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Langerhans cell histiocytosis in children: R

the value of ultrasound in diagnosis
and follow-up
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Abstract

Background Langerhans cell histiocytosis (LCH) is a rare disease, most prevalent in children. Ultrasound is a noninva-
sive, cheap, and widely available technique. However, systematic elucidation of sonographic features of LCH and treat-
ment related follow-up are relatively few, resulting in overall underestimation of the clinical value of ultrasound

in diagnosing and monitoring LCH.

Objective This study aimed to observe the sonographic features of Langerhans Cell Histiocytosis (LCH) comparing
with other imaging examinations, and to evaluate the changes of ultrasonography in the follow-up of LCH in children.

Materials and methods Forty-four children (female:male, 19/25; median age, 60 months; range, 8 to 192 months)
with LCH were included in this retrospective study. Thirty-one had single-system involvement (SS-LCH), and 13 had
multisystem involvement (MS-LCH) among the 44 children. We analyzed the clinical characteristics, ultrasound (US)
images, and images from other modalities, including X-ray, computed tomography (CT), and magnetic resonance
imaging (MRI). The sonographic characteristics of the various involved organs, particularly bone, thyroid, and liver
were analyzed, and the percentage of LCH cases correctly identified by the various imaging modalities were
evaluated.

Results Localized worm-like bone defects solid hypoechoic lesions were found in 38 patients with a total of 43
skeletal lesions, which showed solid hypoechoic lesions on US. Five patients showed hypoechoic or hyperechoic
areas in the liver. Two patients showed scattered or diffuse irregular hypoechoic areas in the thyroid. Two patients
with skeletal and 1 with thyroid involvement showed smaller lesions and lower blood flow after chemotherapy, and 6
lesions involving the liver resolved or were smaller in US review. The percentage of LCH cases correctly identified of US
(65.38%) was higher than that of X-ray (21.05%) (P=0.026) for skeletal lesions, which was comparable to that of CT
and MRI. The overall correctly identified percentage of US for LCH was not significantly different from that of other
imaging modalities.

Conclusion LCH can be detected and suspected based on sonographic features. US may be an excellent tool

for the diagnosis and follow-up of LCH in children.
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Highlights

- Pediatric Langerhans cell histiocytosis (LCH) can be detected and suspected based on sonographic features.
- Ultrasound examination outperforms other imaging modalities in the initial evaluation of pediatric LCH.

- Ultrasound may be an ideal imaging tool for post-treatment follow-up of LCH in children.

Keywords Ultrasound, Langerhans cell histiocytosis, Children

Background

Langerhans cell histiocytosis (LCH) is a rare disease
characterized by the accumulation of cells thought to be
derived from CD1at or CD207" dendritic cells (DCs) or
macrophagesb in various tissues [1]. LCH affects indi-
viduals of all ages, and the peak incidence is between
1 and 4 years of age [2, 3]. LCH can affect any organ or
site. The clinical manifestation and course of LCH are
remarkably variable, ranging from a self-healing single-
system disease to a widely disseminated multisystem dis-
ease [4]. The skeletal system is most affected in children
with LCH, known as eosinophilic granuloma of bone
(EGB), which accounts for approximately 75% to 80%
of LCH cases [5], followed by the skin, pituitary, liver,
spleen, lungs, and lymph nodes [6, 7]. Additionally, the
liver, spleen, and bone marrow are risk organs (ROs) for
patients with LCH, whereas thyroid involvement is rela-
tively rare.

Currently, patients with single-system involvement
(SS-LCH) are typically treated with surgery, which is
associated with favorable outcomes. However, patients
with multisystem involvement (MS-LCH), particularly
those with RO involvement, usually require multimodal-
ity treatment and have variable prognoses [6]. During
clinical diagnosis and treatment, single-focal SS-LCH
is a self-limiting disease [8]. If appropriate treatment
is provided, the prognosis is usually good [8]; MS-LCH
depends on which organs are involved, but whether ROs
are involved is directly related to its efficacy and prog-
nosis [6]. A systematic and proactive treatment plan is
needed for MS-LCH patients with RO involvement [6].
In addition, the 5-year recurrence rate of SS-LCH is less
than 20%, while that of MS-LCH is 50% or less. Recur-
rence usually involves the same organ system but may
also involve different parts [6] and may develop from
SS-LCH to MS-LCH [9]. As such, an early and accurate
diagnosis of LCH is crucial to improve the survival of
LCH patients.

Clinically, the diagnosis of LCH is made by immuno-
histochemical pathological dendritic cell-specific mark-
ers CD1at or CD207*1. However, due to its nonspecific
clinical manifestations, pretreatment imaging examina-
tions, such as ultrasound (US), X-ray, computed tomog-
raphy (CT), and magnetic resonance imaging (MRI), are

necessary. To date, many ongoing studies have focused on
LCH; unfortunately, most of these studies were reported
as case reports [8, 10—12]. Moreover, systematic elucida-
tion of the sonographic features of LCH and treatment-
related follow-up are relatively few, resulting in an overall
underestimation of the clinical value of US in diagnos-
ing and monitoring LCH. Therefore, this study aimed to
analyze the relevant US features in LCH, to compare US
with other imaging examinations and to summarize the
changes in US characteristics in the treatment of LCH.

Methods

Subjects

This retrospective study was approved by the local
institutional review board, and the requirements for
informed consent forms were waived by Branch for Med-
ical Research and Clinical Technology Application Eth-
ics Committee of the First Affiliated Hospital of Fujian
Medical university. The diagnosis of LCH was based on
clinical, radiological, and histological findings. The con-
firmation of diagnosis of LCH was made by pathologi-
cal analysis with dendritic cell-specific markers CD1a*
or CD207%. We defined the involved organs base on
surgical or biopsy pathology. For additional organ or
tissue involvement, diagnoses were made by clinicians
who assessed clinical examinations, symptoms, relevant
laboratory findings, imaging, and lesion resolution or
reduction after treatment for LCH. We retrospectively
reviewed the clinical data, US images, and other imaging
(X-ray, CT, and MRI) data of pediatric patients (under
18 years old) with suspected LCH in our hospital from
January 2013 to March 2023. Finally, forty-four children
(female:male, 19/25) were enrolled in the study, rang-
ing in age from 8 to 192 months. Patients were selected
according to the following criteria: (i) pathologically
proven LCH by surgery or biopsy; and (ii) at least one of
the following imaging examinations was performed: US,
X-ray, CT, and MR; and (iii) all patients undergo a skele-
tal survey through a physical examination by clinical doc-
tors. Patients were excluded according to the following
conditions: (i) the presence of rheumatic immune disease
or other genetic or metabolic diseases; (ii) the absence
of imaging data for the first visit to our hospital; and (iii)
poor imaging quality. Finally, three cases were ruled out.
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The protocol for whole body evaluation of LCH in chil-
dren was followed the European guidelines [4].

US examination

In the study, a variety of commercially available US
instruments with high-frequency line array probes for
5-18 MHz and low-frequency convex array probes for
1-5 MHz were used, including IU22 (Philips, Amster-
dam, Netherlands), EPIQ 5 (Koninklijke Philips N.V.,
Amsterdam, Netherlands), and ACUSON Sequoia
(Siemens, Washington, USA). Children who could not
cooperate were sedated with oral 10% chloral hydrate
0.3-0.5 ml/kg body mass.

Other imaging examinations
Other imaging examinations were obtained with the
machines and parameters described below.

X-ray: GE Definium 6000 DR and SIEMENS YSIO
Max medical diagnostic X-ray machines with the follow-
ing parameter settings: current, 30 mA; voltage control,
65 kV; and scan time, 0.25 ms.

CT: Toshiba Aquilion 16-row spiral CT with the fol-
lowing scanning parameters: tube voltage, 120 kV; tube
current, 350 mA; and scanning layer thickness, 1 mm.
Toshiba Aquilion one 320-row CT machine with the fol-
lowing scanning parameters: tube voltage, 120 kV; tube
current, 300 mA; and layer thickness, 0.5 mm.

MR: 1.5 T Toshiba EXCELART Vantage MRT-1503
Atlas-X and 3.0 T Siemens MAGNETOM Verio MR
scanners with a 20-channel combined head and neck
coil or 8-channel body phased array coil. Conventional
MRI sequences included T1WI, T2WI, DWI and con-
trast enhanced fs-T1WI. TIWIL TR, 250-690 ms; TE,
2.5-24 ms: T2WI: TR, 2200-6000 ms; TE 57-120 ms;
contrast enhanced fs-T1WI: TR, 500-740 ms; TE, 9.9—
24 ms. The contrast agent was Gd-BOPTA at a dose of
0.1 mmol/kg.

Imaging analysis

US examination was particularly focused on the abdo-
men, neck, skin, and skeletal system. Ultrasonographic
observations included (i) abnormalities in the morphol-
ogy, size, and echogenicity of organ tissues and focal
lesions; (ii) the location, number, size, echogenicity, bor-
ders, and color Doppler flow image (CDFI) characteris-
tics of focal lesions; (iii) the sonographic characteristics
of tissues surrounding focal lesions, such as bone, bile
ducts, and portal veins; (iv) abnormalities in the lymph
nodes near the affected organs or tissues; and (v) the
accumulation of fluid in the abdominal cavity. In addi-
tion, in describing the sonographic changes in the thy-
roid gland, we defined the image of multiple adjacent
hypoechoic areas in the parenchyma separated by linear
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hyperechoic bands forming pseudo nodules as giraffe
like-skin changes.

Other imaging examinations were performed on differ-
ent systems throughout the whole body, focusing on the
following: (i) which organ was involved in the suspected
LCH; (ii) the location, size, density, and signal intensity of
the LCH lesion; and (iii) the evaluation of the surround-
ing lesion and bone destruction.

Follow-up observation

The follow-up period was 1-72 months. The ultrasono-
graphic follow-up observations included (i) changes in
the shape, size, echogenicity, and blood flow signal of the
involved organs and tissues in LCH after surgery or drug
treatment and (ii) the observation of new lesions in other
areas.

Statistical analysis

Statistical analysis was performed using SPSS 26.0 soft-
ware. The statistical information is presented as the
median (interquartile range [IQR]). The different imaging
modality findings were compared with histopathologi-
cal results.The diagnostic accuracy rate=the number of
correctly diagnosed LCH lesions/the number of lesions
for which a certain examination was performed. The chi-
square test Bonferroni’s multiple comparisons method
was used to compare the diagnostic accuracy of different
imaging modalities in the SS-LCH and MS-LCH groups.
A P value<0.05 indicated that the difference was statis-
tically significant. Bar charts were made using Microsoft
Excel 2023 software.

Results

Baseline clinical characteristics

The cohort consisted of 44 children with LCH, includ-
ing 31 SS-LCH (19 male and 12 female) and 13 MS-LCH
(6 male and 7 female) patients. The median (IQR) ages
of SS-LCH and MS-LCH patients were 34.5 (28-108)
and 36 (16-156) months, with ranges of 8 months to
168 months and 8 months to 192 months, respectively.
Of the 31 patients with SS-LCH, the lesions of 25 skel-
eton involved had surgical pathology, and the remaining
4 patients had biopsy pathology. Among the 13 patients
with MS-LCH, 11 patients had skeleton surgical pathol-
ogy, and 2 liver and 1 skin had biopsy tissue sampled.
For additional organ or tissue involvement, diagnoses
were made by clinicians. The main clinical manifesta-
tions included a local palpable mass (SS-LCH/MS-LCH:
21/8), local pain (4/4), abnormal movement (2/1), epigas-
tric discomfort (0/5), palpable thyroid enlargement (0/2),
rash (2/3) and asymptomatic (2/0). 8 patients had blood
abnormal liver function (SS-LCH/MS-LCH: 3/5), and 2
had blood thyroid function abnormal with MS-LCH. Of
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the 31 patients with SS-LCH, the lesions of 25 were sur-
gically removed, and 6 patients were treated medically.
Among the 13 patients with MS-LCH, 4 were treated
surgically, 2 were treated with medical drugs, and 7
were treated with medical drugs after surgical removal
of lesions involving bone. Twenty patients whose initial
symptoms were body masses preferred to choose or were
advised by doctors to have an Ultrasonic scanning as first
imaging exam, 7 were for X-ray, 2 were for CT, and none
for MRI. The sites of LCH involvement in the children in
this study are shown in Fig. 1. There were 3 SS-LCH chil-
dren with skin involved opted out of further radiographic
evaluation after clinicians found no skeletal abnormalities
on physical examination during the initial visit, and the
all remaining children had at least one skeletal imaging
examination. No patients underwent contrast-enhanced
CT, all patients had non contrast CT (NCCT). There
were 15 patients (SS-LCH: MS-LCH, 10/5) underwent a
MRI enhanced examination for skeletal lesions.

Sonographic features

Skeletal US sonography

A total of 30 skeletal lesions detected by US were came
from 26 children with clinical manifestations includ-
ing localized palpable masses, localized pain, and
motor abnormalities. Specifically, bone destruction was
found in 24 lesions, which showed local osteolytic and
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worm-like bone destruction with irregular margins in the
bone defects. Twenty-two lesions were solid hypoechoic
lesions with clear borders within the area of bone loss.
Eighteen lesions showed internal homogeneous echo-
genicity, 4 lesions had varying degrees of necrosis, and 22
lesions demonstrated varying degrees of internal blood
flow signals (Figs. 2a-d, 3a-d and 4a-g).

Abdominal US sonography

In the patients with SS-LCH, the liver was mildly
enlarged in 3 patients, and the echogenicity of the liver
parenchyma was rough and inhomogeneous. Two chil-
dren with skin involvement showed no abnormalities on
abdominal sonograms. In the patients with MS-LCH, the
sonogram showed that (i) the liver was enlarged to vary-
ing degrees in 5 patients, in whom hypoechoic or hyper-
echoic areas were seen in the liver, with either scattered
or diffuse distribution, and the hypoechoic areas were
distributed along the intrahepatic bile ducts in 2 patients,
which was accompanied by a thickening of the portal
vein wall and gallbladder wall. (ii) The common bile duct
wall and intrahepatic bile duct wall were thickened and
their echogenicity was increased in 2 patients, with local-
ized narrowing or dilatation of the intrahepatic bile duct.
(ili) Mild splenomegaly was found in 2 patients, with
scattered hypoechoic areas found in the parenchyma.
(iv) Two patients showed lymph node enlargement in the

25 Skeleton with
29 lesions

20 craniofacial lesions

Others: 3 cones, 1 clavicle,

31SS-LCH ]
3 liver

| 1 rib, 2 femurs, 1 iliacus, 1

tibia

3 skin

LCH

13 Skeleton with
14 lesions

9 craniofacial lesions

Others: 3 vertebrae, 1 rib,

13 MS-LCH

5 liver, 2 spleen

1 femur

2 thyroid

nodes

2 abdominal lymph

1 kin

3 lung

Fig. 1 Distribution of LCH involvement in children
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Fig. 2 Imaging of a child with SS-LCH who had multiple lesions in the right temporal region. a-c Bone defect area with irregular margins
and internal solid hypoechogenicity. d CDFI examination showed a rich blood flow signal within the lesion

Fig. 3 Imaging in a child with SS-LCH who had a single lesion in the left mandible. a Bone defect area with irregular margins and internal solid
hypoechogenicity. b CDFl examination showed a few short streaks of blood flow signal within the lesion. ¢ MR TTW1 enhanced scan showing
a mass in the left mandible with significant enhancement and peripheral bone destruction. d Three-dimensional CT reconstruction imaging
showing osteolytic destruction of the mandibular angle to the ascending mandibular branch
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Fig.4 Imaging in a child with MS-LCH. a Physical signs of scalp, nails, eyelids, and anus. b CT shows bone destruction with soft tissue density
shadows inside and its CT value was 34Hu. ¢ MR TTW1 enhanced scan showing a mass in the left seventh posterior rib, with significant
enhancement and poorly displayed local rib bone. d-e Sonogram showing a left posterior seventh rib lesion with rich blood flow signal. f-g
A review four months after first-line chemotherapy showed a markedly reduced lesion and blood flow signal on the sonogram

Fig. 5 Imaging in a child with MS-LCH. a-c Intrahepatic portal vein wall thickening and scattered hypoechoic areas along the bile ducts. d
Splenomegaly with scattered hypoechoic areas seen in the spleen
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hepatic hilar region, and 1 patient showed a small amount
of fluid in the abdominal cavity (Figs. 5a-d and 6a-c).

Neck and skin US sonography

Two patients with MS-LCH showed abnormal thyroid
morphology, with scattered or diffuse irregular hypo-
echoic areas within the gland. One patient had multiple
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adjacent hypoechoic areas, forming changes similar to
giraffe-like skin; CDFI examination showed a slightly
enriched blood flow signal in the hypoechoic area. US
showed no obvious abnormalities in the cervical lymph
nodes (Fig. 7a-b).

Three patients with SS-LCH showed single or multiple
hypoechoic nodules in the subcutaneous fat layer with

Fig. 6 The same patient as in Fig. 4. a The liver parenchyma was rough and inhomogeneous, accompanied by thickening of the portal vein
wall and dilated intrahepatic bile ducts. b CT scan showing dilated intrahepatic bile ducts and their surrounding hypodense foci. ¢ US showed
a significant reduction of the intrahepatic lesions four months after first-line chemotherapy

Fig. 7 The same patient as in Fig. 4. a Multiple hypoechoic nodules in the left lobe of the thyroid gland, forming changes similar to giraffe-like
skin. b Rich blood flow signals can be seen in hypoechoic nodules. c-d After four months of first-line chemotherapy, the lesion significantly shrank,

and the blood flow signal decreased on follow-up examination

Fig. 8 Imaging in a child with SS-LCH. a-b Four hypoechoic nodules of varying sizes in the subcutaneous layer of the left middle thigh (a),
and abundant blood flow signals in the nodules on CDFI examination (b). ¢ pulsed wave Doppler (PW) examination indicated low resistance arterial

type spectrum
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unclear boundaries, uneven internal echoes, and abun-
dant blood flow signals at the edge of the nodules on
CDFI examination (Fig. 8a-c).

US sonography in the follow-up

For the patients with posttreatment follow-up, 1 SS-LCH
and 2 MS-LCH patients showed smaller EGB lesions and
reduced blood flow signals after chemotherapy (Fig. 4d-f).
The echogenicity of 3 patients with SS-LCH liver involve-
ment became normal after six months of treatment.
Among the patients with MS-LCH, 3 patients had smaller
lesions in the liver in posttreatment follow-up (Fig. 6¢). One
patient with thyroid involvement underwent a posttreat-
ment US examination, which showed that the intraglan-
dular lesion had decreased in size and that the blood flow
signal was reduced (Fig. 7c-d). In 28 of 29 patients who
underwent surgical removal of lesions, no lesion recur-
rence or new lesions were found; in the remaining patient,
who had MS-LCH, a new lesion above the upper medias-
tinal thymus gland appeared after 17 months of follow-up.

M EGB M descriptive diagnosis
30

25
20
15
10
5
0

X-ray

Fig. 9 Differentimaging findings of the skeletal system involved in SS-LCH

M EGBM descriptive diagnosis

14
12
10
8
6
4
2
0
us X-ray
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Comparative analysis with other imaging

In terms of the skeletal system, 18, 12, 16, and 15 SS-
LCH patients underwent US, X-ray, NCCT, and MR
examinations, with accuracies of 61.11% (11/18),
25.0% (3/12), 31.25% (5/16), and 86.67% (13/15) for
EGB, respectively. Among MS-LCH patients, 8, 7,
10, and 13 patients underwent US, X-ray, NCCT and
MR examinations, with accuracies of 75.0% (6/8),
14.28% (1/7), 50.0% (5/10), and 84.61% (11/13) for
EGB, respectively. The diagnosis of skeletal lesions by
US, X-ray, NCCT, and MR examinations, including the
number of correct diagnoses of EGB, misdiagnoses,
missed diagnoses and undetected diagnoses, are shown
in bar charts (Figs. 9 and 10, Tables 1 and 2).

For diagnosing nonskeletal lesions, all 3 children with
SS-LCH with liver involvement underwent abdomi-
nal US and MR examination, and 2 underwent NCCT.
However, liver abnormalities were detected only by US
examination; no abnormalities were found on NCCT
or MR. Three children in the SS-LCH group had US

misdiagnose M missed diagnosis M undetect

misdiagnose M missed diagnosis @ undetect

Fig. 10 Different imaging findings of the skeletal system involved in MS-LCH
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Table 1 Comparison of the diagnostic accuracy rate of US and
other imaging for the diagnosis of skeletal EGB in LCH (n/N, %)

SS-LCH MS-LCH Total
us 11/18 (61.11)*° 6/8(75.00)*° 17/26(65.38)
X-ray 3/12(25.00)° 1/7(14.28)° 4/19(21.05)°
CcT 5/16(31.25)° 5/10(50.00)*° 10/26(38.46)*°
MR 13/15(86.7) 11/13(84.61)? 24/28(85.71)2P
X2 14.092 10.587 9.252
P 0.003 0014 0.026

In the same column, for those labelled with different letters, there was a
statistical difference in the comparison of the two methods; for those labelled
with the same letter, there was no statistical difference in the comparison of the
two methods

Abbreviations: EGB eosinophilic granuloma of bone

Table 2 Comparison of overall diagnostic accuracy of US with
other imaging modalities in the diagnosis of LCH (n/N, %)

SS-LCH MS-LCH Total
us 12/24(50.00)*° 7/9(77.78)*° 19/33(57.58)*°
X-ray 3/12(25.00)P 1/7(14.28)P 4/19(21.05)°
T 5/18(27.78)° 5/10(50.00)*° 10/28(35.71)°
MR 13/18(72.22)? 11/13(84.61) 24/31(77.42)°
X2 11.598 11.094 18.667
P 0.09 0.01 0.000

In the same column, for those labelled with different letters, there was a
statistical difference in the comparison of the two methods; for those labelled
with the same letter, there was no statistical difference in the comparison of the
two methods

examinations of palpable skin masses, which were mis-
diagnosed as nodular fasciitis and hemangioma, but no
other imaging examinations were performed. Among
the MS-LCH patients, 5 children had liver involvement.
These 5 children underwent US examinations, 3 also
underwent NCCT, and 2 also underwent MRI examina-
tions. They were all diagnosed with LCH by US, and the
position and size changes in the liver shown in either
NCCT or MRI were generally consistent with the US
findings. US indicated thyroid involvement in 2 chil-
dren, while no significant abnormalities were seen on
NCCT or MRI examinations.

As shown in Table 1, the percentage for the diagno-
sis of skeletal EGB in LCH cases correctly identified
of US (65.38%) was higher than that of X-ray (21.05%)
(P=0.026), which was comparable to that of NCCT
and MRI examinations for skeletal lesions. As shown in
Table 2, The overall correctly identified percentage of
US for LCH was not significantly different from that of
other imaging modalities (X-ray, CT, and MRI) by chi-
square test Bonferroni’s multiple comparisons method
(P>0.05).
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Discussion

This study aimed to observe the sonographic features of
LCH comparing with other imaging examinations, and to
evaulate the changes of ultrasonography in the treatment
of LCH in children. A total of 44 patients were included
in the study. This study showed that sonographic features
of the various involved organs, particularly bone, thyroid,
and liver were characteristic in pretreatment and pos-
treatment. For skeletal lesions, the diagnostic accuracy
rate of US was higher than that of X-ray, which was com-
parable to that of CT and MRI examinations. The overall
diagnostic accuracy rate of US for LCH was not signifi-
cantly different from that of other imaging modalities.

US evaluation for LCH

LCH can affect any organ or site, but the skeletal system
is predominantly involved. Moreover, unifocal rather
than multifocal lesions are more common. Therefore,
X-rays and CT are usually preferred imaging modali-
ties in evaluating LCH in clinics. However, US has rarely
been used in the past to confirm bone involvement in
EGB [13]. With the evolution and development of mus-
culoskeletal US, US has been shown to be feasible and
is increasingly used to diagnose skeletal diseases. The
benefits of US in skeletal disease diagnosis are due to
the use of increasingly high-frequency probes, provid-
ing a strong ability (almost comparable to that of MRI)
to visualize soft-tissue lesions in the body and allowing
fine discrimination of the muscles and superficial tis-
sue nerve structures [14]. In the current study, we found
that for children with EGB whose initial symptoms were
body masses, especially those occurring in the crani-
ofacial region, US was the most suggested examination.
The sonogram features in these patients included local-
ized bone destruction and hypoechoic solid masses with
blood flow signals within the bone loss area, which were
consistent with previous studies [15]. As the disease
progresses, fibrosis, focal bleeding, and necrosis occur
within the lesion. In this study, one case of EGB was mis-
diagnosed as hematoma due to the presence of many liq-
uefied areas. Moreover, one patient with a temporal mass
showed obvious swelling and pain at the initial visit. The
lesion was misdiagnosed as an inflammatory mass since
the patient showed an increased white blood cell count.
After anti-inflammatory treatment, the symptoms of
this patient and the follow-up US showed no significant
changes. Finally, the biopsy sample analysis confirmed
that the lesion was an LCH lesion.

LCH rarely affects the liver, and most patients with liver
lesions have MS-LCH. Patients with liver involvement
are considered high-risk patients. A study [16] found
that the 1-year survival rate of high-risk LCH patients is
only 33%, the 5-year survival rate is 25%, and the survival
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rate of MS-LCH without high RO involvement is 98.4%
[17]. Therefore, early diagnosis is very important. LCH
is histologically divided into four different stages: initial
proliferation, intermediate granuloma, xanthoma, and
late fibrous stages [18]. In this study, US examination of
SS-LCH patients showed a coarse, inhomogeneous liver
parenchyma, possibly due to the initial proliferation stage
of the lesion. For MS-LCH patients, US showed scat-
tered or diffusely distributed hypoechoic areas in the
liver, some of which were distributed along the bile duct
or portal vein, accompanied by a thickening of the wall
of the portal vein and the wall of the biliary system. This
may be due to the robust infiltration of inflammatory
cells at the granulomatous stage, confirming that LCH
was an inflammatory reactive disease initially. As the
disease progresses into the xanthoma stage, lipid depos-
its accumulate in the liver, presenting as hyperechoic
areas on US and low density areas on NCCT (as shown
in Fig. 6). In addition, in this study, there were 2 patients
who showed involvement of the spleen and lymph nodes,
which are rich in the reticuloendothelial tissue and sus-
ceptible to LCH. Therefore, attention should be given to
observing abnormalities in the spleen and lymph nodes
during abdominal US examination.

Skin lesions are the second most common clinical man-
ifestation of LCH, accounting for approximately 30—60%
of cases [19], particularly in infants. SS-LCH skin lesions
are observed in 2% of the total LCH population [6]. LCH
lesions have different forms and severities, with crusts or
squamous papules and papules in the dermis as the most
common manifestations. Rare lesions include angioma-
tous lesions, chickenpox-like rashes, or purpura [6]. In
this study, one child initially presented with scalp, nail,
eyelid, and anus involvement and received routine treat-
ment for a period in the dermatology department, but no
obvious improvement was found. Histopathological anal-
ysis of a tissue biopsy was then performed, which con-
firmed a diagnosis of LCH. Subsequently, lesions were
found in his rib (as shown in Fig. 4). Ultrasonography is
preferred when the clinical manifestation of subcutane-
ous tissue lesions is a palpable mass on the body surface.
In this study, hypoechoic nodules were found in 2 lesions
in the subcutaneous fat layer of patients with SS-LCH;
these lesions were misdiagnosed as other neoplastic
lesions because of the rare skin involvement in SS-LCH
and the nonspecific US manifestations. In this regard,
color Doppler US could assess the blood supply of the
nodules and ensure the safety of surgery.

LCH involving the thyroid gland is rare in MS-LCH
and mostly occurs in a subset of adults with MS-LCH
[20-22]. Patten et al. [20] summarized the cases of 66
patients with thyroid gland involvement (both adults and
children) and found that 59% of patients presented with
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diffuse lesions, 25.8% presented with nodular enlarge-
ment, and 19.7% presented with hypothyroidism. In the
present study, two patients with thyroid involvement
showed diffuse hypoechoic areas in the unilateral lobes,
forming a "giraffe-like" appearance on the sonogram. The
diagnosis was made in combination with abnormal blood
thyroid function tests, other systemic manifestations, and
the hypoechoic areas decreased after treatment, further
confirming the US diagnosis. The prognosis of thyroid
LCH is usually good, but a long follow-up is necessary, as
multiple systems may be involved.

Other imaging examinations for LCH

Of note, the clinical presentation of LCH is complicated
and varied, and its diagnosis ultimately depends on his-
topathology; the main role of diagnostic imaging is to
screen for suspected LCH, assess the extent of the dis-
ease, confirm multisystem involvement, and monitor the
treatment response [4].

For skeletal lesion detection, this study showed that
X-ray examination can preliminarily detect the location
of skeletal lesions and assess the degree of bone destruc-
tion; however, X-ray examination still suffered from the
limitations of low-density resolution, poor display of
the internal structure of EGB lesions. This study found
that US can provide excellent diagnostic confidence in
the diagnosis of LCH, especially for children with EGB.
In this study, the comparison of X-ray and US showed
that US more clearly displayed the periosteal soft tissue
changes, but it could not display bone destruction as
well as X-ray. CT is a cross-sectional scan approach that
can detect lesions that are poorly displayed or missed on
X-ray with a better demonstration of the internal struc-
ture of the lesion. However, it had been found that the
accumulation of CT doses increases the competitiveness
of cells with cancerous potential, and that there was a
positive correlation with the risk of hematologic malig-
nancies [23, 24]. Ultrasonography cannot replace CT in
assessing localized LCH, but it can reduce the number of
follow-up CT examinations [15]. Thus, it is importance
of minimizing radiation exposure, particularly in pedi-
atric populations, and need for judicious use of imaging
modalities in clinical practice. MRI was inferior to X-ray
and CT for showing the morphology of skeletal lesions,
while it showed better soft tissue resolution and allowed
multiaxis multisequence scanning, which is of high value
in determining the nature of the lesion. Furthermore,
MRI has high diagnostic accuracy. Nevertheless, the
biggest challenge of MRI examination in children with
LCH was that children find it difficult to tolerate the
MRI acquisition procedure, resulting in severe motion
artifacts in addition to its expensive price. Compared
to CT and MRI, US is highly flexible, allowing various



Yang et al. BMC Medical Imaging (2025) 25:29

cross-sectional views during examination, with the most
representative views selected for analysis and diagnosis.
Although the presentation of focal LCH lesions in chil-
dren’s bones is not specific with US, the features are suf-
ficient to suggest a preliminary diagnosis and to monitor
the evolution of the lesion during treatment [15]. For
non-skeletal lesion detection, three children with SS-
LCH and liver involvement underwent both abdominal
US and MRI, and two also had NCCT. However, liver
abnormalities were detected only by ultrasound, with no
abnormalities found on NCCT or MRI. Similarly, in MS-
LCH patients, ultrasound indicated thyroid involvement
in two children, while NCCT and MRI showed no signifi-
cant findings. This discrepancy may be attributed to the
lack of contrast-enhanced CT or MRI of the abdomen or
neck in our cohort. Ultrasound’s interactive nature allows
real-time observation and history-taking, potentially
enhancing diagnostic yield in such cases.

In this study, US, X-ray, NCCT, and MRI were used
to evaluate local lesions. However, it should be noted
that the staging and classification of LCH depend on
whole-body imaging scans [25], and whole-body imag-
ing is not available with US. In this regard, the whole-
body assessment of LCH still depends on other imaging
examinations.

Our study has several limitations. First, as our hospital
is not a hospital specializing in the care of children, the
relatively small sample size limits further identification of
the clinical and imaging features of LCH. Second, since
this was a retrospective study, the imaging examination
methods and machines were not the same for all patients,
and the time intervals for follow-up observation were not
consistent for all patients. Third, our follow-up of these
patients was relatively short, which hindered our further
investigation of treatment-related imaging alterations.

Conclusions

The diagnosis of LCH is extremely challenging, and the
various imaging examinations are mutually complemen-
tary. This study shows that LCH can be detected and
suspected based on sonographic features, which can
provide clinicians with direct visualization information.
Compared to other imaging modalities, ultrasound is
non-radioactive, cost-effective, and convenient. It also
does not require contrast agents to assess lesion vascular-
ity, making it a useful tool for guiding biopsies or surgery
at the bedside. Additionally, it may be an ideal imaging
tool for evaluating treatment-related changes in LCH.
Clinicians ought to have a thorough understanding of the
optimal imaging techniques suitable for various organs
and systems, which is essential for the timely diagnosis of
conditions.
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