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ABSTRACT

Original Article

Background : The portal system and azygos vein are the main drainage systems during portal hyperten-
sion. This study aims to compare the diameter of these veins by endoscopic ultrasonography (EUS) in
patients with and without chronic liver disease (CLD).

Materials and Methods : During one year, patients with CLD enrolled as the study group. Patients who
underwent EUS for other reasons during the same period served as controls. In cases with CLD, we as-
sessed the relationship between degrees of hepatic dysfunction (Child-Pugh class), history of variceal
bleeding, presence of hyponatremia, thrombocytopenia, and endoscopic grading of varices with the sizes
of the portal, splenic, and azygos veins on EUS.

Results : During the study period, there were 63 patients (20 females and 43 males) with CLD and 85
control subjects (42 females and 43 males) enrolled. The mean ages of cases was 45.60 + 14 years and
controls was 48.5 + 15 years. The most common cause of CLD was post-necrotic cirrhosis due to hepatitis
B virus. Patients with CLD had significantly higher mean portal, splenic, and azygos vein diameters than
the control group (p < 0.001). With azygos, portal, and splenic vein diameters of 10, 11 and 9 mm, sensi-
tivity for the diagnosis of portal hypertension was 66%, 71%, and 66%, while specificity was 94%, 99%
and 99%, respectively. Splenic and portal vein dilation, and thrombocytopenia significantly correlated with
variceal bleeding ( p < 0.05).

Conchusion : EUS allows for the collection of valuable quantitative data from the portal system, the di-

agnosis of portal hypertension, and follow up of patients with CLD.
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INTRODUCTION :

Portal hypertension, a main consequence of cirrhosis,
is responsible for its most common complications,
including variceal bleeding. The development of
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portal hypertension causes diversion of blood from
the drainage bed of the portal vein to that of the azygos
system via the intrinsic and extrinsic veins of the
proximal stomach and the distal esophagus, causing
dilation and tortuosity of these veins. Traditionally,
the focus of attention in portal hypertension has been
the development of intramural varices around the
gastroesophageal junction. This has been partly due
to the clinical significance of the variceal rupture,
as well as the ability with conventional endoscopy
to assess only such varices. Predicting the presence
of portal hypertension, and consequently esophageal
varices, through other methods is of importance
because approximately half of the patients do not
have esophageal varices on screening endoscopy. In
a retrospective study that has been performed in 255
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patients with primary sclerosing cholangitis, platelet
counts (<150,000/dl), albumin levels, and advanced
histologic disease were independent predictors of
esophageal varices(1).

Although the use of endoscopic ultrasonography
(EUS) in evaluation of portal hypertension in cirrhotic
patients has been reported in many studies(2-6).
trans-abdominal ultrasound is the standard method
for the evaluation of the portal venous system and
detection of ascites in these patients. However, EUS
can demonstrate periesophageal and perigastric
collaterals and azygos veins in addition to portal and
splenic veins (7,8).

There are controversial results in the relation between
the inner-diameter of portal, splenic, and azygos veins
with Child-Pugh classification, variceal bleeding or
ascites(9,10). This study aims to assess the value of
EUS findings in patients with chronic liver disease
(CLD) for the detection of portal hypertension and
to compare venous diameters of patients with and
without variceal bleeding.

MATERIALSAND METHODS :

Patients

The study group consisted of patients with CLD
who had esophageal varices, splenomegaly, or
ascites as indicators of portal hypertension. The
diagnosis of CLD was based on liver biopsy or
clinical (hepatic encephalopathy, spider angioma,
ascites, and esophageal or gastric varices) and
laboratory (prolonged prothrombin time, low serum
albumin levels, and high serum-ascites albumin
gradient) findings. Exclusion criteria were pregnancy,
contraindication for endoscopy, age younger than 15
years, previous variceal sclerotherapy, previous history
of surgery for portal hypertension, and any malignant
conditions. Patients with newly diagnosed variceal
bleeding were assessed by EUS after hemodynamic
stability, either before or one day after the first session
of variceal ablation. Control patients had no evidence
for CLD, but were referred for evaluation of common
bile duct stones and submucosal upper gastrointestinal
lesions by EUS.

In addition to the demographic characteristics of
the study and control groups, in the study group
the etiology of CLD, history of previous variceal
bleeding, presence of splenomegaly, history of
hepatic encephalopathy, ascites, serum albumin,
bilirubin, prothrombin time, and platelet counts were
recorded. Thrombocytopenia was defined as a platelet
count of less than 100,000/ul.

The study was approved by the Institutional Review
Board of the Digestive Disease Research Center of
Tehran University of Medical Sciences and written
informed consent was obtained from every patient.

Endoscopy and EUS

All cases with CLD underwent standard upper
esophagogastroduodenoscopy with a videoendoscopy
system (GIF-160; Olympus, Japan). The presence
of varices and their endoscopic gradings were
evaluated. The endosonographer was blinded for
upper gastrointestinal endoscopy findings. After
esophagogastroduodenoscopy, patients underwent
EUS (radial GF-UMQ 240 Echoendoscope Olympus)
with 7.5 MHz frequency. Using EUS, the diameters
of the portal, splenic, and azygos veins were
measured. The azygos vein was imaged through the
distal esophagus and the maximal diameter measured
just before reaching the azygos arch. A water-filled
balloon was used to better visualize the images.

Data analysis

Endosonographic data were compared between
control and case groups. Quantitative variables were
expressed as mean = SD and compared using the
student’s t-test and analysis of variance. Qualitative
variables were compared using the Pearson chi-square
test or Fisher’s exact test. P-values were calculated
and p < 0.05 was considered statistically significant.

RESULTS :

During one year, 63 CLD patients (20 females and 43
males; mean age 45.60+14 years) and 85 control cases
(42 females and 43 males; mean age 48.5£15 years)
were enrolled. The most common cause of CLD was

Table 1: Azygos, portal and splenic vein diameters in study and control patients.

EUS finding

Cirrhotic group

Control group

(Mean-mm) N=63 N=85 p-value
Azygos vein 11.69 £2.27 7.98 £1.56 <0.001
Portal vein 12.78 +£2.89 8.70 £1.75 <0.001
Splenic vein 10.46 + 2.66 6.68 £1.36 <0.001
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post-necrotic cirrhosis due to hepatitis B virus. Table
1 compares azygos, portal, and splenic vein diameters
between case and control groups.

Based on ROC curve analysis (Figure 1) we calculated
the best cut-off values with which to diagnose portal
hypertension by using venous diameters (Table 2).
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Fig. 1: ROC curve for azygos, portal, and splenic vein diameters in
patients with and without chronic liver disease (CLD).

Table 2: Cut-off values for the diagnosis of portal hypertension.

Venous system Cut-off (mm) Sensitivity (%) Specificity (%)

Azygos vein 10 66 94
Portal vein 11 71 99
Splenic vein 9 66 99

There was no significant relationship found
between the presence of ascites, Child-Pugh class,
hyponatremia, splenomegaly, and endoscopic grading
of varices with azygos, splenic, and portal vein
diameters in patients with CLD.

In patients with CLD, the splenic vein diameter (11.5
vs. 9.7 mm, p =0.006), portal vein diameter (13.65 vs.
12.17 mm, p = 0.04) and platelet counts (80,500 vs.
123,000/ul, p = 0.003) significantly correlated with
variceal bleeding.

There was no significant difference between mean
albumin, impaired prothrombin time, and bilirubin in
cases with or without variceal bleeding.

Table 3 compares portal, splenic, and azygos vein
diameters in CLD patients without histories of
esophageal bleeding (EVB') and those with histories
of esophageal bleeding (EVB").

Evaluation of Portal Hypertension by
Endoscopic Ultrasonography

Table 3: EUS findings in CLD patients with and without variceal
bleeding.

EUS finding

EVB *

(n=25) p-value

(Mean-mm)

Azygos vein 11.52 11.94 >0.05
Portal vein 12.17 13.65 <0.05
Splenic vein 9.70 11.55 <0.05

DISCUSSION :

This study showed that patients with CLD had
significantly higher mean venous diameters than
the control group. In addition, the cut-off values of
the portal system and azygos vein for the diagnosis
of portal hypertension was determined. Finally,
thrombocytopenia and portal and splenic vein dilation
significantly correlated with a history of variceal
bleeding in patients with CLD.

Our significant findings were the differences between
patients with or without portal hypertension in the
diameters of the azygos, splenic, and portal veins.
These findings agreed with other studies(11,12) and
contrasted the study of Burtin et al.(13) who found
that EUS had limited value in the diagnosis of portal
hypertension.

Some studies(7,14) have shown that the azygos vein
is dilated during portal hypertension, while other
studies(13) have not. Although Faigel et al.(11)
showed a relationship between azygos vein diameter
and Child-Pugh’s class of cirrhotic patients, our
study agreed with Kassem et al.(15) who found no
relationship.

Although EUS may not be the best method for
diagnosis of portal hypertension, the presence of
enlarged portal, splenic, and azygos veins should
cause suspicion of cirrhosis and portal hypertension
in a patient undergoing EUS.

We found the best cut-off value for the diagnosis of
portal hypertension in patients with CLD. However
by using transabdominal ultrasound, studies have
shown that main portal vein diameters larger than
13 mm (specificity 95-100%, sensitivity 42%)
and splenic vein diameters larger than 10 mm are
indicative of portal hypertension(16,17). Shen et
al.(18) have also shown cut-off values of 8 mm for
splenic vein diameter (76.7% specificity, 60.0%
sensitivity) and 12 mm for main portal vein (44.6%
specificity, 78.6% sensitivity), using transabdominal
ultrasound for the diagnosis of portal hypertension.
The correlation between transabdominal and EUS
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findings for measurement of portal system diameter
need further study.

The assessment of bleeding risk in a patient with end-
stage liver disease, complicated by portal hypertension
and gastroesophageal varices, is a potentially
important clinical application of EUS. The landmark
study by the Northern Italian Endoscopy Club (NIEC)
(19) identified variceal size, degree of liver failure,
and endoscopic red signs as major independent
predictors of an index episode of variceal bleeding.
However, subsequent attempts(20,21) to validate
these criteria have found the original NIEC prognostic
index to have lower predictive values than originally
anticipated. These studies indicate that variceal size
and red signs play a more important role, while liver
failure plays a less important role, in the prediction
of future variceal hemorrhage. Standard endoscopy
as a method of assessment has not been shown to
be substantially superior to the NIEC criteria(21).
Therefore, there is a need for better methods to assess
the risk of variceal hemorrhage.

Recently some variables, such as portal vein diameter
greater than 13 mm, platelet counts less than 80,000/
uL, splenomegaly (or spleen volume index >45),
have been introduced to predict the risk of variceal
bleeding(1,19,22-24,25). A positive history of
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