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Abstract

AIM: To study the value of biochemical and ultraso-
nographic parameters in prediction of presence and size
of esophageal varices.

METHODS: The study includes selected cirrhotic
patients who underwent a complete biochemical workup,
upper digestive endoscopic and ultrasonographic
examinations. Albumin/right liver lobe diameter and
platelet count/spleen diameter ratios were calculated.
The correlation between calculated ratio and the
presence and degree of esophageal varices was
evaluated.

RESULTS: Ninety-four subjects (62 males, 32 females),
with a mean age of 52.32 + 13.60 years, were studied.
Child-Pugh class A accounted for 42.6%, class B 37.2%,
whereas class C 20.2%. Esophageal varices (OE) were
not demonstrated by upper digestive endoscopy in
24.5%, while OE grade I was found in 22.3% patients,
grade 1 in 33.0%, grade I in 16.0%, and grade IV
in 4.3%. The mean value of right liver lobe diameter/
albumin ratio was 5.51 + 1.82 (range from 2.76 to
11.44), while the mean platelet count/spleen diameter
ratio was 1017.75 £ 729.36 (range from 117.39 to
3362.50), respectively. Statistically significant correlation
was proved by Spearman's test between OE grade and
calculated ratios. The P values were 0.481 and -0.686,
respectively.

CONCLUSION: The right liver lobe diameter/albumin
and platelet count/spleen diameter ratios are non-
invasive parameters providing accurate information
pertinent to determination of presence of esophageal
varices, and their grading in patients with liver cirrhosis.

© 2007 WJG. All rights reserved.

Key words: Liver cirrhosis; Esophageal varices; Portal
hypertension; Ultrasonography

Alempijevic T, Bulat V, Djuranovic S, Kovacevic N, Jesic
R, Tomic D, Krstic S, Krstic M. Right liver lobe/albumin
ratio: Contribution to non-invasive assessment of portal
hypertension. World J Gastroentero/ 2007; 13(40):
5331-5335

http://www.wjgnet.com/1007-9327/13/5331.asp

INTRODUCTION

Esophageal varices development is among the major
complications of liver cirrhosis, with an estimated
prevalence of approximately 50%. The risk of bleeding
from varices is 25%-35% with majority of the initial
bleeding occurring within 1 year from varices detection'".
The mortality from each episode of variceal bleeding is
17%-57%"". Bleeding episodes can be predicted by the
presence of red signs ("ted cherry spots") on the varices,
and by the variceal size™. The incidence of bleeding can
be reduced with nonselective beta-blockers'™. It is also
suggested that prophylactic endoscopic variceal ligation
can decrease the incidence of first variceal bleeding and
mortality in patients with liver cirrhosis who have large
varices'”'". Therefore, annual endoscopic screening is
highly recommended for patients with small esophageal
varices while the procedure should be conducted once
every two years for patients suffering from liver cirrhosis
without diagnosed varices!""'?. Nevertheless, repeated
endoscopic examinations are unpleasant for patients, and
have cost impact on health care insurance, while only
half of cirrhotic patients have esophageal varices, and up
to 30% have large varices. Therefore, the sensitivity and
specificity of numerous non-invasive parameters have
been investigated for assessment of presence and size of
esophageal varices, and risk prediction for bleeding,

We aim to identify non-invasive parameters based on
ultrasonographic measurement and laboratory test that
have a potential in assessment of presence and size of
esophageal varices in patients with liver cirrhosis.

MATERIALS AND METHODS

This study includes 94 patients treated for liver cirrhosis
in Clinic for Gastroenterology and Hepatology, Clinical
Centre of Serbia in 2006. The diagnosis of cirrhosis
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Sex (M/F) 62/32

Age (yr; mean * SD) 52.32 +13.60
Age range (yr) 17-79
Aetiology of liver disease 43/19/17/15
(alcoholic/infective/autoimmune/ other)

Child-Pugh class (A/B/C) 40/35/19
Mean size of the right liver lobe (mean + SD) 157.71 + 23.37
Mean size of the spleen (mean + SD) 148.05 + 33.73
Mean albumin concentration (g/L; mean  SD) 30.79 £7.97
Mean thrombocyte number (mean * SD) 134 632.98 +75937.83
Oesophageal varices grade (0/ 1 /I /11 /IV) 23/21/31/15/4

Right lobe/albumin ratio Platelet count/spleen ratio

VERESS mean + SD Range mean + SD Range
Grade 0 419 +£1.36 2.76-8.19 1822.53 + 804.06 608.70-3362.50
Grade [ 5.43 +1.58 3.25-9.44 1072.86 +493.49 366.67-2021.05
Grade 1T 5.84 £1.25 3.40-8.48 696.46 +439.43 150.00-2283.33
Grade I 6.57 £2.42 4.07-10.00 549.14 £289.90 127.27-1275.00
Grade IV 6.68 £2.52 4.07-11.44 348.19 +231.86 117.39-633.33

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 cirrhosis, biochemical
parameters (aspartate aminotransferase, alanine
aminotransferase, total bilirubin, serum albumin,
prothrombin activity, and platelet count), presence and
degree of esophageal varices and degtree of liver function
impairment by Child-Pugh classes. Cirrhosis etiology
was determined as viral if hepatitis B surface antigen
or hepatitis C serum markers were positive. If viral
markers were negative, and the history obtained indicated
alcohol consumption of at least 50 g per day in the past
five years, liver cirrhosis was considered as alcoholic.
Positive immunological markers were characteristic for
immunological liver disease. The other studied cases had
liver cirrhosis of different etiology (Wilson's disease, a1
antitrypsin deficiency, hemochromatosis, ez.).

All studied subjects underwent ultrasonographic
examination of the upper abdomen. The right lobe
diameter in the medioclavicular line, as well as the spleen
bipolar diameter were measured for three times and the
mean value was recorded. One investigator performed all
measurements (T'/A) in order to reduce the inter- and intra-
observer errors in assessing the diameters.

Using the laboratory and ultrasonographic values, we
calculated two ratios: right lobe diameter/serum albumin
concentration and platelet count/spleen diameter.

An experienced endoscopist (SD) who used the grade
[ -IV classification' did the endoscopies. 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 Il were
varices larger than 5 mm fulfilling more than 1/3 of the
esophageal, while grade IV varices occupied more than
2/3 of esophageal lumen. Patients with previous variceal
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bleeding, porto-systemic shunts and those taking beta-
blockers medications 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, bilirubin, albumin, and
prothrombin time). Values 1, 2 or 3 were assigned to
each of these variables due to increasing abnormality, and
the score calculated as sum of the five variables 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 and ultrasonographic
and endoscopic examinations were performed within one
week.

The Ethic Committee of our institution approved the
study and all patients gave an informed consent prior to
inclusion into this investigation.

All collected data were analyzed and correlated.
Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS, version 10.0). Basic
descriptive statistics included means, standard deviations,
ranges and percentages. For correlation analysis, we used
Spearman's test. Differences were considered statistically
significant 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

Clinical characteristics of the patients are presented in
Table 1.

The mean value of the ratio of the platelet count/
spleen size was 1017.75 £ 729.36 (range 117.39-3362.50).
The mean value of the ratio of the right liver lobe size/
serum albumin concentration was 5.51 £ 1.82 (range
2.76-11.44).

These ratios were correlated with the presence and
size of esophageal varices (Table 2, Figure 1A and B).
Spearman's test for nonparametric correlation showed that,
the platelet count/spleen size ratio significantly correlated
with the presence (P = 0.585, P < 0.01) and size (P = 0.680,
P < 0.01) of esophageal varices, so does the right liver
lobe/serum albumin concentration ratio (P = 0.488, P <
0.01 and P = 0.481, P < 0.01 respectively). We also studied
the correlation with Child-Pugh score of liver function
impairment (Table 3, Figure 2A and B). These ratios had
a highly significant correlation (P < 0.01) with Child Pugh
score. For the platelet count/spleen size ratio, P = -0.585,
while for the right liver lobe/serum albumin concentration
ratio, P = 0.491.

We counted the best cut-off value of the right liver
lobe/serum albumin concentration ratio for diagnosis of
varices. For the value of 4.425, the sensitivity was 83.1%
and the specificity was 73.9% (Figure 3).

DISCUSSION

Incidence of esophageal varices in patients with liver
cirrhosis is approximately 90%, but only 9%-35%
have been described"”"". Variceal bleeding in cirrhotic
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Figure 1 A: Platelet count/spleen ratio in correlation to varice size; B: Platelet
count/spleen ratio in correlation to Child-Pugh score.

Table 3 Calculated ratios and Child score for hepatic

insufficiency

Child- Right lobe/albumin ratio Platelet count/spleen ratio
Pugh score  mean + SD Range mean + SD Range

A 4.59 +1.38 2.76-8.19 135534 £796.62 365.52-3362.50
B 5.92 +1.60 3.25-9.44 946.67 + 612.48  127.27-2975.00
C 6.68 £2.12 4.07-11.44 43797 £215.99 117.39-900.00

patients is associated mainly with fatal outcome. Portal
hypertension is an essential element of survival in cirrhotic
patientsm. Therefore, regular control and evaluation of
esophageal varices with timely introduction of nonselective
beta-blockers and variceal ligation play an important role
in prevention of bleeding. Endoscopy is an invasive and
costly diagnostic procedure. Therefore, introduction of
non-invasive parameters for assessment of presence and
size of esophageal varices is a major goal of numerous
studies.

Platelet count and spleen size were the most frequently
explored non-invasive parameters in recent studies.
Zaman'” reported that patients with platelet counts of
less than 88000/mm’ have five times greater likelihood of
having large esophageal or gastric varices as compared with
the patients with higher platelet counts. Ngm identified
correlation between presence of ascites, thrombocytopenia,
hyperbilirubinemia and larger varices in the Chinese
population. Similarly, Chalasani" concluded that large
esophageal varices are predictable in thrombocytopenic
patients who have enlarged spleen, while platelet count
of less than 88000/mm’ indicates a higher risk for
esophageal bleeding. The same study also demonstrated
that endoscopy is incrementally cost-effective. Madthora
reported that platelet count less than 68000/mm’ have a
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Figure 2 A: Right lobe/albumin ratio in correlation to varice size; B: Right lobe/
albumin ratio in correlation to Child-Pugh score.
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Figure 3 ROC curve for diagnosis of esophageal varices using right lobe/albumin
ratio.

larger discriminatory value”.,

Splenomegaly and hypersplenism are prevalent in
patients with liver cirrhosis and portal hypertension'"'!
Thrombocytopenia is a common and highly specific
manifestation of hypersplenism, but with low sensitivity
for presence of portal hypertensionm]. It is suggested
that the main mechanism of thrombocytopenia is splenic
sequestration and pooling"”, and other mechanisms are
also involved. Madthora and co-authors reported that
32% of patients had platelet count less than 68000/mm’
without detectable splenomegaly, which might be
explained by insufficient synthesis of thrombopoietin. It
is also indicated that platelet count and thrombopoietin
level are returning to referent values following liver
transplantation™. Other potential explanations for this
phenomenon are presence of antithrombotic antibodies
and thrombocyte associated immunoglobulin, which can
be found in the sera of patients with liver diseases""

Some investigators reported that the use of non-
invasive indicators is invalid for avoiding the endoscopic
screening in patients with primary biliary cirrhosis and
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sclerosing cholangitis. The probability of esophageal
varices presence is lower in these patients if they have
platelet count less than 200000/ mm’, possibly due to
the fact that thrombopoietin production is preserved in
primary biliary cirrhosis and sclerosing cholangitis*”.

It is well documented that the spleen size is correlated
with severity of esophageal varices'” ). Watanabe™
calculated the splenic ratio (length X width X height of
the spleen size on computed tomography) and showed
that patients having a ratio greater than 963 cm’ have
esophageal varices, and that a high ratio may predict
esophageal bleeding in patients with liver cirrhosis. It is
concluded that ultrasonographic measurement of splenic
cranio-caudal diameter results in lower inter- and intra-
observer variability unlike Doppler sonographic assessment
of hepatic flow"”*”". The value of Doppler sonographic
assessment of portal hypertension is controversial. It is
indicated that congestive ratio (counted from the cross
section area and mean velocity of portal flow)?***# a5
well as resistance ratio of the hepatic artery”™” and splenic
artery”™ are correlated with portal hypertension. Portal
hemodynamic parameters (mean and maximum portal
vein velocity) seam to be weak in assessment of portal
hypertensionm]. In addition, it is important to keep in
mind that performing Doppler sonographic examination
requires sophisticated skills and equipment.

The pathophysiologic mechanisms are combined based
on the integration of two non-invasive parameters, i.e.,
platelet count and spleen size into one ratio. Calculation
of this ratio is very easy for routine clinical practice.
Gianinni and co-authors™ ! reported the results of a
retrospective and prospective study and concluded that
this ratio is sensitive for prediction of presence and size
of esophageal varices. The same study group suggests as
especially important, the use of non-invasive parameters
in the diagnostic algorithm for identifying patients without
esophageal varices. A cut-off value of 909 has been
proposed for platelet count/spleen size ratio””. Patient
having the ratio greater than cut-off value should not
receive nonselective beta-blockers prophylactic therapy
because they are less likely to develop esophageal varices.
These patients should less frequently undergo endoscopy.

Taking into account the results of previous
studies in the field, we also combined laboratory and
ultrasonographic parameters and counted an original ratio.
For the first time we reported the value of the right liver
lobe/serum albumin concentration in assessment of portal
hypertension™. We used serum albumin concentration as
a parameter of liver function in combination with right
liver lobe size.

Previously published studies reported that platelet
count/spleen size ratios are good predictors of esophageal
varices. Despite a good correlation between these ratios
and esophageal varices grade, it is unlikely that these ratios
could be used to exclude patients from initial endoscopic
screening. Nevertheless, these ratios may serve for
selection of patients who need more frequent endoscopies.
These ratios will help identify patients at higher risks
for development of esophageal varices. It will provide
insight into the relationship between clinical, biochemical,
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hematological and imaging abnormalities and development
of clinically significant esophageal varices. The right liver
lobe diameter/albumin, as well as platelet count/spleen
diameter ratios are non-invasive parameters that can provide
accurate information pertinent to determination of the
presence and grade of esophageal varices in patients with
liver cirrhosis. Further validation of the results will be
achieved through long-term follow-up of the patients and
a larger number of studied subjects.
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