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Core Tip: Accurate diagnosis of hepatic echinococcosis is crucial, especially for high-mortality hepatic alveolar echino-
coccosis. Ultrasonography is recommended as the first-line examination for hepatic echinococcosis in endemic areas. This
review focuses on the clinical features and ultrasonographic diagnosis of this disease, emphasizing the importance of early
detection in endemic regions to improve clinical outcomes. Additionally, this review presents classic images of conventional
ultrasound, contrast-enhanced ultrasound, and intraoperative ultrasound to illustrate different stages and types of hepatic
cystic and alveolar echinococcosis, thereby facilitating their differentiation from other focal liver lesions.

Citation: Tao Y, Wang YF, Wang J, Long S, Seyler BC, Zhong XF, Lu Q. Pictorial review of hepatic echinococcosis: Ultrasound
imaging and differential diagnosis. World J Gastroenterol 2024; 30(37): 4115-4131
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INTRODUCTION

Echinococcosis is a parasitic disease caused by cestodes of the tapeworm genus Echinococcus. Depending on the pathogen,
echinococcosis can be classified as alveolar echinococcosis (AE) caused by Echinococcus multilocularis, or cystic echino-
coccosis (CE) caused by Echinococcus granulosus[1,2]. The annual incidence of CE ranges from 1 to 200 per 100000
individuals, whereas the incidence of AE ranges from 0.03 and 1.2 per 100000 individuals[3].

The incidence of CE and AE in western China is among the highest globally, with AE accounting for 91% of new cases
worldwide[4-8]. The endemic areas of echinococcosis in China cover 40% of the total land area, with at least 50 million
people at risk of infection, especially herders and farmers. The average prevalence of hepatic echinococcosis is 0.51%,
with some areas reporting rates of up to 14.3%[5,6,9-11]. Children are at high risk of echinococcosis. In the Qinghai-Tibet
Plateau region of western China, the incidence of CE among school-aged children is 0.6%-0.8%, while the annual
incidence of AE is 1.1%-1.3%[5,12,13]. From 2005 to 2020, the Chinese government implemented various control mea-
sures, including health education, in 370 endemic counties to achieve effective prevention and control[5,11,14-16]. Despite
these efforts, implementing these methods in semi-nomadic communities has proven challenging[17].

Reports indicate that up to 98% of AE cases and 65%-80% of CE cases involve the liver[2,15,18,19]. The untreated
mortality rate within 10-15 years of diagnosis for patients with hepatic CE (HCE) is 2%-4%, whereas that for patients with
hepatic AE (HAE) is 90%-94%[2,15]. Therefore, early detection of hepatic echinococcosis is crucial to improve patient
survival rates and reduce the disease burden[20]. Imaging examinations, including ultrasonography, computed
tomography (CT), and magnetic resonance imaging (MRI), are accurate and useful in diagnosing hepatic echinococcosis
[21,22]. Yet, the highly endemic regions of Western China are remote with limited resources, making access to MRI and
CT scans challenging. The World Health Organization-Informal Working Group on Echinococcosis (WHO-IWGE)
recommends the use of ultrasonography as the preferred method for screening hepatic echinococcosis in endemic areas,
owing to its affordability, convenience, and accuracy. Furthermore, it is preferred for intraoperative localization and
postoperative follow-up[2,23].

Nonetheless, ultrasound results are influenced by the experience level of radiologists. Furthermore, diagnostic
capabilities differ between hospitals and regions. Therefore, in this study, we comprehensively reviewed and compared
the pathogenesis, clinical features, and ultrasonic diagnosis of HAE and HCE, and presented classic images of hepatic
echinococcosis using three ultrasound techniques [i.e., conventional, contrast-enhanced, and intraoperative ultrasound
(IOUS)]. Our aim is to improve the accuracy of the early diagnosis of hepatic echinococcosis in endemic areas.

THE PATHOPHYSIOLOGICAL MECHANISM AND CLINICAL MANIFESTATIONS OF HEPATIC
ECHINOCOCCOSIS (HCE AND HAE)

Patients with echinococcosis may accidentally ingest adult parasite eggs released into the environment by definitive hosts
(usually dogs) or intermediate hosts (e.g., mice, cattle, and sheep)[5,15,24]. Upon entering the gastrointestinal tract, the
eggs are stimulated by digestive fluids to develop into hexacanth larvae, which are then absorbed into the bloodstream
through the intestinal wall. They subsequently disseminate into the liver through the portal venous system before
entering the metacestode stage[2,20].

Patients with hepatic echinococcosis may remain asymptomatic for 5 to 15 years[3,25,26]. It is noteworthy that HAE
exhibits infiltrative growth and may invade the hepatic portal system (40% of cases) and bile ducts. Common manifest-
ations include obstructive jaundice and portal hypertension[23,27,28]. Furthermore, HAE can metastasize to other organs,
such as the brain and lungs, through lymphatic and hematogenous routes[29]. In view of HAE resembling malignant
tumors in its biological behavior, it is colloquially known as the “worm cancer”.
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Table 1 Comparison of clinical features between hepatic cystic echinococcosis and hepatic alveolar echinococcosis

HCE HAE

Endemic region Worldwide North America, northern and central Eurasia

Definitive host Dogs and other canids Red foxes and wolves

Intermediate host Sheep, horses, cows and humans Rats and humans

Type of growth Concentric expansive growth Vesicle-to-vesicle, infiltrative growth

Clinical symptoms Epigastric discomfort and loss of appetite Vague abdominal pain (upper right abdomen, 30%),
jaundice (25%-30%), fatigue, weight loss, fever and
chills

Imaging modalities Ultrasound, CT, and MRI are used to evaluate the structures adjacent to the lesion, and FDG-PET is used to evaluate the

activity of the lesion

Immunological diagnosis ~ Relatively specific immune response to heat-resistant B antigen, Sensitive, positive immune response to specific antigens
with 20%-58% negative results such as Em2 or Em18, with 90% positive results
Treatment methods and Surgical removal of active hydatid cyst to avoid extravasation of Radical resection, supplemented with drug therapy,
prognosis cystic fluid, supplemented with drug treatment, with a good with poor prognosis in the late stage
prognosis
Postoperative imaging >3 years >10 years

follow-up duration

HCE: Hepatic cystic echinococcosis; HAE: Hepatic alveolar echinococcosis; CT: Computed tomography; MRI: Magnetic resonance imaging; FDG-PET:

Fluorodeoxyglucose-positron emission tomography.

The growth pattern of HCE manifests as an expansive growth. In approximately 70% of the cases, the cysts reach a
diameter exceeding 10 cm or occupy more than 70% of the liver volume. The likelihood of gallbladder biliary fistula
increases significantly, and reaches up to 79% when the cyst diameter exceeds 7.5 cm[2,21]. In cases of larger HCE cysts
that rupture or become infected, severe complications, such as allergic reactions and septic shock, may occur[30] (Table 1).

THE COURSE AND CLASSIFICATION OF HCE

The natural course of HCE can be divided into three stages: The early proliferative phase, the mid-stage of slow growth,
and the late phase of growth arrest. Pathologically, HCE exhibits a distinct morphological structure comprising pericysts
and hydatid. The pericyst is the adventitial layer of the host tissue that forms around the hydatid. The hydatid is
composed of two layers, an outer laminated layer and an inner germinal layer, of which the latter is capable of forming
protoscolex and daughter cysts (Figure 1A)[2,3]. The WHO-IWGE classifies CE into six types based on ultrasonographic
imaging. These include cystic lesions (CL), CE1, CE2, CE3, CE4, and CE5[31].

GRAY-SCALE ULTRASONIC MANIFESTATIONS OF HCE

According to the classification criteria and expert consensus published by the associations, such as WHO-IWGE, Chinese
Medical Association, and Chinese Medical Doctor Association[30-32], each CE type exhibits characteristic ultrasonic
features, often with overlapping attributes. The first four types of CE are considered active and require therapeutic
interventions. Conversely, CE4 and CE5 without symptoms or complications can be monitored regularly using ultrasono-
graphy. Accurate diagnosis and classification are crucial for guiding clinical treatment strategies. Understanding the
characteristics of each CE subtype is helpful for early diagnosis. The primary manifestation of CL is a cystic occupation
with an indistinct cyst wall (a fundamental sign) that is clearly visible on high-frequency ultrasonography (Figure 1B). In
endemic regions, the discovery of cystic masses in the livers of children requires particular vigilance for differential
diagnoses.

CE1 presents as a round, homogeneously echogenic, CL. Its key characteristics include the “double-wall sign” (a
special sign) and the “snowflake sign” (a secondary sign). The “double-wall sign” manifests as a potential space between
the inner and outer cyst walls, whereas the “snowflake sign” refers to dense, punctate echogenic deposits at the base of
the cyst that float in the cystic fluid with changes in body position, also known as hydatid sand (Figure 1C). CE2 is
primarily characterized by the “nested cysts/daughter cysts sign” (special signs). The cysts manifest as multiple daughter
cysts within the mother. In addition, cysts may exhibit partitions resembling wheel-, petal-, or honeycomb-like structures
(Figure 1D). CE3a is characterized by the detachment of the inner cyst and its subsequent floating in the cystic fluid,
manifesting as the “water lily sign”, “cuff sign”, and “ribbon sign” (special signs) (Figure 1E). CE3b occurs when the
inner cyst collapses after rupture, allowing cystic fluid to enter the space between the inner and outer cyst walls, resulting
in a mixed echogenic mass with both solid and cystic components (Figure 1F). CE4 exhibits the characteristic “cerebral
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Figure 1 Schematic diagrams and grayscale ultrasound images of hepatic cystic echinococcosis. A: Schematic structure of hepatic cystic
echinococcosis (HCE); B: Hepatic cystic lesions: Hepatic cystic lesions are characterized by indistinct cyst walls, which can be more effectively visualized using high-
frequency ultrasound transducers; C: HCE1: HCE1 lesions manifest as spherical, homogeneously echogenic cystic masses, characterized by the presence of “double
cyst wall” (the yellow arrow)and “snowflake” signs; D: HCE2: HCE2 lesions are characterized by “nested cysts” or “daughter cysts” and wheel-, petal-, or honeycomb-
like appearances; E: HCE3a: Features of HCE3a lesions include the “water lily” sign and “ribbon” sign; F: HCE3b: HCE3b lesions manifest as cystic and solid masses
with mixed echogenicity; G: HCE4: HCE4 lesions present alternating hypoechoic and hyperechoic masses, characterized by “ball of wool” and “cerebral gyri” signs;
H: HCES: HCES lesions refer to hyperechoic patches on the basis of the “cerebral gyrus” sign, with thickened and calcified cyst walls accompanied by a broad
posterior acoustic shadow, referred to as the “eggshell calcified wall” sign (the yellow arrow). IOUS: Intraoperative ultrasound.

gyrus sign” and “ball of wool sign” (special signs), arising from the solidification of the degenerating cyst as the cystic
fluid is absorbed and the cyst wall folds and contracts. The lesions appear as intermixed hypoechoic and hyperechoic
masses (Figure 1G). CE5 presents with patchy hyperechoic regions on the basis of the “cerebral gyrus sign”. The charac-
teristic features include thickened and calcified cyst walls with a wide acoustic shadow behind them, collectively known
as the “eggshell calcification wall sign” (a special sign) (Figure 1H).

The expert consensus recommends diagnostic criteria involving the detection of a liver mass in patients with a history
of living in, or having contact with endemic areas[32]. A diagnosis can be made based on the presence of one or more
special signs. Additionally, in cases where special signs are atypical, the presence of a secondary sign can be used as an
auxiliary diagnostic tool to further strengthen the accuracy of the diagnosis (Table 2).

THE COURSE AND CLASSIFICATION OF HAE

Regarding the classification of HAE, a global consensus has yet to be reached. We attempted to categorize the disease
according to the different stages of the disease’s progression. Based on the evolution of HAE in terms of imaging,
histopathology, and biological processes, three distinct stages can be identified, namely infiltrative, calcified, and
liquefied[20,21,33-35]. During the infiltrative stage, HAE exhibits infiltrative growth through budding and continuously
proliferates to produce new small vesicles that erode the surrounding tissue structures and form nodular lesions with
boundaries indistinct from the normal liver parenchyma. As the disease enters the calcified stage, calcium salt deposition
occurs because of infiltration and growth of the lesion, the inflammatory response of the body, and insufficient blood
supply to the parasitic tissue. Early manifestations include punctate calcifications that later fuse into flocculent or large,
irregular calcifications. Finally, during the liquefaction stage, when the HAE lesion proliferates into a large mass, the
ischemic necrosis in the central region leads to the formation of irregular necrotic and liquefied cavities (Figure 2A).

Kern et al[33] proposed a standardized PNM classification system (P = parasitic mass in the liver, N = involvement of
neighboring organs, and M = metastasis) for the clinical treatment of AE. Kodama et al[36] introduced an MRI-based
classification method characterized by small vesicles, whereas Graeter and Schmidberger[35] presented a CT-based classi-
fication approach featuring the extent of calcification. These latter two methods reflect the biological evolution of AE to
some extent[34,37]. In 2015, Kratzer et al[38] reported that the ultrasonographic manifestations of HAE could be
categorized into six types: Hailstorm (54.1%), pseudocystic (13.5%), ossification (13.0%), hemangioma-like (8.1%),
metastasis-like (6.5%), and unclassifiable (4.9%). Based on the disease progression, the infiltrative stage corresponds to the
hemangioma-like and metastasis-like types, the calcified stage corresponds to the hailstorm and ossification types, and
the liquefied stage corresponds to the pseudocystic type.

GRAY-SCALE ULTRASONIC MANIFESTATIONS OF HAE

According to the Echinococcosis multilocularis Ulm classification and the diagnostic consensus proposed by associations
such as WHO-IWGE, Chinese Medical Association, and Chinese Medical Doctor Association[21,32,38], HAE exhibits
characteristic ultrasonic manifestations across its three stages. On ultrasonography, infiltrative HAE presents as a solid
mass with unclear boundaries, irregular morphology, and inhomogeneous echogenicity (a fundamental sign). This type is
either hemangioma-like (Figure 2B) or metastasis-like. The metastasis-like type manifests as a hypoechoic mass without a
halo ring, but with a small central hyperechoic, inhomogeneous scar (Figure 2C)[25,38].

The calcified HAE is predominantly represented by the hailstorm type, which is characterized by scattered, patchy, or
irregular calcifications (a special sign) within heterogeneous echogenic masses with unclear boundaries and irregular
morphology (Figure 2D). The ossification-type lesions exhibit clustered calcifications (a special sign) and a smaller lesion
size than the hailstorm-type (Figure 2E). Liquefied HAE, described as the pseudocystic type, appears as a heterogeneous
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Table 2 Sonographic features of hepatic cystic echinococcosis

WHO standardized

classification Disease course and prevalence Sonographic features

CL Uncertain, infertile cysts Fundamental sign: Cystic occupations with indistinct cystic walls

Type CE1 Active, brood capsules; 21%-43% Special sign: Double cyst wall. Secondary sign: Snowflake

Type CE2 Active, brood capsules; 4%-12% Special signs: Nested cysts/daughter cysts (wheel-, petal-, or
honeycomb-like)

Type CE3a Transitional, the cysts begin to degenerate; 2%-8% Special signs: Water lily, cuff sign, and ribbon

Type CE3b Transitional, the cysts begin to degenerate; 2%-8% Cystic and solid mass with mixed echogenicity

Type CE4 Inactive, most do not contain viable protoscolex;  Special signs: Ball of wool and cerebral gyri

10%-27%

Type CE5 Inactive, most do not contain viable protoscolex;  Special sign: Eggshell calcified wall
1%-11%

WHO: World Health Organization; CL: Cystic lesions; CE: Cystic echinococcosis.

Table 3 Sonographic features of hepatic alveolar echinococcosis

Course of !
. EMUC-US Sonographic features
disease
Infiltration stage Hemangioma- Fundamental sign: A solid, heterogeneously echoic mass with unclear boundaries and an irregular shape
like/ metastasis-like
Calcification Hailstorm/ ossified Special sign: A heterogeneously echoic mass with punctate, gravel-like, and small circular echogenic
stage calcifications inside, accompanied by a posterior acoustic shadow
Liquefaction Pseudocystic Special sign: A heterogeneously echoic mass with large, irregularly shaped dark areas, creating a “lava-
stage like” appearance, referred to as the “cavity” sign

EMUC-US: Echinococcosis multilocularis Ulm classification-ultrasound.

mass with an irregular and inhomogeneous hyperechoic rim thicker than 10 mm. The interior of the mass is a hypoechoic
area of liquefied necrosis with posterior acoustic enhancement, presenting with a “worm-eaten” or “lava-like”
appearance, also known as the “cavity sign” (a special sign) (Figure 2F). The expert consensus recommends that the
diagnostic criteria for HAE include the presence of basic lesions combined with one of the special signs[32] (Table 3).

CONTRAST-ENHANCED ULTRASONIC MANIFESTATIONS OF HEPATIC ECHINOCOCCOSIS

Mastering the characteristics of conventional ultrasound imaging can assist in the diagnosis. For instance, the most
common hailstorm-type HAE appears as a solid mass accompanied by diffuse calcifications and lacks blood flow signals
[20,38]. This distinguishes it from the most common malignant tumor, hepatocellular carcinoma (HCC), which typically
lacks significant internal calcification but exhibits abundant blood flow. Conventional ultrasound still has certain
limitations, such as the inability to reliably distinguish between metastasis-like HAE lesions and liver metastases, as well
as between hemangioma-like HAE lesions and typical hemangiomas[25,26].

Contrast-enhanced ultrasound (CEUS) is of great value for the early diagnosis of HAE, with an accuracy rate
significantly higher than that of conventional ultrasound (approximately 91%)[25,26,39-41]. CEUS can effectively evaluate
the microvascular supply and blood perfusion in the infiltrating and proliferative regions of HAE, demonstrating
comparable performance to CT and MRI in delineating lesion boundaries[23,29].

On CEUS, the primary feature of HCE is the absence of visible internal enhancement, with or without peripheral
enhancement (Figure 3). The typical enhancement pattern of HAE on CEUS manifests as a “rim-like” or “worm-eaten”
enhancement zone around the periphery of the lesion from the early arterial phase (AP) to the late portal venous phase
(PVP), whereas the interior of the lesion remains unenhanced, forming a characteristic “black hole sign” (Figure 4)[25,26,
39,42]. The interior of an HAE lesion is usually composed of clustered vesicles, calcifications, and necrotic areas, resulting
in the absence of enhancement. Heterogeneous internal enhancement, if present, may be associated with residual liver
tissue and lesion size[42-44]. Partially blurred enhancement at the edges of the HAE lesions was mainly due to the
surrounding fibrosis and granulomatous reactions. Annular enhancement at the edge of the HAE lesion is primarily due
to the presence of a marginal zone with abundant microvascular supply between the lesion and surrounding normal liver
parenchyma[20,29,45,46]. Microscopic examination with CD34 immunostaining demonstrated an abundant accumulation
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Figure 2 Schematic diagrams and grayscale ultrasound images of hepatic alveolar echinococcosis. A: Schematic structure of hepatic alveolar
echinococcosis (HAE); B: Hemangioma-like: Hemangioma-like lesions of HAE manifest as well-defined and heterogeneous hyperechoic masses in comparison to the
surrounding hepatic parenchyma; C: Metastasis-like: Metastasis-like lesions of HAE manifest as hypoechoic masses with indistinct margins, lacking a halo sign, and
with a hyperechoic and heterogeneous scar at their center; D: Hailstorm: Hailstorm lesions of HAE are characterized by ill-defined boundaries and irregularly shaped
masses of heterogeneous echogenicity, accompanied by scattered or diffuse calcifications, with or without a posterior acoustic shadow; E: Ossification: Ossified
lesions of HAE present as small and sharply delineated lesions with internal clumps of calcification and a posterior acoustic shadow; F: Pseudocystic: Pseudocystic
lesions of HAE are primarily characterized by a thickness exceeding 10 mm with high echogenicity, irregular and non-uniform margins, and a low-echogenicity
liquefied necrotic area inside. IOUS: Intraoperative ultrasound.
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Figure 3 Contrast-enhanced ultrasound images of hepatic cystic echinococcosis. A: A 27-year-old female patient presenting with a liver lesion of
hepatic cystic echinococcosis 1 (HCE1), exhibiting peripheral “rim-like” enhancement in the arterial phase (AP) on contrast-enhanced ultrasound (CEUS) (the yellow
arrow), with no internal enhancement observed; B: A 41-year-old female patient presenting with a liver lesion of HCE2, exhibiting slightly peripheral “rim-like”
enhancement in the AP on CEUS (the yellow arrow), with no internal enhancement detected; C: A 56-year-old female patient presenting with a liver lesion of HCE3a,
exhibiting slightly peripheral “rim-like” enhancement in the AP on CEUS (the yellow arrow), with no internal enhancement observed; D: A 49-year-old male patient
presenting with a liver lesion of HCE3b, exhibiting slightly peripheral “rim-like” enhancement in the AP on CEUS (the yellow arrow), with internal septal enhancement
visible; E: A 47-year-old female patient presenting with a liver lesion of HCE4, exhibiting slightly peripheral “rim-like” enhancement in the AP on CEUS (the yellow
arrow), with no internal enhancement observed; F: A 29-year-old female patient presenting with a liver lesion of HCE5, with no obvious enhancement in the AP, portal
venous phase, or late phase.

of deeply stained red-brown cells in the peripheral zones of 92.5% of HAE lesions, confirming the formation of numerous
neovascularizations within the marginal zone and indicating that the HAE lesions were in a relatively active stage[45,47].
The marginal zone is closely related to the lesion activity; therefore, it may be helpful for radical resection, which is
crucial for preventing recurrence.
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Figure 4 Contrast-enhanced ultrasound images of hepatic alveolar echinococcosis. A: A 55-year-old male patient presenting with a hemangioma-
like hepatic alveolar echinococcosis (HAE) liver lesion, exhibiting peripheral “rim-like” enhancement in the arterial phase (AP) on contrast-enhanced ultrasound
(CEUS) (the yellow arrow), with no internal enhancement; B: A 29-year-old female patient presenting with a metastasis-like HAE liver lesion, exhibiting peripheral
‘rim-like” enhancement in the AP on CEUS (the yellow arrow), with no internal enhancement; C: A 53-year-old female patient presenting with a hailstorm HAE liver
lesion, exhibiting peripheral “rim-like” enhancement in the AP on CEUS (the yellow arrow), with no internal enhancement; D: A 50-year-old male patient presenting
with an ossified HAE liver lesion, with no obvious enhancement in the AP, portal venous phase, or late phase; E: A 40-year-old female patient presenting with a
pseudocystic HAE liver lesion, exhibiting peripheral “rim-like” enhancement in the AP on CEUS (the yellow arrow), but lacking internal enhancement.

DIFFERENTIAL DIAGNOSIS OF SOLID HEPATIC ECHINOCOCCOSIS VERSUS OTHER FOCAL LIVER
LESIONS

Certain solid and cysto-solid lesions of hepatic echinococcosis often present with ultrasonic features that overlap with
those of focal liver lesions (FLLs), making their differentiation challenging, particularly for HAE lesions[32,43,48].
However, CEUS is a valuable tool for the differential diagnosis[25,26,39,49,50] (Table 4): (1) Hepatic paragonimiasis
typically manifests as irregularly shaped, heterogeneously echoic areas with inhomogeneous enhancement on CEUS,
associated with the presence of “sieve-like” and tunnel-shaped non-enhancing regions. The enhancement pattern of “fast
in and slow out” of hepatic paragonimiasis has been reported (Figure 5C)[51]; (2) Mature liver abscesses commonly
present as cystic masses with thick walls and septa. Sometimes, gas-fluid levels were observed within the cysts. In the AP,
both the cyst wall and internal septations demonstrate enhancement, and multiple non-enhancing liquefied necrotic areas
are visible within the cyst, presenting as a “honeycomb sign” (Figure 5D)[52]. Mature liver abscesses must be distin-
guished from pseudocystic HAE; (3) HCC is the most common primary malignant tumor of the liver and often occurs in
patients with high-risk factors such as chronic hepatitis B or cirrhosis. Typically, these tumors exhibit expansive growth
patterns. On CEUS, typical HCC lesions demonstrate inhomogeneous hyperenhancement in the AP, with a later washout
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Table 4 Differential diagnosis of solid hepatic echinococcosis

- A1 . Laborato
Entities Medical history Sonographic features . ry
examination

HCE (HCE4, History of travel to endemic ~ B-mode: The mass shows the “cerebral gyri” sign with intermittent Heat-resistant B

HCES) areas hyperechoic and hypoechoic signals, as well as scattered, annular, and antigen, with 20%-58%
“eggshell-like” calcification. CEUS: Most of the masses show no negative results
enhancement in both their interior and margins

HAE History of travel to endemic ~ B-mode: An ill-defined, heterogeneously echoic mass with diffuse, Specific antigens such

Hepatic paragon-
imiasis

Liver abscess

HCC

ICC

Liver metastases

HBCA

HCA

FNH

HSH

Hepatoblastoma

areas

History of eating
undercooked shrimp and
crabs

History of diabetes, high
fever, pain upon percussion
in the liver area

History of underlying liver
disease associated with
hepatitis and alcohol intake

History of hepatolithiasis

Mainly arising from primary
cancers of the lung,
gastrointestinal tract,
pancreas, and breast

Mainly in middle-aged
women

Women who take oral contra-
ceptives

Mainly in young and middle-
aged women

Predominantly in children
under five years of age

scattered, or focal calcification and possible liquefactive necrosis. CEUS: In
the AP, an enhanced and irregular “rim-like” peripheral band can be
observed surrounding the lesion, with no obvious internal enhancement,
presenting as a “black hole” sign

B-mode: An irregularly shaped and heterogeneous lesion with an internal
appearance resembling “tunnel-like” echoes. CEUS: The lesion shows
uneven enhancement in the AP, with non-enhancing reticular and “tunnel-
like” areas internally

B-mode: Thick-walled septated cystic lesions with areas of liquefied
necrosis, including some with an air-fluid level within the cysts. CEUS: The
mature liver abscess shows hyper-enhancement of the cystic wall and
internal septa in the AP, with multiple patches of non-enhancing liquefied
necrotic areas, resembling a “honeycomb-like” pattern

B-mode: Swelling growth with a “hump” sign. CEUS: The typical HCC
shows uniform hyper-enhancement in the AP and begins to wash out with
slightly lower enhancement in the LP

B-mode: An ill-defined lesion, often accompanied by biliary duct dilation
and early metastasis to hepatic hilar lymph nodes. CEUS: The mass-
forming ICC shows irregular “rim-like” peripheral enhancement in the AP,
washout in the PVP, and significant hypo-enhancement in the LP

B-mode: Multiple hypoechoic or hyperechoic masses within the liver.
CEUS: The mass shows a thick “rim-like” hyper-enhancement in the early
AP, washout in the late AP, and significant hypo-enhancement in the PVP
and LP, presenting as a “bull's eye” sign

B-mode: The cystic-solid mass with mixed echogenicity has a “multi-room-
like” structure, often with solid wall nodules growing towards the cavity.
CEUS: The enhancement of the lesion can be observed in “multilocular-
like” septa, walls, and wall nodules in the AP

B-mode: A well-defined, homogeneous mass with clear borders. CEUS:
The mass shows overall high enhancement in the AP and primarily iso-
enhancement in the PVP and LP

B-mode: Central scar with a radial distribution within the mass. CEUS: The
typical FNH presents as centrifugal enhancement in a “spoke-wheel” or
“firework-like” pattern from the center to the periphery in the AP, with
slight hyper-enhancement in the PVP and LP

B-mode: A “sieve pore-like” hyperechoic mass. CEUS: The typical HSH
shows discontinuous, nodular peripheral enhancement in the AP, with
progressive partial or complete centripetal fill-in in the PVP and slight
hyper-enhancement in the LP. A non-enhancing area can be observed
within the lesion

B-mode: A slightly lobulated, heterogeneously echogenic mass with visible
liquefied necrotic areas. CEUS: The mass shows hyper-enhancement in the
AP and begins to wash out in the PVP, with no enhancement in the
liquefied necrotic zone

as Em2 or Em18, with

90% positive results

Stool examination

CBC, CRP

AFP, AT

CA 199

CEA, CA 72-4, CA15-3,
CA 125, CA 19-9

AFP

HCE: Hepatic cystic echinococcosis; CEUS: Contrast-enhanced ultrasound; HAE: Hepatic alveolar echinococcosis; AP: Arterial phase; CBC: Complete
blood cell count; CRP: C-reactive protein; HCC: Hepatocellular carcinoma; LP: Late phase; AFP: Alpha fetoprotein; AT: Abnormal thrombin; ICC:
Intrahepatic cholangiocarcinoma; PVP: Portal venous phase; CA: Carbohydrate antigen; CEA: Carcinoembryonic antigen; HBCA: Hepatic biliary
cystadenoma; HCA: Hepatocellular adenoma; FNH: Focal nodular hyperplasia; HSH: Hepatic sclerosing hemangioma.

time than other primary liver malignancies. Only mild regression was observed during the parenchymal phase
(Figure 5E)[49,50,53-55]; (4) Intrahepatic cholangiocarcinoma (ICC) is the second most common primary malignant tumor
of the liver and is categorized into mass-forming, periductal-infiltrating, and intraductal-growth types. The CEUS
appearance of the mass-forming type ICC typically exhibits irregular “rim-like” enhancement in the AP, followed by
early washout in the PVP and significant hypo-enhancement in the late phase (LP) (Figure 5F). This malignancy is often
accompanied by lymph node metastasis in the hepatic portal region. Both HAE and ICC can lead to contraction of
adjacent liver tissue and dilation of bile ducts, but they exhibit different patterns on CEUS[39,50,54]; (5) Liver metastases
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Figure 5 Contrast-enhanced ultrasound images of solid focal liver lesions. A: A 37-year-old female patient presenting with a lesion of hepatic cystic
echinococcosis 4, revealing no enhancement in the arterial phase (AP), portal venous phase (PVP), and late phase (LP); B: A 30-year-old female patient presenting
with a hailstorm hepatic alveolar echinococcosis lesion, exhibiting irregular mild hyper-enhancement around the periphery in the AP and hypo-enhancement in the
PVP and LP, resembling a “worm-eaten” appearance, with no significant enhancement observed in most of the internal regions; C: A 49-year-old female patient
presenting with a lesion consistent with paragonimiasis, exhibiting heterogeneous enhancement in the AP, with non-enhancing reticular and “tunnel-like” areas
internally; D: A 70-year-old female patient presenting with a liver abscess, showing hyper-enhancement of the cystic wall and internal septa in the AP, with multiple
patches of non-enhancing liquefied necrotic areas, creating a “honeycomb-like” pattern; E: A 73-year-old male patient presenting with a lesion from hepatocellular
carcinoma, exhibiting heterogeneous hyper-enhancement in the AP, iso-enhancement in the PVP, and hypo-enhancement in the LP; F: A 36-year-old male patient
presenting with a lesion indicative of intrahepatic cholangiocarcinoma, showing irregular “rim-like” peripheral enhancement in the AP (the yellow arrow), washout in
the PVP, and significant hypo-enhancement in the LP; G: A 40-year-old male patient presenting with liver metastasis, showing thick “rim-like” hyper-enhancement in
the early AP (the yellow arrow), with washout in the early PVP and marked hypo-enhancement in the LP, presenting as a “bull's eye” sign; H: A 57-year-old female
patient presenting with hepatic biliary cystadenoma. The lesion shows slight enhancement of the wall and septa in the AP, with some areas exhibiting thickened septa
and dense nodular enhancement, followed by decreased enhancement in the PVP and LP; I: A 14-year-old female patient presenting with hepatocellular adenoma.
The lesion shows slight hyper-enhancement in the AP and LP, and iso-enhancement in the LP; J: A 23-year-old male patient presenting with a lesion consistent with
focal nodular hyperplasia, characterized by centrifugal enhancement in a “spoke-wheel” or “firework-like” pattern extending from the center to the periphery in the AP.
The lesion shows slight hyper-enhancement in the PVP, and iso-enhancement in the LP; K: A 57-year-old female patient presenting with hepatic sclerosing
hemangioma. The lesion shows discontinuous, nodular peripheral enhancement in the AP (the yellow arrow), with progressive partial or complete centripetal fill-in in
the PVP and slight hyper-enhancement in the LP, as well as patchy non-enhancing areas observed internally; L: A 2-year-old male patient presenting with a lesion
associated with hepatoblastoma, showing hyper-enhancement in the AP, slight hypo-enhancement in the PVP, and hypo-enhancement in the LP.

are often multifocal, and typical metastatic lesions manifest as single or multiple hyperechoic masses surrounded by
hypoechoic edema and internal necrotic hypoechoic areas, presenting as the “bull’s eye” sign. These lesions demonstrate
thick, “rim-like” hyperenhancement in the AP, followed by early washout and significant hypoenhancement in the LP
(Figure 5G)[25,50,56]. Liver metastases need to be distinguished from metastasis-like HAE lesions; (6) Hepatic biliary
cystadenoma exhibits a multilocular structure with solid mural nodules protruding into the lumen. Mild enhancement
can be observed in the cyst walls, internal septations, and mural nodules (Figure 5H)[57]. Hepatobiliary cystadenomas
need to be differentiated from HCE2, HCE3, and pseudocystic HAE lesions; (7) Hepatocellular adenoma is a rare benign
liver tumor that typically appears as a well-defined, homogeneously echoic mass. A typical contrast-enhanced
appearance included uniform hyperenhancement in the AP, followed by isoenhancement or hypoenhancement in the
PVP and LP (Figure 5I). Non-enhancing areas may be observed in cases of hemorrhagic necrosis[50,55,58]; (8) Hepatic
focal nodular hyperplasia typically manifests as an isoechoic mass with central stellate fibrotic scar tissue within the
internal region. Approximately 70% of cases demonstrate a centrifugal enhancement pattern, with a spokewheel or
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firework-like enhancement radiating from the center to the periphery of the AP. In the PVP and LP, the lesion exhibits
isoenhancement or slight hyperenhancement, whereas the central scar remains unenhanced (Figure 5])[50,55,58]; (9) The
hepatic hemangioma is the second most common benign FLL. It most frequently manifests as a well-defined highly
echogenic mass with a reticular internal pattern. Typically, hemangiomas demonstrate discontinuous nodular
enhancement at the periphery in the AP, followed by gradual centripetal filling in the PVP and isoenhancement or slight
hyperenhancement in the LP. In cases of hepatic sclerosing hemangiomas, intratumoral thrombosis may result in large
non-enhancing areas within the lesion (Figure 5K)[26,50]; and (10) Hepatoblastoma is the most common liver malignancy
in children. Hepatoblastoma presents as a well-defined heterogeneously echoic mass with visible areas of liquefactive
necrosis. CEUS revealed hyperenhancement in the AP, followed by washout in the PVP and hypoenhancement in the
parenchymal phase. Liquefactive necrotic areas remain unenhanced (Figure 5L)[59,60].

Based on CEUS, it is possible to differentiate HAE lesions from other FLLs that share some overlapping features.
Although lesions of HAE, ICC, and liver metastases all exhibit ring-like enhancement on CEUS, the key to differentiation
lies in the specific patterns observed: ICC lesions show irregular or “lace-like” enhancement within the lesions, liver
metastases exhibit “thick ring-like” enhancement within the lesions, while HAE lesions demonstrate “ring-like”
enhancement around the lesion periphery. The washout of enhancement in ICC and liver metastases is significantly faster
than in HAE. The scoring system proposed by Wa et al[39] can accurately distinguish between HAE and ICC with a
sensitivity and specificity of 80.0% and 81.3%, respectively. Additionally, on conventional ultrasound, liver metastases
typically exhibit central hypoechoic necrosis, while metastasis-like HAE lesions often have a central punctate scar, which
also aids in differentiation.

Pseudocystic HAE lesions need to be differentiated from hepatic biliary cystadenomas and mature liver abscesses. On
CEUS, pseudocystic HAE lesions mostly lack internal enhancement, while hepatic biliary cystadenomas show
enhancement of intraluminal nodules and internal septations within the lesions. Mature liver abscesses exhibit
enhancement of both the cyst wall and internal septations, presenting a “honeycomb-like” pattern. Hemangioma-like
HAE lesions need to be differentiated from the hepatic sclerosing hemangiomas, the later of which can be characterized
by early arterial bulbous ring enhancement and iris diaphragm phenomenon within the lesions.

OTHER IMAGING MODALITIES FOR THE DIAGNOSIS OF HEPATIC ECHINOCOCCOSIS AND FUTURE
RESEARCH DIRECTIONS

Different imaging modalities offer unique advantages. Ultrasonography offers convenient and clear visualization of the
lesion matrix and cyst walls. Compared with preoperative ultrasound and CT, IOUS is the most effective method to
detect the relationship between the outer capsule of HCE and blood vessels, as well as distinguishing between CE3b and
CE4. The use of IOUS can prevent recurrence and reduce postoperative morbidity[61].

CT and MRI have the advantages of multiparameter and high-resolution imaging, enabling multidirectional visual-
ization of the adjacent relationships between lesions and hepatic blood vessels as well as the intrahepatic bile ducts[30,62,
63]. CT is highly sensitive in detecting calcification in hepatic echinococcosis. The HAE lesions exhibit characteristic high-
signal intensity “small vesicles/vesicle nests” on T2-weighted imaging. Diffusion-weighted imaging reveals a slightly
hyperintense “infiltration zone” or “halo sign” surrounding the lesion, whereas the parenchyma typically exhibits no
diffusion restriction, with a high apparent diffusion coefficient value on diffusion-weighted imaging sequences. This is an
important criterion for differentiating HAE from hepatic malignancies[23,64].

An assessment of lesion activity using fluorodeoxyglucose-positron emission tomography (FDG-PET) is a recognized
standard that reflects the metabolic activity of HAE lesions through FDG uptake induced by the immune responses
surrounding the lesion. Some studies have indicated that MRI, CT, and CEUS can be utilized to assess the activity of HAE
lesions by observing typical microcystic structures, microcalcifications, or blood supply to these lesions that are asso-
ciated with high metabolic activity on FDG-PET[65-68].

Recent advances in artificial intelligence have significantly enhanced the diagnostic accuracy of hepatic echinococcosis.
Yang et al[69] trained and validated a deep convolutional neural network model that exhibited a significantly better
performance than senior radiologists in highly endemic areas (area under the receiver operating characteristic curve 0.942
vs 0.844; P = 0.027). Additionally, this model improved the diagnostic capabilities of junior radiologists (area under the
receiver operating characteristic curve from 0.743 to 0.850; P < 0.05) for hepatic echinococcosis in both high-endemic and
remote areas, demonstrating great potential for future development and clinical value.

In the future, the CEUS classification should be further developed, with an emphasis on lesion activity. Building on
previous research[35,47,69], future work should focus on comparing superb microvascular imaging with CEUS to
quantitatively assess the degree of vascularization in HAE. Additionally, exploring the integration of Echinococcosis
multilocularis Ulm classification into the evolution scheme, and using artificial intelligence to classify various subtypes of
hepatic echinococcosis could enhance diagnostic accuracy and patient management.

CONCLUSION

Diagnosing hepatic echinococcosis is challenging and often relies on a combination of medical history, serology, and
imaging techniques. Ultrasonography is the preferred screening method in endemic regions. Therefore, for radiologists in
endemic areas, accurately determining the ultrasonic characteristics of different types of hepatic echinococcosis is crucial
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to improve diagnostic accuracy. The typical ultrasonographic features of HCE include the “double-wall”, “daughter
cysts”, “water lily”, and “cerebral gyrus” signs, whereas HAE often manifests as solid masses with ill-defined
boundaries, possibly accompanied by calcification or liquefied cavities. CEUS can reveal the characteristic “black hole
sign” of hepatic echinococcosis lesions, which is instrumental in differentiating these lesions from other FLLs. With the
continuous advancement in technology, integrating sophisticated artificial intelligence software with ultrasound
equipment is expected to significantly enhance the diagnostic accuracy of hepatic echinococcosis in endemic areas,
thereby offering a vast potential for further development.
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