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Abstract

Objective: This review article aims to summarize the main imaging modalities employed in the diagnosis of hepatic alveolar
echinococcosis (HAE) and provide radiologists with an overview of the most relevant diagnostic approaches.

Methods: A literature review was conducted, selecting the most relevant articles from the past 5-10 years. The search was
performed in PubMed, MDPI, Scopus, Web of Science eLIBRARY.RU, using the keywords alveococcosis, hepatic alveolal
echinococcosis, echinococcus multilocularis, liver, metastasis, USG, CT, MRI, positron-emission tomography, imaging, diagnosis.
Illustrative materials presented in the article originate from the authors' personal archive.

Results: Hepatic alveolar echinococcosis (HAE) is a chronic parasitic disease characterized by an in ltrative growth pattern,
often mimicking malignant liver tumors. Its ability to invade adjacent structures and disseminate to distant organs necessitates
a comprehensive imaging approach for accurate diagnosis and staging.

Ultrasound (US) serves as the primary screening tool for HAE, particularly in remote endemic regions where advanced imaging
modalities may be unavailable. Its accessibility and real-time imaging capabilities allow for the initial detection of hepatic
lesions. However, due to its limited ability to assess vascular and biliary involvement, further imaging is required for precise
disease evaluation.

Contrast-enhanced computed tomography (CT) and magnetic resonance imaging (MRI) are the cornerstone imaging

techniques for assessing both hepatic and extrahepatic disease extension. CT provides detailed anatomical visualization
of the liver parenchyma and is essential for evaluating lesion size, vascular encroachment, and potential metastatic spread.
MR, particularly magnetic resonance cholangiopancreatography (MRCP), is superior in delineating biliary tree involvement,
facilitating preoperative planning and surgical decision-making.

To standardize disease staging, the World Health Organization (WHO) has introduced the PNM classi cation system, which
parallels the oncological TNM framework. This classi cation system enables a systematic assessment of the parasite burden
within the liver (P), its invasion of adjacent structures (N), and the presence of distant metastases (M), thereby guiding
therapeutic strategies.

Conclusion: Radiologists should be aware of the speci c imaging features of HAE to avoid misdiagnosis as a malignancy. A
multimodal imaging approach is recommended to ensure accurate diagnosis and staging.

Key words: Alveococcosis, hepatic alveolar echinococcosis, Echinococcus multilocularis, liver, metastasis, ultrasonography,
computed tomography, magnetic resonance imaging, positron-emission tomography
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Introduction of liver tumors, and only in 1856, R. Virchow disclosed its true

Hepatic alveolar echinococcosis (HAE) is a chronic zoonotri]élture (3).

infection caused by the pseudo-tumoral intrahepatic The natural reservoirs for alveococcus are mainly found in
development of the larval stage of the tapeworm Echinococcus€urope (Poland, Germany, Austria, Switzerland), Russia, Asia
multilocularis, which mainly a ects the liver (1, 2). Until the(Kyrgyzstan, Kazakhstan, China, Japan), and North America (4,
19th century, the disease was described as one of the forn.
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Every year around 11 400 to 29 600 people are infected witthe parasites spread via a hematogenous or lymphatic route
HAE, with a fatal outcome in 17 000 people (6). According tsecondary to the liver, known as intrahepatic metastases, or
the World Health Organization (WHO), it causes 19,300 deathden they disseminate to the regional and retroperitoneal

annually (6). lymph nodes, referred to as extrahepatic metastases(10-13).

They can expand into neighboring tissues and organs

Alveococcosis is de ned as ‘parasitic cancer’, because of |b% . ) )
in Itrating nature (7). This is actually appropriate given that the idney, bones, diaphragm, further into the pleural cavity and
. lung, resulting in broncho-biliary stula), and give distant

disease has an in Itrating growth pattern and dlssemmauondnetastases to the lungs (4.7-20%), brain (1-3.3%), bones,

of larvae from the primary focus to surrounding tissues and . . .

organs (8). After a parasitic node grows to a substantial Sizepﬁntpneum,_and other organs (14'1.6)' According to stu;:hes

a ects the bile and lymphatic ducts or blood vessels, which | ublished, distant metastases of patients range from 6.3% to
' 4% of cases (17- 22).

a characteristic of malignancy (9-11). Metastases occur when
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The spread of the alveolar node through the diaphragm andHAE lesions and the biliary tree (31). Without appropriate
vascular bed, primarily through the inferior vena cava, cartreatment, parasitic infection leads to death in 95% of cases,
reach the pleural cavity, mediastinum, right side of the hearttypically from hepatic failure or cachexia within 5 to 10 years
and muscles as well (23). With the addition of secondar{B2).

infection, cholangitis, liver abscesses,

suppuration an N . . . .
disintegration of nodes occur (24. 25). (ii-|AE is diagnosed based on an epidemiological history,

physical examination, radiological examination, laboratory
Ultrasound (US) serves as the primary screening tool for HAEEsts, and histopathological examination (33, 34). In 1996,
particularly in remote endemic regions where advancedbased on radiation imaging methods, the WHO Informal
imaging modalities may be unavailable (26). ComputedWorking Group of Experts on Echinococcosis (WHO-IWGE)
tomography (CT) with bolus contrast is essential for alleveloped a clinical classi cation known as the PNM system
patients with hepatic alveococcosis, as it provides valuabl¢P — Parasite, N — Neighboring organs, M — Metastasis), similar
diagnostic information (27, 28). Implementing CT volumetryto the TNM oncological classi cation (T — Tumor, N — Nodes,
is highly recommended for accurately determining the M — Metastasis), to describe the anatomical distribution of the
residual volume of the liver parenchyma (29). Magnetigparasitic process (1). In the PNM system, category P evaluates
resonance imaging (MRI) is an excellent tool for evaluatinthe dissemination of parasites in the liver and the involvement
vascular and biliary tract involvement (30). Currently, MRS its tubular structures. Category N accesses the involvement
cholangiopancreatography has largely replaced percutaneousf adjacent organs and anatomical structures. Category M
cholangiography in assessing the relationship betweenassesses the presence of distant metastases (Table 1) (35).

Table 1. PNM classi cation of human hepatic alveolar echinococcosis

Classi ed according to the data received

P: Hepatic localization of the primary lesion

PX Primary lesion cannot be assessed

PO No detectable liver lesions

P1 Peripheral lesions without proximal vascular and/or biliary involvement

P2 Central lesions with proximal vascular and/or biliary involvement of one lobe

P3 Central lesions with hilar vascular and biliary involvement of both lobes and/or with involvement of two hepatic veing
P4 Any lesion with extension along large vessels (IVC, portal vein, hepatic veins, hepatic arteries) and the biliary tree

N: Extra hepatic involvement of neighboring organs or tissues involving diaphragm, pleura, lungs, pericardium, heart, adrenal glands,
kidneys, pancreas, liver ligaments, regional lymph nodes, abdominal walls, muscles, skin, bones

NX Cannot be evaluated
NO No regional involvement
N1 Regional involvement of contiguous organs or tissues

M: Absence or presence of distant metastases (lungs, non-regional lymph nodes, CNS, orbits, bones, skin, muscles, kidneys, abdomen,
retroperitoneum)

MX Distant organ metastases not completely evaluated
MO No distant metastases.
M1 Distant metastases present

CNS- central nervous system, PNM — parasite, node, metastasis

Reproduced from ref. 35 under CC-BY IiceTse
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For staging of alveolar echinococcosis, the PNM classi cation is used (Table 2).

TabLe 2. Staging of alveolar echinococcosis based on PNM classi cation
Stage of alveolar echinococcosis PNM classi cation

Stage | P1 NO MO
Stage Il P2 NO MO
Stage llla P3 NO MO
Stage Illb P1- 3 N1 MO

P4 NO MO
Stage IV P4 N1 MO

Any P Any N and/or M1

PNM — parasite, node, metastasis

Reproduced from ref. 35 under CC-BY IiceTse

The accurate diagnosis of hepatic alveolar echinococcosi€EMUC-US: Echinococcus multilocularis sonomorphological
(HAE) is crucial for determining the appropriate treatmentclassi cation): hailstorm, pseudocystic, hemangioma-like,
strategy and avoiding misdiagnosis as a malignant liver tumopssi cation, and metastasis-like (44). Each of these ve types
(36). Since HAE exhibits an in Itrative growth pattern and carhas its own characteristic ultrasound patterns (45).

spread beyond the liver, the selection of imaging modalitiesType 1. Hailstorm is characterized by the presence of
must be carefully considered to ensure a COmprehensmﬁyperec.hoic structures  with/without dorsal acoustic

assessment of the disease (37). shadowing, indistinct uneven contours, and heterogeneous
Methods structure (Fig. 1).

A systematic literature search was conducted using th&ype 2. Pseudocystic are mainly characterized by a pseudo
databases PubMed, Scopus, Web of Science. The seaoystic pattern with no clear contours, a hypo- or an-echoic
covered articles published between 2013-2023 and includedheterogeneous structure, often with heterogeneous central
studies in English and Russian. The following keywords wemone due to hyperechoic inclusions, with a hyperechoic halo
used: "hepatic alveolar echinococcosis", "metastasis", "imagigm), avascular in power or color Doppler imaging. These
modalities”, "CT", "MRI", "WHO classi cation". Studies that dieisions may be larger than 10 mm. They can develop from the
not provide imaging ndings or were unrelated to hepatic primary hailstorm type, and during initial presentation and
alveolar echinococcosis were excluded. scanning of asymptomatic patients, the rst two types can be
detected simultaneously, forming the “typical pattern of HAE"
Sometimes, sizes that can already occupy the entire lobe of
Some commonly used imaging modalities for the diagnosighe liver (Fig. 2).

and follow-up of HAE include ultrasonography (USG), CT, a
MRI (38).

Imaging modalities in hepatic alveolar echinococcosis

rJIfglpe 3. Hemangiomas-like: these lesions are dicult to
distinguish from atypical hemangiomas (eg, that are partially
Ultrasound thrombosed); they often create a major diagnostic dilemma.

Ultrasonography is the most e ective method for the initial 1€ l€sions are characterized by increased echogenicity,

diagnosis and dynamic monitoring of alveococcosis (39, 40 _nd range from indistincticlearly de ned tumors of a

Its main advantage is accessibility, which allows its use | eterogeneous structure, relatively echogenic in relation to

endemic 'hot spots,' signi cantly reducing the time for primary the liver parenchyma to a prqnounced hyperechoic pattern of
diagnosis and enabling earlier treatment (41). Howevel‘?l homogeneous structure (Fig. 3).

speci ¢ details regarding the ultrasonographic semiotics Type 4 Ossi cation: this pattern is mostly single or multifocal
of HAE are scarce in the literature and are found in onlltyperechoic structure with strong dorsal acoustic shadowing.
limited sources due to the peculiarities of the geographicalin the di erential diagnosis, it is often di cult to distinguish
endemicity of the infection (42, 43). Thus, in B-mode ultrasounfflom in ammatory structures or metastases of various
(Brightness mode), ve types of parasitic nodes are classi e¢arcinomas. Large foci are rare (Fig. 4).
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Figure 1. “Hailstorm”: a heterogeneous structure, with the presenceFigure 2. Typical pattern of hepatic alveococcosis, a combination of
of hyperechoic structures (arrow) with a dorsal acoustic shadowinghe rst two types, “hailstorm” (arrow head) and “pseudocysts” (arrow)
(star) and clear uneven contours

Figure 3. Hemangiomas-like: Hyperechoic formation (arrow) Figure 4. Ossication: A single hyperechoic structure (arrow)
with unclear, uneven contours with a dorsal acoustic shadowing  with a strong dorsal acoustic shadowing (star)
(star)

Type 5. Metastasis-like: lesions appear as typical structurestdbod ow velocity, and resistive indices are determined
liver metastases (for example, colorectal cancer). Howevd#8). The criteria for invasion are the uneven contour of the
in general, these are hypoechoic solid structures that do novessel wall, its fragmentary hyper echogenicity, turbulent
have a typical rim, unlike metastases, and in the center, thetdood ow, and invasion into the lumen (49). Unlike cystic
is a hyperechoic heterogeneous scar-type pattern (Fig 5, 6). echinococcosis, there are no cysts in alveolar echinococcosis,
?o to make diagnosis with an ultrasound is often a di cult

USG evaluates the size of the liver, the location an L . . .
. - ask for clinicians and radiologists, especially for those who
segmentation of the parasitic tumor, as well as the exten o . o
are unfamiliar with this disease (50).

of involvement of the tubular structures of the liver (46). It
also assesses the relationship of the tumor with the inferiofhe use of intravenous contrast in ultrasound examination of
vena cava. It describes the ultrasound characteristics dhe liver can provide important additional data to accurately

the node (edges, structure, echogenicity, the presence odetermine the structure of the parasitic node and assess the
absence of calci ed inclusions and decay cavities) (47). Tocal spread of the process (51).

assess the blood ow, linear blood ow velocity, volumetric
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abe2
1 Distance11.37mm
2Distance 9.18mm

Figure 5. Metastasis-like: hyperechoic node (star), without a Figure 6. Metastasis-like: heterogeneous node of reduced
hypoechoic rim, with a scar in the center density, without the hypoechoic rim, typical of metastases

It also provides information about the viability and activity of heterogeneous contents (59). These often include calci ed
alveococcosis, which helps suggest the prognosis (49). inclusions, cysts of various sizes, and areas of necrosis (60).

This method has signi cant disadvantages, including itsThe generalized primary morphological-tomographic
dependence on the device and operator, as well as di cultiesclassi cation of alveolar echinococcosis, known as AEUC
in detecting small lesions (52). During preoperative(Alveolar Echinococcosis Ulm Classi cation), developed by T.
preparation, it is essential to complement the obtained dataGraeter, includes ve types of foci (61). The AEUC classi cation,
with MRI and multislice CT interpretations to choose the besbased on computed tomography ndings, distinguishes the
treatment options (53). following ve types of alveolar echinococcosis:

Elastography Type 1 - Small cystic/metastasis-like: characterized by irregular,
. homogeneous nodules with minimal signs of degeneration,
Compression elastography and shear wave elastography are: ST . 2 : )
o . , o .. without calci cation or with central calci cation (Fig. 7);
used to assess the 'sti ness' and 'elasticity’ of pathological liver
lesions (54). Alveococcal nodes typically show a high 'sti nes§ype 2 — Diuse-in ltrative: features indistinct, irregular
score when assessed using shear wave elastography (Acoustiontours, an oval or branching shape, may contain cystic
Radiation Force Impulse, ARFI). In ARFI VShear (Virtual Tdaclusions (uid necrosis), delicate small focal and linear
Quanti cation Shear Wave) study, the shear wave velocitgalci cations (Fig. 8);
(SWV) of the pathological node reaches 12.7 m/sec, while t
density of the surrounding parenchyma is 2.67 m/sec (or 48

kilopascals (kPa)/22.6 kPa, respectively) (55).
Computed tomography

ype 3 — Predominantly circumscribed, tumor-like: has fairly
distinct contours, a convex shape, may contain large cystic
areas and focal calci cations (Fig. 9);

Type 4 — Predominantly cystic: has fairly clear contours,
CT of the abdominal cavity reveals the entire morphologicamedium to large size, oval or round shape with a dominant
aspect of alveococcal lesions (56). It is one of the primagystic component (necrosis), pronounced di use calci cation
methods for the objective visualization of parasitic lesions in(Fig. 10);
the liver, allowing foracqm_plete assegsment of the anatomlcah/pe 5 — Predominantly calci ed: the dominant part of the
and structural characteristics of the disease (36). It is the bels . . . . . .

. ; . e . A . esion consists of calci ed tissue with small areas of necrotic
diagnostic method for identifying typical calci ed inclusions .. .

e . . . . . fissue (Fig. 11).
within lesions, and is especially useful for highly calcied
nodules that are dicult to delineate with ultrasound and
MRI (57). The use of spiral CT allows determination of the
size, number, and location of parasitic foci. It also assesses
the degree of invasion into the tubular structures of the
liver, which is extremely important for evaluating the extent
and resectability of the disease (58). A typical image reveals
a tumor-like lesion in the liver with uneven edges and
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