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Abstract

AIM: To investigate the value of duplex Doppler ultra-
sonography (US) in the assessment of the hemodynam-
ics of the portal and hepatic veins in a cohort of children
with chronic liver disease (CLD) and to detect any rela-
tionship between the US changes, etiology and severity
(or stage) of CLD.

METHODS: We prospectively enrolled 25 children with
biopsy-proven CLD. Thirteen had cirrhosis (aged 8.9
+ 2.0 years) and 12 had chronic hepatitis (aged 9.3 *
2.3 years). Gray scale and color-coded duplex Doppler
US were performed for all, as well as 30 healthy age
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and sex-matched controls. Findings were correlated with
clinical, laboratory and histopathological characteristics.

RESULTS: Prominent caudate lobe was detected in
100% of cirrhotics, but none of the chronic hepatitis
or controls. Thickened lesser omentum and loss of the
triphasic waveform of the hepatic vein were present in
69.2% and 53.8% of cirrhotics vs 33.3% and 8.3% of
chronic hepatitis respectively. Portal vein flow velocity
was significantly lower (P < 0.0001) and the congestion
index was significantly higher (P < 0.005) in both pa-
tient groups compared to controls. Child-Pugh’s staging
showed a positive correlation with both abnormal he-
patic vein waveform and direction of portal blood flow;
and a negative correlation with both hepatic and portal
vein flow velocities. No correlation with the etiology of
CLD could be detected.

CONCLUSION: Duplex Doppler added to grayscale US
can detect significant morphologic and portal hemody-
namic changes that correlate with the severity (stage)
of CLD, but not with etiology.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The search for a non-invasive biochemical or imaging
marker for the severity (stage) and/or etiology of chronic
liver disease (CLD) in adults, as well as children, is in
extremely active nowadays. Real time ultrasonography
(US) has become an integral part of the non-invasive
evaluation of the liver in many clinical settings in adults.
Color-coded duplex Doppler information regarding the
presence or absence of flow and the direction and veloc-
ity of that flow can be obtained non-invasively, rapidly
and relatively inexpensively'. In spite of being evaluated
since 1983 the accuracy, sensitivity and specificity of
duplex Doppler imaging as a non-invasive diagnostic and
prognostic modality for liver cirrhosis, and its correlation
to the histopathologic findings as well as the degree of
functional impairment of the liver, remains controversial
and is still debated by many investigatorsm. Adding duplex
Doppler evaluation in numerous studies has clarified the
role of this modality in the evaluation of various CLD
in adults and children, including liver cirrhosis™; portal
hypertension™?; presence or absence of esophageal vari-
ces’™ | noninvasive diagnosis of the degree of hepatic fi-
brosism’ﬁ], assessment of the portal venous blood flow in
cystic fibrosis'’, perioperative monitoring in orthotropic
liver transplantation (I.Tx)""", prediction of the severity of
veno-occlusive disease and assessing its prognosis'”, as-
sessment of the functional hepatic flow and total hepatic
flow'"” and investigating the effect of fatty infiltration of
the liver on the Doppler waveform pattern in the hepatic
veins of obese children®”. Other studies evaluated Dop-
pler US measurement of the blood flow in the hepatic
artery, hepatic veins and portal vein as a noninvasive indi-
cator of disease severity in children who had undergone
Kasai portoenterostomy for extrahepatic biliary atresia”"
and those who had CLD of unknown etiology””. How-
ever in the setting of LTx, serial intra- and post-operative
Doppler US has largely been accepted as a useful tech-
nique for making an early diagnosis of abnormal hemo-
dynamics of the graft circulation. Furthermore, intra-
operative Doppler US is used to assess the reconstructed
vessels objectively in order to reduce the incidence of
vascular complications following LTx and it is gradually
replacing the more invasive angiographic techniques'™

The aim of this study was to investigate the value of
abdominal color-coded duplex Doppler US when added
to the conventional grayscale scanning in the non-invasive
assessment of the splanchnic morphology, as well as he-
modynamics of the portal and hepatic veins in a cohort
of Egyptian children suffering from CLD. We aimed also
to detect any relationship between the US changes, etiol-
ogy and severity (or stage) of the CLD.

MATERIALS AND METHODS

Materials and methods
We prospectively enrolled 25 children with CLD from the
Pediatric Hepatology Unit at Cairo University Children
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Hospital, Cairo, Egypt. Thirteen patients (group 1) were
diagnosed with established cirrhosis (7 gitls and 6 boys)
with a mean age of 8.9 + 2.0 years, and 12 (group 2) were
diagnosed with chronic hepatitis without cirrhosis (6 gitls
and 6 boys) with a mean age of 9.3 * 2.3 years. Thirty
healthy child relatives of the patients (13 girls and 17
boys) with a mean age of 8.1 £ 2.2 years were included as
a control group. All patients were subjected to: (1) Care-
ful interrogation and thorough physical examination for
signs of CLD (jaundice, palmar erythema, bleeding dia-
thesis, hand tremors, hepatomegaly, splenomegaly, ascites
and edema); (2) biochemical tests of liver functions; (3)
serological markers of viral and autoimmune hepatitis; (4)
testing for inborn errors of metabolism when indicated;
and (5) percutaneous liver biopsy using the Menghini as-
piration technique for histopathological diagnosis, grading
and staging of the CLD.

Patients, as well as controls, underwent conventional
grayscale US using Toshiba® Sonolayer 2000 apparatus
(Toshiba Corporation, Tokyo, Japan) equipped with 3.5
and 5 MHz convex linear transducers. Examination in-
cluded liver size and echo pattern, portal vein diameter,
splenic size and echo pattern, thickness of the lesser
omentum in comparison to the aorta as well as detection
of ascites. Both patients and controls also underwent col-
ot-coded duplex Doppler examination using Toshiba® So-
nolayer SSH-60A apparatus (Toshiba Corporation, Tokyo,
Japan) with a low frequency (3.5 MHz) transducer, in
order to optimize the return of Doppler signals from
deeper-lying tissues.

After being fasted overnight for a minimum of 8 h, all
children were examined in the supine position. A low pulse
repetition frequency was used initially, with manual adjust-
ment when aliasing occurred. Approach for the vein of in-
terest was selected to keep the beam vessel (angle 0) always
less than 60°. Dopplet recording of the hepatic veins was
initially examined using a transverse sub-xiphoid approach,
with the probe slightly cephalad. The right intercostal ap-
proach was used to obtain a longitudinal view of the mid-
dle hepatic vein. Every child was asked to stop breathing
for a few seconds, in deep inspiration, during examination
to avoid motion artifacts. Measurements were obtained
from the hepatic veins at least 2 cm from the confluence
with the inferior vena cava, to reduce the possible influence
of the changes of flow pattern in the inferior vena cava
on hepatic veins hemodynamics. We classified the hepatic
vein Doppler waveforms according to Gorka ez a/* into:
normal triphasic, abnormal biphasic or monophasic, and
those with loss of the reverse-flow. Mean flow velocity of
the middle hepatic vein was also measured in cm/s in all
patients and controls.

The portal vein was examined from an anterior ab-
dominal subcostal and/or right intercostal approach and
scanned longitudinally throughout its entire length. Mea-
sutements were obtained in the middle segment between
the splenoportal junction and the intrahepatic bifurcation
(1-2 cm before the bifurcation). It was examined at a stan-
dard point for the diameter, patency, presence or absence
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Table 1 Patients demographic and clinical data 7 (%)

Diagnosis Group 1 Group 2 (chronic
(cirrhosis) hepatitis)
Symptoms
Hematemesis 2 (15.4) 3 (25)
Jaundice 4 (38.5) 3 (25)
Dark urine 5 (38.5) 4 (33.3)
Abdominal distension 8 (61.7) 8 (66.7)
General physical signs
Pallor 5(38.5) 3 (25)
Jaundice 5 (38.5) 4 (33.3)
Lower limb edema 6(46.2) 4 (33.3)
Abdominal signs
Hepatomegaly 7 (53.8) 9 (75)
Splenomegaly 10 (76.9) 4 (33.3)
Ascites 5 (38.5) 3 (25)

of intraluminal echogenic material, direction of flow with-
in the vein and blood flow velocity in cm/s.

The congestion index (CI) is determined by duplex
Doppler US. It is the ratio between the cross-sectional area
of the portal vein in cm” and the blood flow velocity in
that vein in cm/s, and calculated using the following for-
mula: CI = cross sectional area/blood flow VCIOCity[ZS’ZG].

The cross sectional area was calculated using the fol-
lowing formula: Cross sectional area = 7 X (d/4);d =
diameter of portal vein in cm; and T = 3.14%7,

Statistical analysis

All data were statistically analyzed using independent sam-
ples test, Xz test, post-Hock test and Arrnitagelzs]. Prob-
ability (P value) was considered significant if P < 0.05.

RESULTS

Group 1 included 13 children with established cirrhosis
(5 of metabolic etiology and 8 viral hepatitis C or B) and
group 2 included 12 with chronic hepatitis and no cirrho-
sis (5 viral hepatitis C or B and 7 autoimmune). Table 1
shows the demographic and clinical data of the 2 groups.
Biochemical tests of liver function showed no significant
difference between either group (similar letters meant no
significant difference, while dissimilar letters meant a sig-
nificant difference, the P value is significant).

A prominent caudate lobe (as an important US sign)
was found in 100% of patients with cirrhosis and none
of patients with chronic hepatitis or controls. Thickened
lesser omentum (i.e. lesser omentum: aortic diameter ratio
> 1:1.7 in children™) was present in 69.21% of cirrhotic
patients in comparison to 33.3% of patients with chronic
hepatitis. Loss of the normal triphasic oscillation of the
hepatic vein waveform was detected in 53.8% of group
1 in comparison to 8.3% of group 2 and none of the
controls. Abnormal direction of portal blood flow was
detected in 46.2% of group 1 and 25% of group 2, and
none of the controls (Figures 1 and 2).

Hepatic vein flow velocity showed non-significant
negative correlation with liver size (» = -0.125) and weak
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Figure 1 Triphasic waveform pattern of normal hepatic vein.
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Figure 2 Abnormal waveform pattern of hepatic veins in a cirrhotic liver.

but significant correlation with both splenic size (r =
-0.374) and portal vein diameter (» = -0.304) (Table 2).

Portal vein flow velocity had weak significant nega-
tive correlation with liver size (r = -0.431) and powerful
significant negative correlation with both splenic size (r =
-0.699) and portal vein diameter (» = -0.743, Figure 3).

CI had a weak significant negative correlation with
liver size (r = -0.431) and powerful significant negative
correlation with both splenic size (r = -0.699) and portal
vein diameter (= -0.743).

According to Child-Pugh’s™ classification, 4 (31%) of
our cirrhotic patients were Class A; 4 (31%) Class B and
5 (38%) Class C. Those classes showed a powerful sig-
nificant positive correlation with both abnormal hepatic
waveform and abnormal direction of portal blood flow.
Also there was a powerful significant negative correlation
with both hepatic vein and portal vein flow velocity (» =
-0.785 and -0.688, respectively, Figure 4) and weak signifi-
cant positive correlation with CI (= -0.595).

Analysis of the US findings according to the etiologi-
cal categories (metabolic, viral or autoimmune CLD) did
not reveal any significant correlations.

DISCUSSION

In the present study we tried to correlate the splanchnic
morphological and hemodynamic parameters of the portal
and hepatic veins with the severity of hepatic affection, as
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Controls Group 1 Group 2 P value
Liver size in cm 8.55 % 0.69 10.19 +2.33 122 +2.02" <0.01
Splenic size in cm 8.43 £0.92 11.82 £1.30° 10.10 £ 1.50"° <0.01
Portal vein diameter (cm) 0.61+0.13 1.16+0.23° 0.95 +0.22" <0.01
Hepatic vein flow velocity (cm/s) 23.1+2.09 21.84 £1.90 2241 +2.02 >0.05
Portal vein flow velocity (cm/s) 31.1+£3.92 21.23 +3.30° 2222 +1.23° <0.01
Congestion index 4.61+5.75" 9.50 £ 1.60 497 £1.14" <0.01
P < 0.01 vs controls; “P < 0.01 vs group 1.
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Figure 3 Correlation between portal vein flow velocity and portal vein
diameter.

evaluated by liver histopathology and Child-Pugh’s clas-
sification of cirrhosis™. Prominent caudate lobe was a
constant finding in all our patients with cirrhosis and not
found in chronic hepatitis. The prominence of the caudate
lobe in cirrhosis results from marked hyperplasic changes
in the regenerative nodules with no cellular or structural
atypia. The density of the regenerative hepatocytes be-
comes much higher, the quantity of bound water larger
and free water smaller, increasing the US signals reflected.
The reason why only the caudate lobe shows such huge
hyperplasia in cirrhosis remains unclear”".

Thickened lesser omentum (i.e. lesser omentum: aortic
diameter more than 1:1.7%" is highly-suggestive of portal
hypertension and the presence of esophageal varices in
children, and allows the detection of portal hypertension
earlier than detection of collaterals by Doppler and even
eatlier than clinical signsm]. In our study there was a sig-
nificant increase of lesser omentum thickness in cirrhotic
patients than chronic hepatitis.

Koda ef al”, in 1996 described the decrease in portal
vein flow velocity with the progress of chronic hepatitis
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Child’s classification

Figure 4 Correlation between Child-Pugh’s classification and portal vein
velocity.

as a sensitive indicator and a useful test with close correla-
tion with the histological degree of liver fibrosis. Schneider
¢t al”, combined portal vein velocity with hepatic artery
pulsatility index as a reliable, non-invasive evaluation of pa-
tients with liver cirrhosis. On the other hand Ding e a/™",
reported that portal vein flow velocity and portal vein
flow volume alone are not useful parameters for discrimi-
nating cirrhotic patients from healthy subjects. In our
study we did not measure the hepatic artery pulsatility
index; however values of portal vein flow velocity were
significantly lower in patients compared to controls and
significantly lower in the group with liver cirrhosis than
the chronic hepatitis. A significant correlation was also
detected between both splenic size and Child-Pugh’s
class and the portal flow velocity; the lower the velocity,
the larger the splenic size and the worse the Child-Pugh’s
class. Therefore in children with cirrhosis, portal flow ve-
locity might be cortelated with the severity of portal hyper-
tension and the severity of liver parenchymal dysfunction
as worsening Child-Pugh’s class was associated with lower
portal vein flow velocity conforming to reports in adults™.

In the present study CI was significantly higher in the
group with liver cirrhosis than both the chronic hepatitis
group and the controls. CI showed no significant differ-
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ence between chronic hepatitis group and controls. CI
showed a positive correlation with Child-Pugh’s class of
cirrhotics. CI was reported to be a significant parameter in
the evaluation of the risk of bleeding varices and progno-
sis of patients with liver cirrhosis, while in chronic hepatitis
patients it was found to be similar to healthy controls and
was not related to the grade of hepatic inflammation™".
Loss of the normal triphasic oscillation of the hepatic
vein waveform was detected in 53.8% of our cirthotics, in
comparison to 8.3% of chronic hepatitis and none of the
controls. Bolondi ¢z a/””, Ohta ef aF’” and Arda et al”, te-
ported the loss of triphasic oscillation even in early-stage
chronic parenchymal liver disease (Child-Pugh’s class A).
In conclusion, grayscale and color-coded duplex Dop-
pler US are very valuable, non-invasive diagnostic modali-
ties in children with CLD. They could detect splanchnic
morphological and portal hemodynamic changes that
could be correlated to the degree of liver parenchymal af-
fection but not to the etiology of the CLD. Therefore we
recommend their wider application in the assessment of

children with CLD.
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