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Abstract

BACKGROUND

Esophageal varices (EV) are the most fatal complication of chronic hepatitis B
(CHB) related cirrhosis. The prognosis is poor, especially after the first upper
gastrointestinal hemorrhage.

AIM

To construct nomograms to predict the risk and severity of EV in patients with
CHB related cirrhosis.

METHODS

Between 2016 and 2018, the patients with CHB related cirrhosis were recruited
and divided into a training or validation cohort at The First Affiliated Hospital of
Wenzhou Medical University. Clinical and ultrasonic parameters that were
closely related to EV risk and severity were screened out by univariate and
multivariate logistic regression analyses, and integrated into two nomograms,
respectively. Both nomograms were internally and externally validated by
calibration, concordance index (C-index), receiver operating characteristic curve,
and decision curve analyses (DCA).

RESULTS

A total of 307 patients with CHB related cirrhosis were recruited. The
independent risk factors for EV included Child-Pugh class [odds ratio (OR) =
7.705, 95% confidence interval (CI) = 2.169-27.370, P = 0.002], platelet count (OR =
0.992, 95%CI = 0.984-1.000, P = 0.044), splenic portal index (SPI) (OR = 3.895,
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95%ClI = 1.630-9.308, P = 0.002), and liver fibrosis index (LFI) (OR = 3.603, 95%CI =
1.336-9.719, P = 0.011); those of EV severity included Child-Pugh class (OR =
5.436, 95%CI = 2.112-13.990, P < 0.001), mean portal vein velocity (OR = 1.479,
95%CI = 1.043-2.098, P = 0.028), portal vein diameter (OR = 1.397, 95%CI = 1.021-
1.912, P = 0.037), SPI (OR = 1.463, 95%CI = 1.030-2.079, P = 0.034), and LFI (OR =
3.089, 95%CI = 1.442-6.617, P = 0.004). Two nomograms (predicting EV risk and
severity, respectively) were well-calibrated and had a favorable discriminative
ability, with C-indexes of 0.916 and 0.846 in the training cohort, respectively,
higher than those of other predictive indexes, like LFI (C-indexes = 0.781 and
0.738), SPI (C-indexes = 0.805 and 0.714), ratio of platelet count to spleen diameter
(PSR) (C-indexes = 0.822 and 0.726), King’s score (C-indexes = 0.694 and 0.609),
and Lok index (C-indexes = 0.788 and 0.700). The areas under the curves (AUCs)
of the two nomograms were 0.916 and 0.846 in the training cohort, respectively,
higher than those of LFI (AUCs = 0.781 and 0.738), SPI (AUCs = 0.805 and 0.714),
PSR (AUCs = 0.822 and 0.726), King’s score (AUCs = 0.694 and 0.609), and Lok
index (AUCs = 0.788 and 0.700). Better net benefits were shown in the DCA. The
results were validated in the validation cohort.

CONCLUSION
Nomograms incorporating clinical and ultrasonic variables are efficient in
noninvasively predicting the risk and severity of EV.

Key Words: Real-time tissue elastography; Chronic hepatitis B; Cirrhosis; Esophageal
varices; Nomogram; Decision curve analysis

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we constructed two liver fibrosis index (LFI)-based nomograms
for predicting the risk and severity of esophageal varices (EV) in patients with chronic
hepatitis B related cirrhosis, through incorporating the clinical and ultrasonic variables
screened out by univariate and multivariate logistic regression analyses. The
nomograms were well-calibrated and had a good discriminative ability that was
validated by receiver operating characteristic curve, concordance index, and decision
curve analyses. Both nomograms were more efficient than LFI, splenic portal index,
ratio of platelet count to spleen diameter, King’s score, and Lok index in the training
and validation cohorts, and can be clinically used for diagnosing EV and making
clinical interventions.

Citation: Xu SH, Wu F, Guo LH, Zhang WB, Xu HX. Liver fibrosis index-based nomograms
for identifying esophageal varices in patients with chronic hepatitis B related cirrhosis. World J
Gastroenterol 2020; 26(45): 7204-7221

URL: https://www.wjgnet.com/1007-9327/full/v26/i45/7204.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i45.7204

INTRODUCTION

Chronic hepatitis B (CHB) causes considerable liver-related morbidity and mortality
worldwidel'l. CHB is victimizing over 290 million people, and killed 1.34 million in
2015 (96% died from CHB complications)”. When CHB progresses to liver cirrhosis,
poor prognosis is always suspected for its serious complications, including esophageal
varices (EV) that could lead to upper gastrointestinal bleeding!l. Current primary and
secondary treatment strategies cannot prevent the advent of poor prognosis after the
first upper gastrointestinal hemorrhage!.

Hepatic venous pressure gradient and surveillance endoscopy are required to
monitor EV in patients with CHB related cirrhosisP‘. However, both techniques are
invasive and costly"l. Therefore, there is an urgent need for an effective novel non-
invasive tool.

Some clinical indicators are associated with EV, and EV prediction models based on
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ultrasound imaging have been established!”. Doppler ultrasonography has been
considered an ideal tool for diagnosing portal hypertension. Several studies have
evaluated the predictive efficiency of Doppler ultrasound for EV, but the results
remain contradictory?”'’). Compared with portal vein velocity or splenic index alone,
splenic portal index (SPI) demonstrated superior diagnostic accuracy [cutoff 3.0, area
under the curve (AUC) 0.96], with higher sensitivity, specificity, positive predictive
value, and negative predictive value!"l. Supranormal spleen diameter (SD) is regarded
as an independent risk marker in diagnosing large esophageal varices for cirrhotic
patients!'>’l. Real-time tissue elastography (RTE) is a relatively new non-invasive
method for measuring liver tissue elasticity!*'*. RTE makes the elasticity of the target
area visual by capturing secondary echo signals arising from repetitive compression
caused by heartbeat!"". Liver fibrosis index (LFI) is quantitated by RTE and has a good
predictive efficiency for liver fibrosis and cirrhosis. As EV always develops as liver
cirrhosis progresses, cirrhosis indexes assessed by ultrasonic diagnostic methods were
used to evaluate EV in this study.

Nomograms can visualize the complicated predictive models and make the results
more readable". In this study, we constructed two nomograms integrating clinical
and ultrasonic indicators for determining the risk and severity of EV in patients with
CHB related cirrhosis.

MATERIALS AND METHODS

Patient selection

A total of 123 consecutive patients were recruited as a training cohort from January 1,
2016 to December 31, 2016, and 184 consecutive patients as a validation cohort from
January 1, 2017 to December 31, 2018 at The First Affiliated Hospital of Wenzhou
Medical University. The inclusion criteria were: (1) Clear etiological evidence of
hepatitis B virus (HBV) infection (i.e., defined as positive HBV surface antigen and
HBV DNA 2 30 IU/mL); (2) Clinical manifestations and laboratory results of cirrhosis;
and (3) Cirrhosis confirmed by liver biopsy or two among ultrasound, computed
tomography, and magnetic resonance. The exclusion criteria were: (1) Diagnosed with
other liver diseases, such as chronic viral hepatitis C (HCV, defined as positive anti-
HCV antibodies and HCV RNA > 1000 IU/mL), autoimmune hepatitis (based on
serum autoantibodies or histology), drug-induced hepatic disease, alcoholic liver
disease, and cholestatic liver disease; (2) Evidence of hepatic carcinoma, or other
malignant or benign tumors; (3) History of endoscopy to determine the condition of
EV; and (4) Previous diagnosis of EV and related treatment.

Patient characteristics

The following variables were collected from each patient within 1 wk before
endoscopy: Age, sex, body mass index, systolic blood pressure, diastolic blood
pressure, and Child-Pugh class. Also recorded were laboratory results: Total bilirubin,
direct bilirubin, total protein, albumin, alanine transaminase (ALT), aspartic
transaminase (AST), alkaline phosphatase, gamma-glutamyl transpeptidase,
international normalized ratio (INR), platelet count (PLT), mean platelet volume
(MPV), and platelet distribution width. All patients underwent endoscopies to
determine the EV condition. EV were classified into Degrees 0-3 according to the
published criteria"”}, with Degrees 2 and 3 defined as severe varices.

Ultrasound parameter assessment

After overnight fasting, the patients underwent Doppler ultrasonography operated by
two experienced ultrasonographers at The First Affiliated Hospital of Wenzhou
Medical University. The patient was placed in a lateral position through a HI-VISION
Avius ultrasound system (Hitachi Medical Corporation, Tokyo, Japan) and EUP-C715
phased-array electronic probe (1-5MHz; Hitachi Medical Corporation, Tokyo, Japan).
The following indicators were detected: Hepatic artery diameter, hepatic artery peak
velocity, portal vein diameter (PVD), mean portal vein velocity (MPVV), splenic artery
diameter, splenic artery peak velocity, splenic vein diameters, mean splenic vein
velocity, spleen thick (ST), and SD.

RTE was performed using ultrasonography (HI-VISION Avius; Hitachi Medical
Corporation, Tokyo, Japan) and an EUP-L52 linear array probe (3-7 MHz; Hitachi
Medical Corporation, Tokyo, Japan). The patient was placed in a supine position with
maximum right-arm abduction, and required to hold their breath. The right lobe of the
liver (the sixth-to-ninth intercostal space) was examined as the examiner gripped the
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transducer without exerting pressure on the skin. The region of interest (ROI) on the
strain image was localized about 1 cm below the margin of the liver, with a size of 2.5
cm % 2.5 cm. Additionally, large blood vessels, lower lobe of the right lung, and ribs
should not be included into the ROI, in order that its image quality was not impaired.
The LFI was calculated according to a multiple regression equation using nine
parameters of each RTE image, including the mean of relative strain value (MEAN),
standard deviation of relative strain value (SDV), area ratio of low-strain region
(%AREA), complexity of low-strain region (COMP), angular second moment (ASM),
entropy (ENT), inverse difference moment (IDM), kurtosis (KURT), and skewness
(SKEW)1,

Nomogram construction

After the variables with multicollinearity were excluded, those with P < 0.05 in
univariate regression analysis were selected for multivariate regression analysis. Then
independent clinical and ultrasonic predictive factors were estimated and used to
construct the nomograms for assessing the risk and severity of EV, respectively.

Prediction of other indexes

Cirrhosis and EV were also predicted with current predictive indexes: LFI®’], SPII",
ratio of platelet count to spleen diameter (PSR)**, King’s scorel”, and Lok index™};
LFI = -0.009 x MEAN - 0.005 x SDV + 0.023 x %AREA + 0.025 x COMP + 0.775 x
SKEW - 0.281 x KURT + 2.083 x ENT + 3.042 x IDM + 39.979 x ASM - 5.542, SPI = ST
x SD/MPVV, PSR = PLT/SD, King’s score = Age x AST x INR/PLT, and Lok index =
-5.56 — 0.0089 x PLT + 1.26 x AST/ALT + 5.27 x INR.

Predictive performance of nomograms

The receiver operating characteristic (ROC) curve and concordance index (C-index)
analyses were used to evaluate the accuracy of nomograms for predicting the risk and
severity of EV. The predicted and observed probabilities of the nomograms were
illustrated with calibration curves. The potential net benefits of the nomograms were
demonstrated by decision curve analysis (DCA). The discrimination performances of
LFI, SPI, PSR, King’s score, and Lok index were compared with those of the
nomograms.

Statistical analysis

Statistical analyses were performed using R version 3.6.1. Continuous variables in a
normal distribution are expressed as the mean + SD and were compared using the
Student’s t-test, and those in a skewed distribution are presented as median
(interquartile range) and were analyzed by the nonparametric Mann-Whitney U test.
Categorical variables are expressed as frequencies (%) and were compared using the
chi-square test. Univariate and multivariate logistic regression analyses were
completed with SPSS statistics version 26. R software was used for building the
nomogram using “rms” package. Packages of “pROC” and “rmda” were used in ROC
and DCA analyses. The values of AUCs were compared using the DeLong method
with MedCalc version 18.11.3. All P values were two-sided.

RESULTS

Clinical and ultrasonic characteristics of patients

From 2016 to 2018, we recruited 307 eligible patients. All of them were divided into
either a training cohort (n = 123) or a validation cohort (n = 184) based on recruitment
time. Figure 1 shows the workflow of our study. Table 1 shows the clinical and
ultrasonic characteristics of patients. All clinical, laboratory, and ultrasonic
characteristics of both cohorts were comparable (P > 0.05). The mean age of the
patients was 54.05 years in the training cohort and 54.54 years in the validation cohort.
The majority of patients were men (78.05% vs 79.89%) and had Child-Pugh class A
liver function (47.15% vs 46.74%). The percentages of patients suffering from EV
(Degrees 0-3) were 26.02%, 13.01%, 17.07%, and 43.90% in the training cohort, and
26.09%, 14.13%, 13.59%, and 46.19% in the validation cohort, respectively.

Risk factors

Univariate logistic regression analysis in the training cohort indicated that age [odds
ratio (OR) = 1.038, 95% confidence interval (CI) = 1.001-1.076, P = 0.043)], Child-Pugh
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Table 1 Patient’s clinical characteristics of the training and validation cohort

Variable Training cohort (n = 123) Validation cohort (n = 184) P value
Clinical parameter

Age (yr) 54.05 +12.02 54.54 +12.25 0.727
Male (%) 96 (78.05) 147 (79.89) 0.697
BMI (kg/m?) 2297 +3.24 2291 +3.41 0.877
SBP (mmHg) 129.29 +20.62 129.03 + 20.56 0.914
DBP (mmHg) 71.77 +12.16 71.41+11.76 0.796
Child-Pugh class A (%) 58 (47.15) 86 (46.74) 0.943
Degree of EV (Q1, Q3) 2(0,3) 2(0,3) 0.873
0 (%) 32 (26.02) 48 (26.09)

1 (%) 16 (13.01) 26 (14.13)

2 (%) 21 (17.07) 25 (13.59)

3 (%) 54 (43.90) 85 (46.19)

Laboratory test

TBil (umol/L) 19.00 (12.00, 31.00) 18.50 (12.00, 31.00) 0.943
DBil (umol/L) 9.00 (5.00, 16.00) 9.00 (5.00, 17.00) 0.766
TP (g/L) 65.80 +10.03 66.05 +9.95 0.831
Albumin (g/L) 32.85+7.11 33.14+7.14 0.726
ALT (IU/L) 27.00 (20.00, 47.00) 27.50 (20.25, 47.00) 0.850
AST (IU/L) 38.00 (28.00, 70.00) 41.00 (28.00, 70.75) 0.734
ALP (IU/L) 94.00 (74.00, 131.00) 99.00 (73.00, 140.00) 0.728
GGT (IU/L) 51.00 (24.00, 126.00) 50.00 (29.25, 126.75) 0.865
INR 1.36 (1.17,1.54) 1.36 (1.17,1.54) 0.994
PLT (x 10°/L) 82.00 (53.00, 140.00) 84.00 (56.00, 139.00) 0.760
MPV (fl) 11.50 (10.50, 12.50) 11.30 (10.40, 12.30) 0.301
PDW (fl) 14.90 (12.60, 17.30) 14.65 (12.70, 17.18) 0.760
Ultrasound parameter

HAD (mm) 3.46 £ 0.56 3.47 £0.57 0.914
HAPV (cm/s) 50.35 +12.23 50.51 +13.33 0.915
PVD (mm) 1230+ 1.54 12,05+ 1.61 0.186
MPVV (cm/s) 19.11+5.28 19.93 +5.59 0.196
SAD (mm) 5.05+1.00 5.00 £0.98 0.678
SAPV (cm/s) 55.89 +15.38 55.91 +16.03 0.990
SVD (mm) 9.61 +1.82 9.59£1.70 0.899
MSVV (cm/s) 22.22+4.93 22.69 +5.20 0.428
ST (mm) 44.47 £9.36 44.61 +9.68 0.900
SD (mm) 110.88 +23.73 112.27 +25.39 0.629
SPI 296 £1.75 2.92+1.96 0.871
LFI 3.74+0.69 3.72+0.68 0.886

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; EV: Esophageal varices; Q1: 1% quartile; Q3: 3™ quartile; TBil: Total
bilirubin; DBil: Direct bilirubin; TP: Total protein; ALT: Alanine transaminase; AST: Aspartic transaminase; ALP: Alkaline phosphatase; GGT: Gamma-
glutamyl transpeptidase; INR: International normalized ratio; PLT: Platelet count; MPV: Mean platelet volume; PDW: Platelet distribution width; HAD:
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Hepatic artery diameter; HAPV: Hepatic artery peak velocity; PVD: Portal vein diameter; MPVV: Mean portal vein velocity; SAD: Splenic artery diameter;
SAPV: Splenic artery peak velocity; SVD: Splenic vein diameters; MSVV: Mean splenic vein velocity; ST: Spleen thick; SD: Spleen diameter; SPI: Splenic
portal index; LFI: Liver fibrosis index.

Patients with CHB related cirrhosis according to the
inclusion and exclusion criteria at The First Affiliated
Hospital of Wenzhou Medical University between Jan,
1%, 2016 and Nov 31%, 2018 (7 = 480)

173 patients excluded:
Accept any treatment for portal hypertension (7 = 91)
Complicated by malignant tumors (7 = 41)
Hepatic encephalopathy (7 = 5)
Alcohol intake over 40 g/day (7 = 24)
Refused endoscopic screening (7 = 12)

Y

307 eligible patients were divided into the
training or validation cohort based on
recruitment time

Validation cohort (7 = 184)

Y
Training cohort (7 = 123)

Y Y
Clinical characteristics Laboratory test Ultrasound parameters

Y

Underwent endoscopies to
determine the EV condition

Y

Multivariate regression analysis

Building LFI-based nomograms

Y

Accuracy analysis and clinical usefulness evaluation

Figure 1 Study workflow. CHB: Chronic hepatitis B; EV: Esophageal varices; LFI: Liver fibrosis index.

class (OR = 7.990, 95%CI = 2.979-21.426, P < 0.001), albumin (OR = 0.932, 95%CI =
0.877-0.990, P = 0.022), INR (OR = 20.331, 95%CI = 2.870-144.037, P = 0.003), PLT (OR =
0.990, 95%CI = 0.985-0.995, P < 0.001), PVD (OR = 1.505, 95%CI = 1.121-2.021, P =
0.006), MPVV (OR = 0.915, 95%CI = 0.845-0.991, P = 0.029), ST (OR = 1.312, 95%CI =
1.178-1.462, P < 0.001), SD (OR = 1.036, 95%CI = 1.012-1.059, P = 0.003), SPI (OR =
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4.183, 95%CI = 2.044-8.559, P < 0.001), and LFI (OR = 7.067, 95%CI = 2.938-16.995, P <
0.001) were risk factors for EV. To reduce multiple collinearity, albumin was excluded
in the subsequent multivariate logistic regression analysis, because it was an objective
indicator in the Child-Pugh system. Similarly, ST, SD, and MPVV were excluded since
they were calculated with SPI formula. On this basis, the multivariate logistic
regression analysis identified Child-Pugh class (OR = 7.705, 95%CI = 2.169-27.370, P =
0.002), PLT (OR = 0.992, 95%CI = 0.984-1.000, P = 0.044), SPI (OR = 3.895, 95%ClI =
1.630-9.308, P = 0.002), and LFI (OR = 3.603, 95%CI = 1.336-9.719, P = 0.011) as
independent indicators for the risk of EV (Table 2).

As shown in Table 3, univariate logistic regression analysis indicated that Child-
Pugh class (OR = 5.161, 95%CI = 2.344-11.361, P < 0.001), INR (OR = 10.764, 95%CI =
2.342-49.469, P = 0.002), PLT (OR = 0.994, 95%CI = 0.989-0.999, P = 0.016), MPV (OR =
1.399, 95%CI = 1.050-1.865, P = 0.022), PVD (OR = 1.465, 95%CI = 1.126-1.906, P =
0.004), ST (OR =1.146, 95%CI = 1.077-1.218, P < 0.001), SD (OR = 1.030, 95%CI = 1.010-
1.049, P = 0.003), SPI (OR = 1.644, 95%CI = 1.193-2.265, P = 0.002), and LFI (OR = 4.184,
95%CI = 2.080-8.416, P < 0.001) were statistically associated with EV severity in the
training cohort. Indicators of ST and SD were also excluded from multivariate logistic
regression analysis, since they were calculated with SPI formula. The multivariate
logistic regression analysis identified Child-Pugh class (OR = 5.436, 95%CI = 2.112-
13.990, P < 0.001), MPV (OR =1.479, 95%CI = 1.043-2.098, P = 0.028), PVD (OR = 1.397,
95%ClI =1.021-1.912, P = 0..037), SPI (OR = 1.463, 95%CI = 1.030-2.079, P = 0.034), and
LFI (OR = 3.089, 95%CI = 1.442-6.617, P = 0.004) as independent indicators for EV
severity.

Nomograms and clinical usage

Based on the univariate and multivariate logistic regression analyses, variables that
achieved a value of P < 0.05 in multivariate analysis were selected and incorporated
into the nomograms for predicting the probability and severity of EV (Figure 2).

The nomograms were used to predict the EV in a patient (PLT, 60 x 10°/L; MPV, 10
fl; and Child-Pugh class A). After Doppler ultrasonography and RTE examinations,
ultrasound showed PVD of 10 mm, SPI of 3.5, and LFI of 3. In the nomogram
predicting the risk of EV, 0 was given to Child-Pugh class A, 18.5 to PLT, 32.5 to SP],
and 18 to LFI. Moreover, in the nomogram predicting the severity of EV, 0 was given
to Child-Pugh class A, 15 to MPV, 13 to PVD, 26 to SPI, and 44 to LFI. By summing up
all the points, he scored 69 points in the EV risk prediction nomogram and 98 points in
the EV severity prediction nomogram. Eventually, his estimated risk of EV occurrence
was over 80%, and that of severe EV was slightly lower than 10%.

Comparison between nomograms and other indexes

As depicted in Figure 3, the calibration curves of both nomograms were close to the
standard curves in the training cohort and validation cohort, which suggested that the
nomograms were well-calibrated.

In the training cohort, the C-index values to predict EV risk were 0.916, 0.781, 0.805,
0.822, 0.694, and 0.788 for EV risk prediction nomogram, LFI, SPI, PSR, King’s score,
and Lok index, respectively. In the validation cohort, these values were 0.907, 0.731,
0.810, 0.844, 0.702, and 0.782, respectively. In the training cohort, the C-index values to
predict EV severity were 0.846, 0.738, 0.714, 0.726, 0.609, and 0.700 for EV severity
prediction nomogram, LFI, SPI, PSR, King's score, and Lok index, respectively. In the
validation cohort, these values were 0.835, 0.747, 0.705, 0.754, 0.621, and 0.721,
respectively.

AUC of EV risk prediction nomogram was 0.916 in the training cohort and 0.907 in
the validation cohort, while AUC of EV severity prediction nomogram was 0.846 in the
training cohort and 0.835 in the validation cohort. In the training cohort, the AUCs of
LFI, SPI, PSR, King’s score, and Lok index for predicting EV risk were 0.781, 0.805,
0.822, 0.694, and 0.788, respectively. The AUCs of LFI, SPI, PSR, King’s score, and Lok
index for predicting EV severity were 0.738, 0.714, 0.726, 0.609, and 0.700, respectively.
In the validation cohort, these values were 0.731, 0.810, 0.844, 0.702, and 0.782 in the
prediction of EV risk, and 0.747, 0.705, 0.754, 0.621, and 0.721 in the prediction of EV
severity, respectively. A pairwise comparison of each index with the nomogram
showed statistical significance (P < 0.05), as shown in Figure 4.

DCA, a novel prediction tool, was also used to evaluate the efficiency of both
nomograms. The decision curves of both nomograms and other indexes in the training
and the validation cohorts are shown in Figure 5. The results indicated that
nomograms provided better clinical net benefits within most thresholds.
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Table 2 Univariate and multivariate logistic regression analyses for esophageal varices risk in patients with chronic hepatitis B related

cirrhosis in the training cohort

Univariate analysis Multivariate analysis
Variable
OR 95%Cl P value OR 95%Cl P value
Clinical parameter
Age (yr) 1.038 1.001-1.076 0.043
Gender (Female = 0, Male 0.994 0.375-2.633 0.990
=1)
BMI (kg/m?) 1.031 0.907-1.171 0.643
SBP (mmHg) 1.005 0.985-1.025 0.657
DBP (mmHg) 0.985 0.953-1.018 0.367
Child-Pugh class 7.990 2.979-21.426 <0.001 7.705 2.169-27.370 0.002
(Child A =1, Child B/C =
2)
Laboratory test
TBil (umol/L) 1.001 0.988-1.013 0.930
DBil (umol/L) 0.998 0.981-1.016 0.831
TP (g/L) 0.976 0.936-1.018 0.255
Albumin (g/L) 0.932 0.877-0.990 0.022
ALT (IU/L) 0.992 0.984-1.000 0.052
AST (IU/L) 0.997 0.990-1.003 0.294
ALP (IU/L) 1.009 0.999-1.018 0.065
GGT (IU/L) 0.998 0.995-1.000 0.081
INR 20.331 2.870-144.037 0.003
PLT (x 10°/L) 0.990 0.985-0.995 <0.001 0.992 0.984-1.000 0.044
MPV (fl) 1.373 0.999-1.887 0.051
PDW (fl) 1.128 0.981-1.297 0.092
Ultrasound parameter
HAD (mm) 1.619 0.786-3.335 0.192
HAPV (cm/s) 1.017 0.984-1.051 0.318
PVD (mm) 1.505 1.121-2.021 0.006
MPVV (cm/s) 0.915 0.845-0.991 0.029
SAD (mm) 0.935 0.629-1.390 0.740
SAPV (cm/s) 0.995 0.970-1.021 0.711
SVD (mm) 1.086 0.860-1.372 0.489
MSVV (cm/s) 1.073 0.977-1.180 0.142
ST (mm) 1.312 1.178-1.462 <0.001
SD (mm) 1.036 1.012-1.059 0.003
SPI 4183 2.044-8.559 <0.001 3.895 1.630-9.308 0.002
LFI 7.067 2.938-16.995 <0.001 3.603 1.336-9.719 0.011

The bold P values represent P < 0.05. OR: Odds ratio; 95%CI: 95% Confidence interval; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic
blood pressure; TBil: Total bilirubin; DBil: Direct bilirubin; TP: Total protein; ALT: Alanine transaminase; AST: Aspartic transaminase; ALP: Alkaline
phosphatase; GGT: Gamma-glutamy] transpeptidase; INR: International normalized ratio; PLT: Platelet count; MPV: Mean platelet volume; PDW: Platelet
distribution width; HAD: Hepatic artery diameter; HAPV: Hepatic artery peak velocity; PVD: Portal vein diameter; MPVV: Mean portal vein velocity;
SAD: Splenic artery diameter; SAPV: Splenic artery peak velocity; SVD: Splenic vein diameters; MSVV: Mean splenic vein velocity; ST: Spleen thick; SD:
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DISCUSSION

In this study, nomograms based on clinical and ultrasonic variables showed favorable
efficiency in predicting the risk and severity of EV in patients with CHB related
cirrhosis.

At present, the diagnosis of EV still relies on endoscopic examination. Since the
patients with no varices or mild varices have a low risk for hemorrhage, nonselective
beta blocker (NSBB) is not recommended for preventive treatment. Several studies’*!
have shown that NSBB failed to prevent or delay the progression of EV, and exerted
more side effects and complications than the control group. Endoscopic follow-up
must be performed every 1-2 years to exclude the occurrence of EV in the low-risk
hemorrhagic cirrhotic population™!, while this operation is invasive, expensive, and
time-consuming, and some patients even cannot tolerate it. The widespread
application of painless endoscopy brings comfortable experience to patients, but
anesthesia also increases the risk. The Baveno VI criteria indicated that liver stiffness
measurement (LSM) < 20 kPa (an index of transient elastography) and PLT >
150000/ mm?predicted a low risk of varices!. Although LSM and PLT cut-offs have
been proposed to screen patients with a risk of EV, esophagogastroduodenoscopy still
finds no varices in a certain fraction of patients”*l. Given the high variance in the
results (cut-offs, positive predictive values, and negative predictive values) of LSM,
more efficient and non-invasive ways are urgently needed to stratify EV risk. RTE
depends on the relative strain within liver tissue caused by external pressure arising
from rhythmic heartbeats. Therefore, RTE can reduce intra- and inter-observer
variations since this external pressure is stable”’].

After univariate and multivariate logistic regression analyses, LFI, SPI, PVD, PLT,
MPV, and Child-Pugh class were found as independent indicators for the risk or
severity of EV. This finding was consistent with the result of prior studies that PVD, as
a portal hemodynamic indicator, could independently predict EV occurrence and
severity’. PLT decreases in portal hypertension and related hypersplenia, and has
been identified as a noninvasive predictive index for the risk of EV in a cross-sectional
and longitudinal study"™. Accordingly, MPV rises as a result of compensatory
production of platelets in the peripheral blood™. Our outcomes were in line with the
finding of prior studies that SPI Doppler index can be used to predict the probability
of EVP**l. According to our literature review, it was the first time to report the
favorable efficiency of SPI in predicting EV severity. Chinese researchers have utilized
RTE to examine 71 patients with post-hepatitis B cirrhosis, finding that LFI is
positively correlated with EV severity, which is also consistent with our findings.
Child-Pugh class is well recognized to evaluate liver function, but in the present study,
it is also associated with EV risk and severity. However, what brings forth this
association needs to be interpreted.

Various non-invasive and integrated prediction models have been developed.
Giannini et al*! found that PSR, with a cutoff of 909, could keep 27.4% of patients
without EV from being screened by endoscopy. However, a meta-analysis containing
1275 patients yielded a pooled positive likelihood ratio of 3.5 and a negative likelihood
ratio of 0.1 for predicting EV in cirrhosis of various etiologies, suggesting that PSR
could not replace endoscopic screening?™!. According to a study for CHB population,
the AUC of PSR for prediction of EV was 0.7095, also indicating that it was better to
incorporate PSR with other clinical characteristic”. In our study, PSR was efficient for
most cases in both the training and the validation cohorts. King’s score has been
demonstrated to be a simple and non-invasive model to predict the presence of
cirrhosis™. However, a study including 39 newly diagnosed cirrhotic patients found
that King’s score showed a low specificity of 44% in predicting esophageal variceal
bleeding, and no association with EV was verified™\. Similarly, considering the poor
AUC and C-index in this study, King’s score was not a preferred tool for the prediction
of EV and its severity in CHB related cirrhosis patients. Additionally, Lok index, as a
noninvasive predictive alternative index for liver cirrhosis, was also applied to predict
EV in cirrhosis in previous studies. Lok index was proved to be associated with portal
hypertension’. In a retrospective study including 132 patients, Zhou et al*"! found that
in patients who did not meet Baveno VI criteria, Lok index could spare 24.2% of
gastroscopy screening without missing high-risk varices which were defined as EV
with red wale signs!*. However, none of PSR, King’s score, or Lok index can take full
advantage of imaging examination in the prediction of EV. Our ROC and DCA
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Table 3 Univariate and multivariate logistic regression analyses for esophageal varices severity in patients with chronic hepatitis B

related cirrhosis in the training cohort

Univariate analysis Multivariate analysis
Variable
OR 95%Cl P value OR 95%Cl Pvalue
Clinical parameter
Age (yr) 0.997 0.967-1.027 0.833
Gender (Female = 0, Male  0.898 0.372-2.168 0.811
= 1)
BMI (kg/m?) 1.011 0.904-1.132 0.844
SBP (mmHg) 1.001 0.983-1.019 0.928
DBP (mmHg) 0.992 0.962-1.022 0.584
Child-Pugh class 5.161 2.344-11.361 <0.001 5.436 2.112-13.990 <0.001
(Child A =1, Child B/C =
2)
Laboratory test
TBil (umol/L) 1.000 0.989-1.012 0.937
DBil (umol/L) 0.996 0.980-1.012 0.643
TP (g/L) 0.978 0.942-1.015 0.246
Albumin (g/L) 0.987 0.937-1.038 0.605
ALT (IU/L) 0.994 0.986-1.001 0.109
AST (IU/L) 0.997 0.991-1.003 0.282
ALP (IU/L) 1.001 0.995-1.007 0.637
GGT (IU/L) 0.997 0.995-1.000 0.064
INR 10.764 2.342-49.469 0.002
PLT (x 10°/L) 0.994 0.989-0.999 0.016
MPV (fl) 1.399 1.050-1.865 0.022 1.479 1.043-2.098 0.028
PDW (fl) 1.036 0.920-1.166 0.564
Ultrasound parameter
HAD (mm) 1.327 0.693-2.541 0.393
HAPV (cm/s) 1.025 0.995-1.057 0.108
PVD (mm) 1.465 1.126-1.906 0.004 1.397 1.021-1.912 0.037
MPVV (cm/s) 0.964 0.899-1.033 0.301
SAD (mm) 0.973 0.678-1.396 0.880
SAPV (cm/s) 1.000 0.977-1.024 0.985
SVD (mm) 1.109 0.900-1.366 0.332
MSVV (cm/s) 1.062 0.979-1.151 0.148
ST (mm) 1.146 1.077-1.218 <0.001
SD (mm) 1.030 1.010-1.049 0.003
SPI 1.644 1.193-2.265 0.002 1.463 1.030-2.079 0.034
LFI 4184 2.080-8.416 <0.001 3.089 1.442-6.617 0.004

The bold P values represent P < 0.05. OR: Odds ratio; 95%CI: 95% Confidence interval; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic
blood pressure; TBil: Total bilirubin; DBil: Direct bilirubin; TP: Total protein; ALT: Alanine transaminase; AST: Aspartic transaminase; ALP: Alkaline
phosphatase; GGT: Gamma-glutamy] transpeptidase; INR: International normalized ratio; PLT: Platelet count; MPV: Mean platelet volume; PDW: Platelet
distribution width; HAD: Hepatic artery diameter; HAPV: Hepatic artery peak velocity; PVD: Portal vein diameter; MPVV: Mean portal vein velocity;
SAD: Splenic artery diameter; SAPV: Splenic artery peak velocity; SVD: Splenic vein diameters; MSVV: Mean splenic vein velocity; ST: Spleen thick; SD:
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analyses indicated that our nomograms were superior to PSR, King’s score, and Lok
index, which was verified in the validation cohort.

To our knowledge, this is the first study to construct nomograms integrating clinical
and ultrasonic parameters to predict the risk and severity of EV. Our nomograms
showed a strong discriminative ability and a clinical net benefit compared with other
indexes. These predictive nomograms are useful for clinicians to make preventive and
therapeutic measures.

Inevitably, the study has several limitations. Intra-observer and inter-observer
variations may discount the efficiency of nomograms!**I. Next, our study is a single
center retrospective study, and needs to be improved into a multi-center prospective
study.

CONCLUSION

The nomograms incorporating clinical and ultrasonic variables are efficient in
noninvasively predicting the probability and severity of EV, and can be used in
individualized treatment and follow-ups.
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Figure 2 Nomograms for predicting the risk and severity of esophageal varices in patients with chronic hepatitis B related cirrhosis. A:
Nomogram for predicting esophageal varices (EV) risk; B: Nomogram for predicting EV severity. PLT: Platelet count; SPI: Splenic portal index; LFI: Liver fibrosis
index; MPV: Mean platelet volume; PVD: Portal vein diameter.
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Figure 3 Calibration plots. A: The calibration curve of nomogram for esophageal varices (EV) risk in the training cohort; B: The calibration curve of nomogram for
EV risk in the validation cohort; C: The calibration curve of nomogram for EV severity in the training cohort; D: The calibration curve of nomogram for EV severity in

the validation cohort. EV: Esophageal varices.
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Figure 4 The areas under the curves of the nomograms, liver fibrosis index, splenic portal index, ratio of platelet count to spleen
diameter, King’s score, and Lok index to predict the risk or severity of esophageal varices in the training and validation cohorts. A: The
areas under the curves (AUCs) of esophageal varices (EV) risk prediction nomogram, liver fibrosis index (LFI), splenic portal index (SPI), ratio of platelet count to
spleen diameter (PSR), King's score, and Lok index in the training cohort; B: The AUCs of EV risk prediction nomogram, LFI, SPI, PSR, King’s score, and Lok index
in the validation cohort; C: The AUCs of EV severity prediction nomogram, LFI, SPI, PSR, King’s score, and Lok index in the training cohort; D: The AUCs of EV

severity prediction nomogram, LFI, SPI, PSR, King's score, and Lok index in the validation cohort. AUC: Area under the curve; LFI: Liver fibrosis index; SPI: Splenic
portal index; PSR: Ratio of platelet count to spleen diameter.
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Figure 5 Decision curves of the nomograms, liver fibrosis index, splenic portal index, ratio of platelet count to spleen diameter, King’s
score, and Lok index to predict the risk or severity of esophageal varices in the training and validation cohorts. A: The decision curve of
esophageal varices (EV) risk prediction nomogram, liver fibrosis index (LFI), splenic portal index (SPI), ratio of platelet count to spleen diameter (PSR), King’s score,
and Lok index in the training cohort; B: The decision curve of EV risk prediction nomogram, LFI, SPI, PSR, King’s score, and Lok index in the validation cohort; C:
The decision curve of EV severity prediction nomogram, LFI, SPI, PSR, King’s score, and Lok index in the training cohort; D: The decision curve of EV severity
prediction nomogram, LFI, SPI, PSR, King's score, and Lok index in the validation cohort. LFI: Liver fibrosis index; SPI: Splenic portal index; PSR: Ratio of platelet
count to spleen diameter.

JBaishideng®

ARTICLE HIGHLIGHTS

Research background
Esophageal varices (EV) are an important cause of mortality for patients with chronic
hepatitis B (CHB) related cirrhosis.

Research motivation

There is no reliable and non-invasive tool to monitor EV, predict the clinical outcome,
and adjust the follow-up strategy.

Research objectives
This study aimed to develop nomogram models including non-invasive and clinically
accessible indicators to assess the risk and severity of EV.

Research methods

Patients with CHB related cirrhosis were retrospectively included and divided into a
training or validation cohort. Ultrasound parameters and blood indexes were applied
to construct the nomograms, which were subsequently evaluated by receiver
operating characteristic, concordance index, and decision curve analyses, and tested in
the validation cohort.
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Research results
The novel nomograms composed of clinical and ultrasonic variables were constructed
and proved better than liver fibrosis index, splenic portal index, ratio of platelet count

to spleen diameter, King’s score, and Lok index for predicting the risk and severity of
EV.

Research conclusions
The established novel nomograms are reliable and convenient for clinicians to predict
EV in a non-invasive way and make preventive and therapeutic measurements.

Research perspectives
The novel models need to be tested by multi-center prospective studies and adjusted
for particular groups, such as patients complicated with other liver diseases.
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