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Interobserver variability of ultrasound parameters
in portal hypertension
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The aim of this study was to assess interobserver agreement of ultrasound parameters for portal hypertension in
hepatosplenic mansonic schistosomiasis. Spleen size, diameter of the portal, splenic and superior mesenteric veins
and presence of thrombosis and cavernous transformation were determined by three radiologists in blinded and
independent fashion in 30 patients. Interobserver agreement was measured by the kappa index and intraclass corre-
lation coefficient. Interobserver agreement was considered substantial (k = 0.714-0.795) for portal vein thrombosis
and perfect (k = 1) for cavernous transformation. Interobserver agreement measured by the intraclass correlation
coefficient was excellent for longitudinal diameter of the spleen (r = 0.828-0.869) and splenic index (r = 0.816-0.905)
and varied from fair to almost perfect for diameter of the portal (r = 0.622-0.675), splenic (r = 0.573-0.913) and su-
perior mesenteric (r = 0.525-0.607) veins. According to the results, ultrasound is a highly reproducible method for
the main morphological parameters of portal hypertension in schistosomiasis patients.
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According to the World Health Organization (WHO),
schistosomiasis affects more than 200 million people
worldwide, approximately 10% of whom present with
the severe form of the disease (Ross et al. 2002). In Bra-
zil, data from the Schistosomiasis Control Program of
the Ministry of Health showed a prevalence of 5.4% in
2002 (Coura & Amaral 2004), exclusively of the man-
sonic subtype.

During the life cycle of Schistosoma mansoni, adult
worms colonize the terminal venules of the intestines
and lay their eggs, which reach the liver through the
portal circulation. The result is an intense periportal in-
flammatory reaction responsible for the development of
the essential pathological lesion of schistosomiasis: in-
tra and extra-hepatic periportal fibrosis, leading to pre-
sinusoidal blockage and high resistance to portal blood
flow (Patel et al. 1993, Martins et al. 2000, Ross et al.
2002, Machado et al. 2004, Bezerra et al. 2007).

Chronic schistosomiasis infection can present in two
ways: a less aggressive hepatointestinal form and a more
severe hepatosplenic form that presents as portal hyper-
tension, portosystemic collateral circulation, ascitis, up-
per digestive bleeding and splenomegaly (Pereira et al.
1998). Elevated resistance to portal blood flow in schis-
tosomiasis is a cause of portal vein thrombosis and can
cause collateral circulation in the portal hilum known as
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cavernous transformation (Senzolo et al. 2006). Upper
digestive bleeding from portal hypertension is the main
cause of death from this disease and not rarely is the first
clinical manifestation (Tsubaki et al. 2007).

Abdominal ultrasound is important in the evaluation
of portal hypertension in patients with chronic hepatic
schistosomiasis, in addition to showing abnormalities of
the liver, spleen and gallbladder that are consistent with
its diagnosis (Pereira et al. 1998). Ultrasound is consid-
ered a fast, safe and non-invasive technique for evaluat-
ing these parameters and is important in the diagnosis
and treatment of hepatosplenic schistosomiasis (Lam-
bertucci et al. 2000).

Some ultrasound parameters, such as spleen size,
diameters of the splenic and portal veins and presence
of portosystemic collateral circulation, are related to
the quantification of the risk of bleeding from esopha-
geal varices in patients with hepatosplenic schistoso-
miasis (Richter et al. 1992, Abdel-Wahab et al. 1993,
Domingues et al. 1993, Eltoum et al. 1994, Richter et
al. 1998, Martins et al. 2000). Prophylactic treatment of
portal hypertension is particularly important when the
costs and inconveniences of drug treatment and com-
plications from endoscopic and surgical procedures are
considered (Martins et al. 2000).

Although many studies have evaluated the impor-
tance of ultrasound-derived values for portal vein and
splenic vein caliber and spleen dimensions, no studies,
to our knowledge, have precisely evaluated the method’s
reproducibility. Studies evaluating reproducibility are
important to identify diagnostic tests that may require
improvements in technique. Reproducibility of a method,
measured by interobserver and intraobserver agreement,
indicates the method’s precision (but not its accuracy).
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Establishing the precision of a diagnostic method is cru-
cial when it is intended for use in clinical practice, such as
ultrasound in the evaluation of schistosomiasis patients.

The purpose of this study was to assess the repro-
ducibility of ultrasound in the evaluation of the main
morphological parameters of portal hypertension, in-
cluding spleen size and the diameters of the portal,
splenic and superior mesenteric veins, in patients with
hepatosplenic schistosomiasis.

PATIENTS, MATERIALS AND METHODS

Between May-July 2007, we performed a prospec-
tive, cross-sectional and observational study evaluat-
ing 30 patients with hepatosplenic schistosomiasis. The
sample included 15 men and 15 women (mean age 45
years; range, 25-68 years). Inclusion criteria were age
> 18 years and diagnosis of schistosomiasis by rectal
biopsy or positive stool test. All patients had a strong
epidemiological history, defined as coming from schis-
tosomiasis endemic areas. Exclusion criteria were his-
tory of alcohol consumption (more than 160 g per week),
positive serology for hepatitis virus B or C, autoimmune
hepatitis and use of hepatotoxic drugs, in order to ex-
clude any other source of underlying liver disease. In ad-
dition, patients with a previous history of splenectomy
or portosystemic shunt surgery were not included. The
study was approved by the Institutional Review Board
for Human Research and all patients provided written
informed consent.

Ultrasound technique - In all patients, conventional
B-mode and color Doppler ultrasound was performed
using an Envisor platform (Philips Medical System,
Best, The Netherlands) with a 3.5-5 MHz multifrequen-
cy convex transducer. We adopted the imaging planes
standardized by the WHO for ultrasound evaluation of
the spleen and splanchnic vascular system in schistoso-
motic portal hypertension. Patients had fasted for at least
4 h before the examination. The internal diameter (inner
wall to inner wall) of the portal vein was measured with
the patient supine, with subcostal and intercostal oblique
views of the main portal branch halfway to its bifurca-
tion, during the same respiratory phase (Fig. 1). We also
measured the caliber of the splenic vein at the level of the
pancreatic body and the superior mesenteric vein imme-
diately before the splenomesenteric junction. To evalu-
ate the presence or absence of portal vein thrombosis
and collateral circulation on the portal bed (cavernous
transformation), we used color Doppler, with an angle of
insonation varying between 45-60°, where measurement
of the portal vein was performed (Fig. 2).

All measurements of the splenoportal vessel diameters
were performed with the patient in basal condition (quiet
breathing, supine position and fasting) to minimize fac-
tors that could interfere with this measurement (Machado
et al. 2004). We considered the upper limits of normality
to be 12 mm for the portal vein and 9 mm for the splenic
and superior mesenteric veins (Pinto-Silva et al. 1994).

Size of the spleen was measured with the patient
supine, with left subcostal views, on the mid-axillary
and axial hemiclavicular line on the longitudinal and

transverse planes, respectively. All measurements were
performed on cross-sections through the splenic hilum
with the intention of creating a constant reference point
for repetitive measurements (Fig. 3). Measurements per-
formed with the cross-sections, although not standard-
ized, were used in the study because of the greatly en-
larged dimensions of the spleen in these patients. From
these unidimensional measurements, we calculated the
splenic index, which is the product of the longitudinal,
transverse and anteroposterior diameters of the spleen
(the upper limit of normality is 480) (Lackner et al. 1980,
Bezerra et al. 2005).

Standardization of test analysis - The tests were per-
formed in random order and by two independent exam-
iners, blinded to the patients’ disease. The two examin-
ers had at least three years of experience in abdominal
ultrasound (obsl and obs2), previously trained in the
test’s analytical method. A new test was performed by
a radiologist with eight years of experience (obs3), with
prior knowledge of the patients’ disease. Maximum time
between tests was 60 min.
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Fig. 1: oblique cut of the hepatic hilum to measure the caliber of the
portal vein.
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Fig. 2: oblique cut with Doppler ultrasound for the evaluation of portal
thrombosis. Portal flow was preserved.
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Fig. 3: transversal cut at the splenic hilum to measure the transver-
sal and anteroposterior diameters of the spleen and to allow, together
with the measurement of the longitudinal diameter, the calculation of
the splenic index.

Statistical analysis - Statistical analysis for measure-
ment of interobserver agreement for the qualitative vari-
ables (portal vein thrombosis and cavernous transforma-
tion) was performed using kappa statistics (k). The kappa
index presents values between 0-1 and was interpreted
as poor (k = 0), slight (0.01-0.2), fair (0.21-0.4), moderate
(0.41-0.6), substantial (0.61-0.8), almost perfect (0.81-1)
and perfect (1) (Landis & Koch 1977).

Calculation of the kappa index required comparison
of data obtained by grouping the examiners into pairs
(obsl x obs2; obsl x obs3; obs2 x obs3). From these data,
we obtained the lowest and highest kappa values for each
qualitative variable.

Statistical analysis of interobserver agreement for
quantitative variables (longitudinal diameter of the
spleen, splenic index, portal vein diameter, splenic vein
diameter and superior mesenteric vein diameter) was
performed using the intraclass correlation coefficient
and respective 95% confidence interval (95% CI). Re-
sults were interpreted as poor (r < 0.4), regular (0.41-
0.75) or excellent (0.76-1) (Shrout & Fleiss 1979).

The intraclass correlation coefficient was calculated
two ways. First, the values were compared by grouping
the examiners in pairs, as with the kappa statistics. Sec-
ond, values obtained by the three examiners were com-
pared at the same time, for each variable.

RESULTS

Interobserver agreement was considered substantial
(k = 0.714-0.795) for presence or absence of portal vein
thrombosis and perfect (k = 1) for cavernous transfor-
mation (Table I). The three examiners observed cav-
ernous transformation in 46% (6/13) of patients with
portal vein thrombosis.

Interobserver agreement for longitudinal diameter
of the spleen and splenic index was almost perfect, as
shown in Tables II and III.

Of the 30 schistosomiasis patients analyzed, portal
vein diameter was not measured in seven patients be-
cause of complete thrombosis. Thus, measurements were

TABLE I

Interobserver agreement for qualitative variables
(kappa index) calculated from the comparison of data by
pairing observers

obsl x obs2 obsl x obs3 obs2 X obs3

Portal vein thrombosis 0.791 0.795 0.714
Cavernous
transformation 1 1 1

performed in 23 patients. In six of the 13 patients with
partial portal thrombosis, it was possible to measure the
portal vein diameter (Table I'V).

During evaluation of the superior mesenteric vein, it
was not possible to measure the diameter in two patients
because of excessive patient fat and gas interposition.

Interobserver agreement measured by the intraclass
correlation coefficient showed results varying from reg-
ular to excellent for the diameters of the portal, splenic
and superior mesenteric veins (Tables II, III).

DISCUSSION

Various studies have focused on ultrasound in an
effort to reveal abnormalities in the abdominal organs
consistent with the diagnosis of chronic schistosomiasis
and to identify parameters that relate to quantification of
the risk of digestive bleeding (Richter et al. 1992, 1998,
Abdel-Wahab et al. 1993, Domingues et al. 1993, Eltoum
et al. 1994, Martins et al. 2000). Although some studies
show the importance of this diagnostic method, especially
regarding evaluation of portal hypertension, its diagnos-
tic precision has not been closely assessed. In a recent
literature review that included studies of interobserver
and intraobserver agreement in hepatology, the authors
concluded that the reproducibility of ultrasound outcomes
was not sufficiently studied, with only one article address-
ing ultrasound reproducibility in the evaluation of portal
hypertension (Tissot et al. 1995, Winkfield et al. 2003).

We performed a new literature review in which we
identified only four articles that analyzed interobserver
agreement for portal vein diameter, splenic vein diame-
ter and/or size of the spleen in patients with chronic liver
disease. Of these, only one was related to evaluation of
morphological parameters for portal hypertension. The
other studies focused on measuring Doppler reproduc-
ibility and marginally evaluating portal vein diameter
and size of the spleen (Fernandez et al. 1991, Sabba et
al. 1995, Tissot et al. 1995, O’Donohue et al. 2004). It
should be noted that the results obtained in these studies
were poor, perhaps because they were performed more
than a decade ago and thus involved equipment with
lower resolution than available at present.

The current paper showed high interobserver agree-
ment for the target parameters (portal vein diameter,
splenic vein diameter, spleen size and portal vein throm-
bosis), especially regarding interobserver agreement for
the evaluation of cavernous transformation, spleen size
and splenic index, which was excellent or almost perfect.
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TABLE 11

Interobserver agreement for quantitative variables (intraclass correlation coefficient calculated from the comparison of data
between paired observers)

obsl x obs2 obsl x obs3 obs2 x obs3
Longitudinal diameter of the spleen 0.869 0.866 0.828
Splenic index 0.816 0.905 0.840
Portal vein diameter 0.675 0.654 0.622
Splenic vein diameter 0.573 0.913 0.592
Superior mesenteric vein diameter 0.599 0.710 0.525

TABLE III

Interobserver agreement for quantitative variables calculated
from the comparison of data from all three observers

Intraclass correlation
coefficient

Variables obsl x obs2 x obs3
Longitudinal diameter of the spleen 0.854
Splenic index 0.853
Portal vein diameter 0.651
Splenic vein diameter 0.694
Superior mesenteric vein diameter 0.607

the minimum, maximum and mean (among the three exam-
iners) measurements obtained for each quantitative variable
are described in Table I'V.

TABLE IV

The minimum, maximum and mean measurement obtained
for each quantitative variable

Variables Minimum Maximum Mean
Longitudinal diameter

of the spleen (cm) 04 30 18.8
Splenic index 373.6 6493.0 1797.8
Portal vein diameter (cm) 0.6 2 1.36
Splenic vein diameter (cm) 0.5 1.9 1.17
Superior mesenteric 0.5 25 126

vein diameter (cm)

The importance of B-mode ultrasound is currently
acknowledged for the evaluation of ultrasound param-
eters related to the risk of upper digestive tract bleeding.
Our results, in combination with the relatively low cost
and wide availability of ultrasound, further emphasize its
role in the evaluation of patients with schistosomiasis.

Our study has two main limitations. One was the
relatively small number of patients and the other was
the previous training of the less experienced observers,
which may have increased the interobserver agreement.

In conclusion, based on these results, we can state
that abdominal ultrasound is a highly reproducible
method for analyzing the main morphological param-
eters of portal hypertension and can be used reliably in
the evaluation of patients with schistosomiasis.
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