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Introduction
Liver transplantation (LT) was performed first in 1963 in the 

United States by Thomas Starzl. Today, LT is the most effective 
treatment for end-stage liver failure and acute liver failure (ALF) 
(1). LT has been performed on more than 80000 patients with 
chronic liver failure in the world (2). Recently, survival rates 
after transplantation have increased considerably, with 96% 
in 1 year and 71% in 10 years after transplantation (3). The 
underlying reasons for this success are the introduction of new 
immunosuppressive agents, advances in surgical techniques, 
early diagnosis and treatment of complications after LT (4).

Generally, the most common LT indication is cirrhosis with 
end-stage liver failure, followed by hepatocellular carcinoma 
(HCC) and acute ALF (2). The most common indications of LT 
in Europe between 1988 and 2011 were reported as cirrhosis 
(57%), cancer (15%), cholestatic diseases (10%), ALF (8%), 
metabolic disease (6%) and other causes including Budd-Chiari 
syndrome, benign liver tumors, polycystic diseases, parasitic 
diseases (4). ALF requires immediate LT, and the most common 
underlying diseases are viruses (most commonly hepatitis A 
and B viruses), drugs (most commonly acetaminophen), and 
toxic agents (2). The priority of patients on the waiting list is 
determined by the Child (child turcotte pugh) score and, since 
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2002, the model of end-stage liver disease (MELD) scoring 
system (2). Patients with end-stage liver failure with a MELD 
score of 15 and above are recommended to be included in the 
transplantation list, while the risk of death of patients with a 
score above 30 and the risk of morbidity and mortality that will 
increase after transplantation should be taken into consideration 
(5,6).

In addition to numerous advances in surgical techniques, 
recipient selection and donor management, organ preservation, 
perioperative anesthesia, advances in postoperative care 
and effective immunosuppressive treatments increase 
long-term survival success after transplantation (7). The 
immunosuppressive treatment regimen typically consists 
of a calcineurin inhibitor (cyclosporine or tacrolimus), an 
antimetabolite (azathioprine or mycophenolate), corticosteroids, 
sirolimus, and everolimus (8,9). Despite the effective 
immunosuppressive treatment and advances in surgical 
techniques in LT, postoperative complications are still an 
important issue. Infections, acute rejections, vascular and biliary 
tract pathologies continue to be the most important complications 
in the early postoperative period (10,11). Development of de 
novo malignancies, new cardiovascular events, and recurrence 
of primary disease are important causes of long-term graft loss 
and mortality (12,13).

The characteristics of LT recipients in Turkey have been 
reported in relatively small samples, and mostly from non-
referral centers. Therefore, the current study aimed to examine 
the clinical, surgical, and histopathological findings of donor and 
cadaver-derived LT.

Methods
This was a single-center, retrospective study that included 

LT recipients who underwent surgery at Istanbul Yeni Yuzyil 
University, Faculty of Medicine, Gaziosmanpasa Hospital, 
department of general surgery and transplantation clinic 
between December 2017 and February 2021. Included patients 
were adults over the age of 18 who underwent LT for the first 
time from live donors or cadavers. Younger patients and those 
who were admitted for a repeat LT for any cause were excluded. 
The study protocol was approved by the Clinical Research 
Ethics Committee of Istanbul Yeni Yuzyil University (protocol 
date and number: 13.08.2020/033).

Data were obtained using electronic medical records. 
Age, gender, height, weight, body mass index (BMI), blood 
type, child score, MELD (model of end-stage liver disease) 
score (calculated with a mathematical formula via internet 
application), medical history, and underlying diseases for 
transplantation indication were determined. The date, timing, 
and duration of surgery, blood products used, and perioperative 
complications were recorded. Early postoperative intensive 
care requirement, need for mechanical ventilation, and length 

of hospital stay was obtained. Follow-up data at the outpatient 
clinic that included laboratory, radiological, histopathological 
(biopsy performed before and after the operation, macroscopic 
and histopathological examination of hepatectomy materials), 
medical, and surgical treatments, complications, and mortality 
were recorded using the patient records.

The same surgery team performed the operations of 
the patients included in the current study, and the same 
gastroenterology team performed follow-up. 

Statistical Analysis

The Statistical Package for the Social Sciences Statistics 
for Windows, version 25 (Armonk, NY: IBM Corp., 2017) and 
MedCalc statistics package program were used for data 
evaluation. Descriptive statistics of categorical variables are 
presented as numbers and percentages. Scale variables are 
presented as mean±standard deviation for normally distributed 
variables and as median (minimum-maximum) for non-normally 
distributed variables. 

Results 
The study sample included 162 subjects [mean age: 50.1 

(18-70) years; male: 64.8%]. The mean age of men and women 
was 51.8 years and 47.1 years, respectively. The mean height 
measured before transplantation was 165.6 cm, the mean weight 
was 73.7 kg, and the mean BMI was 26.9 (Table 1). The blood 
type groups, Child score, MELD score, and other preoperative 
findings are summarized in Table 1.

The etiology of the transplantation was chronic Hepatitis 
B virus (HBV) infection-related cirrhosis in 30 patients (18.5 
%), cryptogenic liver cirrhosis in 27 patients (16.7%), genetic-
metabolic liver diseases (autoimmune hepatitis, Wilson’s 
disease, primary sclerosing cholangitis, primary biliary 
cholangitis, hemochromatosis, sickle cell anemia) in 25 patients 
(15.4%), cirrhosis linked to non-alcoholic steatohepatitis (NASH) 
in 21 patients (13.0%), alcohol-related cirrhosis in 19 patients 
(11.7%), and ALF in 5 patients (3.0%) (Table 2). The number of 
patients transplanted with the diagnosis of HCC was 43 (26.5% 
of all transplants), and the most common underlying cause in 
these patients was chronic HBV infection (Table 3).

Living donor LT and cadaveric LT were performed in 
140 (86.4%) and 22 (13.6%) patients, respectively. Four 
(9.3% of all HCC) of HCC patients underwent transarterial 
chemoembolization, 1 patient (2.3% of all HCC) underwent 
radiofrequency ablation, and 1 patient had liver resection 
preoperatively. Perioperative and early postoperative evaluation 
showed a mean operation time of 6 h and 7 min, 4 units of 
erythrocyte suspension, 2.5 units of frozen plasma suspension, 
and 0.3 units of platelet suspension requirement. The number of 
days of intensive care after the operation was 2.1 days, and the 
length of hospital stay was 17.3 days. Twenty (12.3%) needed 
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mechanical ventilation in the intensive care unit during a mean 
of 1.8 days.

The most common perioperatively postoperative surgical 
complications were bile duct complications [primarily bile leaks 
and strictures: 22 (13.6%) and 20 (12.4%), respectively, and 
vascular complications: primarily portal vein thrombosis, hepatic 
artery thrombosis; 6 (3.7%) and 4 (2.5%), respectively]. The 
most common late complications were intraabdominal bleeding 
and complications requiring intraabdominal surgery [ileus, colon 
perforation, duodenal perforation; 1 (0.6%), 1 (0.6%), 1 (0.6%), 
respectively]. Delirium in 11 (6.8%) and epileptic seizures in 3 
(1.9%) were the other complications.

Following surgery, immunosuppressive treatment was 
started with corticosteroids, tacrolimus, and mycophenolate 
mofetil in all patients. Antithymocyte globulin therapy was 
administered to 3 (1.9%) patients with early signs of acute 
rejection. Perioperative/early postoperative and postoperative/
late postoperative operational complications are summarized in 
Table 4.

The mean follow-up period (transplant age) was 20.49 
months (1-39 months). Graft loss developed in 29 (17.9%) 
patients and mortality occurred in 25 (86.2%) of them. Time to 
graft loss was 207.9 (1-950) days, and time to mortality time was 
195.56 (3-950) days. Two (6.9%) patients developed chronic 

Table 1. Preoperative characteristics
Age, years, mean (min.-max.) 50.1 (18-70)

Gender, n (%) Male 105 (64.8)
Female 57 (35.2)

Donor, n (%)
Cadaver 140 (86.4)
Living 22 (13.6)

Child classification, n (%)
Child A: 11 (7.1 %), 
Child B: 108 (70.1%) 
Child C: 35 (22.7%)

MELD score, mean (min.-max.) 16.3 (8-35)
Body mass index, mean (min.-max.) 26.9 (16.5-37.6)

Blood group, n (%)

A 66 (40.7)
B 32 (19.8)
AB 17 (10.5)
O 47 (29.0)

Min.-max.: Minimum-maximum, SD: Standard deviation, MELD: Model of end-stage liver disease

Table 2. Primary etiological diseases

Chronic viral hepatitis, n (%)
Hepatitis B virus 30 (18.5)
Hepatitis D virus 6 (3.7)
Hepatitis C virus 4 (2.5)

Acute liver failure, n (%)
Toxic hepatitis 2 (1.2)
Wilson’s disease 2 (1.2)
Hepatitis B virus 1 (0.6)

Genetics-metabolic liver diseases, n (%)

Autoimmune hepatitis 10 (6.2)
Wilson’s disease 7 (4.3)
Primary sclerosing cholangitis 4 (2.5)
Primary biliary cirrhosis 2 (1.2)
Hemochromatosis 1 (0.6)
Sickle cell anemia 1 (0.6)

Transplant due to rejection, n (%) 
Acute rejection 3 (1.9)
Chronic rejection 3 (1.9)
Primer non function 2 (1.2)

Cryptogenic cirrhosis, n (%) 27 (16.7)
Nonalcoholic steatohepatitis, n (%) 21 (13.0)
Alcoholic cirrhosis, n (%) 19 (11.7)
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rejection, 1 (3.5%) patient had primary non-function, 1 (3.5%) 
patient had delayed graft dysfunction who underwent a second 
LT (patients with repeat LT history were excluded, please see 
what you describe above!). Mortality developed in the first year 
after transplantation in 18 (11.1%), in the second year in 5 
(3.1%), in the third year in 2 (1.2%) patients. One-year survival 
was 88.9%, two-year survival was 85.8%, and three-year 
survival was 83.3%. Mortality was linked to sepsis in 14 (48.3%) 
patients, pneumonia in 6 (20.7%) patients, acute myocardial 
infarction (AMI) in 2 (6.9%) patients, primary non-function in 2 
(6.9%) patients, and 1 (3.5%) patient acute respiratory distress 
syndrome (ARDS) due to Severe acute respiratory syndrome 
Coronavirus-2 virus (COVID-19) infection that develops one 
year after transplantation.

COVID-19 infection was not observed in any patient 
preoperatively or early after the operation. Seven (4.3%) patients 
were diagnosed with COVID-19 infection at least 4 months after 

the operation. One (0.6%) of these patients died due to ARDS, 
and the other patients were discharged home (Table 5).

Discussion
LT is the most effective treatment method in ALF and end-

stage liver failure. An earlier analysis showed approximately 
64000 LTs were performed in Europe from 1988 to 2009, and 
the most common cause was cirrhosis due to alcoholic liver 
cirrhosis, HCC, and viral hepatitis (13). The 5-year and 10-year 
survival were reported as 72% and 62%, respectively (13). 
Transplants due to cirrhosis associated with viral hepatitis have 
also shown a gradual increase (13).

Today, with improved immunosuppressive treatments, 
surgical techniques, perioperative and intensive care 
management 1-year survival has exceeded 90% in more 
experienced transplantation centers (10,11,14-16). Survival 
after cadaveric LT was reported as 91.4%, 82.5%, and 74.7% at 
1, 5, and 10 years, respectively, by different authors previously 

Table 3. Underlying etiological diseases of liver transplant patients due to hepatocellular carcinoma 

Chronic viral hepatitis, n (%)
Hepatitis B virus 19 (44.2)
Hepatitis D virus 2 (4.7)
Hepatitis C virus 1 (2.3) 

Cryptogenic cirrhosis, n (%) 8 (18.6)
Alcoholic cirrhosis, n (%) 7 (16.3)
Nonalcoholic steatohepatitis, n (%) 6 (14.0) 

Table 4. Perioperative/early postoperative and postoperative/late surgical complications

Perioperative/early postoperative 
complications, n (%)

Arterial complications
Hepatic artery thrombosis 4 (2.5)
Hepatic artery dissection 2 (1.2)

Venous complications
Portal vein thrombosis 6 (3.7)
Vena cava stenosis 1 (0.6)

Bile duct and anastomosis 
complications

Leakage 22 (13.6)
Stenosis 20 (12.4)
Leakage+stenosis 8 (4.9) 

Neurological complications Brachial plexus injury 1 (0.6) 

Postoperative/late complications, n (%)

Hepatobiliary bleeding 4 (2.5)
Gastrointestinal system bleeding 4 (2.5)
Intracranial bleeding 2 (1.2)
Bile peritonitis 2 (1.2)
Wound infection 1 (0.6) 
Intra-abdominal abscess 1 (0.6)
Incisional hernia 1 (0.6)
Pleural effusion 1 (0.6)
Ileus 1 (0.6)
Colon perforation 1 (0.6)
Duodenal perforation 1 (0.6) 
Scrotal Fournier gangrene 1 (0.6) 
Acute appendicitis 1 (0.6) 
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(10). In our study, 1-year survival was 88.9%, 2-year survival 
was 85.8%, and 3-year survival was 83.3%, which is close to 
the literature. In a similar study in Turkey, the mortality rate was 
25.5% during the follow-up period, more than half of mortality 
occurred in the first 3 months, and approximately 20% were 
lost during operation (16). In our study, no mortality developed 
during the operation, our mortality rate was 15.4% during the 
follow-up period.

In the literature, the most common etiological causes of 
LT are end-stage hepatic failure due to viral hepatitis, alcohol-
induced cirrhosis, and HCC (2). Yaprak et al. (16) reported that 
the most common etiological causes in patients who underwent 
LT were chronic HBV/HDV, chronic HCV, primary biliary 
cholangitis/primary sclerosing cholangitis, and cryptogenic 
cirrhosis, respectively. In our study, the most common etiological 
causes were consistent with that earlier study.

Postoperative complications are still an important issue in LT 
recipients. Biliary complications are the most common, having 
been reported in 5-32% of recipients (17). Biliary complications 
are one of the most important causes of chronic graft rejection 
in the long term (18). Strictures and leaks in the bile ducts or 
anastomosis area are the most common issues (16-22). Some 
studies have suggested that the main risk factor is the type of 
biliary reconstruction, but the complication rate of the Roux-en-Y 
technique is similar to choledocholedocostomy (23). The duct-
to-duct anastomosis of the common bile duct has the advantage 
of easy access to the bile system and preservation of the Oddi 
sphincter, which prevents reflux to the bile duct (23-25). In the 
current study, biliary complications were observed in 3 patients 
(21.4%) who underwent Roux-en-Y choledocojejunostomy, 
while 47 (31.8%) patients who underwent canal-to-duct had 
biliary complications. Pfitzmann et al. (10) reported the rate of 
postoperative biliary complication rate as 24.3%. Another large 
study reported 17.8% biliary complications, and the cumulative 
incidence after 1, 3, and 5 years after LT was 12.9%, 18.2%, 
and 20.2%, respectively (20). In the current study, the biliary 
complication rate was 30.9%, and bile duct leakage and stenosis 
in the biliary tract were the most common, consistent with the 
literature. 

Postoperative vascular complications are frequently reported 
in the literature. While hepatic artery thrombosis, one of the 
early surgical complications after transplantation, is observed in 
1-7% of the recipients, it may cause graft dysfunction by 27.4% 
within 5 years (26). Among the venous complications, portal vein 
thrombus has been reported at a rate of 2.1-26% and inferior 
vena cava anastomotic stenosis at a rate of 1-6% (27,28). The 
arterial complication rate was reported as 11.4% (10). In a 
sample from Turkey, hepatic artery thrombus was found in 1% 
and portal vein thrombus in 1.5% of the recipients (16). In the 
current study, the most common vascular pathologies were portal 
vein thrombus (3.70%) and hepatic artery thrombus (2.47%), 
slightly higher than the previous study. Bacterial pathogens are 
the most common causes of infection after liver transplantation, 
the highest incidence occurs during the first month after LT, 
viral infections are more common after 3 months, and fungal 
infections are less common following LT (29). At least one 
case of biopsy-proven acute rejection was reported in 16-27% 
of patients who underwent live donor LT (30-35). In our study, 
acute and chronic rejection was detected in 3 (1.8%) patients 
after LT, markedly lower than the previous reports.

The incidence of acute and chronic rejection has decreased 
with the improvement of immunosuppression regimens in LT 
recipients. Acute cellular rejection occurs in 15-25% of liver 
transplant recipients with tacrolimus-based immunosuppression 
regimens and is usually resolved with steroids in the majority 
(36). Another major issue after LT is the recurrence of the 
primary disease. While congenital anatomical diseases do 
not recur, other causes like HBV and HCV infection, primary 
biliary cholangitis, primary sclerosing cholangitis, autoimmune 
hepatitis, hemochromatosis, NASH, alcohol-induced liver 
disease, and HCC can recur after LT and cause graft loss 
(37,38). In the current study, primary disease recurrence was 
roughly 10% in HCC patients with background HBV.

In a previous study from Turkey, sepsis, pneumonia, and 
acute renal failure were the main causes of mortality, whereas 
prolonged biliary complications, HCC recurrence, preoperative 
death, sepsis, early graft loss, and intraabdominal bleeding were 
linked to mortality in another country (16). The most common 
cause of mortality in the current study was sepsis, pneumonia, 

Table 5. Causes of graft losses

Graft losses causing mortality, n (%)

Sepsis 14 (48.3)
Pneumonia 6 (20.7)
Acute myocardial infarction 2 (6.9)
Primary non-function 2 (6.9)
COVID-19 associated ARDS 1 (3.5)

Graft losses with retransplantation without mortality, n (%)
Chronic rejection 2 (6.9)
Primary non-function 1 (3.5)
Delayed graft dysfunction 1 (3.5)

ARDS: Acute respiratory distress syndrome, COVID-19: SARS-CoV-2 virus infection
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AMI, and primary non-function, showing differences from other 
international centers.

The limitations of the current study are its retrospective 
design and single-center involvement. Nonetheless, the large 
sample size is a strength concerning the previous reports from 
Turkey.

Conclusion
This study showed a considerable number of LTs can 

be made from both living donors and cadavers, and age, 
gender, underlying diseases, follow-up periods, postoperative 
complications, and mortality rate were comparable to the studies 
conducted in Turkey and the world. 
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