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Abstract

Variceal bleeding is the last step of a chain of events initiatedby an increase in portal pressure,
followed by the development and progressive dilation ofvarices until these finally rupture and
bleed. The ideal method to diagnose portal hypertension should be accurate, noninvasive, objec-
tive, and reproducible. The study evaluated the predictive value of two non-invasive parameters
for the diagnosis of esophageal varices (EV): 1- Right liver lobe diameter/serum albumin ratios
(RLLD /S. albumin), and 2- Platelet count/splenic bipolar diameter ratios (Platelets count
/SBPD). This study included eighty Egyptian patients with post-hepatitic cirrhosis (45males and
35 females). They underwent laboratory ultrasono-graphic and endoscopic examinations within
one week. RLLD/S. albumin and Platelets count/SBPD ratios were calculated. The results
showed that EV were not detected by upper digestive endoscopy in 25%, while grade I of EV was
found in 17.5%, grade II in 17.5%, grade Il in 20%, & grade IV in 20%. RLLD/S. albumin con-
centration ratio diagnosed the varices at cut off value of 3.43 with 95% sensitivity and 80% speci-
ficity. Also, it was positively correlated with grading of E.V, when this ratio increased the grad-
ing of E.V increases and vice versa. Besides, it predicted bleeding from E.V. at cut off value of
5.096 with 63% sensitivity and 73% specificity. Platelet count/ SBPD ratio predicted the presence
of varices at cut off value 1847 with 95% sensitivity and 93% specificity, and negatively correlat-
ed with grading of EV, when this ratio decreased grading of E.V increase and vice versa. It also
predicted bleeding from E.V. at cut off value of 4809 with 50% sensitivity and 93% specificity.
Key words: Right liver lobe diameter, esophageal varices, platelet count, splenic bipolardiame-
ter.

Introduction

Variceal bleeding is the last step of a chain
of events initiated by an increase in por-
talpressure, followed by the development
and progressive dilation of varices until the-
se finally rupture and bleed. The appearance
of varices incompensated patients indicates a
change from a clinical stage with a very low
risk of death at 1 year (stage 1;1% risk) to an
intermediate risk stage (stage 2; 3.4% risk).
The occurrence of variceal bleeding isa
dreadful event, marking the progression to
decompensation of the liver disease and to a
very high risk of death stage; stage 4;57%
risk (D’ Amico, 2006).

Esophagogastroduodenoscopy (EGD), via
invasive, remained the gold standard for
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screening of esophageal varices in cirrhotic
patients over many years. EGD directly vis-
ualizes esophageal varices and signs of im-
pending rupture (Garcia-Tsao, 2001). The
ideal method to diagnose portal hypertension
should be accurate, noninvasive, objective
and reproducible. Existing methods for dia-
gnosis of portal hypertension includeclin-
ical examination, laboratory tests, imaging
studies, HVPG measurement and EGD.
Some of those methods are invasive, while
others are noninvasive.

Noninvasive biochemical prediction of EV
was the subject of several previous studies.
Assessed biochemical parameters included
hemoglobin, platelet count, leukocyte count,
serum albumin, and serum bilirubin and pro-



thrombin time in relation to esophageal vari-
ces Giannini et al. (2003). Clinical predic-
tion of EV through medical history and
thorough clinical examination has been the
earliest and cheapest method of diagnosis of
portal hypertension and its complications.
Ascites, splenomegaly, shrunken liver and
hepatic encephalopathy are directly correlat-
ed to the presence of esophageal varices
(Schepis et al, 2001).

Several ratios combining radiological and
biochemical parameters have been introduc-
ed for prediction of presence of EV. Those
ratios included Platelet count/ splenic bipo-
lar diameter (SBPD) ratio and Right liver
lobe diameter (RLLD)/ Serum albumin ratio.
Sensitivity of Platelet count/ SBPD ratio in
predicting the presence of esophageal vari-
ces was 100 % and the specificity was 93 %.
Sensitivity of RLLD/ Serum albumin con-
centration ratio in prediction of presence of
esophageal varices was 83.1% and the speci-
ficity was 73.9% (Alempijevic et al, 2007).
Routine endoscopic screening of all patients
with liver cirrhosis with or without EV has
health service cost implications, as 35% to
70% of patients with cirrhosis have EV and
up to 30% have large varices. Therefore, it
might be cost-effective to identify those pa-
tients who would benefit most from routine
screening (Giannini et al/, 2003).

This work aimed to evaluate the predictive
value of 2 non-invasive parameters (RLLD/
serum albumin ratios and Platelet count/
SBPD ratios) for the diagnosis of EV; their
grading and the prediction of bleeding vari-
ces.

Patients, Materials and Methods
This study includes 80 patients treated for
post viral liver cirrhosis admitted to the de-
partment of Hepatogastroenterology in The-
odor Bilharz Research Institute from July
2010 to June 2011. Cirrhosis diagnosis was
based on clinical features, laboratory test,
imaging diagnostics, and liver histology
whenever possible.

The following information was collected
for each patient: age, gender, etiology of cir-
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rhosis, biochemical parameters (aspartate
aminotransferase, alanine aminotransferase,
total bilirubin, serum albumin, prothrombin
activity, and platelet count), presence and
degree of esophageal varices and degree of
liver function Impairment by Child-Pugh
classes. Cirrhosis etiology was determined
as viral if hepatitis B surface antigen or hep-
atitis C serum markers were positive. All
studied subjects underwent ultrasonographic
examination of the upper abdomen. The
right lobe diameters (RLLD) in the mid cla-
vicular line, as well as the spleen bipolar di-
ameter (SBPD) were measured for three
times and the mean value was recorded.

Using the laboratory and ultrasonographic
values, the study calculated two ratios:
RLLD/S.albumin and RLLD /S.albumin and
Platelets count /SBPD. Varices in the level
of mucosa were recognized as grade I, those
smaller than 5 mm fulfilling less than 1/3 of
the esophageal lumen were recognized as
grade II, grade IIl were varices larger than 5
mm fulfilling more than 1/3 of the esopha-
geal, while grade IV varices occupied more
than 2/3 of esophageal lumen. Patients with
previous variceal bleeding, porto-systemic
shunts and those taking beta blockers medi-
cations and patients with coexistent illness
or infection that could influence the liver
and spleen size were excluded.

Child-Pugh score was calculated using
five variables (ascites, encephalopathy, bili-
rubin, albumin, and prothrombin time). Val-
ues 1, 2 or 3 were assigned to each of these
variables due to increasing abnormality, and
the score calculated as sum of the five varia-
bles for each patient. A Child-Pugh score
less than 7 was considered as class A, from
7 to 9 as class B, while any score greater
than 9 was as class C. Laboratory test, ultra-
sonographic and endoscopic examinations
were performed within one week.

The Ethic Committee of Theodor Bilharz
Research Institute approved the study (FWA
00010609.) and all patients were given an
informed consent prior to inclusion.



Statistical analysis was performed using
Statistical Package for Social Sciences
(SPSS, version 10.0). Basic descriptive sta-
tistics included means, standard deviations,
ranges and percentages. For correlation
analysis, we used Spearman’s test. Differ-
ences were considered statistically signifi-
cant if the two-tailed P value was less than
0.05. Sensitivity and specificity, as well as
the best cut-off value for the diagnosis of
varices were calculated using ROC curves.

Results

According to upper GIT endoscopic find-
ings, the patients were classified into 5
groups:

G1: 20 patients with liver cirrhosis but with-
out EV (control). G2: 14 patients with liver
cirrhosis and grade I EV. G3: 14 patients
with liver cirrhosis and grade Il EV: 6 of
them presented by first attack of hemateme-
sis and 8 discovered during routine examina-
tion. G4: 16 patients with liver cirrhosis and
grade III EV: 8 of them presented by first
attack of hematemesis and 8 discovered dur-
ing routine examination and G5: 16 patients
with liver cirrhosis and grade IV EV: 8§ of
them presented by first attack of hemateme-
sis and 8 discovered during routine examina-
tion. Details are given in tables (1, 2, 3, 4 &
5) and figures (1, 2, 3 & 4).

Table 1: Demographic features of groups

Items Gl (n=20) | G2(n=14) G3(m=14) | G4(n=16) | G5 (n=16)
Age (yr5.) 39-63 34-67 34-67 43-66 4567
Mean £ SD 46.70+6.53 52.50+8.64 52.43+10.86 54.13+6.78 54.94+6.37
Female/Male 11/9 8/6 6/8 4/12 6/10
(55/45%) (57.14/42.86%) | (42.86/57.14%) (25/75%) (37.5/62.5%)
Table 2: Child’s classification in the studied groups
Items Child A Child B Child C
G1 (n=20) | 19 (95%) 1 (5%) 0 (0%)
G2 (n=14) | 7(50%) | 4(28.6%) | 3 (21.4%)
G3(n=14) | 1 (7.1%) | 9(64.3%) | 4(28.6%)
G4 (n=16) | 1(6.3%) | 5(31.3%) | 10(62.5%)
G5(n=16) | 1(6.3%) | 4(25%) | 11(68.8%)

RLLD/S. albumin ratio, Platelet count/
SBPD ratio, SBPD and S.albumin were sig-
nificant in differentiation between patients

without varices and patients with varices;
RLLD showed non-significant in difference
between patients with or without varices.

Table 3: Comparison of calculated variables in patients with and without esophageal varices.

Items No EV (n= 20) EV (n=60) p- value
RLLD /S. albumin 3.94+0.88 5.28+1.86 0.003"
Platelets count /SBPD 15054.46+4206.85 6613.56+3468.46 0.001"
S. albumin 3.57+£0.47 2.57+0.64 0.001"
RLLD 13.89+2.40 12.71+2.74 0.089
Platelets count 184350.00+47942.15 | 100298.33+44613.76 | 0.001"
SBPD 12.56+1.57 15.46+2.13 0.001"

Values = mean + SD. p< 0.01= highly significant.

All patients, RLLD/S.albumin ratio show-
ed positive significant correlations with E.V.
i.e., any decrease in RLLD/ S.albumin ratio
was possibly associated with a decrease in
grading of EV and Child’s score. Platelets

count/SBPD ratio showed significant nega-
tive correlation with EV & Child’s score i.e.,
any decrease in that ratio (as in advanced
cirrhosis) was associated with increase in
grading of EV and Child’s score (Tab.4).

Table 4: Correlation of RLLD /S.albumin and Platelets count/SBPD ratios with EV and Child’s score

Variable RLLD /S.albumin ratio | Platelets count /SBPD Ratio
Correlated r P R J2
EV 0.305 0.018* -0.633 0.001"
Child’s score | 0.316 0.014* -0.399 0.002"

= Correlation coefficient p< 0.05= significant. ~ p<0.01= highly significant.
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Fig. 1: ROC curve showed cut off value for best sensitivity and specificity of RLLD /S.albumin ratio in difference between patients with and
without EV. AUC=0.834 with best cut off value at 3.34 where sensitivity was 95% & specificity 80%.

Test Result Variable(s): RLLD/S.albumin
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Fig. 2: ROC curve showed cut off value for best sensitivity and specificity of Platelets count /SBPD ratio differentiated between patients with
or without varices. Platelet count/SBPD ratio proved highly sensitive and less specific in differentiation between patients with and without
esophageal varices with best cut off value at 1847. AUC=0.926 where sensitivity 95 %& specificity 93%.

Area under curve (AUC) | Cut-off | Sensitivity | Specificity

0.926 1847 0.95 0.93

Table 5: Ratios and ultrasonographic findings in groups.
Variables Control(n=20) [ G1(n=14) | G2(n=14) [ G3(n=16) | G4 (n=16) p-value
Plat.elets count/SBPD 15054.46+ 9334.85+ 8263.31+ 5688.97+ 3713.49+ 0.001™*
Ratio 4206.85 2103.87 3053.18 3335.42 222343 )
RLLD/S. albumin ratio 3.94+0.88 4.5240.91 | 4.94+1.07 | 5.53+148 | 6.3542.42 0.001"
Splenic diameter (cm) 12.56+1.57 13.84+1.33 | 14.36+£0.91 | 16.09+1.82 | 17.21+2.23 0.001"
Rt. Lobe diameter (cm) 13.89+2.40 13.89+£1.88 | 13.54+£2.26 | 12.49+1.96 12.15£2.4 0.074 (NS)
PV diameter (cm) 11.39£1.28 12.42+1.53 | 13.67£1.24 | 15.06+0.90 | 15.83+1.74 0.001**

p- value by ANOVA test. **p< 0.01= highly significant.
Table 6: Ratios and ultrasonographic findings in control, esophageal varices without bleeding (GA) and bleeding

esophageal varices (GB)

Variables Control (n=20) GA (n=38) GB (n=22) p- value
platelets count/SBPD Ratio 15054.46+ 4206.84 | 7606.51+2791.98 | 5620.61+3826.24 | 0.001"
RLLD / S.albumin Ratio 3.94+0.88 4.78£1.16 5.78+2.27 0.001"
Splenic diameter 12.56+1.57 14.60+1.51 16.32+2.33 0.001"
Rt. Lobe diameter 13.89+2.40 13.20+£1.87 12.21+£3.36 0.085
PV diameter 11.39+1.28 13.21£1.57 15.444+1.90 0.001**
. p-value by ANOVA test. **p< 0.01= highly significant.
Area under curve (AUC) | Cut-off | Sensitivity | Specificity
0.671 5.096 0.63 0.73
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Fig. 3: A ROC curve to determine cut off value for best sensitivity and specificity of RLLD /S.albumin ratio in differentiation between
esophageal varices without bleeding and bleeding varices.

RLLD/S. albumin ratio was sensitive and specific to
distinguish between esophageal varices in patients
with or without bleeding. (AUC=0.671) with best cut

off value at 5.096 where sensitivity 63 % & specifici-
ty 73 %.
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Figure 4: ROC curve to determine cut off value for best sensitivity and specificity of platelet count/SBPD ratio in differentiation between
esophageal varices without bleeding and patients with bleeding varices.

Area under curve (AUC)

Cut-off

Sensitivity | Specificity

0.706

4809

0.50 0.93

Platelet count/SBPD ratio less sensitive and highly specific to differentiate between patients with or with-
out varices bleeding (AUC=0.706.) with best cut off value at 4809, sensitivity 50% and specificity 93%.

Discussion

It was estimated that 100 screening endo-
scopic examinations need to be performed to
prevent 1 to 2 cases of variceal bleeding.
Therefore, the identification of clinical fea-
tures and investigations that can accurately
predict EV and help identifying patients at
greatest risk are important. Predictors of
bleeding should help to identify patients
with the highest prevalence of esophageal
varices and improve the yield and cost-
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effectiveness of endoscopic screening (Ber-
zigotti et al, 2011). Repeated endoscopic
examinations are unpleasant for patients,
and have cost impact on health care insur-
ance. Therefore, numerous non-invasive pa-
rameters have been investigated for assess-
ment of presence of esophageal varices, its
grading, and prediction for bleeding (Garcia-
Tsao, 2001).

In the present cohort S. albumin showed
highly significant differences (P<0.01) in



patients with EV compared to patients with-
out varices. These results agreed with Shar-
ma et al. (2007) who found that S. albumin
was lowest in patients with large esophageal
varices with a mean value = 3.0, range =1.9-
4.6, while in patients without esophageal
varices, S. albumin was higher with a mean
value of = 3.2, range = 1.6-4.5. The present
results could be explained by the fact that
the rate of albumin synthesis was reduced up
to 50% in chronic liver disease and S. albu-
min was reduced in cirrhosis due to an ele-
vated distribution volume in haemodilution,
particularly in association with ascites. Hy-
poalbuminemia is considered a very im-
portant marker of liver dysfunction. Howev-
er, hypoalbuminemia with chronic liver dis-
ease can complicate several associated con-
ditions such as poor nutritional status, im-
mune mediated nephritis associated with vi-
ral hepatitis, protein losing enteropathies and
any associated inflammatory process. There-
fore, hypoalbuminemia may not be the result
of liver dysfunction alone. And that is why;
it could not stand alone as a single parameter
for prediction of presence and risk of bleed-
ing of esophageal varices. However, it has
been used in relation to right liver lobe di-
ameter as another marker for liver dysfunc-
tion to predict varices (Garcia-Tsao, 2001).
RLLD/ S. albumin ratio shows highly sig-
nificant differences (P<0.01) in patients with
bleeding EV compared to non-bleeding EV
and patients without varices. This ratio com-
bined an anatomical and a functional param-
eter of liver disease. With the progress of
liver disease, hepatomegaly was observed,
and the synthetic function of the liveris more
or less normal. Finally, with further progress
of liver disease and occurrence of cirrhosis,
the liver becomes shrunken and serum al-
bumin decreases. Although S. albumin level
can serve as an index of liver synthetic ca-
pacity, several factors make albumin con-
centrations difficult to interpret and thus af-
fect the ratio. Albumin has a plasma half-life
of three weeks; therefore, serum albumin
concentrations change slowly in response to
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alterations in synthesis. Also, because two
thirds of the amount of body albumin is lo-
cated in the extravascular and extracellular
space; changes in distribution can alter the
serum concentration. Combination of one or
more of those factors may alter S. albumin
and therefore alter the sensitivity and speci-
ficity ratio (Kuntz and Kuntz, 2006).
Statistically, in the present study, RLLD/
S. Albumin ratio proved to be sensitive and
specific in differentiation between patients
without varices and patients with varices
(AUC=0.834) with the best cut off value at
3.43 where sensitivity was 95 % and speci-
ficity was 80%. This agreed with Alempi-
jevic et al. (2007) who found that RLLD/
S.albumin ratio shows overall 83.1% sensi-
tivity and 73.9% specificity in the diagnosis
of EV at a cut off value of 4.45. Predictive
values, likelihood ratios and accuracy of ra-
tio were not calculated (Garcia-Tsao, 2001).
Platelets count was highest in patients
without EV compared to patients with EV.
Platelet count may decrease for several rea-
sons in chronic liver disease: thrombocyto-
penia may be secondary to hypersplenism,
impaired platelet production, increased fi-
brinolytic activity, or decreased thrombopoi-
etin production by the diseased liver (Agha
et al, 2008). Thus, the use of platelet count
alone as a non-invasive predictor of EV can
be misleading and cannot be solely attribut-
ed to portal hypertension (Zaman, 2003).
The SBPD was highest in patients with
bleeding EV compared to non-bleeding EV
and patients without EV. The results agreed
with Giannini ef al. (2003) who found that
splenic diameter of patients without EV had
a mean value of 110mm (range = 90-190)
while the splenic diameter of patients with
EV had a mean value of 155mm (range =
90-210). Whereas, Agha et al. (2008) found
that splenic diameter of patients without EV
had a mean value of 123mm (range = 98-
157) and splenic diameter of patients with
EV had a mean value of 141mm (range =
102-181). The present results could be ex-
plained by higher portal pressure in patients



with bleeding varices than that of the other
two studies. Splenomegaly in chronic liver
disease is usually congestive splenomegaly
due to portal hypertension (Kuntz and
Kuntz, 2006).

Others found no correlation between the
splenic size and EV (Pillette et al, 1999;
Schepis et al, 2001; Zaman et al, 2001).
These differences with the studies that rec-
ommend splenic size for the prediction of
EV were attributed to differences in the eti-
ology and the stage of liver cirrhosis of the
studied population. Thus, using the platelets
count/ SBPD ratio in the present study as
parameter linking thrombocytopenia to sple-
nic size was taken into consideration the de-
crease in platelet count which most likely
depends on hypersplenism caused by portal
hypertension. Platelet count/ SBPD ratio by-
passes the possible drawback as it "normal-
izes" platelet count to splenic sequestration,
most likely representing aliquot of thrombo-
cytopenia caused by portal hypertension
(Zaman, 2003).

In the present study, platelets count /SBPD
ratio was higher in patients without varices,
compared to those with non-bleeding or ble-
eding EV with the best cut off value at 1847
with sensitivity 95% and specificity 93%.
Giannini et al. (2003) found that platelet
count/spleen diameter ratio was 100% sensi-
tivity, 71% specificity, 96% positive predic-
tive value & 100% negative predictive value
in diagnosis of EV at a cut off value 909.
Giannini et al. (2005) found platelet count/
SBPD ratio 100% sensitivity, 73% specifici-
ty, 71% positive predictive value, 100%
negative predictive value and 93.5% accura-
cy in diagnosis of EV at a cut off value 909.
Agha et al. (2008) found that platelet count/
spleen diameter gave 100% sensitivity,
97.6% specificity, 93.8% positive predictive
value, 100% negative predictive value, 0.01
negative likelihood ratio and 42 positive
likelihood ratio for the EV diagnosis in pa-
tients with compensated cirrhosis. In decom-
pensated cirrhosis, the ratio showed 100%
sensitivity, 95.9% specificity, 100% nega-
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tive predictive value, 97.6% positive predic-
tive value, 0.01 negative likelihood ratio and
24.3 positive likelihood ratio for diagnosis
of EV at a cut off value of 909.

To use these parameters for detection of
different grades of EV, the present study
found that RLLD had no role in this issue.
However, S. albumin concentration, SBPD,
RLLD/s. albumin concentration ratio & pla-
telets count/SBPD ratio gave highly signifi-
cant values. Serum albumin concentration
was lower in patients with higher grade of
varices than those with lower grade whatev-
er the history of bleeding or not and RLLD/
serum albumin concentration ratio was sig-
nificantly increasing in patients with higher
grades of varices than those with lower
grades. SBPD was higher in patients with
higher grade of varices than those with low-
er grade whatever there a history of bleeding
or not and platelets count/SBPD ratio was
significantly decreasing in patients with
higher grades of varices than those with
lower grades. This agreed with Alempijevic
et al. (2007) who identified the risk of de-
velopment of esophageal varices and the pa-
rameters grading. Also, to use the previous
parameters for prediction of bleeding from
EV the present study found RLLD/ S. albu-
min ratio can predict bleeding at cut off val-
ue of 5.096 with 63% sensitivity and 73%
specificity. Platelets count /SBPD ratio pre-
dicted bleeding EV at cut off value of 4809
with 50% sensitivity and 93% specificity.
Platelet count/SBPD and RLLD/S. albumin
ratios gave good predictors for EV (Alempi-
jevic et al, 2007). In the present study, there
was also positive significant correlation of
RLLD/S. albumin ratio and negative signifi-
cant correlation of platelets count /SBPD
ratio with the presence of EV. This correla-
tion supports the studies indicated that new-
ly introduced ratio was predictive for EV.
Those ratios were less likely to be used to
exclude patients from initial endoscopic
screening; but it might decrease unnecessary
follow up endoscopies and help to identify
patients at higher risks for EV development.



Transient elastography (TE) is a novel
non-invasive technology measuring liver
stiffness that has gained popularity over the
past few years. Although TE has been ini-
tially proposed to assess liver fibrosis, a
good correlation was reported between liver
stiffness values and HVPG as well as pres-
ence of EV, suggested that it could be a
good tool for noninvasive portal hyperten-
sion evaluation (Castera and Bosch, 2012).
When HVPG values exceed 10 to 12mm Hg,
threshold for clinically significant portal hy-
pertension and for the development of vari-
ces, portal pressure became largely inde-
pendent from stiffness/ fibrosis (De Franchis
and Dell’Era, 2014). More sophisticated im-
aging methods were under evaluation as MR
Elastography and acoustic radiation force
imaging (Berzigotti ef al, 2011).

Conclusion

Combination of different noninvasive tests
might provide complementary information,
resulting in increased diagnostic value.

The RLLD/S. albumin and platelet count/
SBPD ratios proved as two useful noninva-
sive parameters. They provided accurate in-
formation pertinent to the presence of eso-
phageal varices, their grading and for predic-
tion of bleeding in patients with post-hepatic
cirrhosis. The platelet count/spleen diameter
ratio might be used for better rationalization
of medical resources and use of endoscopy.
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