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Abstract

In this series of papers on comments and illustrations of the World Federation for Medicine and Biology (WFUMB) guide-
lines on contrast enhanced ultrasound (CEUS) the topics of non-infectious and non-neoplastic focal liver lesions (FLL) are
discussed. Improved detection and characterization of common FLL are the main topics of these guidelines but detailed and
illustrating information is missing. The focus in this paper is on non-infectious and non-neoplastic FLL and their appearance
on B-mode, Doppler ultrasound and CEUS features. Knowledge of these data should help to raise awareness of these rarer
findings, to think of these clinical pictures in the corresponding clinical situation, to interpret the ultrasound images correctly
and thus to initiate the appropriate diagnostic and therapeutic steps in time.
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Fig 1. Focal sarcoidosis of the liver (histological proven). 50 y/o male with chronic viral hepatitis C and bilateral hilar lymphade-

c)

nopathy. Incidental finding of a hypoechoic focal liver lesion in liver segment 5 during computed tomography (a). Contrast enhanced
ultrasound revealed a slightly hyperenhanced\ lesion during arterial phase (b) with washout during portal venous and late phase (c).
Ultrasound-guided biopsy of the focal liver lesion and endoscopic ultrasound-guided transbronchial needle aspiration (EBUS-guided

FNA) of the hilar lymph nodes both revealed sarcoidosis.

In this current paper series [6-11], we aim to summa-
rize the US and CEUS features of very rare FLL where
there are limited reports and figures published in order
to create a library of these rare lesions. We cover lesions
like autoimmune granuloma, inflammatory pseudotumor,
regenerative nodules, solitary necrotic nodules of the li-
ver, intrahepatic splenosis and intrahepatic endometrio-
sis. The rarer the lesions are the more difficult it is to
characterize them correctly, and the more frequently it is
necessary to biopsy them. If we include those lesions into
our diagnostic scheme the chances rise to misinterpret
them as malignant. By this paper we like to motivate the
reader to anticipate those lesions, and in doubt take the
chance to biopsy those lesions.

Autoimmune granuloma, granulomatous
inflammatory infiltration

Several granulomatous disorders can affect the liver.
A granuloma is a focal accumulation of altered macropha-
ges and other inflammatory cells that have developed in
response to chronic exposure to infectious, non-infec-
tious, or immune stimuli [12-14]. Hepatic involvement is
often asymptomatic and found incidentally through imag-
ing. Previous studies have reported a prevalence in up to
15% of biopsies [15,16]. The prevalence of such diseases
differs depending on geographical region: in the United
States, the most frequent cause is sarcoidosis, while in
other countries such as India, tuberculosis represents the
most common etiology (55% of all cases) [14]. Other eti-
ologies include primary biliary cirrhosis, tuberculosis, tu-
bercular-like infections, drugs, and malignancies. Despite
its specific etiology, the granulomatous liver involvement
manifests as diffuse and heterogeneous hypo- and some-
times also hyperechogenicity in US imaging or multiple
echogenic nodules that are 3-5 mm in size and surrounded
by a hypoechoic halo with scant vascularization [17].

Hepatic sarcoidosis

Sarcoidosis (SA) is a granulomatous disorder that can
involve virtually every organ and tissue [18,19]. Less fre-
quently, SA involves the liver and spleen with different
clinical and imaging findings.

Ultrasound imaging can reveal various patterns. Non-
specific and homogeneous hepatomegaly manifests as a
homogeneous distribution of echoes, sometimes with in-
creased echogenicity that mimics steatosis. An irregular
pattern with a coarse appearance and inhomogeneity may
be present, histologically represented by multiple granu-
lomas of variable sizes and degrees of fibrosis [20]. Vari-
ably sized nodules (from 1-2 mm to 3-4 cm) can some-
times be found, and these most often manifest as multiple
hypoechoic (or, less frequently, hyper- or isoechoic) le-
sions. Color Doppler US demonstrates hypovascularity
[21]. In addition, splenic involvement can present with
non-specific splenomegaly with or without focal lesions;
these also appear as hypoechoic and hypovascular nod-
ules of variable sizes [22]. Differential diagnosis with
other lesions (mostly malignant ones) can be challeng-
ing, particularly if the patient has no other clinical or
radiological clues of systemic sarcoidosis [23]. In such
cases, CEUS can be useful in revealing variable arterial
enhancement of the nodules and progressive hypoen-
hancement in the portal venous and late phases. Although
these characteristics can mimic malignant lesions [24], a
typical pattern can be the presence of peripheral nodular
contrast enhancement and a centripetal fill-in in the arte-
rial phase [20,21] (fig 1).

Inflammatory pseudotumor

An inflammatory pseudotumor (IPT) is an uncom-
mon benign tumor mostly observed in the lung. In a large
cohort of extrapulmonary IPTs, only 8% were located
in the liver [25,26]. Most IPTs of the liver appear as a
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large solitary mass [27-29]. Histopathologically, IPTs
are characterized by a lymphoplasmacellular inflamma-
tory cell infiltration combined with fibroblast prolifera-
tion. Two histopathological types of IPT have been de-
scribed: fibrohistiocytic and lymphoplasmacytic. The
latter resembles focal autoimmune pancreatitis, is asso-
ciated with sclerosing cholangitis, and possibly consti-
tutes one particular manifestation of IgG4-related disease
[30].

While older studies have considered the inflamma-
tory myofibroblastic tumor (IMT) to be a subcategory of
IPTs, it has recently been differentiated from the latter
due to its uncertain biological behavior [31]. The aspect
of IMT on ultrasound is unspecific, ranging from hypo-
echoic to hyperechoic, and either well- or ill-defined.

Often, they show arterial vascularity on Doppler. The
pattern on CEUS is variable as well (either homogenous
or heterogenous enhancement; peripheral or septal en-
hancement with delayed central filling and central lack
of enhancement) [32].

Another very rare differential diagnosis is the neo-
plastic inflammatory pseudotumor-like follicular den-
dritic cell (IPT-like FDC) tumor [33,34].

A purely on imaging-based diagnosis of a hepatic
IPT, IMT, or IPT-like FDC tumor is rarely possible, and
in the majority of cases, a malignant liver tumor was sus-
pected before surgery or biopsy [29,35]. Definitive diag-
nosis and differentiation from malignant liver tumors via
imaging and image-guided percutaneous biopsy is essen-
tial for preventing unnecessary surgery.

Fig 2. Inflammatory pseudotumor (histologically proven). In an 87-year-old woman with elevated liver enzymes, B-mode sonogra-
phy delineated two hypoechoic liver lesions up to 2 cm with indistinct boundaries and a tumor like appearance (a). On CEUS, the
arterial contrast enhancement was similar to the rest of the liver parenchyma for up to 30 seconds (b). In the portal and late phases,
there was a slow washout phenomenon, which increased after 2 minutes (c¢) and was almost complete after 4 minutes (d). This finding
suggested non-hepatic tissue. Ultrasound-guided biopsy confirmed IPT.

Fig 3. Incidental finding of a hepatic inflammatory pseudotumor. 79 y/o male, incidental ultrasound finding of a large, ill-defined,
partially nodular hypoechoic lesion, which involved nearly all of segment 4 of the liver (a). It contained some anechoic (cystic) parts
(b; cystic part) and focally involved the gallbladder wall (c; focal infiltration of gallbladder wall). Contrast-enhanced ultrasound
showed arterial phase hyperenhancement of the whole segment 4 surrounding the hypoechoic lesion (d). There was slow and pro-
gressive washout in the portal-venous phase extending into the late phase (e, f). Ultrasound-guided biopsy revealed an EBV- and
IgG4-related inflammatory pseudotumor.
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Fig 4. Immunoglobulin G4 - associated pseudotumor (histologically proven). 46 y/o female presented with weight loss of 10 kg,
elevated liver enzymes and alcohol abuse. There was also a history of chronic pancreatitis and pancreatic head resection for inflam-
matory phlegmon and also a background of steatosis hepatis. On B-mode sonography, an oval polycyclic bounded hypoechoic lesion
is visible (a). Contrast-enhanced ultrasound showed arterial phase hyperenhancement (b). Starting with the portal-venous phase (c)
and increasing into the late phase, the whole lesion showed progressive washout. Ultrasound-guided biopsy revealed IgG4-associated
inflammatory pseudotumor. The treatment with prednisolone was started, which led to a reduction in the size of the pseudotumor.
However, due to lack of compliance and continued alcohol use, this was terminated.

Fig 5. A case of inflammatory pseudotumor. A hypoechoic lesion with irregular shape and ill-defined margin was detected in the
right liver lobe (a). No color flow signal was detected within the lesion (b). ARFI measurement showed the lesion was slightly hard
(Vs=1.93 m/s) (c). While using high frequency linear transducer, the lesion could be clearer visualized (d). After injection of contrast

agent (SonoVue), the lesion showed hypoenhancement during all contrast enhancement phases (¢).

Most IPTs present with irregular margins. In US im-
ages, the majority of cases reveal an inhomogeneous hy-
poechoic or heterogeneous echo pattern [29,36].

One early case study reported a central dominated
irregular vascularization followed by marked wash-out
of the initial lesion [26]. One study reported a lack of
enhancement in all three contrast phases in 19.4% of
cases, diffuse homogeneous or heterogeneous arterial
hyperenhancement in 61%, rim-like enhancement in
14%, and isoenhancement in 6%. In the late and portal
venous phases, hypoenhancement was the predominant
pattern [37]. In a later report, most of the lesions exhib-
ited relatively mild arterial hyperenhancement (36%)
or isoenhancement (41%) with unclear margins (89%)
in the arterial phase, either in a homogeneous (41%),
heterogeneous (36%), or rim-like (23%) manner. Non-
enhancing necrotic areas were common (57%). Washout
occurred in 100% of the hepatic IPTs in the portal venous
and late phases and in 66% of cases within 60 seconds.
A “rapid in and out” pattern was observed in 41% of the
IPT nodules. Based on the clinical and CEUS data, 45%
are misdiagnosed as malignant tumors, particularly chol-
angiocarcinoma or metastasis [36] (fig 2-5).

Large regenerative nodules (LRNs),
Nodular regenerative hyperplasia (NRH) and
other well-differentiated hepatocellular nodules

Large regenerative nodules are reactive hepatocellu-
lar nodules that develop in response to any kind of injury.
First of all, they are observed in cirrhosis of the liver ,
but they may also occur in other non-cirrhotic entities
such as chronic hepatis B and C as well as in patients
with systemic disorders such as Budd-Chiari syndrome
(BCS), various autoimmune or hematological disorders,
and congenital absence of the portal vein [38,39]. Multi-
ple (more than 10) and smaller (less than 5 mm in diam-
eter) lesions likely reflect NRH, whereas fewer (less than
10) and larger (greater than 10 mm in diameter) ones are
categorized as LRNs [38,40].

The pathogenesis of NRH as well as that of large re-
generative nodules (LRNs), including FNH-like ones,
depends on an altered microcirculatory blood flow in the
liver as a result of an obliterative vasculopathy [38,41].
Nodular regenerative hyperplasia has been described in
patients with chronic use of certain medications, espe-
cially chemotherapeutical agents (such as oxaliplatin and
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Fig 6. Morbus Wilson, nodular regenerative hyperplasia. 60 y/o female with weight loss, anaemia and initial diagnosis of plasmocy-
toma. B-mode ultrasound showed liver lesions up to 7 mm in size, with a hyperechoic rim and central hypoechogenicity (one might
call it “atoll sign”) (a). On contrast-enhanced ultrasound, a spoke wheel-like hyperenhancement in the arterial phase was observed
(see marking) (b). In the portal venous phase, isoenhancement or slight hyperenhancement was still visible (c). In the late phase, the
lesions were isoenhanced (d).

azathioprine), and it has also been observed in a wide va-
riety of systemic diseases that disturb hepatic blood flow,
particularly myeloproliferative, lymphoproliferative, and
immunological disorders [42]. In addition, various other
conditions such as neoplastic disease, diabetes, celiac
disease, cystic fibrosis and renal or bone marrow trans-
plantation have been associated with NRH [43-46].

In US images, NRH nodules appear as either multiple
confluent hyperechoic liver lesions or small, round iso-
echoic lesions with a thin hyperechoic rim (i.e., the atoll
sign) [42]. Some nodules between 5 and 8 mm in size
may harbor hyperenhancement in the arterial phase fol-
lowed by a washout in the late phase resembling malig-
nancy [41]. As these nodules could appear in oncological
patients receiving chemotherapy, they should be differen-
tiated from true liver metastases through a percutaneous
liver biopsy (fig 6).

FNH-like nodules

Some hepatocellular nodules, particularly in vascu-
lar liver disease, show similarities between LRNs and
FNHs; these are referred to as FNH-like nodules or
FNH-like LRNs. Such nodules have only delicate fibrous
septa instead of a central scar [38]. In CEUS, avid arterial
enhancement starting from the center of the lesions and
continuing centrifugally is present. In the portal venous
and late phases, the lesions are isoenhanced [47].

Solitary necrotic nodule of the liver (SNNL)

Typically, SNNLs are located in subcapsular regions,
more frequently in the right liver lobe, and they appear as
small lesions below 30 mm [48]. They are most frequent-
ly sharply demarcated [49]. Their form can sometimes
indicate their etiology, since atypical shapes can appear
in up to 50% of the cases.

Among benign focal liver lesions, the solitary ne-
crotic nodule, is a very rare and poorly understood le-

sion of uncertain origin. The pathological hallmark of the
SNNL is a core of coagulative and/or liquefied necrosis,
surrounded by fibrohyaline tissue with palisaded histio-
cytes and a diffuse infiltrate of inflammatory cells such as
lymphocytes, plasma cells, and eosinophils.

Several etiologic hypotheses have been proposed: (1) a
necrotic lesion of traumatic origin [50,51]; (2) a sclerotic
evolution of thrombosed small hemangiomas [52-54]; (3)
the outcome of previous focal parasitic infestation [51,55];
and (4) a “burnout phase” of metastatic lesions [56].

Imaging diagnosis of SNNLs is difficult due to the
overlap in findings with a wide range of malignant (e.g.,
primary liver cancers, lymphoma, and metastases) and
benign (e.g., pseudotumor, regenerative, or dysplastic
nodules in liver cirrhosis and infectious processes) condi-
tions [57,58]. Since SNNLs are necrotic, imaging meth-
ods using contrast agents (CT, MRI, and US) typically
reveal hypoenhancing lesions.

On B-mode US scans, SNNLs can appear mostly
hypoechoic (75%), but they can also be iso- and hyper-
echoic. Such nodules more often present as small (on
average less than 2 cm), single, right-sided (sometimes
subcapsular), focal liver lesions with a homogeneously
hypoechoic appearance; a “target” lesion is another fre-
quent US presentation [59-61].

The diagnosis of SNNLs remains challenging even
with CT, MRI, and PET, and they are frequently misdiag-
nosed as metastases [62,63].

Owing to the use of blood pool contrast agents [64]
in CEUS in contradiction to CT and MRI, SNNLs appear
completely free of any contrast uptake and are sharply
demarcated. Between 2010 and 2020, Lu et al investi-
gated 24 patients with up to 4 SNNLs using CEUS with
SonoVue®. There was no enhancement in the center of
any of the lesions, but rim enhancement was present in
13 out of the 24 cases. Rim enhancement with a rim of
3+1.5 mm tended to appear in larger lesions.

Reports on CEUS findings in SNNLs are scarce, and
only one series with imaging-pathologic comparison has
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Fig 7. Contrast-enhanced imaging of solitary necrotic nodule
with split imaging (note the sharp complete avascular serpigi-
nous shaped lesion).

been published to date [65]. In CEUS examination with
SonoVue®, SNNs appear unenhanced with sharp borders
in the arterial phase and an unchanged appearance in the
portal venous and late phases with no washout (i.e., a
“punched-out-like” aspect) independent of size and B-
mode US echo pattern [66]. The complete absence of a
vascular network within the SNNL, a well-recognized
pathological characteristic of this entity, explains the lack
of peak arterial phase enhancement and consequently of
washout. This aspect resembles the perfusion defects ob-
served after the ablation of liver tumors [67]. In almost
half of the cases, a notable additional CEUS finding of
a thin, uniform, hyperenhancing rim occurring in the
early arterial phase. The rim appears isoenhanced com-
pared to the surrounding parenchyma in the late arterial,
portal venous, and late phases and presents without any
washout possibly as a consequence of the inflammatory
reaction of the compressed adjacent parenchyma which
causes vasodilation of the arterial microvessels (fig 7
and ).

In conclusion, SNNLs owing to the possibility of ne-
croticareasinmetastases, US-guided biopsy should be con-
sidered in patients where the diagnosis remains uncertain.

Intrahepatic splenosis

Splenosis corresponds to ectopic splenic tissue due to
auto transplantation after splenic trauma and/or splenec-
tomy. While accessory spleens are usually encapsulated,
smooth-bordered, and round, splenosis has no capsule
and no characteristic shape. Splenosis has no vascular
hilum and receives its blood supply from surrounding
tissues [68-71]. Intrahepatic splenosis is more frequently
located in the left than in the right liver lobe perhaps due
to anatomical reasons and is usually subcapsular [72,73].
Its significance lies in the diagnostic differentiation from

Fig 8. A complication from biopsy of a SNNL. After contrast
injection, the overlay technique shows arterial enhancement in
the intrahepatic hematoma which was treated conservatively.

other well vascularized liver tumours, especially in pa-
tients with pre-existing liver disease.

In B-mode US there are different characteristics of
intrahepatic splenosis: oval or round, as a heterogeneous
hypoechoic lesion with a hyperechoic rim [70], with a
hypoechoic rim [74], as a well circumscribed [75] lesion
or slightly more echogenic than the surrounding paren-
chyma [76] or a homogeneous rounded lesion, with de-
marcated margins [71]. Color Doppler shows a dotted
and strip-like blood flow signal inside and around the le-
sions [71]. Splenosis and accessory spleens have similar
characteristics on CEUS as the normal spleen [69,77].
CEUS is recommended for the diagnosis of ectopic
splenic tissue by EFSUMB-Guidelines [77].

Zhong et al describe in their cases the typical expect-
ed CEUS behavior of intrahepatic splenomas with homo-
geneous hyperenhancement in the arterial phase without
washout in the portal and late phase up to 4 min [70].
Nevertheless, differential diagnostic difficulties with
some benign liver lesions may arise. (Shunt-)Haeman-
gioma, FNH, some (inflammatory) hepatocellular adeno-
mas are also hyperenhanced in the late phase on CEUS.
Hyperenhancement after 2 min is considered a benign
criterion of liver lesions [78].

If a liver lesion is present in a liver-healthy patient
with splenic trauma and/or splenectomy, the possibility of
splenosis should be considered. The prolonged enhance-
ment on CEUS may be indicative of such a condition. If
there is pre-existing liver disease, the differential diagno-
sis is more difficult and HCC must be excluded. Usually
HCC:s are iso- or hypo-enhanced in the late phase and not
persistently hyperenhancing on CEUS (fig 9).

Intrahepatic endometriosis

In endometriosis, endometrial tissue is located out-
side the uterine cavity. Outside the pelvis, endometrio-
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Fig 9. Intrahepatic splenosis. 50y/o0, male. Motorbike accident 6 years ago with ruptured spleen and splenectomy. Current non-
specific upper abdominal complaints. In B-mode ultrasonography oval focal lesion in the right liver lobe subcapsular. The lesion is
slightly ill-defined and surrounded by hypoechoic rim (a). No vessels are visible in the lesion on Power Doppler (b). In the late arte-
rial phase, the lesion is heterogeneous and less enhanced than the surrounding liver parenchyma (c). In the portal venous phase, the
FLL is hyperenhanced (d). In the late phase, the FLL is hyperenhanced and a second hyperenhanced FLL is seen adjacent (e). Very
late, 6:10 min post injection, both FLL are hyperenhanced, while the surrounding liver parenchyma shows no contrast (f). The very
long-lasting contrast in the late phase in association with the history suggests the diagnosis of intrahepatic splenosis.

Fig 10. Hepatic endometriosis. Hypoechoic patches of endometriosis in pouch of Douglas (a). Endometriosis in the left adnexa (b).
Endometriosis in the right adnexa (c). Hypoechoic lesions of endometriosis seen on the left liver lobe surface (d). Hypoechoic lesions
of endometriosis seen on the right lobe surface (¢). CEUS of the liver showing no intrinsic uptake of contrast agent by the lesion on

Do 1)

the liver surface (f, ).

sis is rare. Reported intrahepatic cases described a wall
structure either smooth, membranous, “ragged” or undu-
lating and may have a wall-like structure at the periphery
of the lesion [79].

The diagnosis of intrahepatic endometriosis is de-
manding. In the liver there are no clear differential di-
agnostic criteria compared to other tumors [80,81]. The
diagnosis can only be made on basis of histopathological
analysis.

Endometriotic lesions in the liver are mostly subcap-
sular. On B-mode ultrasonography most of the reported
cases were cystic or heterogenous containing both cystic
and solid components. Thick walled multiseptated cysts
are commonly reported and punctate calcifications in the
wall have been described [79,81-87] (fig 10).

Conclusion

In this report, we focus on focal liver lesions of non-
infectious and non-neoplastic origin.

Imaging features of rare lesions can resemble ma-
lignant or benign lesions and therefore pose a specific
problem for diagnosis. Granulomataous disease (eg. tu-
berculosis and sarcoidoisis) may involve the liver and
these lesions can resemble malignant disease. Therefore,
it is likely that its diagnosis has a relevant influence on
the therapeutic strategy for the patient. Inflammatory
pseudotumor, inflammatory myofibroblastic tumor and
[PT-like FDC tumor resemble malignant lesions as well.
Large regenerative nodules, NRH and FNH-like nodules
have benign appearances and are important since they

7



Kathleen Moller et al

Comments of the WFUMB CEUS liver guidelines: Rare focal liver lesions — non-infectious, non-neoplastic

may reflect relevant underlying diseases or relevant drug
interactions. Solitary necrotic nodules should be known
to every sonographer and although they have certain
features on CEUS, they can mimic malignant lesions
thus biopsy is inevitable. Intrahepatic splenosis should
be considered in patients with history of splenectomy or
splenic trauma and is characterized by a very long-lasting
hyperenhancement. Intrahepatic endometriosis can be
misinterpreted as sarcoma or neuroendocrine metastasis
and will typically be biopsied.

The knowledge of rare FLL is crucial for any person
performing liver imaging and / or intervention. In addi-
tion, hepatologists, oncologists and infectiologists need
to understand the impact of rare FLL on their therapeutic
strategy.

Disclosures: Some authors received speakers bureau
and grants from Bracco and various ultrasound manufac-
turers.
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