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 Background: Liver transplant (LT) remains a life-saving procedure with a high mortality rate. The present study investigated 
the causes of death and sought to identify predictive factors of mortality during the initial LT hospitalization.

 Material/Methods: We retrieved data on first-time adult recipients who underwent LT between November 2017 and October 2019 
receiving grafts from donation after citizen’s death. The risk factors for mortality during the initial LT hospital-
ization were confirmed by univariate analysis. We also analyzed the causes of death.

 Results: We enrolled 103 recipients, including 86 males and 17 females, with a mean age of 47.7 years. Thirty-eight 
(36.9%) recipients were labeled as non-cholestatic cirrhosis-related indications. Approximately 8% of all recip-
ients had diabetes prior to LT. Induction therapy was used in 11 (10.7%) recipients, along with maintenance 
therapy. The median model for end-stage liver disease score at LT was 32.4 (21.4–38.4). The in-hospital mor-
tality rate of LT recipients was 6.8% (7/103), and infections were responsible for most of the deaths (6/7). The 
1 remaining death resulted from primary graft failure. Univariate analysis showed recipients with postoper-
ative pneumonia (p<0.05), acute hepatic necrosis, and intensive care unit (ICU) stay ³7 days (both p<0.01), 
postoperative bacteremia, creatinine on day 3 after LT>2 mg/dL, and alanine transaminase on day 1 after LT 
>1800 µmol/L (all P<0.001) were much more likely to die.

 Conclusions: In-hospital mortality of LT recipients was high, due in large part to infections. Acute hepatic necrosis, prolonged 
post-transplant ICU stays, certain types of postoperative infections, and postoperative liver and kidney dysfunc-
tion were potential risk factors for in-hospital mortality of LT recipients.
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 Abbreviations: DCD – donation after citizen’s death; ICU – Intensive Care Unit; LT – liver transplant; MELD – model for 
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Background

Liver transplantation (LT) is a life-sustaining but technically 
challenging procedure fraught with potential complications [1]. 
Although outcomes after LT have greatly improved with the 
development of surgical skills and perioperative care, immune-
suppression management, and optimization in patient selec-
tion, post-LT 90-day, 1-year and 5-year mortality remain as 
high as 5%, 8.8–17% and 15–33%, respectively [1–10]. Rana 
et al. reported that mortality was highest within the first few 
days after transplantation in LT recipients, with the predomi-
nant contributors to death being technical factors [11]. Death 
related to cardiovascular/cerebrovascular/pulmonary/hemor-
rhage was the most frequent cause of death within the first 3 
weeks after LT, and other causes of early death are operative 
complications, graft failure, and infections [2].

Given that the mortality rates are high and most previous stud-
ies have not specifically investigated the causes of death in 
LT recipients, the analyses of the timing, specific causes, and 
predictors of in-hospital death are of paramount importance 
to improve recipient quality of life [12–14]. We aimed to in-
vestigate the causes of death and the potential risk factors 
associated with mortality during the initial transplant hospi-
talization among LT recipients of grafts from donation after 
citizen’s death (DCD) in China.

Material and Methods

Study population

A retrospective analysis was performed, and electronic med-
ical records were reviewed to retrieve relevant data from the 
Third Xiangya Hospital, Central South University. Demographic, 
clinical, and laboratory data of first-time adult recipients un-
dergoing LT from November 1, 2017 through October 31, 2019 
were included to assess outcomes during initial LT hospital-
ization for all patients. Patients who underwent any type of 
prior transplants and required re-transplantation immediately 
following LT were excluded from this cohort. For antimicrobial 
prophylaxis, semi-synthetic penicillins/beta-lactamase inhib-
itors or a carbapenem were administered for 5 to 7 days fol-
lowing LT. The Ethics Committee of the Third Xiangya Hospital, 
Central South University approved this retrospective non-in-
terventional study and waived the need for informed consent.

Study design and data collection

The enrolled patients were assigned to either the survival group 
or the mortality group. We analyzed the causes of and poten-
tial risk factors for mortality of recipients during their initial LT 
hospitalization. The immunosuppressive regimens comprised 

tacrolimus or cyclosporine and prednisone with/without my-
cophenolate mofetil or an additional monoclonal agent (basi-
liximab or rituximab). A few recipients did not receive any cal-
cineurin inhibitors due to the severity of illness.

Clinical and laboratory data retrieved included demographics 
(age and sex), recipient pre-LT variables (LT indication, mod-
el for end-stage liver disease-MELD-score, diabetes, hospital 
stay, infections), donor-related variables (age, sex, cold isch-
emia time) and post-LT variables (primary graft dysfunction, 
type of immunosuppression, rejection episodes, bacteremias, 
pneumonias, reoperation, alanine transaminase at day 1 and 
creatinine at day 3 after LT, and ICU stay.

Definition

The definition of diabetes was that basal glycaemia was more 
than 126 mg/dl or 200 mg/dl any time during the day, in at 
least 3 consecutive tests, and/or antidiabetic drugs were need-
ed [15]. Causes of death were stratified into primary graft 
failure, hemorrhage, infection, and pulmonary diseases [16]. 
Hospitalized days prior to LT was defined as hospitalization 
stays from the day of admission to the day of LT. Acute rejec-
tion was defined according to the Banff schema and was con-
firmed by biopsy [17]. MELD score was utilized to evaluate the 
severity of illness among LT candidates [18]. Bacteremia and 
pneumonia were defined in accordance with the criteria pro-
posed by the Centers for Disease Control and Prevention [19].

Statistical analysis

Normally distributed quantitative data are described as 
means±(standard deviation). Non-normally distributed data 
are expressed as medians (1st–3rd quartile). Categorical vari-
ables are shown as frequencies and percentages. Univariate 
comparisons were made with the Mann-Whitney U test, the t 
test, chi-square, or the Fisher’s exact test, as appropriate, with 
a P value of <0.05 (two-tailed) considered statistically signif-
icant. SPSS for Windows 22.0 (IBM Co.) was used for statis-
tical computing.

Results

Over a 2-year period, we performed a total of 107 LTs using 
livers from DCD donors at our unit. Four patients were exclud-
ed: 1 recipient was under 18 years old at LT; 1 each underwent 
prior LT and kidney transplant; and 1 was retransplanted im-
mediately after primary LT due to primary graft non-function. 
Thus, the sample comprised 103 adult patients (86 males and 
17 females, mean age 47.7±10.0 years, range 19–73 years) who 
were divided into 1 of 2 groups: the survival (n=96 patients) 
group and the mortality group (n=7 patients).
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Non-cholestatic cirrhosis was the predominant indication for 
LT (n=38, 36.9%), followed by hepatic cirrhosis in combina-
tion with necrosis (n=29, 28.2%), and acute hepatic necrosis 
(n=22, 21.4%). Eight (7.8%) patients were diagnosed with dia-
betes prior to LT. The median MELD score was 32.4 (interquar-
tile range=21.4–38.4) and recipients with a MELD score greater 
than 30 constituted approximately 60% (61/103) of LT cases, 
with 42 (40.8%) of them having a MELD score greater than 
35. Basiliximab or rituximab induction therapy was used in 11 
(10.7%) recipients. Tacrolimus was prescribed in 94.2% of LT 
recipients. No calcineurin inhibitors were administrated in 3 

patients due to the severity of illness. Mean hospital stay pri-
or to LT, post-LT ICU, and whole hospital stays were 7.2±10.6, 
6.6±4.4, and 33.9±13.9 days, respectively. Mean red blood cell 
infusion was 16.3±7.2 units during the initial LT hospitalization. 
In-hospital mortality was 6.8% (7 cases): 1 patient had bacte-
remia caused by Klebsiella pneumoniae and ARDS originated 
from pneumonia due to Acinetobacter baumannii; 2 were di-
agnosed with bacteremias caused by Klebsiella pneumoniae; 1 
developed bacteremias because of both Klebsiella pneumoniae 
and Burkholderia cepacia; 1 had septic shock caused by intra-
abdominal polymicrobial infection; 1 death was directly caused 

Characteristics Value 

Donor age, mean yrs±SD  40.5±14.0

Donor gender, no. of male (%)  89 (86.4%)

Cold ischemia time, mean hrs±SD  5.6±1.8

Recipient age, mean yrs±SD  47.7±10.0

Recipient gender, no. of male (%)  86 (83.5)

Etiology of liver disease, n(%)

 Noncholestatic cirrhosis  38 (36.9)

 Hepatitis B  28 (27.2)

 Alcoholic  7 (6.8)

 Hepatic venule occlusion syndrome  2 (2.0)

 Autoimmune  1 (1.0)

 Hepatic cirrhosis plus necrosis  29 (28.2)

 Acute hepatic necrosis  22 (21.4)

 Liver cirrhosis plus carcinoma  9 (8.7)

 Cholestatic liver disease  3 (2.9)

 Biliary atresia  1 (1.0)

 Other  1 (1.0)

Pretransplant diabetes, n (%)  8 (7.8)

Median MELD score at LT (IQR)
32.4 

(21.4–38.4)

MELD score greater than 30, n (%)  61 (59.2)

Infections before LT, n(%)  49 (47.6)

Hospital stay prior to LT, mean days±SD  7.2±10.6

Median duration of hrs of operation (IQR)  6.3 (5.7–7.0)

Red blood cell infusions, mean units±SD  16.3±7.2

Table 1. The characteristics of DCD donors and LT recipients (N=103).

Characteristics Value 

Induction therapy, n (%)

 Use of basiliximab  10 (9.7)

 Use of rituximab  1 (1.0)

Immunosuppressant treatment, n (%)

 Tacrolimus  97 (94.2)

 Cyclosporine A  3 (2.9)

 Without any calcineurin inhibitor  3 (2.9)

Reoperation, n (%)  4 (3.9)

Postoperative bacteremias, n (%)  5 (4.9)

Postoperative pneumonia, n (%)  41 (39.8)

Postoperative bleeding  4 (3.9)

 Gastrointestinal  3 (2.9)

 Respiratory  1 (1.0)

Acute rejection, n (%)  8 (7.8)

Creatinine on day 3 after LT, mean mg/dL±SD 1.2±1.0

ALT on day 1 after LT, mean μmol/L±SD  1003.7±1051.7

ICU stay, mean days±SD  6.6±4.4

Whole hospitalized days, mean days±SD  33.9±13.9

Median days between death and LT (IQR)  16 (14–27)

Causes of in-hospital mortality, n(%)

 Bacteremia  3 (2.9)

 Bacteremia plus ARDS due to pneumonia  1 (1.0)

 ARDS due to pneumonia  1 (1.0)

 Intra-abdominal infection  1 (1.0)

 Primary graft failure  1 (1.0)

ALT – alanine transaminase; ARDS – acute respiratory distress syndrome; DCD – donation after citizen’s death; ICU – Intensive Care 
Unit; IQR – interquartile range; LT – liver transplantation; SD – standard deviation.
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by ARDS originating from pneumonia; and 1 died of pneumor-
rhagia attributable to primary graft failure. Four of the 7 deaths 
were from pre-LT infections: 3 patients developed pneumo-
nias and 1 had an intra-abdominal infection. There were 4 LT 
recipients who developed bleeding complications, with 3 be-
ing gastrointestinal and 1 respiratory bleeding. Of the 103 LT 
recipients, there were 2 cases of coagulopathy due to severe 
infections that required the use of plasma. The mortality rate 
of patients with acute hepatic necrosis was 22.7% following 
LT. There was a median of 16 days (interquartile range=14–27 
days) between LT and death. One patient each died on post-
operative day 3 and 57. The remaining patients (n=5) died 
during days 15–30 after LT. Patient and donor characteristics 
were presented in Table 1.

Table 2 shows that recipients in the mortality group were signif-
icantly more likely to have acute hepatic necrosis, postoperative 

pneumonia, and bacteremia (P<0.05, <0.001, and <0.01, respec-
tively), have longer ICU stays following LT (P<0.01), and high-
er values of creatinine and alanine transaminase following LT 
(both P<0.001) in univariate analysis. Tacrolimus use was more 
common in the survival group (p<0.001).

Discussion

LT is a common solid-organ transplantation and is a life-sav-
ing treatment for acute liver failure, end-stage liver disease, 
and hepatocellular carcinoma [20]. We discovered that non-
cholestatic cirrhosis (n=38, 36.9%), mainly due to hepatitis B, 
was the first indication for LT in our patients, which is in con-
trast to a Spanish study reporting that alcoholic cirrhosis re-
mained a major indication for LT [21].

Characteristics Survival group Death group  P

Total, n (%)  96 (93.2)  7 (6.8)

Univariate analysis

 Donor age (yrs)  40.1±14.2  45.9±8.9 0.288

 Donor Male gender, n (%)  82 (85.4)  7 (100.0) 0.277

 Cold ischemia time, mean hrs±SD  5.4±1.4  5.8±1.3 0.721

 Recipient age, mean yrs±SD  47.6±9.8  50.0±13.1 0.529

 Recipient male gender, n (%)  81 (84.4)  5 (71.4) 0.373

 Acute hepatic necrosis, n (%)  17 (17.7)  5 (71.4) <0.01*

 Pretransplant diabetes, n (%)  8 (8.3)  0 (0) 0.426

 Median MELD score at LT (IQR)  31.4 (21.4–38.2)  40.0 (20.4–40.0) 0.370

 Pretransplant infections, n (%)  45 (46.9)  4 (57.1) 0.599

 Hospital stay prior to LT, mean days±SD  7.2±10.8  6.6±8.3 0.872

 Median duration of hrs of operation (IQR)  6.3 (5.7–7.0)  6.6 (5.6–6.8) 0.768

 Red blood cell infusions, mean units±SD  16.1±7.2  18.7±7.7 0.350

 Induction therapy, n (%)  10 (10.4)  1 (14.3) 0.749

 The use of Tacrolimus, n (%)  93 (96.9)  4 (57.1) <0.001*

 Reoperation, n(%)  4 (4.2)  0 (0) 0.582

 Postoperative bacteremia, n (%)  1 (1.0)  4 (57.1) <0.001**

 Postoperative pneumonia, n (%)  35 (36.5)  6 (85.7) <0.05*

 Acute rejection, n(%)  8 (8.3)  0 (0) 0.426

 Creatinine on day 3 post-LT >2 mg/dL, n (%)  7 (7.3)  4 (57.1) <0.001

 ALT on day 1 post-LT >1800 μmol/L  10 (10.4)  5 (71.4) <0.001*

 ICU stay ³7 days, n (%)  24 (25.0)  6 (85.7) <0.01*

 Whole hospital stay, mean days±SD  34.5±13.3  26.4±20.3 0.138

Table 2. Univariate analysis of risk factors associated with mortality during initial LT hospitalization.

CI – confidence interval; ICU – Intensive Care Unit; IQR – interquartile range; LT – liver transplantation; MELD – model for end stage 
liver disease; SD – standard deviation. * c2 test; ** Fisher’s exact test.
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We found that the overall in-hospital mortality rate was 6.8%, 
in line with a recent study in which the overall in-hospital mor-
tality rate was 6.3% [22]. We also found that the mortality rate 
of patients with acute hepatic necrosis was 22.7% following 
LT. Acute hepatic necrosis, characterized by hepatic enceph-
alopathy and a bleeding tendency due to abrupt loss of liv-
er function, has a high mortality rate and affects almost ev-
ery organ system [23,24]. We discovered that the prevalence 
rate of acute hepatic necrosis was higher in the mortality ver-
sus survival group (71.4% vs. 17.7%, P=0.001), in agreement 
with a recent study of LT recipients from Uruguay, which found 
acute hepatic necrosis was an independent prognostic factor 
for death [25]. Of the LT etiologies, acute hepatic necrosis was 
also associated with lower recipient survival in a study by Jo 
and colleagues [26].

Longer ICU stay was previously reported to be significantly 
associated with mortality due to bacteremias and fungal in-
fections in LT recipients [27–29]. We also found that length of 
ICU stay ³7 days was associated with an increased mortali-
ty risk but not with length of the whole hospital stay, which 
was previously associated with mortality of LT recipients in a 
study of data from the United Network for Organ Sharing [2].

It was worth highlighting that in this study, creatinine >2 mg/dL 
on day 3 and alanine transaminase >1800 µmol/L on day 1 
following LT were 2 potential risk factors for mortality. Our 
previous study and other studies found that kidney and liv-
er dysfunctions were associated with mortality in LT recipi-
ents [2,7,30–32]. Highly standardized preoperative manage-
ment strategies and improved surgical technique, therefore, 
are pivotal for reducing durations of operation, blood transfu-
sions, and complications, thus further improving liver and kid-
ney functions [1]. To prevent or reduce use of calcineurin inhib-
itors, which are associated with renal failure, early calcineurin 
inhibitors-free or calcineurin inhibitors minimization protocols 
should be considered as soon as possible in LT recipients with 
post-transplant impaired renal function [33].

The present study found that donor age and recipient age 
were not risk factors for mortality, in contrast with a previous 
study reporting that the risk of death among older recipients 
was about 3- to 4-fold higher than in younger ones [22]. The 
differences between these 2 studies are mainly related to the 
difference in sample size and age composition; our study had 
a smaller sample size and younger recipients. Other studies 
found combined recipient and donor age ³120 years, or re-
cipient and donor age, respectively, are among the strongest 
prognostic variables for post-transplant mortality in LT recip-
ients [7,34]. Age >40 years is a donor characteristic that sig-
nificantly increases risk of graft failure [33].

We observed that infections were the most common cause of 
death (n=6, 85.7%) in the present study, and 6 of the 7 deaths 
(85.7%) occurred within 30 days after LT. This finding agrees 
with the results of Watt et al. [35], who noted that infections 
were the leading cause of early death in LT recipients, but dif-
fers from other studies [2,36] reporting that early death was 
more likely related to graft or technical operative factors, and 
infection was the leading cause of death at 30–180 days af-
ter LT. The differences are mainly due to the different median 
MELD score at LT, which was 32.4 in our recipients but only 
about 20 in the studies by Baganate et al. and Piazza et al. 
[2,36]. Another reason might be that donor-derived infections 
are very common among LT recipients, and we previously re-
ported that 3/67 LT recipients developed this type of infec-
tion in our center [37].

Most of the patients in our study who died had pre-LT infec-
tions. Our recipients with a pre-LT MELD score greater than 
30 constituted approximately 60% of LT cases. These factors 
may have also contributed to the differences in findings be-
tween our study and other studies.

Patients who experienced a postoperative bacteremia or 
pneumonia were at a significantly higher risk for in-hospi-
tal mortality. Despite advances in surgical skills, periopera-
tive management, immunosuppression, and prophylaxis, in-
fections continue be a major cause of mortality after LT [38]. 
Bloodstream infection-associated mortality ranged from 10% 
to 52% in LT recipients [39]. Pneumonia, occurring in 8–23% 
of patients, led to a greater than 50% mortality rate in LT pa-
tients [38,40–42]. Infectious complications are a major cause 
of mortality, and prevention of infections is a cornerstone of 
treatment following LT [33]. Antimicrobial prophylaxis has con-
tributed to increased patient survival [43]. It is of utmost im-
portance to closely monitor post-LT patients with a suspected 
infection, and to apply effective preventive and prophylac-
tic measures, including strict environmental infection control 
measures, appropriate isolation precautions, and hand hy-
giene practices. Studies have also shown a reduced risk of all 
kinds of infections with personalization of immune therapy, 
glycemic control, requirement of candidates to walk indepen-
dently, and procalcitonin measurements for empiric antibiot-
ic selection [44–46].

The use of tacrolimus was inversely correlated with a fatal 
outcome. The reason is not clear, but a possible explanation 
is that 3 of 7 patients assigned to the mortality group did not 
receive any calcineurin inhibitor due to the severity of infec-
tions, and it was thus plausible that the patients who did not 
use tacrolimus had a high mortality risk.

We examined a cohort of patients for whom the MELD score 
(international normalized ratio of prothrombin time, total 
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bilirubin, and creatinine) was calculated to predict mortality 
among LT recipients and did not find an association between 
MELD score and mortality during the initial LT hospitaliza-
tion. Although the MELD score accurately predicted pretrans-
plant mortality, recent studies did not show its direct corre-
lation with post-transplant mortality, which strongly agrees 
with our results [8,28,33,47,48]. Only a MELD score >35 pro-
vides a prediction of mortality following LT [49]. MELD does 
not reflect some manifestations of cirrhosis such as pulmo-
nary complications of cirrhosis and hepatic encephalopathy, 
and miscellaneous liver diseases such as amyloidosis and pri-
mary hyperoxaluria [33]. Thus, MELD exception scores have 
been accepted and have triggered recent changes in alloca-
tion policy [8,33]. Serum sodium (MELD-Na), delta MELD, se-
rum sodium, and age (integrated MELD) scores might be bet-
ter predictors of mortality [50–52].

Cold ischemia time was not associated with mortality, in line 
with a recent report from Uruguay, which could be related to 
the short cold ischemia time (5.6±1.8 h) in our program [28]. 
Cold ischemia time, however, has been reported to be an in-
dependent transplant risk factor for graft loss and post-trans-
plantation patient survival [33,34].

There are several limitations to this study. It was a single-cen-
ter study; however, most of our findings were similar to those 
reported in the international literature. Other limitations in-
clude its retrospective design and limited sample size of pa-
tients who died, so that we could not consolidate the associ-
ation between the statistically significant variables, identified 
by univariate comparisons, and in-hospital mortality by using 
a multivariable logistic regression model. The present study 
is of particular importance given that it is the first to define 
the mortality rate and explicitly characterize the risk factors 
for mortality during the initial LT hospitalization, which may 
facilitate quality improvement and help to minimize mortal-
ity. Larger prospective multicenter studies are warranted to 
provide a more comprehensive assessment of the causes of 
death and determine more specific risk factors for mortality.

Conclusions

In summary, our results should raise a red flag that extra at-
tention must be paid to patients with acute hepatic necrosis 
as an indication for LT, post-LT infections, and kidney and liv-
er dysfunction, as well as a prolonged ICU stay.
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