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To  Our Esteemed Colleagues,

Because of a rising interest in Experimental and Clinical Transplantation as well 
as an increased number of manuscript submissions, we are expanding 
our publication schedule following October 2020 from 6 issues to 12 
issues per year. Please look for the journal to be published in January, 
February, March, April, May, June, July, August, September, October, 
November and December.

We would like to extend our sincere thanks for your continuing support, and we 
look forward to receiving your manuscripts. 
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Experimental and Clinical Transplantation (ECT) is the official 
journal of the Middle East Society for Organ Transplantation 
(MESOT). The Society was originally founded in Turkey in 1987, 
and was subsequently incorporated at Bern, Switzerland, in 1988 
as a non-profit, international, scientific organization comprising 
20 countries of the Middle East, North Africa, Mid-Asia, and 
neighboring nations.

The aim of the journal is to provide a medium forum for where 
clinical scientists, basic scientists, ethicists, and public health 
professionals to communicate ideas and advances in the field of 
experimental and clinical organ and tissue transplantation, and 
to discuss related social and ethical issues. The topics will be of 
interest to transplant surgeons, clinicians in all major disciplines 
and subspecialties, basic science researchers, and other 
professionals involved with sociological aspects of experimental 
and clinical transplantation.

Experimental and Clinical Transplantation is a peer-reviewed 
international publication that accepts manuscripts of full-length 
original articles, case reports, letters to the editor, and invited 
reviews. It is published in English bimonthly (February, April, June, 
August, October, and December).

Our editorial team is committed to producing a journal of 
extremely high standards. The journal is fully indexed in EBSCO, 
Excerpta Medica, Index Medicus, Journal Citation Reports/
Science Edition, MEDLINE, Science Citation Index Expanded™, 
and Turkey Citation Index. Full-text articles are available on the 
Internet via PubMed or at the Journal’s Web site, at http://www.
ectrx.org. ECT is also available as hard-copy bound volumes by 
subscription, printed on acid-free paper.

SCOPE

The scope of  the journal includes the following: 

	 Surgical techniques, innovations, and novelties
	 Immunobiology and immunosuppression
	 Clinical results
	 Complications
	 Infection
	 Malignancies
	 Organ donation
	 Organ and tissue procurement and preservation
	 Sociological and ethical issues
	 Xenotransplantation

ETHICS

The Journal expects that all procedures and studies involving 
human subjects have been reviewed by the appropriate ethics 
committee and have therefore been performed in accordance 
with the ethical standards laid down in The Helsinki Declaration 
as well as The Declaration of Istanbul on Organ Trafficking 
and Transplant Tourism. Manuscripts must contain a statement 
to this effect.

All authors are required to sign an ethical disclosure 
form stating that they have not been involved in commercial 
transactions or other unethical practices in obtaining donor 
organs, and that no organs or tissues from executed prisoners 
have been used in this research. 

Experimental and Clinical Transplantation adheres to the 
ethical principles outlined by COPE (Committee on Publication 
Ethics).
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FOR LIVING DONOR  
TRANSPLANTATION

EDITORIAL POLICY

Dear Colleagues,

Kindly be reminded of our Editorial Policy regarding Living Donation in 
transplantation. 

As per our acceptance criteria, donor must be a relative (up to the 4th degree) or 
spouse of the recipient and over 18 years old.  We would like to remind all of you that 
as per our Journal policy, we do not accept any papers that involve transplantation 
from living unrelated donors. 

In the recent period (from January 2019 to present), 662 manuscripts have been 
submitted to our Journal from various countries throughout the world. Out of these 
662 manuscripts, a decision has been made for 554 manuscripts and 377 (68%) of 
them were rejected. Of these 377 rejected manuscripts, 55 (14.6%) of them have 
been rejected as they involved transplantation from unrelated living donors. 

We hope that an increase in such policies will help to underline the importance of the 
legal and ethical aspects of transplantation. Please feel free to contact us regarding 
any comments as our aim is to contribute to the transplantation field in the world. 

Please keep safe and healthy during these times of Covid-19 pandemic.

Sincerely,
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Diagnostic and 
Interventional Radiology in 
Liver & Kidney Transplantation 

Transplant medicine remains one of the most challenging and complex areas of modern medicine. 
Although important medical breakthroughs such as immunosuppressive drugs have allowed for more 
organ transplants and a longer survival rate, transplant professionals still face serious problems, especially 
with regard to achieving correct diagnosis and treating postoperative complications.

Advances in imaging techniques, including in computed tomography, magnetic resonance imaging, and 
ultrasonography, and the use of interventional radiology have allowed transplant professionals to provide 
more accurate results both for diagnosis and for treatment of complications that occur after liver and 
kidney transplant. Moreover, with the use of interventional radiology, transplant professionals can now 
reach deep structures of the body, enabling correct diagnoses and treatment without performing surgery.
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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. 
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of the World Academy of Medical, Biomedical and Ethical 
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 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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Abstract 
 
Objectives: Kidney transplant is a life-saving procedure 
for patients with end-stage renal disease. Success of 
kidney transplant is highly dependent on maintaining 
the integrity of the endothelium and its protective layer, 
the endothelial glycocalyx. Ischemia-reperfusion injury, 
a common challenge in kidney transplant, can disrupt 
the endothelial glycocalyx, leading to various post-
transplant complications. We investigated the effects  
of albumin and sulodexide, 2 therapeutic agents,  
for protection of the endothelium and endothelial 
glycocalyx in a porcine model of kidney transplant. 
Materials and Methods: Fourteen female piglets were 
prepared for kidney transplant simulation and 
randomly divided into 3 groups: a control group,  
an albumin-treated group, and a sulodexide-treated 
group. Various physiological parameters were 
monitored, and samples for serum and urine were 
collected at baseline and at multiple time points after 
reperfusion. Integrity of the endothelial glycocalyx 
was assessed from serum syndecan-1 levels and 
urinary glycosaminoglycan concentrations. Histology 
of the renal cortex allowed evaluation of tissue 
changes following the intervention. 
Results: Statistically significant differences were 
observed in the sulodexide-treated group, where 

serum syndecan-1 levels were lower versus the control 
group at 5 minutes after reperfusion (P = .046), indi-
cating a potential reduction in endothelial glycocalyx 
damage. Similarly, in the albumin-treated group, 
urinary glycosaminoglycan levels were significantly 
lower versus the control group at 5 minutes after 
reperfusion (P = .041), which may suggest a protective 
effect on the endothelial glycocalyx. However, these 
findings are preliminary, and no other significant 
differences were detected between the treatment 
groups and the control group at later time points. 
Histology of the renal cortex revealed that the changes 
were generally minor across all groups. 
Conclusions: We suggest that albumin and sulodexide 
may offer beneficial effects in preserving endothelial 
function during kidney transplant. The potential  
for these agents to enhance graft survival and improve 
kidney transplant outcomes warrants further inves-
tigation. 
 
Key words: End-stage renal disease, Ischemia-reperfusion 
injury, Kidney transplantation, Microcirculation 
 
Introduction 
 
Compared with dialysis, kidney transplant (KT) is 
the preferred treatment for end-stage renal disease 
due to its potential to improve patient survival  
and quality of life.1,2 The success of a transplant, 
however, is intricately linked to a myriad of 
physiological and pathophysiological processes, 
among which the integrity of the endothelium, as well 
as the associated endothelial glycocalyx (EG), plays a 
pivotal role. The EG, a dynamic and fragile layer  
lining the endothelium, is implicated in various renal 
pathologies, and its degradation can precipitate adver-
se outcomes after transplant.3 It is thus impe-rative to 
understand and explore therapeutic strategies that 
could preserve or restore EG integrity during KT. 

Ischemia-reperfusion injury (IRI) occurs when the 
blood supply to the organ is temporarily halted 
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(ischemia) and subsequently restored (reperfusion), 
and IRI stands as a formidable challenge in the 
context of KT.4 Reperfusion is essential to deliver 
oxygen to the deprived tissues; paradoxically, reper-
fusion can also instigate a cascade of inflammatory 
responses, oxidative stress, and cellular injury. This 
duality poses significant risks to the transplanted 
organ, with IRI being a predominant contributor to 
delayed graft function, acute rejection episodes, and 
even long-term graft loss.5 Moreover, the endothelium 
and its protective EG layer are particularly susceptible 
to IRI, with disruptions in this layer serving as both a 
consequence and exacerbator of the injury.6 
Understanding the mechanisms of IRI and its effect on 
the endothelium and EG is crucial for development of 
strategies to mitigate the detrimental effects of IRI. 

Albumin, a major plasma protein, is physiolo-
gically bound within EG; albumin protects against 
shedding and contributes to the maintenance of 
vascular integrity and healthy capillary permeability.7 
Furthermore, the capacity to modulate vascular 
permeability, maintain oncotic pressure, and sca-
venge reactive oxygen species positions albumin as a 
promising agent in the field of KT.8 

Sulodexide is a refined blend of glycosami-
noglycans consisting of dermatan sulfate and low-
molecular-weight heparan sulfate. Sulodexide can 
adhere to endothelial cells and demonstrates both 
antithrombotic and profibrinolytic properties.9 Given 
its structural resemblance to elements within EG, 
sulodexide is posited to supply precursors essential for 
EG restoration. Furthermore, contemporary research 
suggests that sulodexide not only aids in rejuvenation 
of endothelial function but also possesses anti-
inflammatory capabilities that modulate the release of 
various cytokines and chemokines.10,11 

This study delves into the protective effects of 
albumin and sulodexide on the endothelium and  
EG in a porcine model of KT, with corresponding 
comparisons to control conditions. By harnessing  
the potential of these agents, we aim to elucidate 
mechanisms that could optimize graft survival, 
enhance KT outcomes, and contribute to the longevity 
of the transplanted organ. 
 
Materials and Methods 
 
The experiment was carried out in the animal facility 
of the Faculty of Military Health in Hradec Kralove, 
the University of Defense in Brno, Czechia. The 

experimental protocol was approved by the 
Departmental Animal Protection Committee of the 
Ministry of Defense of Czechia (protocol No. 
325312/2023-1457 from April 4, 2023). All treatments, 
handling, and care of experimental animals followed 
institutional guidelines and were performed in 
accordance with the Consensus Guidelines on 
Animal Ethics and Welfare established by the 
International Association of Veterinary Editors. 
 
Animal preparation 
Fourteen female piglets (Sus scrofa f. domesticus, 
sourced from Konarovice, Czechia) weighing  
30.6 ± 3.1 kg received intramuscular premedication 
with azaperone (Stresnil 2 mg/kg; Sanochemia 
Pharmazeutika), atropine (Atropin Biotika 0.2 mg/kg; 
HBM Pharma), and ketamine (Calypsol 20 mg/kg; 
Gedeon Richter) 30 minutes before the protocol was 
started. After animals were shaved, we transported 
animals to the operating room. At this stage, there 
was an intact corneal reflex and motoric reaction 
against nociception to confirm an adequate level of 
anesthesia. 

After arrival to the operating room, the animal 
was placed in the supine position, and a peripheral 
intravenous catheter (Vasofix Safety, 18 gauge; B. 
Braun Melsungen) was introduced through the ear 
vein, with sedation deepened into general anesthesia 
by propofol (1% propofol at 1 mg/kg body wt; 
Fresenius Kabi). The trachea was then intubated, and 
artificial ventilation was initiated and maintained 
with an anesthesia station machine (Cirrus 
Trans2/Vent 2; Datex) with the initial setup: 20 
breaths/min, inspiration fraction of oxygen 0.40, and 
tidal volume 6 mL/kg body weight. The respiratory 
rate was changed to maintain the end-tidal 
concentration of carbon dioxide within the range of 
4 to 5.7 kPa. General anesthesia was maintained with 
isoflurane (Forane 1.5%; AbbVie) in the fresh gas 
mixture. The intravenous fluid therapy was 
maintained by infusion of a balanced crystalloid 
solution (Plasma-Lyte; Baxter International) at room 
temperature with an infusion rate of 50 mL/h. 
Physiological functions including electrocardiogram, 
heart rate, and temperature were continuously 
monitored. For continuous blood pressure monitoring 
and blood sampling, an arterial catheter (Certofix 
Duo, 7 F, 200 mm; B. Braun Melsungen) was intro-
duced through the common femoral artery by 
ultrasonography navigation. 
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Study groups 
We randomly distributed the 14 pigs into 3 distinct 
groups: 5 pigs in study group 1 received albumin  
(20 g/animal, Alburex 20%; Behring), 5 pigs in study 
group 2 received sulodexide (600 IU/animal, Vessel 
Due F; AlfaSigma), and 4 pigs in the control group 
received a placebo treatment. The control group 
received an intravenous infusion of 100 mL of normal 
saline (Ringerfundin, B. Braun), administered in the 
same manner as the active substances. The group 
allocation of the animals was determined using the 
sealed envelope technique. 
 
Procedure 
After anesthesia induction, albumin (20 g in 100 mL; 
Alburex 20%; Behring) and sulodexide (600 IU 
diluted in 100 mL of normal saline; Vessel Due F; 
AlfaSigma) were administered intravenously. 
Laparotomy was performed with an incision from a 
point measured 1 cm caudal of the xiphoid to the 
pubis. Both kidneys were examined, and the kidney 
with preferable anatomy was chosen for the 
experiment, often due to gracile renal arteries or the 
presence of multiple renal veins. After intravenous 
administration of 1000 U of heparin (Heparin Leciva; 
Zentiva), the vessels of the contralateral kidney were 
clamped (nephrectomy), along with KT simulation 
of the ipsilateral kidney. The renal artery was secured 
with a tourniquet, subsequently incised, and then 
catheterized. Similarly, the vein was constricted 
medially with a tourniquet and incised. The ureter 
was severed distally to allow urine collection into 
designated tubes. Once secured, perfusion (500 mL 
for each kidney) via the renal artery was started with 
a preservation solution (Custodiol HTK; Essential 
Pharmaceuticals). After a thorough wash, the 
kidneys were cooled in situ with a preparation of 
chipped ice, which thereby simulated explant during 
multiorgan procurement and cold ischemia. After a 
30-minute cold ischemia interval, the incisions on the 
artery and vein were closed with polypropylene 
sutures (Prolene 6-0; Ethicon) to reestablish the renal 
blood flow, which thereby simulated IRI. 

Blood and urine samples were taken at baseline 
after midline incision and at postreperfusion minute 
5, minute 30, minute 60, and minute 90. The pigs were 
euthanized by the end of the experiment with non-
excitative intravenous euthanasia agent embutramide 
(T61; Intervet) with the dose according to the body 
weight and manufacturer’s recommendation. 

Biochemical analyses 
We conducted baseline serum biochemical analyses, 
including sodium, potassium, chloride, urea, 
creatinine, and albumin, with a modular analyzer 
(Cobas 8000, Roche) and measured blood counts via 
an automated blood cell analyzer (model XN-10, 
Sysmex) and arterial venous blood gases with a blood-
gas analyzer (Radiometer Medical ApS). Syndecan-1 is 
a biomarker of EG layer damage. To assess the integrity 
of the EG, serum syndecan-1 levels were measured at 
baseline and at predetermined time points up to 90 
minutes after reperfusion using a porcine enzyme-
linked immunosorbent assay kit (Woburn). We deter-
mined urinary glycosaminoglycan concentrations 
using the dimethyl methylene blue colorimetric assay, 
with measurements taken with a spectrophotometer 
(PharmaSpec model UV-1700; Shimadzu). 
 
Histology and lectin histochemistry 
Kidney samples were excised and immersed in 4% 
paraformaldehyde in phosphate-buffered saline for 
24 hours at room temperature. After this fixation, the 
samples were either embedded in cryosection cutting 
compound (Tissue-Tek OCT; Sakura Finetek) and 
snap-frozen in liquid nitrogen-chilled isopentane 
(Sigma-Aldrich) or dehydrated and embedded in 
paraffin. Cryosections of 10-μm thickness were cut 
with a cryostat (Leica Biosystems), and paraffin 
sections were cut to a thickness of 5 μm. Every tenth 
slide in the series was stained with hematoxylin-
eosin for histological examination of the tissue. 

For lectin histochemical detection, thawed sec-
tions were incubated in a solution of Lycopersicon 
esculentum lectin conjugated with a high-intensity, 
photostable fluorescent tag (DyLight 594, 10 μg/ml; 
Vector Laboratories) for 30 minutes at room 
temperature. After thorough washing, we mounted 
the sections under coverslips by using fluorescence 
mounting medium (Dako) and examined with an 
epifluorescence microscope (Olympus model BX51) 
equipped with a digital camera (Olympus model 
DP71). To reveal autofluorescence, we also examined 
serial sections processed without incubation in the 
lectin solution. 

For quantification of the lectin fluorescence signal 
in the renal glomeruli, we used imaging processing 
software (Fiji for ImageJ) for image analysis. Images 
of 548 glomeruli were converted to 8-bit gray scale. 
The glomeruli were always selected with the use of 
the polygon selection method. The mean gray value 
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(MGV) in the polygonal selection of the glomerulus 
on a scale from 0 to 255 was measured in each photo. 
The measurement results were tabulated and 
statistically processed. 
 
Statistical analyses 
We used NCSS statistical software (version 10; 2015 
NCSS LLC) and data visualization software (Excel 
2016; Microsoft) for data analyses. The normality of 
the data distribution was tested with the D’Agostino 
omnibus test. We presented data from normally 
distributed populations as mean values (with SD) 
and other data as median values (with first and third 
quartiles). 

Parametric tests were used for data that followed 
a normal distribution. Specifically, a 1-way analysis 
of variance (ANOVA) was used to compare the means 
across different groups for assessment of statistically 
significant differences. We performed post hoc 
analysis by using the Tukey honestly significant 
difference test to identify the specific differing groups 
when the ANOVA results were significant. These 
parametric tests assume homogeneity of variances, 
which was confirmed using the Levene test. For 
comparisons involving only 2 groups, we used an 
independent samples t test to evaluate the difference 
in mean values, assuming equal variance. 

To test differences among MGVs of different 
preparations of glomeruli with lectin detection, we 
used a nonparametric Kruskal-Wallis ANOVA, follo-
wed by post hoc Dunn tests with Bonferroni 
correction for multiple comparisons. Z values 
>3.8601 were considered statistically significant. 

For the baseline characteristics at each time point, 
we reported median values with ranges (minimum-
maximum). We conducted comparisons of outcomes 
across different time points between groups. We tested 
the null hypothesis of equivalence against the alte-
rnative that at least 2 groups differ. A nonparametric 
Kruskal-Wallis ANOVA was used followed by post hoc 
Dunn tests with the Bonferroni correction for multiple 
comparisons. P < .05 was considered statistically 
significant. 
 
Results 
 
Vital signs 
Vital signs remained stable in all the animals throug-
hout the experiment. The median mean arterial 
pressure ranged from 68 to 96 mm Hg. The lowest 

values were not below 50 mm Hg. None of the ani-
mals required any vasopressor. The median heart rate 
ranged from 68 to 121 beats/min. End-tidal carbon 
dioxide ranged from 4.9 to 6.6 mm Hg (Table 1). 
 
Biochemical analyses 
The results of the serum syndecan-1 measurements 
are presented in Table 2. Analyses of differences 
between the intervention groups versus the placebo 
showed the following variations. A significant 
difference was observed for the sulodexide group 
versus the placebo group at the first measurement 
after blood flow restoration (at 5 minutes; P = .046). At 
30 minutes, the difference approached significance  
(P = .059; Figure 1). At 60 and 90 minutes, no difference 
was confirmed (P = .373 and P = .770, respectively). 
No significant differences were confirmed between the 
albumin groups and placebo groups at any measured 
time interval. 

In addition to syndecan-1 serum levels, urinary 
glycosaminoglycan levels were measured (Table 3). For 
comparisons of individual groups versus the placebo 
group, a significant difference was found in the 
albumin group versus placebo group at the 5-minute 
mark (P = .041). Other outcomes in compa-risons of the 
albumin versus placebo groups and sulodexide versus 
placebo groups were not significant (Figure 2). 
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table 1. Physiological Functions
Characteristic Placebo Albumin Sulodexide 

Group Group Group 
(N = 4) (N = 5) (N = 5) 

Blood pressure, mm Hg  
     Systolic 90.3 ± 24.1 109.9 ± 19.6 100 ± 20.6 
     Diastolic 64.6 ± 16 67.7 ± 14.8 64.3 ± 15.9 
     Mean arterial 73.1 ± 18.4 81.7 ± 16.5 75.9 ± 16.7 
Heart rate, beats/min 99.8 ± 12.5 96.4 ± 20 93.1 ± 12.6 
SpO2, % 99.9 ± 0.4 99.6 ± 0.9 99.8 ± 0.8 
EtCO2, kPa 4.7 ± 0.4 4.8 ± 0.5 4.8 ± 0.3 
Respiratory rate, breaths/min 20 ± 1.8 21.2 ± 2.5 21.8 ± 2.9 
Body temperature, °C 36 ± 1.1 36 ± 1.3 36.1 ± 1.2

table 2. Serum Syndecan-1 Levels Across Different Study Groups
Time After Syndecan-1 Level, median (range), ng/mL 
Reperfusion Placebo Group Albumin Group Sulodexide Group

(N = 4) (N = 5) (N = 5) 

Baseline 2.56 (1.82-2.61) 2.45 (1.24-2.84) 2.08 (1.39-2.45) 
Minute 5 2.75 (2.62-3.24) 2.49 (1.94-3.33) 2.20 (1.81-2.58) 
Minute 30 2.92 (2.59-3.08) 2.87 (1.22-3.30) 2.16 (1.56-2.37) 
Minute 60 2.44 (2.14-3.40) 2.55 (1.76-3.34) 2.16 (1.54-3.01) 
Minute 90 2.73 (1.42-3.05) 2.18 (2.09-3.40) 2.34 (1.94-2.95) 

Abbreviations: EtCO2, end-tidal concentration of carbon dioxide; SpO2, 
saturation of peripheral blood by oxygen 
Results are shown as mean values ± SD. An isotonic electrolyte solution 
(Ringerfundin, B. Braun) was used as the placebo. 

An isotonic electrolyte solution (Ringerfundin, B. Braun) was used as the 
placebo. 



Histological examination of the renal cortex and 

lectin histochemistry 
The histopathological changes in the renal cortex 
following 20 minutes of ischemia and subsequent  
90 minutes after initiation of reperfusion were 
generally minor, although some signs were observed. 
The cytoplasm of the tubules in the renal cortex 
exhibited slightly increased eosinophilia after the 
administration of albumin (Figure 3a) and placebo in 
the operated kidney (Figure 3c), indicating a mildly 
higher degree of necrotic changes. Subtle dilation of 
the tubular lumen was also observed in these 
samples, in comparison with samples obtained after 

administration of sulodexide (Figure 3e) and placebo 
in the contralateral kidney (Figure 3g). In the renal 
corpuscles of the uninjured, contralateral kidney after 
placebo administration, the lumina of the glomerular 
fenestrated capillaries were well distinguishable  
and contained only sparse erythrocytes (Figure 3h). 
Conversely, in the operated kidney after placebo 
administration, many red blood cells aggregated  
in the glomerular capillaries (Figure 3f). Some 
erythrocyte accumulation was also observed within 
the lumina of the glomerular capillaries after the 
administration of albumin and sulodexide (Figure 3, 
b and d). In addition, some cytoplasmic debris was 
noted in the urinary space of the renal corpuscles, 
which was slightly more frequent after sulodexide 
administration (Figure 3d). However, definitive  
signs of IRI such as cell necrosis, leukocyte 
infiltration, or interstitial edema were not observed 
in our samples. 

The lectin histochemical detection was performed 
at 2 separate observations in 2 days. The MGV of the 
4 preparations from the first day varied around the 
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An isotonic electrolyte solution (Ringerfundin, B. Braun) was used as the 
placebo. 

Figure 1. Syndecan-1 Serum Levels

Figure 2. Levels of Glycosaminoglycans in Urine

Values for syndecan-1 (ng/mL) are shown at baseline (left), at 5 minutes after reperfusion (middle), and at 30 minutes after reperfusion 
(right).

Values for glycosaminoglycan levels (ng/mL) are shown at baseline (left), at 5 minutes after reperfusion (middle), and at 30 minutes after 
reperfusion (right).

table 3. Levels of Glycosaminoglycans in Urine Across Different Study Groups
Time After Glycosaminoglycans in Urine, median (range), ng/mL 
Reperfusion Placebo Group Albumin Group Sulodexide Group

(N = 4) (N = 5) (N = 5) 
Baseline 30.83 (14.47-45.30) 83.12 (23.00-139.39) 34.21 (28.86-80.58) 
Minute 5 65.03 (35.82-75.90) 23.56 (23.01-70.80) 33.09 (27.46-86.44) 
Minute 30 69.57 (54.39-82.87) 66.15 (35.21-120.66) 85.32 (52.55-104.16) 
Minute 60 82.09 (81.86-96.30) 82.01 (67.43-95.58) 78.29 (58.18-110.68) 
Minute 90 80.30 (76.90-83.71) 96.02 (42.34-96.58) 77.18 (39.78-86.66) 



value of 15 (Figure 4). A significant difference was 
observed between the albumin preparation and the 
intact control preparation (Z = 4.33). The MGVs of 
the second and third sulodexide preparations from 
the second day were significantly different from all 
preparations from the first day. The statistical 
differences between the MGV observed on the first 
and the second day may be caused by certain 
inconsistencies in the sample preparations affecting 
the amount of bound lectin or because of coincidence 
due to the natural variability between different 
biologic samples. The MGV of the second albumin 
preparation was significantly different from MGV of 
the albumin control preparation and the contralateral 
control preparation from the first observation day. 
No significant difference in MGV was observed 
between the protective regimens (albumin vs 
sulodexide). 

 
Discussion 
 
Interest in EG has recently surged, with recognition 
of its critical role in vascular health. To our 
knowledge, this study is the first to explore the 
potential protective effects of albumin and sulodexide 
on the EG during organ transplant. It has been 
established that IRI predominantly targets the vas-
cular endothelium, leading to endothelial dysfunction 
characterized by cellular swelling, cytoskeletal 
degradation, and loss of integrity in both the 
endothelium and the EG.6 Our findings suggest that 
sulodexide and albumin may exert a protective effect 
on the EG during IRI, validating the efficacy of our 
model. 

Of note, the sulodexide group exhibited lower 
serum syndecan-1 levels shortly after reperfusion 
versus the placebo group, which aligns with the trend 
for albumin to reduce urinary glycosaminoglycan 
levels after reperfusion. These biochemical markers, 
alon-gside the pathological samples, support the 
potential of these agents to safeguard the EG. Given 
these promising indicators, treatment regimens with 
sulodexide and albumin merit further investigation 
for the protective capacities in clinical settings. 
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Figure 3. Renal Cortex Histology

Images present renal cortex histology (hematoxylin-eosin stain) after the 
administration of albumin (a and b), of sulodexide (c and d), and of placebo 
(e, f, g, and h) in the operated kidney (e and f) and in the contralateral 
kidney (g and h). Scale bars are 200 μm (a, c, e, and g) and 100 μm (b, d, f, 
and h). 

Each bar represents the mean gray value (MGV) from lectin fluorescence 
detection in glomeruli of a single animal. The labels identify individual 
animals and their assigned group: Albumin and Albumin represent pigs 
treated with albumin; Sulodexide, Sulodexide2, and Sulodexide3 represent 
pigs treated with sulodexide; Control_surgery represents pigs from the 
placebo (control) group that underwent the full surgical protocol; and 
Control_intact represents pigs from the placebo (control) group with intact 
contralateral kidney, not subjected to ischemia-reperfusion injury. 

Figure 4. Lectin Histochemical Detection



The therapeutic profile of sulodexide is distin-
guished by its antithrombotic and profibrinolytic 
properties, suggesting an active role for modulation of 
the vascular environment, particularly in the preser-
vation and regeneration of the EG. These pharma-
cological actions might contribute to the stabilization 
of the EG, as indicated by the decreased syndecan-1 
levels following reperfusion observed in our study. 
The lower syndecan-1 levels imply that sulodexide 
could be reinforcing the structural integrity of the 
EG, potentially curbing the enzymatic degradation 
and shedding that are hallmarks of IRI. This 
mechanism may, therefore, be a contributing factor 
to the protective effects seen with sulodexide in the 
context of endothelial barrier function and vascular 
homeostasis. 

Albumin has also emerged as a potential 
protective agent for the EG. Clinical models have 
demonstrated that albumin, unlike normal saline, is 
effective in both repairing the EG and reducing 
plasma syndecan-1 levels. Notably, the effect of 
albumin to enhance vascular permeability and 
mitigate leukocyte adhesion is comparable to the 
effect seen with fresh-frozen plasma, indicating the 
beneficial role of albumin for vascular integrity.12 
Moreover, recent evaluations in resuscitation fluids 
emphasize the superior performance of albumin 
(versus crystalloids and synthetic colloids) to protect 
and regenerate the EG. These findings position 
albumin as a potential therapeutic agent for EG 
preservation, particularly in response to acute 
vascular injuries and resuscitation scenarios.13 

We chose to measure serum syndecan-1 and 
urinary glycosaminoglycan levels as indicators of EG 
integrity, given that these are components of EG 
structure. However, these markers are not exclusive 
to the EG, and the presence of these agents in bodily 
fluids does not necessarily pinpoint damage to a 
specific organ. Furthermore, the dynamic nature of 
the EG, through its continuous cycle of synthesis and 
degradation, complicates our understanding of its 
physiology and response to pathological conditions 
such as IRI. Therefore, the relationship between such 
injuries during KT and the fluctuations of these EG 
markers warrants further investigation. 

The strengths of our study lie in its targeted 
approach to a crucial aspect of KT, that is, the pre-
servation of the endothelial function and EG, factors 
integral to successful posttransplant outcomes. The 
porcine model closely parallels human physiology, 

and our study provides insights that hold promise 
for translation into clinical practice. Here, we have 
presented a comparative analysis of 2 therapeutic 
agents, sulodexide and albumin, and evaluated the 
protective effects of these agents against IRI. The 
robustness of our study is enhanced by the inclusion 
of extensive physiological monitoring, alongside 
detailed biochemical and pathological evaluations of 
intervention outcomes. 

However, our study had some limitations. 
Because our study was a pilot study, we had a low 
number of significant results because of the small 
number of samples available, primarily used to 
determine the appropriate assessment methodology. 
However, differences and trends in individual 
observations, although not significant, confirmed the 
success and suitability of the chosen detection 
methods for the assessment of protective substances 
and indicate possible beneficial effects for preservation 
of endothelial function during KT. In addition, our 
focus was on immediate postintervention outcomes; 
therefore, the longer-term implications and the 
sustained effects of the protective treatments remain to 
be determined. Further research, with a larger cohort 
and extended observation periods, is necessary to 
build on the initial findings and fully understand the 
long-term benefits of these therapeutic interventions. 
 
Conclusions 
 
Sulodexide and albumin may confer protective 
benefits to the EG in the event of IRI during KT. 
Although these initial findings reveal potential 
mitigation of endothelial damage in porcine subjects, 
more expansive additional studies are needed. Future 
research should aim to substantiate these results, 
elucidate the underlying mechanisms, and evaluate the 
clinical applicability of these interventions to enhance 
outcomes in KT and potentially other contexts where 
vascular protection is critical.  
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Abstract 
 
Objectives: The COVID-19 pandemic has significantly 
affected global health, particularly among high-risk 
populations such as kidney transplant recipients, who 
have exhibited elevated morbidity and mortality rates. 
Long-term effects of COVID-19 in kidney transplant 
recipients who survived the infection are unknown. 
We evaluated the long-term effects of early phase 
COVID-19 on patient and graft survival, as well as graft 
function, in kidney transplant recipients who survived 
the acute phase of the COVID-19 infection. 
Materials and Methods: We conducted a prospective, 
single-center cohort study involving kidney transplant 
recipients who survived COVID-19 from June 2020 to 
January 2022. Patients were stratified by disease 
severity and followed for 24 months. Data on renal 
function (estimated glomerular filtration rate and 
urinary protein-to-creatinine ratio) were collected at 
multiple time points. Statistical analyses were based 
on χ2 tests, analysis of variance, generalized additive 
mixed models, and Kaplan-Meier analyses. 
Results: Among 1477 kidney transplant recipients,  
233 (15.8%) contracted COVID-19, with 60 (25.8%) 
fatalities. Of the 173 survivors, 50 (28.9%) had mild, 
102 (59%) moderate, and 21 (12.1%) severe disease. 
Severe cases showed significant declines in estimated 
glomerular filtration rate and higher rates of renal 
replacement therapy and acute rejection versus mild 
and moderate cases. Mean loss of glomerular filtration 

rate in 2 years among patients with severe COVID  
was 9 mL/min/m2. Graft and patient survival rates  
were also worse in moderate and severe COVID 
groups. 
Conclusions: Kidney transplant recipients with mode-
rate and severe COVID-19 experienced significant 
long-term declines in renal function and increased 
graft loss and mortality. Understanding these effects is 
critical for optimizing care for this population. 
 
Key words: Glomerular filtration rate, Renal 
transplantation, Severe acute respiratory syndrome 
coronavirus 2 
 
Introduction 
 
The COVID-19 pandemic has profoundly affected 
global health and resulted in unprecedented mor-
tality rates in the modern era.1 Among high-risk 
populations, the morbidity and mortality rates 
associated with the disease have been particularly 
severe, especially before the widespread availability 
of vaccines.2,3 Solid-organ transplant recipients, 
notably kidney transplant recipients (KTRs), expe-
rienced adverse outcomes during the pandemic. 
Mortality rates in KTR populations ranged from 20% 
to 30% across various cohorts.4,5 Compared with the 
general population, KTRs exhibited higher mortality 
rates, even when accounting for similar disease 
severity.6 Furthermore, among KTRs who survived 
the infection, ongoing concerns remain regarding 
long-term outcomes, particularly given that many of 
these patients experienced acute kidney injury (AKI) 
and were required to taper or temporarily discontinue 
their immunosuppression medications.7,8 

Although the acute effects of COVID-19 on  
KTRs are well documented, the long-term 
consequences of the infection in this population 
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remain underevaluated. Notably, the short-term 
effect on graft function is significant; reports indicate 
that 44% of KTRs experienced AKI, 12% required 
renal replacement therapy, and 8% faced graft loss.9 
However, the literature has yet to comprehensively 
address late survival and graft outcomes. In this 
study, we present data on patient and graft survival, 
as well as the effects on graft function, in a single-
center cohort of KTRs who survived the early stages 
of the COVID-19 pandemic. 
 
Materials and Methods 
 
Study design and population 
The present study is a prospective, single-center 
cohort investigation involving KTRs at the Hospital 
de Clínicas de Porto Alegre, a large tertiary teaching 
hospital located in southern Brazil. This research 
included all KTRs who survived the acute phase  
of COVID-19 from June 2020 to January 2022. 
Confirmation of COVID-19 infections was achieved 
through real-time polymerase chain reaction or 
specific antigen testing. Patients were followed  
for a period of 24 months after the COVID-19 
diagnosis. 

The study received approval from the Institutional 
Review Board of the Hospital de Clínicas de Porto 
Alegre and the local ethics committee (CAEE No. 
30631820.0.2012.5327). All patients provided consent to 
participate in the study, and personal information was 
anonymized. All living donations were performed 
according to Brazilian legislation and medical ethical 
standards; all donors were >18 years old, related to the 
recipient (family up to 4th degree and spouses), and 
without any financial compensation. 

Demographic and clinical information for the 
patients was obtained from clinical records or directly 
from patients during follow-up appointments. 
Baseline measurements of creatinine, estimated 
glomerular filtration rate (eGFR) (using the CKD-EPI 
equation),10 and urinary spot protein-to-creatinine 
ratio (P/C) were collected 1 month before COVID-19 
diagnosis. Follow-up assessments of creatinine, 
eGFR, and P/C were conducted at 6 months, 12 
months, 18 months, and 24 months after diagnosis. 

Kidney transplant recipients were stratified 
according to the severity of COVID-19 as follows. (1) 
Mild disease patients did not require hospital 
admission. (2) Moderate disease patients were 
admitted to a clinical ward for COVID-19 treatment 

without the need for invasive ventilation. (3) Severe 
disease patients were admitted to the intensive care 
unit and required mechanical ventilation support. 
Survival of acute infection was defined as symptom 
recovery and release from hospitalization of those 
admitted to hospital care in the acute infection 
episode. 
 
Statistical analyses 
We used χ2 tests and analysis of variance to compare 
demographic characteristics and clinical outcomes 
among COVID-19-affected KTRs stratified by  
disease severity, with post hoc analyses performed to 
adjust for multiple comparisons using Tukey tests. 
We used generalized additive mixed models to 
estimate and compare the smoothed trajectories of 
eGFR and urinary P/C across severity groups over 
time. This analysis combines the flexibility of the 
generalized additive models with the ability to 
consider random effects; by evaluating repeated 
assessments, the model constructs a locally estimated 
scatterplot smoothing trajectory curve for each 
patient and then combines these individual 
trajectories in a regression model accounting  
for group differences. We used Kaplan-Meier  
models to evaluate patient and graft survival.  
We used R software11 for all statistical analyses, 
incorporating the tidygam, ggplot2, and survival 
packages.12-14 P < .05 was the threshold of statistical 
significance. 
 
Results 
 
Demographic traits and clinical outcomes 
During the study period, a total of 1477 KTRs were 
followed at our center. Among these, 233 patients 
(15.8%) developed confirmed COVID-19 infections, 
and 60 patients (25.8%) died from the disease. 
Among the 173 COVID-19 patients who survived,  
50 (28.9%) were classified as having mild disease, 102 
(59%) as having moderate disease, and 21 (12.1%) as 
having severe disease. All deaths occurred in patients 
classified in the severe disease group. Most patients 
were middle-aged, predominantly White race, and 
had undergone transplant approximately 7 years 
before their COVID-19 diagnosis. Demographic and 
clinical characteristics of this cohort are detailed in 
Table 1. 

On average, patients with mild disease exhibited 
higher eGFRs and lower urinary P/C ratios than 
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patients with more severe disease. Clinical outcomes 
varied significantly among the groups, as anticipated; 
that is, the requirement for renal replacement therapy 
was notably higher in the severe disease group  
(67%) versus moderate (5%) and mild (0%) groups  
(χ2 = 76.63, P < .001). In addition, the incidence of 
acute cellular rejection was greater in patients with 
severe forms of the disease (14%) versus moderate 
(2%) and mild (0%) cases (χ2 = 10.80,  P = .005). All 
acute cellular rejections were confirmed by kidney 
biopsies. Furthermore, the frequency of immunosup-
pression tapering was significantly influenced by 
disease severity, with rates of 100% for severe, 81% 
for moderate, and 36% for mild cases (χ2 = 43.22,  

P < .001). The most common tapering strategy  
was the discontinuation of the antiproliferative  
medication (mycophenolic acid). Most patients 
 in the intensive care unit suspended both calcineurin 
inhibitor and antiproliferative medication. In all 
oxygen-dependent patients, corticosteroid dosing 
was increased according to COVID-19 treatment 
protocols (at least 6 mg oral dexamethasone or 
equivalent). Two patients in the severe disease  
group presented biopsy-confirmed recurrence of 
native kidney diseases; of these, 1 patient was 
diagnosed with focal and segmental glomeru-
lonephritis and 1 patient with pauci-immune 
vasculitis. 
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table 1. Demographic and Clinical Characteristics of the Kidney Transplant Recipient Cohort
Characteristic, mean (SD) COVID Severity ANOVA Mild vs Mild vs Moderate vs  

Moderate Severe Severe 
Mild Moderate Severe Z P MD P MD P MD P 

Age, y 48.4 (12.6) 51.9 (12.0) 53.4 (11.8) 1.8 .168 -3.4 .230 -5.0 .256 -1.5 .855 
BMI 27.5 (5.8) 30.0 (5.8) 29.8 (5.7) 1.6 .211 -1.5 .295 -2.3 .282 -0.8 .835 
Years after transplant 6.9 (5.7) 7.2 (5.7) 6.9 (7.4) 0.1 .928 -0.3 .937 0.0 .999 0.3 .964 
Baseline serum 1.3 (0.5) 1.7 (0.9) 1.6 (0.8) 4.3 .015 -0.4 .010 -0.3 .407 0.1 .738 
   creatinine , mg/dL  
Baseline 65.5 (22.8) 54.2 (24.4) 54.2 (20.0) 4.9 .009 13.2 .007 11.3 .166 -1.9 .941 
   eGFR, mL/min/m2  
Baseline P/C, mg/g 0.2 (0.2) 0.5 (0.7) 0.6 (1.2) 3.7 .028 -0.3 .067 -0.4 .052 -0.2 .622 

Characteristic, COVID Severity χ2 
No. (% of total), Mild Moderate Severe χ2 P 
standardized residual (n = 50) (n = 102) (n = 21) 

Male sex 25 (50.0), -0.3 52 (51.0), -0.3 15 (71.4), 1.1 3.21 .201 
White race 43 (86.0), 0.1 87/101 (86.1), 0.1 16 (76.2), -0.4 1.41 .494 
Comorbidities  
     Hypertension 43 (86.0), 0.0 87 (85.3), 0.0 18 (85.7), 0.0 0.01 .993 
     Diabetes 14 (28.0), -0.8 40 (39.2), 0.8 6 (28.6), -0.5 2.26 .324 
     CVD 6 (12.0), -0.8 18 (17.6), 0.2 5 (23.8), 0.8 1.62 .445 
     Liver disease 2 (4.0), -0.4 6 (5.9), 0.3 1 (4.8), -0.1 0.25 .882 
     Lung disease 2 (4.0), -0.4 7 (6.9), 0.7 0 (0.0), -1.0 1.87 .393 
     Autoimmune disease 3 (6.0), 1.0 3 (2.9), -0.3 0 (0.0), -0.9 1.79 .407 
     Cancer 2 (4.0), 0.2 4 (3.9), 0.2 0 (0.0), -0.9 0.86 .651 
Etiology of CKD  
     Hypertension 3 (6.0), -0.5 7 (6.9), -0.4 4 (19.0), 1.8 3.89 .143 
     Diabetes 7 (14.0), -0.5 20 (19.6), 0.7 2 (9.5), -0.8 1.65 .437 
     Glomerulopathy 11 (22.0), 0.8 17 (16.7), -0.2 2 (9.5), -0.9 1.68 .431 
     Polycystic 4 (8.0), -0.4 12 (11.8), 0.6 1 (4.8), -0.7 1.23 .541 
     Urologic 4 (8.0), 0.1 9 (8.8), 0.5 0 (0.0), -1.3 1.97 .373 
     Unknown, other 21 (42.0), 0.2 37 (36.3), -0.7 12 (57.1), 1.2 3.22 .200 
Donor (deceased) 40 (80.0), -0.2 83 (81.4), -0.1 20 (95.2), 0.6 2.68 .262 
Immune suppression  
     FK + AZA 2 (4.0), -0.2 4 (3.9), -0.3 2 (9.5), 1.0 1.30 .522 
     FK + MPA 41 (82.0), 0.1 82 (80.4), 0.0 16 (76.2), -0.2 0.32 .854 
     FK + mTOR 0 (0.0), -0.8 2 (2.0), 0.8 0 (0.0), -0.5 1.41 .494 
     CsA + MPA 3 (6.0), 0.1 6 (5.9), 0.0 1 (4.8), -0.2 0.05 .977 
     MPA + mTOR 1 (2.0), 0.6 1 (1.0), -0.2 0 (0.0), -0.5 0.58 .746 
     Other 3 (6.0), -0.3 7 (6.9), 0.0 2 (9.5), 0.5 0.29 .867 
Outcomes  
     Hemodialysis 0 (0.0), -2.3 5 (4.9), -1.9 14 (66.7), 7.7 76.63 <.001 
     Graft rejection 0/45 (0.0), -1.2 2/99 (2.0), -0.6 3 (14.3), 3.0 10.80 .005 
     Immune suppression 18 (36.0), -2.9 83 (81.4), 1.3 21 (100.0), 1.6 43.22 <.001 
        tapering  

Abbreviations: ANOVA, analysis of variance; AZA, azathioprine; BMI, body mass index; CKD, chronic kidney disease; CsA, cyclosporine A; CVD, 
cardiovascular disease; eGFR, estimated glomerular filtration rate; FK, tacrolimus; MD, mean difference; MPA, mycophenolic acid; mTOR, mammalian target 
of rapamycin inhibitors; P/C, urinary protein-to-creatine ratio 
P < .05 is statistically significant. 



trajectories of estimated glomerular filtration rate 

and urinary protein-to-creatinine ratio 
The evaluation of eGFRs revealed that both the 
moderate and severe groups exhibited lower baseline 
renal function. Notably, only the severe group 
demonstrated a marked decline in eGFR during the 
follow-up period, particularly within the first 6 months 
after infection. Patients in the severe group experienced 
a median loss of eGFR of 9 mL/min/1.73 m2, whereas 
the mild and moderate groups maintained stable 
eGFRs. Generalized additive mixed models indicated 
a significant interaction between eGFR, severity group, 
and time (F = 1.26, P = .01). Conversely, the interaction 
of urinary P/C ratio, severity group, and time was not 
statistically significant (F = 0, P = .58). The eGFR and 
proteinuria trajectories are illustrated in Figure 1. 
 
Graft and patient survival 
Uncensored graft survival rates over the 24-month 
follow-up period differed significantly across severity 

groups. In the mild group, 100% of grafts remained 
functional, versus 83% in the moderate group and 81% 
in the severe group (P = .009). There were also 11 
death-censored graft losses, with 9 because of end-
stage allograft kidney disease and 2 from graft 
rejection. Over the following period, 5 acute cellular 
rejections were confirmed by biopsy, of which 3 cases 
were successfully treated with corticosteroid and 
thymoglobulin pulses and 2 cases led to graft losses. 
A similar trend was observed for patient survival, 
with rates of 100% in the mild group, 93% in the 
moderate group, and 83% in the severe group  
(P = .012). Of the 11 KTRs who died during follow-up, 
5 deaths (45%) were due to non-COVID-related 
sepsis, 1 due to a cardiovascular event, 1 due to 
malignancy, and 4 due to unknown causes. There 
was no statistical significance for distinct causes of 
death among the group comparisons. 

Kaplan-Meier survival statistics are illustrated in 
Figure 2. 
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Figure 1. Kaplan-Meier Survival of Kidney Grafts and Kidney Transplant Recipients in Follow-Up

Figure 2. Distinct Trajectories of Glomerular Filtration Rate and Urine Protein-to-Creatinine Ratio Over Time

Kaplan-Meier survival statistics for (A) graft and (B) kidney transplant recipients in follow-up, showing higher rates of graft 
loss and patient mortality in kidney transplant recipients with moderate and severe COVID-19. Graft losses are not censored 
for death in the present analysis, and Kaplan-Meier graphics are censored in the 75th percentile. P values are shown in the 
bottom left corners. 

Abbreviations: GFR, glomerular filtration rate; P/C, urinary protein-to-creatine ratio 



Discussion 
 
Here, we demonstrated that acute early phase 
COVID-19 infection has distinct late effects on KTR, 
largely influenced by disease severity. Although mild 
cases were associated with neither significant acute 
distress nor long-term complications, severe cases 
resulted in a temporary increase in proteinuria, long-
term deterioration of renal function, and a higher 
incidence of graft loss and death. Previous studies 
have already highlighted the severe outcomes of acute 
COVID-19 infection in KTR, with mortality rates 
reaching 20% to 30% in several cohorts.15 Shorter 
follow-up studies of KTRs with COVID-19 also 
showed generally good outcomes for survivors with 
mild to moderate disease and more detrimental 
recovery for those affected with severe COVID-19.16 
To our knowledge, our study is the longest follow-up 
cohort study of KTRs with COVID-19. Our findings 
contribute to the body of knowledge, showing that 
medium-term to long-term consequences of the 
pandemic persist in KTRs who survive the acute 
phase of infection. 

Our data demonstrated that late clinical outcomes 
in KTRs who survived the acute COVID-19 infection 
episode were profoundly influenced by the acute 
disease severity. Mild cases exhibited stable outcomes, 
with no episodes of rejection, stable eGFR, and  
no graft losses or deaths, behaving almost as if 
unaffected by the disease. Patients with moderate 
disease severity showed intermediate outcomes, 
characterized by a low frequency of acute rejection 
and stable eGFR but with a notable incidence of graft 
failure and postinfection mortality. As hypothesized, 
recipients with severe COVID-19 experienced the 
worst outcomes, including a significantly higher 
incidence of rejection, graft loss, and mortality, along 
with substantial eGFR decline over 2 years versus the 
mild group. These findings may be attributed not 
only to the direct effects of the disease, such as 
cytokine storms, immuno-modulation, and the need 
for advanced life support (eg, mechanical ventilation, 
vasoactive drugs, hemodialysis), but also to alte-
rations in immunosuppression regimens that were 
indicated in the acute phase of the disease. In 
virtually all severe cases, immunosuppression was 
greatly reduced or even discontinued, which may 
have potentially triggered alloimmune responses 
that contributed to subsequent rejection and graft 
loss.17,18 

Extensive research has demonstrated significant 
long-term detrimental effects of COVID-19 on mor-
tality and morbidity within the general population. 
Survivors of COVID-19, particularly those who 
experience severe disease that requires hospitalization, 
face markedly higher risks of adverse outcomes 
versus uninfected individuals. For instance, a study 
from 2022 indicated that individuals discharged after 
hospitalization for COVID-19 had a 2.2-fold increased 
risk of rehospitalization or death and a 4.8-fold 
increase in all-cause mortality versus control cases 
from the general population.19 Another investigation 
revealed that nearly 30% of hospitalized patients 
succumbed within 6 months, with higher mortality 
rates observed among older patients and those who 
required mechanical ventilation.20 Among survivors 
of acute disease, loss of renal clearance has been 
observed in general populations infected by COVID-
19.21,22 In addition, the increasingly recognized post-
COVID syndrome, also known as long COVID, 
presents an important concern.23 This syndrome has 
also been studied in KTRs, showing significant 
prevalence and effect in morbidity and labor 
activities.24 

Our study produced relevant information on the 
subject; among the strengths are the prospective 
evaluation of a cohort of KTRs affected by COVID-
19, the multiple measurements of renal function, and 
the follow-up over an extended period. However, our 
study had some limitations that included the single-
center cohort, which may limit the generalizability of 
the findings. Nonetheless, the data were collected at an 
established transplant center that uses updated KTR 
management practices, suggesting that the results are 
likely applicable to broader populations. Also, the 
observations were made before the widespread 
availability of COVID-19 vaccines and the emergence 
of less pathogenic variants of the virus, which is 
substantially different from the present scenario. The 
reported cases were analyzed during the period from 
2020 to 2022, a period when the most prevalent 
COVID-19 variants were alpha, beta, and gamma. 
Despite this, a considerable proportion of KTRs 
worldwide were infected under similar conditions, 
and many are still under medical care, potentially 
presenting comparable outcomes. 

In conclusion, our cohort study demonstrated 
that KTRs with moderate and severe COVID-19 
infections experienced significant declines in renal 
function, with higher rates of graft loss and mortality. 
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Given that many KTRs were infected during the 
early stages of the pandemic, understanding the 
long-term effects shown in these patients may be 
important for informing clinical practice and 
optimizing patient care. 
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Abstract 
 
Objectives: Postoperative donor care is being improved 
with newly applied methods. Recently, because of  
its effectiveness, erector spinae plane blocks have  
been increasing in popularity. However, its use for 
laparoscopic living-donor nephrectomy is not fully 
known. We evaluated the effectiveness of erector spinae 
plane blocks in laparoscopic living-donor nephrectomy 
on postoperative pain and total analgesia consumption 
in the first 24 hours postsurgery. 
Materials and Methods: In this randomized, prospective 
cohort efficiency study, we included 60 donors 
scheduled for elective nephrectomy. The control group 
(n = 30) received analgesic medication according to 
organ transplant ward protocol for postoperative pain 
treatment; the erector spinae plane block group  
(n = 30) underwent an erector spinae plane block 
application with routine analgesic medication 
practice. We evaluated the efficacy of postoperative 
pain treatment and total analgesic consumption at 
postoperative 1, 6, 12, and 24 hours. 
Results: Among the 60 donors in the study, there were 
no differences in the verbal numerical rating scale and 
the Wong-Baker Faces Pain Rating Scale scores 
between the groups in the first 24 hours. However, 
total tramadol consumption in the erector spinae 
plane block group was less (P = .003) than in the 
control group. Regression analysis confirmed that 
block application was associated with tramadol 
consumption (P = .001). 
Conclusions: Although erector spinae plane blocks 
applied under bilateral ultrasonographic guidance did 

not have any efficacy for pain relief in the first  
24 hours postoperation, a decrease was found in 
analgesic consumption compared with the nonblock 
group. 
 
Key words: Donor wound healing, Pain control, 
Postoperative pain 
 
Introduction 
 
Laparoscopic living-donor nephrectomy (LLDN) is a 
safe procedure and improves the quality of life 
among donors. The procedure accelerates wound 
healing and thus facilitates the earlier discharge of 
donor candidates. Laparoscopic living-donor nep-
hrectomy also requires fewer analgesics compared 
with the open method.1 The physiology of posto-
perative pain has been attributed to tissue damage 
as a result surgical trauma, inflammation, residual 
pneumoperitoneum, related biochemical changes, 
and diaphragm irritation. Phrenic neuropraxia due 
to irritation is the most prominent cause of pain and 
subsequently results in shoulder pain.2 

Pain control is provided by intravenous (IV) 
analgesics, which are local anesthetics injected into 
the incision area, and regional techniques after LLDN 
operations.2,3 The development of less invasive 
methods of transplant surgery has also motivated 
improvements in anesthesia administration methods. 
Recently, new regional anesthesia techniques for 
postoperative pain control have become popular. 
Many blocks are being applied with ultrasonography 
to reduce pain severity after laparoscopic and open 
surgeries.3,4 In 2016, the erector spinae plane block 
(ESPB) was first described by Forero and colleagues 
and was successfully used in thoracic and abdominal 
surgeries.5 As previously reported, ESPB has been 
successful in controlling pain, total opioid use, 
nausea, vomiting, and pruritus, especially following 
laparoscopic abdominal surgeries.3-6 
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Currently, focus has been on donor care, and 
especially practices, to improve postoperative quality 
of life after transplant operations. In our clinic, 
patient-controlled analgesia, epidural anesthesia, 
and, in recent years, ESPB applications have been 
used for postoperative pain control. However, to our 
knowledge, no prospective cohort study in the 
literature has investigated the effects of ESPB 
applications on postoperative pain control, total 
analgesic consumption, nausea, vomiting, and 
pruritus following LLDN operations. The primary 
aim of our study was to investigate the success and 
effectiveness of ESPB applications according to the 
results of the pain assessment scales. The secondary 
purpose was to evaluate the total amount of 
analgesics (paracetamol and tramadol) administered 
as routine and rescue therapy in the first 24 hours 
after surgery. 
 
Materials and Methods 
 
Volunteer study design 
This prospective cohort, randomized, single-center 
study was conducted in patients scheduled for 
LLDN in 2021 in the organ transplant department of 
our hospital following the ethical standards of the 
Declaration of Helsinki. Ethical approval for the 
protocol of the presented study was provided by the 
Institutional Review Board of our hospital in Turkey 
(no. 70904504/123; date of approval: 10/02/2021), 
and the study was prospectively registered at 
ClinicalTrials.gov (NCT04867070). 

Written informed consent for participation in the 
study was obtained from all donors before the LLDN 
operation. All participants were aged 19 to 75 years 
and classified as I or II according to the American 
Society of Anesthesiologists (ASA) physical con-
dition classification. The ESPB was explained to the 
volunteers, and a block was applied if the patients 
provided their consent. The donors were randomly 
assigned to the ESPB group or the control group 
using computer-generated random numbers placed 
in separate closed envelopes that the study 
investigator opened before performing the block in 
the operation room. All ESPBs were performed by 
the same anesthesiologist. All data collectors were 
blinded to randomization. Organ transplant nurses 
evaluated the donor pain status in the recovery  
ward and organ transplant ward at 1, 6, 12, and  
24 hours postoperatively. Pain assessment results 

were recorded, which was the primary outcome of 
the study. 

The standard perioperative medical analgesic 
protocol predetermined by our department was 
applied to all patients scheduled to undergo LLDN. 
Accordingly, IV analgesic treatments with tramadol 
(1 mg/kg) and paracetamol (1 g) were routinely 
applied at the end of surgery and every 8 hours during 
the postoperative period. Participants with a pain 
score >5 were given additional IV paracetamol  
(1 g, maximum of 4 g daily) or IV tramadol (1 mg/kg), 
aside from routine analgesic treatments. Total 
analgesic consumption was recorded, which was the 
secondary outcome of the study. Side effects such as 
nausea, vomiting, pruritus, and use of antiemetic 
drugs were also noted. Demographic and other 
postoperative data were recorded. Participants with 
bleeding diathesis, use of anticoagulants, use of 
corticosteroids, use of antipsychotic drugs, allergy  
to local anesthesia, and any contraindication to 
peripheral block were excluded from the study. 
 
Donor anesthesia and erector spinae plane block 

procedure 
All donors were administered IV midazolam  
(0.05 mg/kg) as an anxiolytic after standard 
anesthesia monitoring in the preoperative period. 
For the ESPB group, first, the spinous process of the 
tenth thoracic vertebra was detected with an 8-MHz 
frequency linear ultrasonography probe in the  
prone position. Next, the transverse process of the 
tenth thoracic vertebra was observed by shifting 
approximately 3 cm laterally from this point, and the 
insertion area was anesthetized with a cutaneous-
subcutaneous local anesthetic. An echogenic,  
22-gauge 80-mm block needle (Stimuplex A, B 
Braun) was positioned in the craniocaudal direction 
between the transverse process and the erector 
spinae muscle using the in-plane technique. Normal 
saline (3 mL) was injected into this area to check the 
accuracy of the location, and a hydrodissection image 
was obtained. After confirmation, 20 mL of 0.25% 
bupivacaine HCl was injected bilaterally, and its 
distribution in the cephalocaudal direction between 
the muscle and transverse processes was observed. 
For the control group, only a standard postoperative 
pain management protocol (tramadol and 
paracetamol) was used. 

After patients were in a supine position, IV 
fentanyl (2 μg/kg), IV pentothal (3-5 mg/kg), and IV 
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rocuronium bromide (0.4-0.6 mg/kg) were used for 
induction according to the LLDN operation anesthesia 
protocol. Anesthesia maintenance was provided by 
4% to 6% desflurane (medical air 60% in oxygen),  
IV remifentanil (0.01-0.05 μg/kg/min), and IV 
rocuronium bromide (0.1 mg/kg infusion). Artery 
catheterization was performed as a standard to 
measure invasive blood pressure. All patients were 
extubated in the operating room, and their follow-
ups and treatments were maintained in the recovery 
room. 
 
evaluation of pain 
The verbal numerical rating scale (vNRS)7-9 and the 
Wong-Baker Faces Pain Rating Scale (WBFS)10 are 
routinely used for postoperative pain scoring at our 
center. Accordingly, the number chosen by the 
donors from 0 (no pain) to 10 (maximal pain) 
provided the vNRS score, in which patients are 
shown emoji analogs of the numbers, provided the 
WBFS score. Pain status of donors was assessed  
by experienced organ transplant nurses in the 
postoperative recovery room at 6, 12, and 24 hours 
postoperatively. All scoring results and analgesic 
medications were noted. 
 
laparoscopic living-donor nephrectomy procedure 
The patient was placed in a lateral decubitus 
position, according to the procurement side of the 
kidney. We used the Hasson technique for the first 
trocar insertion. After a pneumoperitoneum with 12 
to 15 mm Hg of pressure was ensured, then trocars 
were inserted with the guidance of the camera. 

For left nephrectomy, trocars were inserted as 
follows: a 10-mm camera port from the left perium-
bilical region (T10 dermatome), a 5-mm trocar in the 
left midclavicular line from the subcostal region  
(T7 dermatome), and a 12-mm trocar in the left 
midclavicular line from the left lower quadrant (T11 
dermatome). 

The left colon and sigmoid were reflected medially, 
and the ureter and gonadal veins were identified. The 
dissection was performed along through the gonadal 
vein to the renal vein and continued to the 
identification of the adrenal vein. The renal vein was 
dissected from the surrounding tissue. In this step, 
the renal artery was also identified and dissected 
from the surrounding tissue. After that, the adrenal 
vein was ligated and cut. The adrenal gland was 
separated from the kidney, and the upper pole was 

dissected from the spleen. The ureter was dissected 
from the psoas muscle. The kidney, with its Gerota 
fascia, was dissected from the surrounding perirenal 
fat. By mobilizing the kidney, the renal artery and vein 
were dissected completely from the surrounding 
tissue. We used a vascular stapler (ECHELON FLEX 
powered vascular stapler; Ethicon) for transection of 
the renal artery and vein and a Hem-O-Lok clip 
(Weck Closure Systems) for ligation of the ureter 
distally. The kidney was extracted through a low 
transverse Pfannenstiel incision (T12 dermatome). 
For the right nephrectomy, the technique was similar 
to that for the left side, in addition to securing the 
gonadal and adrenal veins; in addition, a 5-mm 
trocar in the midaxillary line at the umbilical level 
(T10 dermatome) was inserted for liver retraction. 
 
Statistical analyses 
We used the Statistical Package for Social Sciences for 
Windows version 23.0 (IBM) and Microsoft Office 
Excel version 16.0 for statistical analyses. Categorical 
variables were compared using the Pearson chi-
square test or the Fisher exact test, and data are 
presented as numbers and percentages. Normally 
distributed continuous data are presented as mean 
and SD, and nonnormal data are presented as median 
and interquartile range. We used the Kolmogorov-
Smirnov or Shapiro-Wilk tests to evaluate the 
normality of the continuous data. We used the Mann-
Whitney-Wilcoxon test to compare nonparametric 
data between the 2 groups. Variables that were used 
in the data included block group, age, sex, body mass 
index (BMI), numeric pain scores (at 1, 6, 12, and  
24 h into the postoperative period), WBFPS (at 1, 6, 
12, and 24 h into the postoperative period), adminis-
tered total tramadol and paracetamol dosage, ASA 
score, vomiting, nausea, pruritus, administered dosage 
of metoclopramide, and the granisetron requirement. 
We performed multivariate linear regression analyses 
and Pearson correlation tests to identify the factors 
associated with analgesic consumption. Variables used 
in the multivariate regression analysis included block 
group, sex, age, BMI, and administered total tramadol 
and paracetamol dosages. 
 
Results 
 
Study participants 
Eight-two consecutive donors who underwent 
LLDN in 2021 were included in the study. Among 
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these, 60 donors were investigated after exclusion of 
those who did not meet the inclusion criteria or  
who had missing follow-up data. The ESPB group 
comprised 30 donors, and the control group (treated 
with only postoperative medical analgesics) 
comprised 30 donors (Figure 1). No differences were 
found between age distributions and distributions 
between men and women, ASA score, BMI, and 
hospital stay (Table 1). No complications were 
observed in the intraoperative follow-up of either 
group. All participants were discharged without any 
major complications after their routine treatment in 
the postoperative period. 
 
Pain intensity and characteristics 
The same anesthesiologist successfully performed  
all ESPBs in the ESPB group. No block-related 
complications, such as bleeding or subcutaneous 
emphysema, were encountered during the intra-
operative or postoperative periods. Resting pain for 
all participants was questioned during the 
postoperative period (at 1, 6, 12, and 24 h). Aside 
from routine practice, additional analgesic 
treatments were ordered if the pain score was >5. 
When we compared the ESPB group versus the 
control group at the specified time intervals, we 
observed no significant differences in vNRS and 

WBFS scores (Table 2). Two donors described right 
shoulder pain in the control group, but this 
description was not encountered in the ESPB group. 
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Figure 1. CONSORT Flow Diagram of Study Design

Abbreviations: Group B, erector spinae plane block (ESPB) group; group C, control group  

table 1. Demographic Data of Donors
ESPB Group Control Group 

Age, year 42.6 ±12.6 42 ±11.9 
Male/female donor 10/20 7/23 
ASA score I, No. (%) 26 (52) 24 (48) 
ASA score II, No. (%) 4 (40) 6 (60) 
BMI 27.0 (24.6-29.4) 25.3 (23.8-29.4) 
Hospital stay, days 5 (5-6) 5 (5-6) 

table 2. Comparison of Pain Assessment Tools According to the Block 
Application

ESPB Group Control Group 

vNRS, hour 1 7 (4-8) 6 (5-8) 
vNRS, hour 1 5 ± 1.6 4 ± 2.4 
vNRS, hour 12 5 ± 2.1 6 ± 2 
vNRS, hour 24 3 (2-5) 3 (2-6) 
WBFS, hour 1 6 (4-8) 6 (4-8) 
WBFS, hour 6 4 ± 1.9 4 ± 2 
WBFS, hour 12 5 (3-6) 5 (4-6) 
WBFS, hour 24 3 (2-4) 3 (2-5)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body 
mass index (in kilograms divided by height in meters squared); ESPB, 
erector spinae plane block 
Parametric data are presented as mean ± SD, and nonparametric data are 
presented as median (interquartile range).  

Abbreviations: ESPB, erector spinae plane block; vNRS; verbal numerical 
rating scale, WBFS; Wong-Baker faces pain rating scale 
Parametric data are presented as mean ± SD, and nonparametric data are 
presented as median (interquartile range). 



Opioid consumption 
Pain management for all donors was done according 
to the postoperative analgesia protocol of our  
organ transplant ward. Donors requiring additional 
analgesia were noted, and, in accordance with level 
of pain, analgesics were ordered. When we compared 
analgesic consumption of both groups in the first 24 
hours, the mean amount of tramadol used in the 
control group was higher than in in the ESPB group 
(P = .003; Table 3).  

We conducted a multiple linear regression to 
predict tramadol consumption based on age, sex, BMI, 
block application, and paracetamol consumption. A 
significant regression equation was found (F[5,54] = 
2.74, P = .03), with an R2 of 0.203. The predicted 
tramadol consumption was calculated as follows: 
266.353 – 49.836 (block application) – 0.159 (age) – 
0.008 (paracetamol dosage) + 3.754 (sex) + 2.892 
(BMI), where sex was coded as 1 = male and  
2 = female and block was coded as 1 = not applied 
and 2 = applied. Only block application was a 
significant predictor of tramadol consumption. 
Tramadol consumption had been decreased  
49.836 mg with block application (Table 4). Figure 2 
shows total and predicted tramadol consumption 
according to the groups. The regression analysis 
confirmed that block application was associated with 
tramadol consumption in the ESPB group (P = .001). 
We questioned itching, nausea, and vomiting 
symptoms for all participants and noted antiemetic 
treatment (metoclopramide, or granisetron) for the 
first 24 hours (Table 3). We observed no differences 
between groups in terms of nausea, vomiting, or 
itching. 
 

Discussion 
 
The postoperative analgesia regimens used to treat 
the donors included in our study were standardized 
for both groups. Bilateral ESPB was applied to the 
ESPB group before induction of general anesthesia. 
When we compared pain scores in the postoperative 
period between groups, no significant differences 
were shown. We could not find any similar clinical 
trial investigating the effects of ESPB application  
in LLDN in the literature. However, in 2 cases,  
Piliego and colleagues11 reported that ESPB was 
advantageous in terms of comfort and the simplicity 
of application in postoperative pain control following 
laparoscopic nephrectomy operations. Erector spinae 
plane block has also been used in renal transplant 
patients to reduce analgesic consumption.12,13 As 
reported, 30 mL of 0.375% of bupivacaine applied 
unilaterally from the level of the T9 transverse  
process before the incision resulted in successful 
perioperative pain control. The studies also reported 
that vNRS score could decrease to 0 after ESPB was 
performed with 27 mL of unilaterally applied 
ropivacaine 0.25% at the T8 to T9 level during the 
period after renal transplant, with the effect of 
tramadol continuing for 24 hours. 

Epidural anesthesia, which is the gold standard 
for pain control in abdominal surgeries, is not 
preferred for living-donor hepatectomies due to 
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ESPB Group Control Group 

Tramadol, mg 200 (200-300)* 300 (200-300) 
Paracetamol, mg 3000 (2000-3000) 3000 (2750-3000) 
Nausea, No. (%) 5 (17) 7 (23) 
Vomiting, No. (%) 3 (10) 4 (13.3) 
Pruritus, No. (%) 1 (3) 2 (7)

table 3. Comparison of Analgesic Use and Analgesic-Related Adverse Drug 
Events

Abbreviations: ESPB, erector spinae plane block 
Nonparametric data are presented as median (interquartile range). *P = .003.

Variable B 95% CI β t P 

Block application (no = 1, yes = 2) -49.8 -79.6 to -20.1 -0.42 -3.4 .001

table 4. Regression Coefficients for Predicting Tramadol Consumption After Laparoscopic Donor Nephrectomy

Adjusted R2 = 0.13 (n = 59, P = .028).

Figure 2. Linear Regression Model of Tramadol Consumption

Abbreviations: Group B, erector spinae plane block (ESPB) group; group C, 
control group



postoperative coagulopathy in living liver donors.14 
Continuous bilateral ESPB at the seventh transverse 
process level was associated with less analgesic 
consumption during the postoperative 3 days 
compared with the control group in right-sided 
living-donor hepatectomies. However, pain scores 
were lower than in the control group only at day 2, 
and postoperative pain scores showed no differences 
on the day of surgery and at days 1, 3, and 4.15 
Similarly, our study did not find a difference in pain 
scores in the first 24 hours and observed that opioid 
consumption was lower in the ESPB group. 

Erector spinae plane block was applied to 10 
patients who underwent a laparoscopic hysterectomy 
and was found to be a safe procedure.16 However, 
similar to our results, in a systemic review inves-
tigating the effectiveness of ESPB in reducing 
postoperative pain after cesarean section, the block 
showed no significant difference compared with 
other methods.17 

Erector spinae plane block is commonly used in 
laparoscopic cholecystectomy operations in abdo-
minal surgeries18-20 and has been successful in 
mitigating postoperative pain and positively 
affecting total analgesic consumption. In a meta-
analysis from Daghmouri and colleagues,6 bilateral 
ESPB for postoperative pain control in laparoscopic 
cholecystectomy operations decreased analgesia 
consumption and was a safe method. However, ESPB 
has been shown to be effective only for a short time 
in the postoperative period following percutaneous 
nephrolithotomy operations, and it was not superior 
to IV analgesia applications for pain control at 24 
hours.21 

As is well known, ESPB is a paraspinal fascial 
plane block.5 The local anesthetic administered 
between the erector spinae muscle and thoracic 
transverse processes is spread at 3 to 6 vertebral levels 
in the craniocaudal direction. This subsequently 
blocks the spinal nerves in the thoracic and abdominal 
dorsal and ventral rami and provides somatic-visceral 
analgesia.22 According to case reports on laparoscopic 
nephrectomy and renal transplant, ESPB was effective 
after being administered to T8 to T9.11-13 Because our 
surgical incision level was between T7 and T12 and 
renal sensation originates from T10 to T11, we 
performed ESPB at T10.23 Thus, the multidermatome 
innervation of the anterior, posterior, and lateral 
thoracic and abdominal walls at the T7 to T12 levels 
would have been reduced. According to our 

hypothesis, inadequate postoperative pain control 
following LLDN suggests that the application of 
local anesthetic at the bilateral T10 level may be 
insufficient for diffusion into the retroperitoneal 
nerves. Nevertheless, this might be due to the 
pneumoperitoneum accompanying phrenic neuro-
praxia. Further studies are needed to support this 
hypothesis. 

The literature indicates that ESPB notably 
decreases the use of analgesics.6,17,24 Furthermore, 
postoperative analgesia strategies aim to provide 
pain control with the most negligible side effects, 
especially among donors. In addition to regional 
techniques, opioid use may lead to adverse effects, 
such as nausea, vomiting, and itching.25 In the 
present study, although there were no significant 
differences in nausea, vomiting, or antiemetic use 
between the groups, postoperative 24-hour total 
tramadol use was lower in the ESPB group versus the 
control group, which supports the literature. 
Therefore, ESPB can be considered an option to 
prevent recurrent opioid use. 

Our study had some limitations. Two different 
pain assessment tools were used in the postoperative 
period. The aim was to conclude the pain assessment 
more accurately. However, these tools were used 
while patients were at rest, and the pain level during 
movement was not evaluated. We believe that 
investigating the ESPB’s effectiveness during 
movement will be valuable in terms of ESPB 
application in future studies on LLDN operations. 
Furthermore, the total intraoperative amount of 
remifentanil was not compared between the groups 
due to adjustments in infusion dosage. Therefore, the 
effects of ESPB application on pain due to surgery are 
unknown. 
 
Conclusions 
 
Ultrasonograph-guided bilateral ESPB is a safe and 
simple method of pain relief that can be used during 
LLDN surgery. The present study demonstrated that 
total opioid use over 24 hours decreased in donors 
who received the block application, thus supporting 
the literature. However, when we compared pain 
scores between the ESPB group and control group, 
there was no significant effect on reducing posto-
perative pain or increasing donor comfort. Therefore, 
more studies on the routine use of ESPB in LLDN 
operations are needed. 
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Abstract 
 
Objectives: Patients who reach the terminal phase  
of renal disease are candidates for kidney  
transplant. However, the pretransplant process is 
substantial and requires time-intensive evaluations. 
We aimed to investigate the factors that affect the 
timeline for evaluation of kidney transplants and to 
identify the challenges and recommendations for 
improvement of the evaluation process in Saudi 
Arabia. 
Materials and Methods: For the first part of the  
study, we collected retrospective data from all  
patients who underwent kidney transplant from  
2017 to 2022 at King Abdullah Medical City,  
Makkah, Saudi Arabia. For the second part of  
the study, we used a cross-sectional design to  
collect health workers’ perceptions of the factors, 
recommendations, and challenges in the kidney 
transplant evaluation process at King Abdullah 
Medical City. 
Results: The average number of specialty clinic visits 
was 7.43, and the average number of clinic visits  
was 21.37. The mean wait time for surgery was  
185.5 days (SD, 106.91 days). There was a significant 
positive correlation between the wait time for surgery 
and the total number of clinics visited (r = 0.286,  
P = .026). 
Conclusions: This study provides valuable insights 
into the factors that may affect kidney transplant 
evaluation in Saudi Arabia, and our results emphasize 
the impor-tance of adequate resources and effective 
teamwork. 
 
Key words: End-stage renal disease, Evaluation timeline, 
Transplantation, Transplant wait time 

Introduction 
 
Patients with advanced renal disease are candidates 
for kidney transplant, which is the treatment of 
choice. Patients who can locate a living donor have 
the opportunity to receive a transplant sooner than 
those awaiting a deceased donor kidney transplant. 
Furthermore, living donor transplant improves 
morbidity, cost-effectiveness, and long-term survival 
rates. 

Patients must first undergo a comprehensive and 
exhaustive kidney transplant evaluation process to 
be considered a transplant candidate. This process  
is a multi-step procedure designed to determine 
whether a person is a suitable candidate for kidney 
transplant. This process involves several stages, 
including initial evaluation, medical testing, donor 
evaluation, and matching.1,2 

The timeline for the kidney transplant evaluation 
process can vary depending on several factors, 
including individual medical history, the availability 
of donors, and the complexity of the medical tests 
required. Some patients may be able to complete the 
process within a few months, whereas other patients 
may require several years.3 

In addition to patient factors, hospital factors and 
health system factors can greatly affect the outcome 
of the kidney transplant evaluation process, with 
such factors greatly varying among regions and 
among hospitals. Patients should work closely with 
health care teams to understand the hospital factors 
and system factors that may affect their transplant 
evaluation process and thereby address potential 
challenges.3,4 

No previously published studies have studied the 
estimated timeline for kidney transplant, the associated 
challenges, or the opportunities for enhancement of the 
transplant evaluation process. Therefore, this study 
aimed to identify factors that may reduce the time 
required for the transplant evaluation process, to 
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improve the clinical outcomes of patients who 
presently receive dialysis in Saudi Arabia.2 
 
Materials and Methods 
 
Study design and participants 
The first part of our study was the collection of 
retrospective data for all patients who underwent 
living related (first-degree relative or spouse) kidney 
transplant from 2017 to 2022 at King Abdullah 
Medical City, Makkah, Saudi Arabia. Kidney 
transplant recipients who had undergone transplant 
surgery outside our institute were excluded from the 
study. 

The second part of our study was the application 
of a cross-sectional design to collect health care 
workers’ perceptions of the factors, recommen-
dations, and challenges in the kidney transplant 
evaluation process at King Abdullah Medical City. 
This study was approved by the Institutional Review 
Board of King Abdullah Medical City (approval No. 
22-981). 
 
Data collection 
Data were collected from medical records, including 
clinical characteristics (age, sex, ABO blood type, 
comorbidities, and renal disease), date of start of 
transplant evaluation process, and date of transplant 
surgery, in addition to the number and specialty of 
various clinic visits. All transplants were living 
related kidney transplants, and all transplants were 
performed exclusively at our center. 

A self-administered questionnaire was used by 
health care workers to identify challenges and 
recommendations in the kidney transplant process. 
The questionnaire included 7 domains with 26 closed-
ended questions that required responses on an ordinal 
scale, as well as 2 open-ended questions that required 
the respondent to provide their personal view of the 
challenges and recommendations regarding the 
transplant evaluation process in Saudi Arabia. The 
questionnaire was developed from material published 
in previous studies5,6 and was electronically distri-
buted to all employees of the King Abdullah Medical 
City. 
 
Study outcomes 
This study investigated factors that affect the 
timeline for the evaluation of kidney transplants. 
Moreover, this study identified challenges and 

recommendations for improvement of the timeline 
of the transplant evaluation process in Saudi  
Arabia. 
 
Statistical analyses 
We used SPSS software for data analyses, including 
descriptive and inferential analyses. We used mean 
values, frequencies, numbers, and standard deviations 
of the data for descriptive statistics. We measured 
differences between groups and correlations with 
inferential statistics. 
 
Results 
 
Patient data collection 
Table 1 lists the demographic and clinical charac-
teristics of the patients who underwent kidney 
transplant. There were more female patients (58.7%) 
than male patients (41.3%), and most patients 
(84.75%) were from the city of Makkah. 

Table 2 provides important information on the 
average characteristics for kidney transplant cases. 
The results show that the mean age at transplant was 
42.48 years, the mean number of specialty clinic visits 
was 7.43, and the mean number of total clinic visits 
was 21.37. The mean wait time for surgery was 185.5 
days (SD, 106.91 days). 
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table 1. Kidney Transplant Cases
Characteristic Frequency Percentage 

Sex  
     Female 19 41.30% 
     Male 27 58.70% 
City in Saudi Arabia  
     Abha 2 4.35% 
     Aljouf 2 4.35% 
     Arar 1 2.17% 
     Jizan 1 2.17% 
     Makkah 39 84.78% 
     Taif 1 2.17% 
ABO blood type  
     A 17 36.96% 
     AB 4 8.70% 
     B 5 10.87% 
     O 20 43.48% 
Renal disease  
     APCKD 1 2.17% 
     Congenital 1 2.17% 
     DM 15 32.61% 
     Drug induced 2 4.35% 
     GN 4 8.70% 
     Hypertension 8 17.39% 
     Obstruction 1 2.17% 
     Unknown 14 30.43%

Abbreviations: APCKD, autosomal dominant polycystic kidney disease; 
DM, diabetes mellitus; GN, glomerulonephritis 
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Table 3 shows a positive correlation between wait 
time to transplant surgery and the total number of 
clinic visits (r = 0.286, P = .026). This correlation 
suggests that patients who visited more clinics 
during their evaluation process tended to experience 
longer wait times for transplant surgery. However, 
there was no significant correlation between wait 
time for surgery and the number of specialty clinics 
visited (r = 0.213, P = .153), which indicated that the 
wait time is not affected by the number of different 
specialty clinics visited. 

Table 4 shows the correlation between wait time 
for transplant surgery and clinical characteristics. The 
results showed that male sex, Makkah city residency, 
B blood group type, and autosomal dominant 
polycystic kidney disease were associated with longer 
wait times compared with other subgroups. However, 
these results were not significant. 
 
Health care worker questionnaire 
Demographic data of the participants showed 41%, 
50%, and 69% of questionnaire respondents were 
male employees, were members of the nursing staff, 
and were not from the nephrology department, 
respectively. Respondents had a mean age and 
experience of 38.12 years and 5.64 years, respectively 
(Table 5). 

table 4. Comparison of Wait Times and Clinical Characteristics
Characteristic Total No. of Total No. of Wait Time Before P 

Clinic Visits Specialty Clinics Surgery, d 
Mean SD Mean SD Mean SD 

Sex .9112 
     Female 26.05 11.71 156.00 2.04 183.37 94.11  
     Male 18.07 7.28 186.00 1.37 187.00 116.81  
City .0531 
     Abha 21.00 9.90 18.00 4.24 108.50 13.44 
     Aljouf 15.00 8.49 14.00 1.41 80.00 4.24 
     Arar 15.00 0.00 7.00 0.00 191.00 0.00 
     Jizan 16.00 0.00 5.00 0.00 80.00 0.00 
     Makkah 22.18 10.47 291.00 1.71 199.10 109.71 
     Taif 15.00 0.00 7.00 0.00 120.00 0.00 
ABO blood type .506  
     A 19.53 7.70 121.00 1.50 208.06 138.95 
     AB 18.25 7.89 30.00 1.29 140.75 54.54 
     B 26.20 6.91 46.00 2.39 217.20 103.27 
     O 22.35 12.56 145.00 1.80 167.35 81.29 
Renal disease .133  
     APCKD 35.00 0.00 13.00 0.00 290.00 0.00 
     Congenital 36.00 0.00 5.00 0.00 228.00 0.00 
     DM 23.87 11.33 119.00 1.16 167.40 94.15 
     Drug induced 19.00 1.41 16.00 1.41 108.50 47.38 
     GN 14.75 9.07 28.00 3.37 160.75 28.79 
     Hypertension 16.63 5.24 52.00 1.07 155.63 101.81 
     Obstruction 31.00 0.00 10.00 0.00 120.00 0.00 
     Unknown 20.93 10.24 99.00 1.33 234.21 134.84 

P < .05 is significant. 

table 2. Characteristics for Kidney Transplant Cases
Characteristic Mean Value SD 

Age at transplant, y 42.48 12.31 
No. of specialty clinics 7.43 1.78 
No. of clinic visits 21.37 10.06 
Wait time before surgery, d 185.5 106.91

table 3. Correlation Between Wait Time for Transplant Surgery and Number 
of Clinic Visits: Pearson Correlation and P Value
Characteristic Correlation With Wait  

Time Before  
Surgeryr 

r P 

Total No. of clinic visits 0.286 .026 
Total No. of specialty clinics 0.213 .153 

table 5. Participant Demographics
Characteristic Value 

Sex, No. (%)  
     Female 39 (57%) 
     Male 28 (41%) 
Profession, No. (%)  
     Nurse 34 (50%) 
     Physician 33 (49%) 
     Technician 1 (1%) 
Specialty, No. (%)  
     Nephrology 20 (29%) 
     Not nephrology 47 (69%) 
Age, mean (SD), y 38.12 (7.85) 
Experience, mean (SD), y 5.64 (5.83) 

Abbreviations: APCKD, autosomal dominant polycystic kidney disease; DM, diabetes mellitus; GN, glomerulonephritis 



The participants identified heavy workload, poor 
patient medical condition, and insufficient staff as the 
highest perceived challenges in the kidney transplant 
evaluation process in 47%, 46%, and 37% of responses, 
respectively (Table 6). Moreover, participants identified 
increases in the amount of equipment and number of 
beds, improvement of staff education on protocol and 
guidelines, and an increase in the number of staff as 
the main recommendations to improve the kidney 
transplant evaluation process by 51%, 40%, and 37%, 
respectively (Table 7). 
 

Discussion 
 
The results of this study showed that the average 
wait time for kidney transplant in a Saudi Arabia 
hospital was 185.5 days (SD, 106.91 days), which is 
consistent with the results of other studies that have 
shown a range of 129.4 to 164.7 days.7,8 

The significant correlation between wait time for 
surgery and the total number of clinics visited is 
consistent with several previous studies,9,10 which 
may reflect a complex medical history and the need 
for additional interventions before surgery. 

However, our study did not find a significant 
correlation between the wait time for surgery and the 
number of specialty clinics visited. These results 

differ from those of previous studies that reported a 
correlation between wait times for kidney transplant 
surgery and the number of visits to specific medical 
specialties such as cardiology, gastroenterology, and 
infectious diseases.11 The lack of this correlation in 
the present study may be due to differences in the 
study population or in the evaluation process used 
to determine the need for specialty clinic visits. 

The longer wait times for some subgroups, 
specifically male patients and patients from the 
Makkah region, were not statistically significant. 
However, our study found that patients in blood 
group B and patients with autosomal dominant 
polycystic kidney disease had longer wait times, 
which is consistent with previous research that has 
identified these factors as potential barriers to timely 
kidney transplant.12,13 

Our study sheds light on the challenges faced by 
Saudi Arabia health care providers during the kidney 
transplant evaluation process. The participants 
perceived that workload, medical condition of 
patients, and lack of sufficient staff were the most 
substantial challenges. These results are consistent 
with previous studies that have identified workload 
and staff issues as substantial barriers to high-quality 
care during the transplant evaluation process.14,15 

Our study found that an increase of sufficient 
materials, a greater number of staff, enhanced 
unification of protocols and guidelines, and better use 
of multidisciplinary teams are the main recom-
mendations for improvement of the kidney transplant 
evaluation process. These findings are consistent with 
previous research that has emphasized the importance 
of adequate resources, sufficient staff, and effective 
teamwork to ensure efficient kidney transplant 
evaluation and management.16,17 To overcome the 
long wait times related to multiple clinic visits, we 
suggest establishment of 1-day multidisciplinary 
coordinator clinics, as studied by Formica et al,18 as 
well as greater standardization of the protocols and 
guidelines for evaluation of kidney transplants across 
Saudi Arabia.19 

Our study had some limitations. First, this study 
included a single transplant center in Makkah, Saudi 
Arabia; therefore, the results may not be genera-
lizable to other populations. Future studies should 
analyze additional factors that may influence the 
evaluation process across multiple centers, to 
compare the evaluation process and wait times for 
kidney transplant surgery. 
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table 6. Challenges in the Kidney Transplant Evaluation Process
Statement Frequency Percentage 

Provider workload 32 47% 
Patient medical conditions 31 46% 
Lack of adequate staff and resources 25 37% 
Limited beds 24 35% 
Patient incompliance with follow-up appointments 21 31% 
Lack of proper knowledge among patients  
   and families 16 24% 
Provider incompliance with health care policies  
   and protocols 15 22% 
Lack of collaboration by patients’ families 13 19% 
Lack of collaboration by families 12 18% 
Lack of standardized engagement for patients in  
   treatment plans 12 18% 
Patients’ incompliance with medical instruction 11 16% 

table 7. Recommendations to Improve the Kidney Transplant Evaluation 
Process
Statement Frequency Percentage 

Increase the amount of equipment and  
   number beds 35 51% 
Educate staff about the protocol and guidelines 27 40% 
Increase the number of staff 25 37% 
Improve education and engagement of  
   patients and families 21 31% 
Timely use of multidisciplinary clinics 19 28% 
Audit of protocol compliance 17 25%
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Conclusions 
 
This study reviewed the evaluation process for 
kidney transplants in Saudi Arabia, with an aim to 
discover factors related to the timeline of the kidney 
transplant evaluation process, as well as the chal-
lenges faced by health care providers. These results 
informed some recommendations to improve the 
health care system in Saudi Arabia and other 
countries, which potentially reduce the wait period 
and improve the quality of care provided during the 
kidney transplant evaluation process. 
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Abstract 
 
Objectives: On-site normothermic machine perfusion 
of the liver may require hepatic arterial reconstruction. 
The effect of arterial reconstruction on the deve-
lopment of primary ischemic cholangiopathy has not 
been fully elucidated in liver transplants with organs 
donated after circulatory death. The aim of this study 
was to evaluate the effect of normothermic machine 
perfusion with arterial reconstruction at the onset of 
ischemic cholangiopathy in liver transplants with 
organs donated after circulatory death. 
Materials and Methods: We retrospectively reviewed 93 
patients who had received liver transplants donated 
after circulatory death for the period from 2015 to 2023 
at a single institution. The primary endpoint was the 
onset of primary ischemic cholangiopathy within 1 year 
after donation after circulatory death liver transplant, 
excluding secondary ischemic cholangiopathy due to 
arterial complications. 
Results: Normothermic machine perfusion was used 
for 71 cases, whereas standard cold storage was 
applied for 22 cases. Arterial reconstruction was 
performed in 14.1% of cases versus 27.3% of cases 
without normothermic machine perfusion. The 
cumulative onset of ischemic cholangiopathy was 7.0% 
versus 27.2% without normothermic machine perfusion 
(P = .013). In the group with normothermic machine 
perfusion, competing risk analyses demonstrated that 
the cumulative ischemic cholangiopathy onset rate  
was significantly higher in the group with arterial 
reconstruction (30.0%) versus without arterial recons-

truction (3.3%) (P < .003). Total cold ischemia time  
and cold ischemia time between liver recovery and 
normothermic machine perfusion initiation were 
significantly longer in the group with arterial reconst-
ruction (P < .001), without significant differences in 
arterial flow on normothermic machine perfusion and 
other relevant factors. 
Conclusions: In donation after circulatory death liver 
transplant recipients with normothermic machine 
perfusion, arterial reconstruction is a risk factor for 
developing ischemic cholangiopathy, likely mediated 
by cold ischemia time prolongation. 
 
Key words: Artificial perfusion, Cold ischemia time, 
Extended criteria donor liver, Ischemic cholangiopathy, Liver 
transplantation 
 
Introduction 
 
The use of normothermic machine perfusion (NMP) 
of the liver is rapidly growing in popularity and 
thereby has enabled the substantial expansion of  
the donor pool and subsequent number of recipient 
candidates. Normothermic machine perfusion 
potentially reduces the risks of critical conditions, 
including primary nonfunction of the liver, early 
liver graft dysfunction, and primary ischemic cholan-
giopathy (IC) in liver transplant (LT).1,2 However, 
NMP may still carry unique risks for developing IC, 
such as increased duration of total cold ischemia time 
(CIT), increased duration of CIT before initiation of 
NMP (pre-NMP CIT), multiple rounds of ischemia-
reperfusion, or warm ischemia of the liver in NMP 
conduit malfunction cases. 

Hepatic arterial reconstruction (AR) is required in 
cases for which more than 2 separated arterial 
conduits exist due to variants of the hepatic artery to 
avert warm ischemia injury.3 Two methods are used 
to prevent warm ischemia injury on NMP: (1) 
surgical reconstruction with anastomosis, including 
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both definitive reconstruction and temporary recons-
truction with subsequent definitive reconstruction 
before implant; or (2) tubing technique to connect the 
arteries temporarily,4 in addition to creating multiple 
arterial outlets in the NMP machine. On-site definitive 
surgical reconstruction is used at our institution 
because this procedure can avoid an additional period 
of CIT. The risks for IC would be higher in cases of on-
site NMP with AR, where surgeons and surgical tools 
are limited and transportation is required. In addition, 
the presence of variants of the artery and subsequent 
reconstruction may lead to prolongation of donor 
hepatectomy time (DHT) and CIT, which has been 
shown to worsen LT outcomes.5,6 However, the effect 
of hepatic AR prior to NMP on the development of 
IC has not been fully elucidated. 

Therefore, we sought to investigate the effects of 
NMP after AR on the onset of primary IC, excluding 
secondary IC due to arterial complications, to faci-
litate safe NMP practices in the field of LT. 
 
Materials and Methods 
 
Study population 
We retrospectively enrolled LT recipients who had 
received donation organs after circulatory death 
(DCD) during the period from January 2015 to 
December 2023 at Massachusetts General Hospital.  
All research was performed in a manner that 
conformed with the Declaration of Istanbul and the 
Declaration of Helsinki. The ethics committee of 
Massachusetts General Hospital approved this study; 
all enrolled patients provided informed consent at the 
time of surgery. The DCD LT cases were divided into 
groups based on the use of NMP (NMP+) versus 
standard cold storage (NMP-) and LT with AR (AR+) 
and LT without AR (AR-). The onset of clinically 
relevant primary IC (non-anastomotic biliary strictures 
without compromising hepatic arterial flow), 
diagnosed by magnetic resonance cholangiography 
and/or endoscopic retrograde cholangiography 
and/or percutaneous transhepatic cholangiography, 
was considered the primary endpoint, in the short-
term within 1 year after DCD LT, excluding secondary 
IC due to arterial complications. All patients in this 
cohort were followed up 1 year after LT. Types of IC 
were categorized according to a previous study.7 In 
our study population there were IC with diffuse 
necrosis, multifocal progressive IC, and confluence 
dominant IC. Types of biliary complications (BCs) 

were defined as anastomotic strictures, excluding IC 
or bile leak. 
 
Arterial reconstruction 
Livers were procured with the entire length of the 
celiac artery and variant hepatic arteries in a standard 
fashion. For application of on-site NMP, prior to AR, 
standard back-table preparation of the liver was 
performed in all cases. Aberrant arteries were carefully 
identified and skeletonized. The AR was performed for 
all replaced hepatic arteries; there was no case where a 
replaced artery was discarded. As an inflow outlet, the 
splenic artery stumps or the gastroduodenal artery 
stumps were used according to the size of aberrant 
arteries in this study. The AR was performed using  
7-0 or 8-0 polypropylene sutures with the aid of 
surgical loupes on a back table by expert surgeons in 
microsurgery. Arterial cannulation was performed 
from the celiac trunk so that a typical aberrant left 
hepatic artery could be perfused through the left 
gastric artery without reconstruction. In a case where 
the left gastric artery arose from the aorta directly, the 
artery was reconstructed in the same fashion. 
 
Normothermic machine perfusion 
A commercially available NMP device (Organ Care 
System Liver; Transmedics) was used for this study. 
The NMP was performed according to a previous 
report,1 with liver grafts placed on NMP for at least 
1.5 hours after resuscitating those temperatures at  
34 °C. All transplanted liver grafts showed a 
downtrend in lactate and production of bile. For NMP 
liver grafts, pre-NMP CIT was defined as the duration 
from the recovery of the liver from a donor until NMP 
initiation. Total CIT was defined as the sum of pre-
NMP CIT and the time from pump disconnection to 
initiation of graft anastomosis in recipients. 
 
Biliary reconstruction 
Choledochocholedochostomy was performed in all 
enrolled cases. In brief, the posterior wall was 
sutured continuously, and the anterior wall was 
sutured interruptedly or continuously using 6-0 
monofilament sutures without biliary stents. 
 
Statistical analyses 
We used the t test and Mann-Whitney U test for 
analyses of mean values (with SD) and median values 
(with IQR) of continuous variables, respectively. We 
compared categorical data of each group using the χ2 
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test. We calculated cumulative incidence of BC and 
IC using the Fine-Gray model. In the cumulative 
incidence calculations, the event was IC onset, and 
the competing event was death, retransplant without 
IC, and secondary IC due to arterial issues. P < .05 
was considered statistically significant. We used R 
software (version 4.0.4; February 15, 2021) to perform 
statistical analyses. 
 
Results 
 
For this study, 93 cases, including 22 NMP- cases, 
were selected. During the follow-up period, no 
differences were shown in patient survival (Figure 
1A) and graft survival (Figure 1B), between the  
NMP+ and NMP- groups (P = .21, P = .085,  
respectively). Importantly, the median donor age in the 
NMP+ group (38 years; range 26-53 years) was 

notably higher than that in the NMP- group (29.5 
years; range 12-51 years) (P<.01) however, no 
significant differences were shown in donor body 
mass index (29.0 ± 6.3 vs 28.3 ± 7.1), donor sex (male vs 
female, 52/19 vs 7/15), the percentage of livers with 
macrosteatosis greater than or equal to 10% (16.9%  
vs 4.5%), recipient age (59 years [range, 52-64 y] vs  
60 years [range, 45-74 y]), and Model for End-Stage  
Liver Disease scores (20.3 ± 7.0 vs 17.1 ± 7.1) 
betweenthe 2 groups. There was no major difference in 
the cumulative incidence of BC between the NMP+ 
group at 22.5% (16/71) and the NMP- group at  
18.2% (4/22) (P = .64) (Figure 1C). Importantly, the 
cumulative incidence of IC was 7.0% (5/71) for the 
NMP+ group versus 27.3% (6/22) for the NMP- group 
(P<.002)(Figure 1D)Together, these data suggested 
that NMP contributed to better outcomes regarding 
the onset of IC, despite the use of older DCD livers. 
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Figure 1. Differences in Patient Survival, and Graft Survival, and the Cumulative Incidence of Biliary Complications and Ischemic Cholangiopathy in Patients With 
or Without Normothermic Machine Perfusion

Abbreviations: IC, ischemic cholangiopathy; NMP, normothermic machine perfusion 
We analyzed (A) patient survival (P = .21), (B) graft survival (P = .085), and (c) ischemic-cholangiopathy-free graft survival (P = .013) based on the utilization 
of normothermic machine perfusion. We also analyzed (D) biliary complications (P = .64) and (e) ischemic cholangiopathy (P < .002) according to utilization 
of normothermic machine perfusion.  



In total, 17.2% (16/93) of cases required AR: 15 
cases had replaced right hepatic artery and 1  
case had replaced right hepatic artery and  
replaced left hepatic artery. We observed that 14.1% 
of NMP+ cases (10/71) required AR, whereas AR on 
the back table was performed in 27.3% (6/22) in the 
NMP- group. The NMP procedure was used in 62.5% 
(10/16) of AR+ cases. Characteristics of donors  
and recipients based on AR status (+/-) and IC status 
(+/-) are shown in Table 1. Both arterial and portal 
flows, monitored by NMP at 2 hours after initiation 
of NMP, were comparable between the AR+ and  
AR- groups (660 ± 140 and 1960 ± 290 mL/min vs 600 
± 100 and 1940 ± 130 mL/min, respectively) (Table 1). 
In the NMP+ group, no significant differences were 
shown in patient survival (P = .66) (Figure 2A); 
however, the overall graft survival of the AR+ group 

was lower, but not significant, versus the AR- group 
(P = .053) (Figure 2B). 

Within the NMP+ group, competing risk analyses 
demonstrated that AR did not have a significant 
effect on BC (P = .28) (Figure 2C). However, the 
cumulative IC onset rate was significantly higher in 
the AR+ group versus the AR- group (30.0% [3/10] 
vs 3.3% [2/61], respectively; P<.003) (Figure 2D). 
Regarding the type of IC in the AR+ group, 2 patients 
were diagnosed with IC with diffuse necrosis (Figure 
3, A and B) and 1 with multifocal progressive IC  
(Figure 3C). These recipients required redo LT due to 
liver dysfunction. The hepatic arteries of these patients 
were carefully evaluated by contrast computed 
tomography and visually observed at the time of redo  
LT. However, there was no sign that extrahepatic 
arterial flow was compromised. 
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Figure 2. Differences in Patient Survival and Graft Survival With or Without Arterial Reconstruction and 
Competing Risk Analysis of the Effect of Hepatic Arterial Reconstruction in the Group With Normothermic 
Machine Perfusion

We analyzed (A) patient survival (P = .66) and (B) graft survival (P = .053) in the normothermic machine 
perfusion group according to hepatic arterial reconstruction status. The cumulative onset of (c) biliary 
complications (P = .28) and (D) ischemic cholangiopathy (P < .003) were analyzed. 



Pre-NMP CIT in the AR+ group was significantly 
longer (167.6 ± 38.6 min) versus the AR- group  
(112.6 ± 24.6 min) (P < .001); however, no significant 
differences were shown in donor age, donor warm 
ischemic time, DHT, degree of steatosis, and recipient 
implant time (Table 1). In the NMP- group, there  

was no clear difference in CIT between the AR+  
(375.2 ± 89.4 min) and AR- groups (329.6 ± 112.7 min) 
(P = .39). On the other hand, both pre-NMP CIT and 
total CIT were significantly longer in recipients with 
IC (n = 5), versus in recipients without IC (n = 66) 
(pre-NMP CIT, 160.6 ± 42.4 vs 117.3 ± 30.4 [P = <.004]; 
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Figure 3. Endoscopic Retrograde Cholangiopancreatography Images of Patients Who Developed Different 
Types of Ischemic Cholangiopathy After Normothermic Machine Perfusion

We observed (A) diffuse necrosis (n = 1), (B) right-side-dominant diffuse necrosis (n = 1), and (c) multifocal 
progressive ischemic cholangiopathy (n = 1). 

table 1. Demographics and Clinical Characteristics of Donors and Recipients Based on Hepatic Arterial Reconstruction Status or Ischemic 
Cholangiopathy Development in the Group With Normothermic Machine Perfusion

Arterial Reconstruction Ischemic Cholangiopathy 
No Yes P No Yes P 

Total 61 10 66 5  
Recipient  
     Age, y 59 (52-63) 56 (53-64) .94 59 (30-70) 60 (43-65) .70 
     Sex, male/female 43/18 7/3 .99 45/21 5/0 .31 
     Primary disease, No. .4 .69 
          Alcohol 26 4 27 3  
          Polycystic liver 1 1 2 0  
          MASH 12 3 14 1  
          PSC, PBC, or AIH 6 0 7 0  
          Hepatitis B or C 8 2 9 1  
          Other 8 0 7 0  
     MELD 3.0 20.4 ± 7.2 19.4 ± 5.9 .59 20.4 ± 7.0 17.4 ± 5.5 .35 
Donor  
     Age, y 38 (26-53) 39 (26-50) .79 37 (14-64) 55 (25-57) .15 
     Sex, male/female 44/17 8/2 .72 19/47 0/5 .32 
     BMI 28.9 ± 6.0 29.6 ± 8.4 .73 29.2 ± 6.2 25.8 ± 7.9 .25 
     Macrosteatosis ≥10% (%) 14.8 (9/61) 30.0 (3/10) .36 16.4 (11/67) 25.0 (1/4) .53 
     Extubation to death, min 18.8 ± 5.1 20.9 ± 2.8 .22 19.1 ± 5.0 19.4 ± 4.6 .90 
     Extubation to flush, min 23.0 ± 5.0 24.4 ± 2.9 .4 23.3 ± 4.9 22.2 ± 4.3 .63 
     Arrest to flush, min 9.6 ± 2.4 8.9 ± 1.9 .4 9.6 ± 2.3 8.2 ± 1.1 .20 
     DHT, min 39.2 ± 13.9 35.0 ± 12.4 .38 38.0 ± 13.8 46.6 ± 9.3 .18 
     Pre-NMP CIT, min 112.6 ± 24.6 167.6 ± 38.6 <.001 117.3 ± 30.4 160.6 ± 42.4 <.004   
     Post-NMP CIT, min 14.0 ± 10.7 29.7 ± 27.2 .01 14.7 ± 11.5 36.4 ± 34.9 <.002 
     Total CIT, min 126.7 ± 28.8 197.3 ± 39.0 <.001 132.0 ± 35.9 197.0 ± 27.5 <.001 
     Portal flow at 2 h, mL/min  1960 ± 290 1940 ± 130 .85 1950 ± 280 2030 ± 160 .54 
     Arterial flow at 2 h, mL/min 660 ± 140 600 ± 100 .24 640 ± 130 710 ± 140 .26 
Recipient implant time, min  
     HV to PV 52.4 ± 16.9 55.6 ± 15.7 .58 53.5 ± 17.2 55.8 ± 17.8 .89 
     PV to HA 45.2 ± 16.2 40.3 ± 11.8 .37 46.9 ± 17.0 43.0 ± 12.0 .66 

Abbreviations: AIH, autoimmune hepatitis; BMI, body mass index; CIT, cold ischemia time; DHT, donor hepatectomy time; HA, hepatic artery; 
HV, hepatic vein; MASH, metabolic dysfunction-associated steatohepatitis; MELD, Model for End-Stage Liver Disease; NMP, normothermic 
machine perfusion; PBC, primary biliary cirrhosis; PSC, primary sclerosis cholangitis; PV, portal vein 
Values are presented as frequency (with %), mean values (±SD), or median values (with IQR). 



total CIT, 197.0 ± 27.5 vs 132.0 ± 35.9 min [P <.001]). 
Arterial flow on NMP was also equivalent between 
the group with IC (640 ± 130 mL/min) versus the 
group without IC (710 ± 140 mL/min) (P = .26)  
(Table 1). A receiver operator characteristic curve 
analysis showed that target pre-NMP CIT at 113 
minutes yielded 100% sensitivity and 57.6% specificity 
with the area under the curve of 0.85 to predict the IC 
onset. Overall, these results suggested that AR with 
NMP is a risk factors for the onset of IC, mostly due 
to the prolongation of CIT. 

As a control, within the NMP- group, AR did not 
contribute to the onset of BC (AR+ group, 20% [2/10] 
and AR- group, 26.2% [16/61] (P = .72). There was also 
a higher cumulative IC onset rate in the AR+ group 
(33.3% [2/6] vs the AR- group 6.3% [1/16]), although 
it was not significant due to the limited sample size. 
 
Discussion 
 
Several parameters have been recognized as liver 
viability markers, including lactate, bile pH, and the 
amount of bile in the context of NMP.8,9 However, bile 
duct ischemic insult may not result in disturbance in 
these parameters immediately, because hepatocytes 
can still be viable and ischemic damage of the bile  
duct may not become apparent within few hours.10 
Thus, it is difficult to predict the onset of IC relying 
on these parameters alone and it is necessary to 
identify other risk factors for primary IC. 

Based on our findings, hepatic AR prior to NMP 
was a risk factor for developing primary IC in DCD 
LT. We further demonstrated that the increased risk 
of primary IC after AR prior to NMP is related to an 
increase in CIT. In our study, 3 of 5 cases were 
consistent with prolonged CIT related IC, because the 
entire liver grafts were affected. One case of IC could 
have been a result of AR malfunction, since the 
patient’s IC manifested as right lobe dominant diffuse 
necrosis. Excluding this case based on the assumption 
of warm ischemic damage while on NMP, our 
analysis still found the same effect of CIT on IC  
(not shown). It can be argued, therefore, that the 
prolongation of CIT is one of the risk factors for IC. 

The procedure of AR itself can prolong pre-NMP 
CIT, and the existence of variant arteries may  
also increase the DHT, depending on the recovery 
procedures. Other studies have also suggested that 
longer CIT is associated with worse graft outcomes 
without NMP.6,11 However, the ideal CIT specifically 

for DCD liver grafts with NMP had not previously 
been investigated, making our investigation of vital 
importance. The receiver operating characteristic 
curve analysis demonstrated that the minimization of 
pre-NMP CIT is essential because the risk of IC 
increase when pre-NMP CIT reaches 113 minutes, 
according to our cohort. In other words, there was no 
primary IC case with CIT less than 113 minutes. 

Several studies have reported that prolonged DHT 
negatively affects graft and patient survival of DCD 
LT without NMP.5,12 Furthermore, DHT is advocated 
to be less than 22 to 60 minutes.5,12-14 Although the 
NMP+ group did not show a significant effect of  
DHT on IC, the entire cohort demonstrated that 
recipients with IC had longer DHT versus those 
without IC. Thus, it is likely that a larger cohort 
might demonstrate a significant effect of DHT on the 
development of IC with the utilization of NMP. 
Regardless of CIT and DHT, warm ischemic injury due 
to improper reconstruction and positioning that limits 
arterial flow on NMP can increase the risk of IC, 
although this was not a focus of our present study.15 

Several countermeasures could address the 
potential associated risk factors discussed above. 
First, it is reasonable to employ 2 recovery surgeons 
so that a surgeon at the back table can begin the 
procedure immediately after the liver is recovered, 
to minimize CIT, while the other surgeon completes 
the donor surgery. Second, especially for DCD with 
no preoperative vascular imaging, liver and pancreas 
(the head of the pancreas) en bloc recovery, including 
the superior mesenteric artery with an aortic cuff and 
the hepatogastric ligament, would be beneficial to 
minimize DHT and the chance of injuries in aberrant 
arteries. It can be argued that additional dissection 
on the back table does not cause a significant 
prolongation in CIT, considering the time frame of 
DHT versus the duration of the back table. Third, 
design of reconstruction and precise anastomosis  
are essential. Finally, positioning on the NMP  
should be carefully checked, and all problems, such as 
twists or bleeding, should be addressed in a timely 
manner. As an alternative, if materials and surgeons 
to perform a proper reconstruction are limited, then a 
tubing technique could be an alternative strategy  
for on-site AR and NMP. Furthermore, it would be 
also useful to create multiple outlets for hepatic 
arteries and cannulate the main and aberrant hepatic 
arteries, respectively. This facilitates the definitive 
reconstruction after NMP. 
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Our study had several limitations, including the 
small study sample. There are other variables that 
we did not assess due to the small sample size that 
could affect LT outcomes and IC development. For 
example, younger donor age has been shown to have 
a protective effect on LT outcomes with longer CIT.16 
Further analysis with the accumulated data may 
enable us to use portable NMP selectively. Some 
other factors affecting the development of BC are not 
clear, as the rates of BC were similar between the 
NMP+ and NMP- cohorts. 

Of note, the use of NMP in LT has numerous 
advantages, such as broadening the donor pool not to 
exclude elderly donors and increasing the utilization 
rate of other marginal livers.17,18 However, our study 
showed that an unintended consequence when using 
NMP is the increased risk of IC in patients who 
underwent AR. Safe, quick reconstruction and inves-
tigation of the liver grafts on NMP are essential to 
prevent future IC. To maximize the beneficial effects 
of NMP, awareness of these consequences and 
implementation of reasonable countermeasures are 
crucial. 
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Abstract 
 
Objectives: Hepatocellular carcinoma is the fourth 
leading cause of cancer-related mortality worldwide, 
and almost all patients have simultaneous cirrhosis. 
For patients with hepatocellular carcinoma concurrent 
with cirrhosis, the best treatment option is liver 
transplant. With expansion of transplant criteria and 
increased use of liver transplant for treatment, median 
survival and recurrence rates in patients with 
hepatocellular carcinoma have also increased. Here, 
we evaluated tumor recurrence characteristics of 
hepatocellular carcinoma after liver transplant, 
treatments given, and survival periods. 
Materials and Methods: We retrospectively analyzed 
data of 512 patients who underwent transplant from 
January 2000 to December 2023 at Baskent University 
(Ankara, Turkey). We evaluated recurrence patterns, 
time to recurrence, and treatment survival outcomes 
among patients with or without recurrence. 
Results: Of 204 adult patients, 63 underwent transplant 
because of hepatocellular carcinoma. Of the 63 
patients, 16 (25%) developed recurrence after liver 
transplant. Only 1 of the patients who developed 
recurrence was still alive at the time of this report. Of 
16 patients, 50% had local and distant recurrence, 31% 
had distant metastasis, and 19% developed only local 
recurrence. Among patients, median overall survival 
was 65 months. Median survival was significantly 
lower in the recurrent group than in the nonrecurrent 
group (33 vs 49 mo; P = .001). Median time to 
recurrence was 11.6 months. Of the 63 patients, 32 
patients (50.7%) underwent liver transplant by use of 
the expanded criteria developed in our center. 

Conclusions: Hepatocellular carcinoma requires a 
multidisciplinary approach. Although advances in 
interventional radiology, surgery, and medical 
oncologic treatment have prolonged survival in 
patients with hepatocellular carcinoma, hepatocellular 
carcinoma recurrence is still associated with poor 
prognosis. Management of recurrence remains an 
issue, with not enough data and single guidelines for 
management of hepatocellular carcinoma recurrence 
in immunosuppressed transplant recipients. 
 
Key words: Immunosuppression, Metastasis, Survival 
 
Introduction 
 
Hepatocellular carcinoma (HCC) accounts for 80% of 
primary liver cancers; incidence and mortality of 
HCC are still increasing globally, making it the fourth 
leading cause of cancer-related deaths worldwide.1 

At the time of diagnosis, <25% of HCC cases are 
resectable, often because of underlying liver disease 
and inadequate hepatic reserve.2 Liver transplant 
(LT) is the most effective treatment option for 
nonmetastatic or unresectable HCC, particularly in the 
presence of cirrhosis. In the late 1990s, Mazzaferro and 
colleagues developed the first transplant criteria, 
which is now known as the Milan criteria. Criteria 
include patients with cirrhosis having a single tumor 
of 5 cm or less, those with no more than 3 tumors, each 
no larger than 3 cm in diameter, and those without 
extrahepatic manifestations and gross vascular 
invasion.3 

As use of LT for HCC treatment has increased, 
criteria have expanded and indications have been 
extended through less restrictive requirements  
for the size and number of tumors. Despite the 
application of updated criteria, recurrence of HCC 
has been reported to occur in about 10% to 15% of LT 
recipients and most commonly in the first 2 years 
after LT. Recurrence typically is accompanied by 
significant mortality and limited potential for a 
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cure.4 The prognosis of patients with recurrent HCC 
after LT remains poor, and there are several areas of 
uncertainty in the management of these patients. 
Improving the understanding of the contributing 
factors of HCC recurrence after LT remains urgent. In 
this study, we evaluated tumor recurrence charac-
teristics of HCC patients after LT, the treatments given, 
and the survival outcomes of this patient group in our 
center. 
 
Materials and Methods 
 
From January 2003 to December 2023, 512 LTs were 
performed in our center (Baskent University Ankara 
Hospital, Ankara, Türkiye). Among patients who 
underwent LT, 63 received transplants because of 
HCC. Patient follow-up was done by a multidis-
ciplinary team. We obtained details of patient 
transplant procedures, demographic characteristics, 
and laboratory and radiologic reports from hospital 
records. We retrospectively assessed the patient tumor 
status at the time of diagnosis, tumor recurrence 
patterns, time to recurrence, treatment strategies used, 
and survival outcomes. Posttransplant recurrence  
was diagnosed by alpha-fetoprotein (AFP) levels  
and imaging studies with or without histologic 
confirmation. Overall survival was defined as the time 
from the date of surgery to death (from any cause) or 
last follow-up. We used the Kaplan-Meier method to 
generate survival curves and calculate 3- and 5-year 
overall survival rates for recurrent and nonrecurrent 
groups, Survival periods were compared between 
recurrent and nonrecurrent groups. P < .05 was 
considered statistically significant. 
 
Results 
 
Between 2003 and 2023, 512 patients underwent LT. 
Among 204 adult patients, 63 underwent LT because 
of HCC. Median age was 55 years (range, 30-68 y), and 
57 patients (90%) were men. In 32 patients (51%), LT 
was performed in accordance with expanded criteria 
developed by our center. Of 63 patients, 35 (55%) had 
living donors and 20 (45%) had deceased donors. The 
most common etiology was hepatitis B virus (HBV) 
infection (n = 26); in 23 patients, the etiology for HCC 
was unknown. Hepatitis C virus (HCV) infection was 
detected in 5 patients, HBV and hepatitis D virus in 3, 
HBV and HCV in 2, alcohol-induced cirrhosis in 1, 
and autoimmune hepatitis in 1 patient. 

Of 63 patients, 16 (25%) developed HCC 
recurrence after LT. Fifteen patients (94%) who 
developed recurrence were men. Only 1 of the 
patients who developed recurrence was still alive at 
the time of this report. Of 16 patients with recurrence, 
50% had local and distant recurrence, 31% (n = 5) had 
distant metastasis, and 19% (n = 3) developed only 
locoregional recurrence. The most frequent sites of 
distant metastasis were lungs and bones. Inter-
ventional procedures like radiofrequency ablation, 
transarterial radioembolization, and transcatheter 
arterial chemoembolization were performed in 8 
patients with recurrence. Only 4 patients received 
systemic treatment. Median overall survival was 65 
months for all 63 LT patients (Figure 1). Median time 
to recurrence was 11.6 months.  

Median survival was significantly lower in the 
recurrent group than in the nonrecurrent group (33 
vs 149 mo; P = .001) (Figure 2). The 3- and 5-year 
survival rates for the nonrecurrent group were 74% 
and 63%, respectively. However, for the recurrent 
group, the 3- and 5-year survival rates were 43% and 
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Figure 1. Overall Survival in 63 Patients Who Underwent Liver Transplant 
Recipients Because of Hepatocellular Carcinoma

Figure 2. Survival in Patients Who Underwent Liver Transplant Recipients 
Because of Hepatocellular Carcinoma With and Without Recurrence of 
Hepatocellular Carcinoma



31%, respectively. During follow-up, 8 patients 
(12.6%) developed secondary malignancies (skin, 
lung, and hematological cancers). 
 
Discussion 
 
Liver transplant is the best treatment option for HCC 
in patients with cirrhosis. The criterium for 
transplant is still a subject of discussion worldwide. 
The Milan and other expanded criteria consider 
morphologic features like tumor number and size 
but not histopathologic characteristics, such as grade 
and differentiation of the tumor. Despite adherence 
to the criteria for LT in HCC patients, up to 20% to 
30% of transplanted HCC patients may develop 
tumor recurrence that negatively affects their 
survival.5 

In our center, we use the expanded Baskent 
University transplant criteria for patients with 
nonmetastatic HCC. Regardless of tumor number 
and size, these criteria include patients without 
major vascular invasion and without distant 
metastases. 

In the previous report from our center of 49 adult 
patients who had LT, 17 patients (26.5%) had HCC 
recurrence during follow-up. Median overall 
survival was 64.3 months for all included patients. 
Median time to recurrence was 12.6 months. The  
3- and 5-year survival rates were 80% and 68% in the 
nonrecurrent group and 52% and 17% in the 
recurrent group, respectively.6 In the present study, 
the recurrence rate of HCC was 25% after LT and the 
median survival rates were significantly lower for 
the recurrent patient group compared with the 
nonrecurrent group. The recurrence rate obtained in 
our study was consistent with the literature, and this 
reflects that transplant criteria are mainly based on 
tumor burden characteristics (size and number) and 
do not necessarily reflect the biological behavior of 
HCC. 

Several studies have reported and correlated the 
added value of AFP level as a useful predictor of 
HCC recurrence. In patients, high AFP levels before 
LT were found to be associated with worse survival 
rate after transplant.7,8 

In our study, the median time to posttransplant 
recurrence was 11.6 months. This result aligns with 
other studies in the literature that reported a median 
time to recurrence ranging from 7 to 36 months. In 
the report from Fernandez-Sevilla and colleagues of 

493 patients transplanted for HCC, 70 patients 
(14.2%) developed recurrence after a median disease-
free interval of 17 months.9 Among patients with 
recurrence, 70% of recurrences were diagnosed 
within the 2 years after LT. As shown in our study, 
most recurrences were extrahepatic (lung, lymph 
nodes, and bone); intrahepatic recurrences were 
observed in only 2 patients (2.8%).9 

Timing of HCC recurrence is variable; in most 
cases, timing is 1 to 3 years after LT. Early recurrence, 
defined as those occurring less than 1 year after LT, is 
frequently associated with significantly worse 
prognosis, possibly the result of HCC micrometastasis 
engraftment.10 Considered the timing of HCC 
recurrence reported in the literature, post-LT 
surveillance should be more intense for the first 3 
years after LT. As shown in our study, lung and bones 
are the most frequent metastatic sites of recurrence.11 
This indicates the need for close follow-up of these 
sites by radiologic imaging techniques, especially 
during the first 2 to 3 years after LT.  

We found that median survival was significantly 
lower in the recurrent group than in the nonrecurrent 
group (33 vs 149 mo, respectively; P = .001). In other 
words, survival was almost 5 times better in the 
nonrecurrent group than in patients who developed 
recurrence. Recurrence of HCC after LT leads to poor 
survival outcomes, as already reported, with a 
median survival of less than 2 years.12,13 Survival 
after recurrence observed in our study was one of the 
longest reported, showing that a multidisciplinary 
approach, including local therapies, is effective in 
this group of patients. 

In our study, 3- and 5-year survival rates were 
43% and 31%, respectively. Kim and colleagues 
reported 1-year, 3-year, and 5-year survival rates of 
65.2%, 34.0%, and 20.5%, respectively, in the 151 
patients who had HCC recurrence after LT. In that 
study, multivariable Cox analysis showed that grafts 
from living donors, recurrence-free interval of more 
than 9 months, AFP levels of ≥100 ng/mL at the time 
of recurrence, recurrence in bone, and everolimus 
treatment within 3 months after recurrence were 
related with improved survival after recurrence.14 

The immune system is the primary defense 
mechanism against cancer, and the role of immuno-
suppressive regimens in the risk of HCC recurrence 
after LT has been previously examined. However, the 
optimal immunosuppression regimen to reduce the 
frequency of HCC recurrence and improve survival 
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has not yet been determined and still represents a 
matter of debate. Calcineurin inhibitors, such as 
tacrolimus and cyclosporine, create a permissive 
environment for the growth of cancer cells because 
of impairment of the recipient’s immune system.15 
Calcineurin inhibitors have been shown to be 
associated with increased recurrence rates of 
posttransplant HCC, whereas mammalian target of 
rapamycin inhibitors have been shown to inhibit 
HCC growth in vitro and in animal models.16 

Among our included study patients, 25% received 
systemic treatment, with the most commonly used 
agent being sorafenib. Recurrence of HCC can be 
considered as a systemic disease because of 
persistence of malignant cells after resection of the 
affected liver. Therefore, HCC recurrence after LT 
often requires systemic therapy. 

In the past few years, the combination of the anti-
programmed cell death ligand 1 (PD-L1) antibody 
atezolizumab and the anti-vascular endothelial growth 
factor antibody bevacizumab and the combination of 
the anti-PD-L1 antibody durvalumab with a single 
“priming” dose of the anticytotoxic T-lymphocyte-
associated protein 4 antibody tremelimumab showed 
prolonged overall survival compared with sorafenib 
and became the first-line treatment option in patients 
with advanced HCC. Despite these promising results 
with immunotherapy, the use of immune checkpoint 
inhibitors after transplant may expose liver recipients 
to the risk of allograft rejection and graft loss.17 
Therefore, tyrosine kinase inhibitors such as 
sorafenib and lenvatinib remain the optimal choice 
in systemic first-line therapy. 
 
Conclusions 
 
Advances in interventional radiology, surgery, and 
medical oncology treatments have led to prolonged 
survival in patients with HCC. Despite these 
developments, HCC recurrence is still associated 
with poor prognosis. Although immune checkpoint 
inhibitors have become the first-line treatment for 
advanced HCC worldwide, the use of these agents 
in the treatment of posttransplant HCC remains 
controversial. At the same time, the choice of 
immunosuppressive regimens is still a matter of 
debate. Management of HCC recurrence remains a 
big issue, and few data and no single guideline for 
management of HCC recurrence management in 
immunosuppressed recipients remain as limitations. 
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Abstract 
 
Objectives: Liver transplant has significantly improved 
the survival of patients with end-stage liver disease, yet 
long-term transplant recipients often face challenges 
related to graft function and well-being. We aimed to 
evaluate the clinical role of vibration-controlled transi-
ent elastography for assessment of liver fibrosis and 
steatosis, with a focus on fibrosis and steatosis, in liver 
transplant recipients who were over 10 years posttrans-
plant. In addition, we aimed to identify factors that influ-
ence liver function and quality of life in these patients. 
Materials and Methods: This prospective, crosssec-
tional study included 105 liver transplant recipients. 
Vibration-controlled transient elastography measure-
ments (controlled attenuation parameter and liver 
stiffness measurement) were used to assess liver 
steatosis and fibrosis, and the Short Form 36 quality of 
life questionnaire was use to evaluate overall health of 
patients. Demographic data, medical history, and 
laboratory results were also collected. Generalized 
linear models identified significant factors that may 
affect liver function and quality of life. 
Results: No significant differences were observed 
between liver transplant recipients with living donors 
versus recipients with deceased donors with regard to 
fibrosis, quality of life, or other factors. The study 
found that diabetes mellitus (controlled attenuation 
parameter: P = 0.278; 95% CI, 0.193-0.363; P < .001) 
and history of biopsy-proven rejection (liver stiffness 
measurement: β = 0.814; 95% CI, 0.653-0.975; P < .001) 
were key factors associated with greater severity  
of liver steatosis and fibrosis. Significant fibrosis  

was associated with lower physical function scores  
(β = -0.207; P = .040). 
Conclusions: Vibration-controlled transient elastography 
is a valuable tool for assessment of liver fibrosis and 
steatosis in long-term liver transplant recipients and 
thereby facilitates optimization of posttransplant care 
and improved outcomes. 
 
Key words: Elasticity imaging techniques, Fatty liver, Liver 
transplantation, Severity of illness index 
 
Introduction 
 
Liver transplant (LT) is the only curative treatment 
for end-stage liver disease and markedly improves 
both survival and quality of life.1 Liver transplant is 
indicated for various conditions, including cirrhosis 
due to hepatitis B virus (HBV) or hepatitis C virus 
(HCV), alcoholic liver disease, and metabolic 
dysfunction-associated steatohepatitis, as well as 
acute liver failure, hepatocellular carcinoma within 
transplant criteria, and certain metabolic liver 
diseases.2 Recently, indications for LT have expanded 
to include select cases of unresectable colorectal liver 
metastases, intrahepatic cholangiocarcinoma, and 
neuroendocrine liver metastases.2 

Despite advances in surgical techniques and 
immunosuppression regimens, long-term graft sur-
vival remains a clinical challenge due to complications 
such as chronic rejection, metabolic syndrome, and 
progressive graft fibrosis.3-6 Acute rejection, which 
typically occurs within the first year after transplant, 
is generally well controlled with immunosup-pression 
therapy.3,4 In contrast, chronic rejection, albeit less 
common, can lead to irreversible bile duct injury and 
graft failure.5,6 Therefore, long-term posttransplant care 
must focus on immunosuppression optimization, 
management of cardiovascular and metabolic risks, 
and monitoring for graft fibrosis and rejection.7,8 
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Graft fibrosis and hepatic steatosis are major 
determinants of long-term liver function in LT 
recipients.9,10 Fibrosis results from chronic injury and 
excessive extracellular matrix deposition, whereas 
steatosis reflects fat accumulation in hepatocytes and 
is often associated with metabolic risk factors such as 
obesity and type 2 diabetes mellitus (T2DM).9 The 
prevalence of metabolic dysfunction-associated 
steatotic liver disease (MASLD) is high among 
patients with T2DM, and posttransplant metabolic 
syndrome may accelerate both steatosis and fibrosis 
in the graft.8,9 

Vibration-controlled transient elastography (VCTE) 
is a noninvasive imaging modality that quantifies liver 
stiffness and hepatic fat content.11 It provides 2 
parameters: liver stiffness measurement (LSM, in 
kPa) for fibrosis assessment and the controlled 
attenuation parameter (CAP, in dB/m) for steatosis 
quantification.11-13 The VCTE modality has demons-
trated good diagnostic performance for evaluation of 
graft fibrosis and steatosis in LT recipients and is a 
practical alternative to liver biopsy.12,13 

Several studies have explored the use of VCTE  
in posttransplant settings, including the assessment 
of HCV-related fibrosis, acute and chronic rejection, 
metabolic liver disease, and cardiovascular 
outcomes.14-19 In addition, fibrosis scoring systems 
such as fibrosis 4 (FIB4), aspartate aminotransferase-
to-platelet ratio index (APRI), and nonalcoholic fatty 
liver disease fibrosis score (NFS) have been evaluated 
for the utility of these scoring systems versus VCTE 
in this patient population.16,20 

Our present study evaluated the clinical utility of 
VCTE for assessment of graft fibrosis and steatosis in 
LT recipients more than 10 years after transplant. The 
>10-year cutoff was chosen so that we could focus on 
long-term survivors, a growing yet understudied 
cohort, for whom chronic complications become 
increasingly relevant. We also investigated factors 
that influence liver graft function and quality of life, 
as reported by patients, using validated instruments. 
 
Materials and Methods 
 
Patients and data collection 
This study was conducted among patients regularly 
followed at the Liver Transplantation Clinic of Dokuz 
Eylul University who met specific eligibility criteria. 
A total of 145 patients met the inclusion criteria. 
During their routine follow-up visits, patients 

underwent both the Short Form 36 (SF-36) quality of 
life questionnaire and VCTE measurements. 

Eleven patients were excluded because of lack of 
follow-up data during the study period (from June 
2024 to January 2025). Twenty-two patients declined 
to complete either the SF-36 or VCTE, and 7 were 
excluded based on other predefined exclusion 
criteria. These criteria were chosen because of the 
potential influence on both VCTE measurements and 
laboratory results used to calculate fibrosis scores. 
The final analysis included 105 patients. 

Patients who were more than 10 years after LT 
were selected, and this criterion facilitated our focus 
on long-term graft health and patient-reported 
outcomes, which minimized the confounding effects 
of early posttransplant complications or acute changes 
in liver function. 
 
ınclusion and exclusion criteria 
Inclusion criteria included the following: liver 
transplant recipients who received grafts from either 
living or deceased donors; for recipients of living 
donor transplants, donors were either biologically 
related up to the fourth degree or legal spouses and 
were at least 18 years old at the time of donation. 
Other inclusion criteria included more than 10 years 
after LT, no missing clinical or laboratory data, and 
follow-up and treatment performed at our LT clinic. 

Exclusion criteria included the following: age  
<18 years at the time of the study, presence of 
malignant or infiltrative diseases involving the liver, 
morbid obesity (defined as body mass index [BMI]  
≥40 kg/m2), and incomplete VCTE and SF-36 
questionnaire. 

We collected demographic data such as age, sex, 
and BMI, as well as LT-related information including 
donor type, transplant age, biopsy-proven rejection 
history, and the primary disease causing liver failure 
prior to transplant. Comorbid conditions, such as 
hypertension and DM, were also recorded. Laboratory 
data included creatinine, international normalized 
ratio, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), albumin, and bilirubin, all of 
which were routinely obtained during follow-up. 

The obtained laboratory and clinical data were 
used to calculate fibrosis indexes, including FIB4 
(FIB4 = [Age × AST]/[Platelets × √ALT]), APRI (APRI 
= [AST/40]/Platelets), and NFS (NFS = -1.675 + 0.037 
× Age + 0.094 × BMI + 1.13 × DM + 0.99 × AST/ALT 
ratio - 0.013 × platelets). 
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ethics and informed consent 
The study was approved by the Non-Interventional 
Research Ethics Committee of Dokuz Eylul 
University on May 8, 2024 (Decision No. 2024/16-21). 
All procedures adhered to the ethical principles 
outlined in the 2013 Declaration of Helsinki and the 
2018 Declaration of Istanbul. Written informed 
consent was obtained from all participants to ensure 
confidentiality and voluntary participation. 

This study included both recipients with living 
donors and recipients with deceased donors; all 
living donors were biologically related up to the 
fourth degree or were spouses and were ≥18 years 
old at the time of donation. 
 
Vibration-controlled transient elastography measu-

rement 
Patients fasted for at least 3 hours before VCTE. 
Measurements were performed by H. Döngelli and 
N. Daniş using a standardized protocol. At least 10 
valid measurements were obtained per patient. 

Liver fibrosis was assessed from median values 
of LSM (in kPa). Only results with a median  
value <20% were included. Significant fibrosis was 
defined as LSM >7.0 kPa. Liver steatosis was 
assessed from the CAP (in dB/m), and results were 
averaged. 
 
Short Form 36 quality of life questionnaire 
Health-related quality of life was evaluated using the 
SF-36, a validated questionnaire covering 8 domains: 
physical function, role limitations due to physical 
health, bodily pain, general health perceptions, 
vitality, social function, role limitations due to 
emotional problems, and mental health. Higher 
scores represent better perceived health. Patients 
completed the SF-36 during follow-up visits, and 
assistance was provided if needed. 
 
Statistical analyses 
We used SPSS software (version 25.0) for statistical 
analyses. Descriptive statistics were used to sum-
marize demographic, clinical, and laboratory data. 
Continuous variables were expressed as means (with 
SD) or medians (with IQR) depending on the 
distribution. Categorical variables were presented as 
frequencies and percentages. We compared conti-
nuous variables with independent t tests or Mann-
Whitney U tests for nonnormally distributed data 
and analyzed categorical variables with χ2 tests. 

Univariate generalized linear models (GLMs) were 
used to examine associations between independent 
variables (eg, age, sex, BMI, comorbidities) and 
outcomes (VCTE parameters and SF-36 scores). 
Multivariate GLMs were then conducted to identify 
independent predictors of liver fibrosis and steatosis. 
Clinical factors associated with quality of life were 
evaluated using only univariate GLMs, as our aim was 
to explore potential associations without overfitting the 
model given the sample size limitations. The results of 
the univariate and multivariate GLM analyses were 
reported as regression coefficients (β) and P values to 
quantify the strength and significance of associations 
between independent variables and outcomes. 

Receiver operating characteristic (ROC) curve 
analysis was conducted to evaluate the diagnostic 
accuracy of VCTE parameters (CAP and LSM) and 
fibrosis indexes (FIB4, APRI, NFS). The ROC analyses 
were presented using area under the curve (AUC) 
values with corresponding 95% CI and P values.  
P < .05 was considered statistically significant. 
 
Results 
 
Baseline clinical characteristics and comparison 

between deceased donor and living donor liver 

transplant recipients 
A total of 105 LT recipients were included, with a mean 
age of 59.3 ± 13.3 years; 63.8% were male. The median 
time since transplant was 15 years (IQR, 5 years). The 
most frequent primary etiologies for transplant were 
coinfection with HBV and hepatitis D virus (24.8%), 
HBV alone (22.9%), and other causes (16.2%) (Table 1). 

For deceased donor recipients (n = 58) versus 
living donor recipients (n = 47), there were no 
significant differences in age, sex, BMI, or time since 
transplant. The prevalence of comorbidities such as 
hypertension (40.0%) and DM (30.5%) was similar 
across both groups. Laboratory parameters, including 
platelet count, AST, ALT, bilirubin, creatinine, 
albumin, and international normalized ratio, also 
showed no statistically significant differences. 

Health-related quality of life scores, as assessed by 
the SF-36, were comparable across all domains 
between deceased donor and living donor recipients 
(Table 1). 

Fibrosis and steatosis assessments using 
noninvasive methods also did not differ significantly 
between groups. Specifically, FIB4, APRI, and VCTE 
para-meters, including CAP and LSM, showed no 
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significant variation. The prevalence of significant 
fibrosis (defined as LSM >7.0 kPa) was 24.1% in the 
deceased donor group versus 27.7% in the living 
donor group (P = .681). 

A history of biopsy-proven rejection was  
similarly distributed (20.7% for deceased donor 
group vs 23.4% for living donor group; P = .738). Of 
the 23 patients with rejection history, 19 had 
experienced rejection within the first year, and 1 
patient had experienced late rejection (year 11) due 
to patient nonadherence to immunosuppression 
regimen. 
 
Factors associated with controlled attenuation 

parameter and liver stiffness measurement in 

generalized linear models 
In multivariate analysis, higher BMI (β = 0.018;  
95% CI, 0.009-0.027; P < .001) and presence of  
DM (β = 0.197; 95% CI, 0.110-0.283; P < .001)  
were independently associated with higher  
CAP values, indicating that metabolic factors  
are significantly linked with hepatic steatosis  
(Table 2). 

A borderline association between biopsy-proven 
rejection and CAP was observed in univariate 
analysis (P = .047), but this was not significant in the 
multivariate model (P = .052). 

Regarding LSM (in kPa), a history of rejection  
was the strongest independent predictor (β = 0.793; 
95% CI, 0.632-0.954; P < .001), suggesting that prior 
rejection episodes contribute to graft fibrosis. 
Although transplant age showed an association with 
increased stiffness in univariate analysis (P = .041), 
this did not persist in multivariate analysis (P = .241). 
Neither BMI nor DM were independently associated 
with LSM (Table 2). 
 
Factors associated with the Short Form 36 quality 

of life scores 
Multivariate analysis revealed that male sex was 
significantly associated with higher SF-36 scores in 
the domains of general health (β = 0.149, P = .016), 
social function (β = 0.197, P = .006), and role limitations 
due to emotional problems (β = 0.199, P = .010), 
suggesting possible sex-related differences in 
perceived quality of life (Table 3). 

Importantly, the presence of significant fibrosis 
(LSM >7.0 kPa) was associated with lower physical 
function scores (β = -0.207, P = .040). We also noted a 
nonsignificant trend toward lower scores for role 
limitations due to physical problems (β = -0.143,  
P = .092). No independent associations were found 
between SF-36 scores and BMI, CAP, LSM, or donor 
type (Table 3). 
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table 1. Baseline Clinical Characteristics and Comparison of Patients With 
Deceased Versus Living Donor Transplants
Characteristic Deceased Living Total P 

Donor Donor (n = 105) 
(n = 58) (n = 47) 

Age, mean ± SD, y 59.8 ± 12.4 58.7 ± 14.4 59.3 ± 13.3 .675 
Male sex, No. (%) 34 (58.6) 33 (70.2) 67 (63.8) .219 
BMI, mean ± SD 25.9 ± 4.5 26.9 ± 4.1 26.4 ± 4.3 .298 
Posttransplant period,  
   median (IQR), y 16 (5) 14 (6) 15 (5) .071 
Primary disease, No. (%) NA 
     Alcohol 4 (6.9) 4 (8.5) 8 (7.6) 
     HBV alone 10 (17.2) 14 (29.8) 24 (22.9) 
     HBV+HDV coinfection 15 (25.9) 11 (29.8) 26 (24.8) 
     HCV 7 (12.1) 5 (10.6) 12 (11.4) 
     Fulminant hepatitis/drug 2 (3.4) 1 (2.1) 3 (2.9) 
     Autoimmune hepatitis 0 (0) 3 (6.4) 3 (2.9) 
     PSC 6 (10.3) 0 (0) 6 (5.7) 
     PBC 0 (0) 1 (2.1) 1 (1.0) 
     Wilson disease 1 (1.7) 2 (4.3) 3 (2.9) 
     Biliary atresia 1 (1.7) 0 (0) 1 (1.0) 
     Hemochromatosis 1 (1.7) 0 (0) 1 (1.0) 
     Other causes 11 (19.0) 6 (12.8) 17 (16.2) 
HCC prior to transplant, No. (%) 10 (17.2) 12 (25.5) 22 (21.0) .299 
Hypertension, No. (%) 25 (43.1) 17 (36.3) 42 (40.0) .471 
DM, No. (%) 19 (32.8) 13 (27.7) 32 (30.5) .572 
Laboratory findings,  
   median (IQR)  
Platelets, ×103 cells/μL 216 (110) 226 (102) 219 (106) .885 
     AST, IU/L 22 (14) 22 (11) 22 (12) .946 
     ALT, IU/L 19 (12) 22 (12) 20 (12) .190 
     Total bilirubin, mg/dL 0.7 (0.4) 0.8 (0.5) 0.8 (0.4) .224 
     Direct bilirubin, mg/dL 0.15 (0.10) 0.15 (0.15) 0.15 (0.14) .300 
     Creatinine, mg/dL 1.0 (0.4) 1.0 (0.5) 1.0 (0.4) .757 
     Albumin, g/dL 4.3 (0.4) 4.3 (0.5) 4.3 (0.4) .715 
     INR 1.0 (0.1) 1 (0.1) 1.0 (0.1) .192 
SF-36 results, median (IQR)  
     Physical function 80 (42) 80 (30) 80 (33) .969 
     Physical role limitations 100 (50) 100 (50) 100 (50) .645 
     Bodily pain 78 (43) 90 (52) 78 (43) .947 
     General health 55 (25) 50 (20) 55 (25) .346 
     Vitality 60 (15) 65 (15) 60 (15) .969 
     Social function 75 (25) 75 (25) 75 (25) .846 
     Emotional role limitations 67 (67) 100 (33) 100 (33) .552 
     Mental health 56 (14) 56 (16) 56 (14) .823 
History of biopsy-proven  
   rejection, No. (%) .738 
     Yes 12 (20.7) 11 (23.4) 23 (21.9)  
     No 46 (79.3) 36 (76.6) 82 (78.1)  
Fibrosis index, median  (IQR)  
     FIB4 1.35 (1.10) 1.27 (1.72) 1.29 (0.92) .495 
     APRI 0.27 (0.21) 0.26 (0.25) 0.26 (0.23) .923 
     FAST  
     Agile 4  
VCTE findings, median (IQR)  
     CAP, dB/m 216 (78) 226 (70) 222 (75) .979 
     LSM, kPa 5.4 (3.1) 5.1 (4.3) 5.3 (3.3) .762 
Significant fibrosis, No. (%) 14 (24.1) 13 (27.7) 27 (25.7) .681 

Abbreviations: ALT, alanine transferase; APRI, aspartate aminotransferase-
to-platelet ratio index; AST, aspartate transferase; BMI, body mass index 
(measured as kg/m2); CAP, controlled attenuation parameter; DM, diabetes 
mellitus; FAST, FibroScan (Echosens) AST score; FIB4, fibrosis 4 score; HBV, 
hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; 
HDV, hepatitis D virus; INR, international normalized ratio; LSM, liver 
stiffness measurement; NA, not applicable; PBC, primary biliary cholangitis; 
PSC, primary sclerosing cholangitis; SF-36, Short Form 36 quality of life 
questionnaire; VCTE, vibration-controlled transient elastography 
P < .05 was considered statistically significant.  
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receiver operating characteristic analysis of fibrosis 

scores and controlled attenuation parameter for 

prediction of significant fibrosis 
Among the clinical fibrosis scores, APRI showed the 
highest predictive ability with an AUC of 0.763 (95% 

CI, 0.657-0.869; P < .001), followed by FIB4 with an 
AUC of 0.732 (95% CI, 0.624-0.840; P < .001). In 
contrast, CAP had a more modest predictive power 
for fibrosis, with an AUC of 0.643 (95% CI, 0.519-
0.767; P = .027) (Table 4). 

Abbreviations: BMI, body mass index; β, beta coefficient; CAP, controlled attenuation parameter; DM, diabetes mellitus; 
LSM, liver stiffness measurement; MELD, Model for End-Stage Liver Disease 
P < .05 was considered statistically significant. 

Abbreviations: BMI, body mass index; β, beta coefficient; CAP, controlled attenuation parameter; LSM, liver stiffness measurement; 
PhF, physical function; SoF, social function 
P < .05 was considered statistically significant. 

table 2. Generalized Linear Regression Analysis of Related Parameters With Controlled Attenuation Parameter and Liver 
Stiffness Measurement
Variable Univariate P Multivariate P 

β 95% CI β 95% CI 

CAP  
     Age 0.003 0.001 to 0.007 .064 0.001 -0.002 to 0.004 .653 
     Male sex -0.068 -0.163 to 0.027 .162 -0.055 -0.132 to 0.022 .164 
     BMI 0.028 0.018 to 0.037 <.001 0.018 0.009 to 0.027 <.001 
     Preoperative MELD score 0.002 -0.006 to 0.010 .625  
     ABO incompatibility 0.045 -0.091 to 0.180 .520  
     History of rejection 0.111 0.002 to 0.221 .047 0.087 -0.001 to 0.174 .052 
     Living donor -0.004 -0.097 to 0.089 .938  
     Posttransplant period 0.007 -0.005 to 0.019 .273  
     Hypertension 0.107 0.015 to 0.199 .023 0.006 -0.077 to 0.088 .890 
     DM 0.278 0.193 to 0.363 <.001 0.197 0.110 to 0.283 <.001 
LSM  
     Age -0.001 -0.008 to 0.007 .860 -0.004 -0.010 to 0.001 .128 
     Male sex -0.049 -0.245 to 0.147 .622 -0.013 -0.163 to 0.137 .864 
     BMI 0.002 -0.021 to 0.024 .888 -0.003 -0.021 to 0.015 .735 
     Preoperative MELD score 0.005 -0.012 to 0.022 .552 -0.003 -0.015 to 0.009 .640 
     ABO incompatibility 0.353 0.084 to 0.622 .010 0.115 -0.091 to 0.321 .274 
     History of rejection 0.814 0.653 to 0.975 <.001 0.782 0.620 to 0.944 <.001 
     Living donor -0.008 -0.197 to 0.182 .936  
     Posttransplant period 0.024 0.001 to 0.047 .041 0.010 -0.008 to 0.028 .263 
     Hypertension 0.113 -0.078 to 0.304 .247  
     DM 0.201 0.001 to 0.402 .051 0.083 -0.079 to 0.245 .315 
     CAP 0.001 <0.001 to 0.003 .077  

table 3. Generalized Linear Regression Analysis of Related Parameters With Results From the Short Form 36 Quality of Life 
Questionnaire
Variable PhF Physical Bodily General Vitality SoF Emotional Mental  

Role Pain Health Role Health 

Age  
     β -0.008 -0.004 -0.003 -0.001 0.003 -0.002 -0.001 -0.001 
     P .016 .178 .272 .789 .075 .388 .643 .975 
Male sex  
     β 0.031 0.118 0.108 0.149 0.043 0.197 0.199 0.062 
     P .743 .146 .112 .016 .283 .006 .010 .161 
BMI  
     β -0.014 -0.005 -0.010 -0.006 -0.004 -0.009 0.003 -0.002 
     P .205 .610 .194 .435 .430 .288 .759 .760 
Living donor  
     β 0.144 0.088 -0.009 -0.059 -0.007 0.027 0.091 0.008 
     P .105 .242 .890 .334 .851 .709 .234 .857 
CAP  
     β <0.001 <0.001 -0.001 <0.001 <0.001 -0.001 -0.001 <0.001 
     P .679 .547 .125 .582 .380 .079 .073 .472 
LSM  
     β -0.009 -0.008 -0.006 -0.009 -0.004 -0.008 -0.008 -0.004 
     P .441 .387 .480 .278 .482 .388 .425 .539 
Significant fibrosis  
     β -0.207 -0.143 -0.046 -0.098 0.014 -0.076 -0.066 0.003 
     P .040 .092 .535 .156 .754 .351 .445 .958 
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Discussion 
 
This study provides important insights into the 
metabolic and immunological factors that may affect 
liver graft health and patient-reported outcomes in 
long-term LT recipients. Our findings emphasize that 
DM and higher BMI are independent determinants 
of hepatic steatosis, and a history of biopsy-proven 
acute rejection is the most robust predictor of 
increased liver stiffness, indicating progressive graft 
fibrosis. Furthermore, significant fibrosis, as assessed 
by VCTE, was associated with diminished physical 
function, whereas male sex was linked to better 
quality of life in multiple domains, including general 
health, social function, and emotional well-being. 

Acute rejection remains a clinically significant 
complication following LT, with reported incidence 
ranging from 14.8% to 34.9%; acute rejection 
predominantly occurs within the first year 
posttransplant.3,4,21,22 Several factors have been 
identified as risk factors for the development of acute 
rejection, including ABO incompatibility, advanced 
recipient age, deceased liver donors, lack of aspirin 
use, primary biliary cirrhosis, primary sclerosing 
cholangitis, HCV infection, and female sex.3,4,21,22 
Furthermore, long-term outcomes in patients who 
experience acute rejection have been associated with 
reduced graft survival and patient survival.4,21 

Although our study was not designed to directly 
assess acute rejection episodes, we found a 21.9% 
prevalence of biopsy-confirmed rejection, which 
aligned with prior reports. Notably, no difference in 
rejection rates was observed between living donor 
recipients and deceased donor recipients, and no 
effect of donor type on fibrosis, steatosis, or quality of 
life was identified. 

Previously published reports have established 
that MASLD is increasingly prevalent in LT 
recipients, with posttransplant hepatic steatosis rates 
reported between 12% and 88%.9,23-28 Several risk 

factors for posttransplant hepatic steatosis have been 
identified, including DM, higher BMI, preoperative 
alcoholic cirrhosis, preexisting donor graft steatosis, 
HCV infection, sirolimus use, and female sex.23-26 

Although some previously published studies have 
reported that posttransplant hepatic steatosis 
increases the risk of de novo cirrhosis or hepatic 
fibrosis, others studies have found no significant 
effect on overall survival or fibrosis progression.23,28 
The long-term effects of posttransplant hepatic 
steatosis on hepatic fibrosis and mortality remain a 
subject of debate, although the prevailing view 
suggests that posttransplant hepatic steatosis 
contributes to fibrosis progression. 

In our study, we used VCTE (CAP) to assess 
hepatic steatosis, and DM and increased BMI were 
found to be independently associated with hepatic 
steatosis. Unlike the results from previous studies, 
our findings did not identify a significant association 
between hepatic steatosis and factors such as sex, 
pretransplant HCV infection, or alcoholic cirrhosis.27,28 
These discrepancies likely reflect differences in cohort 
composition, as we exclusively included recipients 
with more than 10 years after transplant. Our findings 
underscore the central role of metabolic factors, 
particularly T2DM and obesity, to promote hepatic 
steatosis in the long-term. Although our analysis was 
cross-sectional, a trend between CAP (steatosis) and 
LSM (fibrosis) was observed in univariate models, 
which supports our hypothesis that steatosis may 
contribute to fibrosis progression in the long-term. 

In a study that investigated the prevalence of 
hepatic steatosis and hepatic fibrosis in the 
posttransplant period, the prevalence of significant 
fibrosis was reported to be 33%, with pretransplant 
HCV-related cirrhosis identified as a risk factor  
for significant hepatic fibrosis.10 Another study 
evaluated the diagnostic accuracy of VCTE for 
detection of posttransplant hepatic fibrosis and 
found that, based on histopathology assessment via 
liver biopsy, the prevalence of significant fibrosis was 
22%, and VCTE demonstrated a sensitivity of 90% for 
detection of significant fibrosis.13 Additional risk 
factors for posttransplant hepatic fibrosis reported in 
the literature include DM, increased BMI, male sex, 
low immunosuppression levels, deceased donor 
transplant, and older donor age.29-31 In our study, 
however, biopsy-proven acute rejection history was 
the only independent factor associated with post-
transplant hepatic fibrosis. Previous studies have 

table 4. Receiver Operating Characteristic Analysis of Fibrosis Scores and 
Controlled Attenuation Parameter in Predicting Significant Fibrosis
Variable Significant Fibrosis P 

AUC 95% CI 

CAP 0.643 0.519-0.767 .027 
FIB4 0.732 0.624-0.840 <.001 
APRI 0.763 0.657-0.869 <.001 
NFS 0.692 0.578-0.806 .003 

Abbreviations: APRI, aspartate aminotransferase versus platelet ratio index; 
AUC, area under curve; CAP, controlled attenuation parameter; FIB4, 
fibrosis 4 score; NFS, nonalcoholic fatty liver disease fibrosis score 
P < .05 was considered statistically significant. 
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demonstrated that acute rejection is linked to long-
term graft failure.4,21 Although most of the patients had 
unremarkable liver function test results, our study 
confirmed that fibrosis can progress subclinically, 
reinforcing the value of noninvasive imaging in long-
term monitoring. We also evaluated the performance 
of noninvasive fibrosis indexes for detection of 
significant fibrosis (as defined by VCTE). Both FIB4 
and APRI demonstrated good diagnostic accuracy, 
consistent with recent meta-analyses that have 
validated these tools in posttransplant populations.20 

With regard to quality of life, our findings 
partially aligned with prior research. A recent biopsy-
based study has reported that hepatic steatosis was 
associated with impaired quality of life and that 
fibrosis was associated with poorer general health  
in posttransplant patients.32 Similarly, a study in 
patients with T2DM has identified hepatic fibrosis, as 
evaluated with VCTE, and obesity as key factors that 
erode quality of life.33 To our knowledge, our present 
study is the first study to assess the relationship 
between quality of life and hepatic steatosis/fibrosis 
as evaluated with VCTE in LT recipients. 

We observed that significant fibrosis may 
adversely affect the physical role domain of the SF-36 
quality of life survey, whereas male sex appeared to 
be associated with better scores in general health, 
emotional role limitations, and social function 
domains. This negative association between fibrosis 
and physical role limitations aligns with findings in 
MASLD, where higher degrees of fibrosis have been 
linked to increased fatigue, thereby impairing physical 
function.34,35 It is plausible that similar mechanisms 
were present in our cohort. Furthermore, although 
histopathology was not performed, we hypothesize 
that a subset of patients within the significant fibrosis 
group may have progressed to early-stage liver 
cirrhosis, which could further contribute to the 
observed decline in quality of life.36 This underscores 
the potential of graft fibrosis to impair daily activities 
and physical well-being in long-term LT recipients. 
As fibrosis advances, fatigue, decreased exercise 
tolerance, and physical limitations may arise, all of 
which diminish quality of life. 
 
limitations 
 
This study had several limitations that should be 
acknowledged. First, the cross-sectional design 
limited the ability to evaluate longitudinal changes 

in liver fibrosis, steatosis, and quality of life in the 
long-term and as such prevents conclusions about 
disease progression or response to interventions.  
A prospective follow-up study could provide more 
robust insights. Second, VCTE, despite its nonin-
vasive nature, is subject to variability due to operator 
dependency, probe selection, and patient-related 
factors such as obesity and hepatic congestion, all of 
which potentially degrade measurement accuracy. 

In addition, although fibrosis indexes such as 
FIB4, APRI, and NFS were included for comparison, 
these scores were originally developed for nontrans-
plant populations and may not be fully reliable in  
LT recipients, necessitating further validation by 
histopathology. The absence of liver biopsy data in this 
study prevented direct histological correlation, which 
is essential to distinguish fibrosis from other graft-
related complications such as rejection or recurrent 
disease. Furthermore, potential confounding factors, 
including immunosuppression regimens, patient 
adherence to medication regimens, and unmeasured 
metabolic variables, may have influenced both liver 
function and quality of life outcomes. 

The fact that VCTE measurements were perfor-
med by only 2 operators may have influenced the 
results. Restriction of the study population to LT 
recipients more than 10 years posttransplant may 
have reduced the applicability of the results to 
patients in earlier stages of follow-up, as graft 
function, complication rates, and quality of life 
parameters can vary substantially over time. 

Finally, as a single-center study conducted at a 
tertiary referral hospital, the results may not be fully 
representative of LT recipients seen in other types of 
health care settings. Future multicenter, longitudinal 
studies that include histopathology validation and a 
broader patient population are needed to refine the 
clinical utility of VCTE in posttransplant assessment. 
 
Conclusions 
 
Vibration-controlled transient elastography is a 
valuable tool for assessment of liver fibrosis and 
steatosis in long-term LT recipients and provides 
critical insights beyond standard liver function tests. 
This study highlights the observation that hepatic 
steatosis and fibrosis can progress even when 
conventional biomarkers remain within normal 
ranges. In addition, DM emerged as a key factor 
associated with liver graft function, emphasizing  
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the need for metabolic monitoring in posttransplant 
care. Quality of life was influenced by both  
fibrosis and demographic factors, underscoring the 
importance of a holistic approach to patient 
management. Given its ability to detect subclinical 
graft changes, VCTE should be integrated into 
routine posttransplant monitoring to optimize long-
term outcomes. 
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Abstract 
 
Posttransplant lymphoproliferative disorders are a 
serious complication after solid-organ transplant, with 
a reported incidence from 2% to 20%. Plasma cell 
neoplasms in solid-organ transplants represent a rare 
but increasingly serious complication after solid-organ 
transplant. We report a case of plasmablastic 
myeloma, a very rare variant of multiple myeloma with 
aggressive course and poor prognosis. Few such cases 
have been reported in the literature in patients after 
solid-organ transplant. A 41-year-old male patient 
received a renal transplant from a living unrelated 
donor (wife) in 2019. After transplant, he was given 
triple immunosuppression therapy (mycophenolic 
acid, tacrolimus, prednisolone). In September 2024, 56 
months after transplant, the patient presented to our 
nephrology department due to confusion, weight loss, 
loss of appetite, and gastric discomfort. Laboratory 
results showed hypercalcemia, elevated serum 
creatinine, and thrombocytopenia with anemia, 
without apparent blood loss. As a result of persistent 
hypercalcemia and elevated serum creatinine levels, 
treatment with hemodialysis was initiated. Polymerase 
chain reaction results were negative for Epstein-Barr 
virus. After preliminary preparation, bone marrow 
biopsy was performed, which revealed infiltration by 
cells with blastic morphology. Immunohistochemical 
analysis confirmed the finding with more than 80% of 
cells positive for CD138; the remaining marker tests 
were mostly negative. The day after the bone marrow 
biopsy, the patient had progressive deterioration in his 
health, with severe malaise and disorientation; he 
developed acute heart failure and pulmonary edema. 
An urgent hemodialysis was initiated, but it was 

unsuccessful. The patient died on day 10 of 
hospitalization. Posttransplant lymphoproliferative 
disorders and other malignant neoplasms pose a 
serious posttransplant complication in patients with 
challenging diagnoses due to overlapping features 
with other posttransplant complications; such patients 
most often experience a rapid and atypical course, due 
to high doses of immunosuppressants. 
 
Key words: Plasma cell neoplasms, Posttransplant 
complications, Posttransplant lymphoproliferative disorders, 
Solid-organ transplantation 
 
Introduction 
 
Posttransplant lymphoproliferative disorders (PTLD) 
are a heterogenous group of neoplasms, with an 
incidence from 2% to 20% with 90% being mostly  
B-cell neoplasms. Plasma cell neoplasm (PCN) is a 
rare but increasingly serious complication following 
solid-organ transplant (SOT); PCNs constitute a 
distinct and less common entity among PTLDs. The 
clinical presentation of PCNs may be quite atypical, 
and accurate diagnosis is a challenge because of 
overlapping features with other posttransplant 
complications. According to some studies, the inci-
dence of multiple myeloma is approximately 3 cases 
per 100 recipients of SOTs. Plasmablastic myeloma 
(PBM) is a rare subtype of multiple myeloma 
comprising plasmablasts, which are immature plasma 
cells that exhibit clear round nuclei with small 
amounts of cytoplasm. We report a case of PBM, 
which is a very rare variant of multiple myeloma 
with aggressive course and poor prognosis. 
 
Case Report 
 
A 41-year-old male patient, with kidney disease of 
unknown etiology, received a renal transplant from a 
living unrelated donor (wife) in 2019. One year prior 
to transplant, he had been on hemodialysis. He 
received a quadruple immunosuppression protocol, 
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including induction therapy with anti-thymocyte 
globulin and triple maintenance immunosup-
pression therapy (mycophenolic acid, tacrolimus, 
and prednisolone). In the first 6 months after 
transplant, a mild elevation in serum creatinine levels 
was observed (Figure 1), from 150 to 200 μmol/L. 
Afterward, serum creatinine levels normalized. Two 
years later, the patient developed mild proteinuria 
(1.4 g/diuresis), mild anemia and thrombocytopenia, 
worsening of graft function with serum creatinine 
from 320 to 175 μmol, calcium 3 mmol/L, and high 
lactate dehydrogenase and ferritin levels, without 
deviations in total serum proteins, albumin, and 
globulin fraction. He also experienced persistent 
gastric discomfort for the previous 3 months 
(Helicobacter pylori test was negative) as well as 
confusion. He was referred to a hematologist; 
however, after the first visit, the patient did not 
attend further examinations. 

In September 2024, 56 months after transplant, the 
patient presented to our nephrology department due 
to aggravation of the condition, including confusion, 
weight loss, loss of appetite, and gastric discomfort. 
The initial laboratory results showed bicytopenia, 
impaired graft function with serum creatinine  
of 247 μmol/L (reference range, 45-109 μmol/L), 
proteinuria, and hypercalcemia (3.1 mmol/L) (Table 1). 
Levels of tumor markers carcinoembryonic antigen, 
CA19-9, and CA72-4 were within references ranges. 
The only elevated tumor marker was neuron-specific 
enolase (49.4 ng/mL; elevated from 16.3 ng/mL); we 
observed that tests for squamous cell carcinoma, 
carcinoembryonic antigen, α-fetoprotein, β-human 
chorionic gonadotropin, and prostate-specific antigen 
were all within the reference ranges. 

Additional diagnostic procedures were performed. 
Gastroscopy revealed mild gastritis. Computed 
tomography scan of the abdomen (Figure 2) did not 
show any tumor masses in the abdominal cavity but 
revealed dilated left cardiac cavities, suspected 
subendocardial infarction of the posterolateral wall 
of the left ventricle, and pronounced eccentric 
calcifications along the left anterior descending and 
circumflex coronary arteries. Because of the patient’s 
agitation and severe general condition, no other 
radiological examinations were performed to find 
lytic lesions. An echocardiogram showed elements of 
pressure overload with left ventricular hypertrophy 
and/or diastolic dysfunction. Despite treatment  
with dexamethasone and hydration, hypercalcemia  

and oligoanuria persisted, and treatment with 
hemodialysis was initiated. High blood glucose levels 
were recorded, and insulin therapy was started. 

After the observed bicytopenia and consultation 
with a hematologist, а peripheral blood smear  
was performed. Serum protein electrophoresis  
(Figure 3) was positive. Thrombocytopenia and anemic 
syndrome were managed by substitution with platelet 
concentrates and erythrocyte mass. 
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Figure 1. Serum Creatinine Trend After Transplant

Figure 2. Computed Tomography of the Chest

Dates are shown on x-axis; creatinine levels (in μmol/L) are shown on y-axis.  

Dilated left cardiac cavities are shown, with suspected subendocardial 
infarction of the posterolateral wall of the left ventricle.

table 1. Laboratory Results During Hospitalization
Variable Date Reference 
 Sept. Sept.  Sept. Sept. Sept. Sept. Range 

5 7 8 10 11 12 

RBC, ×1012/L 2.77 2.45 2.60 2.47 2.72 2.79 4.20-5.50 
Hemoglobin, g/L 87 78 81 79 86 88 120-180 
WBC, ×109/L 8.1 3.9 6.4 5.3 6.0 6.47 4.00-9.00 
Platelets, ×109/L 47 30 36 27 27 33 150-450 
Urea, mmol/L 14.3 18.6 18.2 2.7-7.8 
Creatinine, μmol/L 247 190 448 526 517 45-109 
Uric acid, μmol/L 736 516 150-450 
Total protein, g/L 59 57 63-83 
Albumin, g/L 41 35 37 35-50 
Sodium, mmol/L 134 129 133 137-145 
Potassium, mmol/L 3.66 3.10 3.80 3.8-5.5 
Calcium, mmol/L 3.10 2.86 3.06 2.91 3.10 2.98 2.1-2.6 
CRP, mg/L 29.5 26.5 29.8 ≤6 

Abbreviations: CRP, C-reactive protein; RBC, red blood cells; WBC, white 
blood cells 



On day 8 of hospitalization, after preliminary 
preparation, a bone marrow biopsy was performed 
(Figure 4), which revealed infiltration by cells with 
blastic morphology. The samples were stained with 
hematoxylin and eosin stain and Giemsa stain. We 
also performed immunochemical tests for CD138, 
CD34, CD117, CD20, and CD3. Immunohistochemical 
analysis confirmed the finding with more than 80% of 
cells positive for CD138; the test results for the 
remaining markers were mostly negative. Tests were 
not available for MUM1, CD38, and CD56. Also, the 
tests for Ki-67 proliferative index and Epstein-Barr 
virus (EBV)-encoded RNA in situ hybridization were 
not available for evaluation in our institutions. 

The patient was disoriented and confused 
throughout the entire hospitalization. A neurological 
assessment was also performed, which confirmed an 
acute psycho-organic syndrome. From the beginning 
of hospitalization, immunosuppression therapy was 
modified, with discontinuation of mycophenolic acid, 

reduction of tacrolimus dose to 3 mg daily, and 
prednisolone at a full dose of 20 mg daily. In the last 
few days of hospitalization, parenteral dexamethasone 
4 mg was also given. As a result of histopathology 
findings obtained 2 days after the patient’s death, 
antimyeloma therapy was not initiated. The patient 
had been also treated with antibiotics, intravenous 
fluids, and diuretics. Urine culture and polymerase 
chain reaction results were negative for EBV, with <293 
copies (cutoff <293 copies). One day later, progressive 
deterioration in his health occurred, with severe 
malaise and disorientation, acute heart failure, and 
pulmonary edema. An urgent hemodialysis was 
initiated, but it was unsuccessful. The patient died on 
day 10 of hospitalization. 
 
Discussion 
 
According to some transplant database surveys, PCNs 
account for 0.2% to 4% of all PTLDs.1 Compared with 
the general population, SOT recipients have a 3-fold 
increased risk of developing PCNs. The pathogenesis 
of the uncommon types of PCN is still under debate. 
There is a strong association with EBV infection and 
an increased risk for PCN in recipients who are EBV 
seronegative at the time of transplant. 

The rare and aggressive variant of multiple 
myeloma known as PBM is characterized by a 
predominance of plasmablasts, with a very high 
mitotic activity and a poor response to conventional 
therapies. It has an extremely rare occurrence after 
SOT, with only a few cases described in the literature, 
and sometimes with early onset after transplant. In 
the study by Ofori and colleagues, the median time 
from transplant to diagnosis of PCM was 9.7 years.1 
Sharma and colleagues reported a case of multiple 

557Sabir Sulejman et al/Experimental and Clinical Transplantation (2025) 8: 555-559

Results show an oligoclonal profile in the γ-globulin fraction. The presence 
of lambda light chains was detected.

Figure 3. Electrophoresis of γ-Globulin Fraction

Figure 4. Bone Marrow Biopsy

Bone marrow biopsy shows infiltration by cells with blastic morphology, with >80% of cells positive 
for CD138 (left shows hematoxylin and eosin stain, ×200 magnification; right shows Giemsa stain, 
×200 magnification).



myeloma that developed early, 15 months after a 
renal transplant, presenting with back pain radiating 
in the lower limb.2 Engels and colleagues reported a 
median onset of PCN of 3.8 years, with 28 cases (of 
140) diagnosed in the first year after transplant.3 

In SOT recipients, the emergence of PBM could be 
influenced by chronic immunosuppression, which 
impairs the immune system and potentially promotes 
clonal plasma cell expansion. In this population, 
PTLDs are a common complication, whereas the 
emergence of PCNs, including PBM, is far less 
common. Immunosuppressive agents such as 
calcineurin inhibitors and antimetabolites impair  
T-cell surveillance, which may cause unchecked 
proliferation of B cells or plasma cells. 

Although EBV is frequently implicated in PTLDs, 
its role in PBM remains less clearly defined. Only 
some cases of PBM have shown EBV positivity, 
suggesting that EBV could play a strong role in the 
oncogenic process. In terms of clinical presentation, it 
can present with a wide range of symptoms,4,5 most 
often atypical for the underlying disease due to 
immunosuppression therapy. In general, it poses a 
diagnostic challenge and in rare cases it can have 
overlapping features with plasmablastic lymphoma.6 
Both entities demonstrate plasmacytic differentiation 
and immunophenotypically express plasma cell 
markers such as CD38, CD138, and MUM1. 
However, unlike plasmablastic lymphoma, PBM 
arises in the bone marrow and is often associated 
with paraproteinemia, hypercalcemia, anemia, renal 
impairment, and bone lesions. 

Regarding the clinical presentation from the 
available literature, most patients with PCN have 
presented with malaise, night sweats, abdominal 
pain, abdominal nodular tumors,2,5 pathological 
fracture, vague bone pain, and vertebra compression 
fracture.5,7 Another study described sudden onset of 
memory disorders and speech abnormalities. In some 
cases of PCN, lytic lesions were also found on 
radiodiagnostic examinations. In our case, the cardinal 
symptoms were confusion with disorientation, gastric 
discomfort, and hypercalcemia with anemia. 

Treatment of PBM in SOT recipients poses 
challenges and is particularly complex, with a need 
to balance antimyeloma therapy with the risk of graft 
rejection. Also, reduction of immunosuppression, a 
mainstay in treatment of PTLDs, may not be effective 
in cases of PBM; because of its aggressive nature, 
PBM often requires high-dose chemotherapy and 

autologous stem cell transplant. These options may 
be contraindicated due to comorbidities or organ 
dysfunction. In most cases, switching to mammalian 
target of rapamycin inhibitors (sirolimus) is recom-
mended. 

Several chemotherapeutic options are available 
for PCN. Bortezomib-based regimens are first-line 
treatments for most cases of PCN (eg, thalidomide, 
bortezomib, dexamethasone. In the case described by 
Sharma and colleagues,2 the patient was initially 
treated with the triple protocol of vincristine, 
adriamycin, and dexamethasone, and a moderate 
effect was shown after 6 cycles; this treatment was 
supplemented with a second line of therapy, ie, 
thalidomide. For aggressive cases like PBM, few 
therapeutic approaches are available). In CD38-
positive cases, daratumumab can be added to the 
therapy.7 The triple regimen of cyclophosphamide, 
bortezomib, and dexamethasone is used most often 
in extramedullary involvement, and the triple 
regimen of lenalidomide, cyclophosphamide, and 
dexamethasone is mostly used in relapsed patients.6 

Ultimately, the prognosis for this rare disease 
remains poor, especially in immunocompromised 
individuals. The rapid and aggressive course of PBM, 
along with diagnostic delays and limited therapeutic 
options, contribute to a high mortality rate. In the 
study by Ofori and colleagues, 5 of the 17 patients 
died early during the study period. 
 
Conclusions 
 
Posttransplant lymphoproliferative disorders and 
other malignant neoplasms pose serious posttrans-
plant complications in patients with challenging 
diagnoses due to overlapping features with other 
posttransplant complications. The rarity of PCN in 
SOT recipients has hindered further study. Our case 
adds to the limited body of literature regarding 
diagnostic dilemmas, unusual presentation of PBM, 
and the need for individualized treatment of SOT 
recipients. Special emphasis should be placed on 
increasing awareness, vigilant monitoring, and early 
detection strategies in this group of patients. 
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Abstract 
 
The development of non-Hodgkin lymphoma following 
liver transplant is rare. We present an unusual case of a 
40-year-old female patient with morbid obesity who had 
undergone a deceased donor liver transplant for an 
unresectable neuroendocrine tumor of the liver 12 years 
ago. She presented with a lesion in the tail of pancreas 
that was suggestive of a recurrent neuroendocrine 
tumor. She underwent robotic-assisted distal pancre-
atectomy and splenectomy, which demonstrated a final 
diagnosis of splenic marginal zone lymphoma. Although 
there is a high likelihood of recurrence of neuroen-
docrine tumor after transplant, non-Hodgkin lymphoma 
and posttransplant lymphoproliferative disorder must 
be considered in the background of transplant and 
solid-organ malignancy. 
 
Key words: Hepatic transplantation, Lymphoproliferative 
disorders, Neuroendocrine tumor, Splenic marginal zone 
lymphoma 
 
Introduction 
 
Posttransplant malignancies are a common long-term 
complication after liver transplant, and this risk is 
heightened in the setting of continuous immuno-
suppression. This is often a major cause of morbidity 

and mortality in liver transplant recipients. The 
incidences and outcomes of all cancer types that can 
occur in liver transplant recipients have not been fully 
determined. Therefore, greater efforts are needed to 
capture posttransplant cancer risk patterns so that 
more optimal surveillance and monitoring of 
immunosuppression can occur. Moreover, greater 
awareness is needed for rarer cancer types such as  
non-Hodgkin lymphoma and posttransplant lympho-
proliferative disorder (PTLD). The incidence of PTLD 
is estimated at 1% to 2% in liver transplant recipients, 
with non-Hodgkin lymphoma comprising a signi-
ficant subset of cases. These lymphomas vary in 
histology and are often driven by Epstein-Barr virus 
(EBV) infection, although EBV-negative cases are 
increasingly recognized. 
 
Case Report 
 
A 40-year-old female patient, who received a deceased 
donor liver transplant 12 years prior for an unre-
sectable well-differentiated neuroendocrine tumor 
(NET, grade 2) of the liver and was on postoperative 
immunosuppression therapy (tacrolimus 4 mg twice 
daily), presented with abdominal pain, 20-lb weight 
loss, fever, chills, and submandibular and periauricular 
lymphadenopathy. She was closely followed with 
hepatology to detect disease recurrence using chro-
mogranin A level as a marker, the results of which were 
negative to date. Her comorbid conditions were 
morbid obesity (body mass index 62.8), hepatic 
steatosis, diabetes, and hypertension. She had a 
history of cytomegalovirus viremia, which occurred 
5 months after transplant, and rejection (Banff  
score 7), which occurred 14 months after transplant. 
Computed tomography (CT) scan of the abdomen 
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and pelvis showed a 3.2-cm rounded soft tissue 2 
density at the splenic hilum distant to the splenic  
artery and vein, and a 2.1 × 3.1-cm lesion on the  
tail 4 of the pancreas (Figure 1). Gallium dotatate 
positron emission tomography (PET) revealed 
increased metabolic activity of the spleen and 
pancreas tail lesion suspicious of recurrent or 
metastatic NET. The spleen was enlarged and 
measured 18.9 cm. The maximum standardized 
uptake value was 15.3 for the liver, 15.2 for the 
pancreatic tail, and 34.8 for the spleen. 

Chromogranin A was 39 ng/mL, and alkaline 
phosphatase was elevated at 152 U/L. Lipase, amylase, 
total bilirubin, and liver enzymes were within 
reference ranges. Test results were negative for EBV 
DNA polymerase chain reaction (PCR), EBV DNA 
log10 PCR, hepatitis B virus antibody and surface 
antigen, hepatitis C virus antibody, and human 
immunodeficiency virus antigen and antibody. 

Upper endoscopic ultrasonography revealed 2 
hypoechoic, well-defined lesions in the pancreatic tail 
and splenic hilum, which were further characterized 
by magnetic resonance imaging. A 2.1 × 3.1-cm 
hypoenhancing pancreatic tail lesion and an 18.4-cm 
splenomegaly were observed on magnetic resonance 
imaging. No intrahepatic biliary ductal dilation or 
pancreatic ductal dilation was shown, but there was 
diffuse hepatic steatosis without focal lesions. Fine 
needle aspiration using a transgastric approach of the 
celiac node and pancreatic node was performed, and 
the test results were negative for malignant cells. This 
case was discussed by the multidisciplinary tumor 
board and given the high clinical suspicion of recurrent 
NET. She was scheduled for robotic-assisted distal 
pancreatectomy and splenectomy. 

The patient was positioned in a supine, semi-right 
lateral orientation, with the left arm abducted at a  
90-degree angle and the right arm resting alongside 
the body. We used a robotic surgical system with 4 
arms (da Vinci Xi, Intuitive). After a quick diagnostic 
laparoscopy of the abdominal cavity, 4 robotic trocars 
were placed. Numerous omental adhesions to the 
abdominal wall and transplant liver were present, 
which we released. The gastrocolic omentum was 
incised, and the lesser sac was entered. The spleen was 
noted to be enlarged (Figure 2, A and B). A pancreatic 
tail lesion was noted to be present over the splenic vein. 
We carefully dissected the mass and excised a biopsy 
that measured 0.9 × 0.8 × 0.4 cm from the vein and 
artery, which was sent for frozen section analysis. 

The frozen biopsy result favored neuroendocrine 
origin, although it was a difficult distinction given 
history of prior NET, so we proceeded with a distal 
pancreatectomy and splenectomy. Careful dissection 
was performed toward the 3 × 2-cm lesion, which 
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Figure 1. Computed Tomography Scan of Splenic and Pancreatic Masses, 4 
Months Before Surgery

Figure 2. Spleen

Computed tomography scan (4 months before surgery) of splenic and 
pancreatic masses shows homogenous hypoechoic well-defined lesions of 
the pancreatic tail and splenic hilum.  

a, Gross spleen intact. B, Gross spleen in sections. 

a

B
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was in close proximity to the splenic artery in the 
region of the pancreatic tail and appeared white-tan 
in color and hemorrhagic. The splenic artery was 
dissected, and a robotic stapler was fired across the 
splenic artery. The rest of the pancreas with the 
splenic vein was then divided with the stapler. The 
spleen was mobilized from its attachments, and  
the specimen was removed using a left subcostal 
incision. The spleen measured 28.5 × 18.5 × 11.5 cm, 
and the distal pancreas measured 11.5 × 9.0 × 5.0 cm. 
After hemostasis was achieved, a drain was placed, 
and all ports were closed. 

The final pathology report surprisingly confirmed 
the lesion to be a B-cell lymphoma, most consistent 
with splenic marginal zone lymphoma (SMZL) with 
direct extension to the pancreas tail. Hematoxylin 
and eosin staining showed diffuse infiltration of 
small lymphoid cells involving the splenic white 
pulp, red pulp sinuses, and cords, and the pancreatic 
parenchyma (Figure 3A). Immunohistology staining 
was positive for CD19 (Figure 3B), CD45, and CD25 
(dim), and CD20 kappa and lambda light chain stains 
showed polytypic plasma cells. The Ki67 proliferation 
index appeared to increase around 30% to 40%; 
however, this could have been because of proli-
feration among the numerous interspersed T cells. 
Immunostaining on block B12 showed reactive 

follicles with germinal centers that were positive for 
CD10 (Figure 3C) and negative for BCL-2. The splenic 
mass also demonstrated positivity for immunoglobin 
M and immunoglobin D (Figure 3D) in mantle zones 
with extrafollicular B-cell staining. Results from 
Epstein-Barr encoded RNA in situ hybridization, EBV 
PCR, EBV DNA log10 PCR, and EBV DNA Quant 
Source were negative for the biopsy. Results from  
the flow cytometry of the pancreatic mass showed 
positivity for CD10 lambda restricted B cells on a 
background of CD20, CD19, and light chain, which 
confirmed the diagnosis of SMZL. 

Postoperatively, the patient was noted to have 
leukocytosis and thrombocytosis. Her hospital 
course was unremarkable except for hyperglycemia, 
and she was discharged on postoperative day 4. 
Subsequent PET-CT demonstrated generalized 
lymphadenopathy above and below the diaphragm 
with mild to moderate intensity of the maximum 
standardized uptake value. The peripheral blood 
flow cytometry results were negative for monoclonal 
B cells. She was started on rituximab (weekly dose of 
375 mg/m2) for 8 cycles and continued on tacrolimus 
(4 mg twice daily) with a goal of 4 to 6 ng/mL. Her 
following PET-CT 10 months after the initial PET-CT 
later showed no metabolic evidence of malignancy 
or recurrent lymphoma (Table 1). 

Figure 3. Pathology Images of Splenic Biopsy

a, Section of spleen shows replacement and infiltration of red and white pulp with small size to medium size lymphoid 
cells (hematoxylin and eosin stain, ×100). B, Splenic lesion shows immunohistochemical staining positive for CD19 
(CD19 stain, ×100). C, Section of spleen with CD10 highlights cells in a germinal center of a reactive follicle (CD10 stain, 
×60). D, Spleen with immunoglobin D staining mantle zone cells of the reactive follicles (immunoglobin D stain, ×25). 
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Discussion 
 
There is an established increased risk of non-Hodgkin 
lymphoma following solid-organ transplant. However, 
a low-grade lymphoma is typically not categorized as 
a PTLD unless the PCR results are positive for EBV 
DNA. Although SMZL is not traditionally categorized 
under PTLD in the absence of EBV positivity, it is 
important to recognize that late onset, EBV-negative 
indolent PTLD is a well-described entity. The diffe-
rentiation between de novo SMZL and indolent PTLD 
in the posttransplant population remains complex  
and may overlap clinically and histologically. The 
intraoperative frozen section material of the pancreatic 
tail lesion was highly challenging to interpret given  
the history of a NET. However, NET was a favored 
diagnosis at the time of frozen section analysis because 
NET has a high rate of post-transplant recurrence. 

The liver is the most involved organ affected by 
NET.1 Clinical-pathological staging of NET has 
provided indications for liver transplant to prolong 
survival and provide curative intent in patients with 
unresectable tumor bulk, expected survival ≥70%, 
and a 5-year recurrence-free survival rate greater 
than 50%.1 Our patient’s younger age (≤45 years old) 
made her a candidate for liver transplant due to her 
likelihood of improved survival.2 Nevertheless, NET 
relapse in cases of liver metastases has high recur-
rence rate, ranging from 31.3% to 56.8% at 5 years after 
liver transplant.3,4 Patients with unilobar or single 
metastatic spread without evidence of extrahepatic 
disease exhibit a 5-year tumor recurrence rate of  
80%.1 Aside from the increase likelihood of disease 
recurrence, little is known about posttransplant 
prognostic courses due to the absence of solid data. 

The incidence of SMZL following liver transplant 
is unknown. Diffuse large B-cell lymphoma is the 
most common non-Hodgkin lymphoma subtype 
among transplant recipients and individuals infected 

with HIV.5 A US registry of 175 732 solid-organ 
recipients between 1987 and 2008 demonstrated a 
bimodal onset of non-Hodgkin lymphoma and PTLD 
following solid-organ transplant involving patients 
aged 0 to 34 years or ≥50 years at transplant.5  

The same registry revealed non-Hodgkin lymphoma 
had the greatest risk among lung recipients, and 
secondarily kidney and liver recipients.5 In another 
population-based study of 540 Finnish liver transplant 
recipients, 8 cases (1.4%) developed non-Hodgkin 
lymphoma, of which 4 cases (0.7%) were PTLD.6 
Elevated non-Hodgkin lymphoma risk was associated 
with male sex, young age, and the immediate 
posttransplant period in this study.6 In another 
population-based study of 2005 adult liver transplant 
patients, 23 patients (1.1%) were identified with 
PTLD and 5 patients (0.2%) were identified with  
B-cell non-Hodgkin lymphoma.7 Reports of non-
Hodgkin lymphoma following liver transplant for 
NET, in which the likelihood of NET recurrence may 
appear greater, are insufficient. 

Given the potential role of chronic calcineurin 
inhibitor exposure in lymphoma pathogenesis, 
tacrolimus had been continued for 12 years after the 
liver transplant at a reduced dose with a target trough 
level of 4 to 6 ng/mL; this regimen was monitored 
closely in consultation with transplant hepatology to 
balance the risk of rejection and lymphoma prog-
ression. Chronic immunosuppression with tacro-
limus at reduced doses could have led to suppression 
of T-cell activation and impaired immune sur-
veillance against oncogenic viruses such as EBV or 
malignant lymphoid clones, which could have 
inevitably increased the patient’s risk of lymphoma. 
In a large multicenter, case control study of 2495 
living donor transplants, total cumulative exposure, 
and not just the daily dose, of tacrolimus was an 
independent risk factor for the development of  
non-Hodgkin lymphoma following living donor 

table 1. Key Events From Transplant to Diagnosis, Surgical Intervention, and Treatment Follow-Up.
Time Posttransplant Event 

0 Liver transplant for NET. 
0-12 y Surveillance (chromogranin A, imaging). 
12 y Symptom onset of abdominal pain, 20-lb weight loss, fever, lymphadenopathy, chills. CT abdomen and pelvis and MRI abdomen 

demonstrate splenic and pancreatic lesions, which correlate with PET hypermetabolic activity. Test for EBV was seronegative. FNA 
sample was negative for malignant cells. 

12 y, 2 mo Underwent robotic-assisted distal pancreatectomy and splenectomy. Pathology diagnosed SMZL. PET-CT demonstrated generalized 
lymphadenopathy. Rituximab therapy with continuation of tacrolimus. 

13 y At the 10-mo follow-up, PET-CT demonstrated no evidence of disease. 

Abbreviations: CT, computed tomography; EBV, Epstein-Barr virus; FNA, fine needle aspiration; MRI, magnetic resonance imaging; NET, neuroendocrine 
tumor; PET, positron emission tomography; SMZL, splenic marginal zone lymphoma 
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transplant.8 Thus, tacrolimus at a dose of 4 mg twice 
daily for 12 years after liver transplant would result 
in a higher cumulative exposure that could place a 
patient at risk for non-Hodgkin lymphoma. 

After the patient’s splenectomy and pancre-
atectomy, tacrolimus was restarted at the same  
dose with addition of rituximab monotherapy. Bone 
marrow biopsy was not performed because of abse-
nce of cytopenias and lack of systemic symptoms. 
Based on the indolent histology and limited stage of 
disease, rituximab monotherapy was selected in 
alignment with National Comprehensive Cancer 
Network guidelines for SMZL. We used PET-CT 
imaging for assessment of treatment response and 
observed complete metabolic remission at 10 months. 

The group of PTLDs encompasses a spectrum of 
lymphoid proliferations, and, although most cases are 
EBV-positive and polyclonal, late onset monomorphic 
PTLD may be negative for EBV and histologically 
indistinguishable from de novo B-cell lymphomas. 
Splenic marginal zone lymphoma remains a distinct 
entity characterized by splenic involvement and 
indolent behavior. In this case, despite the patient’s 
transplant history, the lack of EBV association and 
histopathological features favored SMZL, although 
the possibility of EBV-negative PTLD remains part of 
the differential diagnosis. Thus, it is important for the 
transplant team, oncologist, and radiologist to be 
alert to the possibility of non-Hodgkin lymphoma in 
addition to PTLD for several years after transplant. 
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Abstract 
 
A 3-year-old female patient, who had received a liver 
transplant from her father 1 year previously to  
treat biliary atresia, was admitted with fever  
and pancytopenia. History showed Epstein-Barr  
virus polymerase chain reaction positivity detected  
in the patient 3 months earlier; the patient received 
reduced immunosuppression in doses of tacrolimus, 
and valganciclovir was administered. Physical exa-
mination showed lymphadenopathies at the cervical, 
axillary and inguinal regions with 2 × 2 cm  
at diameter, splenomegaly of 5 cm, and fever of  
39 °C. Considering the clinical setting of immune 
suppression, the patient was diagnosed with 
monomorphic posttransplant lymphoproliferative 
disorder in the form of plasmablastic lymphoma.  
The pancytopenia of the patient could not be 
explained with plasmablastic lymphoma; therefore, a 
concomitant hemophagocytic lymphohistiocytosis 
was suspected. The patients was changed from 
tacrolimus to sirolimus followed by 6 days of induction 
therapy and received a combination regimen of 
cyclophosphamide, doxorubicin, prednisolone, and 
vincristine every 21 days for 4 to 6 cycles plus rituximab 
375 mg/m2/wk for 4 weeks. For hemophagocytic 
lymphohistiocytosis, the patient received intravenous 
immunoglobulin 1 g/kg every week for 4 weeks, 

followed by monthly therapy during chemotherapy 
cycles. After 2 courses of chemotherapy and 4 doses of 
rituximab, lymph nodes and splenomegaly disappeared, 
blood tests returned to standard levels, and Epstein-Barr 
virus polymerase chain reaction results were negative. 
Positron emission tomography computed tomography 
after 2 cycles showed complete remission of disease. 
After 5 cycles of chemotherapy, the patient remained 
well without any complications. 
 
Key words: Hemophagocytosis, Lymphoma, Posttransplant 
lymphoproliferative disease 
 
Case Report 
 
A 3-year-old female patient, who had received a liver 
transplant from her father 1 year previously to  
treat biliary atresia, was admitted with fever and 
pancytopenia. History showed Epstein-Barr virus 
(EBV) polymerase chain reaction (PCR) positivity 
detected in the patient 3 months earlier; immuno-
suppression was reduced in doses of tacrolimus, and 
valganciclovir was administered. Physical exami-
nation showed lymphadenopathies at the cervical, 
axillary, and inguinal regions with diameter 2 × 2 cm, 
splenomegaly of 5 cm, and fever of 39 °C. 

Laboratory tests revealed hemoglobin 6.8 g/dL, 
white blood cells 3.24 × 103 cells/μL, platelets  
68 × 103 cells/μL, and absolute neutrophil count  
0.9 × 103 cells/μL. The biochemical parameters were 
within reference ranges except for lactate dehydro-
genase (1623 U/L) and uric acid (8.5 mg/dL). 
Epstein-Barr virus PCR revealed 5 × 104 copies/mL. 
Tacrolimus trough level was 13.7 μg/L at the time of 
admission. 

Radiology imaging showed multiple lympha-
denopathies in bilateral parailiac, mesenteric, 
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cervical, axillary, paratracheal, pretracheal, subcarinal, 
and hilar regions with a maximum diameter of  
3 × 3 cm. Positron emission tomography of multiple 
lymph nodes showed increased fluorodeoxyglucose 
uptake in the bilateral cervical chain, left supracla-
vicular region, which was more pronounced on the left 
side, bilateral axillae, left retropectoral area, bilateral 
perimammary region, mediastinum, bilateral hilar 
regions, left anterior peridiaphragmatic region, and 
abdominopelvic region. 

Core biopsy from the enlarged lymph node 
revealed loss of normal lymph node architecture 
consisting of monotonous cells with intermingling 
areas of necrosis (Figure 1). On closer inspection, the 
cells had medium-sized, hyperchromatic nuclei with 
eccentric and basophilic cytoplasm and showed 
numerous areas of mitosis (Figure 2). Immunohis-
tochemical studies displayed strong and diffuse 
CD138 positivity (Figure 3) with a Ki-67 proliferation 
index reaching 90% (Figure 4). The neoplastic cells 
showed positive results for the lambda light chain 
protein, whereas kappa positivity was observed only 
in a few cells. The results of EBV RNA in situ 
hybridization for integrated EBV genome were 
negative. 

Considering the clinical setting of immune 
suppression, the diagnosis was monomorphic post-
transplant lymphoproliferative disorder (PTLD) in 
the form of plasmablastic lymphoma (PBL). The bone 
marrow aspiration and biopsy results were negative 
for lymphoma infiltration; however, increased levels 
of histiocytes and hemophagocytosis were detected. 
The pancytopenia of the patient could not be 

explained with PBL; therefore, a concomitant 
hemophagocytic lymphohistiocytosis (HLH) was 
suspected. With the laboratory tests (pancytopenia; 
increased ferritin, 5291 μg/L; increased triglyceride, 
240 mg/dL) and the prolonged fever, splenomegaly, 
and hemophagocytosis in bone marrow aspiration, 
the patient fulfilled the HLH-2009 diagnostic criteria 
and was diagnosed as PBL-type monomorphic PTLD 
leading to secondary HLH. 

The patient was administered reduced immuno-
suppression with a change from tacrolimus to 
sirolimus followed by 6 days of induction therapy,  
as well as a planned combination regimen of 
cyclophosphamide, doxorubicin, prednisolone, and 
vincristine (CHOP chemotherapy) every 21 days for 
4 to 6 cycles plus rituximab 375 mg/m2/wk for 4 
weeks. For HLH therapy, the patient was given 
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Figure 1. Lymph Node Core Needle Biopsy Shows Loss of Normal Lymph 
Node Architecture With a Monotonous Infiltration

Hematoxylin and eosin stain; ×40 original magnification. 

Hematoxylin and eosin stain; ×400 original magnification. 

Original magnification, ×100. 

Figure 2. Neoplastic Cells With Medium-Sized, Hyperchromatic Nuclei and 
Scanty, Eccentric, Basophilic Cytoplasm

Figure 3. Diffuse CD138 Positivity



intravenous immunoglobulin 1 g/kg once a week  
for 4 weeks, followed by monthly therapy during 
chemotherapy cycles. After 2 courses of chemot-
herapy and 4 doses of rituximab, the lymph nodes 
and splenomegaly disappeared, blood tests returned 
to standard levels, and EBV PCR showed negative 
results. The positron emission tomography compu-
ted tomography control after 2 cycles revealed 
complete remission of disease. After 5 cycles of 
chemotherapy the patient remained well without any 
complications. A final cycle of chemotherapy was 
planned (total of 6 cycles), with follow-up after 
treatment cessation. 
 

Discussion 
 
Plasmablastic lymphoma is a rare cause of PTLD and 
was first described as an EBV-associated B-cell 
neoplasm in patients with HIV.1 Plasmablastic 
lymphoma was also reported as a rare cause of 
PTLD.2,3 Plasmablastic lymphoma has a strong 
association with EBV infection, and EBV positivity is 
found in 80% of patients with PBL. Plasmablastic 
lymphoma is recognized as a CD20-negative ag-
gressive non-Hodgkin lymphoma by the World 
Health Organization Classification of Lymphomas.4 
In addition to patients with HIV, PBL can be seen 
rarely in other immunocompromised patient groups, 
such as recipients after solid-organ transplant and 
patients with autoimmune diseases. 

Clinically, 53% of patients with PBL present  
with extranodal involvement; however, our patient 
was admitted with both nodal and extranodal 
involvement. In the pathogenesis of PBL, chronic 
EBV infection (which was also the case in our 

patient) and acquisition of MYC gene rearran-
gements seem to play a role.5 We could not show 
MYC gene rearrangement in the pathology spe-
cimens of our patient. The immunophenotype of the 
lymph node biopsy of our patient was consistent 
with typical PBL, with CD79a, CD38, and CD138 
positivity, as well as EBV RNA positivity showing 
EBV association. 

In a 2012 study of 195 adult patients reported by 
the German PTLD Registry, 8 patients (4%) were 
diagnosed as PBL-PTLD; all of these patients were 
adult patients with a median age of 47 years (range, 
30-67 years) at diagnosis. Although there are rare 
reports in the literature of cases associated with HIV, 
we could only find a single case of PBL in an infant 
with combined living donor small bowel and liver 
transplant.6 This was a 14-month-old female baby 
who had received a transplant to treat ultra-short 
bowel syndrome and total parenteral nutrition-
induced cholestatic liver disease. Five months after 
transplant, the patient developed multifocal cuta-
neous and systemic EBV-associated PBL-PTLD and 
died due to multiorgan failure. Given the rarity of the 
disease, most data are from patients with HIV-
positive PBL. 

Literature reviews have indicated poor survival 
rates in patients with PBL. A study of 112 patients 
with HIV-positive PBL showed a median overall 
survival (OS) of 15 months, and another study 
reported a shorter median OS in 76 patients with 
HIV-negative PBL.7,8 The Lymphoma Study Asso-
ciation has reported a large retrospective cohort of 
135 patients diagnosed with PBL for the period 2000 
to 2015 (56 were positive for HIV, 17 were post-
transplant cases, and 62 were immunocompetent 
patients) with a median OS of 32 months.9 A recent 
multicenter study of 80 patients with stage I or II PBL 
from 13 academic centers in the United States 
showed a 3-year progression-free survival of 72% 
(95% CI, 62-83) and OS of 79% (95% CI, 70-89).10 

Despite these data for HIV-positive PBL and  
PBL-PTLD in adults, there is no previously published 
report showing prognosis among pediatric patients. 
However, our patient demonstrated a complete 
response to chemotherapy after 2 cycles of rituximab-
CHOP, and she was in remission after 5 cycles; yet it 
remains difficult to foresee the prognosis of our 
patient. Furthermore, our patient had been admitted 
with secondary HLH, which further complicated the 
primary PTLD. However, she responded well to 
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Original magnification, ×200. 

Figure 4. Very High Ki-67 Proliferation Index



intravenous immunoglobin therapy and steroids as a 
part of her PBL chemotherapy, and this response led 
us to believe that her HLH was associated with her 
PTLD-lymphoma. 
 
Conclusions 
 
Plasmablastic lymphoma is a rare and aggressive 
type of non-Hodgkin lymphoma typically seen in the 
setting of an immunocompromised state, classically 
associated with HIV infection. Very rarely, PBL may 
be seen as a type of PTLD. There is only a single 
reported case of PBL-PTLD following small bowel 
and liver transplant in an infant. Furthermore, our 
patient had been admitted with secondary HLH, 
which further complicated the primary PTLD. 
Despite the aggressiveness of PBL-PTLD in adults, 
there is no report showing prognosis of pediatric 
patients. The rapid response to therapy in our patient 
was encouraging, but it remains difficult to establish 
a prognosis in pediatric patients. More studies on 
PBL-PTLD in pediatric patients are warranted. The 
initial pancytopenia that cannot be explained by 
lymphoma bone marrow involvement led to our 
conclusion that HLH can complicate PTLD cases, 
and clinicians should be aware of this condition. 
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Dear Editor:  
 
We were delighted to read the article by Vicinius  
de Souza and colleagues about a 31-year-old woman 
with end-stage renal failure due to focal segmental 
glomerulosclerosis attributable to the m.3243A>G 
variant in MT-TL1.1 In addition to nephropathy,  
the patient phenotypically exhibited hearing 
impairment.1 She was initially dependent on 
hemodialysis for 27 months, after which she received 
a kidney transplant.1 The 5-year posttransplant 
outcome was satisfactory; however, shortly after 
transplant, she developed diabetes.1 The study  
is noteworthy, but several points need to be 
discussed. 

The first point is that the heteroplasmy rate was 
not reported.1 Knowledge of the heteroplasmy rate 
is not only important for the assessment of disease 
prognosis but also for genetic counseling and family 
planning. As the patient underwent a kidney biopsy 
and explant of the diseased kidneys, determination 
of the heteroplasmy rates, not only in the blood 
lymphocytes but also in the explanted kidney,  
would have been useful. Knowledge of the mtDNA 
copy number and the haplotype, 2 other parameters 
that greatly determine the phenotype, would have 
also been interesting. In addition, biochemical 
studies of the kidney tissue would be useful for 
analyses of the function of the respiratory chain 
complexes. 

The second point is that the index patient was not 
prospectively examined for multisystem diseases. 

This examination should have also been done during 
the 5-year follow-up period. Mitochondrial diseases 
(MIDs), including MELAS syndrome (mitochondrial 
encephalomyopathy, lactic acidosis, and stroke-like 
episodes), are progressive multisystemic diseases 
that either occur at the onset of the disease or become 
multisystemic as the disease progresses. m.3243A>G 
can manifest not only with miscarriages, diabetes, 
hearing impairment, or renal insufficiency but also 
with short stature, epilepsy, stroke-like episode, 
myopathy, neuropathy, cognitive impairment, 
cardiomyopathy, endocrine disturbances, and  
lactic acidosis. Of particular interest is cerebral, 
endocrine, and cardiac involvement because  
such involvement strongly influences outcomes  
of patients with MID. Because multisystem 
involvement can be subclinical, a prospective search 
is important. 

The third issue is that the type of “stroke” 
experienced by the index patient’s sister was  
not stated.1 We should know whether the sister had  
an ischemic stroke, an intracerebral hemorrhage,  
a subarachnoid hemorrhage, a venous sinus 
thrombosis, or a stroke-like episode, the pathog-
nomonic feature of MELAS.2 Knowing the subtype 
of stroke is important because the consequences 
differ considerably between subtypes and because 
the preventive measures for the different types of 
stroke are also different. 

The fourth point is that it is not understandable 
why steroids were continued despite the development 
of diabetes. Although diabetes is a common 
phenotypic feature of carriers of m.3243A>G,3 the time 
course suggests that the onset of steroid treatment  
also triggered diabetes. Were HbA1c levels ever 
measured before the kidney transplant? What were 
the current HbA1c levels, and did the patient 
develop diabetic nephropathy in the implanted 
kidney? 
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In summary, the heteroplasmy rate in clinically 
affected tissues should be determined in carriers  
of m.3243A>G to assess prognosis and allow  
genetic counseling of other family members. Carriers 
of m.3243A>G who receive transplants should  
be carefully monitored for disease progression, 
multisystem involvement, and mitochondrial toxicity 
of immunosuppressants to prevent early host-
transplant reactions. 
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Figures, Tables, Legends, and References) should be a succinct 
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methodology used. Only generic names of drugs should be used 
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to allow other investigators to reproduce the results. When 
describing pharmaceutical interventions, include the dosage 
regimen in parentheses after the drug name.
Abbreviations
Except for expressing units of measurement, the use of 
abbreviations is discouraged. To introduce an abbreviation, 
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followed by the abbreviation in parentheses. Abbreviations must 
not be used in the Abstract or the manuscript title.
AAWP: Avoid Abbreviations Whenever Possible. The added 
length of spelling out words is more than compensated for 
by the increased readability when words are spelled out. 
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make a manuscript uninterpretable to the interested reader from 
outside that discipline.
Do not create new or unusual abbreviations. For example, if your 
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refer to the Council of Biology Editors Style Manual, Fifth Edition 
(Bethesda, MD: Council of Biology Editors, 1983).
Units of Measurement
All measurements must be listed in SI units. Conventional units 
may be shown in parentheses after the SI units. Temperatures 
must be expressed in degrees Celsius (°C).
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of the corresponding author. Grants and/or financial support for 
the work should be noted in a statement on this page.
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 2. Materials and Methods
 3. Results
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MBrowser.html). 
Main Text
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studies, it must be stated that, before the study, all protocols were 
approved by the institution's animal welfare regulatory committee, 
and/or all protocols were in conformity with the Guide for the 
Care and Use of Laboratory Animals published by the National 
Institutes of Health 86-23, revised in 1985.
Authors are responsible for any false statements, and for failure 
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are cited in a Table or Figure. Journal names (as listed in the January 
issue of Index Medicus for each year) and unpublished works 
and/or data should not be used as references, although written 

communications may be noted as such in the text. References 
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are responsible for the accuracy of the references, and must verify 
them against the original document. Experimental and Clinical 
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in Original Articles to 50, and in Case Reports to 15. Authors who 
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TABLES
Tables should be self-explanatory and should supplement, not 
duplicate, the text. They should be placed after the Reference 
section. Do not submit Tables as photographs. Each Table should 
appear on a separate page, and be accompanied by a brief double-
spaced Table legend. The text within the Table should also be 
double-spaced. Each Table must be cited in consecutive numerical 
order in the text, and should be identified with an Arabic numeral 
following the word "Table." Place a horizontal line below the 
legend, below the column headings, and at the end of the Table. 
Do not use vertical lines. To place text beneath a column heading, 
use a tab(s), not a space(s). Place explanatory matter in footnotes, 
not in the Table legend. Use appropriate symbols (eg, *, †, ‡, §, 
||, ¶, #, **, ††, ‡‡) to designate footnotes. The footnotes for each 
Table should contain expanded versions of all abbreviations used 
in the Table contents, and should identify statistical measures of 
variation, such as standard deviation and standard error of the 
mean. If dates pertaining to other published sources (copyrighted 
material used) are noted in the Table, the author must obtain 
written permission from the publisher and the original author(s), 
and acknowledge this fully in a footnote or in an addition to the 
legend. Below each Table, provide a key with the abbreviations 
used in that Table, followed by its meaning, for example: “ECG, 
electro-cardiogram; MMF, mycophenolate mofetil.”

SUPPLEMENTAL MATERIAL
Supplemental materials, including appendices, supplemental 
tables and figures, and supplemental videos, are not allowed 
and are not published or linked to your article after publication. 
If the supplemental materials are only included for peer review 
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their mention in the text. Supplemental tables and figures can be 
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supplemental materials, in general.



FIGURES
Number Figures as Figure 1, Figure 2, and refer to all of them in 
the text. Figures must be created with a computer program and 
submitted in their original formats. Legends and notes should be 
included in the article file and NOT in the Figure itself. Below each 
Figure, provide a key with the abbreviations used in that Figure, 
followed by its meaning, for example: “ECG, electrocardiogram; 
MMF, mycophenolate mofetil.” Upload Figures separately from 
the text (Figure files should not be integrated with the text files). 
Vector graphics exported from a drawing program should be 
stored in EPS format only.
Guidelines for Electronically Produced Figures/Illustrations
For production of the Figures/Illustrations of an accepted 
manuscript, the Baskent University production department 
requires electronically produced Figures to be saved in EPS 
(Encapsulated PostScript), PDF (Portable Document Format), or 
TIFF (Tag Image File Format) format. Most drawing programs 
(eg, Adobe Illustrator, Deneba Canvas, CorelDraw) have a save-
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EPS can be found at the Adobe Web site.
Spreadsheet/Presentation Graphics: Most presentation 
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cannot be stored in an EPS or TIFF format. Therefore, graphics 
produced by these programs cannot be used for reproduction.
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Illustrations should be created using Adobe Photoshop whenever 
possible.
Scans: Scanned reproductions of black and white photographs 
should be provided as 300 ppi EPS or TIFF files. Scanned color 
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provided as EPS or TIFF files at 600 ppi.

Figure Legends
The Figure legends should be typed in double-spaced format on 
a separate page following any Tables, with each Figure numbered 
and listed in the order it appears in the text. For Figures with 
multiple parts, each part must be identified by a letter following 
the Figure number (eg, 3A, 3B, 3C) and be clearly described in the 
legend. Any letter designations or arrows that appear in the Figure 
should be described fully. If any previously published Figure 
material is used, authors must obtain written permission from the 
publisher to reprint. The source of the original material must be 
cited in the reference list and in the Figure legend.
All permission releases must be submitted to the Editor at the time 
of manuscript submission.
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Proofs will be sent to the author (corresponding /first-named) 
by PDF for final proof reading and appropriate corrections and 
should be returned via Manuscript Central within 48 hours of 
receipt. Major changes such as deleting, shortening, amending 
sentences, Figures and Tables in the manuscript are not acceptable. 
Only minor corrections (eg, typesetting errors) will be considered 
without extra cost.
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Orders for offprints may be placed in the appropriate form 
accompanying the corrected proofs, or by contacting the Editorial 
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Master Program of Performance Without Thesis

Department of Psychology

Master Program of Clinical Psychology With 
Thesis

Master Program of Psychology With Thesis

Master Program of Social Psychology With 
Thesis

Department of Public Law

Master Program of Public Law With Thesis

Department of Public Relations And Publicity

Master Program of Public Relations And 
Publicity With Thesis

Master Program of Public Relations And 
Publicity Without Thesis

Department of Radio, Television And Cinema

Master Program of Radio, Television And 
Cinema With Thesis

Master Program of Radio, Television And 
Cinema Without Thesis

Department of Social Work

Master Program of Social Work With Thesis

Master Program of Social Work Without Thesis

Department of Sociology

Master Program of Sociology With Thesis

Master Program of Sociology Without Thesis

Department of Technology And Knowledge 
Management

Master Program of Technology And Knowledge 
Management With Thesis

Master Program of Technology And Knowledge 
Management Without Thesis

Department of Turkish Language And Literature

Master Program of Turkish Language And 
Literature With Thesis

Music Art Major

Master Program of Performance With Thesis

Performing Arts Art Major

Master Program of Performance With Thesis

DISTANCE EDUCATION	

Institute of Educational Sciences	

Department of Computer And Instructional  
Technologies	  
Master Program of Computer And Instructional 
Technologies Education Without Thesis 	

Department of Educational Sciences	

Master Program of Education Administration

Institute of Science	

Master Program of Informatics Systems Without 
Thesis

Institute of Social Sciences	

Department of Banking And Finance	

Master Program of Banking And Finance 
Without Thesis 	  
Master Program of Capital Markets Without 
Thesis 

Department of Business Administration	

Master Program of Business Administration 
Without Thesis 

Department of Healthcare Management	

Master Program of Healthcare Management 
Without Thesis

Department of Insurance And Risk 
Management

Master Program of Insurance And Risk 
Management Without Thesis 



HEALTHCARE, EDUCATION, TOURISM 

AND OTHER FACILITIES

1.	 BAŞKENT UNIVERSITY ANKARA HOSPITAL
2.	 ADANA DR. TURGUT NOYAN YÜREĞİR TEACHING & MEDICAL RESEARCH CENTER
3.	 ADANA DR. TURGUT NOYAN SEYHAN TEACHING & MEDICAL RESEARCH CENTER
4.	 ADANA DR. TURGUT NOYAN KIŞLA TEACHING & MEDICAL RESEARCH CENTER	
5.	  ALANYA TEACHING & MEDICAL RESEARCH CENTER
6.	 İZMİR ZÜBEYDE HANIM TEACHING & MEDICAL RESEARCH CENTER
7.	 İSTANBUL TEACHING & MEDICAL RESEARCH CENTER
8.	 KONYA TEACHING & MEDICAL RESEARCH CENTER
9.	 ANKARA MALTEPE WOMEN’S AND CHILDREN’S HEALTH CENTER
10.	 ANKARA HOSPITAL OUTPATIENT CLINICS
11.	 ANKARA ÜMİTKÖY OUTPATIENT CLINICS
12.	 ALANYA OBA OUTPATIENT CLINICS
13.	 İZMİR ÇİĞLİ OUTPATIENT CLINICS

14.	 ANKARA ÜMİTKÖY DIALYSIS CENTER
15.	 ANKARA YENİKENT DIALYSIS CENTER
16.	 ANKARA ÇİĞDEM DIALYSIS CENTER			 
17.	 İSKENDERUN DIALYSIS CENTER
18.	 İSTANBUL DIALYSIS CENTER
19. 	ŞANLIURFA DIALYSIS CENTER
20. 	TOKAT ZİLE DIALYSIS CENTER
21. 	YALOVA DIALYSIS CENTER
22. 	ZONGULDAK DIALYSIS CENTER
23. 	ZONGULDAK KARADENİZ EREĞLİ DIALYSIS CENTER
24. 	YAPRACIK PSYCHOSOCIAL REHABILITATION  CENTER  
25. 	AYAŞ PHYSICAL THERAPY & REHABILITATION CENTER  
26. 	BASKENT GROUP HEALTH PRODUCTS TRADE and INDUSTRY INC.	

1. 	 BAŞKENT UNIVERSITY CAMPUS
2.	 CHANNEL B
3. 	 PATALYA LAKESIDE HOTEL
4. 	 PATALYA THERMAL RESORT HOTEL
5. 	 ANKARA AYŞEABLA SCHOOLS
6.	 ADANA BAŞKENT PRIVATE SCHOOLS
7.	 AÇKAR DAIRY PRODUCTS

BAŞKENT 
UNIVERSITY1993






