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Introduction: Esophageal Varices (EVs) is one of the major dangerous complications of liver fibrosis.
Upper Gastrointestinal (UGI) Endoscopy is necessary for its diagnosis. Repeated examinations for EVs
screening severely burden endoscopic units in terms of cost and other side implications; moreover, the
lack of public health resources in rural areas and primary hospitals should be considered, particularly
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in developing countries. So, an accurate noninvasive marker for EV is highly needed for liver disease
patients.

Objectives: This study sought to evaluate the values of several indices to determine how adequate are
they in predicting EV and build a novel accurate prediction index.

Methods: Five thousand and thirteen patients were enrolled. The laboratory tests, abdominal ultrasonog-
raphy, liver stiffness measurement using Fibro-scan, and UGI endoscopy were performed. Ten common
indices: Fib-4 score, AST-to-platelet ratio index, Fibrosis index, AST/ALT ratio Varices Prediction Rule,
Baveno VI, APRI-Fib4 Combo, King score, “Model for End-Stage Liver Disease”, and Lok Score were calcu-
lated. The significant predictors for EVs were identified by using “P-value Correlation-based Filter
Selection” method, where a novel Egyptian Varices Prediction (EVP) index was developed using binary
logistic regression. The diagnostic performance was evaluated by some parameters and the Area Under
Curve (AUC).

Results: EVP Index was correlated to EVs at 0.5; it achieved higher performance (AUC 0.788, accuracy
73.3%, and sensitivity 78%) than the other indices at a cutoff point of 0.423.

Conclusion: EVP Index was a good noninvasive predictor. It had an acceptable performance for diagnosing
EVs and it was only required regular laboratory tests and imaging data. It can provide a tool for classifying
or arranging the patients according to the degree pre-emptive for selective endoscopy and the degree of
severity. Also, it will enable clinicians to concentrate on one marker instead of a wide set of parameters.
© 2021 The Authors. Published by Elsevier B.V. on behalf of Cairo University. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Liver cirrhosis is the 13" leading cause of mortality rate world-
wide [1]. EV is a major dangerous complication of liver cirrhosis.
The severity of cirrhosis, the size of varices, and the presence of
red spots are the most indicators of variceal bleeding. The screen-
ing for EV is recommended for cirrhotic patients because it is clo-
sely related to the treatment program with endoscopic or beta-
blockers prophylaxis to prevent variceal bleeding [2].

Nowadays, UGI is the standard diagnostic method of EVs which
is performed regularly on liver cirrhosis patients [3-5]. Neverthe-
less, there are disadvantages of this routine containing the compli-
cations related to endoscopy, particularly the need for intravenous
sedation. Also, it is frequently related to complications such as per-
foration and bleeding.

Therefore, the noninvasive methods are vital to identify the
patients who would benefit from UGI. In 2015, the experts at the
Baveno VI Consensus Workshop suggested some criteria for EVs
diagnosis [6]; they recommend canceling UGI in patients with pla-
telet>150,000/mm? and liver stiffness <20 kPa due to low risk of
bleeding related to these patients, it has acceptable performance
for keeping the use of UGI. The new expanded Baveno VI of classi-
fication rule was developed in 2017 with platelet
count > 110 x 10° cells/L and Liver Stiffness (LS) < 25 kPa [3].

Lately, several noninvasive predictors of EV have been explored
in HCV patients. Some studies evaluated the ability of several pre-
vious noninvasive markers which were used with liver fibrosis to
predict the presence of EVs. These indices were Lok score, Fib-4

score, “Aspartate Aminotransferase-To-Platelet Ratio Index”
(APRI), Fibrosis Index (FI), APRI-Fib-4 combo, Aspartate
Aminotransferase-To-Alanine Aminotransferase Ratio (AAR),

Varices Prediction Rule (VPR), King Score, and “Model for end-
stage liver disease” (MELD). However, the feedback from these pre-
vious studies were dialectical and their usefulness in clinical prac-
tice was uncertain as described in the next section.

In this context, the objective of our study is twofold: The first
objective sought to assess (evaluate) the predictive values of the
existing noninvasive markers that were introduced in the previous
studies to predict the presence of EVs in patients. The second
objective is to build and to assess a novel accurate index (Egyptian
Varices Prediction Index) using logistic regression for the predic-
tion of EVs to avoid the use of endoscopy.

There are several important points for our study; we used non-
invasive markers that depended on regular laboratory tests and
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imaging required without the need for extra cost for additional
biochemical tests or specialized devices. It varies from other non-
invasive markers that could prove to be harder to attain. This study
could be vital to developing countries with limited resources. Nev-
ertheless, future large potential studies are ensured to increase the
diagnostic performance of predictors in diagnosing EV in countries
where there is a shortage of endoscopy. This could prevent unnec-
essary UGI procedures that are linked to high costs and complica-
tions. Repeated upper endoscopy examinations have a great
burden on endoscopic units and are costly. Also, it can help the
clinicians to restrict UGI to those who are highly suspected to have
EVs.

The layout of this paper is as follows: Section 2 discusses the
background and literature review on the prediction of EVs. Sec-
tion 3 discusses the biomedical dataset used in our study and
explanation of our methodology step by step, from preprocessing
to the evaluation of the performance and comparison with others.
In Section 3, the classification results of our experiments were
reported. Section 4 discusses the performance, advantages, and
main limitations. Finally, conclusions of the paper with an outlook
for our future work are presented in Section 5.

Literature review

In recent years, researchers have been attempting to selecting
non-invasive predictors for predicting EVs in patients with HCV
based on clinical data. These studies have shown that biochemical,
clinical, and ultrasonographic parameters alone or together have
some predictive power for assessing the presence of EV noninva-
sively [7]. Previous studies can be classified as three noninvasive
categories for predicting the presence of EV.

The first was based on using one parameter such as using Tran-
sient Elastography (TE) to measure liver stiffness (LS) as studies
[8,9,10,11,12,13]. It was concluded that the stiffness score was only
correlated to EV. Some other studies proved that Albumin (ALB)
was a significant predictor for EVs as Amer Gomaa et al. [14] where
they compared Child-Pugh scores, ALB, and MELD in terms of the
effective prediction of EVs, and their results concluded that ALB
score warrants are the most effective noninvasive marker for EVs
at a cutoff exceeding — 2.2 with 96.7% sensitivity. This score was
higher than that of MELD, allowing it to be used at a cutoff exceed-
ing 8.5. Other studies concluded that the Platelet count (PLT) could
be used as the only predictor for EVs as Abd-Elsalam et al. [15].
They concluded that the platelet count represented a noninvasive


http://creativecommons.org/licenses/by-nc-nd/4.0/

S.M. Abd-Elsalam, M.M. Ezz, S. Gamalel-Din et al.

Journal of Advanced Research 35 (2022) 87-97

Table 1

The previous studies that used some markers for the prediction of varices.
Marker [used] Location Year Dataset Cutoff value Specificity Sensitivity AUC
PLT [15] Egypt 2016 110*9 >149,000 82 39 0.627
LS [8] Romania 2011 231*14 >19 32.39 84 0.656
LS[9] Egypt 2013 32*14 29.7 67 95 -
LS[11] KSA 2017 75*5 253 - - 0.67
LS [13] Bangladesh 2018 659 >18 75 88.7 0.769
LS [12] Spain 2017 161*20 >=20 70.6 76
ALB [14] Egypt 2018 80*11 >22 100 96.7 0.90
FI Score [22] China 2015 650*30 0.612 56 62.3 0.61
VPR [25] London 2015 195%6 0.72 7 86 0.75
Fib-4 Index [1] Albania 2017 139*21 >323 58 72 0.66
LOK Score [8] Romania 2011 231*14 >0.62 50.7 76.16 0.69
LOK Score [27] USA 2016 2233 0.86 77 73 0.80
King Score [22] China 2015 650*30 0.55 443 69.8 0.55
King Score[24] Egypt 2019 91*19 12.11 90 88.3 0.95
MELD Score [14] Egypt 2018 80*11 >8.5 95 90 0.90
BavenoVI [16] United Kingdom 2016 310 LS < 20, PLT > 150 0.34 0.87 0.746
Extend Baveno VI [19] Italy 2018 471*6 LS < 25,PLT > 110 48 100 -
Child-Score[28] China 2015 145*35 >9 791 63.6 0.796
APRI [21] Brazil 2013 164*7 13 72.7 64.7 -
APRI Score [13] Bangladesh 2018 65*9 1.00 833 63.3 0.779

marker at a cutoff>149,000, with 59% for accuracy, 54% for NPV,
72% for PPV, 82% for specificity, and 39% for sensitivity.

The second type of studies was based on a combination of more
than one predictor such as Chandail et al. in 2017 [7] where they
observed that spleen diameter and Portal Vein were significant
for the prediction of EV where they used 51 patients in their study.
Combination of Liver Stiffness (LS) and platelet count such as
Baveno VI criteria [3]. Since then, some studies evaluating these
recommendations have been published such as Maurice et al.
[16], Adjeka Stanislas et al. (2016)[17], and Sousa et al. (2017)
[18]. Tosetti et al. [19] proved that “Expanded Baveno VI” saved
screening UGI up to 45%. The “PLT > 150,000/MELD 6” was less
accurate; it was saving the UGI endoscopies to 41% and the original
Baveno VI saved the screening endoscopies by 21%. Then,
expanded Baveno criteria reduced the proportion of unnecessary
endoscopies. Llop et al. [12] proved that liver stiffness was the best
noninvasive marker. Also, Baveno VI was considered as the best
mixed method.

The third type of studies was based on evaluating the previous
markers that were used to predict the fibrosis and which of them
could be used for predicting EVs. Bledar Kraja et al. [1] used six dif-
ferent markers, AAR, APRI, Fibrosis Index (FI), MELD, King’s Score,
and Fib-4 to predict varices. They found that the Fib-4 was the only
significant marker with a specificity of 58%, a sensitivity of 72%,
and an AUC of 0.66. There was no proof of any significant associa-
tion of the common indices with the EVs such as King’s score, (FI),
AAR, and APRI. Stefanescu et al. [8] evaluated four markers Fib-4,
APR], liver stiffness, and Lok Score to predict the EVs. They found
that Lok Score was the best of the other three indices at a value
of a cutoff point higher than 0.62; it had 49.3% for NPV, 77.2% for
PPV, and 69% for AUC in the prediction of varices. Also, it was found
that LS was a significant predictor at cutoff higher than 19 KPa with
81% for NPV, 47.3% for PPV, and 68% for the diagnostic accuracy. A
mixture of Lok Score with LS was used, which achieved a better
diagnostic accuracy of 74.66%. Sedrak et al. [20] concluded that
the APRI is a poor predictor of EVs and bleeding of EV. Also, De
Mattos et al. [21] concluded that APRI was not an independent fac-
tor for the prediction of EV. Sarkar et al. [13] used APRI and LS
value of 18 kpa to predict EVs in cirrhotic patients. They found that
APRI had fewer values in NPV that showed there are no satisfactory
cutoff values for APRI to be used as a marker. Deng et al. [22] eval-
uated the diagnostic accuracy in predicting EVs. The results proved
that FI had the largest AUC at “0.60”, followed by Fib-4 at “AUC = 0.
544", then AST-ALT Ratio at “AUC = 0.538”, then King score at

89

“AUC = 0.526", finally APRI score at “AUC = 0.506”. Deng and Guo
[23] evaluated values of the diagnostic accuracy for (King score,
AAR, FI, APRI, Lok, Forns index, and Fib-4) predicting EVs. They
found that AAR, Forns index, APRI, Fib-4, and Lok were less accu-
rate in predicting EVs. They recommended further studies to con-
firm these findings in liver cirrhosis. Kamel A. Ahmed et al. [24]
found that Kings Score has the highest sensitivity and specificity
in EVs prediction, followed by APRI Score while AAR score has
the least sensitivity and specificity. A. Isted et al. [25] examined
five indices Clinical Prediction Rule (CPR), APRI, Spleen Size Z Score
(SSAZ), Hepatic Artery Resistance Index (HARI), “Platelet count-to-
SSAZ ratio” (P/SSAZ). CPR and APRI scores were the best overall
with AUC ranging from 0.74 and 0.72, respectively. Also, a novel
predictor “Varices Prediction Rule” (VPR) was developed that
yielded AUC of 0.75, sensitivity 86%, sensitivity 71%. Other studies
concluded that liver and spleen MR elastography analyses are sig-
nificant in the diagnosis of EVs such as Hayato Abe et al. [26]. In
this study, the diagnostic performance of MR elastography in pre-
dicting EVs was assessed. It was found that the measurement of
liver and spleen stiffness using elastography was a significant
method to predict patients of EVs. From the previous studies, mul-
tiple or binary logistic regression were commonly used to evaluate
the noninvasive markers for EVs.

The performance of the existing indices that were proposed in
the predictive models was neither sensitive nor specific and used
a small dataset as shown in Table 1. Despite the presence of many
studies up till now, there were no noninvasive markers that could
be widely used for predicting EVs. Thus, we evaluated the effec-
tiveness of various non-invasive indices and proposed a novel pre-
diction index using the logistic regression algorithm based on the
clinical data for Egyptian HCV patients.

Patients and methods
Patient’s dataset

Data of all chronic HCV patients (n = 453,465) treated under the
umbrella of “The Egyptian National Committee for Control of Viral
Hepatitis in the National Treatment Program of HCV patients” from
(Sep. 2006 To Aug. 2017) in Egypt were retrieved. This dataset was
collected from twenty-six hospital centers distributed in distinct
territories of North, Central, and South Egypt. Only 46,014 patients
have upper gastrointestinal (UGI) endoscopy done within 6 months
from starting antiviral therapy for chronic hepatitis C. All partici-
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Total Patients with HCV
(n=453,465)

}*

Final study population
(n=5,013)

Included patients who
performed upper endoscopy
(UGI) (n=46,014)

Excluded patients who
missing in liver stiffness

[

No-Varices
(n=2,240)

Varices
(n=2,773)

Fig. 1. Flowchart of the study population.

pants of this study signed a written informed consent and the
ethics review committee. This study was carried out according to
Helsinki ethical guidelines. UGI Endoscopy was performed on
patients included in this study with a comment on the presence
or absence of EVs. It was performed in a single endoscopy unit
by an experienced endoscopist. The patients were classified into
two main groups according to the presence varices(n = 27,427)
and absence of varices (n = 18,587). The ages of males ranged
beteen 19-74 years and ages of females within (25-70) years in
our study.

This retrospective study was conducted by 5013 from 46,014
patients with HCV because the other cases did not undergo Tran-
sient Elastography (TE) to measure Liver Stiffness (LS) using
Fibro-Scan as shown in Fig. 1. Moreover, not all patients had
chronic Hepatitis C cirrhotic save for dataset of 64,014 there were
95.3% of patients with chronic Hepatitis C cirrhotic and 98.8% of
patients with chronic Hepatitis C cirrhotic for a dataset of 5013.
All participants were subjected to the following: history taking,
thorough clinical examination, laboratory investigations including
complete blood picture, liver function tests including age, gender,
and Body Mass Index (BMI), Platelet Count (PLT), Aspartate Amino-
transferase (AST), White Blood Cell (WBC), International Normal-
ized Ratio (INR), Alanine Aminotransferase (ALT), Albumin (ALB),
Total Bilirubin (T.BIL), Creatinine (Cr), Prothrombin Time Contain-
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ing Prothrombin Concentration (PC%). Ultrasonography was per-
formed for patients and recorded; spleen (enlarged, average, or
removed), Portal Vein Diameter (PVD), and liver texture (cirrhotic,
abnormal, or normal). Also, the quantity of HCV viremia (HCV-
RNA).

According to UGI endoscopy, the patients were classified into
2,773 (55.32%) patients who had no varices and 2,240 (44.68%)
patients had varices as shown in Fig. 1. The group of EVs had only
2% risky varices, 3.5% an unknown degree, 5.4% eradicated varices,
and 34% non-risky varices as shown in Fig. 2.

Inclusion and exclusion criteria

Inclusion criteria: We included consecutive adult patients
(>18 years) with documented compensated liver cirrhosis sec-
ondary to chronic HCV. Liver cirrhosis was diagnosed based on
having F4 METAVIR stage in liver biopsy, positive HCV antibodies
and detectable HCV RNA by PCR, normal complete blood count,
hepatitis B surface antigen negativity, total bilirubin > 1.2,
INR > 1.2, and serum albumin < 3.5.

Exclusion criteria: Patients with any of the following conditions
were excluded from the study; Ascites, hepatic encephalopathy,
patients with previous endoscopic intervention for primary pre-
vention of variceal bleeding and patients refusing to be enrolled
in the study, missing data regarding complete blood count and
liver stiffness, serious co-morbid conditions such as severe arterial
hypertension, concomitant liver disease as chronic hepatitis B,
autoimmune hepatitis, and alcoholic liver disease.

Ethics statement

The study was approved by the National Research Centre ethics
committee with number 1458.

Methodology

Since our objectives of this study were to evaluate the predic-
tive values of the common markers and indexes that were pro-
posed in earlier studies, select the most significant predictors for
predicting the presence of EVs disease, build (establish) a simple
novel and accurate index using logistic regression, and compare
the performance of our index with other indexes for prediction
of EVs to avoid the use of endoscopy.

Classify the EV in our dataset

5%

36%
55%

Absent EV = UnKnownDegree

Eradicated

34%

A |\ 4

2%

= Risky EV = UnRisky EV

Fig. 2. Classification of the esophageal varices in the dataset.

90



S.M. Abd-Elsalam, M.M. Ezz, S. Gamalel-Din et al.

Journal of Advanced Research 35 (2022) 87-97

o~ > M es
/ @ el Attributes 1 e )
Validation : O0—-» % " l I
Handling Missing Normalization Hot Encoding Attributes 2

Cle%\ing

Statistical Analysis

I

—

—

il_ful gl
I]i JI]!
Genenc Dala
Repository

—
Da(ase-(SOls)

Normallty Test

F:I(er

Iale

Corr ation |—>

Train-Tét Split

Performance
Evaluation

—£a)

Make decision

Tegt of
Signgicant

Index Comparison

Fig. 3. The proposed system for predicting EV.

In this study, our methodology was divided into the following
steps: 1) data preprocessing, to repair the data and obtain more
accurate results in less time; 2) calculation and evaluation of the
existing scores from our dataset, to assess their predictive values
for predicting EVs, 3) attributes selection, to select the significant
subset of the attributes, 4) model implementation, to implement
and derive a novel accurate predictive index for helping the physi-
cians to concentrate on only one instead of the set of parameters
for prediction of EVs, 5) evaluation of the diagnostic performance,
to assess the performance of the predictive models. A comparison
of the performance of our index and attributes with other indexes
and attributes was conducted. The main processes are illustrated in
Fig. 3 and were explained in detail in the following subsections.

Data preprocessing and statistical analysis

Data preprocessing was an important step that included data val-
idation, cleaning, resolving missing data, statistical analysis, normal-
ization, and data transformation. For each field, data validation is
comprised of removing noise and inconsistent data by deletion. From
the observations, some attributes contained “0”, though the medical
knowledge denied being this value; therefore, we decided to consider
them as a missing value. Besides, the attributes that contained more
than fifty percent of missing values were removed. The normalization
process was applied for some attributes by calculating Z-score for
each attribute depending on the values of the standard deviation
and mean. We transformed some numeric attributes into a nominal
attribute of values 0 and 1. The hot encoding for categorical attributes
was applied to help simplify the analysis of the dataset.

The data were statistically analyzed using IBM SPSS (Statistical
Package for Social Science) version 23.0 “SPSS, Chicago, IL, USA”
and MedCalc version 15.8 “MedCalc Software BVBA, Ostend,
Belgium”.

The test of normality for the quantitative attributes was per-
formed using the Kolmogorov-Smirnov test. The not-normally dis-
tributed attributes were reported as the median and interquartile
range, the normally distributed attributes were expressed as
mean + standard deviation, and the categorical attributes were
expressed as frequency. The degree of significance between attri-
butes and varices class was calculated. For the quantitative attri-
butes, the independent sample t-test was used for normally
distributed data and the Mann-Whitney U test was performed for
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not-normally distributed [29]. A chi-square test was performed
to compare qualitative attributes. The p-value was calculated to
identify the significance attributes. Attributes were considered as
statistically significant at the two-tailed p-value < 0.05. Pearson
and Spearmen correlation coefficient was calculated for normal
and not-normal attributes, respectively, to rank them with the
classes of varices [30]. The attribute was correlated if the absolute
value of correlation coefficient |r| between each attribute and
varices class was more than the threshold value.

Calculation and evaluation of the common indices

By using available biological parameters in our dataset, several
noninvasive markers were calculated for patients because EVs
relates to liver fibrosis, according to previously published formulas.
These indices were calculated according to questions are shown in
Table 2: AST-ALT ratio (AAR), Fibrosis-4 (Fib-4) index, Child-Pugh
score, Model for End-Stage Liver Disease (MELD), APRI, LOK score,
FI, and King scores. There are three established scores for assess-
ment of EV including Varices Prediction Rule (VPR), Baveno VI,
and Expanded Baveno VI, which were accordingly calculated. The

Table 2
The formulas of the common different indices.

No. Index [Ref.] Year  Equation (Formula)
1 AAR [31] 2003  =AST(U/L)/ALT(U/L)
2 APRI [32] 2003 = [(AST/upper limit AST) x 100] /PLT (10°/1)
3 LOK Score [33] 2005 = [exp (log odds)]/ [1 + exp (log odds)]
log odds = -5.56-0.0089 x PLT (103
mm?) + 5.27 x INR + 1.26 x AAR
4 FI Score [34] 2006 =8-0.01 x PLT (10°/L) - ALB (g/dl)
5 Fib-4 [35] 2007 =[age(years)] x AST(U/L)]/ [PLT (10°/
L)] x ALT(U/L) *?)]
6 MELD Score 2007 =9.57 x In(Cr)+3.78 x In (TBIL) + 11.2 x In
[36] (INR) + 6.43
7 King Score [37] 2009 = Age x AST (U/L) x INR/PLT (10°/L)
8 BavenoVI* [3] 2015 =LS < 20 (kPa) + PLT > 150 000(/mm?>)
9 VPR Score* [25] 2015 =(ALB x PLT)/1000
10  Expanding 2017  =LS < 25(kPa) + PLT > 110 000(/mm?®)
BavenoVI* [6]
11  APRI-Fib4 2019 = APRI/ Fib-4
Combo [38]

*A Marker was established to diagnose the EVs and others to diagnose the liver
fibrosis.
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correlation coefficients for each index was calculated with varices
class and ranked according to their significance.

Attribute selection

It was important to reduce the dimensionality of attributes for
patients’ dataset and select the most significant attributes. Attri-
butes selection is a technique in data mining that reduces the
dimensionality of data. It was an important step for choosing the
relevant subset of attributes for building robust learning models.
Moreover, if the most significant attributes were selected, the com-
plexity of a model decreases which makes it easier to interpret,
minimize tests required from patients, diminishes cost, increases
accuracy, enables the machine learning algorithm to train faster,
and reduces overfitting [39]. The P-value Correlation-based Filter
Selection” (PC-FS) method which evaluates the attributes by using
heuristics based on general characteristics of the data was used as
in [40,41].

Derivation of a novel predictive varices index

Our goal was to find a simple index. We derived a novel predic-
tive index by Binary Logistics Regression (BLR). The input for this
model was a set of significant attributes that were chosen from
the attribute selection step.

BLR [42] is the most common and widely used with medical
data. It was oftentimes used to compare with machine learning
algorithms. It has several advantages including high accuracy and
power. The goal of BLR is to find the best fit model that describes
the relationship between the varices class and a set of independent
attributes.

Univariate BLR had been used to individually evaluate the sig-
nificance of each attribute for implying in the predictive model
and to obtain odds ratios with a 95% confidence interval. The odd
ratio is usually the parameter of interest derived from a fitted
logistic regression due to its ease of interpretation [43]. We sum-
marized the associations using OR, e.g., if the OR for LS was 1.2, this
means that the odds for cases with varices are 1.2 times higher
than that in cases with no varices. BLR produced the coefficients,
their standard errors, and significance levels of the mathematical
formula. Values of cutoff within 0 and 1 will be used as values of
classification.
logit(p) =y =Co+ » G x V; (1)
ey

Y=Tra ?)

Usually, Eq. (1) is not efficient to predict the binary values {0,
1}; therefore, the Sigmoid function was used to keep the value of
Y within the [0, 1] range as in Eq. (2). BLR chooses and estimates
the parameters that maximize the likelihood of observing the sam-
ple values rather than choosing parameters that minimize the sum
of squared error. The predicted probability that a given patient
(with given attributes) belongs to the “1” (present) was compared
against the probability that it belongs to the “0” (absent).

Evaluation of the diagnostic performance

To validate our results, we randomly split the dataset to 80: 20
for training and validation, we selected an internal derivative
cohort of 1003 patients for validation with maintaining the ratio
of (varices: no-varices) as found in the training cohort.

Multiple types of evaluations were performed after evaluating
the common indices by ranking them by correlation.
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First, the diagnostic performance of the entire prediction model
was evaluated with the performance of our index. We used several
parameters like accuracy, sensitivity, specificity, Area Under ROC
(AUC), Likelihood Ratio (LR), Negative Predictive Value (NPV),
and Positive Predictive Value (PPV). AUC was used to quantify
the power of the model’s predicted values to discriminate between
positive and negative cases. It was an efficient measure of the
authenticity of a diagnostic test. To obtain the cutoff points for
our index, the optimal cutoff value was chosen so that the sum
of specificity and sensitivity would be at the maximum.

Second, a comparison between using the indexes or their attri-
butes by using Naive Bayes to find the degree of tolerance between
them was conducted. We applied the Naive Bayes classifier to
implement a model using a set of significant attributes that were
chosen from the attribute selection step. We considered this algo-
rithm due to its following characteristic. The Naive Bayes algorithm
[44] is a simple probabilistic classifier, a very powerful model that
helps make an inference on a new sample while being simple to
understand and implement. It only requires a small amount of
training data to estimate the means and variances of the attributes
necessary for classification. It is based on applying Bayes’ theorem.
It predicts a class label given an attributes vector that is used to
return the prediction. The values of AUC for NB were used to rank
the models that are used as an index or their attributes.

Third, a comparison of the predictive performance of our index
with other indices and markers was conducted. The correlation
coefficient was used to rank all indices for predicting EVs. The
Receiver Operating Curve (ROC) [30] was plotted for the best five
indices. ROC curve analysis used the predicted probabilities that
were saved in our dataset as a new attribute.

Results
The statistical analysis of the patients’ characteristics

Our analysis included only 5013 patients with chronic hepatitis
without any missing values. According to UGI endoscopy results,
patients were classified into two groups: group I included 2,773
(55.3%) patients who had no-varices and group II included 2,240
(45%) patients who had varices. A descriptive overview of the
patients’ basic data was shown in Table 3. Patient characteristics
were compared between patients with and without EV. The quan-
titative attributes were represented as mean and Standard Devia-
tion (SD) except age which was represented as median and range
as shown in Table 3.

The dataset contains 69% of patients who were males and 30.1%
of patients who were females. In this research, we selected only fif-
teen attributes from more than thirty attributes from our dataset
and selected eleven markers. The quantitative attributes were
found to be not-normal distribution according to the
Kolmogorov-Smirnov test. So, the Mann-Whitney test was used
to compare quantitative attributes. A chi-square test was per-
formed with categorical attributes. Table 4 showed the demo-
graphic characteristics of patients in the training and validation
in a coherent dataset. The correlation coefficient was calculated
between all attributes and target (varices class). The absolute val-
ues of the correlation coefficient were ranked as shown in the chart
of Fig. 4, at a threshold of 0.110 for the absolute correlation coeffi-
cient. The result of attributes selection was PLT, ALB, LS, T.Bil, PC,
Spleen, PVD, HCV RNA, liver texture, and gender.

Performance of the novel predictive index

We used logistic regression to derivative the index. We chose
the Enter method to enter the independent attributes into the
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Table 3
Baseline characteristics of patients in the dataset.
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Characteristic With EV (2,242) Without EV (2,771) Significance Correlation Coefficient
Male: Female 1697(75.7): 545(24.3) 1755(63.3): 1016(36.7) < 0.0001* -0.133
Age, year 54 (19-74) 54 (22-73) 0.037 0.036
Body Mass Index, Kg/m? 29+45 305 < 0.0001 -0.077
Alanine Aminotransferase, IU/L 60 + 38 62.5 + 40 0.212 -0.018
White Blood Cell x10° mm? 58+5 6.4 +6.3 < 0.0001 —0.055
ALB, g/dL 3.65 + 0.6 3.9+0.6 < 0.0001 -0.225
Aspartate Aminotransferase, IU/L 72 + 40 69.5 + 46 0.001 0.05
T.Bil, mg/dL 1.2 +£0.68 0.95 + 0.53 < 0.0001 0.210
PLT*x10*mm> 123.5 + 68.7 147.6 £ 60.4 <0.0001 —0.247
PV Diameter, mm 13.66 + 2.1 13 +1.77 < 0.0001 0.187
LS, kPa 30.8 £ 16 245+ 133 < 0.0001 0.242
HCV RNA 53+09 5.5 +0.95 < 0.0001 -0.110
International Normalized Ratio 1+0.2 1.2+03 < 0.0001 0.086
Creatinine, mg/dL 09 +0.3 09+04 0.002 0.043
Prothrombin Concentration 77 +14.77 82.7 +13.97 < 0.0001 —0.201
Liver Texture < 0.0001* 0.160
“Cirrhotic” 1483 (66%) 1414 (51%)

“Abnormal” 685(30.5%) 1154 (42%)

“Normal” 74 (3.4%) 203 (7%)

Spleen <0.0001* -0.190
“Average” 595(26.5) 1238(44.7)

“Enlarged” 1592(71.0) 1502(54.2)

“Removed” 55(2.4) 31(1.1)

Data was represented as “mean + SD”, frequency (percentage), *p-values were calculated by chi-square test.

Table 4
Demographic characteristics of patients in the training and validation in a coherent
dataset.

Selective Training Dataset Validation Dataset Significance
attributes (n =4010) (n=1003)

Male: Female 69.5: 30.5 66.2: 33.8 < 0.0001
ALB, g/dL 3.81 £ 0.64 3.74 £ 058 < 0.0001
T.Bil*, mg/dL 1.06 + 0.61 1.05 + 0.63 < 0.0001
PLT*x10°mm?®  137.77 £ 65.42 136.45 + 62.83 <0.0001
PVD, mm 13.30 £ 1.99 13.26 £ 1.77 < 0.0001
LS, kPa 27.18 + 14.3 28.4 + 14.18 < 0.0001
HCV-RNA 5.41 £ 0.95 5.49 + 0.90 < 0.0001
PC 80.31 + 14.73 79.71 £ 14.02 < 0.0001
Liver Texture < 0.0001
Abnormal 36.8% 36.3%

Cirrhotic 57.3% 59.7%

Normal 5.9% 4.0%

Spleen <0.0001
Average 36.2% 38.1%

Enlarged 62.1% 60.3%

Removed 1.7% 1.6%

model in one single step without checking. The nominal categorical
attributes were identified to be encoded as numerical values by hot
encoding. The attribute was included in the model if its signifi-

We found that the cutoff value of 0.423 for a classification table
was the optimal point to evaluate the logistic regression model. If
the value of the EVP Index was>0.423, the class was varices; else it
is no varices. The P-value was<0.0001 for the overall model; there-
fore, these attributes contribute to the prediction of the varices.
The model correctly predicted 73.33% of the cases and 0.788 for
AUC with a 95% confidence interval (0.76 to 0.813).

Since our objective was to find a simple, accurate, and easy
index, a feature selection method was used to select the significant
attributes for implication in a predictive model. If P-value for
attributes was<0.001, the attribute was considered suitable for
the model. Then the logistic regression equation for prediction
was composed;

y =0.01 — 0.387 x AIB + 0.201 x TBiL — 0.003 x PLT + 0.201x
PVD —0.008 x PC—0.219 x (L = abno.) + 0.307 x (L = cir) — 1.098 x
(Spl = avg) — 0.944 x (Spl = enlg) + 0.025 x LS — 0.108 x HCV—
0.488 x (Gen = F)

ey

EVP = ——
1+e

Table 5 shows the univariate binary logistic regression analyses
for variables associated with EVs. Analysis of ten attributes with
their coefficients and Odds Ratios (ORs) with 95% Confidence Inter-
vals (CIs) were shown in Table 5. The values of regression coeffi-
cients were automatically calculated by the statistics software to

ABSOLUTE CORRELATION
COEFFICIENT

cance was P-value < 0.05.
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Fig. 4. Ranking the attributes based on the correlation coefficient.
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Table 5
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Analysis of the independent attributes of the equation with Coefficients in logistic regression.

Coef. (B) P-Value ORs Exp(B) 95% C.I. for Exp(B)
Gen. (F.) —0.488 < 0.0001 0.614 0.514-0.675
ALB —-0.387 < 0.0001 0.679 0.597-0.746
T.BiL 0.201 0.001 1.222 1.089-1.364
LS 0.026 < 0.0001 1.026 1.021-1.03
PLT —-0.003 < 0.0001 0.997 0.996-0.998
PC —0.008 0.003 0.992 0.988-0.997
Liver Texture < 0.0001
L(Abnormal) -0.219 0.085 0.803 0.568-1.136
L(Cirrhosis) 0.307 0.026 1.359 0.978-1.889
PVD 0.225 < 0.0001 1.252 1.201-1.306
Spleen < 0.0001
SPL(Avg.) —1.098 < 0.0001 0.334 0.216-0.596
SPL(Enlg.) -0.944 0.001 0.389 0.222-0.68
HCV_RNA —-0.108 0.004 0.897 0.834-0.966
Constant 0.01 0.706 1.01
Table 6
Diagnostic performance of models for prediction of EVs
NPV PPV Specificity Sensitivity LR- LR+ AUC Accuracy
Binary Logistic Regression 0.792 0.70 0.693 0.78 0.32 2.55 0.788 73.3%
Naive Bayes 0.715 0.726 0.81 0.61 0.48 3.21 0.77 72%

establish a new equation for predicting EVs. The performance of
logistic regression for EVP Index in the prediction of esophageal
varices is illustrated in Table 6.

Evaluating the performance of the common indexes with its attributes

Noninvasive indices for EVs were mostly derived from the non-
invasive estimation of liver fibrosis, i.e., the APRI index was first
produced to identify the presence of fibrosis for HCV patients
[32]. Also, Fib-4, King scores, AAR, and FI were primarily used for
liver fibrosis and its severity as shown in Table 1. These indices
were calculated based on regular laboratory data. Therefore, we
compared between using an index and their attributes to assess
the performance of each of them to diagnose the EVs. The NB algo-
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rithm was applied to their attributes and results of AUC were used
to measure the performance. It was found that the value of toler-
ance with using an index or its attributes ranged from 0 to + 3 as
shown in Fig. 5. Also, the value of tolerance of EVP index and its
attributes in this range.

Evaluation of the common indices with EVP index

The results of our study showed AAR and APRI were lower in
efficiency when predicting the presence of varices, with no statis-
tical differences between the classes. So, FI and VPR were the best
and showed the better in PPV, NPV, and specificity sensitivity as
shown in Table 7. The Pearson correlation coefficient was calcu-
lated across the previous indexes and the class of varices. These

78.8
80 77
- 70 70.2
68.5 68.6 68.9
5 66.3 66.8 68 67
70 62.9 63.4 65.9 63 64
59 60
60
50
40
30
20
10
0
Index and its attributes
m AAR | (AST, ALT) m APRI_Score 1 (AST,PIt) KingScore
(AST,ALT,INR,Age) MELD_Score (Cni,TBIil,INR) Fib-4 Score (PIt,AST,ALT, Age)
VPR (Pit, Alb) LOKscore (PIt,AST,ALT ,INR) m Fl Score
m (Plit, Alb) | EVP Index m (10 attributes)

Fig. 5. Analysis of AUC for indices with their attributes by the Naive Bayes algorithm.



S.M. Abd-Elsalam, M.M. Ezz, S. Gamalel-Din et al.

Journal of Advanced Research 35 (2022) 87-97

Table 7

Comparison between the performance of the noninvasive markers for prediction of EV
Marker Correlation Coefficient Cutoff value SE SP +LR -LR PPV NPV AUC
AAR 0.154 >1.09 64 51 1.33 0.7 524 63 0.59
Extend Baveno VI 0.262 >0 81.8 42.7 143 0.43 54 73.8 0.622
APRI Score 0.222 >1.108 64.8 54.6 143 0.64 54 65 0.629
LS 0.242 >26.4 59 62.7 1.58 0.65 56.8 64.8 0.64
ALB —0.249 <3.5 49 75.2 1.97 0.68 62.1 64 0.644
King Score 0.274 >26.77 71 54 1.55 0.53 56.3 69.4 0.659
PLT -0.277 <100 47 80.7 2.43 0.66 67 64.7 0.66
MELD Score 0.281 >5.356 74.5 51.5 1.53 0.5 56 71 0.663
Fib-4 0.289 >3.56 65.5 63.9 1.81 0.54 60 69 0.668
VPR -0.318 <0.443 61.3 69 1.98 0.56 62 68 0.685
LOK Score 0.321 >0.728 64 67 1.93 0.54 61.6 69 0.686
FI Score 0.285 >3.12 60 72 2.17 0.55 64 68.6 0.689
EVP Index 0.496 >0.423 78 69 2.55 0.32 72 79 0.788

SE “sensitivity”; SP “specificity”; +LR “positive likelihood ratio”; -LR “negative likelihood ratio”; NPV “Negative predictive value”; PPV “Positive predictive value”; AUC “area

under curve”.
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Fig. 6. Comparative AUC analysis of different indices in predicting EVs.

indices were ranked based on the absolute value of the correlation
coefficient. The AUC values for the best five indexes (EVP, FI, VPR,
Fib-4, and Lok score) are shown in Fig. 6. The new index (EVP)
had 0.788 of AUC (95% CI, 0.761-0.813) at the optimal cut-
off > 0.423, 79% for NPV, 78% for sensitivity, 72% for PPV, and
69% for specificity. VPR, Fib-4, LOK scores, and FI had AUCs of
0.685 (95% CI, 0.655-0.713), AUC of 0.668 (95% CI, 0.637-0.697),
AUC of 0.686 (95% CI 0.656-0.715), AUC of 0.69 (95% CI 0.660-
0.718), respectively.

Our study assessed suitability for using the proposed indexes
as the predictors. They were investigated to find optimal discrim-
inatory cutoff value points. Our study explored the diagnostic
accuracy of the common established noninvasive indexes for pre-
dicting EVs for 5,013 patients, but their diagnostic performance
was relatively poor as shown in Table 7.

Discussion

Noninvasive diagnosis methods of EVs are an important field
concerning the treatment of liver cirrhosis. Nowadays, physicians
are mindful to recognize the significant noninvasive markers
which may be easier and cheaper to perform and with high speci-
ficity and sensitivity to reduce the number of UGI endoscopies.
These noninvasive methods are especially needed in developing
countries that lack endoscopy devices and sufficient resources.

Thus, this multicenter cross-sectional study assessed different
laboratory tests, ultrasonographic parameters, and eleven indices
as a noninvasive method for the diagnosis of EVs on 5,013 patients
with liver cirrhosis. Thus, we attempted to examine whether the
noninvasive biochemical markers such as PLT, LS, and ALB or
indices such as AAR, APRI, FI, Fib-4, LOK, King’s Score, and VPR
could predict EVs. We classified the indexes that were introduced
in this study into two types: The first one was the indexes that
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were built to evaluate the severity of liver fibrosis such as Fib-4,
AAR, APRI, King, Lok score, and MELD. The second group consisted
of the indices that were built for predicting EVs such as VPR,
Baveno VI, and extend Baveno VI.

For all these indices, we analyzed the attributes used in their
formula as shown in Table 2 to select the most significant. Based
on the introduction of a systematic review for previous works,
we calculated these indices from our dataset and concluded the
following points:

Some studies concluded that stiffness was a good predictor for
EV such as [9,11,13,12,10]. Also, Albumin was used as the only pre-
dictor as study [14] while other studies suggested that PLT would
suffice such as study [15]. However, they also achieved low perfor-
mance in this study. The previous studies faced several limitations
as described in Section 2. Our study proved that there was no sin-
gle attribute that could be used alone as an efficient predictor of
the presence of EVs as shown in Table 6. This agrees with Ste-
fanescu et al. [8] where they combined Lok Score with LS to predict
EV. Their results increased to 74.66% for diagnostic accuracy. In
contrast, Saad et al. [9], T. Y. Kim et al. [10], Ghamdi et al. [11], Llop
et al. [12], Sarkar et al. [13] proved that LS was the only effective
predictor of EVs. Also, Abdel Hamed et al. [14] proved that ALB
might be used as a noninvasive marker for EVs at a cutoff value
greater than — 2.2, and also some studies used PLT such as Abd -
Elsalam et al. [15].

Our study agreed with Sarkar et al. [13], Sedrak et al. [20], Mat-
tos et al. [21], and Kamel Ahmed et al. [24] who concluded that
AAR and APRI were poor predictors of EV. Also, Deng Qi and Guo
[23] proved that Lok scores, APRI, Fib-4, and AAR had low to med-
ium efficiency concerning diagnostic accuracy in predicting EVs.

Regarding the Fib-4 index, although some previous studies con-
cluded that it was commonly used for predicting the progress of
liver fibrosis [35,45,46]. Khairy et al. [46] proved that it repre-
sented the best performing ROC for diagnosing moderate and
marked fibrosis among other independent factors with a PPV of
56%, NPV of 76%, a specificity of 60%, and sensitivity of 74% in
Egypt. It was expected to be a significant predictor for assessing
EVs such as Bledar Kraja et al. [1], who found that Fib-4 at a cutoff
value of 3.23 was the only significant predictor for EVs with 66% for
the AUC on 139 Albanian patients. This contradicts our study; the
AUC was 0.668, so it was not enough to predict the EV. Also, Deng
Qi and Guo [23] proved that Fib-4 had low to moderate diagnostic
accuracy in predicting EV.

Our study proved that FI was built to predict fibrosis, which is a
better index than the other indices. This agrees with Deng et al.
[22] who proved that FI had the largest AUC (0.60), followed by
Fib-4 (0.544), AAR (0.538), King (0.526), and APRI (0.506), while
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this contradicts Bledar Kraja et al. [1]. With that concluded, there
was no significant association for EVs with FI.

Our study proved that Varices Prediction Rule (VPR) was built to
predict the presence of EVs and is a better index than Baveno VI
and expanded Baveno VI. It achieved 0.685 for AUC. This agrees
with the outcomes provided by A. Isted et al. [25], who developed
VPR and examined it with the other five indices. They reported that
it achieved better AUC at 0.75, sensitivity at 86%, and sensitivity at
71% compared with the others. On the other hand, Tosetti et al.
[19] proved that “the expanded Baveno VI” criteria allowed sparing
screening endoscopies up to 45% without losing accuracy.

Our EVP index predicted nearly 2,256 True Negative (TN) out-
comes (who had no varices). If we divided them on the total num-
ber of patients, 5,013, we could save operating the upper
endoscopic UGI by 46.5%. Our study aims to help physicians to save
costs and avoids unnecessary UGI, which could get some advan-
tages from medical costs; however, it could be useful in daily prac-
tice to decide which patients do not need a UGI endoscopy. Our
index is the most reliable predictor of EVs despite the low diagnos-
tic accuracy. It could be used as an initial screening method for cir-
rhotic patients in developing countries that lack sufficient UGI
facilities.

This study had some limitations: The number of patients
included was heterogeneous through the participating centers,
and physicians’ approach for managing patients with liver differed.
The accuracy may be unacceptable because of the data’s heteroge-
neous nature and the drawback of logistic regression. In contrast,
applying a boosted naive Bayes tree on these ten attributes gave
a better performance that exceeded 0.86 and 78.6% for AUC and
the accuracy, respectively, as in the study [40]. There were only
2% of varices classified as risky varices, 3.5% unknown degree,
5.4% eradicated, and 34% non-risky as shown in Fig. 2. Liver stiff-
ness was evaluated by the elastography technique and portal vein
diameter was useful for the prediction of EVs. However, these tech-
niques were not readily available at all centers as there was a
struggle with a large portion of missing data. Also, this study did
not cover or assess any indexes that were not available with their
attributes in our dataset such as Liaoning Score [47] and Forns’
index [48] for prediction of esophageal varices.

Finally, these ten markers depended on regular laboratory tests.
They did not require any extra cost or additional biochemical tests
and specialized devices. This fact may be beneficial in developing
countries.

Conclusion

Our study sought to evaluate the diagnostic performance for
several common indices in predicting the presence of EVs. We
introduced a prospective study for a multicenter on HCV patients
in Egypt, which was an endemic area of hepatitis C virus infection.
This study evaluated the effectiveness of various noninvasive pre-
dictors for predicting EV, including liver stiffness, PLT, ALB, APRI
score, Lok score, AAR, Fib-4 score, FI score, VPR, and King Score.
Based on the results, PLT was the best single predictor
(AUC = 0.66), but it cannot be used as the only predictor. We con-
cluded that although stiffness, AIB, and PLT were significant in
diagnosing EV, each of them was not sufficient to achieve accepted
predictive performance when used alone, and, hence, cannot
replace or minimize the need for UGL “FI” was the largest AUC con-
sidering the common markers followed by the VPR and Lok index
(AUC = 0.68), followed by “Fib-4” (AUC = 0.66). AAR and APRI
had low diagnostic accuracy for EVs. We developed a new index
“Egyptian Varices Prediction” (EVP Index) to predict EVs. EVP Index
was derived using a binary logistic regression, that relied on only
ten significant attributes (PLT, LS, PC, liver, spleen, HCV-RNA,
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ALB, gender, T.BIL, and PVD). EVP Index achieved higher perfor-
mance than other predictors introduced in this study. It was signif-
icantly correlated to EVs at 0.5 at a cutoff point>0.423 and achieved
78%, 69%, 2.55, 0.32 72%, 79%, 0.788, and 73.3% for SN, SP, +LR, -LR,
PPV, NPV, AUC, and diagnostic accuracy, respectively. In the future,
we shall validate the EVP Index to predict the high-risk EV.
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