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Abstract 

Background: Adult hemiliver transplantation (AHLT) is an important approach given the current shortage of donor 
livers. However, the suitability of AHLT versus adult whole liver transplantation (AWLT) for recipients with high Model 
for End-Stage Liver Disease (MELD) scores remains controversial.

Methods: We divided patients undergoing AHLT and AWLT into subgroups according to their MELD scores (≥ 30: 
AHLT, n = 35; AWLT, n = 88; and < 30: AHLT, n = 323; AWLT, n = 323). Patients were matched by demographic data and 
perioperative conditions according to propensity scores. A cut-off value of 30 for MELD scores was determined by 
comparing the overall survival data of 735 cases of nontumor liver transplantation.

Results: Among patients with an MELD score ≥ 30 and < 30, AHLT was found to be associated with increased warm 
ischemia time, operative time, hospitalization time, and intraoperative blood loss compared with AWLT (P < 0.05). In 
the MELD ≥ 30 group, although the 5-year survival rate was significantly higher for AWLT than for AHLT (P = 0.037), 
there was no significant difference between AWLT and AHLT in the MELD < 30 group (P = 0.832); however, we did not 
observe a significant increase in specific complications following AHLT among patients with a high MELD score (≥ 30). 
Among these patients, the incidence of complications classified as Clavien-Dindo grade III or above was significantly 
higher in patients undergoing AHLT than in those undergoing AWLT (25.7% vs. 11.4%, P = 0.047). For the MELD < 30 
group, there was no significant difference in the incidence of complications classified as Clavien-Dindo grade III or 
above for patients undergoing AHLT or AWLT.

Conclusion: In patients with an MELD score < 30, AHLT can achieve rates of mortality and overall survival comparable 
to AWLT. In those with an MELD score ≥ 30, the prognosis and incidence of complications classified as Clavien-Dindo 
III or above are significantly worse for AHLT than for AWLT; therefore, we may need to be more cautious regarding the 
conclusion that patients with a high MELD score can safely undergo AHLT.
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Background
Using a hemiliver as a graft is considered hemili-
ver transplantation (HLT). Excluding left lateral liver 
transplantation (LT), standard grafts for adult split-
liver transplantation (SLT) and adult living donor liver 
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transplantation (LDLT) primarily involves right or left 
hemiliver. Each technique has its own related issues; 
for example, hepatectomies require a hemiliver graft, 
which will cause some damage to the living donor. 
Therefore, to ensure the safety of the living donor, some 
centers prefer that the donor retains the middle hepatic 
vein. Although reconstruction of the middle hepatic 
vein has recently become possible, the fine vasculature 
of donated livers requires more delicate anastomosis of 
the vessels and bile duct, increasing the risk of postop-
erative complications [1–3]. SLT has faced similar dif-
ficulties; in the 20  years following the first successful 
procedure, many centers have reported high rates of 
graft mortality and complications, as well as poor long-
term survival following SLT. Most scholars believe that 
split livers should be considered a marginal donor liver 
[4]. Considering the above factors, adult HLT (AHLT) 
must be carried out carefully to ensure the safety of the 
recipient.

In February 2002, the United Network for Organ Shar-
ing produced the Model for End-Stage Liver Disease 
(MELD) score as a new criteria to help prioritize graft 
allocation for liver transplantation (LT) [5, 6]. The MELD 
score of patients gradually increases during the wait-
ing period for LT; a high MELD score is often accompa-
nied by high mortality [7] and a poorer prognosis than 
patients with a low MELD score. Compared with adult 
whole LT (AWLT), the outcomes of AHLT are less favora-
ble; however, whether patients with high MELD scores 
can safely undergo AHLT remains unclear. Therefore, the 
present study aimed to evaluate the utility of the MELD 
score for the prediction of survival and complications fol-
lowing AHLT and AWLT in a single center over 12 years.

Methods
Selection and exclusion criteria of patients
The indications for LT in our study were end-stage liver 
diseases and liver malignancies without hepatorenal 
syndrome (HRS)-acute kidney injury or chronic kidney 
disease (including HRS2), aged 18  years or older, and 
patients treated in our hospital between September 2007 
and October 2019. The exclusion criteria were having 
undergone multiorgan combined transplantation, dual-
graft LT, domino LT, or retransplantation before sur-
gery. A total of 401 AHLTs (LDLT, n = 359; SLT, n = 42), 
including 231 cases with malignant tumors, 19 cases with 
acute liver failure, and 9 cases that were ABO incompat-
ible, and 1241 AWLTs (malignant tumors, n = 676; acute 
liver failure, n = 62; ABO incompatible, n = 37) were per-
formed in this study. SLT included 10 left and 32 right 
liver grafts, while LDLT included 108 left and 252 right 
liver grafts.

Donor evaluation and volumetric analysis
All donors received a biochemical, coagulation, virus, 
electrocardiogram, and routine blood examination, as 
well as re-examination before operation. The retention 
rate of indocyanine green was measured as less than 10% 
in 15  min, and an intraoperative biopsy was required 
to assess for the presence of a fatty liver (macrovesicu-
lar steatosis of less than 10%). For living donors, the 
liver volume and vascular anatomy were evaluated via a 
three-phase enhanced computed tomography (CT) angi-
ography and three-dimensional reconstruction system, 
IQQA-liver (EDDA Technology, Princeton, NJ, USA). 
Venous reconstruction was performed if the diameter of 
segment V and VIII veins and inferior right hepatic vein 
were more than 5 mm or the volume of venous drainage 
liver was more than 100  cc as estimated by the IQQA-
liver software. All the AHLTs required a graft-to-recipi-
ent weight ratio of more than 0.8%. In the AHLT group, 
an intraoperative ultrasound was used to identify the 
middle hepatic vein, which was always kept in the left 
lobe. All SLT grafts were split in  situ using brain death 
donors.

Liver transplantation surgery
According to standard procedure, arterial reconstruc-
tions using microvascular surgical techniques with a 
running 7-0 or 8-0 polypropylene suture and the proper 
hepatic artery, common hepatic artery, gastroduodenal 
artery, or celiac trunk of recipients, can potentially be 
used for arterial reconstructions. Intraoperative Dop-
pler ultrasound was used to confirm a good intrahepatic 
arterial flow. An end-to-end right or left portal vein anas-
tomosis was performed using 5-0 Prolene continuous 
sutures. Bile duct reconstruction was performed using 
either duct-to-duct anastomosis with continuous suture 
of the posterior wall and discontinuous suture of the 
anterior wall, or Roux-en-Y hepaticojejunostomy.

Postoperative protocols
All patients in our center initially received standard glu-
cocorticoids, tacrolimus (TAC), and mycophenolate 
mofetil triple therapy after transplantation. The meth-
ylprednisolone was intravenously given on the first day 
after transplantation, then gradually reduced daily until 
finally being discontinued after the first week. Oral pred-
nisone was then also tailored and discontinued within 
the first 3 months after transplantation. If a rejection was 
diagnosed, the previous dose of TAC was restored with 
high-dose steroid pulse therapy. For patients with stable 
liver function following 6 months after liver transplanta-
tion, we reduced the dosage of TAC very slowly, trying to 
reduce the dosage of TAC as much as possible. Heparin 
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sodium subcutaneous injections were used to prevent 
thrombosis after LT; its use was stopped seven days after 
transplantation. The maintenance target value for acti-
vated partial thromboplastin time (APTT) should be 
comprehensively judged according to whether the patient 
exhibits postoperative bleeding; however, the dura-
tion should not exceed 70  s. The hepatic artery, portal 
vein, and inferior vena cava blood flow were monitored 
via daily color Doppler ultrasound for 7  days after the 
operation.

Follow‑up of patients
The mean follow-up durations for the AWLT and AHLT 
groups were 762 and 697  days, respectively; follow-up 
was routinely conducted in the outpatient clinic. They 
were monitored until October 2019 or until their death; 
their medical records were retrospectively reviewed.

Pair match selection
While comparing the AHLT and AWLT groups, we con-
ducted a subgroup analysis based on whether the MELD 
was greater than or equal to 30. Statistical computing 
using R software was used to accurately control for the 
preoperative baseline between AHLT and AWLT in the 
MELD ≥ 30 and MELD < 30 subgroups. Matching was 
carried out to minimize differences between the two 
groups before operation; patients were matched on vari-
ables including  ageDonor, body mass index (BMI)Donor, 
age, BMI, gender, creatinine, albumin, total bilirubin, 
international normalized ratio, platelet count, white 
blood cell count, hemoglobin, tumor, presence of hepa-
titis B surface antigen, and Child–Pugh score. Based on 
the resulting propensity score, patients in the MELD < 30 
subgroup were matched 1:1 without replacement using 
nearest-neighbor matching within a propensity score 
based caliper. Since there were only 35 cases of AHLT 
with a MELD score ≥ 30, we matched the patients 1:3 in 
the MELD ≥ 30 subgroups. A corresponding Jitter plot 
of individual cases and histogram of standardized differ-
ences for each subgroup are presented in Additional File 
1: Fig. S1 (MELD < 30 subgroup) and Additional File 2: S2 
(MELD ≥ 30 subgroup), respectively.

Definitions
EAD defined as the presence of one or more of the fol-
lowing postoperative laboratory: bilirubin ≥ 10  mg/dL 
on day 7, international normalized ratio ≥ 1.6 on day 7, 
and alanine or aspartate aminotransferases > 2000  IU/L 
within the first 7  days [8]. Primary nonfunction (PNF) 
was defined as nonrecoverable graft function needing 
urgent liver replacement during the first 7 days after LT 
[9].

Statistical analysis
Overall patient survival was estimated using the Kaplan–
Meier method, while differences between the two groups 
were determined by a log-rank test. SPSS 23.0 statistical 
software (SPSS Inc., Chicago, IL, USA) was used to ana-
lyze the following relevant data. Categorical data were 
presented as number of patients (%) and compared using 
Pearson’s Chi-squared and Fisher’s exact tests. Continu-
ous variables were expressed as the mean value ± stand-
ard deviation and analyzed using a t-test and repeated 
measures analysis of variance; P < 0.05 was considered 
statistically significant.

Results
Relationship between survival rate and MELD score in liver 
transplant recipients without hepatocellular carcinoma
The 1-, 3-, and 5-year survival rates of AWLT without 
hepatocellular carcinoma (HCC) were 86.2%, 83.6%, and 
81.5%, respectively, while those for AHLT without HCC 
were 80.3%, 78.7%, and 77.4%, respectively. The overall 
survival rates were not significantly different between 
AHLT and AWLT (P = 0.147). Although the overall sur-
vival rate of AHLT was found to be acceptable, a slightly 
partial downward shift of AHLT compared with AWLT 
was observed on the survival curve (Fig.  1a). Analy-
sis of the survival rates in relation to the MELD scores 
are shown in Fig.  1c. Based on previous reports on the 
survival rate of patients below 25 points, we divided the 
MELD score into five groups, with ≤ 20 points as the first 
group and each consecutive group with an MELD score 
that increased by five points. The overall survival rates 
were significantly different for patients with an MELD 
score > 35 compared with those with an MELD score ≤ 20 
(Fig. 1c, P = 0.067). The results of our comparison of the 
MELD score, when divided into six segments with the 
5-year survival rate, are shown in Fig. 1b. Through fitting 
via R, we found that, in the MELD 23.5–29 segment, the 
fitting model appeared divergent; however, in the seg-
ment with a MELD score > 29, the fitting function and 
specific corresponding survival rate exhibited statistically 
significant differences (Fig. 1b). Based on the above anal-
ysis, we divided the AHLT and AWLT groups into three 
subgroups according to the MELD score (MELD ≤ 25, 
25–30, or 30–40). The data showed that while the MELD 
score did not affect the AWLT, the overall survival rate 
decreased significantly in the case of AHLT when the 
MELD score was > 30 (P = 0.007).

Baseline demographic and disease characteristics 
between the AWLT and AHLT groups
The baseline characteristics and disease features of the 
MELD ≥ 30 and < 30 subgroups of both the AHLT and 
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Fig. 1 The relationship between the survival rate and MELD score in liver transplant recipients. a Overall survival analysis on patients who 
underwent AHLT (n = 170) or AWLT (n = 565). The 1-, 3-, and 5-year survival rates of AWLT were 86.2%, 83.6%, and 81.5%, respectively, while those 
for AHLT were 80.3%, 78.7%, and 77.4%, respectively. b MELD scores between 7–40 were divided into 6 segments on average as abscissa and 
5-year survival rate as ordinate. The dotted line is the 95% confidence interval. c Overall survival rate in relation to the MELD score. d Analysis of the 
overall survival rate of half liver and whole liver groups with MELD score as subgroup. AHLT adult hemi-liver transplantation, AWLT adult whole liver 
transplantation, MELD Model for End-Stage Liver Disease
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AWLT groups are summarized in Table  1. In the post-
matched model, there were no significant differences 
between any of the included preoperative variables 
between the AHLT and AWLT groups.

Survival rate between SLT and LDLT in the post‑matched 
model
The SLT and LDLT survival rates for AHLT in the dif-
ferent MELD subgroups are summarized in Fig.  2. In 
the post-matched model, the 1-, 3-, and 5-year survival 
rates of patients undergoing LDLT were 83.9%, 77.3%, 
and 76.3%, respectively, while those of patients undergo-
ing SLT were 85.6%, 71.5%, and 71.5%, respectively. There 
were no significant differences in the 1-, 3-, and 5-year 
survival rate between the SLT and LDLT subgroups 
(P > 0.05).

Surgical characteristics, postoperative course, and survival 
between the AWLT and AHLT groups
The graft to recipient weight ratio (GRWR) in the 
split grafts, as well as grafts from living donors, were 
0.96 ± 0.10 and 0.92 ± 0.16, respectively. The intraop-
erative factors that showed statistically significantly dif-
ferences between AHLT and AWLT groups were warm 
ischemia time, operative time, length of intensive care 
unit (ICU) stays, time of hospitalization, intraoperative 
blood loss, and intraoperative blood transfusion. The 
results of the comparison of patients undergoing AHLT 

and AWLT in the MELD ≥ 30 and < 30 subgroups are 
shown in Table  2. The reason that the warm ischemia 
time is significantly higher in patients undergoing AHLT 
than in those undergoing AWLT is that in situ perfusion 
technology can achieve rapid cooling when the blood 
supply stops; however, AHLT includes LDLT, which can-
not use this technology. In the AHLT group, there are 
only three cases of small liver syndrome, accounting for 
about 0.75%. Among the HCC patients with an MELD 
score > 30, three (27.3%) experienced tumor recurrence 
within 5  years of follow-up, while for those with an 
MELD score < 30, there were 87 (23.3%) that experienced 
tumor recurrence (P = 0.955). There were 41 HCC recur-
rence cases (21.8%) in the AHLT group and 49 recur-
rence cases (25.0%) in the AWLT group (P = 0.460).

There were no significant differences in the incidence 
of early allograft dysfunction (EAD) or primary graft 
nonfunction (PNF) between patients undergoing AHLT 
and AWLT, regardless of MELD score. In the MELD ≥ 30 
subgroup, although AHLT was associated with slightly 
higher incidences of postoperative infection, vascular 
complications, biliary complications, and postoperative 
abdominal bleeding than AWLT, this was not statistically 
significant. In the MELD < 30 subgroup, the incidences 
of vascular complications and postoperative abdominal 
bleeding were significantly higher in patients undergoing 
AHLT than in those undergoing AWLT. Specific com-
plications and corresponding scores are summarized in 

Table 1 Baseline demographic and disease features characteristics

BMI body mass index, CRE creatinine, ALB albumin, TB total bilirubin, INR International Normalized Ratio, MELD model end-stage liver disease, PLT platelet, WBC white 
blood cell, HGB hemoglobin, HBsAg hepatitis B surface antigen

Variables MELD < 30 MELD ≥ 30

WG (n = 323) HG (n = 323) P WG (n = 88) HG (n = 35) P

AgeDonor (years) 36.06 ± 11.95 36.3 ± 10.41 0.790 37.26 ± 15.75 37.66 ± 13.74 0.889

BMI Donor (kg/m2) 22.52 ± 2.24 22.78 ± 2.51 0.166 23.09 ± 2.33 22.73 ± 2.28 0.431

Age (years) 44.34 ± 10.15 43.76 ± 9.55 0.451 43.4 ± 10.88 44.55 ± 10.14 0.581

BMI (kg/m2) 22.41 ± 3.35 22.38 ± 3.1 0.923 22.76 ± 3.38 22.51 ± 2.79 0.677

Male (%) 265 (82%) 262 (81.1%) 0.761 30 (85.7%) 72 (81.8%) 0.604

CRE (μmoI/L) 72.54 ± 24.72 71.98 ± 24.33 0.774 140.78 ± 100.45 123.2 ± 100.83 0.384

ALB (g/L) 35.45 ± 6.61 35.04 ± 7.2 0.454 31.95 ± 4.77 32.32 ± 5.42 0.724

TB μmol/L 81.08 ± 125.71 73.22 ± 112.1 0.402 407.29 ± 219.85 406.91 ± 189.02 0.992

INR 1.35 ± 0.37 1.35 ± 0.37 0.960 3.11 ± 1.22 3.01 ± 1.1 0.646

PLT  (109/L) 103.06 ± 82.96 96.59 ± 78.73 0.310 66.97 ± 44.95 67.05 ± 43.52 0.993

WBC  (109/L) 5.65 ± 3.85 5.45 ± 3.41 0.486 9.3 ± 4.77 8.3 ± 4.95 0.309

HGB (g/L) 112.57 ± 27.68 112.12 ± 28.12 0.840 100.66 ± 24.02 98.77 ± 25.43 0.707

Tumor (%) 188 (58.2%) 185 (57.3%) 0.811 3 (8.6%) 8 (9.1%) 0.796

HBsAg positive (%) 231 (71.5%) 238 (73.7%) 0.537 27 (77.1%) 70 (79.5%) 0.768

Child–Pugh A (%) 68 (21.1%) 61 (18.9%) 0.491 0 0 NS

Child–Pugh B (%) 170 (52.6%) 168 (52%) 0.875 7 (20%) 10 (11.4%) 0.336

Child–Pugh C (%) 85 (26.3%) 94 (29.1%) 0.429 28 (80%) 78 (88.6%) 0.336
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Fig. 2 The 5-year overall survival rates of the AHLT group and the AWLT group. a Survival analysis of the subgroup with a MELD score < 30. b 
Survival analysis of the subgroup with a MELD score ≥ 30. AHLT adult hemi-liver transplantation, AWLT adult whole liver transplantation, MELD Model 
for End-Stage Liver Disease

Table 2 Perioperative course and postoperative outcome

EAD early allograft dysfunction, PNF primary nonfunction
a Postoperative infection including lung infection, urinary tract infection, abdominal abscess, wound infection, peritonitis, and positive blood culture
b Vascular complication including embolization and/or stenosis of any of the hepatic arteries, portal veins, and inferior vena cava
c Biliary complications including biliary stricture, biliary bleeding, or bile leakage

Variables MELD < 30 MELD ≥ 30

WG (n = 323) HG (n = 323) P WG (n = 88) HG (n = 35) P

Warm ischemia time (mins) 8.50 ± 3.82 13.02 ± 4.00  < 0.01 8.14 ± 3.29 14.57 ± 3.16  < 0.01

Cold ischemia time (hours) 3.37 ± 2.2 3.17 ± 1.21 0.137 3.39 ± 1.27 3.24 ± 3.44 0.801

Operation time (h) 8.22 ± 2.67 9.55 ± 2.01  < 0.01 8.12 ± 2.03 10.06 ± 3.2 0.002

ICU stays (days) 4.69 ± 2.51 5.24 ± 1.24  < 0.01 4.76 ± 1.55 5.17 ± 1.58 0.191

Postoperative hospital stays (days) 11.06 ± 3.78 12.38 ± 6.59  < 0.01 11.56 ± 4 15.51 ± 5.89 0.001

Intraoperative blood loss (mL) 746.16 ± 441.64 856.97 ± 351.36  < 0.01 864.77 ± 319.14 1240 ± 795.37 0.010

Blood transfusion (mL) 384.52 ± 238.28 442.11 ± 198.34 0.001 437.5 ± 205.84 717.14 ± 584.35 0.009

EAD (%) 4 (1.2%) 3 (0.9%) NS 1 (1.1%) 1 (2.9%) NS

PNF (%) 1 (0.3%) 0 (0.3%) NS 0 0 NS

Postoperative infection (%)a 18 (5.6%) 17 (5.3%) 0.862 12 (13.6%) 6 (17.1%) 0.620

Vascular complication (%)b 6 (1.9%) 20 (6.2%) 0.005 3 (3.4%) 2 (5.7%) 0.938

Biliary complications (%)c 8 (2.5%) 14 (4.3%) 0.193 3 (3.4%) 3 (8.6%) 0.462

Intra-abdominal bleeding (%) 11 (3.4%) 22 (6.8%) 0.049 6 (6.8%) 4 (11.4%) 0.632

Clavien–Dindo ≥ Grade 3 (%) 40 (12.4%) 52 (16.1%) 0.177 10 (11.4%) 9 (25.7%) 0.047
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Additional File 3: Table  S1. Among patients undergoing 
AHLT with an MELD score ≥ 30, we did not observe a 
significant increase in the rate of any complication com-
pared with those undergoing AWLT; however, we found 
that the incidence of complications with a Clavien-Dindo 
classification of grade III or above was significantly 
higher for those undergoing AHLT than for those under-
going AWLT.

In the MELD < 30 subgroup, the 5-year survival rates 
of AWLT and AHLT were 71.2% and 75.9%, respec-
tively (P = 0.832, Fig.  2a). However, in the MELD ≥ 30 
subgroup, the 5-year survival rate of patients undergo-
ing AWLT was 64.6%, while that of patients undergoing 
AHLT was 83.2% (P = 0.037, Fig. 2b). In the MELD ≥ 30 
subgroup, the survival curve showed that patient mortal-
ity peaked in the first 45 days after LT; 10–45 days post-
LT was the stage that exhibited the largest difference in 
survival between patients undergoing AWLT and AHLT 
(89.8% vs. 72.7%, P = 0.30). Beyond 45  days, there was 
no significant difference in survival between AHLT and 
AWLT.

Discussion
Promising prognosis but unsatisfactory rates of use 
for adult hemiliver graft
In the first decade of LDLT, the 1-, 3-, and 5-year sur-
vival rates of patients undergoing LDLT without HCC 
were 78.8%, 73.4%, and 73.4%, respectively, while those 
of patients undergoing AWLT without HCC were 84.2%, 
77.6%, and 70.6%, respectively [10–12]. In the case of 
HCC LT, although the long-term survival rate has been 
shown to be significantly lower than that for non-tumor 
patients, the long-term survival rate was not significantly 
different between patients undergoing LDLT or AWLT 
in the same era [13]. Even in the present day, these rates 
are supported by data at the national level and from mul-
tiple centers [14, 15]. Although SLT has been indicated 
to have adverse effects similar to LDLT in many reports, 
the ongoing improvement of surgical techniques such as 
in  situ splitting have led to the overall survival rates of 
SLT and AWLT becoming similar, according to national 
data [16, 17]. The data from our center regarding the 1-, 
3-, and 5-year survival rates revealed that AWLT has a 
survival similar to AHLT. In general, AHLT in adult LT 
patients has a good prognosis.

After the first successful adult LDLT, use of this surgery 
rose, peaking in 2001. However, over the past 15  years, 
utilization of LDLT has plateaued, while the use of SLT 
continues to rise slowly [18]. There is a more even dis-
tribution of WLT surgeries in centers across the world. 
By contrast, AHLT surgeries are more prevalent in cer-
tain transplantation centers; high-volume LDLT centers 
tend to be concentrated in Asia, while high-volume SLT 

centers are more prevalent in Europe and South Korea 
[18]. In mainland China, the use of AHLT exhibits the 
phenomenon of centralization to some transplantation 
centers. In our hospital, LDLT accounts for about 1/5 
of the total registered number of LDLT surgeries per-
formed in mainland China; however, the total number of 
LDLT surgeries performed in mainland China represents 
only 8% of the total number of LTs that are carried out. 
Although AHLT is a promising technique with a satisfac-
tory prognosis, the worldwide application of this tech-
nique is not satisfactory [19, 20].

MELD score and adult hemiliver transplantation
Fifteen years ago, the 1-year survival rate of patients with 
fulminant liver failure undergoing AHLT was reportedly 
only 60–70% [21]. The United Network of Organ Shar-
ing (UNOS) recommends that an MELD score is used to 
accurately evaluate the basic characteristics of patients 
with liver disease in order to predict and assess the sever-
ity of end-stage liver disease, as well as make appropri-
ate decisions for the allocation of donor livers for adult 
LT. The overall survival rate of patients with high MELD 
scores has been reported to be shorter than that of 
patients with low MELD scores [22]. The data of our pre-
sent study supported this, demonstrating the 5-year sur-
vival rate of non-tumor patients with MELD scores ≤ 20 
to be higher than those with MELD scores > 35.

Over the last 20 years, the outcomes of AHLT reported 
from many high-volume centers indicated that the 
long-term survival rates of patients with high or even 
extremely high MELD scores undergoing this proce-
dure are not significantly different from those undergo-
ing AWLT. In fact, some LT centers still prohibit or do 
not encourage AHLT for patients with a high MELD 
score [23, 24]; the New York State Committee on quality 
improvement has recommended that LDLT should not 
be performed for patients with MELD scores > 25. The 
outcomes of SLT also reflect some outcomes of LDLT, 
and some centers still do not perform organ splitting 
for patients with a high MELD score. The use of hemili-
ver grafts for high-MELD recipients is thus controver-
sial [25], and there is also no universally accepted cut-off 
value for MELD in SLT/LDLT recipients. Early studies 
have reported the long-term outcomes of patients with 
high or very high MELD scores [10, 26–29], demon-
strating that the survival rate of patients with an MELD 
score ≥ 36 was significantly reduced in AHLT. At present, 
it is generally considered safe to perform HLT in patients 
with MELD scores < 25; however, there is still consider-
able inconsistency regarding the outcomes of patients 
with MELD scores between 25 and 40 [30–33]. There 
is currently no clear definition of a high MELD score 
for half liver transplantation. To determine this cut-off, 
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we analyzed the relationship between MELD score and 
half liver transplantation using the data from our center. 
Due to the possibility of tumor recurrence, we followed 
the previous research method and used non-HCC 
patients in our analysis. We found that the survival rate 
of patients undergoing HLT and WLT began to diverge 
at a MELD score of 23.5–29; with a MELD score > 29, 
the fitting function and specific corresponding survival 
rate between AHLT and AWLT was statistically signifi-
cant. By comparing the survival rates of patients in each 
MELD score subgroup in this case–control study, we sug-
gest that the survival results between AHLT and AWLT 
in patients within a MELD score of 25–30 are still accept-
able; however, when the MELD score is > 30, the decrease 
in overall survival should lead us to carefully consider 
whether HLT is appropriate.

Postoperative non‑fatal complications and high MELD 
scores
Although it is still controversial whether AHLT is safe 
for patients with a high MELD score, high-volume center 
reports have shown that high MELD scores are relatively 
consistently associated with a higher incidence of com-
plications, longer potential ICU stays, and increased 
hospital costs for this procedure [31, 34, 35]. Biliary 
complications are the most common complications of 
LTs, showing the biggest difference in incidence between 
AHLT and AWLT in the present study. In general, the 
incidence of biliary complications in AHLT is about twice 
that of AWLT [29]; although most of these patients only 
required medical treatment, a few may require interven-
tional therapy. Even if surgery or interventional therapy is 
needed to treat biliary complications, this will not affect 
the survival of patients. In our study, we found that a high 
MELD score in patients undergoing AHLT did not cause 
a significant increase in biliary complications of Clavien-
Dindo grade III or above. Bleeding is another common 
complication for which the incidence differs between 
HLT and WLT. The data from our center confirms that 
AHLT carries a higher risk than AWLT in terms of intra-
operative blood transfusion and postoperative celiac 
hemorrhage; however, with modern medical technology 
and detection methods, although bleeding is common, 
the prognosis in most patients is usually satisfactory. By 
contrast, we found that the prevalence of EAD among 
patients with high MELD scores undergoing AHLT was 
2.9% in some transplant centers. Hong et  al. and Yadav 
et  al. reported this rate to be considerably higher than 
in the present study (15.8% [36] and 38.3% [37], respec-
tively); we consider this to be a result of the donor livers 
used in our center being too conservative. Moreover, we 
did not observe MELD scores to influence the incidence 
of EAD after operation. Even with differences in reports 

from various centers, the differences between EAD and 
PNF can be ameliorated through medical treatment. In 
our retrospective study, no deaths occurred due to EAD 
or PNF among patients with high MELD scores.

Postoperative fatal complications and high MELD scores
Our data show that the decrease in the survival rate of 
patients with an MELD score ≥ 30 after AHLT usu-
ally occurs within 10–45  days; complications occurring 
10–45 days after surgery are considered early LT compli-
cations, among which the major fatal complications are 
usually those of Clavien-Dindo grade III or above, includ-
ing vascular complications, infection, renal function, and 
acute rejection. In our study, there were no significant 
differences in the incidence of acute rejection and vascu-
lar complications between AHLT and AWLT in patients 
with high MELD scores. In contrast with the high inci-
dence of arterial complications reported in early studies 
[38], the current rate of arterial complications in adult 
LDLT has been reported to be low, at 1.4–4% [37, 39, 40].

Our results show that there is no significant correlation 
between arterial embolization and MELD score, con-
sistent with the report of Yadav et  al. [37]. Overall, the 
anastomotic skills of the surgeon performing HLT is no 
longer the main factor contributing to the incidence of 
complications. Interestingly, our analysis of serious com-
plications did not reveal which specific complications 
were significantly increased in the case of HLT; however, 
the incidence of complications of Clavien-Dindo class 
III and above was significantly increased. We speculate 
that the higher death rate among patients with MELD 
scores ≥ 30 was a result of various factors promoting 
each other, eventually exacerbating the patient’s condi-
tion. Patients with a high MELD score tend to have poor 
liver and kidney function, while those undergoing AHLT 
tend to experience more bleeding and slower recovery; 
poor liver function will likely be accompanied by coagu-
lation disorders, which would further increase the risk of 
bleeding. Massive hemorrhage and massive blood trans-
fusion often aggravate the damage caused to renal func-
tion; once patients suffer renal failure, dialysis will cause 
further disorder of the internal environment, increasing 
the risk of infection. The high incidence of postoperative 
infection may, at least in part, be due to the poor preop-
erative conditions of patients, postoperative application 
of immunosuppressants, prolonged ICU stays, ventilator-
assisted breathing, and disturbance of the internal envi-
ronment [41–43]. However, due to the limited number of 
patients in the present study, this speculation could not 
be confirmed. Further studies with larger sample sizes 
are warranted to confirm this, as well as rule out any 
subgroup effects for patients with high MELD scores, so 
that patients who are not suitable for AHLT due to high 
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MELD scores are identified and appropriate clinical deci-
sion making can be carried out.

Conclusions
Although performing HLT is the most practical approach 
to address the current situation, whereby donor liv-
ers are in short supply, the rate at which this technique 
is adopted is unsatisfactory across the world. Here, we 
demonstrate that while MELD score has little effect 
on the outcome of AWLT, it has a significant effect on 
AHLT; only when the MELD score is < 30 can AHLT 
achieve mortality and overall survival rates comparable 
with AWLT. The outcome of AHLT is less favorable than 
AWLT in the case of a high MELD score. We were unable 
to identify specific complications that were significantly 
more frequent following AHLT; however, the incidence of 
complications classified as Clavien-Dindo grade III and V 
were significantly increased. When considering AHLT, 
the selection criteria that should be applied to patients 
with high MELD scores requires further exploration.

Supplementary information
Supplementary information accompanies this paper at https ://doi.
org/10.1186/s1289 3-020-00965 -8.

Additional File 1: Fig. 1. 

Additional File 2: Fig. 2. 

Additional File 3: Table S1. Classification of Postoperative Complications

Abbreviations
AHLT: Adult hemiliver transplantation; AWLT: Adult whole liver transplantation; 
MELD: Model for end-stage liver disease; LT: Liver transplantation; LDLT: Living 
donor liver transplantation; SLT: Split liver transplantation; HLT: Hemiliver 
transplantation; HRS: Hepatorenal syndrome; CT: Computed tomography; 
TAC : Tacrolimus; APTT: Activated partial thromboplastin time; BMI: Body mass 
index; PNF: Primary nonfunction; GRWR : Graft to recipient weight ratio; ICU: 
Intensive Care Unit; EAD: Early allograft dysfunction; UNOS: United Network of 
Organ Sharing.

Acknowledgements
We thank all patients and staff of our hospital who participated in this study.

Authors’ contributions
LK and JY2 designed the study; LJ, JY1, TL, LK performed the research and 
collected the data; LK analyzed and interpreted the data; LK wrote the first 
draft of the manuscript; All authors edited the manuscript and approved the 
final draft.

Funding
This study was supported by grants from 1.3.5 project for disiplines of 
excellence, West China Hospital, Sichuan University. (Grant No. ZY2017308) 
and Major National Science and Technology Special Projects (Grant Nos. 
2017ZX10203205-005-002 and 2017ZX10203205-001-004); The acquisition of 
funding is from Jiayin Yang.

Availability of data and materials
All related data of our center are stored in the Chinese Liver Transplant Regis-
try, a platform for unified management of LT centers in mainland China (CLTR: 
http://cltr.cotr.cn). The data that support the findings of this study are available 
from the Chinese Liver Transplant Registry (CLTR: http://cltr.cotr.cn), but restric-
tions apply to the availability of these data, which were used under license for 

the current study, and so are not publicly available. But all related data in this 
study are available from the corresponding author on reasonable request.

Ethics approval and consent to participate
In our study, the grafts for LT were from donation after the death of citizens 
according to a new organ acquisition and distribution policy established in 
China after 2012 [44] and citizens brain or/and cardiac death donation before 
2012. No prisoners, or subjects with reduced mental capacity due to illness or 
age, or minors were included as donors. None of the transplant donors was 
from a vulnerable population and all donors or next of kin provided written 
informed consent that was freely given. The protocol was approved by the 
Ethics Committee of the West China Hospital of Sichuan University West China 
Hospital. Written informed consent was obtained from all the recipients prior 
to their surgery, and all of donations were voluntary and altruistic in all cases, 
and were in accordance with the ethical guidelines of the Declaration of 
Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 31 March 2020   Accepted: 15 November 2020

References
 1. Rahimi-Dehkordi N, Nourijelyani K, Nasiri-Tousi M, Ghodssi-Ghassemabadi 

R, Azmoudeh-Ardalan F, Nedjat S. Model for End stage Liver Disease 
(MELD) and Child-Turcotte-Pugh (CTP) scores: ability to predict mortality 
and removal from liver transplantation waiting list due to poor medical 
conditions. Arch Iran Med. 2014;17 (2):118–21.

 2. Gotthardt D, Weiss KH, Baumgartner M, Zahn A, Stremmel W, Schmidt J, 
et al. Limitations of the MELD score in predicting mortality or need for 
removal from waiting list in patients awaiting liver transplantation. BMC 
Gastroenterol. 2009;9:72.

 3. Cooper GS, Bellamy P, Dawson NV, Desbiens N, Fulkerson WJ Jr, Goldman 
L, et al. A prognostic model for patients with end-stage liver disease. 
Gastroenterology. 1997;113 (4):1278–88.

 4. Feng S, Goodrich NP, Bragg-Gresham JL, Dykstra DM, Punch JD, DebRoy 
MA, et al. Characteristics associated with liver graft failure: the concept of 
a donor risk index. Am J Transpl. 2006;6 (4):783–90.

 5. Cerqueira RM, Andrade L, Correia MR, Fernandes CD, Manso MC. Risk 
factors for in-hospital mortality in cirrhotic patients with oesophageal 
variceal bleeding. Eur J Gastroenterol Hepatol. 2012;24 (5):551–7.

 6. Flores-Rendon AR, Gonzalez-Gonzalez JA, Garcia-Compean D, Mal-
donado-Garza HJ, Garza-Galindo AA. Model for end stage of liver disease 
(MELD) is better than the Child-Pugh score for predicting in-hospital 
mortality related to esophageal variceal bleeding. Ann Hepatol. 2008;7 
(3):230–4.

 7. Kim HJ, Larson JJ, Lim YS, Kim WR, Pedersen RA, Therneau TM, et al. 
Impact of MELD on waitlist outcome of retransplant candidates. Am J 
Transpl. 2010;10 (12):2652–7.

 8. Olthoff KM, Kulik L, Samstein B, Kaminski M, Abecassis M, Emond J, et al. 
Validation of a current definition of early allograft dysfunction in liver 
transplant recipients and analysis of risk factors. Liver Transpl. 2010;16 
(8):943–9.

 9. Silberhumer GR, Pokorny H, Hetz H, Herkner H, Rasoul-Rockenschaub S, 
Soliman T, et al. Combination of extended donor criteria and changes 
in the Model for End-Stage Liver Disease score predict patient survival 
and primary dysfunction in liver transplantation: a retrospective analysis. 
Transplantation. 2007;83 (5):588–92.

 10. Maluf DG, Stravitz RT, Cotterell AH, Posner MP, Nakatsuka M, Sterling RK, 
et al. Adult living donor versus deceased donor liver transplantation: a 
6-year single center experience. Am J Transpl. 2005;5 (1):149–56.

 11. Lee DS, Gil WH, Lee HH, Lee KW, Lee SK, Kim SJ, et al. Factors affecting 
graft survival after living donor liver transplantation. Transpl Proc. 2004;36 
(8):2255–6.

https://doi.org/10.1186/s12893-020-00965-8
https://doi.org/10.1186/s12893-020-00965-8
http://cltr.cotr.cn
http://cltr.cotr.cn


Page 10 of 10Kong et al. BMC Surg          (2020) 20:290 

 12. Ho MC, Wu YM, Hu RH, Ko WJ, Ni YH, Chang MH, et al. Surgical complica-
tions and outcome of living related liver transplantation. Transpl Proc. 
2004;36 (8):2249–51.

 13. Gondolesi GE, Roayaie S, Munoz L, Kim-Schluger L, Schiano T, Fishbein 
TM, et al. Adult living donor liver transplantation for patients with hepato-
cellular carcinoma: extending UNOS priority criteria. Ann Surg. 2004;239 
(2):142–9.

 14. Hoehn RS, Wilson GC, Wima K, Hohmann SF, Midura EF, Woodle ES, et al. 
Comparing living donor and deceased donor liver transplantation: a 
matched national analysis from 2007 to 2012. Liver Transpl. 2014;20 
(11):1347–55.

 15. Olthoff KM, Smith AR, Abecassis M, Baker T, Emond JC, Berg CL, et al. 
Defining long-term outcomes with living donor liver transplantation in 
North America. Ann Surg. 2015;262 (3):465–75.

 16. Cauley RP, Vakili K, Fullington N, Potanos K, Graham DA, Finkelstein JA, 
et al. Deceased-donor split-liver transplantation in adult recipients: is the 
learning curve over? J Am Coll Surg. 2013;217 (4):672-84.e1.

 17. Sasaki K, Firl DJ, McVey JC, Schold JD, Iuppa G, Diago Uso T, et al. Elevated 
risk of split-liver grafts in adult liver transplantation: statistical artifact or 
nature of the beast? Liver Transpl. 2019;25 (5):741–51.

 18. Hackl C, Schmidt KM, Susal C, Dohler B, Zidek M, Schlitt HJ. Split liver 
transplantation: current developments. World J Gastroenterol. 2018;24 
(47):5312–21.

 19. Humar A, Ganesh S, Jorgensen D, Tevar A, Ganoza A, Molinari M, et al. 
Adult living donor versus deceased donor liver transplant (LDLT Versus 
DDLT) at a single center: time to change our paradigm for liver trans-
plant. Ann Surg. 2019;270 (3):444–51.

 20. Ge J, Perito ER, Bucuvalas J, Gilroy R, Hsu EK, Roberts JP, et al. Split liver 
transplantation is utilized infrequently and concentrated at few trans-
plant centers in the United States. 2019.

 21. Shiffman ML, Brown RS Jr, Olthoff KM, Everson G, Miller C, Siegler M, 
et al. Living donor liver transplantation: summary of a conference at The 
National Institutes of Health. Liver Transpl. 2002;8 (2):174–88.

 22. Jacob M, Copley LP, Lewsey JD, Gimson A, Toogood GJ, Rela M, et al. 
Pretransplant MELD score and post liver transplantation survival in the UK 
and Ireland. Liver Transpl. 2004;10 (7):903–7.

 23. Thuluvath PJ, Guidinger MK, Fung JJ, Johnson LB, Rayhill SC, Pelletier 
SJ. Liver transplantation in the United States, 1999–2008. Am J Transpl. 
2010;10 (4 Pt 2):1003–19.

 24. Hashimoto K, Quintini C, Aucejo FN, Fujiki M, Diago T, Watson MJ, et al. 
Split liver transplantation using Hemiliver graft in the MELD era: a single 
center experience in the United States. Am J Transpl. 2014;14 (9):2072–80.

 25. Nadalin S, Schaffer R, Fruehauf N. Split-liver transplantation in the high-
MELD adult patient: are we being too cautious? Transpl Int. 2009;22 
(7):702–6.

 26. Thuluvath PJ, Yoo HY. Graft and patient survival after adult live donor liver 
transplantation compared to a matched cohort who received a deceased 
donor transplantation. Liver Transpl. 2004;10 (10):1263–8.

 27. Liu CL, Fan ST, Lo CM, Wei WI, Chan SC, Yong BH, et al. Operative 
outcomes of adult-to-adult right lobe live donor liver transplantation: a 
comparative study with cadaveric whole-graft liver transplantation in a 
single center. Ann Surg. 2006;243 (3):404–10.

 28. Pomposelli JJ, Verbesey J, Simpson MA, Lewis WD, Gordon FD, Khettry U, 
et al. Improved survival after live donor adult liver transplantation (LDALT) 
using right lobe grafts: program experience and lessons learned. Am J 
Transpl. 2006;6 (3):589–98.

 29. Freise CE, Gillespie BW, Koffron AJ, Lok AS, Pruett TL, Emond JC, et al. 
Recipient morbidity after living and deceased donor liver transplantation: 
findings from the A2ALL Retrospective Cohort Study. Am J Transpl. 2008;8 
(12):2569–79.

 30. Li H, Li B. Using small-for-size grafts in living donor liver transplantation 
recipients with high MELD scores should not be considered a contraindi-
cation. Dig Dis Sci. 2013;58 (11):3374–5.

 31. Chok K, Chan SC, Fung JY, Cheung TT, Chan AC, Fan ST, et al. Survival 
outcomes of right-lobe living donor liver transplantation for patients with 
high Model for End-stage Liver Disease scores. Hepatobiliary Pancreatic 
Dis Int. 2013;12 (3):256–62.

 32. Jiang L, Yan L, Tan Y, Li B, Wen T, Yang J, et al. Adult-to-adult right-lobe liv-
ing donor liver transplantation in recipients with hepatitis B virus-related 
benign liver disease and high model end-stage liver disease scores. Surg 
Today. 2013;43 (9):1039–48.

 33. Chok KS, Fung JY, Chan AC, Dai WC, Sharr WW, Cheung TT, et al. Com-
parable short- and long-term outcomes in living donor and deceased 
donor liver transplantations for patients with model for end-stage liver 
disease scores >/=35 in a hepatitis-B endemic area. Ann Surg. 2017;265 
(1):173–7.

 34. Oberkofler CE, Dutkowski P, Stocker R, Schuepbach RA, Stover JF, Clavien 
PA, et al. Model of end stage liver disease (MELD) score greater than 23 
predicts length of stay in the ICU but not mortality in liver transplant 
recipients. Crit Care (London, England). 2010;14 (3):R117.

 35. Foxton MR, Al-Freah MA, Portal AJ, Sizer E, Bernal W, Auzinger G, et al. 
Increased model for end-stage liver disease score at the time of liver 
transplant results in prolonged hospitalization and overall intensive care 
unit costs. Liver Transpl. 2010;16 (5):668–77.

 36. Hong SH, Kwak JA, Chon JY, Park CS. Prediction of early allograft dysfunc-
tion using serum phosphorus level in living donor liver transplantation. 
Transpl Int. 2013;26 (4):402–10.

 37. Yadav SK, Saraf N, Saigal S, Choudhary NS, Goja S, Rastogi A, et al. High 
MELD score does not adversely affect outcome of living donor liver 
transplantation: experience in 1000 recipients. Clin Transpl. 2017;31:8.

 38. Oh CK, Pelletier SJ, Sawyer RG, Dacus AR, McCullough CS, Pruett TL, et al. 
Uni- and multi-variate analysis of risk factors for early and late hepatic 
artery thrombosis after liver transplantation. Transplantation. 2001;71 
(6):767–72.

 39. Park GC, Moon DB, Kang SH, Ahn CS, Hwang S, Kim KH, et al. Overcom-
ing hepatic artery thrombosis after living donor liver transplantations: an 
experience from Asan Medical Center. Ann Transpl. 2019;24:588–93.

 40. Choi HJ, Kim DG, Kim Y, Kwak BJ, Han JH, Hong TH, et al. Clinical course of 
hepatic artery thrombosis after living donor liver transplantation using 
the right lobe. Liver Transpl. 2018;24 (11):1554–60.

 41. Feltracco P, Carollo C, Barbieri S, Pettenuzzo T, Ori C. Early respiratory 
complications after liver transplantation. World J Gastroenterol. 2013;19 
(48):9271–81.

 42. Zhang MM, Yan LN, Pu CL, Li YC, Kang Q, Guo CB, et al. Clinical study of 
28 patients with adult-to-infant living donor liver transplantation. Chin J 
Hepatol. 2010;18 (10):754–7.

 43. Shi-Chun L, Meng-Long W, Ning L, Wei L, Ping C, Jin-Ning L, et al. 
Emergent right lobe adult-to-adult living-donor liver transplantation for 
high model for end-stage liver disease score severe hepatitis. Transpl Int. 
2010;23 (1):23–30.

 44. Huang J, Millis JM, Mao Y, Millis MA, Sang X, Zhong S. A pilot programme 
of organ donation after cardiac death in China. Lancet (London, England). 
2012;379 (9818):862–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Outcomes of hemi- versus whole liver transplantation in patients from mainland china with high model for end-stage liver disease scores: a matched analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Selection and exclusion criteria of patients
	Donor evaluation and volumetric analysis
	Liver transplantation surgery
	Postoperative protocols
	Follow-up of patients
	Pair match selection
	Definitions
	Statistical analysis

	Results
	Relationship between survival rate and MELD score in liver transplant recipients without hepatocellular carcinoma
	Baseline demographic and disease characteristics between the AWLT and AHLT groups
	Survival rate between SLT and LDLT in the post-matched model
	Surgical characteristics, postoperative course, and survival between the AWLT and AHLT groups

	Discussion
	Promising prognosis but unsatisfactory rates of use for adult hemiliver graft
	MELD score and adult hemiliver transplantation
	Postoperative non-fatal complications and high MELD scores
	Postoperative fatal complications and high MELD scores

	Conclusions
	Acknowledgements
	References


