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The use of steatotic livers in liver transplantation (LT) is controversial.
Ischaemia-free liver transplantation (IFLT) has obvious advantages for the
recovery of allograft function. The aim of this study was to examine the
effect of liver grafts with steatosis on outcome and the effect of IFLT with
steatotic livers. 360 patients with LT were enrolled in this study. Periopera-
tive characteristics and differences in outcome among different grades of
steatotic groups, and between the IFLT and conventional LT (CLT) groups
were analysed. Occurrence of early allograft dysfunction (EAD; 50%) and
primary nonfunction (PNF; 20%) was significantly higher in the severe
steatosis group (P < 0.001 and <0.001, respectively). Survival rate is signifi-
cantly low in severe steatosis group (3-year: 60%, P = 0.0039). The IFLT
group had a significantly lower occurrence of EAD than the CLT group
(0% vs. 60%, P = 0.01). The level of postoperative peak AST, GGT and
creatine were significantly lower in IFLT group (P = 0.009, 0.032 and
0.024, respectively). In multivariable analysis, IFLT and EAD were indepen-
dent factors affecting postoperative survival. Severe steatotic livers lead to
severe complications and poor outcomes in LT. IFLT has obvious advan-
tages for reducing the rate of EAD in LT with steatotic livers.
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survival outcomes after LT [2]. However, organ short-
age limits the selection of LT treatment and is associ-

Liver transplantation (LT) is one of the most effective
treatment options for both tumour and cirrhosis
patients [1]. Patients with hepatocellular cancer who
meet the Milan criteria and the University of California
San Francisco (UCSF) criteria can achieve encouraging

ated with a higher waiting-list mortality rate [3,4].
Therefore, expansion of the pool of available liver grafts
is of great significance to save more lives. Attempts are
being made to use extended criteria donor (ECD)
organs in LT. They are defined as grafts with steatosis
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greater than 30%, donor age over 60 years, long cold
ischaemia times, donors with hypernatremia, positive
serologies for hepatitis B virus (HBV) or hepatitis C
virus (HCV), deceased donor split livers and living
donors [5].

In recent studies, steatotic livers were seen in up to
9-26% of donors [6]. However, the usage of fatty liver
in LT remains controversial. Previous reports suggested
that it was associated with a higher risk of PNF, EAD
and poor graft survival [7,8]. Otherwise, several studies
also demonstrated similar perioperative and long-term
outcomes for liver allografts with steatosis >30%. A ret-
rospective study conducted by Soejima et al. [9]
reported that grafts with moderate steatosis showed
comparable 1-year graft survival and patient survival.

Whether moderate or even severe steatotic donor liv-
ers can be used for transplantation remains unclear and
needs to be further investigated. Fortunately, it has been
identified that donor livers with more than 60% steato-
sis can be transplanted to recipients using a new tech-
IFLT [10]. Compared with conventional
procedures, IFLT has obvious advantages for the recov-
ery of allograft function and complication incidence.
Randomized clinical trials (RCTs) are underway to con-
firm its feasibility [11]. In this study, we aimed to
examine the effect of liver grafts of different steatotic
grades on outcome after LT and the effect of IFLT with
steatotic liver grafts.

nique:

All the procedures were performed in accordance with
the ethical standards of the responsible committee on
human experimentation (institutional and national) and
with the Helsinki Declaration of 1964 and later versions.
The study was approved by the Institutional Ethics
Committee for Clinical Research and Animal Trials of
the First Affiliated Hospital of Sun Yat-sen University,
and an informed consent waiver was granted by the IEC
given the retrospective, minimal-risk nature of the study
(Approval ID: [2020]370). No organs from executed
prisoners were transplanted into any of the patients
reported in this study.

Study population, data collection and outcome
parameters

Between January 2015 and June 2020, 410 liver grafts
from donors maintained in our centre were procured
for transplantation and 360 deceased donor LT were
enrolled in this retrospective study. The inclusion and
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exclusion criteria were presented in Fig. 1. The preoper-
ational data, including donors’ age, gender, body mass
index (BMI), cause of death, laboratory tests result,
warm ischaemia time (WIT), cold
(CIT), indocyanine green (ICG) test and recipients’ age,
gender, model for end-stage liver disease (MELD) score,
BMI, diagnosis were collected. The perioperative out-
comes, including anhepatic time, type of operation,
blood loss, transfusion of red blood cells (RBCs) and
length of stay in the intensive care unit (ICU), were
recorded and compared between different grades of
steatotic groups. Additionally, graft functions, postoper-
ative complications and patient survival at 3 years after
transplantation were assessed and analysed. Differences
in outcome between the IFLT and conventional LT
(CLT) groups were also analysed.

ischaemia time

Histological assessment of steatosis

Liver biopsies were taken from the donor livers before
and after reperfusion during transplantation (Fig. 2).
Biopsies were obtained as the size of 0.5 x 0.5 cm and
wedge-shaped from the left lobe of donor liver for clear
and representative pathology diagnosis. Biopsy speci-
mens were fixed in formalin, embedded in paraffin and
subsequently stained with haematoxylin—eosin. All histo-
logical slides were evaluated by an experienced patholo-
gist who was unaware of the clinical assessment of
steatosis.
vesicles larger than the cell nucleus, often displacing the
nucleus. Microvesicular steatosis was defined as fat vesi-

Macrovesicular steatosis was defined as fat

cles with similar size or smaller than the liver cell
nucleus [12]. Depending on the degree of macrovesicu-
lar steatosis, liver biopsies were graded in mild (10—
30%), moderate (between 30% and 60%) or severe
(>60%) steatotic infiltration according to the histologi-
cal scoring system designed by the Nonalcoholic Steato-
hepatitis Clinical Research Network (NASH) [13].

Description of IFLT

We previously described the produce of IFLT in several
published articles [10,11,14]. All livers used in IFLT are
from donor after brain death (DBD). In the procession,
the donor liver is procured, preserved and implanted
under continuous normothermic machine perfusion
(NMP) without a cold perfusion process. During pro-
curement, a tube was placed in the common bile duct
for bile drainage and the cystic duct was ligated. A caval
cannula was placed in the infrahepatic inferior vena
cava (IHIVC) for outflow to the organ reservoir of Liver

Transplant International 2021; 34: 1261-1270
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Outcome of IFLT in steatotic livers

Between January 2015 and June 2020, liver transplantation in our centre

n=876

Donor inclusion criteria
Donation after brain death or cardiac death
Liver grafts from donors maintained in our centre

Donor exclusion criteria

n=465

Donor liver from other centers

Liver grafts from other centers

High risk of itted i (HIV infection and active tul losis)
Recipient inclusion criteria

18-75 years old

Active on the waiting list for liver transplantation
Able to give informed consent

Recipient exclusion criteria

Waiting for ivi: or ined organ

ABO-i ible liver

Living donor transplantation

High risk of itted i (HIV infection and active tub is)

n=41

or d organ

n=9

Pediatric liver transplantation

n=1

Living donor transplantation

A

n=360

Patients that met inclusion criteria

Figure 1 A brief flow chart of patients’ selection.

Figure 2 Example of biopsies taken from the donor livers before and after reperfusion during transplantation. (a) Nonsteatosis. (b) Mild steato-

sis. (c) Moderate steatosis. (d) Severe steatosis.

Assist (Organ Assist, Groningen, the Netherlands).
Another cannula was inserted into the portal vein (PV)
via a bridge vein. An arterial cannula was inserted into
the gastroduodenal artery without interruption of arte-
rial supply. The venous drainage of suprahepatic

Transplant International 2021; 34: 1261-1270

inferior vena cava (SHIVC) was blocked before procure-
ment. All cannulas were then connected to Liver Assist.
After the circuit of NMP was established, the liver was
dissected and moved to the organ reservoir under
NMP. Parameter including pH value, lactate, ion
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concentration (Sodium, calcium and potassium), and
enzymes are monitored, adjusted and kept stable during
the NMP procession. For implantation, the donor liver
was transferred from the machine to the abdominal cav-
ity. Under continuous perfusion in situ, vascular anasto-
mosis (superior hepatic vena cava, portal vein and
artery) was performed. After revascularization, the NMP
was stopped and the catheterization was removed.
Afterwards, the inferior hepatic vena cava and bile duct
were anastomosed. With this technique, the CIT can be
reduced to 0.

Postoperative management and follow-up

Basiliximab was used for induction during the operation
and postoperative day (POD) 4. The immunosuppres-
sive regimen was tacrolimus (Tac) and mycophenolate
(MMEF). Corticosteroid therapy was not
included in the routine regimen. The blood concentra-
tion of Tac was controlled at 8-12 ng/ml in the early
stage after the operation. Doppler ultrasound of the
liver graft blood flow and biliary tract was performed
once every 2 days for 7 days. Routine outpatient fol-
low-up was performed every month in the first year and
every three to six months in the second and third year.

mofetil

Statistical analysis

All statistical analyses of the data were performed using
spss  version 26.0. All data are expressed as the
mean + standard deviation or the number and percent-
age of patients. For comparisons between groups, the
chi-square and Fisher’s exact tests were performed for
frequencies and continuous data, respectively. A Cox
proportional hazards model was used for multivariate
analysis. Overall survival was compared using the
Kaplan—Meier method with a log-rank test. A P-value
<0.05 was considered statistically significant.

Demographics

One hundred and thirty-seven (38%) donor livers were
diagnosed with steatosis. These 137 donor livers were cat-
egorized according to the severity of steatosis and
included in one of the following groups: mild (<30%;
n = 111), moderate (30—60%; n = 16) and severe (>60%;
n = 10) steatosis. The other 223 livers were categorized
as the nonsteatotic group. During the study period, the
mean age and BMI of these 360 recipients was
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50.39 £ 0.60 years old and 22.97 £ 0.19, respectively.
The male-to-female ratio was 3.9—1. The most frequent
causes of end-stage liver diseases (ESLDs) requiring
transplantation were hepatocellular carcinoma (HCC;
n =197, 54.7%; HCC with cirrhosis: n = 49, 13.6%j;
HCC without cirrhosis: n = 148, 41.1%), followed by cir-
rhosis without tumours (n = 112, 31%). The mean age
and BMI of donors were 38.28 £ 0.66 years and
22.20 £ 0.17, respectively. A total of 332 (92.2%) donor
livers were from DBD. The most frequent causes of death
were trauma (n = 197, 54.7%), followed by vascular acci-
dents (n = 132, 36.6%; Table 1).

Comparison between the different steatosis grade
groups

Preoperative characteristics of donors and recipients in
the different steatotic grade groups are presented in
Table 1. The laboratory results were similar in all groups
(P =0.215, 0.589 and 0.963, respectively). There were
also no statistically significant differences in the ICG
results among these four groups (P = 0.882). The CITs
were 5.79 +£ 0.3, 5.50 + 0.96, 5.10 + 1.22 and
599 £ 0.31 h (P =0.877), and the WIT (The period
from the cessation of donor blood supply to the begin-
ning of cold preservation) was 1.17 £+ 0.49, 1.25 £ 0.69,
0 and 0.62 &£ 0.12 min (P = 0.387). In addition, no dif-
ferences were found in the diagnosis and MELD score.
The median postoperative follow-up was 24.3 months
(range from 1 to 67 months). Perioperative outcomes
and postoperative complications were also compared and
are presented in Table 1. No significant differences were
found in intraoperative transfusions, blood loss, ICU
length of stay, IFLT or not and type of vena cava anasto-
mosis (P > 0.05). The occurrence rate of EAD and PNF
was significantly higher in the severe steatosis group as
compared to mild and moderate steatosis groups
(P <0.001 and <0.001, respectively), and the rest of
complications were similar in all groups (P > 0.05).

Comparison between the IFLT and CLT groups with
moderate or severe steatosis

Six patients and 20 patients of 26 patients with moder-
ate or severe steatotic donor livers underwent IFLT and
CLT, respectively. The preoperative characteristics of the
donors and recipients in the two groups are presented
in Table 2. The IFLT group had a significantly shorter
CIT and donor WIT than those in the CLT group (0 vs.
6.52 + 0.24 h, P <0.001 and 0 vs. 1.00 £+ 0.56 min,
P =0.030, respectively). In contrast, the outcomes of

Transplant International 2021; 34: 1261-1270
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Outcome of IFLT in steatotic livers

Table 1. Donor and recipient characteristics in different grades of steatotic groups.

Mild steatosis Moderate steatosis Severe steatosis Nonsteatosis
Variables (N=111) (N=16) (N=10) (N =223) 2
Preoperative donor parameters
Donor age, years 40.03 + 1.03 38.38 4+ 3.28 41.30 £+ 5.06 37.29 4+ 0.88 0.254
Donor sex male n (%) 89 15 10 173 0.162
Donor type
DBD 102 15 10 205 0.972
DCD 8 1 0 17
DBCD 1 0 0 1
BMI (kg/mz) 22.17 + 0.30 21.03 + 0.95 20.95 + 0.76 22.37 + 0.22 0.250
Cause of death
Anoxia 7 0 1 13 0.534
Trauma 53 11 7 126
Vascular 49 5 2 76
Other 2 0 0 8
AST (U/l) 150.76 £ 24.50 84.56 + 27.27 142.00 £ 21.29 107.30 £ 10.65 0.215
ALT (U/l) 77.88 £+ 8.36 47.50 £ 9.22 90.50 £+ 21.18 79.12 £ 6.68 0.589
GGT (U/) 85.76 + 10.02 74.25 + 20.14 76.60 + 29.26 86.88 + 7.48 0.963
Bilirubin (mmol/l) 24.41 + 1.63 22.08 + 3.03 31.28 + 7.79 27.27 =+ 1.74 0.544
CIT, h 5.79 £ 0.3 5.50 £+ 0.96 5.10 £ 1.22 5.99 £ 0.31 0.877
Donor WIT, min 1.17 + 0.49 1.25 4+ 0.69 0 0.62 + 0.12 0.387
ICG test result % 4.77% + 0.64% 4.20% + 2.0% 3.52% + 0.97% 421% + 0.41% 0.882
Preoperative recipient parameters
Recipient age, years 4922 + 1.12 53.56 & 2.70 51.00 &+ 2.50 60.67 + 0.75 0.450
Recipient sex male n (%) 103 15 10 200 0.560
BMI (kg/m?) 23.37 £ 0.34 21.18 £ 0.90 21.73 £ 1.14 22.94 £ 0.25 0.101
MELD 18.58 + 0.87 16.56 + 2.33 19.30 + 3.06 19.34 + 0.71 0.708
Diagnosis
HCC 64 9 3 121 0.330
Cirrhotic 31 6 7 68
Acute liver failure 5 1 0 14
Others 11 0 0 20
Transplantation parameters
Anhepatic time, min 55.06 + 1.98 56.25 + 5.58 60.50 + 6.75 53.56 + 1.29 0.661
Intraoperative transfusions (U) 6.31 + 0.53 7.40 £ 1.84 8.23 £ 2.56 7.31 £ 0.53 0.637
Blood loss (ml) 2030.54 £+ 165.96 3150.00 + 842.12 2280.00 4+ 254.65 2346.32 £ 184.23 0.351
Type of vena cava anastomosis
Classic 52 5 3 90 0.821
Classic piggyback 8 2 1 21
Modified piggyback 51 9 6 112
ICU length-of-stay (h) 83.44 £ 12.66 43.28 £+ 8.70 111.90 £ 73.70 7331 £ 7.74 0.477
Postoperative outcome parameters
EAD 33 7 5 22 <0.001
PNF 1 0 2 1 <0.001
Biliary anastomotic strictures 2 0 0 2 0.833
Biliary leakage 1 0 0 2 0.972
Hepatic artery complications 2 0 0 5 0.889
Retransplantation 1 0 0 2 0.972

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CIT, cold ischaemia time; DBCD, Donor
after brain and cardiac death; DBD, donor after brain death; DCD, donor after cardiac death; EAD, early allograft dysfunction;
GGT, y-glutamyl transpeptidase; HCC, hepatocellular carcinoma; ICG, indocyanine green; ICU, intensive care unit; IFLT, ischae-
mia-free liver transplantation; MELD, model for end-stage liver diseases; PNF, Primary nonfunction; WIT, warm ischaemia time.

the laboratory results, WIT, ICG results, MELD scores  postoperative complications in both the IFLT and CLT

and diagnoses were not significantly different  groups are also compared and presented in Table 2.
(P>0.05). The perioperative outcomes and The level of postoperative peak  aspartate
Transplant International 2021; 34: 1261-1270 1265
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Table 2. Donor and recipient characteristics in patients with moderate and severe steatotic livers who received IFLT

versus CLT.

Variables IFLT (N = 6) CLT (N = 20) P

Preoperative donor parameters
Donor age, years 45.00 £ 8.03 37.85 £ 2.70 0.057
Donor sex male n (%) 6 19 0.576
BMI (kg/m?) 19.66 + 0.76 21.40 + 0.80 0.166
Donor type, DBD 6 19 0.576
AST (U/l) 183.17 £+ 63.40 80.70 £+ 20.17 0.058
ALT (U/l) 82.00 £+ 17.76 58.65 + 12.58 0.671
GGT (U/) 56.67 + 24.02 80.70 £ 20.17 0.380
Bilirubin (mmol/l) 31.70 + 6.34 23.79 + 4.20 0.812
CIT, h 0 7.30 + 0.47 0.009
Donor WIT, min 0 1.00 + 0.56 0.030
ICG % 50+ 0.9 3.0+ 15 0.321

Preoperative recipient parameters
Recipient age, years 50.83 + 5.02 53.10 + 2.03 0.751
Recipient sex male n (%) 6 19 0.576
BMI (kg/mz) 20.01 £ 1.53 21.80 £+ 0.77 0.877
MELD 18.83 £+ 4.54 17.25 £ 2.02 0.848

Transplantation parameters
Intraoperative transfusions (U) 7.63 £ 1.41 7.74 + 1.88 0.094
Blood loss (ml) 2800.00 + 331.66 2820.00 + 683.24 0.149
Anhepatic time, min 56.50 £+ 11.45 58.30 £+ 4.51 0.197
ICU length-of-stay (h) 28.50 + 7.92 82.02 + 37.03 0.343

Postoperative outcome parameters
ALT (U/l) 196.83 + 62.16 869.55 + 159.45 0.133
AST (U/1) 280.67 + 80.63 2947.90 + 532.69 0.009
GGT (U/) 174.83 + 34.69 338.60 + 56.42 0.032
Bilirubin (mmol/I) 85.47 £+ 22.18 119.19 £ 31.73 0.275
Creatine (mmol/l) 83.83 + 10.82 172.12 £ 22.14 0.024
EAD 0 12 0.01
PNF 0 2 0.420
Acute kidney injury 0 8 0.063

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CIT, cold ischaemia time; CLT, conven-
tional liver transplantation; CLT, conventional liver transplantation; DBCD, donor after brain and cardiac death; DBD, Donor after
brain death; DCD, donor after cardiac death; EAD, early allograft dysfunction; GGT, y-glutamyl transpeptidase; HCC, hepatocel-
lular carcinoma; ICG, Indocyanine green; ICU, intensive care unit; IFLT, ischaemia-free liver transplantation; IFLT, ischaemia-free

liver transplantation; MELD, model for end-stage liver diseases; PNF, primary nonfunction; WIT, warm ischaemia time.

aminotransferase  (AST), vy-glutamyl transpeptidase
(GGT) and creatine within 7 days were significantly
lower in IFLT group (P = 0.009, 0.032 and 0.024,
respectively). Compared with the CLT group, the IFLT
group had a significantly lower occurrence rate of EAD
(0% vs. 60%, P = 0.01). Occurrences rate of PNF in
these two groups were 0 and 10%, respectively, and
there was no significantly difference (P = 0.420).

Analysis of overall survival after LT in different
situations

During the study period, the median patient survival
times in the steatosis and nonsteatosis groups was 23.6

1266

and 25.6 months, respectively, and the survival rate was
not significantly different (3-year: 84.8% vs. 89.9%,
P = 04096, Fig. 3a). Comparisons were also made
among different grades of steatosis, and recipients in
the severe steatosis group showed a significantly low
survival rate (3-year: 60%, P = 0.0039), while recipients
in the mild and moderate steatosis groups showed simi-
lar survival rates to those in the nonsteatosis group (3-
year: 86.7%, 89.9% and 93.7%, respectively, Fig. 3b).
The median survival times of the IFLT and CLT
patients with moderate and severe steatotic donor liver
were 22.0 and 9.17 months, respectively, and the sur-
vival rates were similar in the two groups (P = 0.786,
Fig. 4). In the multivariable analysis, we adopted PNF

Transplant International 2021; 34: 1261-1270
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— Nonsteatosis — — Moderate steatosis
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% % — Mild steatosis
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5 o= — Nonsteatosis
e 0.5 s 0.5
g g
» 7]
P=0.4096 P=10.0039
0.0 T T T T 1 0.0+ T T . r )
0 1 2 3 4 5 0 1 2 3 4 5
Survival time(year) Survival time (year)
Number at risk Number at risk
Steatosis 137 97 67 40 30 10 Severe steatosis 10 5 4 2 1 0
Nonsteatosis 223 154 116 75 41 13 Moderate steatosis 16 1 7 4 2 0
Mild steatosis 111 81 56 34 27 10
Nonsteatosis 223 154 116 75 41 13

Figure 3 Comparison of patient survival (a) between the steatosis group and nonsteatosis group and (b) among different grades of steatosis.

[15], EAD [16], HAT [17], AKI [18] and with steatosis
or not as predictors for they are proved to affect the
survival after LT. We also added IFLT into analysis to
investigate its effect. The result showed that IFLT (RR:
2.085-4.507, P <0.001) and EAD (RR: 0.237-0.472,
P <0.001) were independent factors affecting patient
postoperative survival (Table 3).

Attempts are being made to use ECD organs in LT due
to organ shortages and higher waiting-list mortality
rates [19]. Grafts with steatosis greater than 30% are
associated with an increased risk of PNF, EAD, and
poor graft survival. It was the aim of our study to
examine the effect of liver grafts of different steatotic
grades on outcomes after OLT.

Evaluation of whether there was steatosis by the sur-
geons, according to appearance and hardness, during
procurement is subjective and susceptible to errors [20].
Additionally, liver grafts from other centres have insuffi-
cient information, such as the history and laboratory
results of the donors. Therefore, only liver grafts from
donors maintained in our centre were enrolled in this
study so that we could obtain sufficient preoperative
information. The use of ultrasound or CT scanning
may also be useful for diagnosis of steatosis [21]. Fur-
thermore, biopsies were taken from the donor livers
before and after reperfusion during transplantation to
evaluate the percentage of steatosis.

Our data showed that 38% donor livers were diag-
nosed with steatosis in this study period, and this is
consistent with epidemiological findings [22]. We
divided them into three groups: mild, moderate and

Transplant International 2021; 34: 1261-1270
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Figure 4 Comparison of patient survivals between IFLT group and
CLT group in recipients with moderate or severe steatotic livers.

Table 3. Multivariate analysis of relevant factors for
survival in 360 patients.

Multivariate analysis

Variable RR (95% Cl) P-value
PNF 0.530 (0.074-3.808) 0.528
EAD 0.335 (0.237-0.472) <0.001
HAT 0.951 (0.635-1.422) 0.806
AKI 1.336 (0.847-2.108) 0.213
Steatosis 1.051 (0.832-1.328) 0.677
IFLT 3.065 (2.085-4.507) <0.001

AKI, acute kidney injury; EAD, early allograft dysfunction;
HAT, hepatic artery thrombosis; IFLT, ischaemia-free liver
transplantation; PNF, primary nonfunction.

severe steatosis groups according to the severity of
steatosis, and we made comparisons among groups. We

adopted EAD and PNF as criteria to evaluate
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postoperative liver function in the groups. EAD [16] was
defined as the presence of one or more of the following
criteria: TBil >10 mg/dl on day 7, international normal-
ized ratio (INR)>1.6 on day 7 and alanine aminotrans-
ferase (ALT) or AST >2000 IU/l within the first week.
PNF [23] was defined as recipient death or retransplanta-
tion within 7 days after operation. The results in our
study showed that in comparison with that of non-
steatotic livers, the postoperative function of mild and
moderate steatotic livers was not impaired. We reported
similar postoperative incidences of severe complications
and patient survival between recipients with mild, mod-
erate and nonsteatotic livers. Nevertheless, our data show
that recipients with severe steatotic livers had a higher
rate of PNF and EAD. Additionally, survival in the severe
steatotic groups was significantly lower.

A series of previous studies revealed that moderate
and severe steatosis are independent prognostic factors
for poor outcomes after LT [24,25]. Zhang et al. [26]
reported in a meta-analysis that recipients with moder-
ate and severe steatotic donor livers have higher rates of
EAD and PNF. Deroose et al. [27] published a retro-
spective study and showed that livers with severe steato-
sis combined with a long CIT had a high risk of
developing EAD and shorter graft survival. The differ-
ences in postoperative outcome in these studies could
depend on other donor-related risk factors. Steatotic liv-
ers are more fragile with respect to the effects of cold
ischaemia during organ preservation and reperfusion
[28]. Westerkamp et al. [29] reported another retro-
spective study and suggested that moderately steatotic
and nonsteatotic livers could achieve similar outcomes
only if the CIT was <8 h. In our study, the mean CITs
in the nonsteatotic, mild, moderate and severe steatotic
groups were all less than 6 h, and the results of both
EAD and survival rate support Westerkamp’s results.
Vodkin et al. [30] suggested in their review that promis-
ing outcomes can be achieved by having a short CIT,
selecting recipients with MELD scores <25, when steato-
tic livers are used in LT. Nevertheless, severely steatotic
livers still correlated with poor outcome in our study.
Stricter selection criteria and more intervention strate-
gies such as defatting are needed to achieve better
results in CLT.

In July 2017, a new technique, called IFLT, was
reported to ensure complete avoidance of ischaemia
injury during transplantation [10]. The donor liver is
procured, preserved and implanted under continuous
NMP without a cold perfusion process. The first case of
IFLT showed obvious advantages in the recovery of allo-
graft function and the reduction of complications
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compared with the conventional procedure. Zhao et al.
[14] reported minimal hepatocyte and biliary epithe-
lium injury during the preservation stage of IFLT. An
RCT is underway to confirm its feasibility [11]. Ischae-
mia-reperfusion injury (IRI) is the cause of EAD as it
leads to cellular damage [31]. Our data show that recip-
ients undergoing IFLT experienced no CIT and that IR
was avoided. Comparison in recipients with moderate
or severe steatosis between the IFLT and CLT groups
showed that the rate of EAD was remarkably low in the
ILFT groups. The level of postoperative peak enzyme
and creatine were also significantly lower in IFLT group.
The results reveal obvious advantages of IFLT in allo-
graft function recovery and reducing complication inci-
dence. In multivariable analysis, IFLT was an
independent factor impacting postoperative survival.
For the short application time and short follow-up per-
iod of IFLT, no significantly difference was found in
survival rate in these two group and this may be the
reason that the results of survival curve contradict those
of multivariate analysis. Further follow-up is needed for
long-term survival comparison. Results from RCTs will
provide reliable information on the feasibility and safety
of the use of IFLT.

Our study is limited by being from a single-centre
institution, so selection bias may have affected the results.
Larger multicentre studies are needed to determine
whether similar outcomes can be achieved between
steatosis and nonsteatosis groups. Furthermore, postop-
erative reversal of steatosis was not studied in this study
[32]. In some studies, postoperative histologic analysis
showed that, in some recipients, steatosis can resolve
completely after LT [33]. Follow-up biopsy is needed to
evaluate changes in liver grafts. How to raise the utiliza-
tion rate of liver grafts with severe steatosis will be inter-
esting and meaningful because it is of great significance
to reduce organ shortages and high waiting-list mortality
rates [34,35]. IFLT has the potential to reduce EAD in LT
with steatotic liver grafts. For future studies in IFLT, the
3- and 5-year overall survival values should be calculated
to obtain more convincing conclusions.

In conclusion, livers with mild and moderate steatosis
can be used successfully for LT while livers with sev-
ere steatosis lead to severe complications and poor
outcomes. IFLT has obvious advantages in reducing
the incidence of EAD in LT with steatotic livers. Lar-
ger multicentre studies are needed for the use of stea-
totic livers in LT, and longer follow-up outcomes
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should be used to obtain more convincing results for
IFLT.
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