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Introduction

Langerhans cell histiocytosis (LCH) is an inflammatory
neoplasia of myeloid precursor cells driven by mutations in
the mitogen-activated protein kinase pathway. Clinically,
its presentation and subsequent progress of disease may
vary widely, from a single-system disease that resolves
spontaneously to a refractory multisystem disease with a
mortality rate of up to 20% (1,2). It usually occurs in the
skeletal system, and its emergence is followed by the invasion
in the cutaneous system. Liver-specific lesions are rarely
reported. The definitive diagnosis of LCH is mainly based
on histopathology and related immunohistochemical markers
(CD1la/Langerin/S100) (3). LCH is easily misdiagnosed
due to its intricate clinic features and laboratory results (4).
In this report, we describe the gray-scale ultrasound and
contrast-enhanced ultrasound (CEUS) features of this case
for further understanding of the disease.

Case presentation

An 11-year-old girl was admitted to our hospital for
treatment of unexplained abdominal pains. While
hospitalized, the patient successively underwent complete
laboratory examinations, as detailed in Table 1. The
patient had no current or prior history of hepatitis B
or C virus infection. Tumor markers including alpha-
fetoprotein (AFP), carcinoembryonic antigen (CEA), and
carbohydrate antigen 19-9 (CA19-9) were negative, as
were autoantibodies including antinuclear antibody (ANA),
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antibodies to extractable nuclear antigens (ENAs), and
antineutrophil cytoplasmic antibodies (ANCAs). During the
liver function test, the levels of transaminase and bile pigment
were normal, but the level of globulin was high, especially
immunoglobulin G (IgG; 20.9 g/L). Of particular note,
the white blood cell count (WBC) was 4.30x10°/L. Blood
cytokine levels were elevated, especially for the interleukin
2 (IL-2) receptor (1,028 U/mL), IL-8 (229 pg/mL),
and tumor necrosis factor a (TNF-a; 24 pg/mL). The
patient was considered to be at risk of infection, and a
bacteriological inspection was performed. Heart-and-
liver-protecting therapy (creatine phosphate sodium and
magnesium isoglycyrrhizinate), rehydration, and other
types symptomatic support therapy were carried out. The
anaerobic culture (liver tissue) results were negative, which
indicated that there was no significant bacterial growth, and
no Haemophilus culture.

On the same day, the patient received a magnetic
resonance imaging (MRI) examination. Multiple nodules
of different sizes were scattered throughout the liver, with
the largest one being about 15 mm x 11 mm in size. All
nodules showed slightly longer T2-weighted signals. Most
of the nodules had blurred edges and high signal in T2-
weighted imaging (Figure 14), limited diffusion in diffusion-
weighted imaging (Figure 1B), and uneven enhancement
in the arterial phase of perfusion-weighted imaging, with
predominantly peripheral enhancement. MRI indicated
multiple nodules in the liver as potentially inflammatory or
infectious lesions with slightly thickened intrahepatic bile
walls.
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Table 1 Basic laboratory examination results from the patient

Laboratory examination Results
Tumor marker
AFP (-): 1.52 ng/mL
CEA (-): 2.11 ng/mL
CA19-9 (-):29.72 U/mL
Autoantibody
ANA )
ENAs )
ANCAs =)

Liver function
1gG 20.9 g/L
IgA 2.83 g/L

Other examination

WBC 4.30x10°%/L
IL-2 receptor 1,028 U/mL
IL-8 229 pg/mL
TNF-a 24 pg/mL

AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; CA19-
9, carbohydrate antigen 19-9; ANA, antinuclear antibody;
ENA, antibody to extractable nuclear antigen; ANCA,
antineutrophil cytoplasmic antibody; IgG, immunoglobulin G; IgA,
immunoglobulin A; WBC, white blood cell count; IL-2, interleukin
2; IL-8 interleukin 8; TNF-o tumor necrosis factor a.

After admission, the patient underwent abdominal gray-
scale ultrasound and CEUS examination with an RS80A
Ultrasound Machine (Samsung Medison Co., Ltd., Seoul,
Korea). Gray-scale ultrasound revealed the presence of
multiple hypoechoic nodules in the liver (Figure 2A4), which
were accompanied by anechoic areas mainly located in the
subcapsular and apical areas of the liver, measuring 1.9 cm
x 1.6 cm and 2.0 cm x 1.7 cm in size, respectively. A color
Doppler flow imaging examination did not indicate blood
flow in the nodule. CEUS examination was used to more
deeply explore the nature of these nodules. The level of
low mechanical index was 0.24. Sonovue (Bracco, Milan,
Italy), a contrast agent, was mixed with 5 mL of normal
saline, and then 2 mL of the mixture was injected into
the patient’s elbow vein. The arterial phase of CEUS
examination showed mainly marginal enhancement in
the abovementioned intrahepatic hyperechoic region
(Figure 2B), with little contrast being visible in the
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interior of the nodule. The portal vein phase showed
low enhancement in the hepatic hyperechoic region
(Figure 2C). In the parenchymal phase, the hyperechoic
region in the liver included a lower enhancement (Figure
2D). Quantitative CEUS parameters reflecting tissue
vascularity can be obtained from time-intensity curve
(TIC) analysis. The GE NUK software (NovoUltrasound
Kit, GE HealthCare PDx, Chicago, IL, USA) was used to
acquire the fitted TIC of a region of interest (Figure 3A).
Quantitative analysis of CEUS showed that the contrast
arrival time for the lesion was 5 s, the fall time for the
lesion was 10 s, the mean transit time for the lesion was 7
s, the time to peak for the lesion was 18 s, and the time to
peak for the surrounding liver tissue was 25 s. Obviously,
the peak intensity of the lesion was higher than that of the
surrounding liver tissue (Figure 3B). The CEUS findings
indicated that the liver lesions did not resemble benign
nodules but failed to clarify the specific nature. In general,
ultrasound examination demonstrated multiple solid lesions
possibly originating from infection in the liver.

Taking full consideration of the medical record and
the preceding treatment, the physician recommended a
hepatic biopsy to determine the nature of the liver nodule.
The highly enhanced tissue, including the edges and
interior of the nodules, was taken and prepared during the
CEUS examination. The damaged local liver structure
was found microscopically, with significant eosinophil
infiltration and scattered inflammatory cells (Figure 4).
Finally, immunohistochemical results showed the following:
Langerin (+), S-100 (+), CD1a (+), CD45-leukocyte
common antigen (LCA) (+), CD68 (+), CD163 (+), cyclin
D1 (+), BRAF (positive control) (+), and Ki-67 labeling
index about 20%. These results were consistent with LCH
manifestation. Additionally, results of electron microscopy
from laboratories at other hospitals also suggested LCH
diagnosis although typical Birbeck granules were not found
in the obtained tissue (Figure 5).

The treatment team conducted extensive examinations
to find other invasive nodules. Bone puncture examination
and a radionuclide comprehensive bone scan were also
carried out. The bone puncture examination revealed
active granulocyte hyperplasia and massive eosinophils.
The radionuclide comprehensive bone scan detected no
abnormal concentration or rarefaction of radioactivity in the
skeletal system. Moreover, there was no significant rash or
bleeding spots on the patient’s skin. Therefore, lesions were
not found in the bone or skin, and so multisystem LCH was
not diagnosed.
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Figure 1 MRI before definitive diagnosis of the patient. Different sizes nodules were located mainly in the right lobe of the liver and
subcapsule of the liver but not along the portal vein. The lesions were more obvious in MR from the macroperspective. (A) Multiple nodules
with high signal in T2-weighted imaging are highlighted by yellow arrows. (B) Multiple nodules with high signal in diffusion-weighted

imaging are highlighted by yellow arrows. MRI, magnetic resonance imaging; MR, magnetic resonance.
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Figure 2 The imaging of ultrasound and CEUS examination, with the observed nodules being highlighted by yellow arrows. Nodules had
a different appearance in different periods (A) B-mode ultrasound showing a heterogeneous hypoechoic nodule, with no echo in the center.
(B) Marginal high enhancement of a nodule in the arterial phase under CEUS examination. (C) Slightly low marginal enhancement in the
portal vein phase under CEUS examination. (D) Lower overall enhancement in the parenchymal phase under CEUS examination. CEUS,

contrast-enhanced ultrasound.

Following this, the patient in our case was transferred
from the pediatric infectious gastroenterology unit to the
pediatric hematology unit. She initially underwent anti-
infective therapy at our hospital and at the time of writing,
is being treated with a specialized anti-LCH therapy. First-
line chemotherapy (prednisolone and vinblastine sulfate) was
administered successfully. Over the next half of the month,
the patient was free from abdominal pain. Clinical symptoms
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were comprehensively alleviated, but the number and size
of nodules in liver had reduced or diminished. Therefore,
nonrisky second-line chemotherapy (vindesine, cytarabine,
and prednisone) was administered. Smaller and fewer nodules
than those encountered during first-line chemotherapy were
found in the liver via MRI (Figure 64,6B). The levels of
transaminase, bile pigment, and globin returned to normal.
The lymphocyte and monocyte count in routine blood
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Figure 3 The TIC imaging of concrete quantitative analysis after CEUS examination. (A) With the red curve delineating the border of

nodule and the green curve delineating normal liver tissue as reference, the nodule’s quantitative CEUS was analyzed. (B) The nodule was

rapidly enhancing and subsiding, and in contrast, the normal liver tissue was enhancing slowly over a longer period. TIC, time-intensity

curve; CEUS, contrast-enhanced ultrasound.

Figure 4 Histopathological diagnostic images in an 11-year-old girl with liver LCH diagnosed via ultrasound-guided biopsy. The

histopathological image revealed a broken local liver structure, significant eosinophil infiltration, and scattered inflammatory cells.

Hematoxylin and eosin staining at magnification x40 (left) and x100 (right). Inmunohistochemical examination findings of Langerin (+) and

S-100 (+) indicated liver LCH. LCH, Langerhans cell histiocytosis.

testing had returned to a normal range.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was provided by the patient’s legal guardians for publication
of this case presentation and accompanying images. A copy
of the written consent is available for review by the editorial
office of this journal.

Discussion

LCH is a rare proliferative disease with an incidence of
2.6 to 5.4 cases per million children (5). Due to it being a
multisystem disease and its intricate clinical manifestation,
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LCH is difficult to diagnose. Once a patient is suspected
of having LCH, pathological biopsy and accurate
immunohistochemical examination are essential for a
definitive diagnosis (6).

Isolated-liver LCH is rare, but liver involvement is
commonly found in disseminated LCH, mainly within
pediatric patients (7). To our knowledge, few reports of
isolated liver LCH have been published in the PubMed
English-language literature. However, in reports of most
patients with liver LCH, these patients were sent to
hospital with hepatic lesion, extra-hepatic bile duct tumor,
hepatic dysfunction, or jaundice as the first presentation,
which were usually accompanied by other nodules in
the bone, skin, or even the pulmonary system (4,8-10).
Some researchers believe that liver LCH could progress
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Figure 5 The results of electron microscopy from needle biopsy tissue. Liver LCH was diagnosed, but typical Birbeck granules were not
found. Hematoxylin and eosin staining at magnification x1.0 k, x2.0 k, x2.5 k, and x3.0 k. The scales (10.0 pm, 5.0 pm) represent values of
the entire scales. LCH, Langerhans cell histiocytosis.

Figure 6 The MRI during the patient’s treatment. (A) Many large nodules, high signal in T2-weighted imaging, a diffused distribution were
found in the liver during first-line chemotherapy. (B) Smaller and fewer nodules and high signal in T2-weighted imaging were found in the

liver during nonrisky second-line chemotherapy. MRI, magnetic resonance imaging; L, left; R, right.

to end-stage chronic liver disease due to its potential to late phase of LCH (11,12) and is likely to be found in the
develop into sclerosing cholangitis in disseminated LCH. gastrointestinal tract of most affected children, traveling
Liver involvement in disseminated LCH indicates the through the portal vein to the blood stream and ultimately
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into the liver and causing infection of the biliary tract or
liver parenchyma (13). In one case report, the patient had
acute liver failure with cutaneous, renal, pituitary, and
hematologic manifestations of secondary LCH (14). The
liver transplant was the only solution for a cure. Most
literature on liver LCH has been published by journals in
the transplantation field. Generally, poor prognosis is often
associated with late-phase LCH, particularly in adults,
and orthotopic liver transplantation is often performed to
improve clinical symptoms (11,12). This requires more
careful care and follow-up after transplantation, resulting
in a heavy burden on patients and increased social medical
pressure. Therefore, the early diagnosis of liver LCH is
crucial, and a convenient sonography examination will be a
first choice to achieve early discovery and early screening.

For certain diseases, depending on the involved body
part, ultrasound is not preferred for early detection or
screening. However, without early diagnosis, scheduling
of early treatment in time and a good prognosis are not
possible. In one case of pulmonary LCH, thoracic computed
tomography (CT) indicated multiple diffuse cystic lesions
in both lungs with right pneumothorax. During pleurodesis,
numerous distinctive bullae were found in the lung (15).
However, such specific pathological features were not
demonstrated on ultrasound. This indeed may be the
case for lung or gastrointestinal tract disease (16) due to
interference from gas. The ultrasound waves can barely
propagate through the tissue, resulting in poor diagnostic
relevance for lung or gastrointestinal tract diseases. In
another case of LCH with pituitary involvement, the
manifestations were heterogeneous, mainly low-signal and
patchy high-signal nodules on magnetic resonance (MR)
T2-weighted imaging, which suggested an inflammatory
tumor-like lesion all over the body that was eventually
diagnosed as LCH (17). For rare cases of brain LCH,
ultrasound is also not a suitable diagnostic method, but
MR is superior to CT in the diagnosis of soft tissue lesions.
When the skull reaches a certain stage, the structure in the
skull has been completely blocked by the skull. Because the
ultrasonic wave cannot completely penetrate the skull, the
structure and lesions of the brain cannot be explored; this
constitutes a major limitation of ultrasound. However, when
multiple liver nodules and superficial lesions, such as skin
lesions, are detected by ultrasound, proper consideration
should be given to a potential diagnosis of LCH without
delay of treatment.

For liver LCH, ultrasound has the benefit of real-time
discovery, fine resolution of the liver tissue, and economic
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benefits. Many imaging methods have been applied to
assist the diagnosis of liver LCH, among which ultrasound
has certain advantages compared with CT and MR. In
previous reports, periportal nodules were typically found
in the early proliferative phase, with irregular hyperecho
in B-mode ultrasound, low density in CT, and low T2-
weighted signal in MRI (18). In the study of Shi ez 4/., all 13
children diagnosed with liver LCH were found with band-
like or nodular lesions in CT and MRI, which manifest as
periportal abnormalities (19).

More importantly, the blood supply of hepatic tissue can
be easily discerned and the nature of the tissue explored
with CEUS examination, but this has not been extensively
reported. In the reports of Chaudhary ez 4/. (7) and Gupta
et al. (20), contrast-enhanced CT examination of most
nodules characteristically showed well-circumscribed
hypodense hepatic nodules with ring enhancement and
extensive periportal hypodense nodules. As commonly
known, completing a full CT or MR examination is more
costly than is ultrasound examination. However, regardless
of the examination type, higher-resolution ultrasound that
can visualize lesions in detail has an absolute advantage. In
their report, Mampaey ez 4/. (18) indicated that sonography
showed complex hypoechoic nodules, with no diffuse
enhancement and no periportal abnormalities such as those
described in previous reports. In this case, our situation was
slightly similar to that of Mampaey et 4/. compared with
CT or MR, CEUS examination additionally revealed the
activity of the nodules to guide needle biopsy for valuable
tissue collection, facilitating a definitive diagnosis. The
commonality among these previous cases was that most of
the liver nodules mentioned were diagnosed via ultrasound-
guided puncture. Thus, ultrasound has considerable
advantages in the diagnosis of liver diseases.

Our patient described here is the first reported case
in over 10 years of isolated-liver LCH initially detected
via quantitative CEUS imaging. The quantitative CEUS
examination was performed in this case. Due to the advantages
of CEUS in high-resolution and real-time detection,
hypoechoic nodules mainly featured uneven annular high
enhancement, but only a small amount of contrast agent
filled the center of nodules. In addition, quantitative CEUS
examination revealed that the nodules were rapidly enhancing
and subsiding relative to normal liver tissue. Considering the
above imagological signs, we believed that the contrast agent-
filled part of the lesion suggested blood supply, indicating
that the central tissue might have been active, while the
part without contrast agent-filled part was considered to
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be necrosis, suggesting an inflammatory lesion in this case.
However, after analyzing the report of the quantitative
CEUS examination, we considered the nodule to be a
neoplastic lesion. The nature of LCH has been debated
in terms of it being neoplastic or inflammatory in origin,
as these two etiologies would have different diagnostic
implications (13). According to the treatment strategy of
our case, LCH was consistently deemed to be a neoplastic
lesion. As a result, quantitative CEUS examination might be
helpful to distinguish between etiologies of neoplasm and
inflammation in lesions.

From the perspective of liver LCH, the progress of
histology consists of four different phases in chronological
order: a proliferative phase, a granulomatous phase, a
xanthomatous phase, and eventually a fibrous phase (21).
Special pathology examination is the only method to
accurately determine the stage of liver involvement. The
improvement in our patient after chemotherapy implied
that the disease might not have been in the late phase. To
a certain extent, this might be explained by the fact that
CEUS can predict if liver LCH is not in the late stage.
However, the relevant literature (22) suggests that among
patients with LCH and at-risk organ involvement, liver
LCH is an independent factor for poor prognosis. This may
be the reason why standard first-line chemotherapy was not
effective in treating the liver LCH in our case. Furthermore,
the discrepancy in the performance in ultrasound between
our case and that of previous cases might be due to their
different histological staging, which should be examined
further in future work. Overall, to determine whether CEUS
can predict the pathological stage and guide treatment
planning, an analysis of a large sample of LCH cases will
be needed. For patients with liver LCH, it is necessary
to choose treatment according to the pathological stage,
location, and number of occurrences, and then to adjust the
program according to the imaging methods.

Conclusions

Early detection, early diagnosis, and early treatment
of LCH, especially liver LCH, is urgently needed.
Although isolated-liver involvement in LCH is rare and
easily misdiagnosed, B-mode ultrasound and CEUS
examination, with their unique advantages, may be
beneficial in facilitating diagnosis earlier than may CT
or MR. Quantitative CEUS examination is valuable for
distinguishing neoplastic lesions from inflammation in
liver LCH.
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