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Abstract. Data on liver and spleen stiffness by 2-D shear wave elastography (2-D SWE) in hepatosplenic schisto-
somiasis (HES) remain scarce. We aimed to assess the correlation between single to multiple measurements of liver and
spleen stiffness and to evaluate inter-hepatic lobe variability of liver stiffness measurement (LSM) using 2-D SWE in HES
patients. Liver and spleen elastography were performed in HES patients in this cross-sectional study. A total of four
stiffness measurements were performed in the right lobe (RL), left lobe (LL), and spleen. The correlation between the first
measurement and the median of four measurements was assessed. Liver stiffness measurement of both hepatic lobes
wascompared. Twenty-sixHESpatientswere included. Liver stiffnessmeasurementwas higher in the left than in the right
hepatic lobe (17.9 kPa [11.3–92.0] versus 14.9 kPa [5.6–44.4];P= 0.019). The firstmeasurementwas similar to themedian
of the four measurements for the RL (14.6 [5.6–60.8] versus 14.9 kPa [5.6–44.4]; P = 0.87), LL (17.4 [8.0–128.1] versus
17.9 kPa [11.3–92.0]; P = 0.54), and spleen (50.5 [10.0–157.0] versus 55.7 kPa [19.1–119.4]; P = 0.48). An excellent
correlation between the first measurement and the median of four measurements for the RL (r = 0.93; P < 0.001), LL (r =
0.88; P < 0.001), and spleen (r = 0.89; P < 0.001) was observed. In HES, LSM of the LL seems to be higher than that of the
right hepatic lobe. Considering the excellent correlation between the first measurement and the median of four mea-
surements in both hepatic lobes and spleen, a single measurement would be sufficient to evaluate liver and splenic
stiffness in patients with HES.

INTRODUCTION

Schistosomiasis is a neglected tropical disease prevalent in
low- to middle-income countries. The WHO estimates that
more than 206 million individuals required preventive treat-
ment worldwide in 2016.1 The intestinal form of schistosomi-
asis caused by the species Schistosoma mansoni remains
endemic in rural or geographically dispersed regions inBrazil.2

Up to 10% of infected individuals might develop the severe
form of the disease known as hepatosplenic schistosomiasis
(HES), which is characterized by portal hypertension and he-
patic periportal fibrosis.3

Historically, liver biopsy has been considered the reference
for staging hepatic fibrosis. However, this invasive method
has been challenged by low acceptance by patients, potential
complications, and low quality of the specimen.4,5 Liver stiff-
ness measurement (LSM) by transient elastography (TE) has
been validated as an alternative to stage liver fibrosis in
chronic liver diseases.6 In addition, LSM and spleen stiffness
measurement (SSM) by TE have been used to detect portal
hypertension in patients with chronic liver diseases.7 More-
over, in patients with HES, abdominal ultrasound (US)8 and
TE9 seem accurate to stage liver fibrosis. Two-dimensional
shear wave elastography (2-D SWE) by Aixplorer® (Super-
sonic Imagine, Aix-en-Provence, France) is a novel, non-
invasive method to assess LSM and SSM using a
conventional USmachine. This technique allows the choice of
the region of interest (ROI) in B-mode by the operator to avoid

vascular structures and nodules.10 In the last years, the di-
agnostic value of 2-D SWE has been extensively validated for
liver fibrosis staging10 and detection of portal hypertension.7

However, standard recommendations for reliability and val-
idity criteria for LSMby 2-DSWEare still unclear.11 In addition,
this imaging method was not evaluated in patients with HES.
The aim of the study was to evaluate the feasibility of liver
fibrosis staging using 2-D SWE by a single measurement
compared with multiple measurements and to assess the
inter-hepatic lobe variability of LSM in patients with HES.

MATERIALS AND METHODS

This cross-sectional study included consecutive patients
with HES followed in a single center in Rio de Janeiro, Brazil.
Data of individualswith portal hypertension,whohadUSsigns
of periportal fibrosis andpositive epidemiology forS.mansoni,
were collected by a trained investigator in a spreadsheet for
analysis. Patients with alcohol intake higher than 20 g/day,
previous surgery for portal hypertension, splenectomy, portal
vein thrombosis, hepatocellular carcinoma, or other chronic
liver disease were excluded. Blood analysis for liver function
tests and liver/spleen elastography were performed on a
maximal interval of 30 days. This study was approved by the
Ethical Committee from the Federal University of Rio de
Janeiro (IRB number 214/09). All participants signed informed
consent on enrollment in the study.
Definition of HES. Schistosomiasis was defined by the

presence of periportal fibrosis in subjects with an epidemio-
logical history of exposure to contaminatedwaters in endemic
regions (Northeast macro-region or Minas Gerais state) as-
sociated with at least one of the following criteria: 1) positive
parasitological identification in stool samples (Kato–Katz
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[KK]); 2) identification of amplified Schistosoma DNA by PCR
in stool samples; 3) positive rectal biopsy, or 4) positive se-
rology defined by the detection of specific IgG1 and/or type E
immunoglobulin (IgE) anti–S. mansoni. Two slides/samples
were collected and examined for the presence of S. mansoni
eggs using the KK technique. In addition, specific IgG1 and
IgE or DNA detection was applied in the absence of egg ex-
cretion (KKnegative). Patientswith positive rectal biopsywere
not submitted to serology or PCR in stool samples. Specific
IgG1and IgEanti-adultwormmembrane-soluble antigenwere
measured using an ELISA as described by Gonçalves et al.12

Real-time PCRwas performed as described by Gentile et al.13

For the detection of S.mansoniDNA, the technique described
by Cavalcanti et al.14 was performed. The hepatosplenic form
of the schistosomiasis was defined by the presence of portal
hypertension characterized by gastrooesophageal varices in
upper gastrointestinal endoscopy or splenomegaly (spleen
diameter > 12 cm) in US.
Liver and spleen stiffness using 2DSWE. Liver and spleen

stiffness measurements were performed after 3-hour fasting
patients byasingle experiencedoperator blinded toclinical and
laboratorial data using 2-D SWE by Aixplorer® (SuperSonic
Imagine). In brief, patients were placed in dorsal decubitus with
the right arm in maximal abduction. The probe was placed
perpendicularly inan intercostal spacewhere liverbiopsywould
be performed for right lobe (RL) evaluation and immediately
below the xiphoid process for left lobe (LL) LSM. For SSM, the
probe was placed in the left side intercostal space in a dorsal
decubitus patient with the left arm in maximal abduction.
For LSM, all 2-D SWEmeasurementswere performed using

a 35 × 25-mm Q-box with its upper edge placed at least 2 cm
far from the liver capsule and avoiding large vascular struc-
tures. Measurements were obtained in a 20-mmdiameter ROI
placed in the most homogeneous area of the Q-box during an
expiratory phase. Each measurement provided the mean liver
stiffness, as well as minimum, maximal, and its SD values.
Measurements were classified as unreliable when no or little
signalwasobtained in theSWEbox, ormeanLSMvalueswere
lower than 1 kPa.15

Statistical analysis. Categorical variables were expressed
as absolute (n) and relative frequencies (%), and continuous
variables as mean (SD) or median (range). Paired non-
parametric tests were used for comparison of measurements,
and correlations between variables were reported using
Spearman’s rho coefficient. A P-value less than 0.05 was
considered to be significant using bilateral tests. Statistical
analysis was carried out using the SPSS software, version
21.0 (SPSS inc., Chicago, IL).

RESULTS

A total of 80 patients with portal hypertension, US signs of
periportal fibrosis, and positive epidemiological history for
S. mansoni evaluated from October 2016 to June 2017 were
eligible. However, 29 patients were excluded (other chronic
liver diseases [n = 10], portal vein thrombosis [n = 6], abusive
alcohol intake [n = 5], splenectomy [n = 4], and refusal to
participate [n = 4]), and 25 patients had a negative screening
for schistosomiasis (Figure 1). Therefore, a convenience
sample (non-probabilistic) size of 26 patients was included.
Serology for schistosomiasis was positive in 81% of patients
(n= 21/26). However, schistosomiasis was also detected in by

PCR-DNA assay (n = 7), positive parasitological stool test (n =
3), and positive rectal biopsy (n = 2) in 12 of 26 patients (46%).
In a total of 14 patients, schistosomiasis was defined by
positive serology with specific ultrasonographic imaging of
HES and a strong epidemiological history for S. mansoni. All
patients includedwere fromendemic areas inBrazil. However,
they had been out of the endemic areas for over 20 years.
None of them had undergone prior treatment for S. mansoni
infection. Among the 26 patients included, the mean age was
54 years (±10.6), 62% were female, and mean alanine ami-
notransferase was 46 (±17.2). All patients had portal hyper-
tension expressed by the presence of esophageal varices (n =
22; 85%), isolated gastric varices (n= 1; 4%), or splenomegaly
without gastroesophageal varices (n = 3; 11%). Table 1 de-
scribes clinical, demographic, and laboratory characteristics
of included patients.
Liver elastography was reliable in all patients for the right

hepatic lobe, and it was unreliable in twopatients (10%) for the
left hepatic lobe. Liver stiffness measurement (median [range]
of four measurements) was significantly higher in the left than
in right hepatic lobe (17.9 kPa [11.3–92.0] versus 14.9 kPa
[5.6–44.4]; P = 0.019) (Figure 2). When comparing the first
measurement with the median of the four acquisitions, no
statistical differences were observed neither for the right (14.6

FIGURE 1. Study flowchart.
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[5.6–60.8] versus 14.9 kPa [5.6–44.4]; P = 0.87) nor for the left
hepatic lobe (17.4 [8.0–128.1] versus 17.9 kPa [11.3–92.0];P=
0.54). The median value of splenic elastography was 55.7 kPa
(19.1–119.4), and the first measurement was similar to the
median of four measurements (50.5 [10.0–157.0] versus
55.7 kPa [19.1–119.4]; P = 0.48) (Table 2). In addition, we
observed an excellent correlation between the values of the
first measurement and the median of four measurements for
the right hepatic lobe (r=0.93;P<0.001) (Figure 3), left hepatic
lobe (r = 0.88; P < 0.001) (Figure 4), and spleen (r = 0.89; P <
0.001) (Figure 5).

DISCUSSION

This study highlighted that there was no significant differ-
ence of first compared with multiple stiffness measurements
in the right and left hepatic lobes, as well as in the spleen.
Moreover, excellent correlation values were observed be-
tween first and themedian of four measurements for LSM and
SSM. On the other hand, a non-negligible inter-hepatic lobe
variability of LSM by 2-D SWE was reported in patients with
HES. LSM in the LL seems to be higher than that in the right
hepatic lobe.

Schistosomal hepatopathy is a peculiar form of chronic liver
disease, with structural features and vascular changes that
differ from cirrhosis.16 Although both diseases present liver
fibrosis, the main characteristic of hepatic schistosomiasis is
periportal fibrosis in the absence of bridging, nodular forma-
tion, or significant hepatocellular injury.5 In contrast to cir-
rhotic portal hypertension, the normal architecture of liver
parenchyma is usually preserved in HES. The histologic lesion
results from egg-induced chronic granulomatous inflammation
in periportal tissues leading to fibrotic expansion of the portal
spaces and intrahepatic portal vein obstruction.5 Obstruction is
essentially presinusoidal in contrast to findings of cirrhosis, in
whichfibrosisaffects liverparenchymawithnodular regeneration
and fibrous septa.
A recent study9 showed significantly lower LSM by TE in

patients with HES than in those with cirrhosis because of
chronic hepatitis C. Lower than 30%of patients with HES had
LSMhigher than 12.5 kPawhich is the threshold for F4 fibrosis
stagebyMETAVIR score in chronic hepatitis C. These findings
reflect the difference of fibrosis distribution in the liver paren-
chyma of those diseases.
The hypertrophy of the left hepatic lobe associated with the

atrophy of the right liver lobe has been described in most
patients with HES.17 The splenic blood flow increases be-
cause of splenomegaly, and the blood supply is higher to the
LL leading to its hypertrophy in HES. The present study re-
ported a higher LSM in the left than in the right hepatic lobe.
However, it is still unclear whether this finding is due to the
different blood flow for either hepatic lobes, influence of heart
pulse in LSM, or higher periportal fibrosis in the LL. Contro-
versial results showed an association with higher fibrosis in
the left hepatic lobe of patientswithHES.18–20When analyzing
LL hypertrophy on US in patients with HES, Cerri et al.18 and
Kardorff et al.19 detected correlation with portal fibrosis, a
finding not confirmed by other authors.20 Houston et al.21

compared US findings with abdominal palpation in 492 pa-
tients with schistosomiasis mansoni. They found that liver
enlargement showed high specificity (94%) but low (28%)
sensitivity as a surrogate marker for fibrosis.
It is important to highlight that in these reported studies, liver

fibrosiswas evaluated byUSand not by liver biopsy. Although
the gold-standard method for evaluating HES-related liver fi-
brosis is wedge liver biopsy,5 it is not feasible in clinical
practice for staging and assessing liver fibrosis in HES.
Therefore, abdominal US has become the surrogate for the
diagnosis and classification of hepatic fibrosis in HES be-
cause of its availability and sensitivity, especially in studies
conducted in endemic areas with difficult access to health
care.8,22,23

Spleen stiffness measurement in patients with HES has
been evaluated by TE in a previous study9 that showed similar
median values for patientswithHESand cirrhosis. This finding

FIGURE 2. Comparative analysis betweenmedianvaluesof the right
lobe (RL) and left lobe (LL). The length of the boxes represents the
interquartile range where 50% of values occur. Bars shows the mini-
mum and maximum values, median, and quartiles. The line through
the middle of each box represents the median.

TABLE 1
Baseline characteristics of the patients (N = 26)

Characteristics of patients Median (range)

Female (%) 62
Age (years) ± SD 54 ± 10.6
Body mass index (kg/m2) 26.9 (19.8–39.8)
Esophageal varices (%) 85
Aspartate aminotransferase (U/L) 38 (19–92)
Alanine aminotransferase (U/L) 47 (15–91)
Albumin (mg/dL) 3.8 (3.3–4.8)
International normalized ratio 1.23 (1.0–1.6)
Total bilirubin (mg/dL) 1.2 (0.3–4.9)
Platelet count (109/L) 64 (25–318)

TABLE 2
Comparison between first measurement and median of four
measurements

First measurement
Median (range) of four

measurements P-value

Right lobe (kPa) 14.6 (5.6–60.8) 14.9 (5.6–44.4) 0.87
Left lobe (kPa) 17.4 (8.0–128.1) 17.9 (11.3–92.0) 0.54
Spleen (kPa) 50.5 (10.0–157.0) 55.7 (19.1–119.4) 0.48
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suggests thatSSMmight not beuseful todifferentiate cirrhotic
from non-cirrhotic portal hypertension. The upper limit of
75.0 kPa for TE examination by FibroScan remains a major
limitation in studies that assessed SSM. In the present study,
as 2D SWE presents a wider range (1–150 kPa), we observed
higher median and maximum values of spleen stiffness than
those obtained in patients with cirrhosis enrolled in previous
studies.24–26 To the best of our knowledge, this study is the
first that evaluated SSM by 2D SWE in patients with HES.
Further studies should validate rather these findings could be
useful to differentiate HES from cirrhotic patients.
To date, there is no clear recommendation regarding quality

criteria and the number of measurements necessary for reli-
able results of liver elastography by 2-D SWE. Most of the
studies were performed considering 3–10 measurements as
the standard of care.15,22–27 First, Ferraioli et al.15 evaluated
the accuracyof 2-DSWEusing themedian of four consecutive
measurements. However, Choi et al.28 described that five 2-D
SWE measurements could replace the conventional 10-rep-
etition protocol, with the exception of patients with fatty liver
disease or an LSM value higher than 10 kPa. In addition,
Procopet et al.24 reported anexcellent correlation between the
median of the first three measurements and the median of all
five measurements suggesting that three stiffness measure-
ments might be considered sufficient in the assessment of
portal hypertension. In our study, no significant differencewas
observedbetween the first stiffnessmeasurements compared
with the median of the four measurements (standard of care)
for both hepatic lobes and the spleen. Furthermore, we re-
ported an excellent correlation between the values of the first
measurement and the standard-of-care protocol (median of
four measurements) for LSM and SSM. Our findings suggest

that a single measurement would be sufficient to evaluate
LSM and/or SSM in patients with HES.
Themain limitations of this study are the reduced sample size,

theabsenceofcorrelationbetweenNiameyUSclassificationand
LSM,and the lackof liver biopsy toassess liverfibrosis. Although
endemic in few Brazilian regions, HES remains a rare disease. In
addition, we included only patients with strong evidence of in-
fection by S. mansoni. We acknowledge that our sample might
be influenced by a selection bias because of the strict inclusion
criteria. Niamey classification was performed in 88% (n = 23) of
our sample up to 2 years before 2-D SWE. The Niamey classifi-
cationB,C, andDwereobserved in 26% (n=6), 30% (n=7), and
44% (n = 10) of those patients, respectively. However, we could
not correlate Niamey pattern with LSM because of this relatively
high delay between both examinations. Liver fibrosis assess-
ment by liver biopsy is not recommended in clinical practice for
management of HES, and it might be unethical to perform liver
biopsy in these patients. Liver elastography might be influenced
by several conditions, such as necro-inflammatory activity, ex-
trahepatic cholestasis, or non-fasting status.29 However, all 2-D
SWE elastographies were performed in 3-hour fasting status,
and none of the patients had flare of transaminases or extrahe-
patic cholestasis. Themainstrengthsof thestudywere theuseof
2-D SWE performed by an experimented operator as an addi-
tional tool to evaluate patients with HES. Although it was not the
aimof the study, 2-D SWEallows to assess periportal fibrosis by
Niamey classification and LSM simultaneously, which facilitates
both the radiological diagnosis and the staging of liver fibrosis
related toSchistosomiasismansoni. In addition, all examinations
were performed by an experimented operator (> 1,000 exami-
nations), andpatients hadawell-defined infectionbyS.mansoni.
We also found that a single measurement would be sufficient to

FIGURE 3. Comparative analysis between the first measurement of the right lobe (RL) and median of the RL.

FIGURE 4. Comparative analysis between the first measurement of the left lobe (LL) and median of the LL.
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evaluatehepaticandsplenicelastography.Weacknowledge that
the experimented operator was aware of all 2-D SWEmeasures
when performing the liver/spleen elastography. In addition, this
hypothesis might not be true for all elastography systems be-
cause the AixPlorer system is the only that provides the mean,
minimum, maximum, and SD of the pixel values in the ROI for
each measurement11,30.

In conclusion, in patients with HES, LSM by 2-D SWE of the
left hepatic lobe seems to be higher than that of the RL, sug-
gesting that both hepatic lobes might be assessed to stage
liver fibrosis.Moreover, the valueof the firstmeasurementwas
well correlated with the median of the four measurements in
both hepatic lobes and spleen, suggesting that a single
measurement would be sufficient to evaluate the hepatic and
splenic elastography. However, further studies that compare
the number of measurements using other 2-D SWE systems
are needed to generalize these results.
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