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Abstract

AIM: To study the portal hemodynamics and their relationship
with the size of esophageal varices seen at endoscopy
and to evaluate whether these Doppler ultrasound parameters
might predict variceal bleeding in patients with liver cirrhosis
and portal hypertension.

METHODS: One hundred and twenty cirrhotic patients
with esophageal varices but without any previous bleeding
were enrolled in the prospective study. During a 2-year
observation period, 52 patients who had at least one episode
of acute esophageal variceal hemorrhage constituted the
bleeding group, and the remaining 68 patients without
any previous hemorrhage constituted the non-bleeding
group. All patients underwent endoscopy before or after
color Doppler-ultrasonic examination, and images were
interpreted independently by two endoscopists. The control
group consisted of 30 healthy subjects, matched to the
patient group in age and gender. Measurements of diameter,
flow direction and flow velocity in the left gastric vein
(LGV) and the portal vein (PV) were done in all patients
and controls using color Doppler unit. After baseline
measurements, 30 min after oral administration of 75 g
glucose in 225 mL, changes of the diameter, flow velocity
and direction in the PV and LGV were examined in 60
patients with esophageal varices and 15 healthy controls.

RESULTS: The PV and LGV were detected successfully in
115 (96%) and 105 (88%) of 120 cirrhotic patients,
respectively, and in 27 (90%) and 21 (70%) of 30 healthy
controls, respectively. Among the 120 cirrhotic patients,
37 had F1, 59 had F2, and 24 had F3 grade varices. Compared
with the healthy controls, cirrhotic group had a significantly
lower velocity in the PV, a significantly greater diameter
of the PV and LGV, and a higher velocity in the LGV. In the
cirrhotic group, no difference in portal flow velocity and

diameter were observed between patients with or without
esophageal variceal bleeding (EVB). However, the diameter
and blood flow velocity of the LGV were significantly higher
for EVB (+) group compared with EVB (-) group (P<0.01).
Diameter of the LGV increased with enlarged size of varices.
There were differences between F1 and F2, F1 and F3
varices, but no differences between F2 and F3 varices
(P = 0.125). However, variceal bleeding was more
frequent in patients with a diameter of LGV >6 mm. The
flow velocity in the LGV of healthy controls was 8.70±1.91
cm/s (n = 21). In patients with liver cirrhosis, it was
10.3±2.1 cm/s (n = 12) when the flow was hepatopetal
and 13.5±2.3 cm/s (n = 87) when it was hepatofugal. As
the size of varices enlarged, hepatofugal flow velocity
increased (P<0.01) and was significantly different between
patients with F1 and F2 varices and between patients
with F2 and F3 varices. Variceal bleeding was more frequent
in patients with a hepatofugal flow velocity >15 cm/s (32
of 52 patients, 61.5%). Within the bleeding group, the
mean LGV blood flow velocity was 16.6±2.62 cm/s. No
correlation was observed between the portal blood flow
velocity and EVB. In all healthy controls, the flow direction
in the LGV was hepatopetal, toward the PV. In patients
with F1 varices, flow direction was hepatopetal in 10
patients, to-and-fro state in 3 patients, and hepatofugal
in the remaining 18. The flow was hepatofugal in 91% patients
with F2 and all F3 varices. Changes in diameter of the PV
and LGV were not significant before and after ingestion
of glucose (PV: 1.41±1.5 cm before and 1.46±1.6 cm
after; LGV: 0.57±1.7 cm before and 0.60±1.5 cm after).
Flow direction in the LGV was hepatopetal and to-and-fro
in 16 patients and hepatofugal in 44 patients before
ingestion of glucose. Flow direction changed to hepatofugal
in 9 of 16 patients with hepatopetal and to-and-fro blood
flow after ingestion of glucose. In 44 patients with hepatofugal
blood flow in the LGV, a significant increase in hepatofugal
flow velocity was observed in 38 of 44 patients (86%)
with esophageal varices. There was a relationship between
the percentage changes in flow velocity and the size of
varices. Patients who responded excessively to food ingestion
might have a high risk for bleeding. The changes of blood
flow velocity in the LGV were greater than those in the PV
(LGV: 28.3±26.1%, PV: 7.2±13.2%, P<0.01), whereas
no significant changes in the LGV occurred before and
after ingestion of glucose in the control subjects.

CONCLUSION: Hemodynamics of the PV is unrelated to
the degree of endoscopic abnormalities in patients with
liver cirrhosis. The most important combinations are
endoscopic findings followed by the LGV hemodynamics.
Duplex-Doppler ultrasonography has no value in the
identification of patients with cirrhosis at risk of variceal



bleeding. Hemodynamics of the LGV appears to be
superior to those of the PV in predicting bleeding.
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INTRODUCTION

Esophageal variceal bleeding (EVB) is a potentially deadly
complication in patients with liver cirrhosis and portal
hypertension[1-4]. In patients with cirrhosis, the incidence of
esophageal varices ranges from 35% to 80% and approximately
a third of patients with esophageal varices experience variceal
bleeding, and up to 70% of  the survivors have one or more
additional episodes of bleeding[5]. The ultrasonographic
examination is a simple, inexpensive, accurate, and noninvasive
technique. It has been widely used to investigate the relationship
between EVB and hemodynamics associated with portal
hypertension and liver cirrhosis[6-9]. However, no consistent
results have been reported yet. In this study, we investigated
the hemodynamic features of the portal vein (PV) and left
gastric vein (LGV) before and after oral glucose (75 mg),
and evaluated whether these Doppler ultrasound parameters
might predict variceal bleeding in patients with liver cirrhosis.

MATERIALS AND METHODS

Materials
One hundred and twenty cirrhotic patients with esophageal
varices without any previous bleeding (mean age 57.6±6.8 years;
42 females and 78 males) were enrolled in the prospective
study. During a 2-year observation period, 52 patients who
had at least one episode of acute esophageal variceal hemo-
rrhage constituted the bleeding group, and the remaining
68 patients without any previous hemorrhage constituted
the non-bleeding group. The diagnosis of cirrhosis was based
on clinical and imaging findings or pathologic findings.

The control group consisted of 30 healthy subjects,
matched to the patient group in age (mean age 53.8±6.7 years)
and gender (10 females and 20 males). None of the controls
had a history or clinical evidence of liver disease. All subjects
provided written informed consent prior to participation.

Methods
All patients underwent endoscopy before or after color
Doppler-ultrasonic examination, and images were interpreted
independently by two endoscopists. Esophageal varices were
graded according to the criteria of the Japanese Research
Society for Portal Hypertension and endoscopic finding of
PV hypertension[10] in straight and small-calibered varices
(F1), moderately enlarged beady varices (F2), or markedly
enlarged nodular or tumor-shaped varices (F3).

Ultrasonographic examinations were performed using
HDI5000 and HPsono4500 color Doppler units with a
3.75-MHz convex probe. All the patients and controls were
kept fasting overnight prior to the procedure. They were
examined in the supine position during quiet respiration.
Measurements of diameter, flow direction and flow velocity
in the LGV and PV were done in all patients and controls.
The PV blood flow was measured at the crossing point with
the hepatic artery or just distally to it. The LGV usually
originates from the portal-splenic vein junction or its vicinity
and runs to the esophagogastric junction. It was identified
longitudinally by ultrasonography in a left oblique scan in
the epigastrium. Blood flow measurement was made in the
straight portion of the LGV, usually within 5 cm from its
origin[11,12]. The diameters of the LGV and PV were calculated
from the inner surface within the vessel as seen in a longitudinal
view. The sample volume was selected from 2 to 5 mm widths
to include the width of the vessel. Flow direction was
assessed according to the upward or downward position of
the Doppler waveform over the baseline. The beam-vessel
angle was less than 60° in every patient. Flow velocity was
calculated as an average value of three consecutive measu-
rements. The operator was blind to any information on the
endoscopic findings of varices and the portal pressure.

After baseline measurements, 30 min after oral admini-
stration of 75 g glucose in 225 mL, changes of the diameter,
flow velocity and direction in the PV and LGV were examined
in 60 patients with esophageal varices and 15 healthy controls.

Statistical analysis
Student’s t-test was used for single comparison, one-way
analysis of variance for multiple comparisons. A P-value
less than 0.05 was considered statistically significant. Statistical
analyses were performed with the SPSS 10.0 software program.

RESULTS

The PV and LGV were detected successfully in 115 (96%)
and 105 (88%) of 120 cirrhotic patients, respectively, and
in 27 (90%) and 21 (70%) of 30 healthy volunteers,
respectively. Among the 120 cirrhotic patients, 37 had F1,
59 had F2, and 24 had F3 grade varices.

Table 1 summarizes the duplex sonography findings.
Compared with the healthy controls, cirrhotic group had a
significantly lower velocity in the PV, a significantly greater
diameter of the PV and LGV, a higher velocity in the LGV.
In the cirrhotic group, no difference in portal flow velocity
and diameter was observed between patients with or without
EVB. However, the diameter and blood flow velocity of
the LGV were significantly higher in EVB (+) group
compared with EVB (-) group (P<0.01).

Diameter of the LGV increased with enlarged size of
varices. In patients with F1, F2, and F3 varices, the diameter
was 0.48±0.16, 0.62±0.23, and 0.72±0.24 cm, respectively.
There were differences between F1 and F2, F1 and F3
varices, but no differences between F2 and F3 varices
(P = 0.125). However, variceal bleeding was more frequent
in patients with a diameter of  the LGV >6 mm, suggesting
that the diameter of LGV had a relationship with the size
of esophageal varices, but had no value in the identification
of  patients with cirrhosis at risk for EVB (Table 2).
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Table 1  Hemodynamics in cirrhotic and healthy groups (mean±SD)

Group Diameter (cm) Velocity (cm/s)

                PV      LGV                  PV       LGV

Controls        1.12±0.11 0.40±0.18         15.3±1.41   8.70±1.91

EVB (–)        1.48±0.15b 0.52±0.21a,b     13.7±1.54b   14.8±1.11a,b

EVB (+)        1.56±0.28b 0.71±0.34b       12.8±1.18b   16.6±2.62b

EVB, esophageal variceal bleeding; PV, portal vein; LGV, left gastric vein. aP<0.05

compared with EVB (+); bP<0.01 compared with the healthy controls.

Table 2  Hemodynamics in relation to the development of esoph-
ageal varices in cirrhotic group (mean±SD)

Varices Diameter (cm) Velocity (cm/s)

                 PV     LGV                   PV        LGV

F1          1.47±0.19 0.48±0.16         14.2±2.15   7.80±2.15

F2          1.51±0.18 0.62±0.23         13.1±1.81   11.5±2.03

F3          1.55±0.21 0.72±0.24         12.0±1.72   16.0±3.19

The flow velocity in LGV, in healthy controls, was
8.70±1.91 cm/s (n = 21). In patients with liver cirrhosis, it
was 10.3±2.1 cm/s (n = 12) when the flow was hepatopetal
and 13.5±2.3 cm/s (n = 87) when the flow was hepatofugal
(Figure 1). As the size of varices enlarged, hepatofugal flow
velocity increased (P<0.01) and was significantly different
between patients with F1 and F2 varices, and between
patients with F2 and F3 varices. Variceal bleeding was more
frequent in patients with a hepatofugal flow velocity >15 cm/s
(32 of 52 patients, 61.5%). Within the bleeding group, the
mean LGV blood flow velocity was 16.6±2.62 cm/s. No
correlation was observed between the portal blood flow
velocity and EVB. Hepatofugal flow velocity of the LGV
in relation to the development of esophageal varices is shown
in Figure 2.

In all healthy controls, the flow direction in the LGV
was hepatopetal, toward the PV (Figure 3). In patients with

F1 varices, flow direction was hepatopetal in 10 patients,
to-and-fro state in 3 patients, and hepatofugal in the
remaining 18. The flow direction was hepatofugal in 91%
patients with F2 and all F3 varices (Table 3).

Changes in diameter of the PV and LGV were not
significant before and after ingestion of glucose (PV:
1.41±1.5 cm before and 1.46±1.6 cm after; LGV: 0.57±1.7 cm
before and 0.60±1.5 cm after). Flow direction in the LGV
was hepatopetal and to-and-fro in 16 patients and hepatofugal
in 44 patients before ingestion of glucose. Flow direction
changed to hepatofugal in 9 of 16 patients with hepatopetal
and to-and-fro blood flow after ingestion of glucose (Figure 4).
In 44 patients with hepatofugal blood flow in the LGV, a

Figure 1  Relationship between hemodynamics of the LGV and the size of
esophageal varices. A: Hepatopetal blood flow in the LGV; B: hepatofugal blood

flow in the LGV; C: hepatofugal blood flow in the LGV.

Figure 2  Hepatofugal flow velocity in LGV in relation to the size of esophageal
varices.

Table 3  Flow direction in the LGV in relation to the development of
esophageal varices in cirrhotic group, n (%)

                Flow direction
Varices n

Hepatopetal Hepatofugal To-and-fro

F1 31      10 (32)      18 (58)       3 (10)

F2 53        2 (4)      48 (91)       3 (5)

F3 21         0      21 (100)         0

Sum 105      12 (11)      87 (83)       6 (6)
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significant increase in hepatofugal flow velocity was
observed in 38 of  44 patients (86%) with esophageal
varices (Figure 5). The changes of blood flow velocity
were greater in the LGV than in the PV (LGV: 28.3±26.1%,
PV: 7.2±13.2%, P<0.01). The degree of changes in
percentages in the LGV and PV of patients with hepatofugal
flow after ingestion of glucose is shown in Figure 6. There
was a relationship between the percentage changes in flow
velocity and the size of varices. Patients who responded
excessively to food ingestion might have a high risk for
bleeding, whereas no significant changes occurred in the

LGV before and after ingestion of glucose in the control
subjects.

DISCUSSION

EVB is a potentially deadly complication in patients with
liver cirrhosis and portal hypertension. Once esophageal
varices occur, the risk for EVB ranges from 10% to 60%,
and the mortality rate related to EVB ranges from 20% to
60%[1-4]. Since esophageal varices-induced hemorrhage in
patients with cirrhosis can be fatal, these patients must be
routinely classified according to their risk status and appropriate
prophylactic measures should be taken to prevent hemorrhage.
The size of esophageal varices is one of the strongest risk
factors for variceal rupture[1-5]. Differences in connecting
venous structures and their underlying hemodynamics may
be predisposing factors in the progression of esophageal
varices. The ultrasonographic examination is a simple,
inexpensive, accurate, and noninvasive technique to evaluate
the hemodynamics under physiological conditions and has
been widely used experimentally and clinically, but there is
a continuing debate concerning the hemodynamics of the
PV system in relation to the development of esophageal
varices[6-9].

The notable findings of this study are related to the
hemodynamics of the PV. Compared with the healthy
controls, cirrhotic group had a significantly lower velocity
in the PV and a significantly greater diameter of the PV.

Figure 3  Hepatopetal blood flow in the LGV of normal subjects.

Figure 4  Change in flow direction in the LGV. A: Hepatopetal blood flow in the
LGV before ingestion of glucose; B: changes of flow direction from hepatopetal

Figure 5  Doppler sonograms in the LGV with hepatofugal blood flow before (A) and after (B) ingestion of glucose in a patient with a significant response to glucose.

to hepatofugal after ingestion of glucose.
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These findings indicate that the portal venous system in
cirrhotic patients with portal hypertension is the site of passive
congestion and increased blood flow. During the period of
2 years, 52 (43%) patients had at least one episode of acute
esophageal variceal hemorrhage. The portal hemodynamic
features had no differences between the EVB (+) and EVB
(-) subgroups. It is generally thought that elevated vascular
resistance and increased portal blood inflow are the two
principal mechanisms involved in the development of portal
hypertension secondary to cirrhosis[13]. The former is an
initiating factor, while the latter plays an important role in
maintaining a chronic portal hypertensive state. Therefore,
portal flow velocity is unrelated to the degree of endoscopic
abnormalities in patients with liver cirrhosis and has no value
in the identification of patients with cirrhosis at risk for
EVB. Therefore, passive congestion of portal blood has no
direct relationship with EVB.

In cirrhotic patients, because of portal outflow obstruction
(i.e., elevated intrahepatic portal vascular resistance), increased
blood flow in the splenic vein cannot enter the liver via the
PV, and a considerable percentage of splenic vein flow is
forced to bypass the liver. One of the most important shunting
routes is the LGV, which may normally arise from the PV
and splenic vein. When increased flow in the splenic vein is
prominent, the diversion of a large quantity of portal flow
via the LGV would result in more severe esophageal varices
and might trigger the occurrence of  EVB[14,15].

This study showed a close relationship between the
velocity of hepatofugal flow in the LGV and esophageal
variceal size. EVB was more frequent in patients with a
hepatofugal flow velocity >15 cm/s (32 of 52 patients,
61.5%). Preservation of  hepatopetal flow in the LGV in
patients with portal hypertension may be associated with a
low risk for variceal hemorrhage. Because the LGV is the
major source of blood supply to esophageal varices, velocity
of  hepatofugal flow may be the more important determinant
in the development of varices. These results are similar to
those of previous studies[16-18]. Therefore, detection of a
high-flow velocity in the LGV may be suggestive of
hemodynamically active esophageal varices that carry a high
risk for bleeding.

The diameter of the LGV increased as the size of varices
enlarged, there were differences between patients with F1
and F2, F1 and F3 varices, but no differences between
patients with F2 and F3 varices, suggesting that diameter

of the LGV has a relationship with the size of esophageal
varices, but has no value in the identification of patients
with cirrhosis at risk for EVB. The diameter of the LGV
may measure up to 6 mm on sonograms of  normal subjects.
However, variceal bleeding is more frequent in patients with
a diameter of the LGV >6 mm.

It is generally thought that flow direction in the LGV
changes from hepatopetal to hepatofugal during variceal
development[17,18]. However, in our study the flow direction
in the LGV was still hepatopetal and LGV did not seem to
contribute to the formation of  esophageal varices in 32%
patients with F1 varices. Blood flow in the stomach wall
from the left gastric artery also participates in variceal blood
flow[19-21]. These blood flows in the gastric wall alone possibly
contribute to the formation of  esophageal varices in its
early stage, where LGV flow does not significantly constitute
to the variceal flow. In advanced portal hypertension,
esophageal varices become large as the LGV flow changes
to hepatofugal and drains into the varices. Whereas a to-
and-fro flow state is generally considered to be present in
the LGV during the period when the flow becomes reversed[19],
which was observed in six patients in the present study.
Other studies reported that there is a relationship between
esophageal varices and venous collaterals outside the
esophageal wall in patients with portal hypertension.
Collaterals are divided into periesophageal collateral veins
and paraesophageal collateral veins. Periesophageal collateral
veins play a more important role in the formation of  esophageal
varices than paraesophageal collateral veins in the early stage
of esophageal varices[21-24].

Food intake usually increases portal blood flow. In this
study, we gave a dose of glucose and an increase of hepatofugal
blood flow velocity was observed in the LGV and PV. Also
the changes of blood flow velocity were greater in the LGV
than in the PV. Out of 44 patients with hepatofugal blood
flow in the LGV, a significant increase in hepatofugal flow
velocity was observed in 38 patients (86%) with esophageal
varices. There was a relationship between the percentage
changes in flow velocity and the size of varices. Patients
who responded excessively to food ingestion might have a
high risk for bleeding. High flow resistance in a portal
hypertensive liver may exaggerate the increase in intestinal
inflow into the LGV, henceforth into the esophageal varices
under such conditions[17], because blood flow in the LGV
tends to increase readily when the portal blood flow increases
or portal flow resistance is elevated. In patients with portal
hypertension, an increase in variceal blood flow may
contribute to bleeding from esophageal varices. The analysis
of these factors influencing blood flow in esophageal varices
seems to be important to understand the pathophysiology
of variceal bleeding and helps us to estimate the risk for
variceal hemorrhage[25-28].

In conclusion, PV is unrelated to the degree of endoscopic
abnormalities in patients with liver cirrhosis and its measu-
rement by Duplex-Doppler ultrasonography has no value
in the identification of patients with cirrhosis at risk for variceal
bleeding. Hemodynamics of the LGV appears to be superior
to those of the PV in predicting bleeding, allowing physicians
to optimize therapy[29]. Therefore, the likelihood index,
adopted to determine the best parameters related to variceal

Figure 6  Changes in blood flow in the PV and LGV of patients with hepatofugal
blood flow before and after ingestion of glucose.
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bleeding showed that the most important combinations are
endoscopic findings followed by the LGV hemodynamics.
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