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ABSTRACT

Introduction: Living-donor liver transplantation (LDLT) is a complex procedure requiring a
special perioperative patients’ care. Despite the improvements in the operative techniques
and perioperative care, early postoperative mortality remains a disappointing event. The
current study is conducted to determine the incidence, causes and potential predictive
factors of early postoperative mortality after LDLT.

Methods: We reviewed the data of patients who underwent LDLT during the period between
May 2004 till October 2020.

Results: During the study period, 780 cases underwent LDLT. Early Mortality occurred in
109 cases (14%). We divided our cases into two groups, Early Mortality group (n=109) and
Survivors group (n=671). Higher preoperative INR, creatinine, and MELD score were found
in Early Mortality group. More blood loss and perioperative transfusions were found in
Early Mortality group. Longer ICU stay with higher incidence of pulmonary and vascular
complications were found in Early Mortality group. Preoperative MELD score, blood
transfusion, pulmonary complications, and vascular complications were significant
predictors of early mortality in multivariate analysis.

Conclusion: Reduction of perioperative transfusions together with early detection and
management of vascular and respiratory complications are essential to reduce early
mortality after LDLT.

Key words: living-donor liver transplantation, early mortality, MELD score, blood transfusion

INTRODUCTION

Hepatitis C virus (HCV) infection is recognized as a global health problem that
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affects millions of individuals worldwide. HCV-infected
individuals have a very high risk for mortality when they
are compared to the non-infected individuals because
of complications of liver decompensation and hepato-
cellular carcinoma (HCC)(1). Egypt is a densely
inhabited county, which has one of the highest
prevalence of HCV infection worldwide, with a
predominance of genotype 4 (2).

Liver transplantation is widely accepted as the only
effective treatment for patients with end stage liver
disease (ESLD) and selected hepatic malignancies (3). In
Egypt, deceased donor liver transplantation (DDLT)
program is still awaited because of legal aspects,
making living donor liver transplantation (LDLT) the only
hope for patients with ESLD because of chronic HCV
infection with or without HCC (4,5).

LDLT is a very complex surgical procedure requiring
a special perioperative patients’ care. Despite
the improvements in the operative techniques and
perioperative care, early postoperative mortality
remains a disappointing event to the medical staff and
patients’ families. Several factors had been identified as
potential risk factors that affect the outcomes of LDLT,
especially during the early postoperative period (6-8).
However, the early postoperative mortality after LDLT
remains unpredictable.

The current study is conducted to review our
center’s experience of LDLT over 16 years to determine
the incidence and causes of early postoperative
mortality and to determine potential predictive factors
for early postoperative mortality.

PATIENTS AND METHODS

Study design

We reviewed the data of patients who underwent
LDLT at Liver Transplantation Unit, Gastrointestinal
Surgery Center, Mansoura University, Egypt during the
period between May 2004 till October 2020.

Patient data were reviewed from a prospectively
maintained database for all patients undergoing LDLT. A
written informed consent for the surgical procedure
was obtained from each patient. This study was
approved by the institutional review board and local
ethical committee at Faculty of Medicine, Mansoura
University.

Preoperative assessment

Preoperative evaluation protocol had been
described previously (5,9). In summary, preoperative
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evaluation of potential recipients included 4 phases:

Phase | included detailed laboratory evaluation
including tumor markers and virological evaluation,
detailed radiological evaluation, and anesthetic
consultation. Phase Il included detailed cardio-
pulmonary and neuro-psychiatric evaluation. Phase Il
included endoscopic evaluation, including upper and
lower gastro-intestinal tract endoscopy. Phase IV
included routine general consultations to exclude
possible hidden septic foci.

Operative techniques

The operative technique had been described
before (5,9). A standard right hemi-liver graft was
commonly used for adult LDLT. The liver graft was
implanted into the hepatic fossa. Reconstruction of
the hepatic venous outflow was done first, followed
by portal, arterial, and biliary reconstruction. After
ensuring adequate hemostasis, abdominal drains
were placed around the graft and near the raw
surface.

Postoperative care
Intensive care unit (ICU) care

After surgery, all cases were transferred to the ICU
for monitoring. Patients underwent detailed laboratory
evaluation twice daily during the ICU stay. Oral intake
and ambulation were allowed on the third postopera-
tive day. Patients were transferred to the ward on
the fifth postoperative day, depending on clinical
improvement.

Radiological evaluation

Our postoperative protocol included Doppler ultra-
sound (US) examinations once daily during the first
week, every other day during the second and third
weeks and before hospital discharge, then once weekly
during the following 2 months. Further radiological
work up was done upon suspicion of any postoperative
complications.

Follow up

After discharge, patients were followed up regularly
on outpatient visits. Patients were followed once every
week in the first month, then every 2 weeks in the
second and third months, then every month till the end
of the first year, then every 3 months afterwards or on
patient’s demand.
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Follow-up visit included detailed history taking,
clinical examination, detailed laboratory evaluation
including trough level of immunosuppression drugs,
and Doppler US evaluation of hepatic vasculature.

Study definitions

Postoperative morbidities are defined as adverse
events occurring during the postoperative course and
graded according to Clavien-Dindo grades (10). Early
mortality is defined as patient death during the first 90
days after liver transplantation. Overall survival (OS) is
calculated from surgery to documented death or the
last follow-up visit.

Statistical analysis

Shapiro-Wilki test was used to assess the normality
of the data. Categorical variables were expressed as
number and percentage, and continuous variables
were expressed as median and range. Comparison
between the two groups was done by chi-square or
Mann-Whitney test when appropriate. Regression
analysis was performed by Cox regression analysis.
Significant variables of univariate analysis were included
in the subsequent multivariate analysis. Statistical
analysis was performed using the SPSS 20 software
(IBM, Chicago, IL, USA). A p-value less than 0.05 was
considered statistically significant.

RESULTS

During the period between May 2004 and
October 2020, 780 cases underwent LDLT at Liver
Transplantation Unit, Gastrointestinal Surgery Center,
Mansoura University, Egypt. Early Mortality occurred
in 109 cases (14%). After a median follow up duration
of 41 month (4 — 189), late mortality occurred in 64
cases (8.2%), and 607 cases (77.8%) were alive.We
divided our cases into two groups, Early Mortality
group (n = 109) and Survivors group (n = 671).

Baseline characteristics of the recipients

The baseline characteristics of the study cases are
summarized in table 1. There were no significant
differences between the two groups except for pre-
operative serum international normalized ratio (p =
0.015), serum creatinine (p = 0.022), and model for
end-stage liver disease (MELD) score (p = 0.013).

Operative data of the recipients

The operative data of the study cases are
summarized in table 2. A significantly longer warm
ischemia time (p = 0.038) and anhepatic phase
duration (p = 0.001) were found in Early Mortality
group. More operative blood loss (p = 0.001) and peri-
operative transfusion requirements (p = 0.001) were
found in Early Mortality group.

Table 1 - Baseline characteristics of the study cases (INR, international normalized ratio;
MELD, model for end stage liver disease)

Variables Early Mortality Survivors P value
(n=109) (n=671)
Waiting period (month) S(8-20) 509-59) AL
Age (vears) oo 30288) sQ0-67) 008
Sex 0.56
Male 575 (85.6%)
96 (14.3%)

Cause of transplantation
Liver cirrhosis
Hepatocellular carcinoma

79 (72.5%)
30 (27.5%)

437 (65.1%)
234 (34.9%)
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Table 2 - Operative data of the study cases

Variables Early Mortality Survivors P value
(n=109) (n=671)
Graft weight (gm) 782 (391 - 1654) 857 (436 — 1545) 0.069

50 (45.9%)

2 35 (32.1%)

3 22 (20.2%)

4 1 (0.9%)
e 1(0.9%)
Portal vein number

1 102 (93.6%)
e 7 (6.4%)
Portal thrombectomy 6 (5.5%)
Hepatic artery number

1 105 (96.3%)
2 e 4(37%)
Bile duct number

1 62 (56.9%)

2 44 (40.4%)

3 3 (2.8%)

549 (81.8%)

383 (57.1%)
202 (30.1%)
68 (10.1%)
17 (2.5%)

396 (59%)
258 (38.5%)
17 (2.5%)

Post-operative data of the recipients

Table 3 - Causes of early postoperative mortality

Early mortality occurred in 109 cases (14%). Causes Causes Number (109)
f | talit ized in table 3. Th Chest troubles 24 (22%)
or early mortality aré summarized In taole 5. 1he « Acute respiratory distress syndrome 5 (4.6%)
most common causes of early postoperative mortality » Pneumonia 15 (13.8%)
were respiratory problems (24 cases — 22%), vascular * Viral pneumonia 2 (1.8%)
R * Pulmonary edema 1(0.9%)
problems (20 cases — 18.3%), and sepsis (14 cases « Pulmonary embolism 1(0.9%)
—12.8%). Vascular troubles 20 (183%)
The postoperative data of the study cases are * Anterior sector congestion 1(0.9%)
. . - . - « Hepatic venous outflow obstruction 7 (6.4%)
summarlzele in table 4. Lor'1ger intensive care unit stay « Portal vein thrombosis 5 (4.6%)
was noted in Early Mortality group (p = 0.001). There _ Hepaticarterythrombosis 7(64%)
were no significant differences between the two  sepsis 14 (12.8%)

groups regarding wound-related problems (p = 0.519),
overall biliary complications (p = 0.193), and
abdominal collections (p = 0.72). Higher incidence of
pulmonary complications (p = 0.001) and vascular
complications (p = 0.001) were found in Early
Mortality group.

Predictors of early postoperative mortality

Predictive factors for early postoperative mortality
are summarized in table 5. On univariate analysis,
serum bilirubin, serum creatinine, Child-Pugh score,
MELD score, graft weight, warm ischemia time,
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Surgery related
(bleeding and transfusion related lung injury)

Neurological troubles 12 (11%)
« Cerebral hemorrhage 5 (4.6%%)
« Cerebellar hemorrhage 1(0.9%)
« Multiple brain infarctions 2 (1.8%)
« Central pontine myelolysis 1(0.9%)

« Subarachnoid hemorrhage 1 (0.9%)
 Tacrolimus (FK) induced neurotoxicity )

* Withdrawal syndrome

Sarcopenia and wasting
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Table 4 - Postoperativedataof the study cases
(ICU, intensive care unit; HAT, hepatic artery thrombosis; PVT, portal vein thrombosis; PVS, portal vein stenosis)

Variables Early Mortality Survivors P value
(n=109) (n=671)

7 (2-45)

ICU stay (days)

Wound problems

Infection 0 5(0.7%)
..... Hematoma B OAR)
Internal hemorrhage ] 18(19%) o 19@8%) L
Biliary complications

Overall 16 (14.7%) 137 (20.4%) 0.193

Leak 9 (8.3%) 56 (8.3%) 1

Biloma 10 (9.2%) 59 (8.8%) 0.856
..... SUICUIS e B0 (02T%) 00O
Abdominal collections . 8GS%) 2E89%) o 02 ...
Vascular complications

Overall 26 (23.9%) 51 (7.6%) 0.001

HAT 7 (6.4%) 7 (1%) 0.017

PVT 5 (4.6%) 6 (0.9%) 0.005

PVS 0 6 (0.9%) 0.001
...Venouscongestion 18(165%) oo 87.55%) o, 0001 .
Significant pulmonary complications 24 (22%) 18 (2.7%) 0.001

Table 5 - Predictors of early postoperative mortality
(HR, hazard ratio; Cl, confidence interval; INR, international normalized ratio; MELD, model for end-stage liver disease;
PV, portal vein; HV, hepatic vein; HA, hepatic artery)

Variables Univariate Analysis Multivariate Analysis
HR (95% CI) HR (95% CI) P value

Age 1.012 (0.991-1.034)

Son - IICTOZIEE I

Body mass index 0.986 (0.944-1.029)

Abumin 0843 (0608-1.167)

sinbn ig6r (0170

NR 103(0907-1.168)

Creatinine) 1.723 (1.49-3.13)

G Pug S 156 (1001311

MELD Score 1049(1017-1.083)

Pathologic diagnosis 0.74 (0.486-1.126)

Ao voume 624 098806

Graft weight 024 (0.069-0835)

GRWR 0.976 (0.827-1.152)

Cold ischemia time 1006 (0.998-1.013)

Operation time 1.005 (1.003-1.006)

Blood loss 1(1-1)

Blood fransfusion 1124 (108-1158)

PV thrombectomy 3.095 (0.998-9.597)

Hyumber . 1286(10e-1588)

PVnumber 1.283 (0597-2.716)

HA number 2.829 (1.041-7.689)

Bile ductnumber  1084(0756-1495) o7ie
Wound problems 1.2(0423-11.939) 0856
Significant pulmonary complications 6.327 (4.012-9.98) 0.017 (0.001-0.377) 0.01
internal hemorthage 2625(1327:5.193) 3254 (0749:1418) 0115
Biliary complications 0676 (0.397-1.149) 0T
Vascular complications 2.06 (1.969-4.755) 3.534 (1.061-11.769) 0.04
Abdominal collections 1149(0751759)  0%8

56 Surgery, Gastroenterology and Oncology, 26 (1), 2021



Predictive Factors of Early Mortality after Living Donor Liver Transplantation: A Single Center Experience of 780 Cases over 16 Years

anhepatic phase duration, operation time, blood loss,
blood transfusion, hepatic veins anastomosis number,
hepatic artery anastomosis number, postoperative
pulmonary complications, postoperative internal
hemorrhage, and postoperative vascular complications
were significantly associated with early post-operative
mortality. On multivariate analysis, pre-operative MELD
score, blood transfusion, postoperative pulmonary
complications, and postoperative vascular complica-
tions were significant predictors of early postopera-
tive mortality.

DISCUSSION

Liver transplantation has been established as the
only effective treatment for patients with ESLDdue
to various causes as viral hepatitis and metabolic
disorders, and certain hepatic malignancies (3). LDLT
has been rapidly developing all over the world and
is currently established as a safe and acceptable
alternative to DDLT (3,11). In Egypt, DDLT program is
still awaited due to several legal limitations, making
LDLT the only hope for patients with ESLD with or
without HCC (4,5). In our unit, LDLT program was
started in 2004 for the management of patients from
a highly populated Delta region in the north side of
Egypt (2). The liver transplantation team in our unit
is a totally independent team. All team members
including surgeons, hepatologists, anesthesiologists,
intensivists, radiologists and pathologists are
exclusively Mansoura University staff.

LDLT is a very complex surgical procedure requiring
a special perioperative patients’ care anda complex
infrastructure availability. Despite the improvements
in the operative techniques and perioperative
patients’ care, early postoperative mortality remains a
disappointing event. Previous studies had reported
varying incidence of early mortality after liver trans-
plantation (table 6). Li et al. reported early mortality
incidence of 11.9% after LDLT with 3-month overall

survival of 88.1% (12). Vrochides et al. reported early-
mortality incidence of 12.4% after liver transplanta-
tion (7). In a study from Egypt, Elkholy et al. reported
early mortality among 29 patients (23%) who
underwent LDLT (13). In another study, EI Amir et al.
reported 3-month mortality rate of 24.4% and 1-year
mortality of 31.4% among patients who underwent
LDLT (14). In our study, early postoperative mortality
occurred in 109 cases (14%) who underwent LDLT. The
relatively high early mortality rate could be attributed
to several factors. Firstly, and most essential, is the
lack of a back-up of DDLT program which is still
awaited in our locality (4). In our opinion,active
legalization of DDLT program in our locality is essen-
tially needed to overcome the shortage of available
liver grafts in Egypt and to back-up the ongoing LDLT
programs. In our study, more than 20% of early
mortality cases, owing to primary non-function of the
graft or severe vascular complications, could be saved
with the availability of DDLT program. Secondly,
higher preoperative MELD score among patients
undergoing LDLT as a major proportion of our patients
are referred at a late disease stage. Finally, acceptance
of donors with multiple anatomical variations due to
the problem of donor shortage as we allow only living-
related transplantation (4).

Previous studies had identified different causes of
early postoperative mortality after liver transplanta-
tion. Elkholy et al. found that sepsis was the common-
est cause of early mortality after LDLT (13). Nafea et al.
found that sepsis followed by acute rejection were the
commonest causes of early mortality (15). Li et al.
reported that multi-organ failure was the commonest
cause of early mortality (12). EI Amir et al. found that
infectious complications, pneumonia and sepsis, were
the commonest cause of early mortality after LDLT (14).
In our study, we found that respiratory complications-
followed by vascular complications and sepsis were the
commonest causes of early mortality after LDLT.

Identification of different predictive factors for early

Table 6 - Studies reporting early mortality (90 days mortality) after living-donor liver transplantation

Study Total number of cases

Early postoperative mortality

Lietal (12)

218 patients

26 patients (11.9%)

Alves et al (35) 78 patients

16 patients (20.5%)

Surgery, Gastroenterology and Oncology, 26 (1), 2021
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postoperative mortality after liver transplantation is
essential to optimize the selection of appropriate
candidates, control of correctable causes, and achieve
favorable outcomes (16).

Several predictive factors for early mortality had
been identified. These include preoperative, operative,
and postoperative factors. Preoperative factors include
higher MELD score, small liver graft volume, poor
quality liver grafts, and older donor age. Operative
factors include larger amounts of blood loss and trans-
fusion requirements, longer anhepatic phase duration,
longer cold and warm ischemia times, and technical
troubles. Postoperative factors include postoperative
transfusion requirements, longer ICU and hospital stay
and abnormal postoperative laboratory values (12,16).
In the current study, we evaluated our experience of
780 consecutive cases of LDLTin a single center to
determine different predictive factors for early post-
operative mortality. To the best of our knowledge this is
the largest series of LDLT from a single center in our
locality.We found that preoperative MELD score, blood
transfusion requirements, post-operative pulmonary
complications, and postoperative vascular complica-
tions were significant predictors of early postoperative
mortality on multivariate regression analysis.

MELD Score has been validated as a predictor of sur-
vival in patients with cirrhosis, alcoholic hepatitis, and
in patients with acute hepatitis. Afterwards, it has been
widely used to allocate patients under waiting list for
liver transplantation and predict the earlymortality (17).
Kidney dysfunction is commonly seen in almost 10 —
20% of liver transplantation candidates. Previous
studies had shown that kidney dysfunction is associated
with prolonged hospitalstay, higher incidence of
infectious complications, and poor survival outcomes
(18-20). In our study, preoperative MELD score was a
significant predictor of early and mortality and was
significantly higher in the early mortality patients.
Similar finding has been addressed by previous studies.
Vrochides et al addressed that preoperative MELD
score together with preoperative serum bilirubin, INR,
and creatinine were significant predictors of early
mortality (7). Elkholy et al. addressed that preoperative
MELD score higher than 20 was a significant predictor
of early mortality (13). On the other hand, El Amir et al.
found that preoperative MELD score failed to predict
both early postoperative and 1-year mortality after
LDLT (14). Similarly, Chok et al addressed that higher
MELD score group had com-parable early mortality in
comparison to lower MELD score group (21).

Perioperative blood transfusion had been identified
as a poor predictor of recipient outcomes after liver
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transplantation (22,23). Several studies had addressed
that excess perioperative transfusions were associated
with prolonged hospital stay, higher incidence of
infectious complications, and poor survival outcomes
after liver transplantation (24,25). In the current study,
we found that perioperative transfusion was a
significant predictor for early postoperative mortality.
Similar finding had been addressed by Li et al. who
found that intraoperative allogeneic red blood cell
transfusion was a significant predictor of early mortality
(12). Elkholy et al. addressed that intraoperative
transfusion of more than 8 units of packed red blood
cells was a significant predictor of early mortality (13).
Ye-Ben et al. reported that the amount of operative
blood loss and transfusion requirements had a
significant association with early mortality (26).

Postoperative morbidities following major abdomi-
nal surgeries are associated with reduced survival
outcomes (27). LDLT is a very complex surgery that is
associated with high risk for the development of several
postoperative complications which can cause graft loss
and early postoperative mortality (28,29). Recipients are
at a very high risk for the development of a wide
variety of postoperative complications including biliary,
vascular, infectious, renal, neurological, and cardiac
complications (29). In our study, we found that the
development of postoperative pulmonary complica-
tions, and postoperative vascular complications were
significant predictors of early postoperative mortality.
Duffy et al addressed that the development of vascular
complications, especially hepatic artery thrombosis and
portal vein thrombosis, were significantly associated
with reducedliver graft and recipient survival. They
addressed that retransplantation provides the most
superior short-term for patients with hepatic artery
thrombosis (30). Such backup with cadaveric programs
is still lacking in our locality. On the other hand, Bozbas
et al. showed that pulmonary complications after liver
transplantation, especially pleural effusion and
pneumonia, were significantly associated with early
mortality. Early and late survival rates were significantly
lower in patients in whom a microorganism was isolated
on deep tracheal aspirate culture (31). Other studies
did not find any significant association between post-
operative morbidities and early mortality after liver
transplantation (12,13,15). Avoidance, early detection,
and proper management of early postoperative vascular
and pulmonary complications are essential to reduce
early postoperative mortality.

Our study had some limitations. Firstly, it is a
single center retrospective study. Secondly, we did
not evaluate any of the postoperative laboratory
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parameters in the regression model. Further studies
on a large number of patients from multiple centers
are needed to support our findings.

CONCLUSION

In conclusion,early postoperative mortality after
LDLTis a disappointing event to the medical staff and
patients’ families. We found that preoperative MELD
score, blood transfusion, postoperative pulmonary
complications, and postoperative vascular complica-
tions were significant predictors of early postoperative
mortality. Reduction of perioperative transfusions
together with early detection and management of
vascular and respiratory complications are essential to
reduce early postoperative mortality. A DDLT program is
essentially needed to back up ongoing LDLT programs in
our locality.
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