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ABSTRACT

Background/Aims: Alcohol is the leading cause of liver cirrhosis, which results in portal hypertension and subsequently, culminates into
esophageal varices and esophgeal variceal bleeding. Esophagogastroduodenoscopy is gold standard for diagnosis of varices. Non-in-
vasive markers based on clinical, laboratory & ultrasonographic parameters can be utilised for prediction of risk of esophageal varices &
variceal bleed in alcoholic cirrhosis from central India.

Materials and Methods: This was a cross sectional observational study. Child Turcot Pugh scores, MELD, AST ALT Ratio(AAR), AST Plate-
let Ratio Index(APRI), FIB-4 index and Platelet count-Spleen diameter(PC/SD) ratio were calculated for all patients and correlated with
esophagogastroduodenoscopy findings. Short term follow up was done for variceal bleeding.

Results: Total 202 male patients were included with mean age of 43.77+9.95 years. 188(93%) patients had esophageal varices.
61(30.19%) patients had variceal bleeding. On univariate analysis platelet count, APRI, spleen bipolar diameter, and PC/SD ratio were
significantly associated with varices. For prediction of esophageal varices, only PC/SD ratio was significant and showed area under the
curve of 65.6% at cut-off of <997. CTP score, FIB-4, APRI, and PC/SD ratio were significant for variceal bleeding. At cut-off <985 PC/
SD ratio had sensitivity of 82% and specificity of 63% with AUC of 78% for prediction of variceal bleeding. Also, FIB-4 and APRI had
diagnostic accuracy of 64% and 61% with AUC of 74% and 72 % respectively for bleed.

Conclusion: FIB-4 and PC/SD may be useful among armamentarium of non-invasive markers for predicting esophageal varices and risk
of variceal bleeding in alcoholic liver cirrhosis.
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LIVER

INTRODUCTION

Among different etiologies responsible for liver cirrhosis,
alcohol is the most common cause of liver cirrhosis in In-
dia (1). This condition results in the development of portal
hypertension (PH), which plays a cardinal role in the clini-
cal manifestations of the disease. A hepatic venous pres-
sure gradient (HVPG) >5 mmHg indicates the presence
of PH. Clinically significant portal hypertension (CSPH) is
defined as an HVPG =10 mm Hg. Variceal bleeding occurs
when the HVPG is >12 mmHg (2). Esophageal varices (EV)
develop due to an increase in the resistance of hepatic
vasculature, which is secondary to hepatic fibrosis and
regenerative nodules. Esophageal variceal bleeding (EVB)
is a principal cause of morbidity and mortality in patients
with liver cirrhosis. The mortality is 11%-40% due to EVB
(3). The formation of varices occurs at a rate of 3%-12%
per year, and conversion into large varices is 8%-12% per
year (4,5). The severity of underlying chronic liver disease
and the varices gauged on endoscopy help to predict fu-

ture variceal bleeding (6). Recent Baveno VI consensus
endorsed surveillance endoscopy in all patients with liv-
er cirrhosis at the time of detection and every 1-3 years,
depending on the findings of screening endoscopy and
ongoing liver injury (7). Esophagogastroduodenoscopy
(EGD) is the gold standard with a high sensitivity and
specificity for diagnosis and grading of EV. Its invasive-
ness, requirement of conscious sedation (8), and its fairly
high cost are demerits of EGD (9). Also, in resource-poor
countries, EGD is not widely available. Many patients
suffering from chronic liver disease will not have EV on
EGD. The occurrence of EV depends on the degree of un-
derlying PH, which is accurately graded using the HVPG
measurement. But the availability and its invasiveness are
limiting HVPG factors.

To overcome these obstacles, many non-invasive meth-
ods have been devised as an expedient marker for EV and
prediction of EVB.
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In cirrhotic patients, prediction of EV is based on these
simple, non-invasive markers of PH, such as model for
end-stage liver disease (MELD), platelet count (PC), aspar-
tate-aminotransferase-to-platelet-ratio index (APRI), as-
partate-aminotransferase-to-alanine-aminotransferase
(AST-to-ALT) ratio (AAR), platelet-count-to-spleen-di-
ameter (PC/SD) ratio, and fibrosis-4-index (FIB-4) (10-
12). These markers are based on routine laboratory values
that are often obtained for initial evaluation of patients
with CSPH, making them easy and readily available for
clinical implications (13). But some previous studies
showed controversial results and doubtful utility of these
markers in the prediction of varices. These studies includ-
ed different population groups and different etiologies of
cirrhosis (14-16).

Thus, we took a homogeneous cohort of patients with al-
coholic liver cirrhosis from central India. We hypothesized
that non-invasive markers of PH may be utilized for pre-
diction of EV and/or EVB.

MATERIALS AND METHODS

This was a cross-sectional observational study carried
out from December 2016 to May 2017. Institutional eth-
ics committee approval was taken prior to the starting of
study. Enrollment was done in a period of 6 months. Full
written informed consent was taken from the study pop-
ulation.

Study population

Consecutive male patients with cirrhosis aged 18-70
years attending the Gastroenterology Department, with a
clinically significant alcohol intake without variceal bleed-
ing, were enrolled in the study. Alcoholic cirrhosis was di-
agnosed on the basis of history, clinical examination, and
biochemical and imaging findings. The exclusion criteria
were as follows: (1) past episodes of upper gastrointes-
tinal bleeding; (2) etiology other than alcoholic cirrhosis;
(3) previous portosystemic shunt; (4) history of gastro-
intestinal surgery; (5) liver metastasis and hepatocellu-
lar carcinoma (HCC); (6) portal, hepatic or splenic vein
thrombosis; (6) affection of liver or spleen such as chron-
ic myeloid leukemia, myeloproliferative diseases, tropical
splenomegaly due to chronic malaria, etc.; (7) previous
splenectomy; (8) transjugular intra-hepatic porto-sys-
temic shunt (TIPSS).

Laboratory evaluation

All patients underwent a detailed laboratory assessment,
which included hematological and biochemical work up
including hemoglobin, PC, total leukocyte count, pro-

thrombin time, and serum levels of bilirubin, alanine ami-
notransferase, aspartate aminotransferase, total protein,
albumin, and blood urea. Enrolled patients were classified
depending on the Child-Turcotte-Pugh (CTP) class. From
these laboratory values, non-invasive markers such as
MELD, AST/ALT ratio, APRI, PC/SD, and FIB-4 were cal-
culated for each patient (10, 12). The MELD score was
calculated using the United Network for Organ Sharing
(UNOS) Internet site MELD calculator (www.unos.org).

The spleen bipolar diameter (BPD) was measured in mil-
limeters with a high-resolution B-mode ultrasonography
using PHILIPS HD 11 XE with a 5 MHz transducer. The
PC was calculated using a Sysmex XS-1000i automated
hematology analyzer 5 parts.

Calculation of non-invasive markers
The PC/SD ratio = PC (10%/L)/maximum bipolar diameter
of the spleen(mm) (17)

APRI = {[AST Level (IU/L)J//[AST (upper limit of normal)
(IU/L)] = 100}/PC (10°%/L) (18)

FIB-4 = [age (years) x AST (IU/L)J/[PLT (x 10%/L)]x [VALT
(IU/L)] (19)

Endoscopic evaluation and follow-up

EGD was performed using a Fujinon EG-250WR5 Video
Gastroscope in all patients to detect the presence and
grade of EV. Varices were classified into small and large
by endoscopist who was blinded to values of non-inva-
sive markers (20). All patients were given the standard-
of-care treatment, according to the Baveno VI guidelines,
in the form of non-selective beta-blockers and/or endo-
scopic band ligation(7).

All patients were followed-up for a period of 6 months
personally/telephonically and any event of upper gastro-
intestinal (Gl) hemorrhage was noted and correlated with
the findings of AAR, APRI, FIB-4, and PC/SD ratio with
EGD.

Statistical analysis

The statistical analysis was done using the Epi Info 7.2 and
Statistical Package for Social Sciences version 20.0 (IBM
Corp.; Armonk, NY, USA). The qualitative data were ex-
pressed in terms of percentages, and the difference be-
tween the proportions was tested using the chi-squared
test. The quantitative data were expressed in terms of
mean and standard deviations. The difference between
two means of normal data was tested by Student's t-test,
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and the difference between two means of non-normal
data was tested by the Mann-Whitney's U test. The binary
logistic regression analysis was applied to find the inde-
pendent predictors for the outcome variables. Receiver
operating characteristic (ROC) curves were applied to de-
fine the best cut-off, and based on the area under curve,
the best parameter to define the outcome variable. The
sensitivity, specificity, positive predictive value, negative
predictive value, positive likelihood, and negative likelihood
ratio were defined for the best cut-off. Every analysis was
two tailed, and the significance value was set to 0.05.

RESULTS

Demographic characteristics of study population

A total of 202 male patients with alcoholic cirrhosis were
enrolledin the study. The mean age was 43.77+£9.95 years.
Out of them, 133 (65.84%) had a large EV, 55 (27.23%)
had a small EV, and 14 (6.93%) patients had no EV on
EGD. The mean duration of alcohol intake was signifi-
cant with 12.52+3.69 years in the EV and 10+£2.72 years

in the no EV group, respectively (p<0.005). The average
alcohol intake in grams was significantly different when
compared between the subgroups. In the large EV group,
96.16+48.26 grams of alcohol intake on a daily basis was
seen. The majority of alcoholic patients [130(64.35%)] in
our study were consuming country-made liquor. Accord-
ing to the CTP score, patients were classified into the
Child-Pugh classes. The maximum number of patients
was in the Child-Pugh Class C, i.e., 133 (65.84 %) followed
by 59 (29.2%) in the Child-Pugh Class B, and 10 (4.95%)
in the Child-Pugh Class A.

Prediction of esophageal varices with non-invasive
markers

On comparison of baseline characteristics (Table 1) of
our alcoholic cirrhosis cohort in the EV and no EV group,
the PC was significantly lower in the large EV group
(p=0.0102). The BPD was significantly higher in the EV
group in comparison with the no EV group (p=0.0034) In
the large EV patients, majority were in the Child-Pugh C
class (63.15%).

Table 1. Baseline characteristics on univariate analysis with the presence of esophageal varices.

Parameters No Esophageal Varices (n=14) Esophageal Varices (n=188) p

Age (in years) 42.93+7.93 43.84+10.10 0.6912
Alcohol consumption per day (in grams) 29 (29-58) 58 (68-115) 0.05592
Duration of alcohol intake (in years) 10.00+2.72 12.52+3.69 0.0050
Hemoglobin (g/dL) 8.93+2.37 8.26+2.25 0.3272
Total leukocyte count (103/uL) 8805 (5760-14000) 7175 (5120-9630) 0.2083°
Platelets (10%/L) 158.50 (112-307) 134 (80-201) 0.1477
Total Bilirubin (mg/dL) 2.70 (0.80-11) 2.60 (1.4-4.5) 0.43052
Total protein (g/dL) 6.46+0.55 6.55+0.81 0.5880
Serum albumin (g/dL) 2.86+0.56 2.80+0.44 0.6856
Alanine aminotransferase (ALT) (U/L) 32.50 (20-43) 29 (22-46) 0.25102
Aspartate aminotransferase (AST) (U/L) 64 (43-92) 64 (43.5-94.5) 0.67742
Prothrombin time (sec) 17.46+3.18 19.19+4.22 0.0727
Creatinine (mg/dL) 0.90 (0.7-1.2) 1.00 (0.8-1.2) 0.3185°
Spleen Bipolar Diameter (mm) 11.26+£2.13 13.32+£2.45 0.0034
CTP score 9.79+2.49 10.31+2.05 0.4549
MELD 16.71£8.77 16.22+5.62 0.8281
AAR 2.24+0.98 2.21+1.22 0.9131
APRI 1.08+0.73 1.70+2.59 0.0263
FIB-4 3.13 (1.59-5.05) 3.93 (2.28-6.06) 0.0825%
PC/SD ratio 1221.50 (878-2743) 974.50 (614-1655) 0.07642

ap-values from Mann-Whitney's U test. All other p-values are from Student’s t-test.
CTP score: Child-Turcotte-Pugh score; MELD: model for end-stage liver disease; AAR: aspartate-aminotransferase-to-alanine-aminotransferase (AST-to-
ALT) ratio; APRI: AST-to-platelet-ratio index; FIB-4: fibrosis-4-index; PC/SD: platelet-count-to-spleen-diameter ratio.
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On the evaluation of non-invasive markers, APRI was
significantly higher in the EV group (p=0.026). The PC/
SD ratio was significantly lower in the large EV group
in comparison with the small EV and no EV group
(p=0.0014). AAR was not found to be significant on the
univariate analysis. FIB-4 was showing a trend toward
significance (p=0.082). On the binary logistic regres-
sion analysis, the spleen BPD was found to predict EV
(R2=0.315, p=0.008).

On the application of ROC curve (Figure 1), only the
PC/SD ratio was significant enough to predict EV
with the area under the curve (AUC) of 0.656 with
a 95% confidence interval (Cl) (0.50-0.80) (p=0.05).
At the cut-off <997, the PC/SD ratio had a sensitivity
of 52.13% and specificity of 64.29% with diagnos-
tic accuracy of 52.97%, with the odds ratio of 7.77
in the prediction of EV. Other non-invasive markers
such as MELD, AAR, APRI, and FIB-4 were not found
to be significant on the application of the ROC curve
(Table 2).

Prediction of esophageal variceal bleeding with non-in-
vasive markers

During the follow-up, 61 (30.19%) patients had EVB. The
history of daily alcohol intake was found to be significant-
ly higher in patients with EVB (The mean daily alcohol in-
take in grams 101.93 vs. 76.39). On the analysis of base-
line characteristics between EVB and no EVB in alcoholic
cirrhosis, hemoglobin, the PC, total protein, and serum
albumin were significantly lower in the EVB group (Table
3). On univariate analysis, the CTP score was significantly
higher in the EVB group in comparison with the no EVB
group (p=0.0001). On the comparison of non-invasive
markers with EVB, the means of the APRI and FIB-4 val-
ues were significantly higher in the EVB group (APRI, 2.75
vs. 1.19; FIB-4, 7.98 vs. 3.9. respectively). The PC/SD ratio
was found to be significantly lower in the EVB group in
comparison to the no EVB group (p<0.001).

A binary logistic regression analysis showed that the he-
moglobin, PC, creatinine, CTP score,and MELD score were
significant independent predictors of EVB (R*=0.507).
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Figure 1. Receiver-operating characteristics (ROC) curve of non-
invasive markers to predict the presence of esophageal varices (EV).

ROC Curve ROC Curve
= \

o=

o o2 o o5 ) 0 oo
1 -Specificity

o s
1- Spacifieity

Diagonal segments are produced by fies. Diagonal segments are produced by tiss.

Figure 2. Receiver-operating characteristics (ROC) curve of non-
invasive markers to predict the presence of esophageal variceal
bleeding (EVB).

Table 2. Performance of Non-invasive markers for prediction of esophageal varices (EV)

95% Confidence Interval

Parameters AUC1 p Lower Bound Upper Bound
CTP score 0.587 0.278 0.423 0.751
MELD 0.5632 0.687 0.327 0.738
AAR 0.473 0.733 0.322 0.623
APRI 0.575 0.348 0.418 0.732
FIB-4 0.563 0.433 0.412 0.714
Platelet count (109/L) 0.616 0.148 0.454 0.778
PC/SD ratio 0.656 0.05 0.503 0.809

'Area under the curve (AUC) obtained from the receiver operating characteristic.
CTP score: Child-Turcotte-Pugh score; MELD: model for end-stage liver disease; AAR: aspartate-aminotransferase-to-alanine-aminotransferase (AST-to-
ALT) ratio; APRI: AST-to-platelet-ratio index; FIB-4: fibrosis-4-index; PC/SD: platelet-count-to-spleen-diameter ratio.
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Table 3. Baseline Characteristics on univariate analysis with esophageal variceal bleeding

No Esophageal Esophageal Variceal

Parameters Variceal Bleeding (n=141) Bleeding (n=61) p
Age (in years) 43.18+9.07 4513+11.71 0.2503
Alcohol consumption per day (in grams) 76.39+44.6 101.93+£51.75 0.0011
Duration of alcohol intake (in years) 12.14+£3.85 12.80+3.23 0.2109
Hemoglobin (g/dL) 8.74+2.3 7.32+1.82 <0.001
Total leukocyte count (103/uL) 7650 (5560-10060) 6580 (4440-9600) 0.1660?
Platelets (109/L) 160 (117-232) 124 (53-80) <0.001=
Total Bilirubin (mg/dL) 2.60 (1.3-4.9) 2.60 (1.6-4) 0.0720°
Total protein (g/dL) 6.66+0.71 6.26+0.92 0.0034
Serum albumin (g/dL) 2.85+0.46 2.70+0.43 0.0303
Alanine aminotransferase (ALT) (U/L) 30 (22-43) 29 (21-50) 0.46782
Aspartate aminotransferase (AST) (U/L) 66 (44-91) 63 (40-103) 0.5281°
Creatinine (mg/dL) 1.11+£0.74 1.21+£0.65 0.3252
Spleen Bipolar Diameter (mm) 13.06+£2.58 13.45+2.23 0.2329
CTP score 9.94+2.16 11.05+1.65 0.0001
MELD 16.06+6.1 16.69+5.3 0.4652
AAR 2.23+1.27 2.156+1.02 0.6533
APRI 1.19+1.26 2.75+3.96 0.0037
FIB-4 3.90+3.35 7.98+7.24 0.0001
PC/SD ratio 1200 (878-1867) 630 (443-910) <0.0012

2p-values from Mann-Whitney's U test. All other p-values from Student’s t-test.
CTP score: Child-Turcotte-Pugh score; MELD: model for end-stage liver disease; AAR: aspartate-aminotransferase-to-alanine-aminotransferase (AST-to-
ALT) ratio; APRI: AST-to-platelet-ratio index; FIB-4: fibrosis-4-index; PC/SD: platelet-count-to-spleen-diameter ratio.

Table 4. Performance of Non-invasive Markers for Prediction of Esophageal Variceal Bleeding (EVB).

Platelet

Parameters MELDa AAR? APRI FIB-4 Count (10%/L) PC/SD Ratio
AUC (95% CI)' 0.54 0.50 0.72 0.74 0.79 0.78

(0.46-0.62) (0.41- 0.58) (0.64-0.80) (0.66-0.81) (0.72-0.85) (0.71-0.85)
Cut-off 15.00 2.00 1.05 3.91 134 985
Sensitivity 52.46 4754 68.85 7213 80.33 81.97
Specificity 55.32 53.19 58.16 60.28 62.41 63.12
PPV 33.68 30.53 41.58 44 48.04 49.02
NPV 72.9 70.09 81.19 83.33 88 89
Diagnostic accuracy 54.46 51.49 61.39 63.86 67.82 68.81
LR+ 117 1.01 1.64 1.81 213 222
LR- 0.85 0.98 0.53 0.46 0.31 0.28
Odds ratio 1.36 1.02 3.07 3.92 6.77 777

(0.74-2.49) (0.56-1.87) (1.62-5.80) (2.04-7.55) (3.30-13.89) (3.73-16.25)

astatistically not significant

'Area under the curve (AUC) obtained from the receiver operating characteristic.

PPV: positive predictive value; NPV: negative predictive value; LR: likelihood ratio;

CTP score: Child-Turcotte-Pugh score; MELD: model for end-stage liver disease; AAR: aspartate-aminotransferase-to-alanine-aminotransferase (AST-to-
ALT) ratio; APRI: AST-to-platelet-ratio index; FIB-4: fibrosis-4-index; PC/SD: platelet-count-to-spleen-diameter ratio.
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The ROC curve for the PC and PC/SD ratio showed an
AUC of 0.79 with 95% CI (0.72-0.85) and 0.78 with 95%
Cl (0.71-0.85), respectively. The cut-off for PC was 134
(10°%/L) with a sensitivity of 80.33%, specificity of 62.41%,
and diagnostic accuracy of 67.82% with a positive like-
lihood ratio (LR+) of 2.13. Similarly, the best cut-off for
the PC/SD ratio was found to be 985 with a sensitivity of
81.97%, specificity of 63.12%, and diagnostic accuracy of
68.81% with a positive likelihood ratio (LR+) of 2.22. Ac-
cording to the ROC curve, a PC <134 (10%L) and PC/SD
<985 have a good predictive value for the diagnosis of the
upper gastrointestinal (UGI) bleeding (Figure 2).

The ROC curve was also applied to other non-invasive
markers such as AAR, APRI, MELD, and FIB-4. In these,
only APRI and FIB-4 were found to be significant. The
ROC curve for FIB-4 suggested the best cut-off value of
3.91. This cut-off reveals a sensitivity of 72.13%, spec-
ificity of 60.28%, and diagnostic accuracy of 63.86%
with a positive likelihood ratio (LR+) of 1.81. An AUC of
0.74 with 2 95% CI (0.66-0.81) suggests the FIB-4 value
>3.91 has a good predictive value for the diagnosis of UGI
bleeding. An APRI >1.05 cut-off had an AUC of 0.72 with
a sensitivity of 68.85%, specificity of 58.16%, and diag-
nostic accuracy of 61.39% in the prediction of variceal
bleeding (Table 4).

DISCUSSION

Cirrhosis is the final pathway in the stages of chronic liv-
er disease, which is complicated by PH (21). EV develop
in approximately 60%-80% of cirrhotic patients due to
PH (22). EVB is one of the common and dreaded com-
plication in patients with cirrhosis having a mortality rate
of around 10%-20% (7). An appropriate management of
EVB can be done using history, clinical examination, labo-
ratory studies, and early EGD (23). The prognosis of acute
UGI bleeding is more dismal in cirrhotic than non-cirrhot-
ic patients (24). All patients upon the diagnosis of cirrho-
sis are recommended to screen for EV using endoscopy.

In the developing countries with limited resources, en-
doscopy is generally widely available. In cirrhotic patients,
varices screening by annual or biannual endoscopies are a
difficult and costly affair. Also, EGD is invasive and many
times uncomfortable for the patient, resulting in the need
for non-invasive methods to evaluate the presence of EV
in these cirrhotic patients. PH develops from increased
hepatic resistance secondary to liver fibrosis. By utilizing
these non-invasive markers of liver fibrosis, development
of EV can be predicted (25). These non-invasive markers
can be used to differentiate between high- and low-risk

patients. Patients with a high risk for EV can be planned
for EGD and subsequent follow-up as needed. This could
cut down on cost and also in need of endoscopies.

In our study, univariate analyses in all clinical and bio-
chemical parameters, PC, spleen bipolar diameter, and
APRI are significantly correlated with the presence of
EV. The PC/SD ratio was significantly lower in patients
with large EV in comparison with small or no EV. Several
studies showed a similar significant correlation of the PC/
SD ratio with a size of EV, and the Child-Turcotte-Pugh
classification (26,27). On the application of binary logis-
tic regression analysis, the spleen BPD was only variable
to predict EV. FIB-4 values showed a trend toward sig-
nificance in cirrhotic patients when compared with the
presence of EV. Zhang et al. noted that the APRI and
FIB-4 values were significantly higher in cirrhosis with PH
on comparison with patients suffering from chronic liver
disease (21).

The ROC curve and AUC were applied to assess the effica-
cy of these non-invasive markers for the prediction of large
EV. Only the PC/SD ratio was found to be significant for
varices prediction at a cut-off value <997 with a sensitivity
of 52% and a specificity of 64 % with an AUC of 0.65.

Other non-invasive markers such as AAR, APRI, and FIB-4
were not found to be significant on the ROC curve appli-
cation. The primary non-invasive marker in our study for
the prediction of EV is the PC/SD ratio. This ratio might be
a factor of clinical utility in PH. Many studies have shown
a significant association between the PC and SD with the
occurrence of EV (28). Decrement in the PC/SD ratio in
alcoholic cirrhosis can be explained by progressively in-
creasing the spleen size and decrease in the PC (29). The
etiology of thrombocytopenia in cirrhosis is multifactori-
al, which includes PH, a decreased mean platelet life span,
or decrease in the production of thrombopoietin (30). In
alcoholic cirrhosis, importantly thrombocytopenia could
result from the myelotoxic effect of alcohol (31). Giannini
et al. used the PC/SD ratio cut-off of <909 and found a
positive predictive value of 96% and a negative predictive
value of 100% for the presence of EV (29). Many studies
also showed similar results, but in a different population
subgroups and different etiologies of cirrhosis (10,14,32).
A meta-analysis done by Chawla et al. showed similar re-
sults that included a total of 1275 patients and reported a
sensitivity of 89% and specificity of 74% (33).

In our results, FIB-4 was found to be insignificant in the
ROC curve application for the presence of varices. It is a
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marker of liver dysfunction and includes age, AST, ALT,
and PC. A progression of liver fibrosis and PH are more
frequently observed with advanced age (19). Patients
from the EV group were relatively younger (mean age,
43.84 years) than the patients studied by Kraja et al. That
could be an explanation for an insignificant value of FIB-
4 in our study. In the study by Kraja et al., patients were
older (mean age, 52.3 years) and showed a high sensitivi-
ty and specificity of FIB-4 for the diagnosis of EV (34). In
a recent systematic review and meta-analysis summary,
the AUCs of APRI, AAR, and FIB-4 scores for the predic-
tion of varices were 0.68, 0.73, and 0.78, respectively.
However, the APRI, AAR, and FIB-4 scores had a low to
moderate diagnostic accuracy in prediction of varices and
large varices in liver cirrhosis (35).

In our study, EVB was observed in 61 (30.19%) patients
on the follow-up. For the prediction of variceal bleeding
in alcoholic liver disease, we compared all clinical and
laboratory parameters. The CTP score was significantly
higher in patients with EVB. It reflects that patients with
higher CTP scores are more prone to bleeding. On the ap-
plication of the binary logistic regression analysis for UGI
bleeding, hemoglobin, PC, and serum albumin were found
to be significant predictors, which correlates with the se-
verity of PH.

On applying the ROC curve, the PC, FIB-4, PC/SD, and
APRI significantly correlated with UGI bleeding. The max-
imum AUC was for PC (79%) followed by the PC/SD ratio
(78%) for the prediction of UGI bleeding. On retaining the
cut-off of 985 for the PC/SD ratio, we found a diagnos-
tic accuracy of 68.81% with an OR of 7.77 for EVB. This
suggests that the PC/SD ratio <985 is a good predictor of
EVB. In aretrospective study with a large cohort suggest-
ed varices as the basis of bleeding by using the PC with
the cut-off of 69 (10%/L)(36).

FIB-4 also appears to be a promising marker in the pre-
diction of EVB with a diagnostic accuracy of 63.86% in
our results. But in a recent study by Kraja et al., these
non-invasive markers were not significant in the predic-
tion of EVB (34).

This study may have a reasonable value in developing
countries where resources are limited. Thus employing of
these non-invasive markers have to be deduced. In our
study, to decrease the etiological bias, we have included
a homogenous cohort of alcoholic cirrhosis cases at our
center. A limitation to our study is the short duration of
follow-up. Also, we have taken the values of non-inva-

sive markers at the time of enrollment in the study, but
subsequent follow-up values were not taken into consid-
eration.

In conclusion, the FIB-4 Index and PC/SD ratio are the
most dependable among the armamentarium of non-in-
vasive markers in the prognostication of EV and/or EVB in
alcoholic liver cirrhosis. They can be used in the screening
of EV, risk classification, future risk of EVB, and appropri-
ate referral to higher centers. This non-invasive assess-
ment of PH and liver fibrosis is especially useful in areas
where the HVPG and EGD availability is sparse. Measuring
of the PC/SD ratio and FIB-4 is simple, reliable, objec-
tive, and cost effective. However, these markers cannot
replace EGD. Future studies involving large populations
with a long-term follow-up along with a repetition of
non-invasive markers at a timely interval may be planned
to examine the exact utility of these non-invasive mark-
ers for prediction of EV and/or EVB.
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