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Sarcoidosis is a complex granulomatous disease that affects virtually every organ and tissue, with a prevalence that varies
significantly among the sites involved. The role of conventional imaging, such as computed tomography and magnetic resonance
imaging, in the assessment of hepatosplenic sarcoidosis is well established by revealing organ enlargement, multiple discrete
nodules, and lymphadenopathy. In this review, we aim to describe contrast-enhanced ultrasound (CEUS) findings in liver and
spleen involvement by sarcoidosis, reporting evidence from the literature and cases from our experience, after a brief update on
safety profile, cost-effectiveness, and clinical indications of this novel technique. Furthermore, we highlight potential advantages of
CEUS in assessing hepatosplenic sarcoidosis that may be useful in the clinical practice.

1. Introduction

Sarcoidosis is a complex granulomatous disease that virtually
affects every organ and tissue, with a prevalence that varies
significantly among the sites involved. However, it affects
most often compartments such as lungs and mediastinal
lymph nodes, manifesting as a pulmonary restrictive disorder
in up to 65% of patients, and with pulmonary fibrosis in
20-25% of them [1-3]. The value of mediastinal ultrasound
in patients with sarcoidosis has been recently shown [4].
The high prevalence of pulmonary disease could be asso-
ciated with the primary activation of alveolar macrophages
by inhaled exogenous agents, such as inorganic particles,
insecticides used at work, and those from exposition to moldy
environments [1-3]. The formation of typical noncaseat-
ing granulomas represents the final product of an incom-
plete antigens degradation, associated with an exuberant
macrophage and T- and B-cell activity due to prolonged
antigenaemia [5, 6]. Also genetic factors (both HLA and
non-HLA genes) have been associated with an increased
risk of sarcoidosis, and the complex interaction between
endogenous and exogenous agents may reflect the great
variability of clinical manifestations [7].

Organs, such as liver and spleen, are less frequently
affected than lungs, and their involvement often shows a
benign course but portal hypertension and loss of liver
function may occur [8-10]. However, a correct evaluation of
these organs represents an important step in patients with
sarcoidosis, before starting appropriate treatment.

2. Clinical and Laboratory Findings in
Hepatosplenic Sarcoidosis: When to
Perform Imaging Studies

Although there are no specific recommendations for hep-
atosplenic imaging studies in patients with sarcoidosis, it
is widely accepted to perform exams such as unenhanced
ultrasound, computed tomography (CT), and magnetic res-
onance imaging (MRI) when an increase of liver function
tests is found or when abdominal symptoms, such as nausea,
vomiting, and weight loss, are reported.

Liver can be affected in 10-25% of cases, but hep-
atic involvement is often oligo- or asymptomatic. Various
degrees of dysfunction of liver function tests such as alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
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FIGURE 1: A 51-year-old woman with diagnosis of pulmonary sarcoidosis, who presented with dyspepsia. (a) B-mode US showed diffuse liver
hyperechogenicity suggestive of fatty liver disease and a hypoechoic lesion in the hepatic segment I (arrow). The lesion was in close contiguity
with inferior vena cava and had a maximum size of 51 mm. Imaging findings were suggestive of focal fatty sparing, but histopathological
examination revealed noncaseating granulomas, suggesting liver involvement by sarcoidosis. Spleen was normal. (b) Color Doppler US
showed no flow inside the nodule (arrow). (c) After six months of steroid therapy, the lesion was significantly reduced (arrow).

gamma-gt, and alkaline phosphatase can be observed [8]. In
arecent study that comprises 837 patients with sarcoidosis, an
increase of ALT and AST was found in up to 15% of cases [11].
Hepatic sarcoidosis can manifest with constitutional symp-
toms such as weight loss, anorexia, fever, and night sweats
[1] or, less frequently, with symptoms related to chronic
intrahepatic cholestasis, such as pruritus and jaundice. In
these cases, laboratory tests reveal an increase of alkaline
phosphatases and total and direct bilirubin [12]. Rarely,
cholestasis is associated with common bile duct compression
by a mass in the pancreatic head or by enlarged perihepatic
lymph nodes [13]. Only few cases complicated by cirrhosis
and portal hypertension have been reported in the literature,
and they present with ascites and/or bleeding from rupture of
gastroesophageal varices [14-16].

Splenic involvement is uncommon (5-10% of cases) and
usually manifests with asymptomatic and mild splenomegaly.
Rarely, the enlargement of the spleen is more pronounced
with hypersplenism and pancytopenia [8, 14].

3. Conventional Imaging in the Assessment of
Hepatosplenic Sarcoidosis

3.1. B-Mode and Color Doppler Ultrasound Findings. Hep-
atosplenic sarcoidosis is common in patients with systemic
disease, but it is often underestimated on imaging techniques,
in particular conventional ultrasound, because granuloma-
tous inflammation of the liver and spleen can be minimal
and/or manifest with nonspecific patterns. While granulomas
have been found in 60-80% of liver biopsy specimen, sarcoid
hepatic nodules are found on imaging in only 5% of cases [17].

The most common finding is represented by hep-
atomegaly with homogenous distribution of echoes and
without evidence of prominent nodules. Sometimes, US can

demonstrate an increase of parenchymal liver echogenicity,
mimicking fatty liver disease (Figure 1) [18, 19]. A prominent
parenchymal inhomogeneity with coarsening pattern can
also be found, suggesting an irregular patchy infiltration of
the parenchyma by confluent granulomas, associated with
various degrees of fibrosis surrounding the coalescing tissue
(Figure 2) [20-22]. Hepatic nodules usually appear on US
as multiple, discrete, and rounded hypoechoic lesions of
various sizes. They may mimic liver cirrhosis or nodular
regenerative hyperplasia [23]. They can also manifest as
areas of increased or similar echogenicity with respect to
the adjacent parenchyma, though these patterns are less
frequently reported in the literature [17, 24]. Isoechoic lesions
can be missed on conventional US and are found on imaging
such as CT or MRI. Usually, the nodules are multiple, have
different sizes ranging from 1 to 2 mm to several centimeters,
are not associated with mass effect on the surrounding
parenchyma, and show hypovascularity on Color Doppler US
(Figure 2) [17, 22]. Less frequently, single hypoechoic nodules
can be observed, raising problems of differential diagnosis
with other focal lesions (Figure 1). In our experience enlarged
perihepatic lymph nodes can be encountered in almost all
patients with circumscribed focal sarcoid liver infiltration.

Splenomegaly can be observed in either absence or
presence of focal splenic lesions, and there is a different
prevalence in observing discrete nodules among published
studies (6-33%), perhaps reflecting ethnic differences in
study populations [17]. Splenic nodules usually appear as
multiple and hypoechoic focal lesions; they show different
size on US (usually less than 10 mm but larger lesions may
occur) and are hypovascular on Color Doppler US (Figure 3)
[10]. The nodules can also manifest as hyper or isoechoic
lesions with respect to the healthy parenchyma. The different
patterns can be related to a different degree of fibrosis in the
granulomatous tissue [25].
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FIGURE 2: A 24-year-old female with histopathological diagnosis of hepatic sarcoidosis that resembled advanced stage of cirrhosis on US. (a)
The liver was almost completely subverted by multiple more diffuse and also more circumscribed hypoisoechoic nodules (numbers 1 to 4);
the lesions did not demonstrate vascularity on Color Doppler US. (b) Contrast-enhanced US in the late phase showed almost isoenhancing

lesions.

FIGURE 3: A 53-year-old male with history of pulmonary sarcoidosis. (a) B-mode US showed a rounded and hypoechoic lesion located in the
lower pole of the spleen; the nodule did not show flow on Color Doppler US and had a maximum size of 1 cm (arrow, caliper 1). (b) Contrast-
enhanced US confirmed the lesion and showed other progressively hypoenhancing nodules of few mm (in median 5 mm, arrowheads) that
were not evident on conventional US. Histopathological examination of the spleen revealed infiltration by sarcoidosis.

Furthermore, enlarged lymph nodes have been observed
in up to 76% of cases, both in hepatic and splenic sarcoidosis,
and they appear as single or multiple hypoechoic masses
that are located most often in periportal, celiac, paracaval,
and paraaortic compartments, with sizes between 1 and 2 cm
[26]. We generally observed larger perihepatic lymph nodes
in advanced liver disease with a lymph node size up to 4-
6 cm (Figure 4). In the context of benign diseases such large
perihepatic lymph nodes have been observed only in primary
biliary cirrhosis (PBC) [27].

Involved abdominal lymph nodes may show inhomo-
geneous echotexture, with multiple low-level echoes inside
[22, 28]. The concomitant enlargement of perihepatic and
mediastinal lymph nodes is typical for sarcoidosis but has
also been observed in chronic virus hepatitis C [29]. Other
not commonly observed findings are represented by punctate
calcifications that appear as multiple, small, hyperechoic areas
of few millimeters. They can be found in both liver and spleen
(20, 26].

Hepatic and splenic involvement by sarcoidosis can be
associated with systemic disease or can be isolated. In the
latter, the diagnosis is difficult if based only on imaging
studies and requires often a biopsy and a histopathological
examination of the organs [25-33].

US can also demonstrate some atypical pattern, rarely
described in the literature. Some nodules, due to their con-
fluence tendency and irregular appearance, raise the problem
of differential diagnosis with neoplastic disorders [10, 34, 35].

Bauones et al. have recently reported a case of incidental
finding of multiple hypoechoic and nonvascular splenic
nodules that were associated with a significant retraction of
the overlying splenic capsule; splenomegaly was not found
and no other organ involvement was documented. This
atypical finding has mimicked neoplastic disease, and the
patient underwent a laparoscopic splenectomy in order to
exclude malignancy [25]. In these cases, histopathological
examination is required to avoid a misdiagnosis that can lead
to a completely different therapeutic approach.
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FIGURE 4: A 64-year-old female with sarcoidosis. (a) B-mode US documented typical prominent perihepatic lymphadenopathy (maximum
size of 3 cm, caliper). Contrast-enhanced US showed (b) homogenous enhancement during the arterial phase (arrow) and (c) prominent

wash-out (caliper).

The diagnosis of sarcoidosis can be suspected on the basis
of typical clinical, laboratory, and imaging features but is
usually achieved with histopathological findings that confirm
the presence of noncaseating granulomas and exclude other
causes of granulomatous inflammation [1, 36]. Effort should
be made to obtain a sample to analyze from biopsy specimen
(1, 37-39].

3.2. The Role of Computed Tomography and Magnetic Reso-
nance Imaging. Other imaging techniques, such as contrast-
enhanced CT (CECT) and MRI, are reliable to evaluate the
organ involvement in sarcoidosis. CT can confirm hepato-
splenomegaly, and, in most cases, the liver appears homoge-
neous; sometimes, however, the liver appears heterogeneous
and a septa-like pattern can be found after contrast agent
injection [17]. CECT can be useful to confirm hepatosplenic
nodules or to reveal them, for the first time, after a negative
US examination. The lesions manifest as hypodense masses
relative to the adjacent healthy tissue, without peripheral
enhancement [17, 40, 41]. MRI can also serve as an adjunctive
diagnostic tool to confirm the presence of both hepatic
and splenic nodules that appear hypointense, relative to the
adjacent parenchyma on all sequences, without substantial
contrast enhancement after gadolinium administration, and
appear less evident on delayed imaging, suggesting equi-
libration. The nodules are best visualized on T2-weighted
fat-suppressed and early-phase dynamic contrast-enhanced
images [42]. Furthermore, MRI can be useful to reveal
nonspecific hepatic findings such as periportal hyperintensity

on T2-weighted images; some authors have suggested that
this sign could be associated with a greater tendency of
granulomas to localize within periportal spaces [17, 22].
Finally, both CT and MRI can be useful to reveal the presence
of punctate calcifications and/or lymphadenopathy [26].

4. Contrast-Enhanced Ultrasound (CEUS)
in the Assessment of Hepatosplenic Lesions
Derived from Sarcoidosis

4.1. The Evolving Role of CEUS. In recent years, the use
of ultrasound contrast agents (UCAs) has rapidly increased
in the clinical practice. Since the first guidelines regarding
the use of CEUS in the assessment of liver lesions, released by
European Federation of Societies for Ultrasound in Medicine
and Biology (EFSUMB) in 2004 and lastly updated in 2013
[43-45], new fields have been investigated with the evaluation
of other organs such as spleen, pancreas, gastrointestinal
tract, kidneys, and lungs. EFSUMB released an extensive
update on nonhepatic use of CEUS, highlighting the wide
range of clinical applications that can be carried out [46].
Comments on the guidelines have been published as well
[47, 48]. UCAs perform as blood pool tracers and are
constituted by gas surrounded by a membrane that prolongs
their half-life and provides stability. The envelope consists of
organic materials such as galactose, palmitic acid, albumin,
and phospholipids. After intravenous injection, enhancement
patterns can be evaluated in real time with a higher temporal
resolution than in other imaging techniques [44]. UCAs are
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generally safe and have a low incidence of side effects, without
heart, liver, and renal toxicity. Incidence of life-threatening
anaphylactoid reactions is very low (0.001% among the
23,000 patients examined) and it is not necessary to perform
laboratory tests before starting CEUS examination [45].

4.2. CEUS in the Differentiation between Benign and Malig-
nant Focal Hepatosplenic Lesions. CEUS has demonstrated a
high overall diagnostic accuracy in the differential diagnosis
of focal liver lesions, with similar values of sensitivity and
specificity as compared to conventional imaging, such as
CT or MRI [49-55]. A recent systematic review and cost-
effectiveness analysis found that the pooled estimates of sen-
sitivity and specificity to detect and/or characterize malignant
lesions were 95.1% and 93.8% using CEUS, and 94.6% and
93.1% using CECT, respectively [53]. Similar results were
obtained by also comparing CEUS and MRI [50]. The use of
CEUS is effective in the workup of patients with focal liver
lesions, by identifying specific patterns and selecting those
who need further diagnostic investigation [56, 57].

Furthermore, several authors have demonstrated that
CEUS can provide valuable information in the differential
diagnosis of focal splenic lesions with high accuracy [58-
62]; Yu et al. have found that the sensitivity, specificity, and
accuracy of CEUS in the diagnosis of focal splenic lesions
were 91.1%, 95.0%, and 92.0%, respectively. Lower values
were obtained using conventional US (75.0%, 84.2%, and
77.3%, resp.) [59]. CEUS can also improve the differentiation
between benign vascular and malignant lesions [63] and can
be useful when there are no suggestive findings on benign
conventional US [64]. The good safety profile, real time
evaluation, and absence of radiation exposure are some of the
reasons for the wide diffusion of CEUS in the last few years
and for the establishment of appropriate indications for its
use.

4.3. CEUS Patterns of Hepatosplenic Sarcoidosis. Although
there is increasing evidence regarding the usefulness and
reliability of CEUS, a broad group of disorders have not
been investigated so far with this technique. Actually, there
is a lack of ad hoc studies in patients with hepatosplenic
sarcoidosis, and most evidence derives from description of
single case reports or from findings of small case series
[10]. Most of the trials have been conducted with the aim
to differentiate benign focal lesions from malignant focal
lesions, as discussed above.

It is reasonable to expect this lack of data, first of all
because sarcoidosis is an uncommon disease, and demonstra-
tion of liver and spleen involvement on imaging is even rarer;
then, in most of cases, hepatosplenic sarcoidosis appears
homogenous on US without evidence of discrete nodules,
and second imaging, such as CT and MRI, is preferred to
assess the organ involvement in these cases. However, CEUS
has documented accuracy to characterize splenic and hepatic
parenchymal inhomogeneity, when found [44, 46].

Even if the evidence is limited, hypoechoic hepatic lesions
derived from sarcoidosis appear, after UCA injection, as

variably arterial enhancing and progressively hypoenhancing
nodules in the portal-venous and late phases [10, 65].

Also hypoechoic lesions of the spleen appear most
often as progressive hypoenhancing nodules, in arterial
and parenchymal phases, compared to adjacent splenic tis-
sue, with increasing lesion-to-parenchyma contrast diffusion
while moving to parenchymal phase (Figure 3) [58, 65]. The
pattern of slight enhancement can be diffusely homoge-
nous or heterogeneous in the arterial phase and diffusely
homogenous or dotted in parenchymal phase. Furthermore,
some peripheral irregular vessels can be found [58]. Other
authors have described a complete absence of enhancement
in both arterial and parenchymal phases [66]. In one case,
we observed a more rim-like enhancement in the arterial
phase, followed by hypoenhancement in parenchymal and
late phases (Figure5) [10, 67]. This pattern can overlap
with those observed in neoplastic disorders [57], and biopsy
with histopathological examination is, therefore, required to
exclude malignancy.

CEUS can be useful to identify hepatic or splenic isoe-
choic nodules that are not otherwise evident on conventional
US; these lesions appear as progressively hypoenhancing
masses (Figure 3) [24]. Sometimes, they appear as almost
isoenhancing nodules in the late phase (Figure 2). CEUS
can also confirm the presence of abdominal lymph nodes
enlargement with homogeneous enhancement, suggesting a
benign inflammatory pattern (Figure 4) [68].

5. Conclusion: Implications for
Clinical Practice and Future Perspectives

The limited evidence regarding CEUS findings in hep-
atosplenic sarcoidosis raises the need for further studies
that evaluate the role of CEUS in this uncommon disease.
Although the most observed pattern is characterized by
absence or less enhancement of the nodules with respect
to the healthy parenchyma, no studies have reported CEUS
findings in hyperechoic lesions derived from hepatosplenic
sarcoidosis. It would be interesting to explore these patterns
and to see if there is a different behavior after UCA adminis-
tration; however, we expect similar findings for hyperechoic
nodules on CEUS to that of hypo- and isoechoic lesions,
because of their similar hypodense appearance on CECT
(17, 24]. CT and MRI are often preferred to evaluate organ
involvement in sarcoidosis, because lesions with similar
echogenicity to the healthy parenchyma cannot be found on
conventional US. CEUS can overcome these limitations and
reveal hepatic and splenic nodules. In our experience, we
observed that conventional ultrasound may be also useful
to show treatment response and a significant reduction in
the size of hepatosplenic lesions after steroid therapy. Further
studies should evaluate any change of contrast enhancement
pattern after treatment of focal lesions and perihepatic
lymphadenopathy [27]. CEUS could be useful to follow up
the lesions over time, thus avoiding unnecessary radiation
exposure associated with CT imaging and kidney damage
in patients at risk, after administration of iodine contrast or
gadolinium.
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FIGURE 5: A 45-year-old woman with history of colon cancer, polycystic ovary syndrome, and migraine, who presented with fatigue, weight
loss, and headache. No changes in bowel habits were reported. Physical examination revealed only laterocervical lymphadenopathy. (a) B-
mode US documented splenomegaly, with parenchyma subverted by multiple and rounded hypoechoic lesions (arrows). The nodules had
maximum size of 22 mm and showed no flow on Color Doppler US. Contrast-enhanced US documented (b) rim-like enhancement of the
lesions in the arterial phase (7 seconds, arrows) and hypoenhancement in the parenchymal (c) (1min 20 sec, arrows) and late phases. In
view of the patient history, this pattern was first suggestive of malignancy. However, other organs were normal on second imaging, and
histopathological examination revealed noncaseating granulomas, suggesting the diagnosis of splenic sarcoidosis (reprinted with permission

from [10]).

In conclusion, hepatosplenic sarcoidosis remains so far
a challenging diagnosis [69, 70]. Imaging findings are often
nonspecific, and, in cases of isolated abdominal organ
involvement, a diagnosis of sarcoidosis can be achieved only
by revealing noncaseating granulomas in tissue specimens
and excluding other causes of granulomatous inflammation
[36, 71, 72]. The role of conventional imaging, such as
ultrasound, CT, and MRI, can be reserved in the staging
of the disease and not for diagnostic purposes, because
isolated hepatosplenic sarcoidosis can be misdiagnosed with
disorders such as lymphoma or metastasis that manifest
with similar findings and may raise an erroneous suspicion,
especially if the patients have a history of malignancy. CEUS
has potential in the assessment of hepatosplenic sarcoidosis,
but there is need of prospective, controlled trials that aim
to explore CEUS patterns in comparison with conventional
imaging and biopsy, before drawing definite conclusions.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of the paper.

References

[1] M. C. Iannuzzi, B. A. Rybicki, and A. S. Teirstein, “Sarcoidosis,”
The New England Journal of Medicine, vol. 357, no. 21, pp. 2153-
2165, 2007.

[2] M. C. Iannuzzi and J. R. Fontana, “Sarcoidosis: clinical presen-
tation, immunopathogenesis, and therapeutics,” Journal of the
American Medical Association, vol. 305, no. 4, pp. 391-399, 2011.

[3] D. Valeyre, A. Prasse, H. Nunes, Y. Uzunhan, P. Y. Brillet, and
J. Miiller-Quernheim, “Sarcoidosis,” The Lancet, vol. 383, no.
9923, pp. 1155-1167, 2014.

[4] T.O.Hirche, H. Hirche, X. W. Cui, T. O. Wagner, and C. E. Diet-
rich, “Ultrasound evaluation of mediastinal lymphadenopathy
in patients with sarcoidosis,” Medical Ultrasonography, vol. 16,
no. 3, pp. 194-200, 2014.

[5] C. Tana, M. A. Giamberardino, M. Di Gioacchino, A. Mezzetti,
and C. Schiavone, “Immunopathogenesis of sarcoidosis and risk
of malignancy: a lost truth?” International Journal of Immuno-
pathology and Pharmacology, vol. 26, no. 2, pp. 305-313, 2013.

[6] D. G.James, “A clinicopathological classification of granuloma-
tous disorders,” Postgraduate Medical Journal, vol. 76, no. 898,
pp. 457-465, 2000.

[7] B. A. Rybicki and M. C. Iannuzzi, “Epidemiology of sarcoidosis:
recent advances and future prospects,” Seminars in Respiratory
and Critical Care Medicine, vol. 28, no. 1, pp. 22-35, 2007.

[8] H. Nunes, D. Bouvry, P. Soler, and D. Valeyre, “Sarcoidosis,”
Orphanet Journal of Rare Diseases, vol. 2, no. 1, article 46, 2007.

[9] J. P. Cremers, M. Drent, R. P. Baughman, P. A. Wijnen, and G.
H. Koek, “Therapeutic approach of hepatic sarcoidosis,” Current
Opinion in Pulmonary Medicine, vol. 18, no. 5, pp. 472-482, 2012.

[10] C. Tana, G. Iannetti, P. D’Alessandro, M. Tana, A. Mezzetti, and
C. Schiavone, “Pitfalls of contrast-enhanced ultrasound (CEUS)
in the diagnosis of splenic sarcoidosis,” Journal of Ultrasound,
vol. 16, no. 2, pp. 75-80, 2013.

[11] J. Cremers, M. Drent, A. Driessen et al., “Liver-test abnormal-
ities in sarcoidosis,” European Journal of Gastroenterology and
Hepatology, vol. 24, no. 1, pp. 17-24, 2012.

[12] C.J. Kahi, R. Saxena, M. Temkit et al., “Hepatobiliary disease
in sarcoidosis,” Sarcoidosis Vasculitis and Diffuse Lung Diseases,
vol. 23, no. 2, pp- 117-123, 2006.

[13] R.J. Schauer, U. Vélker, and A. Kreuzmayr, “An unorthodox
pancreatic lesion in a young man presenting with jaundice,”
Gastroenterology, vol. 141, no. 5, pp. 1563-1949, 2011.

[14] E. C. Ebert, M. Kierson, and K. D. Hagspiel, “Gastrointestinal
and hepatic manifestations of sarcoidosis;,” American Journal of
Gastroenterology, vol. 103, no. 12, pp. 3184-3192, 2008.



Bi

(15

(16

(17

(19

[20

[21

(22

(24

[25

[26

[27

(30

[31

oMed Research International

] D. R. Moller, “Rare manifestations of sarcoidosis,” European
Respiratory Monograph, vol. 10, pp. 233-250, 2005.

] N. Ara, K. [ijima, J. Honda et al., “Endoscopically proven case
of rapid esophagogastric variceal progression and rupture as a
result of portal hypertension with liver sarcoidosis,” Digestive
Endoscopy, 2013.

] D. M. Warshauer and J. K. T. Lee, “Imaging manifestations of

abdominal sarcoidosis,” American Journal of Roentgenology, vol.

182, no. 1, pp. 15-28, 2004.

S. Sartori, R. Galeotti, N. Calia et al., “Sonographically guided

biopsy and sonographic monitoring in the diagnosis and follow-

up of 2 cases of sarcoidosis with hepatic nodules and inconclu-
sive thoracic findings,” Journal of Ultrasound in Medicine, vol.

21, no. 9, pp. 1035-1039, 2002.

] M. Giovinale, C. Fonnesu, A. Soriano et al., “Atypical sarcoido-
sis: case reports and review of the literature,” European Review
for Medical and Pharmacological Sciences, vol. 13, no. 1, pp. 37-
44, 20009.

] A. Kessler, D. G. Mitchell, H. L. Israel, and B. B. Goldberg,
“Hepatic and splenic sarcoidosis: ultrasound and MR imaging,’
Abdominal Imaging, vol. 18, no. 2, pp. 159-163, 1993.

] C. Hoeffel, C. Bokemeyer, J. C. Hoeffel, H. Gaucher, M.
Galanski, and P. Fornes, “CT hepatic and splenic appearances
with sarcoidosis,” European Journal of Radiology, vol. 23, no. 2,
pp. 94-96, 1996.

] D. M. Warshauer, P. L. Molina, S. M. Hamman et al., “Nodular

sarcoidosis of the liver and spleen: analysis of 32 cases;

Radiology, vol. 195, no. 3, pp. 757-762, 1995.

D. Faust, C. Fellbaum, S. Zeuzem, and C. E. Dietrich, “Nodular

regenerative hyperplasia of the liver: a rare differential diagnosis

of cholestasis with response to ursodeoxycholic acid,” Zeitschrift

fur Gastroenterologie, vol. 41, no. 3, pp. 255-258, 2003.

] P. Grzelak, L. Augsburg, A. Majos et al., “Use of contrast-
enhanced ultrasonography in hepatosplenic sarcoidosis: report
of 2 cases,” Polish Journal of Radiology, vol. 77, no. 3, pp. 60-63,
2012.

] S. Bauones, T. Le Corroller, O. Durieux et al., “Splenic sar-
coidosis mimicking neoplastic disease,” Journal of Clinical
Ultrasound, vol. 42, no. 1, pp. 38-41, 2014.

] S.J. Folz, C. D. Johnson, and S. J. Swensen, “Abdominal man-
ifestations of sarcoidosis in CT studies,” Journal of Computer
Assisted Tomography, vol. 19, no. 4, pp. 573-579, 1995.

] C. E Dietrich, M. S. Leuschner, S. Zeuzem et al., “Peri-hepatic
lymphadenopathy in primary biliary cirrhosis reflects progres-
sion of the disease,” European Journal of Gastroenterology and
Hepatology, vol. 11, no. 7, pp. 747-753, 1999.

] C. E Dietrich, M. Hocke, and C. Jenssen, “Ultrasound for
abdominal lymphadenopathy,” Deutsche Medizinische Wochen-
schrift, vol. 138, no. 19, pp. 1001-1018, 2013.

] C.E Dietrich, K. Viel, B. Braden, W. E. Caspary, and S. Zeuzem,
“Mediastinal lymphadenopathy: an extrahepatic manifestation
of chronic hepatitis C?” Zeitschrift fur Gastroenterologie, vol. 38,
no. 2, pp. 143-152, 2000.

] C.Jost, C. Aiginger, and H. Prosch, “Isolated sarcoidosis of the
spleen and liver as incidental ultrasound findings,” RéFo, vol.
182, no. 4, pp. 353-354, 2010.

] W. Gul, K. Abbass, R. J. Markert, and S. Akram, “Case of

isolated hepatic sarcoidosis,” European Review for Medical and

Pharmacological Sciences, vol. 15, no. 1, pp. 107-108, 2011.

V. Vardhanabhuti, N. Venkatanarasimha, G. Bhatnagar et al,,

“Extra-pulmonary manifestations of sarcoidosis,” Clinical Radi-

ology, vol. 67, no. 3, pp. 263-276, 2012.

(33]

[34]

(37]

(38]

(41]

(42]

(43]

[44]

(47]

[48]

(49]

D. M. Warshauer, “Splenic sarcoidosis,” Seminars in Ultrasound,
CT and MRI, vol. 28, no. 1, pp. 21-27, 2007.

Z.V. Fong, ]. Wong, W. R. Maley et al., “Sarcoid-reaction mim-
icking metastatic malignant hepatopancreatobiliary tumors:
report of two cases and review of the literature,” Journal of
Gastrointestinal Surgery, vol. 16, no. 6, pp. 1245-1250, 2012.

G. Jung, N. Brill, L. W. Poll, J. A. Koch, and M. Wettstein,
“MRI of hepatic sarcoidosis: large confluent lesions mimicking
malignancy,” The American Journal of Roentgenology, vol. 183,
no. 1, pp. 171-173, 2004.

Y. Rosen, “Pathology of sarcoidosis,” Seminars in Respiratory
and Critical Care Medicine, vol. 28, no. 1, pp. 36-52, 2007.

G. Tcherneyv, C. Tana, C. Schiavone, J. C. Cardoso, J. Ananiev,
and U. Wollina, “Sarcoidosis versus sarcoid-like reactions: the
two sides of the same Coin?” Wiener Medizinische Wochen-
schrift, 2014.

G. Tchernev, “Cutaneous sarcoidosis: the “great imitator™:
etiopathogenesis, morphology, differential diagnosis, and clin-
ical management,” The American Journal of Clinical Dermatol-
ogy, vol. 7, no. 6, pp. 375-382, 2006.

G. Tchernev and U. Wollina, “Sarcoidosis, cancer and molecular
mimicry; International Journal of Immunopathology and Phar-
macology, vol. 26, no. 3, pp. 753-755, 2013.

G. C. Scott, J. M. Berman, and J. L. Higgins Jr., “CT patterns
of nodular hepatic and splenic sarcoidosis: a review of the
literature,” Journal of Computer Assisted Tomography, vol. 21, no.
3, pp. 369-372, 1997.

L. Thanos, A. Zormpala, E. Brountzos, A. Nikita, and D. Kelekis,
“Nodular hepatic and splenic sarcoidosis in a patient with
normal chest radiograph,” European Journal of Radiology, vol.
41, no. 1, pp. 10-11, 2002.

D. M. Warshauer, R. C. Semelka, and S. M. Ascher, “Nodular
sarcoidosis of the liver and spleen: appearance on MR images,”
Journal of Magnetic Resonance Imaging, vol. 4, no. 4, pp. 553-
557,1994.

T. Albrecht, M. Blomley, L. Bolondi et al., “Guidelines for the
use of contrast agents in ultrasound: January 2004,” Ultraschall
in der Medizin, vol. 25, no. 4, pp. 249-256, 2004.

M. Claudon, D. Cosgrove, T. Albrecht et al., “Guidelines and
good clinical practice recommendations for contrast enhanced
ultrasound (CEUS)—Update 2008, Ultraschall in der Medizin,
vol. 29, no. 1, pp. 28-44, 2008.

M. Claudon, C. E Dietrich, B. I. Choi et al., “Guidelines and
good clinical practice recommendations for contrast enhanced
ultrasound (CEUS) in the liver—update 2012: a WFUMB-
EFSUMB initiative in cooperation with representatives of
AFSUMB, AIUM, ASUM, FLAUS and ICUS;” Ultraschall in der
Medizin, vol. 34, no. 1, pp. 11-29, 2013.

E Piscaglia, C. Nolsge, C. E Dietrich et al,, “The EFSUMB
guidelines and recommendations on the clinical practice of
contrast enhanced ultrasound (CEUS): update 2011 on non-
hepatic applications,” Ultraschall in der Medizin, vol. 33, no. 1,
pp. 33-59, 2012.

C. E Dietrich, “Liver tumor characterization—comments and
illustrations regarding guidelines,” Ultraschall in der Medizin,
vol. 33, pp. $22-530, 2012.

C. E Dietrich, X. W. Cui, and A. Ignee, “EFSUMB Guidelines
2011: comments and illustrations,” Ultraschall in der Medizin,
vol. 33, pp. S11-S21, 2012.

D. Strobel, K. Seitz, W. Blank et al., “Contrast-enhanced ultra-
sound for the characterization of focal liver lesions—diagnos-



(50]

(51]

(52]

(54]

(55

(56]

(58]

(59]

[60]

(61]

[62]

(63]

»
>

tic accuracy in clinical practice (DEGUM multicenter trial)
Ultraschall in der Medizin, vol. 29, no. 5, pp. 499-505, 2008.

K. Seitz, T. Bernatik, D. Strobel et al., “Contrast-enhanced
ultrasound (CEUS) for the characterization of focal liver lesions
in clinical practice (DEGUM Multicenter Trial): CEUS vs. MRI
aprospective comparison in 269 patients,” Ultraschall in der
Medizin, vol. 31, no. 5, pp. 492-499, 2010.

I. G. Molins, J. M. Font, J. C. Alvaro, J. L. Navarro, M. E. Gil, and
C. M. Rodriguez, “Contrast-enhanced ultrasound in diagnosis
and characterization of focal hepatic lesions;,” World Journal of
Radiology, vol. 2, no. 12, pp. 455-462, 2012.

Y. Guang, L. Xie, H. Ding, A. Cai, and Y. Huang, “Diagnosis
value of focal liver lesions with SonoVue- enhanced ultrasound
compared with contrast-enhanced computed tomography and
contrast-enhanced MRI: a meta-analysis,” Journal of Cancer
Research and Clinical Oncology, vol. 137, no. 11, pp. 1595-1605,
2011.

M. Westwood, M. Joore, J. Grutters et al., “Contrast-enhanced
ultrasound using SonoVue (sulphur hexafluoride microbub-
bles) compared with contrast-enhanced computed tomography
and contrast-enhanced magnetic resonance imaging for the
characterisation of focal liver lesions and detection of liver
metastases: A systematic review and cost-effectiveness analysis,”
Health Technology Assessment, vol. 17, no. 16, pp. 1-243, 2013.

C. E Dietrich, M. Sharma, R. N. Gibson, D. Schreiber-Dietrich,
and C. Jenssen, “Fortuitously discovered liver lesions,” World
Journal of Gastroenterology, vol. 19, no. 21, pp. 3173-3188, 2013.

I. Sporea, R. Badea, A. Popescu et al, “Contrast-enhanced
ultrasound (CEUS) for the evaluation of focal liver lesions—
a prospective multicenter study of its usefulness in clinical
practice,” Ultraschall in der Medizin, vol. 35, no. 3, pp. 259-266,
2014.

M. Friedrich-Rust, T. Klopffleisch, J. Nierhoff et al., “Contrast-
enhanced ultrasound for the differentiation of benign and
malignant focal liver lesions: a meta-analysis,” Liver Interna-
tional, vol. 33, no. 5, pp. 739-755, 2013.

D. D. Cokkinos, M. J. Blomley, C. J. Harvey, A. Lim, C.
Cunningham, and D. O. Cosgrove, “Can contrast-enhanced
ultrasonography characterize focal liver lesions and differenti-
ate between benign and malignant, thus providing a one-stop
imaging service for patients?” Journal of Ultrasound, vol. 10, no.
4, pp. 186-193, 2007,

A. Stang, H. Keles, S. Hentschke et al., “Differentiation of benign
from malignant focal splenic lesions using sulfur hexafluoride-
filled microbubble contrast-enhanced pulse-inversion sonogra-
phy;” American Journal of Roentgenology, vol. 193, no. 3, pp. 709-
721, 20009.

X. Yu, J. Yu, P. Liang, and E. Liu, “Real-time contrast-enhanced
ultrasound in diagnosing of focal spleen lesions,” European
Journal of Radiology, vol. 81, no. 3, pp. 430-436, 2012.

W. Li, G. Liu, W. Wang et al., “Real-time contrast enhanced
ultrasound imaging of focal splenic lesions,” European Journal
of Radiology, vol. 83, no. 4, pp. 646-653, 2014.

A. Ignee, X. Cui, T. Hirche et al.,, “Percutaneous biopsies of
splenic lesions—a clinical and contrast enhanced ultrasound
based algorithm,” Clinical Hemorheology and Microcirculation,
2014.

H. X. Xu, “Contrast-enhanced ultrasound: the evolving applica-
tions,” World Journal of Radiology, vol. 1, no. 1, pp. 15-24, 2009.
A.Von Herbay, A. Barreiros, A. Ignee et al., “Contrast-enhanced
ultrasonography with SonoVue: differentiation between benign

[65]

[66]

(69]

(70]

(71]

(72]

BioMed Research International

and malignant lesions of the spleen,” Journal of Ultrasound in
Medicine, vol. 28, no. 4, pp. 421-434, 2009.

A. Stang, H. Keles, S. Hentschke et al., “Incidentally detected
splenic lesions in ultrasound: does contrast-enhanced ultra-
sonography improve the differentiation of benign heman-
gioma/hamartoma from malignant lesions?” Ultraschall in der
Medizin, vol. 32, no. 6, pp. 582-592, 2011.

M. Stryckers, D. Voet, D. Vogelaers, M. Afschrift, K. Verstraete,
and S. van Belle, “Contrast-enhanced ultrasonography in hep-
atosplenic sarcoidosis;” Acta Clinica Belgica, vol. 66, no. 6, pp.
429-43]1, 2011.

M. J. Pérez-Grueso, A. Repiso, R. Gémez et al., “Splenic focal
lesions as manifestation of sarcoidosis: characterization with
contrast-enhanced sonography,” Journal of Clinical Ultrasound,
vol. 35, no. 7, pp- 405-408, 2007.

C. Tana, G. Iannetti, A. Mezzetti, and C. Schiavone, “Splenic
sarcoidosis remains a diagnostic challenge,” Journal of Clinical
Ultrasound, vol. 42, no. 3, p. 156, 2014.

X. W. Cui, C. Jenssen, A. Saftoiu, A. Ignee, and C. E Dietrich,
“New ultrasound techniques for lymph node evaluation,” World
Journal of Gastroenterology, vol. 19, no. 30, pp. 4850-4860, 2013.
E Robertson, P. Leander, and O. Ekberg, “Radiology of the
spleen,” European Radiology, vol. 11, no. 1, pp. 80-95, 2001.

A. Karagiannidis, M. Karavalaki, and A. Koulaouzidis, “Hepatic
sarcoidosis,” Annals of Hepatology, vol. 5, no. 4, pp. 251-256,
2006.

A. P. Barreiros, B. Braden, C. Schieferstein-Knauer, A. Ignee,
and C. E Dietrich, “Characteristics of intestinal tuberculosis
in ultrasonographic techniques,” Scandinavian Journal of Gas-
troenterology, vol. 43, no. 10, pp. 1224-1231, 2008.

C. Tana, M. Tana, A. Mezzetti, and C. Schiavone, “Sarcoido-
sis: old certainties and new perspectives,” Italian Journal of
Medicine, vol. 6, no. 3, pp- 186-194, 2012.



