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Background: Early allograft dysfunction (EAD) is associated with decreased graft and patient survival
rates. This study aimed to identify the severity of EAD and develop a predictive model for EAD after
donation after circulatory death (DCD) liver transplantation (LT). Furthermore, the influence of operative
time on EAD incidence was also evaluated.

Methods: In this retrospective, multicentre cohort study, nomograms were established based on a single-
centre training cohort (n=321) and validated in a 3-center validation cohort (n=501).

Results: The incidence rate of EAD was 46.4% (149/321) in the training cohort and 40.5% (203/501)
in the validation cohort. Of the 149 EAD patients in the training cohort, 77 patients with either elevated
alanine aminotransferase (ALT) or aspartate aminotransferase (AST) were classified as having EAD type A,
and the rest of the EAD patients were classified as having EAD type B. Recipients with EAD type B had
lower graft and patient survival rates than recipients with EAD type A (P=0.043 and 0.044, respectively). We
further developed a nomogram to predict EAD (graft weight, cold ischemia time, donor age, model for end-
stage liver disease (MELD) score) and another nomogram to predict EAD type B (graft weight, cold ischemia
time, MELD score). The nomograms for the prediction of EAD and EAD type B had good discrimination
[concordance index (C-index) =0.712 (0.666-0.758), 0.707 (0.641-0.773)] and calibration [Hosmer-Lemeshow
(HL) P=0.384, P=0.425] in the validation cohort. An increased operative time (>6 h) was associated with
increased EAD and EAD type B incidence in the high-risk group (P=0.005, P=0.020, respectively).
Conclusions: EAD type B was associated with decreased graft and patient survival rates. The novel
nomograms effectively predicted the incidence of EAD and EAD type B in DCD LT patients.
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Introduction

Liver transplantation (LT) is an established and effective
treatment for patients with end-stage liver diseases; the
l-year post-LT survival rate approximately 85% (1,2).
Donation after circulatory death (DCD) is an important
means to expand the donor pool to meet the growing
demand for LTs (3). Early allograft dysfunction (EAD),
which is associated with morbidity and mortality, is a
clinical concept that describes sub-optimal liver function
following L'T" (4,5). Understanding risk factors for EAD and
developing preventative and therapeutic strategies should
remain a focus of research to improve both graft and patient
survival. In comparison to donation after brain death (DBD)
liver allografts, DCD allografts tend to have increased EAD
incidence rates (6,7).

Organ donation in China has increased tremendously
since 2015 when voluntary donation became the only
legitimate source of organ transplant. Under these
circumstances, multicentre clinical studies focusing on
EAD in DCD LT will be insightful and instructive in
China. In this study, we analysed the incidence rates, risk
factors, classification and prognosis of EAD in LT from
DCD donors and successfully established a nomogram to
individually predict EAD before LT surgery. Furthermore,
the effect of the LT operative time on EAD incidence
was also evaluated. We present the following article in
accordance with the STROBE reporting checklist (available
at https://hbsn.amegroups.com/article/view/10.21037/
hbsn.2019.09.02/rc).

Methods
Study population

By excluding recipients under 18 years old, re-transplant
recipients, multi-organ transplant recipients, recipients
with inadequate follow-up for assessing EAD and
recipients missing essential data for analysis, we finally
enrolled a total of 321 consecutive LT patients in the
training cohort from the First Affiliated Hospital of
Zhejiang University School of Medicine (Hangzhou,
China) between January 2015 and June 2017. The median
age of the training cohort was 49.58 (15.29) years, and
14.95% (48/321) of the recipients were female.

For the validation cohort, a total of 501 recipients were
enrolled with the same criteria as the training cohort.
Among the 501 recipients in the validation cohort,
209 recipients were enrolled at the First Affiliated Hospital
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of Zhejiang University School of Medicine (Hangzhou,
China) between July 2017 and January 2019; 181 recipients
were enrolled at the Shulan (Hangzhou) Hospital
(Hangzhou, China) between July 2017 and December 2018,
and 111 recipients were enrolled at the Huashan Hospital,
Fudan University (Shanghai, China), between December
2016 and January 2018. The median age of the validation
cohort was 52.17 (13.79) years, and 17.56% (88/501) of the
recipients were female. The present study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). This study was approved by ethical committee
of each participating hospital according to the guidelines
of the Regulations on Human Organ Transplantation and
national legal requirements. Informed consent was taken
from all individual participants. No organs from executed
prisoners were used.

Definition of EAD

EAD was defined by the presence of 1 or more of the
following variables: (I) total bilirubin (TB) >10 mg/dL
on postoperative day 7; (II) an international normalized
ratio (INR) >1.6 on postoperative day 7, or (III) alanine
aminotransferase (AL'T) or aspartate aminotransferase (AST)
levels >2,000 U/L within the first 7 postoperative days (8).
Each case was classified as “EAD” or “non-EAD” according
to these diagnostic criteria.

Procurement of allografts from donors

The procedure was performed in accordance with the
national guidelines for DCD in China. All of the DCD
donors received intravenous heparin before withdrawal
of medical support. Withdrawal of the life support
system mostly took place in the operating room under
the supervision of senior anesthesiologists and intensive
care unit (ICU) physicians. Cardiac death was declared
by 3 physicians unrelated to the surgical procurement or
transplant team following a 2 to 5 minutes mandatory
waiting period from the time of cardiac asystole. Then,
organ procurement would be initiated as soon as possible. In
addition, the donor liver was perfused through abdominal
aorta and the superior mesenteric vein using 4 to 8 L cold
preservation solution.

Data collection

The following donor data were recorded for analysis:
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Table 1 Characteristics of patients in the training and validation
cohort

Training cohort, Validation cohort,

Characteristics n=321 n=501

Recipient age (years) 49.58 (15.29) 52.17 (13.79)

Recipient sex

Male 273 (85.05) 413 (82.44)

Female 48 (14.95) 88 (17.56)
Recipient BMI 22.84 (3.56) 22.58 (4.09)
High MELD

No 91 (28.35) 206 (41.12)

Yes 230 (71.65) 295 (58.88)
Operative time (h) 5.13 (1.23) 5.67 (2.27)
CIT (h) 9.53 (4.99) 8.00 (3.07)

Donor age (years) 41.33 (21.29) 49.17 (18.33)

Donor sex
Male 269 (83.80) 406 (81.04)
Female 52 (16.20) 95 (18.96)
Graft weight (g) 1,340.00 (348.00)  1,320.00 (375.00)
GRWR (%) 2.05(0.72) 2.02 (0.73)
EAD incidence
EAD 149 (46.42) 203 (40.52)
Non-EAD 172 (53.58) 298 (59.48)

EAD, early allograft dysfunction; GRWR, graft-to-recipient
weight ratio; LT, liver transplant; MELD, Model for End-stage
Liver Disease; CIT, cold ischemia time. High MELD, preoperative
MELD score >30.

age, sex, weight, height, body mass index (BMI), biopsy-
determined macrovesicular steatosis, graft weight, graft
weight-to-recipient ratio (GRWR) and serum sodium. The
following recipient data were recorded for analysis: age,
sex and model for end-stage liver disease (MELD) score
prior to LT. Operative data included warm ischemic time
(WIT), cold ischemic time (CIT) and operative time. WIT
was defined as the interval from asystole to the beginning
of cold perfusion of the allograft. CI'T was defined as the
interval from the beginning of cold perfusion to the removal
of the allograft from cold storage.

Statistical analysis

Donor, recipient and procedural characteristics were
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compared between the EAD and non-EAD groups.
Statistical analyses to identify prognostic factors were
performed using SPSS, version 21.0 (Chicago, IL,
USA). Categorical variables were expressed as numbers
(percentages) and were compared using the chi-squared
test. Continuous variables were presented as means * standard
deviations (SDs) or medians and interquartile ranges (IQRs)
as appropriate for the data type. The Kolmogorov-Smirnov
test was used to evaluate the normality of the data distribution.
Normally distributed data were compared using Student’s
t-tests, while non-normally distributed continuous variables
were compared using Mann-Whitney U-tests. Variables with
a P value <0.05 were subsequently entered into a multivariate
analysis using a binary logistic regression method.

On the basis of the multivariate analysis, nomograms for
EAD were formulated by using the 775 package in R version
3.5.0 (http://www.r-project.org/). The discrimination of
the nomogram was evaluated by the concordance index
(C-index). Bootstraps with 1,000 resamples were used
to validate the nomogram and construct the calibration
curve. The Hosmer-Lemeshow (HL) goodness-of-fit test
was used to assess the calibration of the model. The value
of the C-index ranges from 0.5 to 1.0, with 0.5 indicating
a random chance and 1.0 indicating a perfect ability to
correctly predict the outcome. Graft and patient survival
rates were calculated using the Kaplan-Meier method and
compared using the log-rank test. A P value <0.05 was
considered statistically significant.

Results
Patient characteristics

A total of 822 LT patients were enrolled in this study.
The incidence rate of EAD was 46.4% (149/321) in
the training cohort, and the median follow-up time was
36.7 (11.0) months. In the validation cohort, 40.5%
(203/501) of the recipients developed EAD, and the median
follow-up time was 8.0 (8.3) months. Baseline characteristics
for the patients are shown in 7able 1.

EAD classification

We further analysed the number of recipients based on
the EAD diagnostic criteria in the training cohorts (Figure
14). Of the 149 EAD recipients in the training cohort,
77 (51.7%) recipients presenting only elevated ALT or
AST were classified as having EAD type A, and the rest of
the EAD recipients were classified as having EAD type B.
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Figure 1 The proportion and Kaplan-Meier curves for recipients in the training cohort (n=321). (A) The proportion of recipients based on
the EAD criteria, (B) graft survival and (C) patient survival according to the EAD type. AST/ALT >2,000 U/L: alanine aminotransferase (ALT)
or aspartate aminotransferase (AST) levels >2,000 U/L within the first 7 postoperative days: TB >10 mg/dL: total bilirubin (TB) >10 mg/dL

on postoperative day 7; INR >1.6: INR >1.6 on postoperative day 7.

Recipients with EAD type B had significantly lower graft
(P=0.043, Figure 1B) and patient (P=0.044, Figure 1C)
survival rates than recipients with EAD type A. However,
graft survival (P=0.224) and patient survival (P=0.220) rates
were not significantly different between the EAD type A
and non-EAD recipients.

Nomogram to predict EAD

Risk factors for EAD that were identified by univariate
analysis of the training cohort are presented in Tuble 2.
Graft weight (P=0.000), CIT (P=0.001), donor age (P=0.006)
and MELD score (P=0.048) were found to be independent
risk factors for the incidence of EAD (Table 3).

To achieve the early prediction of EAD, we constructed
a nomogram to predict EAD based on independent risk
factors (Figure 24). The C-index for EAD prediction was
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0.762 (95% CI: 0.710-0.814). The HL test suggested good
fitting of the model (P=0.871). The calibration plot showed
optimal agreement between the nomogram prediction and
the actual observation in the training cohort (Figure 2B).

Nomogram to predict EAD type B

Univariate and multivariate analyses of risk factors
for EAD type B in the training cohort are shown in
Table 4. Multivariate analysis identified graft weight
(P=0.000), CIT (P=0.018), and MELD score (P=0.021) as
independent risk factors for EAD type B. The nomogram
to predict the individual incidence of EAD type B was
established based on these variables (Figure 2C). The
model showed good discrimination [C-index =0.743
(0.681-0.805)] and calibration (HL P=0.268, Figure 2D) in

the training cohort.
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Table 2 Donor and recipient details for EAD and non-EAD group Table 3 Multivariate analysis of risk factors for EAD
- EAD, Non-EAD, Risk factors OR 95% Cl P
Characteristics =149 ne172 P value
- - CIT 1.146 1.060-1.238 0.001
Donor characteristics Graft weight 1.003 1.002-1.004 0.000
A 42.54+12.94 .54+14.31 .
ge (years) 54x12.94  38.54x14.31  0.009 Donor age 1.025 1.007-1.044 0.006
Sex 0.341 High MELD 1.767 1.005-3.106 0.048
Male 128 (85.91) 141 (81.98) OR, odds ratio; 95% Cl, 95% confidence interval; CIT, cold
Female 21 (14.09) 31 (18.02) ischemia time. High MELD, preoperative MELD score >30.
BMI (kg/m?) 22.86(2.96)  22.49(3.67)  0.001
Macrovesicular 0.031 Youden index. According to the EAD nomogram, recipients
steatosis . .. .. . . .
in the training cohort were divided into a high-risk group
<20% 130 (87.25) 162 (94.19) (n=179) and a low-risk group (n=142). As shown in Tible 5,
>20% 19 (12.75) 10 (5.81) an increased operative time (>6 h) significantly increased
Graft weight (g) 1.460.00 1.253.00 0.000 EAD and EAD type B 1n01qence in the hlgh.—rlsk group
(390.00) (263.00) (P=0013, P=0008, respectlvely). HOWCVCI’, in the low-
GRWR (%) 222 (0.75) 1.96 (0.56) 0.000 risk group, EAD was not associated with operative time
° T B ' (P=0.645, P=0.327, respectively).
Serum sodium 150.80 (19.60) 145.00 (15.80)  0.001
(mmol/L)
WIT (min) 13.00(9.00)  14.00 (10.00)  0.189 Validation of the results
CIT (h) 10.60 (5.01) 8.70 (4.14) 0.000 For the validation cohort, the number of recipients based on
Recipient the EAD diagnostic criteria are shown in Figure 34. Of the
characteristics 203 EAD recipients in the validation cohort, 128 (63.1%)
had EAD type A. There was also a significant difference
Age (years) 48.45+10.04 49.67+10.49 0.292 . . . . .
in graft survival (P=0.003, Figure 3B) and patient survival
Sex 0.474 (P=0.003, Figure 3C) between EAD types B and A in the
Male 129 (86.58) 144 (83.72) validation cohort. Graft survival (P=0.124) and patient
Fernale 20 (13.42) 28 (16.28) survival (P=0.158) were not 51ign‘1ﬁcant1y different between
BMI (ke EAD type A and non-EAD recipients.
(kg/m’) 22.86(3.18) 22.81(368) 0-159 In the validation cohort, the performance of the EAD
High MELD 0.002 nomogram was still good in terms of discrimination [C-index
No 94 (63.09) 136 (79.07) =0.712 (0.666-0.758)] and calibration (HL P=0.384). The
Yes 55 (36.91) 36 (20.93) calibration plot showed optimal agreement between the

EAD, early allograft dysfunction; BMI, body mass index; GRWR,
graft-to-recipient weight ratio; LT, liver transplant; MELD, Model
for End-stage Liver Disease; WIT, warm ischemia time; CIT, cold

ischemia time. High MELD, preoperative MELD score >30.

Longer operative times associated with increased EAD and
EAD type B in the bigh-risk group

The high risk and low risk were defined according to
the predicted possibility of EAD using the established
nomogram. In addition, the best cut-off value was 0.403
to classify the high and low risk group according to the
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nomogram prediction and the actual observation in the
validation cohort (Figure 3D).

For the validation of the nomogram predicting EAD
type B, the model also demonstrated good discrimination,
with a C-index of 0.707 (0.641-0.773), and calibratdon (HL
P=0.425) in the validation group. The calibration curve
demonstrated that the nomogram-predicted EAD type B
incidence rate matched well with the actual observation in
the validation cohort (Figure 3E).

In the validation cohort (7zble 6), the increased operative
time also significantly increased EAD and EAD type
B incidence in the high-risk group (P=0.005, P=0.020,
respectively). However, the incidence of EAD and EAD
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Figure 2 The nomograms to predict EAD and EAD type B. (A) the nomogram for the prediction of EAD. To use the nomogram, draw a
line straight upward from the location on corresponding axis to the top line labeled “points”. Sum the points for all predictors then draw a
line straight downward from the axis labeled “Total Points” to find the recipient’s probability of EAD. For example, in cases of a DCD liver
transplant with graft weight (1,400 g), CIT (12 h), high MELD and donor age (50 years old), the points is 40, 28, 10 and 19, respectively.
With the total points of 97, the predicted probability of EAD is 70%. (B) the calibration curves of the nomogram for the prediction of
EAD in the internal validation. (C) the nomogram for the prediction of EAD type B. For example, in cases of a DCD liver transplant with
graft weight (1,600 g), CIT (12 h), and not high MELD, the points is 50, 26 and 0, respectively. With the total points of 76, the predicted
probability of EAD type B is 30%. (D) the calibration curves of the nomogram for the prediction of EAD type B in the internal validation.
The unit of graft weight is gram. CIT represents cold ischemia time, and the unit is hour. High MELD represents a preoperative MELD
score >30. Nomogram-predicted probability is plotted on the x-axis; actual probability is plotted on the y-axis. A plot along the ideal line

indicates a perfectly calibrated nomogram in which the predicted probabilities are consistent with the actual outcomes.

type B was not significantly different between relatively studies since it was introduced in 1987 (9). Previous studies
longer and short operative times in the low-risk group found that DCD allografts were often associated with
(P=0.062, P=0.053, respectively). greater EAD incidence rates than DBD allografts (6,7).

A study of 199 liver transplants demonstrated that the
incidence rate of EAD was 55.91% (10). In this study, there

Discussion
was also a very high incidence rate of EAD in both cohorts.

The prognostic value of EAD has been reported in many The major reason may be the relatively strict definition for
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Table 4 Univariate and multivariate analysis of risk factors for EAD

type B

. Univariate Multivariate analysis
Risk factors .
analysis (P)  oR (95% Cl) p
Donor characteristics
Age (years) 0.414 -
Sex 0.810 -
BMI (kg/m?) 0.131 -

Macrovesicular steatosis 0.244 -

Graft weight (g) 0.000 1.003 0.000
(1.002-1.004)

GRWR (%) 0.000 -

Serum sodium (mmol/L) 0.267 -

CIT (h) 0.001 1.113 0.018

(1.019-1.215)

Recipient characteristics

Age (years) 0.261 -
Sex 0.643 -
BMI (kg/m?) 0.431 -
High MELD 0.001 2.051 0.021

(1.115-3.774)

EAD, early allograft dysfunction; BMI, body mass index; GRWR,
graft-to-recipient weight ratio; LT, liver transplant; MELD, Model
for End-stage Liver Disease; CIT, cold ischemia time. High
MELD, preoperative MELD score >30.

DCD LT. In addition, we found that the AST/ALT criteria
accounted for a large proportion of EAD in the training
and validation cohorts. However, recipients satisfying the
TB or INR criteria were more common in living donor
liver transplantations (LDLTs) (4). Among the EAD
diagnostic criteria, a large proportion of EAD recipients
presented either elevated ALT or AST. Accordingly, we
further divided EAD into EAD types A and B. Recipients
with EAD type B had significantly worse graft and patient
survival rates than those with EAD type A in the training
and validation cohorts. There was no significant difference
in graft and patient survival rates between EAD type A
and non-EAD patients in either the training or validation
cohorts. This classification enhances our understanding of
EAD prognoses.

A large proportion of recipients develop EAD after DCD
LT. It is necessary to develop a clinically useful nomogram
to predict EAD incidence. For the construction of the

© HepatoBiliary Surgery and Nutrition. All rights reserved.
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nomogram, the training cohort included 321 recipients;
this was one of the largest series to analyse the risk factors
for EAD after LT with allografts from DCD donors. We
identified that CIT, graft weight, donor age and MELD
scores were significantly associated with EAD. We also
found that graft weight, CIT, and MELD scores were
independent risk factors for EAD type B.

A number of factors, including recipient-, surgical- and
donor-related factors, can affect the incidence of EAD.
Recipient-related factors, such as the pre-LT MELD
score, could affect the occurrence of EAD. A study of
199 LT recipients found that the pre-LT MELD score
was an independent risk factor for EAD (10). In the
present study, we found that high MELD scores (>30)
were significantly associated with the incidence of EAD.
Surgical-related factors such as CIT were also associated
with EAD. It has been previously reported that CIT is
significantly related to the incidence of EAD. Sibulesky
et al. demonstrated that 53.1% of recipients in the CIT
>12 h group developed EAD, while only 18% in the CIT
<8 h group developed EAD (11). CIT was associated with
ischemia reperfusion injury, which was responsible for the
increase in the occurrence of EAD.

Donor-related factors are composed of donor age, graft
weight, donor sodium levels and graft steatosis. A study
from the Mayo Clinic reported that donor age was an
independent predictive factor for EAD (12). Aged donors
exhibit declined hepatic progenitor cell populations and
impaired liver regeneration (13). Similar results were
observed in this study; donor age was an independent risk
factor for the incidence of EAD. In LDLT, a GRWR <0.8%
was considered a small failure to meet the metabolic demand
of the recipients. In this study, in the DCD LT cohort, the
minimal GRWR was greater than 0.8%, and the GRWR
was not an independent risk factor for the incidence of EAD.
Pomposelli et #l. demonstrated that decreased graft weight in
the left lobe is a risk factor for EAD in LDLT (14). We also
found that recipients in the EAD group had increased graft
weights. A large graft may cause relative hypoperfusion,
resulting in graft injury after LT

A study from the University of Barcelona reported that
an increased donor serum sodium concentration prior to
organ procurement was an independent predictive factor for
early postoperative graft dysfunction after L'T" (15). These
results were confirmed by Totsuka er 4/, who suggested
that a final donor serum sodium beyond 155 mmol/L was
strongly associated with graft loss (16). Nevertheless, a
recent study including 474 cases of lung transplantation
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Table 5 The influence of longer operative time on EAD and EAD type B in the training cohort

High risk group (n=179)

Low risk group (n=142)

Variables Long operative Short operative Long operative Short operative p
time (>6 h, n=39) time (<6 h, n=140) time (>6 h, n=19) time (<6 h, n=123)

EAD incidence 0.013 0.645
EAD 32 (82.05) 85 (60.70) 3 (15.79) 29 (23.58)
Non-EAD 7 (17.95) 55 (39.30) 16 (84.21) 94 (76.42)

EAD type B incidence 0.008 0.327
EAD type B 20 (51.28) 40 (28.57) 0 (0.00) 12 (9.76)
Non-EAD type B 19 (48.72) 100 (71.43) 19 (100.00) 111 (90.24)

EAD, early allograft dysfunction.

found that donor hypernatraemia was not associated with
primary graft dysfunction (17). Our study also found that
the donor sodium concentration was not an independent
risk factor for EAD after I'T'. Graft steatosis had a significant
impact on graft survival after LT. Ali e 4/. divided recipients
into nil (n=182), mild (n=186) and moderate (n=37) steatosis
groups, and the incidence of EAD was 13.2%, 22.6% and
62.2% (P<0.001), respectively (18). However, our previous
study found that the incidence of EAD was 56.3% in
the >20% macrovesicular steatosis group and 36.0% in
the <20% macrovesicular steatosis group (P=0.12) (19).
In the present study, we demonstrated that >20% graft
macrovesicular steatosis tended to be higher in the EAD
group, but it was not an independent risk factor for EAD.

Based on the four significant risk factors identified in the
present study, we constructed a nomogram to predict EAD.
We also developed a clinically useful nomogram to predict
EAD type B, which represents a more severe subtype of
EAD and is associated with a relatively poor prognosis.
The models showed good performance in discrimination
and calibration in the training and validation cohorts. In
addition, the C-index in the validation group was lower
than those in the training group, which may due to the
slightly different incidence of EAD and EAD type B in
these two groups. The training group was used to establish
the predictive nomogram from early era. In contrast,
the validation group was used to validate the nomogram
independently from recent era. In fact, the era effect in
EAD and EAD type B incidence may exist in the training
and validation group owing to the study design. However,
the predictive nomograms are still reliable in the external
validation group.

In 2015, Hoyer et al. established a formula to predict

© HepatoBiliary Surgery and Nutrition. All rights reserved.

EAD based on significant donor-related factors, the
C-index, which was 0.68 and 0.622, respectively, in the
analysis cohort and validation cohort (20). Nevertheless,
in their study, all recipients received liver allografts from
DBD donors. Yang et al. also constructed a nomogram to
predict the incidence of EAD after L'T" (10). However, the
nomogram was derived from a relatively small sample size
from a single centre and from primarily DBD donors. DCD
liver allograft recipients are at a higher risk of developing
EAD (6,7). Therefore, we constructed this nomogram to
predict EAD in patients with allografts obtained from DCD
donors. The nomogram enables physicians to objectively
identify patients at high risk of developing EAD and
optimize the allocation strategy.

In the present study, we also found that an increased
operative time (>6 h) was associated with increased EAD
and EAD type B incidence in the high-risk group. Operative
time has been considered a risk factor for outcomes. Lee
et al. found that operative time significantly influenced graft
survival in I'T" recipients (21). They also demonstrated that
operative time was an independent risk factor for EAD (12).
Similar results were also found in this study. An increased
operative time increases the incidence of postoperative
complications. To decrease the incidence rates of EAD and
EAD type B in DCD LT recipients, it is necessary to control
operative times, especially in the high-risk group. In addition
to controlling operative time, liver protective strategies, such
as N-acetylcysteine, are also promising for preventing EAD if
the EAD nomogram score is high (22,23).

The main limitations concerning the evaluation of
our data are summarized as follows. First, this was a
retrospective study, and further prospective, multicentre
research is required to validate the observations in this

HepatoBiliary Surg Nutr 2021;10(1):9-19 | http://dx.doi.org/10.21037/hbsn.2019.09.02
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Figure 3 The proportions, Kaplan-Meier curves and calibration plots for the recipients in the validation cohort (n=501). (A) The proportion

of recipients based on the EAD criteria, (B) graft survival and (C) patient survival rates according to the EAD type, (D) calibration plots

of the nomogram for the prediction of EAD in the external validation, (E) calibration plots of the nomogram for the prediction of EAD
type B in the external validation. AST/ALT >2,000 U/L: alanine aminotransferase (ALT) or aspartate aminotransferase (AST) levels
>2,000 U/L within the first 7 postoperative days: TB >10 mg/dL: total bilirubin (TB) >10 mg/dL on postoperative day 7; INR >1.6: INR
>1.6 on postoperative day 7. Nomogram-predicted probability is plotted on the x-axis; actual probability is plotted on the y-axis. A plot

along the ideal line indicates a perfectly calibrated nomogram in which the predicted probabilities are consistent with the actual outcomes.
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Table 6 The influence of longer operative time on EAD and EAD type B in the validation cohort

High risk group (n=297)

Low risk group (n=204)

Variables Long operative Short operative Long operative Short operative p
time (>6 h, n=108) time (<6 h, n=189) time (>6 h, n=95) time (<6 h, n=109)

EAD incidence 0.005 0.062
EAD 68 (62.96) 87 (46.03) 28 (29.47) 20 (18.35)
Non-EAD 40 (37.04) 102 (53.97) 67 (70.53) 89 (81.65)

EAD type B incidence 0.020 0.053
EAD type B 30 (27.78) 31 (16.40) 10 (10.53) 4 (3.67)
Non-EAD type B 78 (72.22) 158 (83.60) 85 (89.47) 105 (96.33)

EAD, early allograft dysfunction

study. Second, the findings in our study were obtained from
only adult patients who received DCD allografts; therefore,
they are not applicable to paediatric recipients or adult
patients who received DBD allografts.

In conclusion, recipients presenting EAD type B had
lower graft and patient survival rates. The classification
system facilitated the prognostic evaluation and clinical
management of EAD. Moreover, the novel nomograms
could effectively predict the incidence of EAD and EAD
type B, enabling transplant physicians to objectively
evaluate the risk of EAD and EAD type B.
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