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Abstract

BACKGROUND

Upper endoscopy is the gold standard for predicting esophageal varices in China.
Guidelines and consensus suggest that patients with liver cirrhosis should undergo
periodic upper endoscopy, most patients undergo their first upper endoscopy when
esophageal variceal bleeds. Therefore, it is important to develop a non-invasive model

to early diagnose esophageal varices.

AIM
To develop a non-invasive predictive model for esophageal varices based on liver and

spleen volume in viral cirrhosis patients.

METHODS

We conducted a cross-sectional study based on viral cirrhosis crowd in the Second
Affiliated Hospital of Xi'an Jiaotong University. By collecting the basic information and
clinical data of the participants, we derived the independent risk factors and established
the prediction model of esophageal varices. The established model was compared with

other models. Area under the receiver operating characteristic curve, calibration plot




and decision curve analysis were used to test the discriminating ability, calibration

ability and clinical practicability in both the internal and external validation.

RESULTS

The portal vein diameter, the liver and spleen volume, and volume change rate were
the independent risk factors of esophageal varices. We successfully used the factors to
establish the predictive model [area under the curve (AUC) 0.87, 95%CI 0.80-0.95],
which showed better predictive value than other models. The model showed good
discriminating ability, calibration ability and the clinical practicability in both modelling

group and external validation group.

CONCLUSION
The developed non-invasive predictive model can be used as an effective tool for

predicting esophageal varices in viral cirrhosis patients.

INTRODUCTION

Esophageal varices (EVs) frequently occur in patients with cirrhosis. Presently, upper
endoscopy is the most effective approach and gold standard for predicting EVsl!l. For
patients with cirrhosis, guidelines and consensus statements strongly recommend
periodic upper endoscopy [2. In China, upper endoscopy is usually not performed
under sedation, thus, the procedure may result in discomfort and psychological burden
on patients. As a result, some patients do not accept upper endoscopy until EVs bleed.
In individuals with cirrhosis and liver transplantation, the mﬁﬁsurement of the liver
volume and spleen volume is essential [>4. Despite the usage of computed tomography
(CT) and magnetic resonance imaging (MRI) could be used for estimating the liver and
spleen volume, these techniques were tedious. In our previous study,_we used 207
healthy Chinese patient’s body surface area (BSA) data, established the standard liver
volume (SLV) and standard spleen volume formulas (SSV), as follow:

SLV=858.186xBSA-393.349 (R2=0.350), SSV=188.813x BSA-140.981 (R2=0.126) [°l. Based




on the derived formulas, a non-invasive predictive model for high-risk EVs in viral
cirrhosis patients was developed 5.

Until now, several models were established to predict EVs. The APRI (aspartate
aminotransferase platelet ratio index) [, the AAR (aspartate aminotransferase: alanine
aminotransferase ratio) (¢, LSPS (liver stiffness/ Spleen diameter Platelet Score) 7l and
VRI (variceal risk index) I8l are the more traditional non-invasive prediction models
used to predict EVs . Liver stiffness measure (LSM), spleen diameter, platelet, aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) were put in the models.
The use of SLV and SSV calculation formulas to construct a non-invasive prediction
model for EVs in patients with liver cirrhosis has not been reported. Bavono VI
recommended that liver stiffness and platelets be used to predict EVs [, In China, most
hospitals could not offer FibroScan or FibroTouch to detect LSM. For the preliminary
prediction of EVs, the study was aimed to develop a non-invasive predictive model for

EVs based on liver and spleen volume in viral cirrhosis patients.

MATERIALS AND METHODS

Subject

We conducted a cross-sectional study in the Second Affiliated Hospital of Xi'an
Jiaotong University from October 2017 to December 2018, each participant in our study
was diagnosed as viral cirrhosis and underwent upper endoscopy and CT. The
diagnosis of liver cirrhosis is based on symptoms, signs, biochemical tests and more
than 2 kinds of imaging findings. Inclusion criteria: Hepatitis B or C viral cirrhosis
positive; upper abdominal CT, biochemical, as well as upper endoscopy examinations;
over 18years old. Exclusion criteria: with other types of cirrhosis; suspected liver tumor;
benign disorders which alter spleen and liver volume; patients having medium/Large
ascites; history of spleen or liver resection; other conditions that can potentially affect
the portal vein/splenic vein hemodynamic; unreliable LSM; other conditions that may
have an effect on LSM, like BMI > 35kg/m?; severe weight loss or malnutrition; history

of esophageal varices bleeding and endoscopic/surgical treatment; hematological




diseases altering spleen volume. Based on the upper endoscopy result, subjects were
defined as EVs group,others were defined as non-EVs group. A total of 111 subjected
was enrolled as the modeling group, including 86 subjects with EVs and 25 subjects
without EVs. Our study was approved by the Ethics Committee of Xi'an Jiaotong
University, Shaanxi, China (NO.2017-445) . Informed consent was waived by the
Ethics Committee of Xi'an Jiaotong University as patients were identified
retrospectively, according to institutional review board exempt protocols.

Basic information and clinical data

We collected sex, age, body weight (BW), body height (BH), etiology, course of

cirrhosis, and Child-Pugh score of the subjects. The Mosteller’s formula was used to
compute the patient’s BSA {BSA=Y [BW (kg) x BH (cm)/3600]}. The Child-Pugh scoring
method was used to grade cirrhosis patient’s scores. Blood test results [aspartate
aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin (TBil), direct
bilirubin (DBil) and platelets (PLT)] were also collected.
Determination of liver and spleen volume

The actual liver volume and spleen volume were calculated by the multi-slice spiral
CT scanner (GE 128-slice spiral CT scanner; Linux Medical System, United States) with
a 5mm reconstructed layer thickness and five seconds-time interval, and were defined
as CTLV and CTSV, respectively. The SLV and SSV were calculated by our previously
derived formulas [SSV=188.813xBSA-140.981 (R2=0.126), and SLV = 858.186xBSA -
393.349 (R2=0.350)]. The volume change was equal to the different value between the
volume calculated by formulas and CT. The volume change rate was equal to the
volume change divide by the volume calculated by formulas. PVSA (portal vein surface
area), PVD (portal vein diameter), and SVD (spleen vein diameter) were also recorded.
LSM by transient elastography and Upper endoscopy

LSM (Liver stiffness measurement) was performed using FibroScan (Echosens, France)
and FibroTouch (Haishkell Medical Technology Centre, China) equipment [10.11]. The TE
results were obtained retrospectively and presented in kilopascals (kPa). We selected

the lower interquartile/ lower median variability values for patients having more LSM.




Blood routine assessment, hepatitis detection, liver and renal function examination
were done in all patients, using suitable equipment. Experienced doctors examined EVs
by the help of an electronic upper endoscopy (Olympus, Tokyo, Japan) and then
assigned them into two groups: EVs group and non-EVs group.

Model development

All data analysis were carried out using IBM SPSS Statistics 26.0 (SPSS, Inc.,Chicago,
Illinois). It was considered statistically significant when P<0.05 (two side test). We set
EVs diagnosis as dependent variable, data collected as independent variables.
Independent variables of P<0.05 in the univariate analysis were selected in the
subsequent multiple Logistic regression to identify independent risk factors. Predictive
factors were chosen from independent risk factors. Finally, independent risk factors
were put into new Logistic regression. We used Hosmer-Lemeshow Goodness of Fit
Test and calibration plots to test classification accuracy. We evaluated the performance
of our model and that of previously constructed models: LSPS=[LSM (kPa)xSLD
(cm)]/PLT(x109/L) 7,  AAR=AST/ALT 6,  VRI=-4.364+0.538xSLD  (cm)-
0.049xPLT(x109/L)-0.044xLSM(kPa)+0.001x (LSMxPLT) [8; and APRI=[AST(U/L)/AST
(normal upper limit)]x100/PLT (x109/L) 6.

Model performance

Receiver operating characteristic (ROC) curve was analyzed, area under ROC (AUC)
and its corresponding 95%CI was measured to evaluate prediction effect [12. We
calculated the sensitivity (SEN), specificity (SPE), positive predictive value (PPV),
negative predictive value (NPV) and Youden Index (YDI) to evaluate the accuracy and
select cut-off value of prediction model.

External validation consisted of recalculating of AUC, Hosmer-Lemeshow Chi-square
statistics and calibration plots to evaluate the discrimination ability and accuracy of
prediction rule 1314, 56 subjects who met the inclusion criteria were taken in as the
external validation group to prove the validity and generalization of the predictive rule.
Decision curve analysis (DCA) was used to assess the population impact of using this

prediction rule on clinical decision making [1516].




RESULTS
Subject characteristics
A total of 111 qualified subjects were enrolled in the modeling group, 8§ (77.5%) were in
EVs group. External validation group included 56 subjects. The characteristics of
modeling group and the external validation group were shown in Table 1 and Table 2.
Univariate analysis and multivariate analysis

Indices were compared between EVs group and non-EVs group (Table 3). Nine
showed statistically significance in univariate analysis were entered in Logistic
regression. In multivariable analysis, spleen volume change rate, liver volume change
rate, CTSV, PVD and CTLV were independently associated (P<0.05) with EVs (Table 4).

The 5 variables were put in the predictive model.

Establishment of predictive model

The 5 selected independent factors were input to Logistic regression (Table 5). The
prediction model was determined as: In[P/(1-P)] =12.93-
0.01*CTLV (cm?)+0.02*CTSV(cm?3)+0.01*(CTLV-SLV) (cm?)-1.93*[(CTSV-SSV) /SSV]-
0.22*PVD (mm). The result of Hosmer-Lemeshow test_was very good (P = 0.90),
calibration plots were shown in Figure 1A. The AUC was 0.87 (95%CI 0.80, 0.95),
indicating the good discrimination ability (Figure 2A). The cut-off value was 0.85 on the
ground of the maximum YDI(0.55); In light of the cut-off value, the SEN, SPE, PPV,
NPV of the predictive model were 0.65, 0.90, 66.3%, 47%, respectively (Table 6 and
Table7).
Comparison of prediction models’ prediction effect

The AUC of the developed model was 0.87, compared with, the AUCs of the VRI

(0.76), LSPS (0.76), AAR (0.63), and APRI (0.61) (Figure 2A), indicating the prediction
effect of the model was better than other models. The developed model posited a
62.20% accuracy and a 66.3% positive predictive value (Table 6 and Table7), which were

also better than other models.




External validation of prediction model

AUC of the external validation group was 0.94 (95%CI 0.88-0.99) (Figure 2B),
indicating the model’s good discrimination ability. The calibration in the external
validation group was also good (P = 0.97), the calibration plots were shown in Figure
1B.
Clinical practicability of predictive model

From 35% to 100% highest risk threshold, the DCA curve (Figure 3A) of predictive
model was higher than both two extreme lines, showing that from 35% to 100% risk
threshold, patients may benefit and the prediction model had good clinical
practicability. DCA curve of external validation group showed even better clinical

practicability (Figure 3B).

DISCUSSION

The non-invasive prediction of EVs can be used as an initial screening tool for
cirrhosis patients with EVs. We set up a clinical prediction model based on 5 readily
clinical data, including spleen volume change rate, liver volume change rate, CTSV,
PVD and CTLV, to help virus cirrhosis patients screen EVs and guide upper endoscopy.
This is the first prediction model established based on PVD, liver and spleen volume,
liver and spleen volume change rate. Consistent with our previous study, we found
spleen volume change rate is associated with high-risk EVs 5. Kim and Berzigotti found
PLT, LSM and spleen longest diameter (SLD) were independent risk factors for
predicting EVs 78, Baveno VI Consensus recommended LSM<20kPa combined with
platelet count>150x109/L can save 10% to 30% of upper endoscopy [7l. All the
researchers put LSM in their model, which must be detected by FibroScan or
FibroTouch. We approve of the above models. Actually, in China, there were no
FibroScan or FibroTouch in many hospitals. In China, for patients with liver cirrhosis,
CT was used as a routine examination to determine the degree of liver cirrhosis and

exclude malignant lesions [18].




The AUC reflected the prediction effect of the model. Wang used APRI to predict EVs,
and the AUC was 0.789, the sensitivity and specificity was 71% ans 76% [¢], respectively.
Which was similar to the result of our study, and was lower than our prediction model.
A variety of statistical analysis were used to evaluate the predictve model in three sides:
calibration, discrimination and clinical practicability. Based on the DCA curve of
modeling group, patients with a risk from 35% to 100% may benefit from the model.
Cut-off value was another critical index derived from ROC analysis, and each
corresponding a SEN and SPE. The cut-off value were chosen according to the maximal
YDL In our study, we set the cut-off value at 0.85, if the cut-off value was changed,
sensitivity may increase while specificity decreases.

Our research has several highlights. First of all, it is applicable to hospitals without
FibroScan or FibroTouch in China. The indexes included in the model can be obtained
by CT and standard liver/ spleen volume formula. Secondly, all the patients enrolled in
the study were virus cirrhosis, with good uniformity, the results were true and reliable.
Thirdly, similar to Kim's study [7], our model aims at the prediction of EVs, and it
provides an ideal quantitative tool for clinical early warningénd diagnosis of EVs.

There were some limitations in our research: First, it is a retrospective study rather
than cohort study and samples were collected in only one hospital, it may cause
admission and selection bias; Second, this study was limited by the low sample size,
and depended on CT, which has associated radiation risk. Third, due to the differences
in spleen and liver volume changes between viral cirrhosis patients and other forms of
cirrhosis the promotion and application of the developed model may be limited.
Finally, with the discover of potential and unknown risk factors of EVs, the clinical
efficacy of the prediction model may be reduced. In the future, we need to add new and
potential factors to optimize and verify the predictive model.

Despite the limitations, the prediction model can help accurately and effectively
predict EVs in patients with virus cirrhosis, which provides an ideal quantitative tool

for clinical early warning and diagnosis of EVs.




CONCLUSION

In conclusion, based on the standard liver and spleen volume formula, a non-invasive
predictive model with good discriminating ability, calibration ability and the clinical
practicability was established.The model is a useful tool for early diagnosis of EVs in

patients with viral cirrhosis.

ARTICLE HIGHLIGHTS

Research background
Although there are reports of models predicting esophageal varices; however, there

were no models based on the standard liver and spleen volume calculation formula.

Research motivation

It is highly important to identify virus patients with EVs and guide them for
gastroscopy, and a non-invasive predictive model can be used to identify EVs.

Research objectives

A non-invasive predictive model for EVs based on liver and spleen volume in viral
cirrhosis patients.

Research methods

A cross-sectional study based on viral cirrhosis crowd were conducted in the Second
Affiliated Hospital of Xi'an Jiaotong University. By collecting the participants” basic
information and clinical data of the, we derived the independent risk factors and
establis]Ed the prediction model of EVs. We compared the established model with
others. Area under the receiver operating characteristic curve, calibration plot and
decision curve analysis were used to test the discriminating ability, calibration ability

and clinical practicability in both internal and external validation group.

Research results
The portal vein diameter, the liver and spleen volume, and volume change rate were

successfully used to establish the predictive model, which showed better predictive




value than other models. The model indicating good discriminating ability, calibration

ability and clinical practicability in both modelling and external validation group.

Research conclusions
The developed model is a credible predictor of EVs with high specificity, calibrability

and clinical efficacy.

Research perspectives
Further studies to confirm this model’s potential using larger sample sizes are
recommended. Besides, there is need to develop predictive models with high diagnostic

accuracy, while considering the limitations herein.
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