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Background: Liver transplantation (LT) is one of the most effective surgical treatment for patients with
end-stage liver disease. Steatosis is a contributor for inferior graft quality. But its impact and safety on
transplantation was less assessed in Chinese patients.

Methods: Graft steatosis and related information involved in recipients, donors and surgical procedures
were retrospectively collected from 239 patients.

Results: Donor macrosteatosis (MaS) caused about 2.14 and 2.80 folds of increment on patient and graft
mortality. Dose-response analysis revealed prominent risk of grafts on overall patient/organ mortality
when Ma$S content exceeded 10% (P<0.05). Noteworthy, deaths were only observed in MaS group
when concurrent with extremely higher post-transplant alanine aminotransferase (ALT, 64%). However,
microsteatosis (MiS) grafts didn’t affect outcomes after LT. In a cohort of Chinese patients, MaS had
comprehensive effects on post-transplant outcomes with relatively lower safety threshold at 10%. Mortality
gap caused by MaS grafts was observed in patients with severer ischemia reperfusion injury.

Conclusions: Our study revealled the graft MaS affected the post-transplant outcomes in lower risk cutoff
in Chinese patients. Further study is worthy to validate these results and investigate inner mechanism under
the phenomenon.
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Introduction Fatty infiltration decreased the tolerance of graft hepatic
Until now, liver transplantation (LT) is still one of the cells on ischemic-reperfusion injuries in many pathological

most effective therapeutic strategy for most end-stage liver aspects, which might finally cause primary non-function

disease. Pathologic steatosis is one of the major causes for (PNF) and patient death (2-5). While, many prior clinical
declined organ utilization. More than half of allografts were trials revealed that the use of grafts with mild to moderate
discarded for severer steatosis in some specific regions (1). steatosis can be relatively safe with comparable risk of post-
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transplant mortality and complications (6-10). [Reference:
(I) the use of fatty liver grafts in modern allocation systems
risk assessment by the Balance of Risk (BAR) score; (II) the
biopsied donor liver: incorporating macrosteatosis into high-
risk donor assessment]. Hence, clinicians are trying to expand
the donor pool by maximizing the utilization of marginal
grafts like steatotic donor liver on the premise of acceptable
post-transplant prognosis. And achievements were observed
on decrement of waitlist mortality for this endeavor (11-13).
Otherwise, strategies were employed from machine perfusion
to pharmacological intervention as approaches to salvage the
graft would be discarded before (14,15).

Graft steatosis is a quantitative covariate, which can’t
be simply used to define the boundary between “absolute”
acceptance or unacceptance for LT. “Dose-response”
risk-effect model seemed more reasonable to present
the interrelationship between donor steatosis and post-
transplant outcomes (16). However, the continuous risk
of graft steatosis on post-transplant prognosis was less
discussed in a fixed cohort before.

LT is a complex systematic engineering. And its quality
has comprehensive associations with donor, recipient,
graft, surgical characteristics and their interaction (17,18).
Therefore, it is important to evaluate the continuous effects
of steatosis on post-transplant outcomes in predicative model
with uniform adjustment of risk index in a fixed cohort.

Previously, less cohort study was performed in Chinese
patients to systematically evaluate the impact of graft
steatosis on post-transplant complications and graft/patient
mortality. In the context of discrepancy between limited
organ supply and increasing demands for LT, it is urgent
to have accurate assessment on continuous risk trend of
donor steatosis on post-transplant prognosis based on the
clinical model from Chinese cohort with adjustment of
comprehensive risk profiles.

In current cohort-based study, we separately assessed
the impacts of risk cofactors from donor, recipient, graft
and surgical aspects on post-transplant complications, graft
failure and patient survival. Continuous risks of steatosis
on post-transplant outcomes were also evaluated based on
clinical model constructed before. Interaction of donor
steatosis with other risk covariates in the complex network
was also assessed. Predictive nomogram was plotted as
reference for marginal graft donation. Our study might
help clinicians to better deal with the dilemma between
utilization and cancellation of steatotic allografts for LT

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
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Methods
Definition for several concept of complications

Diagnosis of early allograft dysfunction (EAD) was defined
according to the updated criteria designed by Nicolau-
Raducu ez al. before (19). "To be specific, patients who met the
following items simultaneously within the first week after
liver transplantation including: (I) ALT >3,000 IU/mL or
AST >6,000 IU/mL; (II) total bilirubin (TB) >10 mg/dL;
(IIT) international normalized ratio (INR) >1.6 was diagnosed
as EAD (19). And diagnostic criteria of PNF was defined as
non-recoverable liver function necessitating emergency re-
transplantation within the first 72 hours after L'T" (20).

Enrollment criteria and study population

This study retrospectively enrolled participants who
received LT in Shulan (Hangzhou) Hospital in the period
from July 1, 2017 to September 30, 2018. Exclusion criteria
were listed as follows: (I) adolescent recipients (aged
<18 years); (II) donor grafts with absence of histological
information; (III) multi-organ transplantation (n>2); (IV)
ABO-incompatible transplant cases; (V) Living donor LI

Informed consents were obtained from each enrolled
participant. This study was performed in accordance with
the Declaration of Helsinki and approved by the ethical
board of Shulan Hospital Affiliated to Zhejiang Shuren
University Shulan International Medical College (2019-
1I1T-237).

Data collection and biochemical assay

Indicators which might affect the post-transplant outcomes
were collected for further analysis. And the data collected
for evaluating the quality of LT can be categorized into
following aspects including donor, recipient, graft and
surgery related risk factors.

To be specific, donor/recipient demographic data (age,
gender, height, weight); recipient pre-operative viral
infection, tumor biomarkers, liver function tests (LFTs)
including TB, alanine aminotransferase (ALT), and
aspartate aminotransferase (AST), prothrombin time (PT),
INR in the first 2 weeks after L'T.

Blood loss and transfusion of packed red blood cells

(pRBC), prothrombin complex concentrate (PCC), fresh
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frozen plasma (FFP); length of operation, cold ischemia
time (CIT), warm ischemia time (WIT) were collected
respectively from medical record system of International
Hospital of Zhejiang University.

Measurement of LFTs, tumor biomarker (AFP) and
electrolyte were assayed by and was assayed by automatic
biochemistry analyzer (Abbott i2000). The primary disease
of recipients and cause of donor death was diagnosed
according to ICD-10 criteria (21). Most information can
be obtained from medical record system. Covariates with
impact on quality of LT including donor, patient, graft and
surgery factors was mainly obtained from medical records
of Shulan (Hangzhou) hospital.

Liver biopsy and bistological analysis

Wedge liver biopsy was routinely assayed in all grafts after
reperfusion. To be specific, liver samples were infiltrated in
10% of formalin solution and proceeded to hematoxylin and
eosin (H&E) stained sections followed with standardized
protocol. Pathological features and presence of hepatocytes
with macro-, micro- or mixed steatosis were evaluated
according to criteria defined before (22). And steatotic
severity was assessed based on percentage of hepatocytes
involved with corresponded features by two experienced
pathologists under microscopic observation in double-
blinded manner. According to the distribution of cases
using steatotic allografts, patients were classified into five
groups according to the steatosis degree of allografts (<10%,
10-20%, >20%) in categorical analysis.

Risk scoring system and post-transplant complications

As major predictive system on post-operative risk for
patients with chronic liver disease, model for end-stage liver
disease (MELD) score was calculated by formula provided
in previous study (23). And the Child-Pugh score was
counted based on clinical measures including TB, ALB, PT,
ascites and encephalopathy interpreted before (24).

With regard to post-transplant outcomes, graft function
was assessed by the peak values of hepatic enzyme in first
two weeks after L'I. And the short-and long-term prognosis
of recipients was assessed by occurrence of EAD and PNE
overall survival and rate of graft failure.

Statistic analysis

Descriptive data in normal distribution was presented as
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mean + standard deviation (SD) and compared by one-way
ANOVA; and data in abnormal distribution was presented
as median [inter-quartile range (IQR)] and compared by
Mann-Whitney U test. Comparison on distribution in
different groups was performed by chi-square test. Multi-
variable analysis was performed on dichotomous covariates
by binary logistic regression model. Hazard ratio (HR)
of factors on patient/graft survival was compared by Cox
regression model. And analysis was performed by SPSS
software (V20.0).

Analysis on dose-response relationship was conducted by
two-stage random effects model (25). Risk curves fitting and
linearity test was evaluated by STATA software (release 14)
according to method described before (16).

Nomogram was formulated based on the risk from
multicovariate analysis to quantitatively predict the
integrative risk on post-transplant outcomes. Reliability of
nomogram was measured by internal validation test. To be
specific, calibration curves were plotted to show consistence
between actual probability and predicted outcomes from
nomogram. Discriminative performance of nomogram
was quantitatively assessed by Harrell’s C-index (26).
Nomogram and related validation test was conducted by
rms package in R software (version 3.6.1) (27).

Results

Demographic and clinical characteristics of enrolled
participants

Totally, 245 transplant cases in 239 patients (6 recipients
received re-transplantation) were enrolled into final analysis
after excluding 11 cases who didn’t meet the selection
criteria (nine cases for absence of information on allograft
steatosis and two cases for LI" for adolescent patient). All
patients received cadaveric organ donation in Hepatobiliary
and Pancreatic Surgery Department (HBPD) of Zhejiang
University International Hospital in the period from July
1, 2017 to September 30, 2018. All transplant cases were
mainly performed by one surgeon (SSZ). And prognosis of
patients was followed until March 31, 2019, with median
follow-up duration on 314 days [interquartile (IQD) time:
192-402 days].

Characteristics of recipients categorized by allograft
steatotic status were listed in 7able 1. According to allograft
steatosis, patients were categorized into non-steatosis, Ma$S,
MiS and mixed steatosis group. Around half (50.2%) of
donor allograft suffered the steatosis in different severity.
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Table 1 Clinical characteristics of recipients and operational factors classified by graft histological features

Variables Non-steatosis MiS group MasS group Mixed steatosis P value®
group group
Number (%) 122 (49.8) 55 (22.4) 48 (19.6) 20 (8.1) NA
Steatosis degree 0 14.9+9.4 12.7£7.7 14.8+12.5 0.28
Recipient variables
Age (years) 50.3+10.7 54.8+8.3" 48.7+10.9 47.9+9.1 <0.05
Gender (M/F) 98/24 45/10 44/4 17/3 0.35
BMI (kg/m?) 23.8+3.6 23.3x2.7 23.4+3.6 23.1+3.0 0.67
Blood type (A/B/O/AB) 44/37/32/9 19/12/18/6 16/9/22/1 7/5/5/3 0.28
Indication for liver transplantation, n (%)
HBV/HCV related cirrhosis 29 (23.8) 12 (21.8) 17 (35.4) 8 (40.0) 0.22
Alcohol related cirrhosis 5(4.1) 0 1@2.1) 2(10.0
Alcohol + virus related cirrhosis 3(2.5) 1(1.8) 0 0
PBC/PSC 3 (2.5 1(1.8) 0 0
Liver cancer 78 (63.9) 38 (69.1) 27 (56.3) 9 (45.0)
Others 4 (3.3 3 (5.5 3(6.3) 1(5.0)
Type 2 diabetes, n (%) 108 (88.5) 49 (89.1) 45 (93.8) 18 (90.0) 0.79
Pre-operative AFP (ng/mL) 283.9 (3.3-335.6) 13.6 (2.3-137.8) 7.9 (2.1-89.9) 7.3 (3.1-237.5) 0.35
HBV infectors, n (%) 87 (71.3) 39 (70.9) 35 (72.9) 16 (80.0) 0.87
Post-LT peak TB level (U/L) 189+19.2 181+30.9 248+32.9 206+36.2 0.49
Post-LT peak ALT level (U/L) 995+76.8 1,166+113.7 1,860+299.1* 1,567+299.4 <0.05
Post-LT peak AST level (mg/dL) 2,178+197.5* 3,099+407.9 4,839+736.3 4,825+1,425.7 <0.05
MELD score 22.3+5.1 24.0+3.2 22.6+3.3 21.2+4.2 0.36
EAD occurrence, n (%) 13 (10.7)* 10 (18.2) 10 (20.8) 8 (40.0) <0.05
PNF occurrence, n (%) 0 1(1.8) 3 (6.3)" 0 <0.05
Patients’ survival time after LT (days) 324+154 312173 274177 324+154 0.72
Grafts’ survival time after LT (days) 324+154 301176 266+185 324+154 0.46
Operational variables
Blood transfusion
pRBC (U) 2 (0-6.5) 2 (0-4.5) 4 (2-8)* 2 (0.5-6.1) <0.05
FFP (mL) 830 (710-1,140) 800 (620-990) 865 (600-1,230) 825 (757-990) 0.24
PCC (U) 2 (0-5) 3 (0-5) 4.4 (0.5-7.8) 3(0-8) 0.76
Blood loss (mL) 1,000 (800-1,800) 1,000 (800-1,500) 1,500 (1,000-2,500)* 1,000 (800-1,200) <0.05
Surgical duration (mins) 301+65.5 299+78.1 313+79.4 274+47.8 0.27
Steatosis degree (%) 0 14.9+9.4 12.7+7.7 14.8+12.5 0.28

Data was presented in mean + SD for data in normal distribution and median (IQR) for data in abnormal distribution. One-way ANOVA
test was assayed for normal distributed data; Mann-Whitney U test was assayed for abnormal distributed data; and chi-square test was
assayed for patient distribution. * represents the significant difference compared to other groups. *, comparison was performed in groups
using grafts with MiS, Ma$S, and mixed steatosis. AFP, alpha fatoprotein; ALT, alanine aminotransferase; AST, aspertate aminotransferase;
BMI, body mass index; EAD, early allograft dysfunction; F, female; FFP, fresh frozen plasma; HBV, hepatitis b virus; HCV, hepatitis C virus;
ICU, intensive care unit; LT, liver transplantation; M, male; MELD, Model for End-Stage Liver Disease; NA, not available; TB, total bilirubin;
PBC, primary biliary cholangitis; PNF, primary non-function; pRBC, packed red blood cells; PCC, prothrombin complex concentrate; PSC,
primary sclerosing cholangitis.
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Table 2 Clinical features of donors and grafts quality classified by donor pathological steatosis severity
Variables Absent MiS group Ma$S group Mixed steatosis group P value®
Number (%) 71 (50.7) 31 (22.1) 24 (17.1) 14 (9.4) NA
Donor variables
Age (year) 44.8+16.1 35.4+15.3* 51.1+8.0 51.8+10.9 <0.05
Gender (M/F) 56/15 24/7 20/4 11/3 0.78
BMI (kg/m?) 21.9+3.7 23.0+£2.7 22.4+3.0 23.1£1.9 0.56
Pre-donate blood test
Potasium (mmol/L) 4.2+0.8 3.8+1.3 3.9+0.9 3.7+1.1 0.21
Sodium (mmol/L) 144+9.1 139+29.4 147+9.0 145+9.1 0.34
ALT (U/L) 64.5+9.9 58.3+11.4 43.6+£11.9 83.8+31.9 0.48
FBG (mmol/L) 9.5+8.7 9.7+3.6 9.0+3.6 12.1+5.6 0.72
CR (umol/L) 110+£26.6 113+17.6 117+32.1 143+31.7 0.95
BUN (mmol/L) 10.4+2.0 8.1£1.0 7.0£0.9 10.5+1.6 0.54
Graft variables
CIT (min) 672+191 698+176 671+130 535+176 0.26
WIT (min) 15.2+7.9 15.5+9.3 15.6+6.3 17.1+10.9 0.96

Information was extracted from donors matched to enrolled recipients. Data was presented in mean + SD for data in normal distribution
and median (IQR) for data in abnormal distribution. ?, one-way ANOVA test was assayed for normal distributed data; Mann-Whitney U test
was assayed for abnormal distributed data; chi-square test was assayed for patient distribution. * represents the significant difference
compared to other groups. M, male; F, female; BMI, body mass index; ALT, alanine aminotransferase; FBG, fasting blood glucose; CR,
creatinine; BUN, blood urea nitrogen; CIT, cold ischemia time; WIT, warm ischemia time.

The upper limit for fat content used for LT was 35% for
donor with MaS or MiS, and 50% for grafts with mixed
steatosis, respectively. Patients across each group was
comparable on distribution of gender, blood type, primary
liver disease, MELD score, pre-operative body mass index
(BMI), a-fetoprotein (AFP), operational time, hepatitis B
virus (HBV) infection and status of type 2 diabetes (P>0.05).
The mean age of recipients using MiS steatotic allografts
was 5.1 years older than patients in non-MiS group (54.8
vs. 49.7 years, P<0.05). Based on the LFTs results, most
patients reached their peak value on liver enzyme (85.3%
for ALT and 92.2% for AST), TB (79.5%), PT (82.8%) and
INR (83.3%) in the first or second day after L'T" (Figure S1).
Overall, no difference was observed on the peak values of
abovementioned indicators across different post-L'T" days,
except slight decrement on TB value occurred in second
post-LT day (P<0.05). Compared to non-Ma$ group,
the peak value for ALT level was much higher in patients
received grafts with MaS (1,860 vs. 1,101 U/L, P<0.05).
And the peak value for AST level in non-steatosis group was

© HepatoBiliary Surgery and Nutrition. All rights reserved.

about 55% lower than the correspond value in MaS group
(2,178 vs. 4,839 U/L, P<0.05). According to criteria (19)
defined before, EAD was occurred in 41 patients (accounting
for 16.7% of whole patients). Compared to patients in
steatosis group, EAD occurrence in non-steatosis group
was much lower than steatosis group (10.7% vs. 22.8%,
P<0.05). Four cases (1.6%) were developed into PNF
and allocated for re-transplantation in 3 days after first
transplantation. And PNF was occurred only in steatotic
groups (2 in MaS and 2 in MiS group, respectively).
Cases using Ma$ allografts had more blood loss (1,500 vs.
1,000 mL) and RBC transfusion (4 vs. 2 U) than non-
MaS group (both P<0.05). Although relatively shorter
length of patient and organ survival was observed in MaS
group, insignificant inter-group difference was presented
on follow-up duration across patients received donors with
non-steatosis, MaS, MiS and mixed steatosis (P>0.05).
Matched information was available in 140 donors
(accounting for 57.1% of all LT cases). Categorized by
allograft steatosis, donors seemed to be younger in MiS
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Table 3 Impact of steatosis on early allograft dysfunction occurrence after liver transplantation

Univariate analysis Multivariate analysis

Variable
OR (95% CI) P value OR (95% CI) P value
Mixed steatosis (yes/no?) 3.88 (1.47-10.2) 0.01 3.53 (1.13-11.0) 0.03
MiS (yes/no?) 1.14 (0.52-2.50) 0.74
MasS (yes/no®) 1.41 (0.64-3.12) 0.40 1.37 (0.56-3.36) 0.49
Age (years) 0.96 (0.93-0.99) 0.02 0.97 (0.94-1.01) 0.10
Blood type (A/B/O/AB) 1.28 (0.99-1.67) 0.06
Gender (F/M) 0.83 (0.32-2.12) 0.69
BMI (kg/m?) 1.04 (0.94-1.15) 0.44
AFP (ng/mL)/100 0.95 (0.89-1.02) 0.18
MELD score 0.99 (0.95-1.03) 0.70
Operation time (hours) 0.79 (0.57-1.10) 0.17
ALT (U/L)/1,000 1.51 (1.18-1.94) <0.01
AST (U/L)/1,000 1.25(1.13-1.38) <0.01
TB (umol/L)/100 1.49 (1.28-1.74) <0.01
PT (s) 1.02 (1.01-1.04) <0.01
INR 1.01 (0.99-1.02) 0.24
Blood loss (mL)/1,000 1.04 (0.80-1.35) 0.80
pRBC (U) 1.04 (0.99-1.09) 0.09
FFP (mL)/1,000 0.91 (0.47-1.76) 0.78
PCC (U) 1.10 (1.03-1.18) <0.01 1.11 (1.04-1.19) <0.01
Height (cm) 1.06 (1.00-1.20) 0.04 1.08 (1.00-1.17) 0.04
Weight (kg) 1.03 (0.99-1.06) 0.08
MiS degree
MiS G1 (yes/no?) 1.80 (0.63-5.15) 0.28 2.46 (0.78-7.74) 0.12
MiS G2 (yes/no?) 1.14 (0.51-2.52) 0.75 1.09 (0.46-2.56) 0.85
MiS G3 (yes/no®) 1.61 (0.89-2.93) 0.12 1.57 (0.82-2.98) 0.17
MaS degree
MaS G1 (yes/no?) 1.68 (0.50-5.67) 0.41 1.66 (0.49-5.61) 0.42
MaS G2 (yes/no?) 0.84 (0.29-2.41) 0.74 0.82 (0.28-2.38) 0.72
MaS G3 (yes/no?) 1.91 (1.23-2.97) <0.01 1.93 (1.17-3.19) 0.01

Logistic regression was tested for univariate and multivariate analysis. Factors significantly associated with EAD occurrence were enrolled
into multi-covariate logistic regression analysis. ?, “no” represented the patients received allografts with absence of steatosis (non-steatosis
group). G1/G2/G3 respectively represented the steatosis degree (0-10%], (10-20%), and [20%, upper limit]. AFP, alpha fetoprotein; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; F, female; INR, international normalized ratio; FFP,
fresh frozen plasma; M, male; MaS, macrosteatosis; MELD, model for end-stage liver disease; MiS, microsteatosis; PCC, prothrombin

complex concentrate; pRBC, packed red blood cells; PT, prothrombin time; TB, total bilirubin.
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Figure 1 EAD prevalence in patients categorized by steatosis type.
(A) EAD prevalence in patients categorized by steatosis type (non-
steatosis, MaS, MiS and mixed steatosis); (B) EAD prevalence
in patients categorized by steatotic severity. MiS/MaS-1/2/3
respectively represented the steatosis degree (0-10%], (10-20%),
and [20%, upper limit]. Comparison was performed by chi-square
test. EAD, early allograft dysfunction; MaS, macrosteatosis; MiS,

microsteatosis.

group (P<0.05). Except that, most indicators that related to
graft quality and donor features was comparable in groups
categorized by allograft fat content (P>0.05, Table 2).

Risk of donor steatosis on major clinical outcomes

EAD occurrence and peak levels of ALT/AST were chosen
as indicators to evaluate the perioperative effects of LT.
Post-operative peak for ALT level was closely correlated
to respective peak AST level in whole cohort (pearson
coefficient =0.758, P<0.05).

In univariate analysis, patients using Ma$S grafts had
significantly higher post-transplant liver enzyme compared
to recipients using non-steatotic allografts (2,072 vs. 844 U/L
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for ALT and 4,839 vs. 2,177 U/L for AST level, both
P<0.05, Figure S2). Although it seems higher for post-
operative peak bilirubin level, donor organ steatosis didn’t
affect the clinical biochemical indicators including the peak
values on TB, PT and INR (P>0.05, Figure S2).

In subsequent stratified analysis, recipient height,
allograft with mixed steatosis and transfusion of PCC were
potential risk factors for EAD occurrence (P<0.05, Table 3).
EAD prevalence was higher in group using grafts with
mixed steatosis (OR =3.88, 95% CI: 1.47-10.2, Figure
1A and Table 3). EAD in G3 MaS group was significantly
higher with about two folds risk than non-Ma$S group (OR
=1.91, 95% CI: 1.23-2.97, P<0.05, Figure 1B and Table 3).
And this effect was still prominent even after adjustment
of potential confounders (P<0.05, Tiable 3). Mixed steatosis
might contribute to higher post-transplant AST level
(P<0.05, Table S1). And risk of post-transplant AST
elevation was higher in G2 and G3 MaS groups, but this
trend was overwhelmed after adjustment of post-transplant
ALT level (Table S1). Post-transplant ALT level was not
associated with stratified donor MaS/MiS severity (P>0.05,
Table S2, Table S3).

Risk of allograft steatosis on recipients’ prognosis
g7 gn

The 3-, 6-month and overall patient/organ survival were
selected to present the prognosis of patients after L'I. The
patients were categorized into three groups according
to MaS/MiS contents (0< G1 <10%, 10%< G2 <20%,
G3 >20%). Risk profiles of donor steatosis on post-
transplant prognosis was analyzed by combination with
other prominent clinical indicators. Compared to non-MaS
group, donor MaS affected the patient survival at borderline
significance (P=0.07, Table 4). While this effect became
significant on graft survival (P<0.05, 7able 5). Allograft MaS
exerted its positive impacts on the whole profiles of patient
mortality and organ failure (P<0.05). To be specific, two
to three-folds higher patient death (OR =2.14, 95% CI:
1.06-4.30, Figure 2A) and graft failure (OR =2.80, 95% CI:
1.51-5.18, Figure 2B) was observed in patients using MaS
donors, even after adjusting potential susceptible factors in
respective circumstance (Table 4 and Tible 5, all P<0.05).
While in stratified analysis, this effect seemed
inconsistent followed with increasing MaS severity.
Compared to non-steatosis group, G2 MaS$ induced inferior
patient mortality (OR =2.14, 95% CI: 1.06-4.30, Table 4,
Figure 24) and graft failure (Table 5, Figure 2B). While,
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Table 4 Impact of steatosis on patients’ survival after liver transplantation

Univariate analysis Multivariate analysis

Variables
HR (95% Cl) P value OR (95% Cl) P value
Mixed steatosis (yes/no?) 0.89 (0.28-2.88) 0.85
MiS (yes/no?) 0.82 (0.38-1.78) 0.62
MasS (yes/no®) 2.34 (1.23-4.48) 0.01 2.14 (1.06-4.30) 0.03
Age (years) 1.03 (1.00-1.06) 0.10 1.05 (1.01-1.09) 0.01
Gender (F/M) 0.98 (0.44-2.22) 0.97
Blood type (A/B/O/AB) 1.17 (0.85-1.59) 0.34
BMI (kg/m?) 1.01 (0.92-1.11) 0.91
AFP (ng/mL)/100 1.00 (0.98-1.03) 0.79
MELD score 1.01 (0.97-1.05) 0.72
Operation time (hours) 1.26 (0.98-1.63) 0.08
ALT (U/L)/1,000 1.33 (1.17-1.52) <0.01 1.53 (1.11-2.12) 0.01
AST (U/L)/1,000 1.10 (1.05-1.17) <0.01
TB (umol/L)/100 1.20 (1.08-1.17) <0.01 1.22 (1.07-1.40) <0.01
PT (s) 1.00 (0.99-1.33) 0.76
INR 1.01 (1.00-1.02) 0.16
Blood loss (mL)/1,000 1.41 (1.22-1.64) <0.01
pRBC (U) 1.05 (1.02-1.08) <0.01
FFP (mL)/1,000 1.94 (1.23-3.08) 0.01
PCC (U) 1.15 (1.09-1.21) <0.01 1.11 (1.03-1.20) <0.01
Height (cm) 1.01 (0.97-1.06) 0.58
Weight (kg) 1.01 (0.98-1.04) 0.63
MiS degree
MiS G1 (yes/no?) 0.92 (0.31-2.78) 0.89 1.01 (0.32-3.16) 0.98
MiS G2 (yes/no®) 1.29 (0.69-2.39) 0.42 0.94 (0.48-1.85) 0.86
MiS G3 (yes/no®) 1.10 (0.56-2.16) 0.78 1.16 (0.58-2.30) 0.67
MaS degree
MaS G1 (yes/no?) 2.03 (0.79-5.19) 0.14 1.89 (0.68-5.21) 0.22
MaS G2 (yes/no?) 2.05 (1.28-3.29) <0.01 2.27 (1.21-4.25) 0.01
MaS G3 (yes/no?) 1.16 (0.71-1.89) 0.55 1.34 (0.80-2.24) 0.26

Cox regression model was used for univariate and multivariate analysis. Factors significantly associated with patients’ survival (plus
age) were enrolled into multi-covariate cox regression analysis. ?, “no” represented the patients received allografts with absence of
steatosis (non-steatosis group). G1/G2/G3 respectively represented the steatosis degree (0-10%], (10-20%), and [20%, upper limit]. AFP,
alpha fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; F, female; INR, international
normalized ratio; FFP, fresh frozen plasma; M, male; MaS, macrosteatosis; MELD, model for end-stage liver disease; MiS, microsteatosis;

PCC, prothrombin complex concentrate; pRBC, packed red blood cells; PT, prothrombin time; TB, total bilirubin.
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Table 5 Impact of steatosis on grafts’ failure after liver transplantation

Univariate analysis Multivariate analysis

Variable
HR (95% Cl) P value OR (95% Cl) P value
Mixed steatosis (yes/no?) 0.80 (0.25-2.57) 0.70
MiS (yes/no?) 0.86 (0.42-1.79) 0.69
MasS (yes/no®) 2.82 (1.04-5.15) <0.01 2.80 (1.51-5.18) <0.01
Age (years) 1.02 (0.99-1.05) 0.16 1.04 (1.00-1.07) 0.03
Gender (F/M) 1.06 (0.49-2.28) 0.88
Blood type (A/B/O/AB) 1.16 (0.86-1.56) 0.32
BMI (kg/m?) 0.99 (0.91-1.09) 0.87
AFP (ng/mL)/100 1.00 (0.98-1.02) 0.92
MELD score 1.01 (0.97-1.05) 0.62
Operation time (hours) 1.24 (0.98-1.58) 0.08
ALT (U/L)/1,000 1.35 (1.20-1.52) <0.01
AST (U/L)/1,000 1.13(1.07-1.18) <0.01
TB (umol/L)/100 1.21 (1.10-1.33) <0.01 1.22 (1.09-1.37) <0.01
PT (s) 1.00 (0.99-1.01) 0.76
INR 1.01 (1.00-1.02) 0.20
Blood loss (mL)/1,000 1.40 (1.21-1.61) <0.01
pRBC (U) 1.05 (1.02-1.07) <0.01
FFP (mL)/1,000 1.95 (1.26-3.01) <0.01
PCC (U) 1.15(1.09-1.21) <0.01 1.11 (1.03-1.18) <0.01
Height (cm) 1.02 (0.97-1.06) 0.50
Weight (kg) 1.01 (0.98-1.03) 0.73
MiS degree
MiS G1 (yes/no?) 0.92 (0.31-2.78) 0.89 1.01 (0.32-3.15) 0.99
MiS G2 (yes/no®) 1.55 (0.89-2.67) 0.12 1.15 (0.63-2.10) 0.64
MiS G3 (yes/no®) 1.10 (0.56-2.16) 0.78 1.18 (0.60-2.34) 0.64
MaS degree
MaS G1 (yes/no?) 2.39 (0.98-5.80) 0.06 2.51(0.97-6.49) 0.06
MaS G2 (yes/no?) 2.30 (1.47-3.59) <0.01 1.69 (1.04-2.76) 0.03
MaS G3 (yes/no?) 1.36 (0.90-2.06) 0.14 1.83 (1.14-2.94) 0.01

Cox regression model was used for univariate and multivariate analysis. Factors significantly associated with graft failure (plus age)
were enrolled into multi-covariate cox regression analysis. ? “no” represented the patients received allografts with absence of steatosis
(non-steatosis group). G1/G2/G3 respectively represented the steatosis degree (0-10%], (10-20%), and [20%, upper limit]. AFP, alpha
fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; F, female; INR, international
normalized ratio; FFP, fresh frozen plasma; M, male; MaS, macrosteatosis; MELD, model for end-stage liver disease; MiS, microsteatosis;

PCC, prothrombin complex concentrate; pRBC, packed red blood cells; PT, prothrombin time; TB, total bilirubin.
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Figure 2 Patient/graft survival rate in patients categorized by graft steatosis type/severity. (A) Patient survival rate categorized by steatosis

type; (B) graft survival categorized by steatosis type. Comparison was performed by cox regression model. MaS, macrosteatosis; MiS,

microsteatosis.

this positive effect was only presented in G3 Ma$S group
on overall organ failure (OR =1.83, 95% CI: 1.14-2.94,
P<0.05, Figure 2B, Table 4). With respect to specific survival
time, the risk of G2 MaS was ranged between 1.69 and
2.55 folds on 90-d, and 180-d patient/organ mortality,
respectively (all P<0.05). But G3 MaS lost its significance
on risk of patient/organ mortality in respective time points
(Tables S4,S5,56,S7).

As expected, donor MiS or mixed steatosis showed
insignificant impact on post-transplant prognosis in multi-
covariate model (P>0.05, Table 4, lable 5, and Figure 2).
Otherwise, older age, higher post-transplant TB and
prothrombin complex transfusion stably affected the overall
organ and patient survival by interactive association with
donor Ma$ in multi-covariate analysis (all P<0.05, Tables 4,5).

Does-response relationship between graft steatosis and
post-transplant outcomes

In addition, steatosis degree as a continuous risk on post-
transplant outcomes was further quantified by combinative
adjustment of prominent clinical factors in prior multi-
covariate analysis. And risk curve of steatosis on post-
transplant outcomes was plotted by instant OR/HR derived
in each point (Figure 3 and Figure S3).

Severer Ma$ caused significant EAD increment in linear
pattern (Figure 34). Compared to non-steatotic cases, about
3.64 folds of higher risk was observed in patients received
grafts with 30% of Ma$S content (OR =13.7, 95% CI:
1.74-118.7, P<0.05). While, the risk trend of organ/patient
mortality was not increased accordingly followed with EAD
increment (Figure 3). Gentle increment on organ failure was

© HepatoBiliary Surgery and Nutrition. All rights reserved.

observed in linear manner (P for non-linearity >0.05). And
the threshold for MaS content was approximate 10%, 10%
and 15% for overall, 90-d, and 180-d mortality (Figure 3,
Table S8).

Interestingly, MaS$ affected 90-d and overall patient
survival in non-linear pattern (P for non-linearity test <0.05,
Figure 3, 'Table S8). Prominent MaS related risk came into
plateau within content between 10% and 25%, and lost
significance in higher MaS group (>25%). Linearity was
recovered on risk of 180-d patient mortality. And the safety
threshold of MaS was below 15% for 180-d patient survival
(Figure 3, 'Table S8).

MiS affected the EAD occurrence and patient/organ
mortality in linear pattern. But the trend was insignificant
followed with increasing MiS content (all P>0.05, Figure
S3, Table S8).

Clear risk stratification in cases using steatotic grafis with
simultaneous serious post-transplant liver damage

Evaluation was performed on inter-relationship across
donor steatosis, post-transplant liver function and prognosis.
Compared to absent group, patients received MaS donor
tended to have severer liver damage (OR for Q4 ALT
=3.33, 95% CI: 1.30-8.54; and OR for Q4 AST =4.12, 95%
CI: 1.65-10.2, P<0.05, Figure 44). While, this trend was
unobvious on TB level (OR for Q4 TB =2.13, 95% CI: 0.83—
5.43, P=0.11, Figure 44). Interestingly, significant increment
on peak TB and ALT related mortality was only observed in
patients received MiS or non-steatotic grafts (P<0.05, Figure
4). But MaS related mortality was stable and consistent, with
independence of TB or ALT classification (P>0.05, Figure 4).
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Figure 3 Dose-response risk of increasing MaS degree on post-transplant outcomes. (A) Dose-response risk of increasing MaS degree on
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ClIs for post-transplant outcomes compared to subgroup using allografts without steatosis based on the restricted cubic splines model. CI,
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Effects of steatosis were evaluated separately in patients
with extremely high ALT (2,500 U/L), AST (7,000 U/L)
or TB (>400 pmol/L) value. Interestingly, death was only
occurred in MaS or mixed group when patients were
confined in extremely high ALT level (Figure 4). Much less
death was observed in MiS or absent group with extremely
high AST level [1 (12.5%) in MiS group vs. 5 (38.5%)

© HepatoBiliary Surgery and Nutrition. All rights reserved.

in MaS group]. However, this trend was not obvious in
patients with extremely high peak TB value. Compared to
MiS or non-steatotic group, no more death/graft failure was
observed in patients using MaS allografts (P for distribution
>0.05, Figure 4).

In addition, death was still frequent (62.5%) even in
patients without EAD occurrence. Ma$ effect on post-
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transplant prognosis was independent of EAD prevalence in not bilirubin levels. Meanwhile, donor MaS$ significantly
subgroup with extremely high ALT' (P>0.05 for distribution, worsen the post-transplant survival in patients experienced
Table S9). Therefore, MaS allografts seemed to have severe hepatic damage (presented by extremely high ALT or
significant impacts on post-transplant aminotransferase but AST). And the inter-relationship amongst donor MaS, LETs,
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and post-transplant outcomes were summarized in Figure 5.

Disease outcome of re-transplanted case series and their
association with allograft steatosis

Features of cases received re-transplantation were listed
respectively in 7able 6. Six patients had re-transplantation in
1-15 days after first operation for the failure of transplanted
grafts. PNF was defined in 4 of these cases (1.6%) for
shorter interval (<72 hours) across two LT.

Donor Ma$ seemed to be the major contributor of
PNF and related mortality. In our cohort, two of four
PNF patients received Ma$S grafts for first T, Otherwise,
both two death cases after re-transplantation received
MaS organs in the first UT. The only one survivor (case
4) received MaS related LT might be benefited from his
relative younger age (30 years) and less burden of primitive
liver disease (non-cancer, absence of HBV infection). Ma$S
donor seemed not the absolute contradiction for further
transplantation, but the recipient should be highly selective
in less serious patients for better prognosis. Unlike the MaS
donors, it seemed to be safer for LT with the use of MiS
grafts. Two MiS related PNF cases had favorable prognosis
after re-transplantation. And no death was observed in the

end of follow-up duration (7able 6).

© HepatoBiliary Surgery and Nutrition. All rights reserved.

Correspondingly, trend of LFTs indicators and PT value
was presented respectively in peri-operative period from
3 days before LT to 2 weeks after LT. As shown in
Figure S4, post-transplant liver transaminase seemed much
higher in death cases. The peak AST level was higher in
both death cases (15,000 U/L) than the remaining alive
cases (<8,000 U/L). However, post-transplant PT and
TB value was comparable across individuals, regardless of
difference on post-transplant prognosis.-

Individualized risk nomogram of post-transplant outcomes
and internal validation test

Nomograms for prediction of post-transplant prognosis and
complications was plotted by incorporation of graft steatosis
and other independent clinical factor which was validated in
aforementioned risk evaluation. MaS caused severer post-
transplant outcomes followed with increasing severity by
gradient. Severer MaS (G3) caused significant decrease on
post-transplant patient/graft survival. To be specific, the
180-day patient/graft survival was decreased to less than
85% and around 80% in patients using severer Ma$ organs
(Figure 6). MiS or mixed allograft steatosis can also predict
parts of EAD occurrence, but these effects were limited and
inconsistent (Figure 6). C-index for nomogram on EAD

HepatoBiliary Surg Nutr 2020;9(6):739-758 | http://dx.doi.org/10.21037/hbsn.2019.12.02


https://cdn.amegroups.cn/static/public/HBSN-19-598-supplementary.pdf

Liu et al. Donor steatosis and post-transplant prognosis

752

'soh ‘A fuonouni-uou Arewnd GNd (91eJ1u80U09 X8|dwod uiquioiylold ‘D0d ‘ou ‘N ‘dwolpuis uonounisAp uebio-1nw ‘SAQIN ‘SIS01ea1S0I0IW
‘SIN ‘SISOlealsoIoBW ‘SBIN ‘olew ‘| ‘uonelue|dsuell JoAll ‘[ ‘ewouloled Jejnjj@ooleday ‘DOH ‘ejewsay) 4 ‘uonounisAp yelboje Aues ‘gy3 xepul ssew Apoq ‘|INgG

oY NIy N A 161 0 pug 0 ou
SISOYMID
€ pejuedsuen-ay A A 6€C 0 st 0c SIN 08t g N oneise|oyn E| cs 9
444 SNy N N cce 0 pug 0 ou
St pejuedsuen-sy N N 62¢ 0 st 0 ou 9'¢ce 0} A OOH N 6¢ S
88¢ NIy N N YA 8 pug 0¢ SeiN
ainjre}
€ pejueidsuen-ay A N 8/¢ 8 st 0c SeiN v'ee v N 4o N 0¢ %4
aln|rey
Helo 14 peaq N A ove 14" pug o]8 SEIN
4 pejueldsuen-ay N A 66€ St st 0} SeiN v'ee 0} A OOH N ¥9 €
639G NIy N A 0ee 0 pug o]} SIN
€ pejuedsuen-ay A A 61€ 0 st o]} SIN 6'lc o} A OOH N ¥S 14
SAOWN 9gt peeqd N A 8¢¢ ot pug 0¢ SIN
3 pejuedsuen-ay A A PA%S ot st ge SeiN g'qe 0} A OOH N 0S b
e e
QWOo91N0 1ue|dsuel}-1sod Aiabins g yein uolewJolul [esauab jusidioay o580

uonejue[dsue-o I9AI] PoAIddaI syudned Jo saInIedy [earur JIqe
! \ 1 paal hed § } [BIUID) 9 SIqEL

HepatoBiliary Surg Nutr 2020;9(6):739-758 | http://dx.doi.org/10.21037/hbsn.2019.12.02

© HepatoBiliary Surgery and Nutrition. All rights reserved.



HepatoBiliary Surgery and Nutrition, Vol 9, No 6 December 2020 753

A . 0 10 20 30 40 50 60 70 80 90 100
Points
Ma$S - 0 : 3
2 1
. 2 3
MiS - T ]
0 1
. Yes
Mixed ]
No
L. <52 years
Recipient_age
=52 years
. =170 cm
Height
<170 cm
X >2 U
PCC transfusion
<2U
Total points r T T T y T T T T ]
0 20 40 60 80 100 120 140 160 180
Risk of EAD . T : : : .
0.1 0.2 0.3 0.4 05 06
B Points 0 10 20 30 40 50 60 70 80 90 100
1 3
Ma$S r - : ]
0 2
. 1 3
MiS (B
0 2
. 0
Mixed !
1
1
Peak_TB )
0
1
PCC transfusion 6—1
2

Recipient_age r

Total points
0 20 40 60 80 100 120 140 160 180 200

90-day survival

0.95 0.90 0.85 0.80 0.75 0.70
180-day survival ' T T T T T )
0.95 0.90 0.85 0.80 0.75 0.70 0.60
C . 0 10 20 30 40 50 60 70 80 90 100
Points
MaS r 1 : 3
0 2
MiS — 3
0 2
. 0
Mixed —
1
1
Peak_TB r )
0
1
PCC transfusion ]
0
o 2
Recipient_age 1—:
Total points

0 20 40 60 80 100 120 140 160 180 200

90-day survival
0.95 0.90 0.85 0.80 0.75 0.70 0.60 0.50

180-day survival r T T T — r "
0.95 0.90 0.85 0.80 0.75 0.70  0.60 0.50

Figure 6 Nomogram for prediction of outcomes in patients after liver transplantation. Risk of incidence is located on the point in each
point in each variable axis, and line drawn upwards can determine the points received for each variable. Cumulative risk of individual factors
is located on total point axis, and the line drawn downwards can determine the risk of each post-transplant outcomes. (A) Nomogram for
prediction of post-transplant EAD occurrence; (B) nomogram for prediction of 90-, 180-day patients’ survival after L'T; (C) nomogram for
prediction of 90-, 180-day grafts’ survival after LT. MaS, macrosteatosis; MiS, microsteatosis; PCC, prothrombin complex concentrate; TB,

total bilirubin.
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occurrence, patient and graft survival was 0.75 (0.73-0.77),
0.73 (0.71-0.75), and 0.73 (0.71-0.75), respectively. And
calibration plot revealed consistent trend between actual and
nomogram predicted post-transplant outcomes (Figure S5).

Discussion

Currently, allograft steatosis is one of the most prominent
risk cofactor on inferior post-transplant survival (28).
Emerging evidence has revealed that steatosis (especially
for MaS) was the major reason for potential allograft
being discarded for transplantations, affecting 40-60% of
cancelled organ donation (1,29). While, expansion of donor
pool is urgently needed by optimizing the utilization of
steatotic allografts to meet the demands from increasing
patients on waitlist for LT. Meanwhile, concurrence of
steatosis with other risk factor was also observed before (28).
Therefore, continuous risk profiles of donor steatosis in
complex context of specific population should be assessed to
keep benefits from liver transplantation on the premise of
acceptable post-operational prognosis. In a Chinese cohort
from a newly-established transplant center, we found: (I)
steatosis was highly prevalent in Chinese donation for LT,
affecting around half (48.6%) of allografts; (II) MaS (but
not MiS) amplified the risk of inferior post-transplant
prognosis; (III) more complications and inferior prognosis
were presented followed with increasing MaS (but not
MiS) severity in dose-response manner; (IV) Chinese
recipients seemed more susceptive to MaS grafts and the
safety threshold of MaS was lowered to 10%; (V) positive
impacts of MaS on post-transplant complications were
stable and consistent with independence of peak bilirubin
or transaminase level; (VI) MaS graft application in first
LT was the main cause of death in patients received re-
transplantation; (VII) mortality gap was clearly stratified by
MasS classification, in patients with serious liver damage.

To the extent of our knowledge, this is a retrospective
study with enrollment of largest Chinese patients with
focus on building connection between allograft steatosis
and post-transplant outcomes. We systematically reviewed
the published data (16) and found only one literature (30)
assessed the continuous risk of MaS on post-transplant
outcomes in Chinese recipients. In the small sized cohort
(70 LT pairs), Li et /. found insignificant impact of
MaS on patients’ prognosis, but the conclusion seemed
inaccurate for inappropriate classification in comparison.
Patients using non-steatotic grafts weren’t categorized as
an independent group which might cause overestimation
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of baseline data. In our study, obvious risk was presented
on overall patient/graft mortality. Categorical comparison
revealed insignificant risk for severe MaS organ (>20%) on
patients’ survival (Table 4). However, “severity-response”
analysis found the risk for MaS was stable and consistent on
patient/organ mortality when MaS exceeded 10% (Table S8).
Interestingly, risk plateau was observed between moderate
and severe MaS group, and patient mortality didn’t increase
linearly followed with MaS severity (Table S8). However,
the risk of Ma$ grafts still exists on post-LT" prognosis for
higher organ failure followed with increasing MaS severity
in linear pattern (Figure 3, Table S8). Unlike MaS, there
seems no obvious connection between MiS allograft and
inferior prognosis in categorical comparison and continuous
regression model (Figure 3, Table S9) conformed to majority
of other studies (6,31-33).

Conformed to prior study (34), severe Ma$ also increased
the post-transplant EAD occurrence in our patient cohort.
However, the risk cut-off of MaS on EAD occurrence was
around 25%, much higher than expected safety threshold
of MaS patient/organ mortality (10%, Table 3). Otherwise,
similar transaminase level was observed in patients grouped
by MaS severity. These results indicated MaS organs might
have inferior effects even in similar post-transplant recovery.
More concerns are needed on Ma$S organ recipients.
Consistent with previous studies (35,36), retransplantation
was mainly contributor for PNF/DNE, and MaS was the
major culprit for death of retransplanted patients in our
study (Zable 6). Two re-LT" patients received Ma$ allografts
had inferior prognosis, regardless of the quality of second
implants, but another relatively younger patient with non-
malignant disease was still alive until the end of follow-
up duration. And this discrepancy implied the importance
of recipient selection in utilization of steatotic organ on
further LT (37). However, less patients with re-LT" in this
study and more cases are needed for further validation.

ALT is a sensitive biomarker in detecting and screening
liver damage (38). But its clinical meaning and interactions
with allograft MaS on prognosis was still unclear. Peak ALT
level was considered as a quantitative biomarker to evaluate
the extend of ischemia-reperfusion injury (IRI) (39).
Knowledge from animal experiment found hepatic steatosis
per se might cause severer injury in the same circumstance
of ischemia and reperfusion treatment (5,40). In our
study, donor MaS seemed to have complex association by
interaction with peak liver enzyme and post-transplant
prognosis. Organ MaS caused more IRI presented as
higher peak ALT in patients after LT. But on the other
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side, Ma$ induced inferior prognosis independent of its
effects on ALT elevation. In addition, clear mortality gap
was observed in subgroup with severer IRI pressure. In
patients with extremely higher post-transplant ALT level,
disproportionately higher mortality was observed in patients
received MaS organ (64% vs. 0% for MaS vs. MiS, Figure 4).
Similar effect was also observed in group with extremely
high AST for its correlation with ALl Noteworthy, graft
loss was highly prevalent in MaS patients, regardless of
EAD occurrence after L'T. These data revealed MaS (but
not MiS) organ might be more fragile under the exposure
of severer IRI. And this effect can last longer than peri-
operative period. Coincident with our results, scholars
found the quality of MaS donor could be guaranteed on the
premise of limited CIT (8). Hence, Ma$ organ should be
treated with more cautions or avoided to be used in patients
with high-risk of severer post-transplant IRI.

Except MaS, clinical factors including the intra-operative
PCC transfusion and post-transplant peak TB value also
affected the prognosis of patients after LT (7zble 4 and
Table 5). Increased blood product transfusion is usually
connected to adverse post-transplant outcomes after L'T" (41).
PCC administration was considered as safe and effective
strategy for improved haemostasis in LT (42). But our results
found higher patient/organ mortality followed in dose-
response manner with unclear reasons. More concerns should
be raised on management of PCC utilization in further
clinical practice. In consistence with previous study (42),
elevated post-transplant TB value was another stronger
indictor on prediction of severer adverse outcomes after L'T.
However, we didn’t find donor MaS had interactive effects
on intra-operative PCC transfusion or post-transplant TB
value. After adjustment of these potential confounders, Ma$S
was still a stable and independent predictor on inferior post-
transplant outcomes.

Ma$ but not MiS might affect recipient post-LT
prognosis in our study. The MaS organ seemed to have
lower resistance under the same ischemia-reperfusion
exposure. However, the reason is unclear and worthy
for elucidation (14). Croome er 4/. summarized potential
mechanism with connection between Ma$S and liver
damage, including impaired sinusoidal blood flow, abnormal
mitochondria function, increased neutrophil aggregation
and cytokine release (37). Meanwhile, cumulative evidence
revealed genetic factors might be involved in graft steatosis
and LT (43,44). In addition, machine perfusion (MP)

is considered as an effective strategy for recondition of

© HepatoBiliary Surgery and Nutrition. All rights reserved.

755

steatotic grafts for LT (29). Integrated multi-omic analysis
might help to find out the main culprits covered under the
complex network and potential targets for improving the
organ quality (45).

In our study, all cases were collected from a newly
established LT center, and finished by a senior experienced
surgeon (SSZ). Unified standard was adopted on donor/
recipient selection, surgical procedure and perioperative
management, which can avoid potential confounders
as guarantee and prerequisite for further comparison.
Limitations of this study should also be noted as well. First,
relatively shorter follow-up in enrolled patients. Second,
results of this study need validation from external cohort.
Third, potential bias was inevitable for disequilibrium on
age distribution and missing information in donors. Forth,
previous study found possible stratification in Ma$S group
for varied Liver texture between large-droplet and small-
droplet MaS donors (10). This internal bias might also
cause inaccurate results into risk assessment. Fifth, precise
MaS cut-off for LT should also be assessed by comparison
with similar patients who chose non-transplant therapies,
which we didn’t perform. But regardless of these limitations,
results are still worthy to be reported for its novelty and
revelation on further mechanistic investigation.

Conclusions

In conclusion, we found donor MaS, but MiS positively
affected post-transplant prognosis and complication with
relatively lower safety threshold (around 10%) for LT
in Chinese patient cohort. Stable effects were exerted
by Ma$S on patient death with independence of post-
transplant liver damage. MaS related mortality gap was
much more prominent in patients with extremely high
post-transplant transaminase levels. Allograft MaS was the
major cause of PNF occurrence and patients’ death after re-
transplantation. Further external validation in larger cohort
and mechanistic investigation are needed to validate these
findings.
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