
O R I G I N A L  R E S E A R C H

Ultrasound-Based Multimodal Imaging Predicting 
Ischemic-Type Biliary Lesions After Living-Donor 
Liver Transplantation

Jin-qiao Liu 
Wen-juan Chen
Meng-jie Zhou 
Wen-feng Li 
Ju Tang

Department of Ultrasound, Hunan 
Children’s Hospital, Changsha City, 
Hunan Province, People’s Republic of 
China 

Background: Ischemic-type biliary lesions (ITBL) are accepted as the most incomprehen
sible biliary complications after living-donor liver transplantation (LDLT). Early predicting 
the development of ITBL in pediatric patients permits more preventive strategies. However, 
few studies have focused on the early prediction of ITBL.
Objective: This study aimed to establish a nomogram including ultrasound-based multimodal 
imaging to predict ITBL in children with biliary atresia (BA) within 2 years after receiving LDLT.
Methods: The records of 94 BA children with at least one year of follow-up after LDLT were 
reviewed retrospectively. They were randomly divided into a training cohort for constructing 
a nomogram (n=64) and a validation cohort (n=30). In the training cohort, patients diagnosed as 
ITBL were included in the ITBL group and those without any vascular and biliary complication 
were included in the non-ITBL group. Multivariate Cox regression was used for the establish
ment of the nomogram in predicting the risk of ITBL within 2 years post-LDLT. The discrimina
tion and calibration of the nomogram were internally and externally validated. The performances 
of the nomogram and the individual components were compared by the area under the curve 
(AUC) of receiver operating characteristic (ROC) curve.
Results: In the training cohort, 18 BA children were included in the ITBL group and 46 
were in the non-ITBL group. Last pediatric end-stage liver disease (PELD) score, gamma- 
glutamyl transpeptidase (GGT), resistive index (RI), and liver stiffness measurement (LSM) 
were the independent predictors for the development of ITBL within 2 years post-LDLT. The 
nomogram incorporating these independent predictors showed good discrimination and 
calibration by the internal and external validation. Its performance was better than any 
individual component in predicting the prognosis (P < 0.05).
Conclusion: The established nomogram may be used to predict the risk of ITBL within 2 
years post-LDLT in BA children.
Keywords: ischemic-type biliary lesions, living-donor liver transplantation, pediatric 
patients, biliary atresia, color Doppler flow imaging, liver stiffness measurement

Introduction
Living-donor liver transplantation (LDLT) has been widely accepted as the treat
ment for infantile biliary atresia (BA) and other end-stage liver diseases in 
children.1,2 With the further understanding of biliary complications and great 
improvements in the surgical techniques, the incidence of anastomotic complica
tions has declined.3 Ischemic-type biliary lesions (ITBL) are defined by non- 
anastomotic intra- or extrahepatic bile duct strictures after liver transplantation, 
when there is no evidence of hepatic artery stenosis or thrombosis, portal 
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thrombosis, organ rejection, primary sclerosing cholangitis, 
or other causes of bile duct damage.4 It is considered to be 
one of the most troublesome biliary complications after 
liver transplantation due to the characteristics of nonanas
tomotic intrahepatic strictures secondary to 
microangiopathy.4–7 The reported incidence of ITBL is 
5–32% that should not be ignored.8,9 It increases the risk 
of graft failure and reduces the overall graft survival.10 The 
pathogenesis of ITBL remains unclear. Possible causative 
factors include ischemia and ischemia-reperfusion injury, 
cytotoxic effects of bile salts, and immune-mediated injury, 
etc.6,11–14 However, the insufficient blood supply to the 
hepatic artery (thrombosis or stenosis) caused by any rea
son is one of the recognized and important factors.15 Since 
the interrupted tiny arterioles surrounding the biliary tree 
contribute to the decreased ischemic tolerance of liver 
graft, ITBL may develop even if only a mild alteration in 
the hepatic artery blood flow, which is difficult to detect by 
color Doppler flow imaging (CDFI). Currently, ultrasound 
examination is a routine monitoring option for follow-up 
after liver transplantation (gray-scale ultrasound for bile 
duct and CDFI for hepatic artery blood flow).16,17 

However, it is difficult to detect ITBL in time in post
operative monitoring to conduct an early treatment which 
helps prevent bile duct obstruction. We still lack a fast, 
convenient, and sensitive means for ITBL screening. 
Previous studies mainly focused on the hemodynamic 
changes of hepatic vasculature and liver parenchymal elas
ticity after liver transplantation.12,18–20 Few series have 
focused on the early prediction of ITBL. Studies have 
found that persistent chronic cholestatic liver injury due 
to ITBL may cause hepatic fibrosis, and liver stiffness 
measurement (LSM) by elastography has become 
a reliable and popular noninvasive method in assessing 
hepatic fibrosis and cholestasis, which has been widely 
equipped in ultrasound instruments.6,18,19,21–23

We therefore conducted a study for analyzing the early 
characteristics of LSM values and serological changes 
detected during the follow-up in children with ITBL. The 
aim of this study was to establish a nomogram to predict 
ITBL in BA children after LDLT.

Materials and Methods
Population
This retrospective cohort study was conducted following 
the Declaration of Helsinki and the Declaration of 
Istanbul. All procedures were approved by the ethical 

review committee of Hunan Children’s Hospital 
(HCHLL-2020-99). Informed consents were obtained 
from their parents or legal guardians, and all living donor 
organs were donated voluntarily with written informed 
consent.

Between May 2017 and December 2020, the medical 
records of 116 pediatric patients (<12 years) with BA 
underwent LDLT and their follow-ups were reviewed in 
this study. The inclusion criteria were children with good 
postoperative liver function and at least one year of fol
low-up. The exclusion criteria were as follows: (a) any 
reason that led to a prolonged intensive care unit stay; (b) 
vascular complications, such as thrombosis or stricture, 
were diagnosed; (c) bile duct leakage or anastomotic stric
ture was found; and (d) early rejection episodes within 
one-month after LDLT was diagnosed. At last, 94 patients 
were enrolled, and the eligible patients were divided into 
a training cohort for constructing a nomogram (n=64) and 
a validation cohort (n=30) using a random number table 
(Figure 1).

Piggyback liver transplantation was performed for all 
children. Donor liver graft types were the left lateral seg
ment. Preoperative magnetic resonance cholangiopancrea
tography (MRCP) was performed to evaluate the donor 
biliary anatomy and detect asymptomatic biliary abnorm
alities. The reconstruction procedures were performed 
under an operating microscope and varied according to 
the cases. Basically, arterial anastomoses were performed 
with interrupted stitches. A continuous suture on the pos
terior wall and interrupted stitches on the anterior wall 
were performed in all venous systems. The bile duct was 
reconstructed by Roux-en-Y hepaticojejunostomy with 
interrupted sutures and no stent was ever used. 
Postoperative ultrasound and MRCP were performed to 
check the vascular flow and the status of the biliary 
system.

Each patient received perioperative anti- 
inflammation, anticoagulation, and anti-rejection pro
phylaxis. Biopsy-proved rejection was treated with triple 
immunosuppression therapy including mycophenolate 
mofetil, prednisolone, and tacrolimus. Eight variables 
were analyzed which were related to the recipients’ 
demographics and operative characteristics, including 
age at LDLT, gender, weight at LDLT, last pediatric 
end-stage liver disease (PELD) score prior to LDLT, 
Kasai portoenterostomy (KPE) history, graft-to- 
recipient weight ratio (GRWR), cold ischemia time, 
and intraoperative blood loss volume.
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Assessment of Ultrasound-Based 
Multimodal Imaging
LSM obtained by shear wave elastography (SWE) has been 
routinely performed since 2017. The children were assessed 
in the supine position with peaceful breathing after a 6-hour 
fast. An Aixplorer ultrasound system (SuperSonic Imagine, 
Aix-en-Provence, France) was performed by two sonogra
phers with more than 10 years of experience in abdominal 
ultrasound and more than 3 years of experience in elasto
graphy techniques. After routine abdominal examinations, 
the filling of the graft hepatic artery and portal vein was 
observed in CDFI mode. The peak systolic velocity (PSV), 
end-diastolic velocity (EDV), resistive index (RI), and pul
sation index (PI) of hepatic artery and portal vein velocity 
(PVV) were measured by pulsed Doppler.

SWE was performed through the right intercostal 
space. The measurement depth was between 2.5 and 
5.5 cm below the skin surface. The range of the SWE 
sampling frame (2 * 2 cm) was set 1cm below the liver 
capsule of the right anterior lobe while large vessels, 
intrahepatic biliary tracts, and gallbladder were avoided. 
A circular region of interest (ROI) (10 mm in diameter) 

was positioned in the sampling frame. A valid SWE was 
achieved when most of the ROI (>90%) was filled with 
homogeneous color. Five valid measurements were 
recorded for each child within 5 minutes, and the median 
value was considered representative of the elastic modulus 
of the liver and expressed in kilopascals (kPa) (Figure 2).

Study Protocol
After discharge, the pediatric recipients were followed up 
weekly within 3 months, biweekly within 3 to 6 months, 
monthly within 6 to 12 months, and as needed after one year. 
Ultrasound assessment and laboratory data including aspar
tate aminotransferase (AST), alanine aminotransferase 
(ALT), total bilirubin (TBil), direct bilirubin (DBil), gamma- 
glutamyl transpeptidase (GGT), as well as alkaline phospha
tase (ALP) were recorded one-month post-LDLT.

ITBL was diagnosed by ultrasound or MRCP, and 
confirmed and treated using percutaneous transhepatic 
cholangiography (PTC). PTC was performed using a fine- 
needle puncture technique. Contrast agent was infused 
through the needle to obtain cholangiography. Treatments 
such as drainage were considered according to the findings 
of cholangiography. Complications such as hemorrhage 

Figure 1 Flow chart of patient selection for training and validation cohorts. 
Abbreviations: BA, biliary atresia; LDLT, living-donor liver transplantation.
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and cholangitis were not found. Patients with ITBL during 
follow-up were included in the ITBL group. Those without 
any vascular and biliary complications during follow-up 
were included in the non-ITBL group.

Statistical Analysis
The incidence of ITBL during follow-up was analyzed by 
Kaplan–Meier (KM) method. The indicators of liver func
tion and ultrasound-based multimodal imaging at one- 
month post-LDLT were compared between the two groups 
to screen the potential variables for the prediction of ITBL. 
The inter-observer reliability of LSM values was studied 
by intraclass correlation coefficient (ICC) (ICC>0.75 for 
good repeatability). Independent sample t-test and Mann– 
Whitney U-test were used for the comparison of normally 
distributed and non-normally distributed variables, respec
tively. Fisher exact test was used for the comparison of 

categorical variables. The variables that were significant at 
P < 0.05 in the comparison included in the multivariate 
Cox proportional hazards regression model.

A nomogram based on the independent predictors was 
developed to predict the risk of ITBL after LDLT. It was 
internally validated in the training cohort and externally 
validated in the validation cohort. Both discrimination and 
calibration were evaluated using bootstrapping validation 
(1000 bootstrap resamples) to obtain relatively unbiased 
estimates of the performance of the model. The discrimina
tion of the nomogram was evaluated by the area under the 
curve (AUC) of receiver operating characteristic (ROC) 
curve (AUC > 0.75 indicating good discrimination). 
A calibration curve, which plotted the average Kaplan– 
Meier estimate against the corresponding prognosis pre
dicted by the nomogram, combined with the Hosmer– 
Lemeshow (HL) test were utilized to evaluate the calibration 

Figure 2 LSM obtained by SWE in BA child underwent LDLT. The SWE showed a stiffness color map (top) and a grayscale image (bottom). The mean LSM value in the ROI 
was 5.1 kPa. 
Abbreviations: LSM, liver stiffness measurement; SWE, shear wave elastography; BA, biliary atresia; LDLT, living-donor liver transplantation; ROI, region of interest.

https://doi.org/10.2147/IJGM.S305827                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 1602

Liu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


of the nomogram. IBM SPSS Statistics 22.0 (IBM Corp., 
Armonk, NY, United States), R package version 3.6.2 and 
MedCalc (Version 22.0.1; MedCalc Software, Ostend, 
Belgium) were used for statistical analyses.

Results
Characteristics and Incidences of ITBL 
After LDLT in the Training and Validation 
Cohorts
The characteristics of the training and validation datasets 
were comparable in both cohorts, justifying their use as 
training and validation datasets. There was no significant 
difference in the incidence of ITBL within 2 years post- 
LDLT between the training (28.1%) and validation data
sets (26.7%) (Figure 3).

Baseline Characteristics Between the 
ITBL Group and the Non-ITBL Group
Of the 64 pediatric patients in the training cohort [30 boys 
and 34 girls, age at LDLT 6 (2, 9) years], 18 were included 
in the ITBL group and 46 were in the non-ITBL group. 
Comparisons of the baseline characteristics between the 
two groups are shown in Table 1. The last PELD score in 
the ITBL group was higher than in the non-ITBL group 
(P < 0.05). There was no statistically significant difference 
in other characteristics between the two groups (all 
P > 0.05).

Comparisons of the Liver Function and 
Ultrasound-Based Multimodal Imaging at 
One-Month Post-LDLT Between the Two 
Groups
The ICC for the LSM values was 0.828, indicating good inter- 
observer reliability. At one postoperative month, the ALP, 
GGT, RI, and LSM in the ITBL group were higher than 
those in the non-ITBL group (P < 0.05). The PSV in the 
ITBL group was lower than the non-ITBL group (P < 0.05) 
(Table 2).

Independent Predictors Associated with 
ITBL Within 2 Years Post-LDLT
Multivariate Cox regression further revealed that last 
PELD score, GGT, RI, and LSM were the independent 
predictors for the development of ITBL within 2 years 
post-LDLT (Figure 4). A nomogram incorporating 
these independent predictors was constructed to predict 
the risk of ITBL within 2 years post-LDLT (Figure 5). 
Each predictor was assigned a number with the weight 
equal to the hazard ratio from the multivariate Cox 
model and the estimated probability of ITBL in 
a child was determined by adding the scores of each 
predictor.

Figure 3 Kaplan–Meier analysis for the incidence of ITBL in the training cohort and 
validation cohort within 2 years after LDLT. The incidence of ITBL in the training 
cohort and validation cohort were 28.1% and 26.7%, respectively. 
Abbreviations: ITBL, ischemic-type biliary lesions; LDLT, living-donor liver 
transplantation.

Table 1 Comparison of the Baseline Characteristics Between 
the ITBL Group and the Non-ITBL Group

Characteristics ITBL Group 
(n=18)

Non-ITBL 
Group (n=46)

P

Age at LDLT (year) 6.5 (2, 9) 5.5 (3, 7.5) 0.875#

Gender 

[n (%)]

Male 10 (55.6%) 21 (45.7%) 0.581$

Female 8 (44.4%) 25 (54.3%)

Weight at LDLT (kg) 8.23±2.61 9.41±4.63 0.313*

Last PELD score 15.33±4.30 12.59±4.00 0.019*

KPE history [n (%)] 15 (83.3%) 42 (91.3%) 0.391$

GRWR (%) 2.59±0.77 2.75±0.80 0.487*

Cold ischemia time 

(min)

48 (34, 63) 53 (46, 61) 0.292#

Intraoperative 

blood loss volume 

(mL)

252.78±92.87 262.67±77.00 0.664*

Notes: *For independent sample t-test, $for Fisher exact test, #for Mann–Whitney 
U-test. 
Abbreviations: ITBL, ischemic-type biliary lesions; LDLT, living-donor liver trans
plantation; PELD, last pediatric end-stage liver disease; KPE, Kasai portoenterost
omy; GRWR, graft-to-recipient weight ratio.

International Journal of General Medicine 2021:14                                                                             https://doi.org/10.2147/IJGM.S305827                                                                                                                                                                                                                       

DovePress                                                                                                                       
1603

Dovepress                                                                                                                                                               Liu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Internal and External Validation of the 
Nomogram
In the internal validation, the AUC of the nomogram was 
0.888 (95% CI: 0.784 to 0.953), and a similar concordance 
index (0.862, 95% CI: 0.748 to 0.912) was acquired after 
1000 bootstrapping, which indicated good discrimination 
(>0.75) (Figure 6A). The calibration plot graphically 
showed that the nomogram-predicted prognosis and actual 

prognosis estimated using KM analysis agreed well in the 
training cohort (Figure 6B). The HL test yielded no sig
nificant difference between the predicted and actual prog
nosis (P = 0.258), suggesting good fitting of the 
nomogram. In the external validation using the validation 
datasets, the nomogram also displayed good discrimina
tion with an AUC of 0.857 (Figure 6C). Good calibration 
was also demonstrated by a non-statistical significance 
obtained in the HL test (P = 0.178), as displayed by the 
calibration plot (Figure 6D).

The performances of the nomogram and its compo
nents were analyzed by ROC curves (Figure 7). The 
accuracies of last PELD score (AUC: 0.670, 95% CI: 
0.541 to 0.783), GGT (AUC: 0.702, 95% CI: 0.575 to 
0.810), RI (AUC: 0.646, 95% CI: 0.517 to 0.762), and 
LSM (AUC: 0.757, 95% CI: 0.633 to 0.855) were lower 
than that of the nomogram (all P < 0.05). It indicated that 
except for the nomogram, each predictor could not accu
rately predict the development of ITBL within 2 years 
post-LDLT.

Discussion
ITBL after LDLT, which is accepted as the most incom
prehensible type of biliary complications, is associated 
with a marked decrease in graft survival.6 Early predicting 
the development of ITBL after LDLT in pediatric patients 
permits more specific preventive and therapeutic strate
gies. In this study, with the liver function and ultrasound- 
based multimodal imaging at one-month post-LDLT, the 
development of ITBL within 2 years post-LDLT was asso
ciated with the features including higher last PELD score, 
GGT, RI, and LSM. The developed nomogram showed 

Table 2 Comparison of the Liver Function and Ultrasound- 
Based Multimodal Imaging at One-Month Post-LDLT Between 
the Two Groups

Variables ITBL Group 
(n=18)

Non-ITBL Group 
(n=46)

P

Liver function

ALT (IU/L) 26.50±3.24 25.89±6.08 0.604*

AST (IU/L) 28.22±3.04 26.43±4.26 0.110*

TBil (mg/dL) 16.53 (14.17, 20.16) 14.56 (12.27, 18.49) 0.160#

DBil (mg/dL) 5.39 (4.75, 6.20) 5.27 (3.98, 6.10) 0.586#

ALP (IU/L) 94.78±11.74 89.87±10.65 0.037*

GGT (IU/L) 35 (24, 44.75) 27 (22.75, 35.25) 0.022#

Ultrasound-based 

multimodal imaging

PSV (cm/s) 55.11±9.47 62.54±13.96 0.042*

EDV (cm/s) 15.91±6.60 16.50±5.01 0.735*

RI 0.66±0.15 0.58±0.11 0.013*

PI 1.03±0.32 1.05±0.27 0.865*

PVV (cm/s) 48.50±14.65 50.39±13.94 0.640*

LSM value (kPa) 6.25 (5.78, 8.50) 5.45 (4.65, 6.73) 0.002#

Notes: *For independent sample t-test, #for Mann–Whitney U-test. 
Abbreviations: LDLT, living-donor liver transplantation; ITBL, ischemic-type bili
ary lesions; ALT, alanine amino-transferase; AST, aspartate aminotransferase; TBil, 
total bilirubin; DBil, direct bilirubin; ALP, alkaline phosphatase; GGT, gamma- 
glutamyl transpeptidase; PSV, peak systolic velocity; EDV, end diastolic velocity; RI, 
resistive index; PI, pulsation index; PVV, portal vein velocity; LSM, liver stiffness 
measurement.

Figure 4 Forest plot of Cox regression analysis for predicting the development of ITBL within 2 years post-LDLT. Last PELD score, GGT, RI, and LSM were the independent 
predictors. The hazard ratio for RI is 2.055 per 0.1 incremental increase. 
Abbreviations: ITBL, ischemic-type biliary lesions; ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase; PSV, peak systolic velocity; RI, resistive index; LDLT, 
living-donor liver transplantation; PELD, last pediatric end-stage liver disease; LSM, liver stiffness measurement.
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better performance than individual indicators for predict
ing the risk of ITBL within 2 years post-LDLT.

Most patients present symptoms of ITBL within the 
first year after liver transplantation.6,8,24 In our study, 
ITBL was diagnosed in 13 patients within one-year post- 
LDLT and 5 were diagnosed within 1–1.5 years. Due to 
the anatomical limitations with tiny bile ducts, the occur
rence of ITBL in LDLT is more common compared to 
deceased-donor liver transplantation despite good graft 
viability with short ischemia time.25 In this study, the 
incidence of ITBL within 2 years post-LDLT was 28.1%, 
which was consistent with the reported incidence of biliary 
complications (28% to 32% post-LDLT).9 Although the 
etiology and risk factors for ITBL have been identified, 
a quick, convenient, and sensitive screening tool for early 
prediction of ITBL is limited.

PELD score has been shown to predict the prognosis 
of pediatric liver transplantation although it is designed 
to predict the risk of wait-list death before 
transplantation.26,27 In our study, the last PELD score 
prior to LDLT was significantly associated with the 
development of ITBL, according to the multivariate 
COX analysis. It suggested that the severity of liver 
dysfunction may be more important than the 

demographics and operative characteristics of pediatric 
recipients (eg, age, weight, cold ischemia time, etc) in 
affecting the post-LDLT outcomes. A study by Oh et al28 

showed that increasing PELD scores were associated 
with graft loss and patient survival, which was similar 
to our findings. However, the ROC analysis of PELD in 
our study indicated an inaccurate prediction for ITBL. 
A similar conclusion was reached by Bourdeaux et al,29 

in that high PELD children may not result in worsening 
outcomes.

As a more sensitive indicator of cholestasis, GGT 
will change earlier than other serological indicators after 
poor bile drainage.30 In the current study, GGT at one- 
month post-LDLT was the independent predictor for 
ITBL. Some previous studies also reported a direct rela
tionship between GGT and biliary complications.31,32 

However, since cholestasis caused by ITBL is 
a chronic injury, it resulted in a slight elevation (within 
normal limits) in GGT at one-month post-LDLT. As 
indicated by the AUC of GGT, it contributed little pre
dictive value to ITBL, which was consistent with the 
report by Que et al.33

Liver grafts were routinely monitored by ultrasound- 
based multimodal imaging (gray-scale ultrasound, CDFI, 

Figure 5 Nomogram predicting the risk of ITBL within 2 years post-LDLT. The top row showed the point assignment for each variable. Rows 2–5 indicated the variables 
included in the nomogram. The bottom row showed the probability of ITBL within 2 years. 
Abbreviations: ITBL, ischemic-type biliary lesions; LDLT, living-donor liver transplantation; GGT, gamma-glutamyl transpeptidase; PELD, last pediatric end-stage liver 
disease; RI, resistive index; LSM, liver stiffness measurement.
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SWE) after LDLT in our center. Since the blood supply to 
the biliary tract is solely dependent on arterial inflow, 
current preservation solutions and the difficulty in anasto
mosis between the graft and peribiliary vascular plexus 
may result in the disturbance of peribiliary plexus and 
subsequent damage of the biliary epithelium, eventually 
progressing to ITBL.6,34–36 Besides, the impaired bile 
secretion caused by ITBL may result in peribiliary fibrosis 
and intrahepatic cholestasis, leading to increased hydro
static pressure in the biliary system.6 It will interfere with 
the conduction of ultrasound and show different stiffness 
in elastography.21,22 In our study, RI and LSM at one- 

month post-LDLT were proved to be associate with the 
ITBL, which indicated the alterations of hepatic vascula
ture and liver parenchymal elasticity in the early stage of 
ITBL. However, it is difficult to find during daily monitor
ing due to the minimal alterations (within normal limits). 
As indicated by the ROC analyses, they were not eligible 
for predicting the development of ITBL within 2 years 
post-LDLT as well.

Few prediction models are developed for the prediction 
of ITBL after LDLT currently. The advantage of our estab
lished nomogram is that all the predictors are convenient 
to obtain from routine monitoring. It could be utilized to 

Figure 6 Internal and external validation of the nomogram predicting the risk of ITBL within 2 years post-LDLT. The ROC curves were plotted for the discrimination of the 
nomogram. The AUCs in the training cohort and validation cohort were 0.888 (95% CI 0.784 to 0.953) (A) and 0.857 (95% CI 0.748 to 0.932) (B), respectively, indicating 
good discrimination. The calibration curves were plotted for evaluating the calibration of nomogram-predicted prognosis and actual prognosis estimated using KM analysis. 
The calibration plots in the training and validation datasets were shown in (C) and (D). Both indicated that the nomogram-predicted prognosis compared very well with the 
actual prognosis. 
Abbreviations: ROC, receiver operating characteristic curve; AUC, area under the curve; 95% CI, 95% confidence interval; KM, Kaplan–Meier.
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calculate the scores corresponding to each independent 
predictor, and the predicted probability corresponding to 
the sum of the scores was the risk of IBTL within 2 years 
post-LDLT. The nomogram was verified good discrimina
tion and calibration, which allowed a wise decision on 
preventive and therapeutic strategies. For example, the 
last PELD score prior to LDLT of a BA child was 15, 
and his GGT, RI, and LSM value at one-month post-LDLT 
were 40 IU/L, 0.7, and 7 kPa, respectively. The total score 
was about 160, which indicated that the probability of 
ITBL within 2 years was about 70%.

The main limitation of our study is the fact that the 
selection bias might present since the pediatric patients 
who were not eligible for the study were excluded at 
first. Besides, the nomogram was not validated in different 
populations. A further prospective investigation will help 
to validate our results on a larger scale to improve the 
performance of the constructed nomogram.

In conclusion, the indicators of liver function and ultra
sound-based multimodal imaging at one-month post-LDLT 
are easy to obtain in the routine follow-up. The established 
nomogram may be useful for predicting the risk of ITBL 
within 2 years post-LDLT in pediatric patients with BA.
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