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ARTICLE INFO ABSTRACT

Purpose: Hepatic alveolar echinococcosis (AE) is a parasitic disease caused by the larval stage of the tapeworm
Echinococcus multilocularis. Ultrasonography is the method of choice in the initial diagnosis of AE. The aim of the
study is to present the most frequent sonomorphological patterns of lesions in hepatic AE based on the analysis of
ultrasound findings in patients treated for AE at the University Centre of Maritime and Tropical Medicine
(UCMMIT; Gdynia, Poland), and to establish whether there is a relationship between the clinical stage of AE and
the occurrence of a specific sonomorphological pattern of hepatic lesions.

Patients and methods: We analysed the results of ultrasound examinations of 58 patients hospitalized in the
UCMMIT with probable or certain diagnosis of AE. Liver lesions were assessed according to the classification
developed by researchers from the University Hospital in Ulm (Germany). Statistical analysis was based on the
relationship between the occurrence of a specific sonomorphological pattern of hepatic lesions and the clinical
stage of AE.

Results: The most frequently observed patterns of AE lesions in the liver were the hailstorm and the pseudocystic
patterns. There was no correlation between the clinical stage of the disease and the ultrasonographic appearance
of lesions. There was no statistically significant relationship between the more frequent occurrences of specific
ultrasonographic patterns of lesions in the liver and radical or non-radical surgery.

Conclusions: The ultrasonographic appearance of the lesion in liver AE cannot determine the therapeutic man-
agement. Treatment plan should be established based on the PMN classification.
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1. Introduction

Alveolar echinococcosis (AE) is a parasitic disease caused by the
larval stage of the tapeworm Echinococcus multilocularis [1]. It is found
in the northern hemisphere, in the endemic areas of Western and
Central Europe as well as Central and Eastern Asia, especially in China
[2,3].

Humans become infected by ingesting tapeworm eggs [3]. The most

frequent site of primary parasitic lesions is the liver [4]. Clinically, the
parasitic invasion is characterized by a long-lasting asymptomatic
phase (average duration of 5-15 years) [3,5]. At onset of symptoms,
imaging examination usually reveals the presence of a large tumour-like
mass in the liver, suggestive of a proliferative process [6,7]. In some
cases, at the time of diagnosis, extrahepatic lesions are also visible,
including remote locations, e.g. the lungs (7-20% of cases) or the brain
(1-3% of cases) [8,9].
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Early diagnosis and implementation of appropriate treatment is very
important. In untreated patients, mortality is high and reaches 90%
within 10 years from diagnosis [4,10]. But in recent years major
achievement has been reached by careful management of AE cases and
life-expectancy of patients is approaching that of the general population
[11].

Radical resection of the lesion at the initial stage of its development,
supported by pharmacological treatment with benzimidazoles is the
most effective management. In patients with advanced disease, who are
not eligible for complete resection, liver transplantation remains the
only therapeutic option and a chance for survival [12-14].

Imaging studies, in addition to serological tests, provide the basis
for the diagnostic process as well as monitoring the treatment of pa-
tients with alveolar echinococcosis [15]. Histopathological and mole-
cular tests (i.e. polymerase chain reaction - PCR) of the collected ma-
terial confirm the diagnosis [16,17]. The clinical picture of AE varies,
depending on the location of the lesions, the severity of the disease and
accompanying complications resulting from the progression of the
disease, such as cholestasis, cholangitis, formation of an abscess in the
liver, or secondary biliary cirrhosis and portal hypertension. Although
in most cases of AE, the lesions are located in the liver, one must always
bear in mind the possibility of coexisting distant metastases, which
make the diagnosis of AE even more challenging due to its atypical
clinical manifestation.

Ultrasound examination is usually the diagnostic modality of choice
in patients with abdominal pain, jaundice or febrile conditions, which
are often the first symptoms of AE. To date, there has been no generally
accepted ultrasound classification of hepatic lesions observed in AE
[18].

The aim of our study was to present the most frequently observed
ultrasonographic pattern of hepatic lesions in patients treated for AE at
the University Centre of Maritime and Tropical Medicine (UCMMIT;
Gdynia, Poland) and to establish whether there is a relationship be-
tween the stage of AE determining the possibility of radical surgical
treatment and the occurrence of a specific pattern of hepatic lesions on
ultrasound imaging.

2. Materials and methods
2.1. Retrospective analysis of the patients

The retrospective analysis included the results of laboratory, ser-
ological and imaging examinations of 72 patients with probable and
certain AE diagnosis (according to Brunetti et al. [16]) hospitalized
between 2000 and 2016 at the UCMMIT. Data on the conservative and
surgical treatment were also collected. During hospitalization the pa-
tients underwent liver function tests, blood immunoglobulin E (IgE)
levels, serological tests and imaging examinations in order to establish
the diagnosis and monitor the treatment. Serological tests, i.e. ELISA
Echinococcus (Bordier Affinity Products SA, Crissier, Switzerland),
Em2plus (Bordier Affinity Products SA, Crissier, Switzerland) and
Echinococcus Western Blot IgG (LDBIO Diagnostics, Lyon, France),
were performed at the Department of Tropical Parasitology of the
Medical University of Gdansk according to the manufacturers’ instruc-
tions. All the patients included in the study had positive results of
serological tests. IgE levels performed at the time of diagnosis were
varied and there was no correlation between the IgE level and the type
of lesion presented in the ultrasound examination.

The stage of hepatic lesions was evaluated using ultrasound, com-
puted tomography (CT) and magnetic resonance imaging (MRI).
Finally, the study included 58 patients in whom a detailed analysis of
ultrasound images was possible and who had one type of lesions.
Excluded from the analysis were 13 patients who were followed-up in
UCMMIT after previous surgery or liver transplantation, and 1 patient
with two different types of lesions occurring at the same time in both
hepatic lobes (ossification and pseudocystic patterns).
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The study group included 39 patients with certain AE and 19 with
probable diagnosis of AE. The diagnosis was considered as certain in
patients in whom the disease was confirmed by histopathology or PCR
methods. In the group with certain diagnosis, in 7 patients the speci-
mens for histopathological examination were collected without prior
suspicion of AE or implementation of antiparasitic treatment. The
probable diagnosis was based on the positive results of blood ser-
ological tests and characteristic appearance of the lesions on CT.

2.2. AE ultrasound images analysis

Abdominal ultrasound examinations were performed by two clin-
icians experienced in diagnosis and treatment of AE (IF, MS), initially
with the Philips ATL APOGEE 800 W apparatus using the Philips C5-2
Convex Probe and subsequently with the ALOKA al10 Premier device
using the Convex UST-9130 Probe. The study analysed the findings of
ultrasound examinations performed at diagnosis.

The classification developed by researchers from the University
Hospital in Ulm (Germany) was used for the assessment of ultrasound
findings [18]. This classification is based on 5 types of lesions:

e Type 1 - a hailstorm pattern appearing as heterogeneously echo-
genic areas with irregular contours and visible scattered hyper-
echoic areas, in some cases calcifications can be seen;

e Type 2 - a pseudocystic pattern with an irregular hyperechoic rim
that is not vascularized on power Doppler;

e Type 3 - a metastasis-like pattern;

e Type 4 - a haemangioma-like pattern;

e Type 5 - ossification pattern with features of calcifications.

In addition, the location of the lesions in the liver (right/left hepatic
lobe), their size and number were analysed in the study.

2.3. Clinical stage of AE analysis

The stage of disease was assessed based on imaging examinations
according to PNM classification [19] where P defines the size of para-
sitic lesions in the liver, N extrahepatic expansion to neighbouring
tissues and M presence of distant metastases.

2.4. Statistical analysis

Statistical analysis was performed to assess the potential relation-
ship between the presence of specific sonographic pattern of the hepatic
lesions and the clinical stage of AE determining the radicality of sur-
gical treatment. The analysis was performed using the functions and
procedures of the R project [20]. The %2 test and Fisher's exact test for
count data were used to determine if there is a significant difference
between observed and expected frequencies for the obtained qualitative
variables. The logistic regression was used to create a model based on a
linear dependence between the dichotomous variable and the in-
dependent variables. The results were enriched with the Receiver Op-
erating Characteristic (ROC) curve analysis. In each of the tests men-
tioned above, the significance level was set at a=0.05.

2.5. Ethical issues

The study was approved by the Independent Bioethics Committee
for Scientific Research at the Medical University of Gdansk (Poland) on
June 25, 2003 as a part of the research project of the State Committee
for Scientific Research/the Polish Ministry of Science and Higher
Education (KBN/MNiSW). Approval number: NKEBN/457/2003; pro-
ject numbers: 4PO5D04212 and 3PO5B10625.
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Fig. 1. Type 1 - a hailstorm pattern.

3. Results

In a group of 58 patients subjected to ultrasound examination, there
were 21 patients (36.2%) in whom hepatic lesions were located in the
right lobe and 4 patients (6.9%) with lesions in the left lobe. Most often,
in as many as 33 cases (56.9%), both hepatic lobes were affected. In 10
cases, the infiltration extended beyond the liver hilum. The lesions of
the largest dimensions were of pseudocystic type and were located in
the right lobe. In 7 cases, the presence of extrahepatic lesions was de-
tected (including dissemination to the peritoneum, retroperitoneal
space and pelvis, distant foci in the lungs and brain) at diagnosis based
on a simultaneous CT imaging.

Analysis of ultrasound findings according to the Ulm classification
[18] showed the hailstorm pattern (Fig. 1) in 33 cases (56.9%), pseu-
docystic pattern (Fig. 2) in 21 cases (36.2%) and haemangioma-like
pattern (Fig. 3) in 2 cases (3.4%). The ossification pattern was reported
in 2 patients with multifocal lesions (3 and 5 foci) occurring in both
hepatic lobes.

The prevalence of specific patterns of ultrasound lesions depending
on the clinical stage of the disease in the groups of patients with certain
and probable diagnosis of AE is presented in Table 1. The stage of the
disease was determined based on the PNM system mentioned above.
Patients with stages I and II were considered as eligible for total re-
section.

Only 4 patients were assigned to the “sonomorphological pattern” 4
and 5. For this reason, the analysis of the data was carried out on a set
lacking these sonomorphological patterns.

Information about the number (N) of patients with “sonomorpho-
logical pattern” 1 and 2 and the groups defined based on the feature
“completely resectable” (yes/ no) is presented in Table 2. The table also
lists the percentages calculated against the sum specified for the given
rows (NR) and columns (NC).

Pearson's X? test with Yates' continuity correction was used to ex-
amine the distribution of values in Table 1. The results are:
X2 = 1.3*103! and p-value = 1. This means that the distribution of
values does not depend on the selected features, i.e., the “completely
resectable” and the “sonomorphological pattern” advancement.

326

Table 3 contains information about the number (N) of patients with
a given “stage of disease” and “sonomorphological patterns” 1 and 2.
Similarly as in Table 2, percentages calculated against the sum specified
for the given rows (NR) and columns were also determined (NC).

Since several N values are small (Table 3), the Fisher's Exact Test for
Count Data has been used to examine the independence between the
features described in the columns and rows. P value = 0.3435 means
that the result is not statistically significant. There are no reasons to
reject the null hypothesis of this test. This means that the distribution of
values does not depend on the selected features, i.e., the “stage of
disease” and the “sonomorphological pattern”.

To examine the relations between the variables "sonomorphological
pattern" and "completely resectable" more precisely, a mathematical
model based on the concept of logistic regression was built. The results
(B and p values) are given in Table 4. The values of 3 obtained from this
model are not statistically significant. The variable “sonomorphological
pattern” cannot be considered in this model as a variable explaining the
variable “completely resectable” (yes/no). The odds ratio is exp
(-0.0834) = 0.92. This value (close to 1) means that the odds for the
variable “completely resectable”(yes) is almost the same regardless of
the selected pattern (1 or 2) of the variable "sonomorphological pat-
tern".

This result was also confirmed by the ROC analysis where the AUC
value = 0.510 (Fig. 4).

4. Discussion

Echinococcosis is a dangerous parasitic disease, the diagnosis of
which is often very challenging. Based on epidemiological data and
clinical presentation, imaging techniques along with serological tests
make it possible to diagnose AE in a large proportion of cases. However,
the final diagnosis can be established only after histopathological
confirmation or demonstrating genetic material by PCR in surgically
resected liver tissue [21]. Ultrasonography remains the first-choice
modality in both the diagnosis and monitoring of treatment of patients
with AE [22]. It is also used as a screening tool in endemic areas, in
addition to serological tests [23].
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Fig. 2. Type 2 - a pseudocystic pattern.

The paper presents the results of ultrasound examinations of 58
patients with probable and certain diagnosis of AE hospitalized at
UCMMIT in Gdynia between 2000 and 2016. This is the largest group in
Poland, that has been analysed in terms of liver lesions on ultrasound
imaging. In the study, all hepatic AE lesions were qualified as one of the
5 sonomorphological patterns. The most frequently observed pattern in
this study (56.9% of cases) was the hailstorm pattern. The second most
common pattern was pseudocystic pattern. This type of lesion is char-
acterised by the largest dimensions and often occupies the entire
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hepatic lobe [18]. The centre of the lesion is anechoic or hetero-
geneously hypoechogenic. In some cases, centrally located irregular
hyperechoic areas are visible. This type of lesion can be observed on the
first occasion at the time of diagnosis or during the observation of
hailstorm type foci in patients receiving antiparasitic drugs, when it
reflects their evolution and central necrosis. Differential diagnosis of
pseudocystic lesions includes liver abscesses, cystadenomas and hepatic
cystic echinococcosis [18]. For comparison, in the study from Ulm
(Germany), hailstorm pattern was observed in 54.1%, pseudocystic in

13-03-'14
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Fig. 3. Type 4 - a haemangioma-like pattern.
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Table 1
Patients’ characteristics and prevalence of sonomorphological patterns.

Certain Probable Total
diagnosis diagnosis
Number of cases 39 19 58
Age at diagnosis (range) 52.3 (6-82) 54 (30-78) 52.9
(6-82)
Females/Males 19/20 11/8 30/28
Stage at diagnosis:
Stage I 2 2 4
Stage II 14 0 14
Stage Illa 8 10 18
Stage IIIb 3 1 4
Stage IV 12 6 18
Prevalence of sonomorphological
patterns:
1 - hailstorm pattern 24 9 33
2 — pseudocystic pattern 13 8 21
3 — metastasis-like pattern 0 0 0
4 - haemangioma-like pattern 2 0 2
5 — ossification pattern 0 2 2

Table 2
Number of patients with sonomorphological patterns 1 and 2 in groups defined
based on resectability of the lesions.

completely resectable

yes no sum
sonomorphological pattern 1 N 10 23 33
NC 62.5% 60.5% 61.1%
NR 30.3% 69.7% 100%
2 N 6 15 21
NC 37.5% 39.5% 38.9%
NR 28.6% 71.4% 100%
sum N 16 38 54
NC 100% 100% 100%
NR 29.6% 70.4% 100%

N - number of elements in subgroups; NR - percentage of the number relative to
the sum of counts for the given row; NC - percentage of the number relative to
the sum of counts for the given column.

13.5% and ossification pattern in 13% of cases. Haemangioma-like
pattern occurred in 8.1% and metastasis-like pattern in 6.5% of cases.
According to expert consensus for the diagnosis and treatment of cystic
and alveolar echinococcosis in humans [16], typical findings observed
in 70% of cases are these corresponding to hailstorm and pseudocystic
patterns. There are some studies from China [24-26] evaluating the
usefulness of serological tests depending on the type of liver lesion of
AE in ultrasound examination under field condition. The ultrasound
classification used in those studies was based on the size, number of

Table 3
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Table 4
Results of logistic regression analysis with completely
pendent variable.

resectable as the de-

variable B SD z-value p(> |z))
intercept —0.8229 0.3788 —2.199 0.0279
sonomorphological pattern (2) —0.0834 0.6139 —0.136 0.8920

independent variable: sonomorphological pattern; SD - standard deviation.

ROC curve
(sonomorphological pattern~completely resectable)
o
©
® 4
optimal cutpoint
© | sensitivity : 62.5 %
© specificity : 39.5 %
2
2
.(‘%
f=y
Q
12}
<
pg
o
g
AUC=0.510
o
=g
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-specificity

Fig. 4. ROC curve.

lesions in the liver and presence of central necrotic fluid, without
considering the type of lesions. According to the classification used in
our study, lesions with necrotic fluid classified as pseudocystic type
(pattern 2) were observed in the above-cited studies in 23.6% [24],
32.8% [25] and in 45.1% [26] of cases, respectively.

Our study did not reveal any metastasis-like lesions, which usually
pose particular diagnostic challenge. Statistical analysis did not show a

Number of patients with a given “stage of disease” and “sonomorphological pattern” 1 and 2.

stage of disease

I I IIla 1IIb v sum
sonomorphological pattern 1 N 3 7 10 1 12 33
NC 100% 53.8% 58.8% 25% 70.6% 61.1%
NR 9.1% 21.2% 30.3% 3% 36.4% 100%
2 N 0 6 7 3 5 21
NC 0% 46.2% 41.2% 75% 29.4% 38.9%
NR 0% 28.6% 33.3% 14.3% 23.8% 100%
sum N 3 13 17 4 17 54
NC 100% 100% 100% 100% 100% 100%
NR 5.6% 24.1% 31.5% 7.4% 31.5% 100%

N - number of elements in subgroups; NR - percentage of the number relative to the sum of counts for the given row; NC - percentage of the number relative to the

sum of counts for the given column.
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relationship between the two most commonly observed patterns of le-
sions (hailstorm and pseudocystic patterns) and the clinical stage of AE.
The pattern of lesions did not determine the radicality of the surgical
procedure. On one hand it has been observed that radical surgical
treatment was possible in patients with large pseudocystic lesions, but
on the other hand smaller lesions were detected, which already at di-
agnosis were not eligible for radical surgical treatment due to their
location (involvement of the liver hilum) or extrahepatic expansion
including metastases to distant organs. Therefore, the consensus of
experts on echinococcosis recommends simultaneous imaging of the
chest and head at the time of diagnosing AE, in order to establish the
proper management [16].

Suspicion of AE based on the ultrasound examination allows to
properly plan further diagnostics, including avoiding biopsy of hepatic
lesions or exploratory laparoscopy. First, serological tests should be
performed and imaging diagnostics extended. In the assessment of
echinococcal lesions, apart from ultrasound, other imaging methods
have been applied, such as CT, MRI, magnetic resonance cholangio-
pancreatography and positron emission tomography using 18 F-fluor-
odeoxyglucose (18 F-FDG-PET-CT), which helps in differentiating be-
tween active and inactive lesions by assessing metabolic activity around
parasitic lesions [27]. In recent years, there have been an increasing
number of reports related to the use of contrast-enhanced ultrasound
(CEUS) in assessing the extent and activity of echinococcal lesions in
the liver. Vascularization patterns of echinococcosis-specific lesions of
the liver are better visualized by CEUS and better correlate with 18 F-
FDG-PET-CT results in comparison to CT [28]. However, the results
obtained are ambiguous and so far CEUS has not been universally ac-
cepted as a diagnostic standard in hepatic AE [29]. CT allows for pre-
cise assessment of the location and extent of parasitic infiltration in the
liver, along with the evaluation of the vascular system and bile ducts at
the time of diagnosis [22,30,31], during the qualification for surgery, as
well as in the monitoring of patients undergoing resection or receiving
conservative treatment. In our study, CT turned out to be more sensitive
in the assessment of extrahepatic lesions of AE, especially in adrenal
glands, retroperitoneal space and pelvis.

CT is more sensitive and an excellent tool in the assessment of
calcifications [6,15,22], better than ultrasound [24] or MRI, which in
turn allows for a more accurate assessment of alveolar structures, which
are characteristic of AE [7,22,27,32,33] The presence of calcification
plays an important role in the assessment of echinococcal lesions. Their
number and localization within the parasitic infiltration changes during
the natural course of the disease and is also modified by pharmacolo-
gical treatment. Thus their appearance allows for indirect assessment of
the dynamics of the parasitic disease [6,22]. The presence of calcifi-
cations does not exclude the metabolic activity of AE lesions on 18 F-
FDG-PET-CT [10,27,28]. It only suggests indirectly the duration of the
inflammatory process [34].

5. Conclusions

Ultrasonography remains the first-line modality for both the diag-
nosis and monitoring of treatment in patients with AE. Ultrasound ex-
amination of a patient in whom echinococcosis is suspected often sig-
nificantly shortens the diagnostic process. Ultrasound classification is a
primarily diagnostic tool. Performing a blood serum test for echino-
coccosis allows for avoiding invasive diagnostic procedures, such as a
biopsy of lesions or exploratory laparotomy, often performed without
prior implementation of antiparasitic treatment, which may cause the
spread of infection. Specific ultrasound pattern of lesions does not
correlate with the clinical stage of AE or the radicality of surgical
treatment.
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