (cholangitis,
cholecystitis, appendicitis,
peritonitis, ectopic pregnancy) 2 (1.8)
12 (3.6)
15 (2.9)
Myalgia, lumbago, dorsalgia,
intervertebral disc disorders,
musculoskeletal pain
3 (2.7)
7 (2.1)
17 (3.2)
Headache, dizziness, syncope,
seizure
3 (2.7)
10 (3.0)
16 (3.1)
Falling, sprains, fractures
11 (3.3)
22 (4.2)
Rejection
4 (3.6)
15 (4.5)
19 (3.6)
Acute heart diseases
(angina pectoris, myocardial
infarction, myocarditis,
pericarditis, cardiac
dysrhythmias)
3 (2.7)
11 (3.3)
12 (2.3)
Bleeding (bleeding as
complication of
gastrointestinal, respiratory
system, and other organs)
4 (3.6)
5 (1.5)
14 (2.7)
Skin and subcutaneous tissue
infections
2 (1.8)
10 (3.0)
13 (2.5)
Acute respiratory anomalies
and dyspnea
1 (0.9)
11 (3.3)
16 (3.1)
Nonspecific chest pain
5 (1.5)
9 (1.7)
Cerebrovascular event
1 (0.9)
1 (0.3)
2 (0.4)
Acute renal failure
3 (2.7)
8 (2.4)
8 (1.5)
Diabetes mellitus and
complications
1 (0.9)
3 (0.9)
6 (1.1)
Abnormal urine findings
1 (0.9)
6 (1.8)
9 (1.7)
Nonspecific sore throat
5 (1.5)
6 (1.1)
Other**

256 (33.2)
199 (25.8)
191 (24.7)
109 (14.1)
102 (13.2)
98 (12.7)
83 (10.8)
58 (7.5)
57 (7.4)
50 (6.5)
43 (5.6)
39 (5.1)

27 (3.5)

26 (3.4)
26 (3.4)
26 (3.4)
22 (2.8)

20 (2.6)

17 (2.2)
16 (2.1)
16 (2.1)
15 (1.9)
14 (1.8)
11 (1.4)
11 (1.4)
11 (1.4)
11 (1.4)

*Multiple complaints and diagnoses were reported for each emergency
department visit.
**“Other” included (at 1 mo/6 mo/12 mo/24 mo) kidney and ureter diseases
(urinary retention, stone, hydronephrosis; n = 4/8/9/9), peripheral venous
diseases (venous embolism, thrombosis, hemorrhoids; n = 2/6/6/7), change
of intestinal habits (constipation; n = 2/3/3/6), urticaria/dermatitis
(n = 1/4/6/6), other soft tissue disorders (n = 1/2/5/6), abnormal liver
function tests (n = 1/4/6/6), asthma and chronic obstructive pulmonary
disease exacerbation (n = 0/2/3/5), fatigue and weakness (n = 0/0/1/3),
hypoglycemia (n = 0/0/0/3), chronic, end-stage liver failure (n = 0/3/3/3),
conversion disorder (n = 0/0/1/2), acute/subacute liver failure (n=1/1/1/1),
anal fissures fistula (n = 1/2/2/2), other liver diseases (n = 0/2/2/2), cardiac
arrest (n = 0/1/1/1), hypotension (n = 0/1/1/1), intoxication (n = 0/0/0/1),
cancer (n = 0/0/1/1), aortic aneurysm and dissection (n = 0/1/1/1), hearing
loss (n = 0/0/0/1), reproductive system-related diseases (n = 0/0/2/2),
pregnancy/ectopic pregnancy (n = 0/0/1/1).

Table 4. Distribution of Complaints and Diagnoses of Patients Admitted to
the Emergency Department After Liver Transplant (Ankara, Turkey, 20072017)*
Complaints
and Diagnoses

Other disorders of electrolyte
and liquid balance
Abdominal and/or
pelvic pain
Fever
Abnormal kidney
function tests
Urinary system infections
Acute abdominal diseases
and complications
(cholangitis, cholecystitis,
appendicitis, peritonitis)
Lower respiratory tract
infections (pneumonia,
bronchiolitis)
Abnormal liver function tests
Acute upper respiratory
tract infections
Intestinal infection
Nausea, vomiting
Headache, dizziness,
syncope, seizure
Hypertension
Gastrointestinal symptoms
and diseases
Diabetes mellitus and
complications
Falling, sprains, fractures
Bleeding (bleeding as
complication of
gastrointestinal, respiratory
system, other organs)
Urticaria, dermatitis
Myalgia, lumbago, dorsalgia,
intervertebral disc
disorders, musculoskeletal
pain
Rejection
Other**

1 Month
(n = 22),
No. (%)

6 Months 12 Months 24 Months
(n = 111), (n = 198), (n = 288),
No. (%)
No. (%)
No.(%)

4 (18.2)

30 (27.0)

54 (27.3)

70 (24.3)

3 (13.6)
1 (4.5)

23 (20.7)
16 (14.4)

47 (23.7)
33 (16.7)

63 (21.8)
56 (19.4)

4 (18.2)
1 (4.5)

25 (22.5)
16 (14.4)

43 (21.7)
21 (10.6)

53 (18.4)
29 (10.1)

2 (9.0)

10 (9.0)

20 (10.1)

27 (9.1)

2 (9.0)
2 (9.0)

7 (6.3)
13 (11.7)

20 (10.1)
27 (13.6)

23 (8.0)
20 (6.9)

1 (4.5)

6 (5.4)
3 (2.7)
10 (9.0)

13 (6.6)
11 (5.6)
13 (6.6)

20 (6.9)
19 (6.6)
19 (6.6)

3 (13.6)

4 (3.6)
4 (3.6)

9 (4.5)
5 (2.5)

17 (5.9)
11 (3.8)

2 (9.0)

7 (6.3)

10 (5.1)

11 (3.8)

1 (4.5)

2 (1.8)
3 (2.7)

3 (1.5)
4 (2.0)

11 (3.8)
10 (3.5)

1 (4.5)

4 (3.6)
2 (1.8)

9 (4.5)
5 (2.5)

9 (3.1)
8 (2.8)

1 (4.5)

3 (2.7)
2 (1.8)

3 (1.5)
4 (2.0)

5 (1.7)
4 (1.4)

1 (4.5)

*Multiple complaints and diagnoses were reported for each emergency
department visit.
**“Other” included (at 1 mo/6 mo/12 mo/24 mo) other liver diseases
(n = 1/4/4/6), acute subacute liver failure (n = 0/3/4/5), chronic liver
failure and end-stage liver failure (n = 1/4/5/6), septicemia
(n = 0/0/2/4/2), injuries/accidents (n = 0/0/4/5/4), chronic renal failure
and end-stage renal failure (n = 0/1/1/5), nonspecific cough (n = 0/0/0/1),
nonspecific chest pain (n = 0/0/0/2), acute heart disease (angina pectoris,
myocardial infarction, myocarditis, pericarditis, cardiac dysrhythmias; n =
2/4/5/7), cerebrovascular event (n = 0/1/5/5), heart failure (n = 0/0/0/1),
peripheral venous diseases (n = 0/1/1/2), other kidney and ureteral diseases
(urinary retention, stone, hydronephrosis; n = 0/0/0/1), acute renal failure
(n= -/-/-/1), skin and subcutaneous tissue infections (n= -/1/1/1),
constipation (n = 0/2/2/2), respiratory abnormalities and dyspnea
(n = 0/2/4/6), nonspecific sore throat (n = 0/0/0/1), abnormal abnormalities
(n = 0/3/3/4), cardiac arrest (n= 0/1/1/1), hypothyroidism/ hyperthyroidism (n = 1/1/1/1), cancers (n = 1/2/5/5), malaise fatigue (n = 0/0/1/1),
and hypoglycemia (n = 0/2/2/2).

Findings of heart transplant recipients
The cumulative incidence of ED visits at 1, 6, 12, and
24 months for heart transplant recipients was 11.8%,
29.4%, 52.9%, and 67.6%, respectively, with a median
time of 11.5 months (Table 2). Distribution of
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cumulative incidence of ED visits showed that male
patients had an incidence rate of 11.5 months median
time compared with 11 months for female patients.
The cumulative incidence of ED visits at 1, 6, 12, and
24 months for male recipients (n = 26) was 11.5%,
30.8%, 53.8%, and 69.2%, respectively. Eight female
recipients were admitted to the ED, with first visit
distribution of 1, 2, 4, and 5, respectively. The
difference between male and female patient visits
was not significant (P > .05; Table 2).
Most heart transplant recipients admitted to the
ED at 1, 6, 12, and 24 months had complaints and
diagnosis of abnormal renal function tests, other
disorders of electrolyte and liquid balance, upper
and lower respiratory tract infections, urinary
system infections, hypertension, heart disease
(angina pectoris, myocardial infarction, myocarditis,
pericarditis), and nonspecific chest pain (Table 5).
Table 5. Distribution of Complaints and Diagnoses of Patients Admitted to
the Emergency Department After Heart Transplant (Ankara, Turkey, 20072017)*
Complaints
and Diagnoses

1 Month
(n = 4),
No. (%)

Abnormal results of renal
function tests
1 (25.0)
Other disorders of electrolyte
and liquid balance
1 (25.0)
Acute upper respiratory
tract infections
Lower respiratory tract
infections (pneumonia,
bronchiolitis)
1 (25.0)
Urinary system infections
Hypertension
Heart disease (angina pectoris,
myocardial infarction,
myocarditis, pericarditis)
Nonspecific chest pain
Fever
Gastrointestinal diseases
1 (25.0)
Abdominal and/or pelvic pain
Other**

6 Months 12 Months 24 Months
(n = 111), (n = 28),
(n = 43),
No. (%)
No. (%)
No.(%)

7 (63.6)

9 (32.1)

19 (44.2)

9 (81.8)

12 (42.9)

15 (34.9)

1 (9.0)

5 (17.9)

7 (16.3)

3 (27.3)
3 (27.3)
2 (18.2)

4 (14.3)
5 (17.9)
3 (14.3)

7 (16.3)
7 (16.3)
5 (11.6)

2 (18.2)
1 (9.0)
2 (18.2)
2 (18.2)

2 (7.1)
2 (7.1)
3 (14.3)
3 (14.3)
1 (3.6)

4 (9.3)
3 (6.9)
3 (6,9)
3 (6.9)
3 (6.9)

*Multiple complaints and diagnoses were reported for each emergency
department visit.
**“Other” included (at 1 mo/6 mo/12 mo/24 mo) cough/dyspnea (n =
1/2/2/2), nonspecific sore throat (n = 0/1/2/2), cardiac dysrhythmias (n =
0/2/2/2), bowel infections (n = 0/2/1/1), acute intraabdominal infections
(cholangitis cholecystitis, appendicitis, peritonitis; n = 0/0/0/2), heart
failure (n = 0/0/0/2), nausea/vomiting (n = 1/0/1/2), respiratory
abnormalities (n = 0/1/1/2), musculoskeletal pain (n = 0/0/0/2), cancer (n
= 0/1/1/1), soft tissue diseases (n = 0/0/0-/1), cardiomyopathy/heart
diseases (n = 0/0/1/1), abnormal urine findings (n = 0/0/1/1), hypotension
(n = 0/0/0/1), headache (n = 0/0/0/1), accidents/injuries (n = 0/0/1/1),
chronic renal failure and end-stage renal failure (n = 0/0/0/1).

Discussion
In this retrospective study, 49.4% of kidney, 28.3% of
liver, and 9.8% of heart transplant recipients visited
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the ED within 2 years. The ED admissions of kidney,
liver, and heart transplant recipients increased from
23.1% and 54.9% at 30 days and 6 months to 67.1%
and 76.9% at 12 months and 2 years; from 20.2% and
60.6% at 30 days and 6 months to 72.3% and 80.9% at
12 months and 2 years; and from 11.8% and 29.4% at
30 days and 6 months to 52.9% and 67.6% at 12
months and 2 years, respectively. In a study from Oh
and associates, between 2011 and 2014, ED visits
among liver transplant recipients occurred at least
once in 53.0% (229/430) and readmissions occurred
in 58.6% (252/430) of 430 patients. The probability of
ED visit and readmission increased from 15.3% and
16.0% at 30 days to 43.6% and 49% at 1 year,
respectively.9
The most common reason for ED admission in
kidney and liver transplant recipients was
abdominal/pelvic pain and fever; for heart transplant
recipients, ED visits were most commonly for urinary
and gastrointestinal system-related complaints.
Various other studies have reported that the most
frequent complaints for kidney and liver transplant
recipients who visited the ED were fever and
abdominal pain.10,13 Posttransplant complications
with fever and abdominal pain due to medical
treatment are the most common reasons for ED
admissions in kidney and liver transplant patients.12
In our study, the most common diagnosis among
all transplant recipients was fluid and electrolyte
disorders followed by infections. Acute upper and
lower respiratory, urinary tract, and the intestinal
infections were the most frequent infectious
problems; among noninfectious problems, fluid and
electrolyte disorders and abnormal results of kidney
function were the most frequent. Infections are usual
complications of immunosuppressive therapy.14,15
Previous studies have reported that the most
common causes of admission to the ED for kidney
transplant patients are infections.10,11 Sources of
infections after kidney and liver transplant are most
commonly the urinary system, followed by the upper
and lower respiratory tract.11,14-16 Our findings were
similar to these results. Acute renal failure is a major
risk factor of rejection among renal transplant
recipients.17 In our study, most kidney transplant
recipients were admitted to the ED with abnormal
kidney function results, with 30 patients diagnosed
with acute renal failure. Among all transplant
recipients, the hospitalization rate (30.1%) was lower
in our study than in previous investigations.11,13
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Conclusions
Because this study is a retrospective survey, there are
methodologic limitations. In addition, some kidney,
liver, and heart transplant patients may have
presented to EDs of other hospitals. Despite these
limitations, our study may help to raise awareness
among emergency physicians about complications of
kidney, liver, and heart transplant procedures.
Nearly one-quarter of kidney transplant recipients,
one-fifth of liver transplant recipients, and one-tenth
of heart transplant recipients visited the ED within
30 days of transplant. Considering that one-third of
patients were hospitalized, these results may have
important implications on clinical practice. Improved
identification of recipients at risk of hospital readmission could lead to better targeting for transitions
of care and coordination of care at discharge
posttransplant. In addition, earlier targeting and
more frequent outpatient follow-up, as well as clear
information on symptoms that are not normal and in
which situations patients should seek emergency
care, are needed.
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Relationship Between Exercise Perception With Physical
Activity Level, Body Awareness, and Illness Cognition in
Renal Transplant Patients: A Pilot Study
Ayça Tığlı,1 Ebru Hatice Ayvazoğlu Soy,2 Aydan Aytar,3 Gökhan Moray,2 Mehmet Haberal2
Abstract
Objectives: Transplantation offers better quality of life
and long-term survival benefits. Further knowledge is
needed regarding exercise in daily life of transplant
recipients. Here, we investigated the relationship
between exercise perception and physical activity
level, body awareness, and illness cognition in renal
transplant patients.
Materials and Methods: Our study included 53 renal
transplant recipients (Standardized Mini-Mental Test
score = 26.35 ± 1.36; age = 41.11 ± 13.52 year, body
mass index = 25.96 ± 5.26 kg/m2, elapsed time after
transplant = 3.68 ± 1.53 year). Perceived benefits and
barriers to exercise, physical activity level, body
awareness, and illness cognition were assessed with
the Exercise Benefits/Barriers Scale, International
Physical Activity Questionnaire, Body Awareness
Questionnaire, and Patient Illness Perception
Questionnaire, respectively. Correlations were established with Spearman test for nonparametric data,
with regression analysis used to find determinants of
physical activity levels.
Results: We observed correlations between physical
activity level and perceived benefits and barriers to
exercise. There was a positive relationship between
body awareness and perceived benefits and
barriers to exercise and also illness cognition, with
significant correlation between perceived benefits
and barriers to exercise and illness cognition
(P < .05). Perceived benefits and barriers to exercise
(P = .006, R = 0.373, R2 = 0.139, beta = 0.373, t = 2.867,
F = 8.22) were determining factors for physical activity
level.
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Conclusions: Psychologic and physical factors,
including negative emotions and body dissatisfaction,
are risk factors for poor quality of life. Although it is
important to increase quality of life, tools to enhance
body awareness and to develop strategies to alter
motor behaviors in daily living activities are needed.
Treatment and assessment strategies on body
awareness and illness perception should be
considered, with emphasis on the importance of
physical activity posttransplant.
Key words: Exercise
Transplantation
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Introduction
To improve quality of life in patients with end-stage
renal disease, kidney transplant has become the
preferred and most successful treatment modality.
This has been due to developments in immunosuppressive treatment and infection control, improvements in surgical techniques, increased opportunities
to treat complications, and improved intensive care
unit care.1,2 After transplant, a disciplined, controlled
life and close cooperation with a health team are
required. Patients should be aware of the adverse
effects of immunosuppressive therapy, know the
rules to be followed against the risk of rejection, and
regulate their social and working lifestyle in this
way.2
Organ transplant is not merely a physical
experience; rather, it is influenced by psychosocial
factors, including illness cognition. Illness cognition
is a significant factor in predicting adjustment to
transplant outcomes of kidney transplant patients.3
Patient cognition about their disease and
treatment can play an important role in health and
quality of life of patients with chronic diseases.4
Increasing body awareness and illness cognition may
help patients to adapt to their new life more easily.
DOI: 10.6002/ect.MESOT2018.P123
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Self-care and healthy lifestyle are recommended
for kidney transplant recipients.5 Many studies have
mentioned the positive effects of physical activity
and exercise on chronic diseases. Exercise programs
for renal transplant recipients can also provide social
and psychologic benefits by increasing exercise
capacity, reducing cardiovascular risk factors, decreasing drug levels and levels of inflammatory
markers, increasing “graft” function, increasing
aerobic capacity and muscle strength, and improving
quality of life.6-8
Although exercise is beneficial to transplant
patients, it is not known why some patients do not
exercise. Learning the benefits of exercise can
encourage people to exercise once perceptions
about their disabilities are understood. In this study,
our purpose was to investigate the relationship
between exercise perception and physical activity,
body awareness, and illness cognition in renal
transplant patients.
Materials and Methods
Patients
This study was carried out between March 1, 2018
and June 1, 2018 at the Başkent University Ankara
Hospital Transplantation Outpatient Clinic. Our
study included 53 renal transplant recipients
(Standardized Mini-Mental Test score = 26.35 ± 1.36;
age = 41.11 ± 13.52 years, body mass index =
25.96 ± 5.26 kg/m2, elapsed time after transplant =
3.68 ± 1.53 years).
Study patients were referred by a physician and
met the following inclusion criteria: (1) 18 to 60 years
old and (2) normal cognitive functions (Standardized
Mini-Mental Test Score > 24).9 Patients were excluded if they demonstrated any of the following: (1)
neurologic symptoms (cerebrovascular events,
Guillain-Barre syndrome), (2) heart failure, (3)
unstable angina pectoris, (4) history of cardiovascular events (within the past 12 mo), (5) orthopedic
problems, and (6) respiratory distress.
All patients provided written informed consent
before start of study. This study was approved by the
Baskent University Social and Humanities and Arts
Research Board (project no: 17162298.600-164).
Perceived benefits and barriers to exercise,
physical activity level, body awareness, and illness
cognition were assessed with the Exercise
Benefits/Barriers Scale, the International Physical
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Activity Questionnaire, the Body Awareness
Questionnaire, and the Patient Illness Perception
Questionnaire, respectively.
Exercise benefits and barriers scale
The Exercise Benefits/Barriers Scale is a 43-item
questionnaire that also utilizes a 4-point Likert scale.
This scale produces 3 scores: an exercise benefits
scale score, an exercise barriers scale score, and a total
score. Questions in the benefits scale are grouped
into 5 categories: (1) life enhancement, (2) physical
performance, (3) psychologic outlook, (4) social
interaction, and (5) preventive health. Questions in
the barriers scale are grouped into 4 categories: (1)
exercise milieu, (2) time expenditure, (3) physical
exertion, and (4) family encouragement. The score
ranges from 43 to 172. Higher scores on the benefits
scale indicate higher perceived benefits of physical
activity, whereas higher scores on the barrier scale
indicate lower perceived barriers to physical
activity.10-12
International physical activity questionnaire
The patients’ habitual physical activity levels were
assessed by using the International Physical Activity
Questionnaire Short Form. This questionnaire comprises items assessing the frequency and duration of
physical activity in 3 ranges of intensity: vigorous
physical activity (8.0 metabolic equivalents [METs]),
moderate physical activity (4.0 METs), and low
physical activity (3.3 METs). Physical activity is
measured across a set of domains, including leisure
time, domestic and gardening (yard) work, and
work-related and transport-related activities during
a typical week. On the basis of collected data on the
frequency and duration of physical activity and
estimated energy expenditure (EE) expressed in MET
minutes/week, the respondents were categorized
into 3 groups according to their physical activity
levels. Those who fit the high physical activity level
met any 1 of the following criteria: 3 or more days
of vigorous activity of at least EE ≥ 1500 MET
minutes/week or 7 or more days of any combination
of activities of 3 intensity ranges of at least EE ≥ 3000
MET minutes/week. Those who fit the moderate
physical activity level performed 3 or more days of
vigorous activity of at least 20 minutes/day, 5 or
more days of moderate- or low-intensity activity of at
least 30 minutes/day, or 5 or more days of any
combination of low-intensity, moderate-intensity,
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or vigorous activity of at least EE ≥ 600 MET
minutes/week. Those who fit the low-intensity
physical activity level had no physical activity
reported or some activity reported but not enough to
meet at least the moderate-intensity physical activity
level criteria.13
Patient illness perception questionnaire
Illness cognition was measured with the Patient
Illness Perception Questionnaire. This questionnaire
is a generic measure of illness cognition designed to
assess 3 cognitive ways patients ascribe meaning to a
disease: helplessness (6 items), acceptance (6 items),
and perceived benefits (6 items). Each item is scored
from 1 to 4, with 1 corresponding to “not” and 4
corresponding to “totally.” High scores indicate that
disease conception is at top level.14,15
Body awareness questionnaire
Body awareness was evaluated with the Body
Awareness Questionnaire. It is a questionnaire
composed of 4 subgroups (changes in the body
process, sleep-wake cycle, estimation of the onset of
the disease, estimation of body reactions) and a total
of 18 expressions to determine the normal or
nonnormal sensitivity level of body composition.
Patients assess each item from 1 to 7. Higher scores
on this questionnaire indicate higher awereness.16,17
Statistical analyses
The Statistical Program for Social Sciences (version
18, SPSS, Chicago IL, USA) was used for statistical
analyses of the data. Descriptive and clinical
characteristics of patients were described as frequency
(number) and proportion (%) for categorical variables
and as mean with standard deviation for continuous
variables. Normal distribution characteristics of the
data were tested. Because the outcome measures
were not normally distributed, nonparametric tests
were used. Correlations were established through the
Spearman test for nonparametric data, and regression
analysis was performed to find determinants of levels
of physical activity. The Mann-Whitney U test was
used for comparisons of paired groups. P < .05 was
considered significant.
Results
The descriptive and clinical characteristics of patients
are shown in Table 1. There was a correlation
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between physical activity level and perceived
benefits and barriers to exercise. There was a
positive relationship between body awareness
and perceived benefits and barriers to exercise and
also illness cognition. We observed a correlation
between perceived benefits and barriers to exercise
and illness cognition (Table 2). The results of
the regression analysis showed that perceived
benefits and barriers to exercise (P = .006, R = 0.373,
R2 = 0.139, beta = 0.373, t = 2.867, F = 8.22)
were determining factors for physical activity
level.
Data were divided into 4 groups according to the
sex, transplant type, obesity, and physically activity
level. Comparisons of paired groups for obesity
showed no difference between physical activity level,
body awareness, perceived benefits and barriers to
exercise, and illness cognition (P > .05). According
to the comparisons between male and female
patients, male patients were physically more active
than female patients (P < .05). We found higher
scores on the exercise barrier scale in patients who
had living-donor procedures versus patients
who had deceased-donor procedures (P < .05). In
addition, patients who were physically active showed
higher scores in perceived benefits and barriers
to exercise scores than lower physically active patients
(P < .05) (Table 3).
Table 1. Descriptive and Clinical Characteristics of Patients (N = 53)
Parameter

Mean age ± SD, y
Female patient, No. (%)
Male patient, No (%)
Mean BMI ± SD, kg/m2
Mean elapsed time posttransplant ± SD, y
Mean MMT score ± SD
Obesity, No. (%)
• Obese (≥ 30 kg/m2)
• Not obese (< 30 kg/m2)
Activity level, No. (%)
• Low
• Moderate
• High
Type of transplant, No. (%)
• Deceased donor
• Living donor
Organ donor status, No. (%)
• Mother
• Father
• Sibling
• Pediatric
• Spouse
• Relative
• Deceased

Result

41.11 ± 13.52
18 (34)
35 (66)
25.96 ± 5.26
3.68 ± 1.53
26.35 ± 1.36
9 (17)
44 (83)
21 (39.6)
30 (56.6)
2 (3.8)
16 (30.2)
37 (69.8)
12 (22.6)
6 (11.3)
7 (13.2)
2 (3.8)
6 (11.3)
4 (7.5)
16 (30.2)

Abbreviations: BMI, body mass index; MMT, Mini Mental Test; SD, standard
deviation
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Table 2. Result of Correlation Analyses
IPAQ

Activity
Level

Activity level

1.00

Walking

Walking

< .001
(0.719)
1.00

Moderate

BAQ

Moderate

< .001
(0.509)
.06
(0.257)
1.00

Vigorous

EBBS
Barriers
Score

EBBS
Benefits
Score

EBBS
Total

ICQ
ICQ
ICQ
Helplessness Acceptance Perceived
Benefits

Vigorous Total

.05
(0.263)
.94
(0.010)
< .001
(0.375)
1.00

Total

< .001
(0.792)
< .001
(0.949)
< .001
(0.507)
.15
(0.197)
1.00

.29
(0.146)
.51
(0.091)
.13
(0.209)
.81
(-0.033)
.25
(0.159)
1.00

BAQ
EBBS barriers score

.01
(0.341)
< .001
(0.417)
.17
(0.190)
.47
(-0.099)
< .001
(0.439)
.07
(0.287)
1.00

EBBS benefits score

.01
(0.351)
< .001
(0.364)
.05
(0.264)
.31
(-0.142)
< .001
(0.371)
< .001
(0.361)
< .001
(0.500)
1.00

EBBS total score

<.100
(0.382)
< .001
(0.386)
.03
(0.292)
.30
(-0.145)
< .001
(0.409)
< .001
(0.394)
< .001
(0.724)
< .001
(0.942)
1.00

ICQ helplessness

.13
(-0.206)
.71
(-0.052)
.86
(-0.023)
.59
(-0.074)
.55
(-0.083)
.20
(-0.177)
.12
(-0.213)
.40
(-0.117)
.19
(-0.180)
1.00

ICQ acceptance

.37
(0.124)
.23
(0.167)
.59
(-0.076)
.63
(0.067)
.27
(0.153)
< .001
(0.355)
.03
(0.297)
.21
(0.174)
.14
(0.203)
.001
(-0.442)
1.00

ICQ perceived benefits

.13
(0.210)
.05
(0.263)
.45
(0.105)
.56
(-0.082)
.07
(0.251)
.05
(0.270)
.01
(0.338)
.14
(0.202)
.06
(0.260)
< .001
(-0.375)
< .001
(-0.620)
1.00

Abbreviations: BAQ, Body Awareness Questionnaire; EBBS, Exercise Benefits/Barriers Scale; ICQ, Illness Perception Questionnaire; IPAQ, International
Physical Activity Questionnaire
Results show P values (significant at P < .05) and r values (in parentheses).

Table 3. Comparisons According to Male/Female Patient, Transplant Type, Obesity, and Physical Activity Level

IPAQ
Walking
Moderate
Vigorous
Total
BAQ
EBBS barriers
score
EBBS benefits
score
EBBS total
score
ICQ
helplessness
ICQ
acceptance
ICQ perceived
benefits

Male
(n = 35)

Sex
Female
(n = 18)

915.00 ±
664.62
215.42 ±
403.69
27.42 ±
127.14
1155.05 ±
904.97
99.88 ±
11.98
47.20 ±
5.32
92.62 ±
13.22
139.37 ±
17.98
9.17 ±
3.20
20.17 ±
2.29
19.48 ±
2.72

648.08 ±
587.86
26.66 ±
77.61
0.00 ±
0.00
674.77 ±
633.75
100.61 ±
11.10
45.61 ±
5.92
95.88 ±
15.06
141.50 ±
17.69
10.44 ±
3.95
18.88 ±
3.73
19.16 ±
4.27

P
Value

.149
.023
.306
.037
.895
.365
.570
.817
.279
.240
.375

Transplant Type
Deceased
Living
Donor
Donor
(n = 16)
(n = 37)

703.31 ±
782.93
32.50 ±
73.34
25.94 ±
123.72
740.81 ±
790.03
98.43 ±
12.17
43.81 ±
5.67
92.06 ±
15.20
135.87 ±
17.07
10.56 ±
3.50
19.37 ±
3.18
19.31 ±
2.57

876.68 ±
582.38
202.70 ±
396.60
0.00 ±
0.00
1100.54 ±
790.03
100.86 ±
11.43
47.89 ±
5.06
94.45 ±
13.33
141.91 ±
17.93
9.18 ±
3.45
19.89 ±
2.79
19.40 ±
3.59

P
Value

Obese
(n = 9)

.139

748.00 ±
686.28
200.00 ±
600.00
0.00 ±
0.00
948.00 ±
1195.80
100.22 ±
10.72
45.22 ±
5.54
85.77 ±
13.55
131.00 ±
18.16
10.77 ±
4.54
19.11 ±
3.21
18.33 ±
2.50

.124
.348
.065
.621
.012
.614
.143
.170
.625
.961

Obesity
Not Obese
(n = 44)

839.96 ±
645.37
141.36 ±
271.13
21.81 ±
113.61
1000.93 ±
776.91
100.11 ±
11.88
46.95 ±
5.54
95.36 ±
13.44
141.95 ±
17.27
9.36 ±
3.24
19.86 ±
2.84
19.59 ±
3.41

P
Value

.666
.381
.843
.434
.843
.356
.059
.105
.491
.666
.192

Low
(n = 21)

329.14 ±
359.03
13.33 ±
61.10
0.00 ±
0.00
334.00 ±
347.78
98.33 ±
8.86
44.42 ±
5.31
87.52 ±
14.52
131.66 ±
17.86
10.38 ±
3.74
19.19 ±
3.07
18.66 ±
2.83

Physical Activity Level
Moderate High (n = 2)
(n = 30)

1110.45 ±
577.38
158.00 ±
247.26
8.00 ±
43.81
1279.13 ±
579.57
101.23 ±
12.72
48.06 ±
5.36
97.76 ±
11.82
145.50 ±
15.56
9.23 ±
3.32
20.03 ±
2.73
19.70 ±
3.56

1732.50 ±
490.02
1500.00 ±
424.26
360.00 ±
509.11
3592.50 ±
405.17
102.50 ±
24.74
49.00 ±
4.24
95.50 ±
17.67
147.50 ±
21.92
7.00 ±
1.41
21.00 ±
4.24
22.00 ±
2.82

P
Value

< .001
< .001
.40
< .001
.56
.04
.03
.02
.28
.65
.22

Abbreviations: BAQ, Body Awareness Questionnaire; EBBS, Exercise Benefits/Barriers Scale; ICQ, Illness Perception Questionnaire; IPAQ, International
Physical Activity Questionnaire
Values are shown as means ± standard deviation. P values were calculated with Mann-Whitney U test, with P < .05 being significant.
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Discussion
Most investigations on lifestyle changes after kidney
transplant have focused on quality of life.7,18,19
Other important issues, such as effects on exercise
perception, illness cognition, and physical activity
levels, have not yet been thoroughly explored.
Although there is limited research on chronic
illness,14 within our knowledge, there is no research
about illness cognition and body awareness in renal
transplant patients.
According to the World Health Organization,
physical activity is strongly recommended for
healthy individuals with the aim to improve cardiorespiratory and muscular fitness and bone and
functional health and to reduce the risk of noncommunicable diseases, depression, and cognitive
decline. For adult patients, at least 150 minutes of
moderate-intensity or, alternatively, at least 75
minutes of vigorous-intensity aerobic physical
activity per week are recommended, which require
sessions of at least 10-minute duration. To obtain
additional benefits, individuals should increase
moderate-intensity activity to 300 minutes or
vigorous-intensity activity to 150 minutes per week.
The International Kidney Disease Outcomes Quality
Initiative guidelines for patients with kidney diseases
suggest that patients with chronic kidney disease
undertake aerobic physical activity compatible with
cardiovascular health and tolerance. At least 30
minutes of moderate-intensity physical activity 5
times per week are recommended (corresponding to
a minimum range from 450 to 750 MET minutes per
week). This suggestion is associated with the lifestyle
recommendations to achieve a healthy weight
(corresponding to a body mass index in the range of
20 to 25 kg/m2) and to stop smoking.20 In our study,
the mean body mass index was 25.96 ± 5.26 kg/m2
and there was a statistically significant correlation
between perceived benefits and barriers to exercise
and physical activity level. Although patients knew
the importance of exercise for weight loss, they were
overweight. Therefore, a multidisciplinary approach
is necessary, and these patients should be directed to
other departments such as dieticians.
Low physical functioning is expected at the time
of kidney transplant since patients with end-stage
renal disease often have reduced muscle mass
and/or impaired physical capacity due to either
comorbidities or dialysis treatment itself. Further
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specific factors related to kidney transplant itself,
such as renal failure, immunosuppressive treatment,
obesity, and diabetes, may contribute to impaired
physical performance in transplant patients versus
an age- and sex-matched general population.5 In our
study, physical activity levels of patients were 35.1%
with low, 59.5% with moderate, and 5.4% with high
activity. Comparisons of paired groups for obesity
showed no differences between physical activity,
body awareness, perceived benefits and barriers to
exercise, and illness cognition. Patients who were
physically active showed higher scores in perceived
benefits and barriers to exercise scores. In our study,
perceived benefits and barriers to exercise were
determining factors for level of physical activity.
Similar to our study, Grubbs and associates showed
that individuals who exercised regularly perceived
significantly more benefits to exercise than nonexercising individuals.21
We found that male patients were physically
more active than female patients, similarly to that
shown by Juarbe and associates, who stated that,
although women perceived many benefits from
staying physically active, most (73%) were physically
inactive.22
Increased physical activity, compared with less
activity during the pretransplant period, may result
in both a correction of uremic toxicity and no further
need for hemodialysis sessions posttransplant. On
the other hand, both the surgical procedure and
chronic steroid treatment can adversely affect muscle
metabolism and bone mass, resulting in less physical
activity after kidney transplant. Thus, the level of
physical activity of patients after kidney transplant
is similar to elderly people in the general population.
This is despite the fact that physical activity rates
increase by approximately 30% compared with rates
pretransplant within the first year after transplant. It
is important in this sense that elapsed time after
transplant was 3.68 ± 1.53 years in our study.
Physical activity level, physical fitness, and other
modifiable lifestyle characteristics may influence the
risk of chronic diseases. Changes in lifestyle may
therefore promote optimal health and longevity. One
of the most important changes in the way of life is to
gain exercise habits. Knowing the benefits of exercise
could encourage people to exercise, and it is useful
for transplant patients. Despite a successful transplant procedure, many kidney graft recipients
remain inactive and maintain a sedentary lifestyle.
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However; in our study, there was a statistically
significant correlation between perceived benefits
and barriers to exercise and physical activity level,
with most of our patients moderately active. This
may be due to the fact that the head of the surgical
team who initiated the first transplant in Turkey is
conscious about the importance of exercise, and our
patients are admitted to a physical therapy program
from the first day of surgery, thus increasing
awareness of exercise.
The most common and important barriers to
exercise are physical limitations, energy level, fear,
and comorbidities. The most frequently indicated
and important facilitators are motivation, coping,
consequences of (in)activity, routine/habit, goals/goal
priority, and the transplanted organ. Some studies
have indicated that being overweight was a barrier
due to a perceived increased threshold for initiating
being active. Others have indicated that maintaining
or reducing weight was a facilitator for being active,
which was often related to the suspected relationship
between medication use and weight gain.23
Illness cognition is also important for health and
quality of life of patients with chronic diseases.
Patient’s belief that the presence of disease impacts
ability to be more beneficial in life can lead to the
emergence of depressive symptomatology and
avoidance of activities that previously brought
satisfaction. On the contrary, if the patient is
convinced that life changes as a result of the disease
but finds other ways to be useful in life, the
likelihood of effective adaptation to the disease
increases. These differences in a patient’s response to
the disease might be recognized by identifying the
patient’s cognitions and beliefs.4,14
Christense and associates24 suggested that, for
patients who are more severely ill, the use of
techniques designed to distract attention from bodily
changes (ie, decreased self-focusing tendencies) may
be most desirable. For patients who are less
physically impaired, the use of techniques to
promote greater somatic focus may be preferred.25
Hamama-Raz and associates, in an analyses of
104 kidney transplant patients, determined that
patients who experienced improvements in their
physical functions and decreased adverse effects of
antirejection treatment may have psychologic relief,
which has an impact on positive cognition.3 The
group also indicated that illness cognition could play
a key role in adjustment to kidney transplant, as
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higher scores of perceived benefit and lower scores
of helplessness predicted positive cognitions toward
posttransplant outcomes. Specifically, they found
that patients with a living-donor organ had higher
scores of acceptance and perceived benefits than
patients with a deceased-donor organ, reflecting
positive cognition among kidney transplant
recipients. This might be explained by the donorrecipient relationship, characterized by mutual
emotional support, which creates feelings of
responsibility and gratitude. Also, higher perceived
benefits found in men may be explained by the
“liberation” from the restrictions imposed by the
“dialysis addiction” and to improved physical
function.3
In parallel with this study, we found higher scores
on the exercise barrier scale in living-donor versus
deceased-donor recipients. It is important to be able
to consider the positive aspects of accepting the
psychologic disorder of the person. This means that
people who accept their illness can understand the
importance of what is important for healthy life. In
this sense, there was a relationship between illness
cognition and perceived benefits and barriers to
exercise in our study.
Masajtis-Zagajewska and associates found beneficial effects on metabolic profile, body composition,
and quality of life in kidney transplant recipients and
a reference group of patients with chronic kidney
disease who were not yet on renal replacement
therapy. Several benefits seemed to be greater in
transplant recipients than in the chronic kidney
disease patients.20
Improving body awareness has been suggested as
an approach for treating patients with conditions
such as chronic pain, obesity, and posttraumatic
stress disorder. Among patients experiencing a
relatively high degree of physical impairment, higher
private body consciousness has been associated with
markedly poorer adherence.26 In our study, body
awareness had a statistically significant correlation
between illness cognition and perceived benefits and
barriers to exercise. There was also relationship
between illness cognition and perceived benefits and
barriers to exercise. Sarafidis and associates27 estimated hypertension awareness in kidney disease,
showing that awareness and treatment of hypertension were high in these patients, but blood pressure
control rates were poor. Their data suggested that
those who are aware of their kidney disease are more
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likely to achieve blood pressure control. Individuals
who know the benefits of exercise have high illness
cognition and body awareness scores.27
There are some limitations to our study. First, we
estimated physical activity only with self-reported
questionnaires; therefore, this was a subjective,
inaccurate modality, rather than an effective
measurement of physical activity by means of
objective, computable methods. In addition, our
study included a small number of patients. Further
studies should be carried out that consider these
limitations.
Conclusions
Psychologic and physical factors, including negative
emotions and body dissatisfaction, are risk factors for
poor quality of life. The benefits of physical activity
and its positive influence on health and emotional
well-being and self-esteem are well supported.
Although it is important to increase quality of life, it
is valuable to use assessment tools to enhance body
awareness and to develop strategies to alter motor
behaviors in daily life activities. Enhancing
awareness is a key therapeutic approach. Treatment
and assessment strategies on body awareness and
illness perception should be considered, with
emphasis on the importance of physical activity after
transplant.
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Assessment of Diabetes Knowledge Among Renal
Transplant Recipients With Posttransplant Diabetes
Mellitus: Kuwait Experience
Nashwa Othman,1,4 Osama Gheith,2,3 Torki Al-Otaibi,2 Tarek Mahmoud,2 Faisal Al-Refaei,1
Fatma Mahmoud,1 Heba Abduo,1 Narayanan Nampoory,1,2 Medhat A. Halim,2 Ayman Najeb2,3
Abstract
Objectives: Diabetes knowledge among kidney transplant recipients with posttransplant diabetes has not
been exhaustively assessed. We evaluated levels of
diabetes knowledge among our kidney transplant
patients using a 35-item diabetes self-care management questionnaire.
Materials and Methods: The study comprised renal
transplant patients with posttransplant diabetes
mellitus who were referred from Hamed Al-Essa Organ
Transplant Center of Kuwait to the Dasman Diabetes
Institute. Patient data were collected through patient
identification forms, metabolic control parameters
forms, and diabetes self-care scale questionnaires
(with score from 0-7).
Results: Of 356 (25.6%) kidney transplant recipients
with posttransplant diabetes, 210 patients were
enrolled in this study. Most were Kuwaiti (60%), men
(48.8%), and with high school education level (43.8%).
Some were smokers (11.9%), and the original kidney
disease was glomerulonephritis in 37.6% of patients.
Most patients (71.9%) received hemodialysis pretransplant. Most patients (> 88%) reported low mean
score of healthy diet (0-3), with > 93% reporting low
mean score of practicing exercise (0-3), > 62% not
checking blood sugar at home, 85% not following the
recommended frequency, and > 72% not caring for
their feet (except washing in 86.7%). Moreover, most
patients lacked information about sharp disposal, diet
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glycemia, sick day management, and the importance
of hemoglobin A1c and regular fundus examination.
Mean score of practicing exercise was significantly
higher in men (especially non-Kuwaiti; P < .05);
otherwise, other mean scores were comparable
between sexes and different nationalities (P > .05).
Conclusions: Diabetes knowledge is deficient in patients
with posttransplant diabetes. Seminars, counseling
sessions, and workshops should be arranged periodically for renal transplant recipients to improve their low
level of diabetes knowledge. This is a preliminary report
of our randomized controlled study evaluating the
impact of structured diabetes education on self-care
activities and metabolic control variables.
Key words: Education, Kidney allograft, Lifestyle,
Questionnaire, Self-care
Introduction
Diabetes is a chronic irreversible disease, directly
concerns individuals of all ages and their relatives,
and brings heavy economic burden, affects self-care
activities, and shortens life expectancy due to its
chronic complications.1
It is estimated that diabetes incidence will reach to
3% to 6% and the number of patients with diabetes
will be more than 300 million by the year 2025.
Approximately 20% of people who are 65 years of
age or older are diabetic. Diabetes incidence is
expected to increase by 165% in the next 50 years.2 It
is estimated that there are 17 million people with
diabetes in the United States alone and that
approximately 14.5 million of this population have
type 2 diabetes mellitus. Diabetes prevalence increases
with age, with prevalence of 9% in those in their 20s
but exceeding 20% in those age 70 years and older.3
The successful treatment of chronic diseases is
closely associated with the education of both patients
and their relatives.4 Patient education is one of the
DOI: 10.6002/ect.MESOT2018.P126
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most important responsibilities of nurses. In the
management of diabetes, helping patients improve
their health and quality of life is considered an
important aspect of diabetes self-care education.5
The aim of self-care, which is a universal concept
for maintaining and improving health, is to enable
individuals to take full responsibility regarding their
health. Self-care constitutes 98% of diabetes care. To
control their disease, patients with diabetes need to
adopt self-care activities such as adopting an
appropriate diet, regular exercise, control of blood
glucose, appropriate use of oral antidiabetic agents,
awareness of the effects and possible adverse effects
of insulin treatment, avoiding alcohol use and
smoking, preventing complications of diabetes, and
compliance to life-long medication.6
Diabetes can be prevented or delayed, with 44%
to 58% risk reduction, just by adopting a healthy way
of life.7 In a meta-analysis study on diabetes,
education on exercise was reported to decrease
glycated hemoglobin (HbA1c) levels of patients with
type 2 diabetes mellitus.8
According to the World Health Organization,
“education” is the key to diabetes treatment and has
a vital role in the integration of diabetes with society.
Patient diabetes education includes all studies
conducted to increase knowledge and experience to
enable patients with diabetes to feel better, to protect
patients from possible adverse effects by better
disease control, to reduce treatment costs, to
minimize treatment errors, and to provide patients
with skills to use new technology.9 Blood glucose
monitoring is also key to diabetes management, and
self-monitoring of blood glucose can significantly
change diabetes care.10
Patient education, in which patients with diabetes
are informed about their disease and their awareness
is raised, is of vital importance.11 Disease-oriented
education given to patients with type 2 diabetes had
a positive effect on their self-care activities.12 Indeed,
in different parts of the world and in our country,
decreased lipids and arterial blood pressure values
were demonstrated in patients who were given
education by diabetes nurse educators and who were
monitored for approximately 3 months to 1 year.13
Furthermore, decreased HbA1c values were shown
in patients with education, with changes observed in
body mass index.14
Transplant recipients are at high risk for developing prediabetes and overt diabetes mellitus due to
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a number of factors, including immunosuppressive
therapies. Posttransplant diabetes mellitus (PTDM)
has emerged as an increasingly important
determinant of outcomes and survival in transplant
recipients.15 Nampoory and associates indicated poor
survival in patients with pretransplant diabetes
mellitus due to coronary artery disease and infections,
whereas long-term graft survival was equally good in
pretransplant diabetes mellitus and transplant
recipients without diabetes.16
In addition to type 1 and type 2 diabetes, PTDM
is now a well-recognized consequence of organ
transplant, especially after solid-organ and bone
marrow and hematopoietic stem cell transplant.
Varying incidences of PTDM have been reported
over different posttransplant intervals. At 12 months
or greater, rates of PTDM are approximately 20% to
50% for kidney transplant recipients.17 Patients with
PTDM tend to develop microvascular complications
more rapidly than patients with nontransplantrelated diabetes.18
Diabetes education and its impact on posttransplant morbidity and mortality have become
crucial areas of research in organ transplant populations. Here, we evaluated levels of diabetes
knowledge among our kidney transplant patients
with PTDM using a 35-item diabetes self-care
management questionnaire in addition to assessment
of diabetic microvascular complications.
Materials and Methods
The research population included organ transplant
recipients with PTDM who were followed at the
Hamed AL-Essa Organ Transplant Center of
Kuwait and who met the eligibility criteria. This
preliminary report of a prospective randomized
controlled study included 210 renal transplant
recipients with posttransplant diabetes. Patients were
planned to receive the structured diabetes education
program for 2 years (comparing one-to-one
education methods, group education methods, and
conventional education methods). Patients who
fulfilled the following criteria were included: (1)
transplant duration of > 6 months, (2) outpatient
status, (3) no psychiatric history of illness, (4)
written consent to participate in the research, and (5)
age of > 21 years. We excluded younger patients
(< 21 years old) and patients with mental abnormalities.
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Ethical principles of the research
Written permission was received from the institutions where the research was carried out. Aim and
scope of the research were submitted and approved
by the Ethical Committees of both the Ministry of
Health and the Dasman Diabetes Institute of Kuwait.
Patient identification form
This form included information about the patient’s
identifying characteristics, including age, sex,
education status, and disease-related information
(duration of disease and treatments received).
Metabolic control parameters form
This form included information on the patient’s
metabolic control variables, including HbA1c, lipids
(total cholesterol, triglyceride, high-density lipoproteins, low-density lipoproteins), and renal and
liver function tests. Metabolic control parameters
were measured at the Hamed Al-Essa Organ
Transplant Center outpatient clinic and were sent
with each patient to the Dasman Diabetes Institute
within 1 week of patient evaluation.
Blood pressure, height, weight, body mass index,
and waist circumference were measured and
recorded by the researcher by using the same
measurement device and method each time. Waist
circumferences were measured midway between the
costal margin and iliac crests using a measuring tape
in standing position, over underwear and after slight
expiration.
Diabetes self-care scale
The Arabic-translated 24-item scale, developed in
English by Lee and Fisher19 and which measures the
self-care of patients with diabetes, was applied to
patients.
Data collection method
In the pretest phase of the research, patients were
given a patient identification form, metabolic control
parameter form, and the diabetes self-care scale. The
forms were completed within 15 to 25 minutes by
patients in the presence of the researcher. Telephone
numbers and addresses of patients were taken for
proper communication if needed.
Diabetic microangiopathies (retinopathy, neuropathy and nephropathy ) were assessed by fundus
evaluation (performed at Dasman Diabetes institute),
electromyography/nerve conduction velocity (done
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in the Ibn Sina Hospital, Sabah area) and regular urine
analysis/graft biopsy when indicated (conducted at
Hamed Al-Essa organ transplant center) respectively.
Statistical analyses
Statistical analyses were done using SPSS software
(version 20; SPSS Inc., Chicago, IL, USA). To analyze
the identifying and disease-related characteristics of
patients, matched t tests were used to compare
means and standard deviations of numerical
variables of analyzed groups. Categorical data were
compared using the chi-square test. P < .05 was
considered significant.
Results
Most patients were middle aged, with mean age of
43.6 ± 12.4 years in men and 45.05 ± 13.1 years in
women (P = .44). Most received grafts from living
donors (86.5% in men and 82.5% in women) during
their 4th decade of life (P > .05; Table 1).
In our cohort, we observed that most women with
PTDM were Kuwaiti (63 cases, 77.8%), whereas nonKuwaiti patients were mostly men (51.1%), with 47
non-Kuwaiti Arabs (36.4%) and 19 non-Kuwaiti nonArabs (14.7%) (Table 1).
We noticed no significant differences between the
2 study groups (men and women) regarding their
original kidney disease, dialysis type, and level of
education, with most having secondary level of
education (P > .05).
Pretransplant comorbidities were comparable
between men and women, especially hypertension,
history of treatment of tuberculosis, ischemic
heart disease, bone disease, and anemia (P > .05).
Moreover, most patients had comparable rates of
cytomegalovirus (CMV) immunoglobulin G, and
CMV immunoglobulin M (P > .05) but the rate of
chronic hepatitis C was significantly more in PTDM
group (P = .037).
Immediate posttransplant graft function was
assessed, and we found no significant differences
between the 2 groups regarding graft function, as
represented by immediate and slow graft function
(P = .172).
Both men and women were equivalent regarding
mean number of HLA mismatches, with no significant differences in type of immunosuppression
therapy (both induction and maintenance) (P > .05;
Table 1).
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Table 1. Demographic Data of Study Patients

Men (n = 129)

Mean age ± SD, y
43.6 ± 12.4
Donor mean age ± SD, y
34.4 ± 9.1
Donor type
• Living related
112 (86.5%)
• Deceased
17 (13.5%)
Nationality
• Arab Kuwaiti
63 (48.8%)
• Arab Non-Kuwaiti
47 (36.4%)
• Non-Arab
19 (14.7%)
Education level
• University
33 (25.8%)
• Secondary level
52 (40.8%)
• Primary level
40 (30.8%)
• Illiterate
4 (2.5%)
Original kidney disease
• Idiopathic
39 (30.2%)
• Glomerulonephritis
49 (38%)
• Hypertension
7 (5.4%)
• Urologic
5 (3.9%)
• Other
29 (22.5%)
Virology
• HCV (+/-)
12/129 (9%)
• CMV IgM (+/-)
0/129
• CMV IgG (+/-)
122/129
Dialysis type
• Hemodialysis
97 (75.6%)
• Peritoneal dialysis
10 (9.7%)
• Preemptive
16 (12.6%)
Pretransplant comorbidities
• Hypertension
117 (91%)
• Pretransplant tuberculosis
36 (28.2%)
• Ischemic heart disease
27 (21.3%)
• Anemia
37 (28.5%)
Mean HLA mismatch
• A locus
1.10 ± 0.62
• B locus
1.53 ± 0.98
• DR locus
1.02 ± 0.71
• Total mean HLA
mismatches
3.44 ± 1.46
Induction immunosuppression
• None
22 (16.8%)
• IL-2 receptor blocker
29 (22.8%)
• Antithymocyte globulin
39 (30.2%)
• Other
39 (30.2%)
Type of maintenance immunosuppression
• Cyclosporine based
71 (55%)
• Tacrolimus based
55 (42.6%)
• Other
3 (2.3%)
Graft function
• Immediate
52 (39.3%)
• Slow
36 (28%)
• Delayed
18 (14.1%)
• Unknown
23 (18%)

Women (n = 81) P Value

45.05 ± 13.1
34.7 ± 8.8

.44
.77

67 (82.6%)
14 (17.5%)

.154

63 (77.8%)
12 (14.8%)
6 (7.4%)

< .001

used oral agents for diabetes control (73.4% in men
vs 77.2% in women), and some patients developed
microangiopathies as represented by retinopathy
(13.2% in men vs 9.8% in women) and neuropathy
(28.1% in men vs 25.85 in women), with no
significant differences between groups (P > .05).
Table 2 Clinical and Biochemical Parameters of Study Patients at Time of
Diagnosis of Posttransplant Diabetes Mellitus
Parameter at Time of
Diagnosis of PTDM

15 (18.8%)
40 (50%)
23 (27.5%)
3 (3.8%)

.49

15 (18.8%)
30 (37%)
7 (8.6%)
8 (9.9%)
21 (24.7%)

.314

3/81 (3%)
2/81
75/81

.037
.074
.312

54 (66.6%)
8 (9.9%)
19 (23.5%)

.059

71 (87.7%)
32 (40.5%)
8 (10%)
34 (43%)

.746
.150
.108
.057

1.04 ± 0.63
1.22 ± 0.68
0.97 ± 0.68

.476
.169
.630

3.26 ± 1.56

.370

10 (12.7%)
24 (29.1%)
33 (40.5%)
14 (17.8%)

.244
.244
.244
.044

35 (43.2%)
42 (51.9%)
4 (4.9%)

.191

43 (54.5%)
17 (20.8%)
9 (11.8%)
10 (12.8%)

.172

Abbreviations: CMV, cytomegalovirus; HCV, hepatitis C virus; IgG,
immunoglobulin G; IgM, immunoglobulin M; IL-2, interleukin 2; SD,
standard deviation

At the time of PTDM diagnosis, we found that
most patients were hypertensive (94.7% in men vs
93.2% in women). However, despite comparable
mean systolic blood pressure levels in men and
women, mean diastolic blood pressure was significantly higher in men (P = .036). We found no
significant difference between men and women
regarding the mean number of antihypertensive
agents (P = .31; Table 2). Most patients in our study
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Men
(n = 129)

Posttransplant HTN, No. (%)
122 (94.7%)
Mean anti-HTN medication ±
SD, No.
2.19 ± 0.52
Systolic blood pressure, mm Hg
136.7 ± 17.4
Diastolic blood pressure, mm Hg
80.5 ± 10.8
PTDM therapy, No. (%)
• Oral agent
95 (73.4%)
• Insulin
38 (29.8%)
Fundus, No. (%)
• No retinopathy
96 (75%)
• Retinopathy
17 (13.2%)
• Cataract
16 (11.8%)
Detected neuropathy by
EMG, No. (%)
36 (28.1%)
Basal serum creatinine, µmol/L
128 ± 61
Bilirubin, µmol/L
10.4 ± 6.4
Albumin, g/L
36.3 ± 5.2
ALT, U/L
43.7 ± 36.02
Magnesium, mmol/L
0.65 ± 0.1
Mean hemoglobin, g/L
127.03 ± 28.8
Fasting blood sugar, mmol/L
7.94 ± 2.94
Hemoglobin A1c, %
7.1 ± 1.4
Weight, kg
86.65 ± 21.2
Height, cm
167.5 ± 15.77
Basal body mass index, kg/m2
32.4 ± 7.7
Waist circumference, cm
106.4 ± 17.1

Women
(n = 81)

P
Value

75 (93.2%)

.72

2.1 ± 0.69
136.1 ± 17.2
73.04 ± 18.1

.309
.89
.036

62 (77.2%)
20 (25%)

.54
.452

65 (80.4%)
8 (9.8%)
8 (9.8%)

.77

20 (25.8%)
106 ± 47.6
8.09 ± 3.5
34.7 ± 5.5
32.9 ± 13.5
0.63±0.1
113.9 ± 29.9
9.8 ± 10.5
9.2 ± 8.2
81.4 ± 20.6
152.6 ± 19.03
33.7 ± 6.6
104.7 ± 14.8

.177
.011
.004
.035
.014
.56
< .001
.27
.23
.092
< .001
.732
.52

Abbreviations: ALT, alanine aminotransferase; EMG, electromyogram;
HTN, hypertension; PTDM, posttransplant diabetes mellitus; SD, standard
deviation

Regarding obesity at the time of PTDM diagnosis,
we observed that body mass index and waist
circumference were comparable between men and
women (P > .05; Table 2). It is worth noting that
metabolic parameters at the time of PTDM diagnosis
were significantly higher among men (higher serum
creatinine, bilirubin, albumin, alanine aminotransferase, and hemoglobin levels; P < .05); however,
all levels were within normal limits (Table 2).
Higher fasting blood sugar and HbA1c were
observed in men, although this was not significant
(P > .05).
As shown in Table 3, men and women showed
equal incidences of BK viremia or BK viral-associated
nephropathy, as well as CMV infection (P > .05).
Regarding posttransplant immunologic complications,
we found no significant difference between groups
regarding mean number of acute rejection episodes
(P = .38). Moreover, we found no significant
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differences between groups regarding graft and
patient outcomes (P > .05).
Table 3. Posttransplant Complications in Study Groups

BK virus infection, No. (%)
• BK viremia
• BK viral nephropathy
• CMV viremia
Mean number of rejection episodes
Graft outcome, No. (%)
• Patients with functioning graft
• Patients with failed graft
Patient outcome , No. (%)
• Living
• Deceased
• Lost to follow-up

Men
(n = 129)

Women
(n = 81)

P
Value

9 (6.9%)
2 (1.5%)
19 (14.7%)
0.45 ± 0.6

11 (13.5%)
2 (2.4%)
17 (21%)
0.26 ± 0.61

.146
.66
.367
.383

116 (89.9%)
13 (10.1%)

75 (92.6%)
6 (7.4%)

.511

126 (97.7%)
1 (0.8%)
2 (1.6%)

80 (98.8%)
0
1 (1.2%)

.716

As shown in Table 4, concerning level of diabetes
education among kidney transplant recipients with
PTDM, we found that most patients had low levels of
knowledge about healthy food (89.2% of men vs
87.3% of women), low levels of knowledge about
exercise (92.4% in men vs 96.2% in women), and
low levels of knowledge about healthy foot care
(92.4% in men vs 71.8% in women), with all levels of
knowledge being comparable between groups
(P > .05). Mean exercise knowledge score was
significantly higher among men (P = .042).
We also observed that scores regarding healthy
diet, healthy exercise, and sharp disposal knowledge
did not exceed 23.2%, with no significant difference
between men and women. However, mean score
of transplant-related advice was around 40%,
with comparable results between men and women
(P > .05; Table 4). Smoking prevalence was significantly higher among men (19.3% vs 8.6% in
women), with only 18.5% of men versus 3.7% of
women counseled about smoking (P < .05; Table 4).
Few patients used logbooks to monitor blood sugar
(5% in men vs 3.8% in women); moreover, few patients
received advice on hyper- and hypoglycemia (9.2% in
men vs 5.1% in women) and sick day management
(2.5% in men vs 1.3% in women) (P > .05; Table 4).
As shown in Table 5, most Kuwaiti patients had
significantly lower levels of knowledge about
exercise versus non-Arabs (97.5% vs 86.4%; P = .004).
Moreover, we observed no significant differences
between patients regardless of their nationalities
concerning knowledge on logbook use to monitor
blood sugar, receiving advice for hyper- and
hypoglycemia and sick day management, and
knowledge about HbA1c (P > .05; Table 5).

Table 4. Level of Diabetes Knowledge in Study Patients
Men
(n = 129)

Level of knowledge about healthy
food, No. (%)
• Low level (< 50%)
• Moderate level (50% to 75%)
• High level (> 75%)
Level of knowledge about
exercise, No. (%)
• Low level (< 50%)
• Moderate level (50% to 75%)
• High level (> 75%)
Mean exercise knowledge
score (out of 7)
Level of knowledge about healthy
foot care, No. (%)
• Low level (< 50%)
• Moderate level (50% to 75%)
• High level (> 75%)
Mean score of healthy diet advice
(out of 1)
Mean score of healthy exercise
advice (out of 1)
Mean score of transplant-related
advice (out of 1)
Mean score of sharp disposal
advice (out of 1)
Smoking prevalence, No. (%)
Asked patients to stop smoking,
No. (%)
Prevalence of using logbook, No. (%)
Hypoglycemia advice, No. (%)
Sick day management, No. (%)

Women
(n = 81)

P
Value

115 (89.2%)
11 (8.3%)
3 (2.5%)

71 (87.3%)
4 (5.1%)
6 (7.6%)

.176

119 (92.4%)
4 (3.4%)
6 (4.2%)

78 (96.2%)
2 (2.5%)
1 (1.3%)

.465

0.907 ± 1.47

0.513 ± 1.07

.042

104 (80.7%)
15 (11.8%)
10 (7.6%)

58 (71.8%)
15 (17.9%)
8 (10.3%)

.342

0.112 ± 0.19

0.108 ± 0.16

.921

0.121 ± 0.16

0.139 ± 0.12

.592

0.407 ± 0.25

0.378 ± 0.25

.599

0.232 ± 0.25
25 (19.3%)

0.166 ± 0.23
7 (8.6%)

.231
.022

22 (18.5%)
6 (4.6%)
11 (8.5%)
3 (2.3%)

3 (3.7%)
3 (3.7%)
4 (4.9%)
1 (1.2%)

.002
.324
.276
.539

Discussion
The value of patient knowledge about diabetes has
been raised in a number of reports, which have shown
that diabetes education can be cost-effective by
reducing hospital admissions and readmissions.20-22
Studies from both developed and developing
countries have reported that diabetes knowledge is
generally poor among patients with diabetes.23-25
Compliance with management of diabetes was better
in patients with good knowledge.26
Despite the importance of PTDM as a cause of
morbidity, mortality, increased cost, and patient
anxiety, few randomized controlled trials have
explored interventions that can diminish the
development of diabetes in kidney allograft
recipients.27
Patients at risk of new-onset diabetes after
transplant (NODAT) should be counselled on the
importance of lifestyle modification, including weight
control, diet, exercise, and smoking cessation.28
Overweight patients should achieve a weight
reduction of at least 7% of the initial body weight.29
Dietician referral may be needed to enhance
treatment of diabetes.30
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Table 5. Mean Score of Diabetes Knowledge Among Patients With Different Nationalities

Level of knowledge about healthy food, No. (%)
• Low level (< 50%)
• Moderate level (50% to 75%)
• High level (> 75%)
Level of knowledge about exercise, No. (%)
• Low level (< 50%)
• Moderate level (50% to 75%)
• High level (> 75%)
Mean exercise knowledge score (out of 7)
Level of knowledge about healthy foot care, No. (%)
• Low level (< 50%)
• Moderate level (50% to 75%)
• High level (> 75%)
Score of healthy diet advice, No. (%)
• Low level (< 50%)
• Moderate level (50% to 75%)
Mean score of healthy diet advice (out of 1)
Mean score of healthy exercise advice (out of 1)
Mean score of transplant advice (out of 1)
Proper sharp disposal, No. (%)
Smoking prevalence, No. (%)
Asked patients to stop smoking, No. (%)
Prevalence of using logbook, No. (%)
Hypoglycemia advice, No. (%)
Sick day management, No. (%)
Knowledge about hemoglobin A1c, No. (%)

Kuwaiti (n = 126)

Non-Kuwaiti Arab (n = 59)

Non-Arab (n = 25)

114 (90.2%)
6 (4.9%)
6 (4.9%)

52 (89.1%)
6 (9.1%)
1 (1.8%)

19 (77.3%)
4 (13.6%)
2 (9.1%)

.312

122 (97.5%)
4 (2.5%)
0 (0)
1.02 ± 0.15

53 (88.9%)
3 (5.6%)
3 (5.6%)
1.16 ± 0.5

22 (86.4%)
0 (0)
3 (13.6%)
1.27 ± 0.7

.004
.004

100 (80.8%)
17 (12.5%)
9 (6.7%)

44 (74.5%)
10 (16.4%)
5 (9.1%)

15 (63.6%)
4 (18.2%)
4 (18.2%)

.364

48 (94.1%)
3 (5.9%)
0.125 ± 0.13
0.399 ± 0.27
0.205 ± 0.24
78 (62.2%)
18 (14%)
16 (12.4%)
3 (2.5%)
7 (5.8%)
3 (2.5%)
3 (2.5%)

25 (96.2%)
1 (3.8%)
0.138 ± 0.16
0.384 ± 0.25
0.211 ± 0.25
32 (55.9%)
13 (22.2%)
9 (16.4%)
3 (5.5%)
5 (9.1%)
0
1 (1.8%)

11 (91.7%)
1 (8.3%)
0.116 ± 0.18
0.416 ± 0.12
0.207 ± 0.27
12 (46.2%)
3 (13.6%)
2 (5.4%)
2 (9.1%)
3 (13.6%)
1 (4.5%)
1 (4.5%)

.84
.905
.934
.996
.50
.37
.36
.54
.38
.37
.78

A low saturated fat and cholesterol and high
complex carbohydrate and fiber diet is encouraged,
especially in patients with diabetic dyslipidemia.
Physical activity of at least 150 minutes per week is
recommended as a prevention strategy for NODAT.
Treatment of hepatitis C with interferon and a
sustained virologic response before transplant may
reduce the risk of NODAT.31 Lifestyle modifications
can delay the onset of diabetes in nontransplant
populations with abnormal glucose metabolism.32
In our cross-sectional study to evaluate diabetes
knowledge among our kidney transplant patients
with PTDM using a 35-item diabetes self-care
management questionnaire and assessment of
diabetic microvascular complications, most patients
were middle-aged. This finding was matched with
that reported by Gomes and associates33 and Yu and
colleagues,34 who reported similar mean ages in both
male (46.9 ± 12.9 y) and female patients (49.6 ± 10.8 y)
with PTDM.
Nejhad and associates35 found that patients with
lower level of education had lower diabetes-specific
and generic health-related quality of life. In our
study, we noticed no significant difference between
men and women regarding level of education, with
most having secondary level of education (P > .05).
Nejhad and associates35 also found that hepatitis
C virus (2.9%) and CMV infections (97%) were
associated with NODAT. Hepatitis C virus causes

P Value

insulin resistance, abnormalities in glucose metabolism, and pancreatic β-cell dysfunction.35 In our
cohort, there was a higher prevalence of hepatitis C
(7%), and the prevalence was higher in men (9%)
versus women (3%), although not significantly
(P > .0378). Moreover, both groups were comparable
regarding CMV immunoglobulin G and immunoglobulin M (P > .05). The higher prevalence of
hepatitis C virus among our patients might explain
the higher prevalence of NODAT (25.6%)36 in our
renal transplant recipients in the Middle East.
In their study of deceased-donor recipients,
Gomes and associates33 found higher frequencies of
hepatitis C infection (2.9%), CMV infection (97%),
and acute rejection (14.6%) in their NODAT group;
however, differences did not reach statistical
significance. We observed similar prevalence among
our cohort, but with higher prevalence of hepatitis C
virus infection.
The 2014 international consensus guidelines on
PTDM recommended a stepwise approach for the
management of PTDM that consists of lifestyle
modification followed by oral antidiabetic therapy
and then insulin therapy.37 According to the latest
guidelines, diabetes in most of our patients was
controlled by oral agents (73.4% in men and 77.2% in
women). This was in agreement with that reported
by Gomes and associates,33 in which most patients
with PTDM responded to oral hypoglycemic agents,

Nashwa Othman et al/Experimental and Clinical Transplantation (2019) 1: 277-285

followed by insulin, and few requiring combined
therapy.
In our study, we observed that most of our
patients had mild obesity with mean body mass
index of 32.4 ± 7.7 in men and 33.7 ± 6.6 kg/m2 in
women. This observation was in harmony with that
reported by Centenaro and associates,38 who
reported, in a cross-sectional study, higher body mass
index and body fat percentage, higher levels of
triglycerides, and higher urinary protein-tocreatinine ratio than shown in a group without
NODAT. Kim and associates showed that weight
gain after kidney transplant was proportional to the
risk of PTDM, independent of the pretransplant body
mass index.39 Moreover, a 6-month intensive,
structured lifestyle modification program that
included referral to a dietitian, exercise program, and
weight loss advice induced regression to
normoglycemia in up to 44% of patients.40
We found that some patients developed retinopathy (13.2% in men vs 9.8% in women) and
neuropathy (28.1% in men vs 25.85 in women), with
no significant difference between groups (P > .05).
Our observations matched another study from Egypt
by Nagib and associates who reported retinopathy in
8.22% and neuropathy in 24.2% of their NODAT
patients.41
Dietary habits leading to high Mediterranean diet
score were associated with lower risk of NODAT.
These results suggest that healthy dietary habits are
of paramount importance for renal transplant
recipients.42 A healthy style diet, such as a Mediterranean diet, has a positive impact on the development of NODAT and mortality in renal transplant
recipients, possibly due to the content of antioxidants,
dietary fiber, magnesium, and unsaturated fatty
acids.43 A Mediterranean-style diet may have a
protective effect on oxidative stress and antioxidant
defense, since this diet is characterized by high intake
of fruits and vegetables.29 Second, the high intake of
dietary fiber may reduce plasma insulin levels, having
an advantageous effect on glucose metabolism. Third,
magnesium may play an important role in preventing
type 2 diabetes mellitus.43
Both men and women in our study had a low
knowledge level regarding healthy food, exercise,
and healthy foot care. However, we found that men
had a significantly higher mean exercise knowledge
score (P = .042). In general, this observation was
similar to that reported by Murata and associates, in
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which men with type 2 diabetes mellitus had higher
mean knowledge score than women.44
It was observed that male sex, higher education,
and older age (> 40 years) were associated with
knowledge regarding diabetes mellitus.45 In a study
from Bangladesh, Mumu and associates observed
that 68% had average knowledge. They also realized
that male sex and higher educated people are likely
to have better knowledge regarding diabetes.46 The
poor diabetes knowledge among our patients (23.2%
knowledge on diet, exercise, and sharp disposal) was
similar to ideas in other patients that lifestyle
modification only included healthy dietary habits.47
Cigarette smoking is known to increase cardiovascular events and decrease patient and graft
survival. Although not verified, cigarette smoking
may also be associated with rejection. Cigarette
smoking has also been associated with increased
opportunistic infections and malignancies in kidney
transplant recipients.48 Despite these adverse effects,
we noticed that smoking prevalence was significantly higher among male patients (22% vs 3% in
women) and only 21.2% of men were counseled
about smoking (vs 8.9% in females; P < .05; Table 4).
This finding could be explained by the standard life
style in the Gulf region.
Renal transplant recipients should receive guidance on outpatient follow-up, immunosuppressive
medication, treatment of rejection, and prevention of
complications (heart disease, infection, cancer, bone
disease, and blood disorders). Issues regarding
contraception and reproduction should also be
discussed.49
Despite our routine posttransplant education
program, the mean score of knowledge about
transplant-related guidance was around 40%. The
relatively low level of knowledge could be due to
lower level of education (most of our patients had a
secondary level of education).
In our study, Kuwaiti patients had significantly
lower level of knowledge of exercise than non-Arab
patients (97.5% vs 86.4%; P = .004). This observation
was similar to a recent report from Umeh and
Nkombua,47 in which only 35% of their South African
patients with diabetes participated in exercises, with
brisk walking (59%) as the preferred form of exercise.
In our study, few patients were monitoring their
blood sugar (5% in men vs 3.8% in women), which
could be explained by the few patients who had
received advice regarding hyperglycemia and
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hypoglycemia, HbA1c, and sick day management. In
addition, we observed no significant differences
between patients regardless of their nationalities
concerning their knowledge (P > .05; Table 5). This
low level of knowledge may be explained by the fact
that most patients with diabetes thought that lifestyle
modifications only included healthy eating.47 Odili
and associates50 reported that there were knowledge
deficits related to misconceptions in diabetes diet
and knowledge of blood glucose monitoring with
glycosylated hemoglobin test.
Conclusions
Diabetes knowledge is deficient in patients with
PTDM. Seminars, counseling sessions, and workshops
should be arranged periodically for renal transplant
recipients to improve their low level of diabetes
knowledge. This is a preliminary report of our
randomized controlled study evaluating the impact of
structured diabetes education on self-care activities
and metabolic control variables.
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