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Background and aim: Majority of
cirrhotic patients develop varices, the rate
of variceal bleeding is 10-30% yearly
with death rate from bleeding is 17-57%.
esophagogastroduodenoscopy (EGD) is
an invasive and unpleasant technique
carrying rare but serious complications.
We aimed to investigate the serum ascites
albumin gradient (SAAG) and portal vein
congestion index (PCI) as non-invasive
methods for prediction of esophageal
varices (EV) in patients with liver
cirrhosis.
Patients and Methods: 125 cirrhotic
patients with ascites and no past history of
EGD were included. Patients were
grouped into; Group I: 38 cirrhotic
patients without EV. Group II:
87
cirrhotic patients with EV. Patients were
subjected to full clinical evaluation,
calculation
of
SAAG,
abdominal
ultrasound with a duplex study and
measurement
of
PCI,
and
Esophagogastroduodenoscopy
for

INTRODUCTION
Liver cirrhosis is considered to be a
histologic entity that is characterized
by the presence of fibrous septae that
surround the regenerative nodules of
the hepatocytes. Liver cirrhosis
represents
the
end-stage
of
progressive fibrosis of the liver. A
number of insults could give rise to
liver cirrhosis, most notably viral
hepatitis (HCV and HBV), metabolic
causes, alcohol, and nonalcoholic
steatohepatitis.
The
produced
architectural distortion noted in endstage liver disease results in increased
resistance to portal blood flow in
addition, enhanced portal collateral

detection and grading of esophageal
varices .
Results: Cirrhotic patients with EV had
higher SAAG values (1.85 ± 0.24 gm/dl)
than cirrhotic patients without EV (1.27 ±
0.15 gm/dl). Additionally, cirrhotic
patients with EV showed a higher PCI
than those without (0.16 ± 0.02 and 0.12
± 0.01 respectively). For prediction of EV
in cirrhotic patients, SAAG had AUC
0.986 (p<0.001) with cutoff >1.4 with
sensitivity 97.70% and specificity 89.47%
and portal congestion index, AUC was
0.974 (p<0.001) with cutoff >0.135 had
sensitivity 90.80% and specificity
94.74%.
Conclusion: SAAG could be used as a
non-invasive predictor for the presence of
EV in cirrhotic patients along with SAAG
cutoff >1.4 requiring clinical attention.
Combination of SAAG and PCI had a
high ability to predict esophageal varices
in cirrhotic patients with AUC 1.000.

circulation, together give a share in
portal hypertension [1].
The occurrence of portal hypertension
is almost universal, irrespective of the
etiology of liver cirrhosis. As the
portal pressure overrides a certain
threshold, it leads to the development
of varices [2]. Hepatic venous
pressure gradient (HVPG) is the gold
standard method accepted for
estimating the severity of portal
hypertension [3]. In spite of the
advantages of HVPG as safety, and
feasibility of the technique, it is
invasive and also minor complications
(<1% of patients) have been identified
including local pain, transient cardiac

El-Deeb et al., Afro-Egypt J Infect Endem Dis 2021;11(3):270-283
https://aeji.journals.ekb.eg/

Original article
arrhythmias, and vagal reaction [4]. Additionally,
HVPG procedure exhibits a low rate of
acceptance among chronic liver disease patients,
moreover, it necessitates technical expertise who
typically present at tertiary medical centers [5].
Approximately fifty percent of cirrhotic patients
develop varices frequently in the distal 2-5 cm of
the esophagus. Yearly, the rate of bleeding from
varices is around 10 to 30 percent yearly. As well
as the death rate from this bleeding is 17-57%
[2]. As a result, when liver cirrhosis is first
diagnosed, all patients should start to be screened
for the presence of gastroesophageal varices.
Esophagogastroduodenoscopy
(EGD)
is
considered as the gold-standard method for
screening of varices, nevertheless, the primary
disadvantages are that, EGD is an invasive
procedure which invariably induces patient
discomfort and many patients decline it,
additionally, the cost is relatively high. Besides,
the diagnosis and classification of varices,
particularly small gastric and esophageal varices,
are subject to inter-observer variability [6].
Serum ascites albumin gradient (SAAG) was
developed as an approach, to distinguish ascites
into two groups; ascites with high SAAG (SAAG
≥1.1 g/dl) in patients with ascites linked to portal
hypertension and low SAAG ascites (SAAG
<1.1 g/dl) in patients whom ascites not related to
portal hypertension. SAAG foremost mirrors the
oncotic pressure that is exerted by serum
albumin over albumin in ascitic fluid that
genuinely equalizes the high hydrostatic pressure
gradient amidst the portal bed and the ascitic
fluid. Diagnostic paracentesis is indicated for all
patients with new onset ascites, particularly
grade 2 or 3 ascites as well as those admitted to a
hospital with cirrhosis complications [7].
The clinical application of an ultrasonic duplex
system comprising a B-mode probe and pulsed
Doppler flowmeter in patients with liver cirrhosis
or idiopathic portal hypertension has made it
possible for quantitative measurement of blood
flow in deep-seated blood vessels, including
assessment of blood flow in the portal vein [8].
So in this study we pursued to assess the role of
serum ascites albumin gradient (SAAG) and
portal vein congestion index as non-invasive
methods in predicting esophageal varices in
cirrhotic patients with ascites and to clear out
their relation with the grade of esophageal
varices.
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PATIENTS AND METHODS
The present work is a prospective research that
was carried out in Tropical Medicine Department
in collaboration with Diagnostic Radiology
Department, Faculty of Medicine, Menoufia
University. One hundred and twenty-five
cirrhotic patients with no past history of
esophagogastroduodenoscopy were included,
they were selected from May 2018 to July 2020.
Diagnosis of liver cirrhosis was done by clinical
examination, ultrasound finding as well as
laboratory evaluations. Based on upper
endoscopic finding, patients were grouped into
one of two groups; Group I: included 38
cirrhotic patients without esophageal varices
(EV), they were 22 (59.7%) males and
16(42.1%) females with mean age (62.89 ± 8.33)
and Group II: comprised 87 cirrhotic patients
with esophageal varices, they were 36 (41.1%)
males and 51 (58.6%) females.
For all patients, history and clinical evaluation
was collected. Patients with one of the following
conditions were excluded; ascites due to any
etiology other than cirrhosis, past history of
hematemesis or melena related to portal
hypertension, space-occupying lesion in the
liver, portal vein thrombosis. Also patients on a
beta-blocker or a long-acting nitrate treatment
and patients who underwent trans-jugular
intrahepatic portosystemic shunt (TIPS) or
surgery for portal hypertension were excluded.
Ethical Approval: For all participants an
explanation about the study was provided
together with informed consents were acquired
from each one before enlisted in the study. The
study was assured by the ethical committee of
Faculty of Medicine, Menoufia University and
performed under the direction of the Helsinki
Declaration.
Esophagogastroduodenoscopy: EGD was done
for all participants for detection esophageal
varices (EV), fundal varices, portal hypertensive
gastropathy (PHG) and other significant finding.
Grading of esophageal varices (EV) into 4 grads
was done regarding their size and depending on
the degree of protrusion of the varices into the
lumen of esophagus at the esophageo-gastric
junction when the esophagus was maximally
relaxed [9].
Laboratory
investigations:
Laboratory
evaluations comprised complete blood count,
liver function tests (aspartate transferase (AST)
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alanine transferase (ALT), serum albumin,
prothrombin time, the international normalized
ratio (INR), total & direct bilirubin) and kidney
function tests and serum electrolytes. Diagnostic
paracentesis was done for all patients; 30 mL of
ascitic fluid was taken under complete aseptic
condition (either bedside or ultrasound guide in
mild cases) for assessment of ascitic fluid
albumin concentration, total protein, cell count
with differential. Detection of serological
markers of HCVAb and HBsAg by enzyme
linked immunosorbent assay (ELISA) to assess
the etiology of cirrhosis. Then we calculated the
serum ascetic albumin gradient (SAAG)
SAAG = serum albumin – ascites albumin [10]
Radiological
evaluation:
Abdominal
ultrasonography was done using Siemens
Sonolone Sienna sonography for all patients. All
participants
were
held
fasting
before
ultrasonography for at least 6 hours. All patients
underwent color Doppler ultrasonic examination.
The main Doppler finding have been evaluated
by the same operator and by the same equipment
(with a 3.5-5 MHz curve - array transducer, G-50
Siemens).
Assessment of blood flow and patency of the
portal vein: B-mode imaging was used to
determine the PV anatomy. Portal vein was
recognized by the following; the splenic vein to
the right till its junction with the superior
mesenteric vein (SMV). This method dodged the
confusion of PV with the inferior vena cava or
with the bile duct. Whilst, when the PV is
troublesome to be observed in the supine
position, the patient was checked in the left
lateral position.
Estimation
parameters:

of

portal

hemodynamic

1-Cross-sectional area: PV cross-sectional area
was measured from the B-mode image of PV
while scanning perpendicular to the long axis of
the PV.
2-Portal vein blood velocity (cm/s): Main portal
vein blood velocity was assessed in its midportion, as the hepatic artery (HA) crosses the
Portal Vein, on oblique subcostal scans. The
axial size of the sample volume was adjusted to
encompass the lumen of the Portal Vein in its
entirety. The angle between the Doppler beam
and the vessel's long axis was kept below 6O°.
On samples of the Doppler signal lasting longer

than 4 seconds, the portal vein blood velocity
was automatically estimated.
3- Congestion index of the portal vein (CI) :
Congestion index of the portal vein (Cl) =
Portal vein cross-sectional area
____________________________
Mean velocity of the portal vein [11]
Statistical analysis of the data
Data of this study were supplied to the computer
and analyzed utilizing IBM SPSS software
package version 20.0. (Armonk, NY: IBM Corp).
Number and percent were used to depict
qualitative data. The normality of distribution
was verified using the Kolmogorov-Smirnov test.
The quantitative data were depicted utilizing
range (minimum and maximum), mean, standard
deviation and median. For categorical variables,
Chi-square test was used to compare between
different groups. Correction for chi-square when
more than 20% of the cells have expected count
less than five the Fisher’s Exact or Monte Carlo
correction was employed. To compare between
two studied groups of normally distributed
quantitative variables the Student t-test was
applied. While to compare between two studied
groups of abnormally distributed quantitative
variables Mann Whitney test is applied. The area
under the ROC (Receiver operating characteristic
curve) indicates the diagnostic performance of
the test with an area more than 50% awards
reasonable performance and an area about 100%
is the preferable performance for the test. As
well the ROC curve permits a comparison of
performance between two tests. F-test
(ANOVA); For normally distributed quantitative
variables, to compare between more than two
groups. To correlate between two normally
distributed quantitative variables Pearson
coefficient is used. To detect the most
independent/ affecting factor for predicting
esophageal varices regression analysis is applied.
The significance of the acquired results was
assessed at a 5% level.
RESULTS
Table 1 summarized the comparison between the
two patient groups regarding the demographic
data: 38 patients ranged in age between 45- 88
years with a mean age of 62.89 ± 8.33 years for
Group I and 87 patients ranged in age between
40-75 years with a mean age 60.24 ± 5.86 years
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for Group II. Group I had 22 males and 16
females, while Group II had 36 males and 51
females. We noticed that the mean of age as well
as gender distributions did not differ between the
two groups.
Concerning the history and general examination;
hepatic encephalopathy, jaundice and L.L
oedema were considerably different between the
two groups (p = 0.002, 0.039, and 0.012
respectively). Group II; cirrhotic patients with
esophageal varices displayed a higher prevalence
of hepatic encephalopathy jaundice, and L.L
oedema than cirrhotic patients without
esophageal varices. While bleeding tendency,
ecchymosis and spider naevi did not significantly
differ between the two groups (p = 0.475, 0.575
and 0.613 respectively). Child Pugh score was
significantly different between the two groups (p
= 00.014) where in cirrhotic patients with
esophageal varices, Child Pugh score C
represents 63.2% of Group II compared to 39.5%
in cirrhotic patients without esophageal varices
(table 1).
Abdominal ultrasound displayed that, splenic
collaterals were significantly more frequent in GI
than in GII (p=<0.001) as shown in table 1 and
figure 1A, however, the grade of ascites, the size
of spleen, and the size of liver did not differ
between the two groups (p=0.123, 0.568, and
0.795 respectively).
Regarding the cross section area of Portal Vein,
peak velocity, and Portal Congestion Index,
Doppler ultrasonic examination showed that,
there was a considerable difference between the
two groups (p < 0.001). We found that cirrhotic
patients with esophageal varices showed a higher
Portal Vein cross section area as well as Portal
Congestion Index than in those without
esophageal varices. However, a lower peak
velocity was found in cirrhotic patients with
esophageal varices than in those without as
presented in table 1 and figure 1B.
Esophagogastroduodenoscopy showed the grads
of esophageal varices in GII. Additionally, portal
hypertension gastropathy did not significantly
differ between the two studied groups (p =
0.058) (table 2, figures 1C and 1D)
Cirrhotic patients with esophageal varices
showed a clearly lower platelet count than
patients without varices (p < 0.001) as shown in
figure 2A, while hemoglobin concentration and
white blood cell count did not vary between the
two patient groups (p = 00.895 and 0.974
respectively). Regarding AST, ALT, INR and
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total bilirubin, there was a statistically nonsignificant difference between both groups.
However, serum albumin as well as ascitic fluid
albumin were found to be significantly lower in
cirrhotic patients with EV than in those without
EV (p < 0.001) (figures 2B and 2C). The values
of SAAG were considerably higher in Group II
(mean SAAG = 1.85 ± 0.24) than in Group I
(mean SAAG = 1.27 ± 0.15) with p < 0.001
(figure 2D). Cirrhotic patients with esophageal
varices showed lower serum Na and higher
serum K compared to Group I, (p was <0.001
and 0.014 respectively) as presented in table 2.
Table 3 and figure 3A showed ROC curve for
SAAG for detection of esophageal varices: AUC
was 0.986 (p < 0.001) with Cut off >1.4 had a
high ability to predict esophageal varices in
cirrhotic patients with Sensitivity 97.70% and
Specificity of 89.47%. Also, figure 3A showed
ROC curve for portal congestion index for the
prediction of esophageal varices: AUC was
0.974 (p < 0.001) with cut off >0.135 had
sensitivity 90.80% and specificity of 94.74%.
Additionally, table 3 and figure 3B presents
ROC curve for the combination of SAAG and
portal congestion index for the prediction of
esophageal varices in cirrhotic patients: AUC
was 1.000 (p < 0.001) with sensitivity 100.0%
and specificity of 100.0%.
A significant relation was detected between
SAAG with history of hepatic encephalopathy,
the existence of portal hypertensive gastropathy
(PHG) and the grade of esophageal varices (p =
0.024, 0.045, and 0.001 respectively) while, no
significant relation was found with Child Pugh
score or grade of ascites (p = 0.417, and 0.052
respectively) in Group II (table 4 and figure
3C).
Table 5 represented the relation between portal
congestion index with clinical and endoscopic
findings in Group II, we found out a significant
relation between portal congestion index with
history of hepatic encephalopathy, the existence
of PHG, the grade of esophageal varices and
grade of ascites (p = 0.032, 0.001, 0.002, 0.029
respectively) while, no significant relation with
Child Pugh score (p = 0.625) in Group II.
SAAG showed a significant negative correlation
with PLT (r = -0.401 and p= <0.001). Besides, a
significant negative correlation was found
between portal congestion index with PLT and
with serum Na (r= -0.262 and -0.220 respectively
and p= 0.014 and 0.040 respectively).
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Analyzing the risk association of both portal
congestion index and SAAG with the presence of
esophageal varices, our study explored that both
could be considered as risk factors for predicting
esophageal varices in cirrhotic patient with crude
OR 5.626 [95% C.I] 2.670-11.853 and OR 6.768
[95% C.I] 2.782-16.461 respectively, moreover
with adjusted odds ratio by age and sex OR

5.615 and 9.035 respectively in addition with
adjusted odds ratio by age, sex, hepatic
encephalopathy, splenic collaterals, platelet
count and Child Pugh score OR were 11.079
[95% C.I] 2.680 – 45.799 and 18.892 [95% C.I]
3.235 – 110.322 respectively as shown in table
6.

Table (1): Comparison between the two studied groups according to demographic data, history,
examination and ultrasound finding.
Group I
(n = 38)

Group II
(n = 87)

Sex
Male
22 (59.7%)
36 (41.4%)
Female
16 (42.1%)
51 (58.6%)
Age (years)
Mean ± SD.
62.89 ± 8.33
60.24 ± 5.86
Median (Min. – Max.)
63 (45 – 88)
60 (40 – 75)
4 (10.5%)
33 (37.9%)
History of Hepatic encephalopathy
History of Bleeding tendency
No
21 (55.3%)
54 (62.1%)
Yes
17 (44.7%)
33 (37.9%)
Child Pugh Score
B
23 (60.5%)
32 (36.8%)
C
15 (39.5%)
55 (63.2%)
Ecchymosis
No
26 (68.4%)
55 (63.2%)
Yes
12 (31.6%)
32 (81.6%)
L.L oedema
No
15 (39.5%)
16 (18.4%)
Yes
23 (60.5%)
71 (81.6%)
10 (26.3%)
40 (46%)
Jaundice
8 (21.1%)
15 (17.2%)
Spider naevi
Ascites
Mild to moderate
32 (84.2%)
62 (71.3%)
Massive
6 (15.8%)
25 (28.7%)
Spleen (US)
Splenic collaterals
No
23 (60.5%)
23 (26.4%)
Yes
15 (39.5%)
64 (73.6%)
Size
Enlarged
31 (81.6%)
67 (77%)
Not enlarged
7 (18.4%)
20 (23%)
Liver (US)
Size
Average
7 (18.4%)
16 (18.4%)
Enlarged
5 (13.2%)
8 (9.2%)
Shrunken
26 (68.4%)
63 (72.4%)
Portal Vein (US and Doppler)
Cross section area
Mean ± SD.
1.73 ± 0.14
1.87 ± 0.12
Median (Min. – Max.)
1.7 (1.5 – 2.1)
1.9 (1.6 – 2.1)
Peak velocity
Mean ± SD.
14.92 ± 1.14
11.65 ± 1.38
Median (Min. – Max.)
15.2 (12.6 – 16.5)
12.1 (8.9 – 13.8)
Congestion index
Mean ± SD.
0.12 ± 0.01
0.16 ± 0.02
Median (Min. – Max.)
0.12 (0.10 – 0.14)
0.16 (0.12 – 0.23)
2: Chi square test
t: Student t-test
US: ultrasound
p: p value for comparing between the two studied groups
*: Statistically significant at p ≤ 0.05

The test of Sig.

p

χ2=2.901

0.089

t=1.780

0.081

χ =9.532
2

*

0.002*

χ2=0.510

0.475

χ2=6.052*

0.014*

χ2=0.314

0.575

χ2=6.304*

0.012*

χ2=4.260*
χ2=0.256

0.039*
0.613

χ2=2.377

0.123

χ2=13.215*

<0.001*

χ2=0.326

0.568

χ2=0.459

0.795

t=5.949*

<0.001*

t=12.777*

<0.001*

t=14.576*

<0.001*
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Table (2): Comparison between the two studied groups according to portal hypertensive gastropathy
and laboratory parameters.
Group I
(n = 38)

Group II
(n = 87)

The test of Sig.

p

Portal hypertension
Gastropathy
No
27 (71.1%)
46 (52.9%)
χ2=3.598
0.058
Yes
11 (28.9%)
41 (47.1%)
HB (gm/dl)
Mean ± SD.
10.62 ± 1.74
10.66 ± 1.23
t= 0.132
0.895
Median (Min. – Max.)
11 (6.1 – 14)
11 (6.3 – 12.9)
3
3
WBCs (10 /mm )
Mean ± SD.
5.32 ± 1.62
5.38 ± 1.81
U=1647.0
0.974
Median (Min. – Max.)
5 (2.1 – 8.2)
5 (2.5 – 10)
PLT(103/mm3)
Mean ± SD.
94.0 ± 11.77
70.49 ± 11.01
t=10.754*
<0.001*
Median (Min. – Max.)
94 (60 – 120)
70 (41 – 97)
AST (IU/L)
Mean ± SD.
50.42 ± 14.48
50.48 ± 27.89
U=1410.0
0.192
Median (Min. – Max.)
50 (23 – 94)
43 (12.8 – 138)
ALT (IU/L)
Mean ± SD.
30.53 ± 15.85
29.76 ± 14.40
U=1632.0
0.910
Median (Min. – Max.)
27 (10 – 80)
26 (8 – 94)
INR
Mean ± SD.
1.33 ± 0.23
1.34 ± 0.25
t=0.133
0.894
Median (Min. – Max.)
1.3 (1.08 – 2.1)
1.3 (1 – 2.1)
Total Bilirubin (mg/dl)
Mean ± SD.
1.93 ± 0.82
2.29 ± 1.17
U=1444.0
0.261
Median (Min. – Max.)
1.7 (0.50 – 3.5)
2 (0.90 – 5)
Serum albumin (gm/dl)
Mean ± SD.
2.71 ± 0.26
2.16 ± 0.30
t=9.670*
<0.001*
Median (Min. – Max.)
2.7 (1.8 – 3.3)
2.1 (1.6 – 3.2)
Ascitic fluid albumin
Mean ± SD.
1.44 ± 0.28
0.32 ± 0.18
U=2.50*
<0.001*
Median (Min. – Max.)
1.4 (0.80 – 2.3)
0.30 (0.10 – 0.90)
SAAG
Mean ± SD.
1.27 ± 0.15
1.85 ± 0.24
t=13.826*
<0.001*
Median (Min. – Max.)
1.3 (1 – 1.5)
1.9 (1.3 – 2.4)
Serum Na
Mean ± SD.
135.9 ± 1.85
132.1 ± 4.0
t=7.386*
<0.001*
Median (Min. – Max.)
136 (133 – 140)
133 (121 – 139)
Serum K
Mean ± SD.
3.96 ± 0.40
4.23 ± 0.58
U= 1197.5*
0.014*
Median (Min. – Max.)
4 (3.1 – 4.8)
4.1 (3.2 – 6.5)
Hb: hemoglobin concentration, PLT: platelet count, WBCs: white blood cells.
ALT: Alanine aminotransferase, AST: aspartate aminotransferase, INR: international normalized ratio.
SAAG: serum-ascites albumin gradient
U: Mann Whitney test
t: Student t-test
p: p value for comparing between the two studied groups
*: Statistically significant at p ≤ 0.05
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Figure 1; (A): Comparison between the two studied groups according to Splenic collaterals, (B):
Comparison between the two studied groups according to portal vein (cross sectional area, peak
velocity, congestion index), (C): Distribution of the studied cases according to esophageal varices
grade in cirrhotic patients with esophageal varices group (GII), and (D): Comparison between the two
studied groups according to the presence of portal hypertension gastropathy
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Figure 2; (A): Comparison between the two studied groups according to platelet count (103/mm3),
(B): Comparison between the two studied groups according to serum albumin (GM/dl), (C):
Comparison between the two studied groups according to ascitic fluid albumin, and (D): Comparison
between the two studied groups according to SAAG

Table (3): Agreement (sensitivity, specificity) for SAAG, Congestion index and the combination of
both for prediction of esophageal varices (n= 87).
AUC

p

95% C.I

Cut off# Sensitivity Specificity

PPV

NPV

89.47

95.5

94.4

90.80

94.74

97.5

81.8

100.0
AUC: Area Under a Curve
p value: Probability value
CI: Confidence Intervals
NPV: Negative predictive value
PPV: Positive predictive value
SAAG: serum-ascites albumin gradient
PCI: Portal congestion index
*: Statistically significant at p ≤ 0.05
#Cut off was choose according to Youden index

100.0

100.0

100.0

*

0.970 – 1.002

>1.4

97.70

>0.135

SAAG

0.986

<0.001

PCI

0.974

<0.001*

0.952 – 0.996

SAAG + PCI

1.000

<0.001*

1.0 – 1.0
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Table (4): Relation between SAAG with clinical and endoscopic parameters Group II (n = 87).

Hepatic encephalopathy
No
Yes
Child Pugh Score
B
C
Ascites
Mild to moderate
Massive
Portal hypertensive gastropathy
No
Yes
Esophageal varices grade
G1
G2
G3
G4

N

Median (Min. – Max.)

Mean ± SD.

The test of
Sig.

p

54
33

1.9 (1.3 – 2.1)
1.8 (1.6 – 2.4)

1.81 ± 0.21
1.92 ± 0.26

t=
2.297*

0.024*

32
55

1.9 (1.3 – 2.4)
1.8 (1.5 – 2.4)

1.88 ± 0.26
1.83 ± 0.23

t=0.816

0.417

62
25

1.9 (1.3 – 2.4)
1.7 (1.5 – 2.4)

1.88 ± 0.24
1.77 ± 0.24

t=
1.975

0.052

46
41

1.9 (1.3 – 2.1)
1.9 (1.5 – 2.4)

1.80 ± 0.20
1.90 ± 0.27

t=
2.032*

0.045*

24
32
21
10

1.8 (1.3 – 2.1)
1.9 (1.5 – 2.1)
1.8 (1.6 – 2.4)
2.2 (1.6 – 2.4)

1.79 ± 0.21
1.80 ± 0.17
1.87 ± 0.26
2.11 ± 0.30

F=
5.751*

0.001*

Figure 3 (A): ROC curve for SAAG and portal congestion index (PCI) for detection of esophageal
varices, (B): ROC curve for combination of SAAG and PCI for detection of esophageal varices, (C):
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Relation between SAAG and esophageal varices grade in Group II, and (D): Relation between portal
congestion index and esophageal varices grade in Group II
Table (5): Relation between PCI with clinical and endoscopic parameters in Group II (n = 87).
N
Hepatic encephalopathy
No
54
Yes
33
Child Pugh Score
B
32
C
55
Ascites
Mild to moderate
62
Massive
25
Portal hypertensive
gastropathy
No
46
Yes
41
Esophageal varices grade
G1
24
G2
32
G3
21
G4
10
t: Student t-test, F: F for ANOVA test

Median (Min. – Max.)

Mean ± SD.

The test of
Sig.

0.16 (0.12 – 0.20)
0.18 (0.13 – 0.23)

0.16 ± 0.02
0.17 ± 0.03

t=
2.184*

0.032*

0.16 (0.12 – 0.20)
0.17 (0.13 – 0.23)

0.16 ± 0.02
0.17 ± 0.02

t=
0.492

0.625

0.16 (0.12 – 0.23)
0.17 (0.15 – 0.20)

0.16 ± 0.02
0.17 ± 0.02

t=
2.226*

0.029*

0.16 (0.12 – 0.20)
0.17 (0.13 – 0.23)

0.16 ± 0.02
0.17 ± 0.02

t=
3.397*

0.001*

0.14 (0.12 – 0.20)
0.16 (0.13– 0.23)
0.18 (0.13 – 0.23)
0.15 (0.14 – 0.20)

0.15 ± 0.02
0.17 ± 0.02
0.17 ± 0.02
0.16 ± 0.02

F=
5.493*

0.002*

p

Table (6): Odd`s ratio for SAAG and Portal Congestion Index.
Crude Odd`s ratio
Model A
Model B
p
OR(95%C.I)
p
OR(95%C.I)
p
OR(95%C.I)
*
*
*
<0.001
5.626(2.670 – 11.853) <0.001 5.649(2.696 – 11.836) 0.001 11.079(2.680 – 45.799)
PCI
0.001*
18.892(3.235 –
SAAG
<0.001* 6.768(2.782 – 16.461) <0.001* 9.035(2.941 – 27.758)
110.322)
OR: Odd`s ratio
C.I: Confidence interval
LL: Lower limit
UL: Upper Limit
SAAG: serum-ascites albumin gradient
PCI: Portal congestion index
Model A: adjust Odd`s ratio by age and sex
Model B: adjust Odd`s ratio by age, sex, Hepatic encephalopathy, Splenic collaterals, platelet count and Child
Pough Score

DISCUSSION
Cirrhosis of the liver has become a leading cause
of morbidity as well as mortality. It was
previously recorded by the Global Burden of
Disease (GBD) that nearly one million people
died from cirrhosis in 2010 around the world,
compared with 676,000 deaths in 1980. Because
cirrhosis has a low survival rate, data on the
incidence of geographical variations is critical
for preventing disability and mortality. However,
because relevant data for 58/187(31%) of
countries was not accessible in the report, the

severity of this medical
substantially greater [12].

issue

may

be

The burden of liver cirrhosis is increasing in both
the West and the East, according to existing
information. From 1980 to 2010, the number of
deaths due by liver cirrhosis throughout the
Caribbean, Oceania, Africa, Latin America, Asia,
and Europe had raised dramatically. Besides,
Egypt had the highest age-standardized mortality
rate related to cirrhosis [13].
Existing evidence showed that, liver cirrhosis is
considered to be end-stage of diverse chronic
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liver diseases, and is often neglected till
complications, as ascites, spontaneous bacterial
peritonitis (SBP), variceal haemorrhage, or
hepatic encephalopathy occur [14]. EV are found
in around half of all cirrhotic individuals at the
time of diagnosis. Varices grow from small to
large at a rate of 5-12 percent per year and bleed
at a rate of 5-12 percent per year once they have
formed [15]. When varices first occur in patients
with compensated cirrhosis, it suggests that the
illness has progressed from a low-risk to an
intermediate-risk stage. As bleeding occurs, it
signifies decompensation and progression to a
high risk of death [16].
When liver cirrhosis is detected, many studies
recommended that cirrhotic patients should be
screened for the existence of EV [15, 17], while
endoscopy is an invasive and unpleasant
procedure that carry rare but serious
complications as well [18]. As a result, several
scholars have sought to estimate the degree of
esophageal varicosity using noninvasive
indicators rather than endoscopy including liver
stiffness assessment, platelet count in addition to
platelet count/spleen size and spleen stiffness
[19,20]. However, there is no worldwide
agreement on which variable is best for
forecasting the risk of EV.
In the present study, cirrhotic patients with
esophageal varices had lower platelet count than
those without esophageal varices. This finding
agreed with Thomopoulos and his colleague
who reported that the existence of EV in patients
with liver cirrhosis could be predicted by low
platelet count [21]. They concluded that,
Platelets <118.000 in cirrhotic patients could
predict the presence of EV. The reduction of
Platelets may be related to splenic sequestration
of platelets, reduced thrombopoietin production,
and myelosuppression of platelet production
[22].
In the past 20 years, the serum ascites albumin
gradient (SAAG), has been proposed as a reliable
marker for differential diagnosis of ascites as
well as a predictor of portal hypertension [23].
Regarding serum albumin, our study showed
that, cirrhotic patients with EV showed lower
serum albumin than those without esophageal
varices. Moreover, ascitic fluid albumin was
significantly lower in cirrhotic patients with EV
than in cirrhotic patients without EV. In addition,
our results documented that, there was a
statistically significant difference between the

two groups regarding SAAG. Group II; cirrhotic
patients with EV had higher SAAG values (1.85
± 0.24) than Group I (1.27 ± 0.15).
These results were in accordance with previous
literature where low serum albumin was found in
patients with esophageal varices than those
without [24]. Furthermore, additional reports
exhibited that high SAAG reflects the presence
of esophageal varices [25]. Also Thong et al,
reported that patients with EV showed
significantly higher SAAG compared with
cirrhotic patients without EV (mean SAAG
values were 2.012 and 1.33 respectively) [26].
Regarding splenic collaterals and the portal vein
cross section area, our study showed that,
cirrhotic patients with esophageal varices
showed more frequent splenic collaterals than in
cirrhotic patients without esophageal varices
(73.6% and 39.5% respectively), moreover
higher cross section area was found in cirrhotic
patients with esophageal varices.
A previous report on portal vein diameter and
splenic collaterals in cirrhotic patients has
concluded
that,
portal
vein
dilatation
(≥14.9 mm), and presence of splenic collaterals
by ultrasound can predict EV specially the large
varices and explained portal vein dilation by
presence of the spleno-portal veins which
increase in caliber with worsening of portal
hypertension and decompression of these veins
by opening shunts with systemic circulation (i.e
varices) [27].
The current study addressed SAAG as a useful
predictive biomarker of esophageal varices for
patients with cirrhosis ascites. ROC curve for
SAAG for detection of esophageal varices: AUC
was 0.986 (p < 0.001) with Cut off >1.4 had a
high ability to predict esophageal varices in
cirrhotic patients with Sensitivity 97.70% and
Specificity of 89.47%.
Our results are near to the results obtained by
Marakbi et al. [28] they found that at cut-off
value of ≥1.3 gm/dl SAAG could predict the
presence of esophageal varices in cirrhotic
patients, with specificity (100%), sensitivity
(90.09 %), positive predictive value (PPV) was
100% and negative predictive value (NPV) was
64.5%.
While these results disagree with those of
Gurubacharya and colleagues who reported
that esophageal varices are present in all patients
with SAAG value above 2.0 gm/dl [23]. This
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difference in the results as regard cut-off value of
SAAG level as an accurate indicator for the
presence of esophageal varices can be attributed
to the difference in the population samples. In
our study all patients had ascites related to viral
infection (chronic HCV and chronic HBV) while
in other study; most of the patients with high
SAAG had alcoholic liver cirrhosis.

independent risk factor to predict the presence of
esophageal varices. Similarly, Thong and
colleagues found in multivariate analysis that
SAAG was an independent predictor of
esophageal varices detected on endoscopy results
with p value < 0.05 [26].

The PCI described by Moriyasu et al. has been
used to diagnose cirrhosis and portal
hypertension [11]. It demonstrates the increase in
the cross-sectional area of the Portal Vein and
the reduction in velocity. PCI is estimated from
the ratio of the Vein cross-sectional area (cm2)
and the average flow velocity (cm/sec), with ≤
0.07 cm/sec deemed to be normal value.

The current study suggests that SAAG could be
used as a non-invasive predictor for the presence
of OV in cirrhotic patients along with SAAG
with Cut off >1.4 requiring clinical attention.
Additionally, congestion index with Cut off
>0.135 had a high ability to predict the existence
of esophageal varices (EV) in cirrhotic patients.
Additionally, our study has confirmed that in
medical centers where endoscopic assessment is
not accessible, noninvasive indices as SAAG and
PCI may be valuable tools for predicting the
existence of esophageal varices in patients with
liver cirrhosis, regardless of Child-Pugh grade.
As a result, the studied indices could guide the
decision to initiate primary prophylaxis.

In the present study, cirrhotic patients with
esophageal varices showed a higher PCI than
cirrhotic patients without esophageal varices.
Also ROC curve for portal congestion index for
the detection of esophageal varices: AUC of
portal congestion index was 0.974 (p < 0.001)
with Cut off >0.135 had a high ability to predict
esophageal varices in cirrhotic patients with
sensitivity 90.80% and specificity of 94.74%.
These results are in agreement with those
reported by Hekmatnia et al. and Leão et al.
where the index was significant in prediction of
the presence of EV [29,30].
Several cut off points for the PCI were reported,
Nouh et al. found that, at cutoff point 0.11, the
sensitivity of PCI to predict EV was 93%, the
specificity was 85.7%, and AUC was 0.889. [31]
Furthermore Moriyasu et al. found that, PCI
cutoff point was (0.189) in patients with EV with
sensitivity (84.65%) [11]. The differences in the
cutoff point of PCI in these studies could be
attributed to the inter-observer variability or the
wide range of velocities obtained when the
Doppler angle is changed from 0 to 60 degrees.
In the present study, ROC curve of the
combination of both SAAG and PCI for
detection of esophageal varices showed a high
ability to predict esophageal varices in cirrhotic
patients. Additionally, analyzing the risk
association of PCI and SAAG, both could be
considered as risk factors for prediction of
esophageal varices in cirrhotic patients with
ascites.
Analyzing the risk association of both SAAG
with the presence of esophageal varices, our
study explored the significance of SAAG as

CONCLUSION
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