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Absiract

AIM: To establish an ultrasonographic classification
based on a large sample of patients with confirmed
hepatic alveolar echinococcosis (AE).
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METHODS: Clinical data and ultrasonography (US)
findings of 185 patients (100 males; 85 females;
mean age at diagnosis: 51.4 £ 17.6 years; mean
age at time of US examination: 58.7 £ 18.2 years)
were retrospectively reviewed with respect to the US
morphology of hepatic AE lesions. The sonomorpho-
logical findings were grouped according to a five-part
classification scheme.

RESULTS: Application of the new classification resulted
in the following distribution of sonomorphological
patterns among the patients examined: hailstorm
(54.1%); pseudocystic (13.5%); ossification (13.0%);
hemangioma-like (8.1%); and metastasis-like (6.5%).
Only 4.9% of lesions could not be assigned to a sono-
morphological pattern.

CONCLUSION: The sonomorphological classification
proposed in the present study facilitates the diagnosis,
interpretation and comparison of hepatic alveolar
echinococcosis in routine practice and in the context of
scientific studies.

Key words: Hepatic echinococcosis; Echinococcus mul-
tilocularis; Classification; Diagnosis; Ultrasonography;
Alveolar echinococcosis
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Core tip: Alveolar echinococcosis (AE) is a rare but
potentially life-threatening parasitic disease. Despite
the importance of ultrasonography as an imaging
modality in the work-up of hepatic AE, there is no
established sonomorphological classification of hepatic
AE lesions analogous to the World Health Organization’s
ultrasonographic classification for cystic echinococcosis.
Objective of the present study was to establish an
ultrasonographic classification based on a large sample
of patients with confirmed hepatic AE. Assignment of
hepatic AE lesions to one of the five sonomorphological
patterns was successful in 95% of cases based on the
ultrasonographic classification scheme proposed in the
present study.
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INTRODUCTION

Alveolar echinococcosis (AE) is a rare but potentially
life-threatening parasitic disease caused by infection
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with the larval stage of the cestode tapeworm,
Echinococcus alveolaris™®!. Worldwide, the distribution
of the parasite is limited to the cool and temperate
regions of the Northern Hemisphere'™., A characteristic
feature of AE is its tumor-like growth in the liver, which
may infiltrate neighboring organs'™. In a large majority
of cases, the liver is the first organ to be infested by
the larvae: in seven out of ten cases, hepatic lesions
occur in the right hepatic lobe; in 40%, the liver hilus
is also involved; while, in only two of ten cases, both
hepatic lobes are affected".

In its initial phase, the infection is usually asym-
ptomatic. First symptoms and signs may include upper
abdominal pain or cholestatic jaundice. The incubation
period ranges between five and fifteen years'®.
Complications, such as biliary obstruction, portal hyper-
tension and bleeding esophageal varices, have been
reported in advanced disease and are ascribed to the
invasively growing mass of Echinococcus alveolaris
in the liver”). Metastatic infiltration by Echinococcus
alveolaris has been described for many organs®® and
is reflected in the PNM classification introduced by Kern
et al*”,

Radical resection of echinococcal foci is the sole
curative therapy for patients with AE. Curative therapy
is followed by administration of benzimidazoles for
two years; long-term administration of these agents is
indicated for non-resectable lesions™. Left untreated,
the disease is associated with a fatal outcome in more
than 95% of cases within a period of ten years following
diagnosis*!l, Only early diagnosis, based on diagnostic
imaging and serological markers, can increase the rate
of curative resections!***!, Early diagnostic imaging
therefore takes on decisive importance!*..

Beside US, computed tomography (CT) re-
presents the imaging method of choice among cur-
rently available diagnostic imaging modalities!*>*¢,
®F-fluorodeoxyglucose positron emission tomography
(*°F-FDG-PET) is a sensitive and specific tool that
uses F-fluorodesoxyglucose (**F-FDG) metabolism
to estimate the metabolic activity of hepatic AE
lesions”**!, The development of the US contrast
enhanced SonoVue® (Bracco Medical Imaging Deuts-
chland GmbH, Konstanz, Germany) has over the past
few years facilitated US assessment of the vitality
of AE lesions at follow-up monitoring. Assessment
of the vascularization of hepatic AE lesions with
contrast-enhanced ultrasound (CEUS) correlates with
their metabolic activity at combined '*F-FDG-PET-
CT*?!! and can better delineate the spatial extent of
hepatic alveolar echinococcosis lesions®>?*!, Lesions
characterized by vesicles and small cysts show a high
degree of correlation between *F-FDG-PET and CEUS
findings™*.

In 2003, Kodama et a/®! introduced a five-part
classification for assessing hepatic AE with magnetic
resonance imaging (MRI): Type 1: Multiple small round
cysts without a solid component; Type 2: Multiple
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small round cysts with a solid component; Type 3: A
solid component surrounding a large and/or irregular
pseudo-cyst with multiple small round cysts; Type 4:
A solid component without cysts; Type 5: A large cyst
without a solid component.

No corresponding classification has yet been
published for either CT or ultrasonography (US).
Current studies suggest that the occurrence of alveolar
echinococcosis is increasing worldwide and is spreading
to previously unaffected regions. Especially in the
Northern Hemisphere, there is a growing number of
AE lesions occurring as coincidental findings at routine
upper abdominal US!'*****”), Knowledge of the typical pre-
sentations of hepatic AE at diagnostic imaging may aid
in making an early diagnosis™®. Despite the importance
of US as an image modality in the work-up of hepatic
AE, there is no sonomorphological classification of
hepatic AE lesions analogous to the World Health
Organization (WHO)’s ultrasonographic classification
for cystic echinococcosis, which has achieved world-
wide acceptance for assessing the activity of that
disease!"*'*?®), Objective of the present study was to
establish an ultrasonographic classification based on
a large sample of patients with confirmed hepatic AE
as a way of facilitating the diagnosis, interpretation,
classification and comparison of ultrasonographic
findings of the rare disease entity.

MATERIALS AND METHODS

Study collective
Clinical data and US findings of 185 patients (n =
100 males; 85 females; mean age at diagnosis: 51.4
+ 17.6 years; mean age at time of US examination:
58.7 £ 18.2 years) followed at the Echinococcosis
outpatient clinic of Ulm University Hospital (n =
385 patients) were reviewed with respect to the
ultrasonographic morphology of hepatic AE lesions.
Patients were originally examined between 1999
and 2014. A total of 200 patients were excluded
from this analysis due to limitations in image quality
impacting interpretation or incomplete data sets. The
US findings of all patients (n = 185) with confirmed
hepatic AE stored in the ViewPoint US documentation
system (GE Healthcare Technologies, ViewPoint
Bildverarbeitung GmbH, WeBling, Germany) were
re-interpreted by a single reviewer (WK) with broad
experience in the US of AE and grouped according
to a novel five-part sonomorphological classification
scheme (Figure 1, Figure 2, Figure 3, Figure 4 and
Figure 5).

The study design complies with the requirements
of the Helsinki Declaration and was approved by the
Ethics Commission of Ulm University.

Diagnosis and classification
The diagnosis of AE was made in cases with une-
quivocal seropositivity, positive histological findings
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following diagnostic puncture or partial resection of
the liver, as well as findings typical for AE in either US,
CT, MRI or PET-CT™**!, According to the modified WHO
criteria of Brunetti et al* 79 cases were confirmed by
positive histopathology and proven specific enzyme
linked immunosorbent assay from tissue samples. An
additional 85 patients were considered probable cases
with positive serology in two different procedures and
positive imaging for AE in two imaging techniques,
while 21 patients were considered possible cases
with a positive medical history and a positive result
for imaging and serology in one test each. Based on
the reviewer’'s many years’ experience together with
reports of sonomorphological findings in patients with
hepatic AE in the literature, individual US findings were
grouped into one of the following patterns: hailstorm,
pseudocystic, hemangioma-like, ossification, and
metastasis-like!**'*'”! (Figures 1-5). As an acronym,
we propose EMUC-US (Echinococcosis Multilocularis Ulm
Classification - Utrasound). In addition to patient-specific
parameters, the number, maximum diameter and
localization of the largest echinococcus-specific lesion
were documented and interpreted. US examinations
were performed exclusively using convex transducer
heads (1-6 MHz) with different US units (Philips HDI
3000, HDI 5000, IU 22, Toshiba Aplio 500, Siemens
S3000, Hitachi Ascendus).

Statistical analysis

Statistical analyses were performed using the SAS
statistical software package (version 9.2; SAS Institute
Inc., Cary, NC, United States). Data were analyzed
descriptively with regard to absolute and relative
frequencies, means and standard deviation. The AE
lesions were divided into five morphological patterns.
One-way analysis of variance was applied to analyze
differences between the patterns.

RESULTS

The most frequently encountered sonomorphological
pattern among the 185 patients was the hailstorm
pattern (54.1%, n = 100), followed, in 13.5% (n
= 25) by the pseudocystic appearance and in 13%
(n = 24) by the ossification appearance. Much less
frequently observed were the hemangioma-like
appearance (8.1%, n = 15) and the metastasis-
like appearance (6.5%, n = 12). In terms of their
mean diameters, the hailstorm lesions measured
59.6 £ 27.9 mm; the pseudocystic lesions, 120.0
+ 47.3 mm; the hemangioma-like lesions, 68.1 +
37.3 mm; the ossification lesions, 28.0 £ 19.4 mm;
and metastasis-like lesions, 35.3 £ 33.1 mm (Figure
6). The diameters of lesions exhibiting pseudocystic
sonomorphology were significantly larger than any
of the other four lesion types (P < 0.05). In terms of
their mean diameters, lesions of both the hailstorm
and hemangioma-like types differed significantly from
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Figure 1 Hailstorm: The typical hailstorm appearance is characterized by indistinct, irregular boundaries, non-homogeneous pattern and hyperechoic

formations, with or without dorsal acoustic shadow.

those of the ossification type (P < 0.05).

In nine cases (4.9%), the complexity of the
sonomorphological appearance or the simultaneous
occurrence of characteristics typical for more than one
sonomorphological pattern precluded assignment of
sonomorphological findings to any one of the defined
sonomorphological types in the new classification (Table
1).
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Solitary echinococcus foci were by far the most
frequent, being observed in 62.7% of cases. Only 13
patients (7%) exhibited more than ten identifiable foci
(Table 1). Typical calcifications with dorsal acoustic
shadow were visualized ultrasonographically in nearly
three-fourths of cases (74.6%). A majority of lesions
(61.1%) were localized in the right hepatic lobe
compared with only 31.4% in the left hepatic lobe.
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+6.58 cm
6.52 cm

Figure 2 Pseudocystic: Pseudocystic alveolar echinococcosis lesions are primarily characterized by an hyperechoic, irregular and non-homogeneous rim
that is non-vascularized at power Doppler and color-coded duplex ultrasonography. It may appear to be > 10 mm in thickness. There is a hypo- or anechoic,
often non-homogeneous central zone that may contain hyperechoic material. Pseudocystic lesions may be already present at first diagnosis and involve an entire
hepatic lobe, or may develop from primary hailstorm lesions following therapy with benzimidazoles.

Echinococcal lesions affecting both hepatic lobes were
identified in only 7.6%. Further characteristics and
findings are summarized in Table 1.

DISCUSSION

Alveolar echinococcosis is a rare disease™™****°!, AE
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is characterized by destructive growth and exhibits
all the characteristics of a malignant disease with
infiltration of adjacent organs and formation of dis-
tance metastases!'®*®!, Hence, rapid and definitive
diagnosis is essential. Due to the rarity of the disease,
however, especially in non-endemic areas, AE presents
a significant diagnostic challenge in routine clinical
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Figure 3 Hemangioma-like: These lesions are difficult to distinguish from atypical (e.g., partially thrombosed) hemangiomas, and often represent a
significant diagnostic challenge. Sonomorphologically, the lesions present as a relatively clearly demarcated non-homogeneous tumor that appears hyperechoic
in comparison with the surrounding hepatic parenchyma. Echogenicity ranges from slightly and non-homogeneously hyperechoic to strongly and homogeneous

hyperechoic.

practice®”. US is the imaging method of choice in the
work-up of symptomatic patients and especially as a
screening tool™**", The widespread use of imaging
modalities, such as US, CT and MRI, has led to an
increase in the detection of previously unsuspected
liver masses in asymptomatic patients®?!. These
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hepatic incidentalomas in asymptomatic patients
are mostly benign and, in most cases, US (including
CEUS) will suffice to definitively distinguish them from
malignant lesions®**?. Certain hepatic incidentalomas,
such as regenerative nodules, angiomyolipomas of
the liver or hepatic AE, however, remain a diagnostic
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Figure 4 Ossification: The ossification pattern presents with solitary or grouped, mostly sharply delineated lesions with dorsal acoustic shadow. In terms
of their differential diagnosis, these alveolar echinococcosis (AE) lesions are often difficult to distinguish from inflammatory or hyperechoic metastases of various
carcinomas. Very large ossification-type AE lesions represent a rarity. Both uni- and multifocal involvement is possible.

challenge for all imaging modalities™**°**, Not
infrequently, a final diagnosis is made only upon
histopathological examination of material obtained at
puncture or resection>*,

In the present study population, over 80% of
cases corresponded sonomorphologically to the hail-
storm, pseudocystic or ossification patterns. These
morphologically very characteristic appearances have
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already been described by many authors, though not
in the context of an ultrasonographic classification!*®*",
The so-called “hailstorm” and “pseudocystic” patterns
were described as early as 1984 by Didier et a/**”. In
fact, in their small series of 24 patients, the distribution
of the hailstorm and pseudocystic pattern in 62.5% and
12%, respectively, was quite similar to that observed
in the present study with 54.1% and 13.5% for the
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Figure 5 Metastasis-like: Beside the hemangioma-like lesions, the metastasis-like lesions of alveolar echinococcosis represent the greatest diagnostic
challenge. Mostly hypoechoic, these lesions exhibit as a typical characteristic-compared to typical hepatic metastases (e.g., of colorectal cancer)-the absence of the

halo phenomenon. Instead, there is a central, hyperechoic, non-homogeneous scar.

hailstorm and pseudocystic patterns, respectively™.

Bresson-Hadni et al'*®! also describe patterns that
correspond to our hailstorm and pseudocystic patterns.
Taken together, these two forms comprise about 70%
of “typical” AE lesions among the lesions studied. The
French research group also reported an hemangioma-
like pattern as well as a usually small, calcified form of
AE lesion (ossification pattern)™®. AE lesions exhibiting
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an ossification appearance may present a diagnostic
challenge. The differential diagnosis encompasses
other hyperechoic, calcified lesions occurring in a wide
range of benign, infectious or vascular disorders; with
hepatic metastases of colorectal or breast cancer; or
metastases of malignant melanomas™®. A metastasis-
like appearance for hepatic AE has not previously
been described. Unlike typical liver metastases, which
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Figure 6 Lesion size depending on the sonomorphological pattern.

Table 1 Patient characteristics 7 (%)

Characteristics mean + SD
Number of patients 185
Gender

Female 100 (54.1)

Male 85 (45.9)
Age at diagnosis 51.4+17.6
Age at ultrasonographic examination 58.7+18.2
Sonomorphological classification

Hailstorm 100 (54.1)

Pseudocystic 25 (13.5)

Ossification 24 (13.0)

Hemangioma-like 15 (8.1)

Metastasis-like 12 (6.5)

Unclassifiable 9 (4.9)
Number of lesions

1 116

2 24

3 16

4 5

5 7

6-10 4

>10 13
Mean diameter of the largest lesion 62.5+40.4
Mean lesion diameter according to sonomorphological
classification

Hailstorm 59.6 £27.9

Pseudocystic 120.0 £47.3

Ossification 28.0+19.4

Hemangioma-like 68.1+£37.3

Metastasis-like 353 +33.1

Unclassifiable 53.9 +£30.6
Localization of the largest lesion (hepatic lobe)

Right 113 (61.1)

Left 58 (31.4)

Both 14 (7.6)
Calcification

No 47 (25.4)

Yes 138 (74.6)
Affected liver segments (multiple segments possible)

I 6(3.2)

il 19 (10.3)

il 22 (11.9)

NVa 30 (16.2)

Nb 28 (15.1)

\% 44 (23.8)

Vi 41 (22.2)
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VI 44 (23.8)

VI 41 (22.2)
Steatosis hepatis

No 147 (79.5)

Yes 38 (20.5)
Liver size in mid-clavicular line (mm) 146.1+25.2

exhibit an hypoechoic halo, lesions characterized by
a metastasis-like appearance may be visualized as a
hypoechoic growth without the halo sign or often with
a central, hyperechoic scar’®.

In cases with pseudocystic manifestation, espe-
cially when the lesion is very large, the differential
diagnosis includes liver abscess, cystadenoma or cystic
echinococcosis!™, In our series, the pseudocystic
lesions were significantly larger than lesions of other
sonomorphological types (68.1 £ 37.3 mm, P < 0.05).

Since AE is a very rare disease conducting an
inter-rater reliability is difficult. The lack of inter-
rater reliability remains a limitation of the proposed
classification. In the present series, very few hepatic
lesions (4.9%) could not be assigned to one of the
five sonomorphological patterns. In routine clinical
practice, only histopathological confirmation can
clarify these unclear hepatic findings®®. Depending
on the experience of the pathologist, even the his-
topathological diagnosis of AE may be difficult.
Immunohistochemical examination using Em-specific
monoclonal antibodies facilitates a definitive diagnosis
even in archived formalin-fixed or paraffin-embedded
tissue™”’,

In conclusion, ninety-five per cent of cases of
hepatic alveolar echinococcosis could be successfully
assigned to one of the sonomorphological patterns
based on the ultrasonographic classification scheme
proposed in the present study. The hailstorm pattern
represented the most frequent form, being observed
in over 50%. The sonomorphological classification
proposed in the present study can facilitate the
diagnosis, interpretation, classification and comparison
of ultrasonographic findings in patients with alveolar
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echinococcosis of the liver, both in routine clinical
practice and in the context of scientific studies.
The evaluation of different clinical courses (PNM
classification) with inclusion of biological markers and
other imaging modalities should be investigated in
further studies.
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