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Abstract
Background Langerhans cell histiocytosis is a rare disease
that occurs mainly in children, and hepatic involvement is
generally a poor prognostic factor.
Objective To describe CT and MRI findings of hepatic in-
volvement of Langerhans cell histiocytosis in children, espe-
cially the abnormal bile duct manifestation on magnetic reso-
nance cholangiopancreatography (MRCP).
Materials and methods Thirteen children (seven boys, six
girls; mean age 28.9 months) were diagnosed with dissemi-
nated Langerhans cell histiocytosis. They underwent CT (n=
5) or MRI (n=4), or CT and MRI examinations (n=4) to
evaluate the liver involvement.
Results Periportal abnormalities presented as band-like or
nodular lesions on CTandMRI in all 13 children. The hepatic
parenchymal lesions were found in the peripheral regions of
the liver in seven children, including multiple nodules onMRI
(n=6), and cystic-like lesions on CT and MRI (n=3). In 11 of
the 13 children the dilatations of the bile ducts were observed
on CT and MRI. Eight of the 13 children underwent MR
cholangiopancreatography, which demonstrated stenoses or
segmental stenoses with slight dilatation of the central bile
ducts, including the common hepatic duct and its first-order
branches. The peripheral bile ducts in these children showed
segmental dilatations and stenoses.

Conclusion Stenosis of the central bile ducts revealed by MR
cholangiopancreatography was the most significant finding of
liver involvement in Langerhans cell histiocytosis in children.
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Introduction

Langerhans cell histiocytosis is a rare disease that occurs
mainly in children and has a wide clinical spectrum varying
from a localized lesion to disseminated lesions [1]. Dissemi-
nated Langerhans cell histiocytosis is a life-threatening con-
dition affecting multiple organ systems and usually occurs in
infants and young children; hepatic involvement has been
recognized as a risk factor with a poor prognosis [2, 3].
Confirming hepatic infiltration in Langerhans cell histiocytosis
is significant for planning a treatment strategy and improving
the prognosis of patients [4].

Diagnostic imaging plays an important role in visualizing
hepatic infiltration in Langerhans cell histiocytosis. Periportal
abnormalities demonstrated on US, CT and MRI, though lack-
ing in specificity, have been reported as the most important
features of hepatic involvement in Langerhans cell histiocytosis;
these abnormalities are related to periportal inflammation and
infiltration or fibrosis [5–13]. However, Langerhans cell
histiocytosis in the liver causes exquisite tropism of the bile
ducts. It has been reported that Langerhans cells mainly affect
the major and perihilar bile ducts, consequently leading to
cholestasis [14, 15]. Direct infiltration of bile ducts by
Langerhans cells has also been reported to be the pathogenesis
of Langerhans-induced sclerosing cholangitis, and the CD1a-
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positive Langerhans cells have been observed to destroy the
walls of major ducts on immunohistochemical staining [13,
15]. Magnetic resonance cholangiopancreatography (MRCP),
when imaging the bile within the biliary tree with heavily T2-
weighted sequences, might be more sensitive than US, CT and
conventional MRI in revealing the bile duct abnormalities [16].

Until now, two cases of bile duct abnormalities have been
reported in detail on MRCP in LCH patients [4, 17]. The
purpose of this study was to demonstrate CT and MRI find-
ings of hepatic involvement in pediatric Langerhans cell
histiocytosis and to highlight our initial observation on the
bile duct abnormalities using MRCP in eight young children.

Materials and methods

Patients

This review was approved by the ethics committee of our
institution. From April 2008 to June 2012, 51 children were
diagnosed at our institution with Langerhans cell histiocytosis.
If US imaging of the liver of these patients indicated the
abnormality, then an MRI or CT examination followed. Thir-
teen children underwent CT or MRI or both at the Department
of Radiology of our hospital, including seven boys and six girls
with a mean age of 28.9 months and range of 13–52 months.
Clinically, they were all categorized as having disseminated
Langerhans cell histiocytosis. In these children liver involve-
ment is suspected if they have one or more of the following
indications: jaundice, elevated liver enzymes, hypoproteinemia
and portal hypertension. Eight of the children had elevated
serum of hepatic enzymes. Seven manifested jaundice. Three
had suspected hepatic lesions during examination, the primary
lesions being in the pituitary or bones. One of them did not
show obvious hepatic-related symptoms. Two of them had
hepatic lesions confirmed 2 weeks to 6 months after being
diagnosed with Langerhans cell histiocytosis but without he-
patic-related symptoms. The other organs involved by
Langerhans cell histiocytosis included skin (n=8), cranial bone
(n=4), pituitary (n=2), ilium and rib (n=2). A series of biopsy
specimens were obtained from skin, bone and liver of these
children for further pathological analysis.

CT and MRI examinations

The imaging examinations in 13 children included CT (n=5)
or MRI (n=4), or CT and MRI (n=4) (Table 1). Nine of the 13
children underwent abdominal CT, which included
noncontrast- and contrast-enhanced scans with a delay of 60–
70 s after initiation of intravenous injection of contrast material
(Omnipaque, 300 mg iodine/ml, dose 1.5–2 ml/kg; GE Med-
ical Systems, Milwaukee, WI) at a rate of 1–2 ml/s. All CT
examinations were performed on a 64-detector row scanner

(LightSpeed, GEMedical Systems) with 50–60 mAs and 100–
120 kVp, slice thickness 5 mm. The console-displayed volume
CT dose indices (CTDIvol, units mGy) ranged 2.56–3.20 mGy,
and dose length product (DLP, units mGy-cm) ranged 112.52–
127.86 mGy-cm based on the 32-cm body phantom.

Eight of the 13 children underwentMRI (four had undergone
CT prior to MRI) on a 1.5-T system (Avanto; Siemens, Erlang-
en, Germany) with phased-array body coil. The MR sequences
included a fast imaging with steady-state precession (FISP)
sequence for a pilot scan, and respiratory-gated turbo spin echo
(TSE) T2-weighted imaging (repetition time/echo time [TR/TE]
>4,000/102 ms, echo train length [ETL] 25, number of excita-
tions [NEX] 1 and slice thickness 5mm); respiratory-gated turbo
fast low angle shot (FLASH) T1-weighted imaging (TR/TE
>1,540 ms/2.3 ms, inversion time [TI] 900 ms, flip angle 15°,
NEX 2); enhanced T1-weighted imaging was performed in two
children after administration of contrast medium (Omniscan, GE
Healthcare Ireland, Cork, Ireland) at a dose of 0.1 mmol/kg.

Eight children underwent MRCP with respiratory-gated 3-
D heavily T2-weighted imaging plus fat saturation. The pa-
rameters included TR/TE >4,000 ms/714 ms, ETL 115, slice
thickness 1 mm and NEX 2. Maximum-intensity projection
and multi-planar reformatted images on raw data were obtain-
ed on an MR workstation (Syngo, version MR B17; Siemens,
Erlangen, Germany).

CT and MRI data analysis

CT and MRI datasets were reviewed on the PACS and MRI
workstations by two radiologists with more than 9 years of
experience with CT and MR imaging. The radiologists were

Table 1 Demographics of 13 children with hepatic involvement of
Langerhans cell histiocytosis

Patient
number

Gender Age
(months)

Organs involved Image modalities

1 F 18 Liver, temporal bonea MRI, MRCP

2 F 36 Pituitary, liver, scalpa MRI, MRCP

3 M 14 Livera, skina MRI, MRCP

4 M 52 Skina, liver MRI, MRCP

5 M 25 Liver, skina CT, MRI, MRCP

6 F 15 Skina, liver CT, MRI, MRCP

7 M 36 Frontal bonea, livera CT, MRI, MRCP

8 F 48 Pituitary, livera CT, MRCP

9 M 36 Temporal bonea, liver CT

10 M 13 Skina, blood, liver CT

11 M 22 Iliuma, liver CT

12 F 48 Liver, cranial bonesa,
skin, rib

CT

13 F 15 Liver, skina CT

a The biopsy specimens were obtained from these organs. MRCP MR
cholangiopancreatography
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blinded to the clinical information and a consensus interpreta-
tion of image findings was performed in cases of discordance.

CT and MRI were analyzed according to the following
criteria: (1) the periportal lesion distribution. Central periportal
lesion was described when it presented along the main portal
vein and its first-order branches, and peripheral periportal
lesion was described when it presented along the distal portal
vein branches [18]; (2) the density/signal intensity of periportal
lesions on CT and MRI (defined as hypo-, iso- or hyper-dense
signal intensity compared with normal liver parenchyma); (3)
enhancement patterns of periportal lesions on CT and MRI,
and enhancement degrees on CT, which were defined as mild
(less than 30 Hounsfield units [HU]), moderate (30–60 HU) or
remarkable (more than 60 HU) enhancement; (4) bile duct
abnormalities on CT, MRI and MRCP images. Bile duct
dilatation was evaluated on contrast-enhanced CT and T2-W
MR images, and the bile duct dilatations and stenoses were
evaluated on MRCP. We defined the central bile duct as the
common hepatic duct and its first-order branches, and the
peripheral bile duct as the bile duct distal to the first-order
branches. The biliary stenoses and dilatations were defined in
comparison with their neighboring ducts. Ductal dilatation was
considered present if the diameter of the bile duct was greater
than that of the central portion [16]. The type of dilatation was
described as cylindrical, cystic or a bead-like pattern.

Pathology

All the biopsy specimens obtained from skin, bone and liver
of the children were identified by using hematoxylin-eosin
and immunohistochemical staining (Langerhans cell markers
such as CD1a, CD68, langerin and S-100 protein) by the
pathologists at our institution.

Results

The imaging findings of hepatic abnormalities in Langerhans cell
histiocytosis on CT, MRI andMRCP are summarized in Table 2.

Bile duct abnormalities

The bile duct abnormalities were found on contrast-enhanced
CT, T2-W MRI and MRCP images. Dilatation of the
intrahepatic bile ducts in 11 of the 13 children presented as
hypodensity on contrast-enhanced CT and hyperintensity on
T2-W MRI and MRCP images (Table 2). Eight children
underwent MRCP, and five of them showed stenoses of the
central bile duct manifesting as the interruption of the common
hepatic duct and its first-order branches, and three of them
showed segmental stenoses with slight dilatations of thosemajor
bile ducts (Figs. 1, 2 and 3). Furthermore, we observed segmen-
tal stenoses and dilatations of the peripheral bile ducts in both the
right and left lobes in these eight children. The dilatation of the
peripheral bile ducts was seen onMRCP as a cylindrical pattern
in 3/8, a cystic pattern in 2/8 and a beading pattern in 6/8.

Periportal abnormal density/signal intensity

The periportal abnormalities were present as band-like or nod-
ular lesions on CT and MRI in all patients. These lesions were
distributed along the portal vein trees in the left and right lobes
and were mainly hypodense on noncontrast CT (8/9) (Fig. 4)
and mixed hypointense and hyperintense signal on T2-WMRI.
They showed mixed hypointense and hyperintense signal (5/7)
or hypodensity (2/7) on T1-W MRI (Figs. 1 and 2). The
periportal lesions were moderately and heterogeneously en-
hanced after administration of the contrast media (Figs. 2 and 4).

Parenchymal lesions

The hepatic parenchymal lesions were found in the peripheral
regions of the liver in seven children, including multiple nodules
onMRI (n=6), and cystic-like lesions onCTandMRI (n=3). The
diameter of parenchymal lesions ranged 2–20 mm, and they
appeared hypointense on T1-W MRI and hyperintense on T2-
W MRI. After administration of contrast media, the nodular
lesions were homogeneously enhanced and the cystic-like lesions
showed ring-like enhancement on CT (Fig. 3).

Table 2 CT and MRI findings in 13 children with hepatic involvement of Langerhans cell histiocytosis

CT/MRI findings Plain CT CECT T1-W MRI T2-W MRI MRCP

Intrahepatic bile ducts Dilatation 7/9 6/7 Bead-type pattern 6/8

Cylindrical 3/8

Cystic 2/8

Stenosis 8/8

Periportal lesions Hypo-density/-intensity 8/9 Moderate enhancement (9/9) 2/7 0
Mixed density/-intensity 1/9 5/7 7/7

Parenchymal lesions Nodular lesions 0 6/7 6/7
Cystic-like lesions 2/9 0 1/7

CECTcontrast-enhanced computed tomography, MRCPMR cholangiopancreatography
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Liver pathology

Biopsy of the liver was performed in three children
(patients 3, 7 and 8 in Table 1). In patients 3 and 7,
ductular proliferation and fibrosis was observed on
histopathology.

In patient 8 there was infiltration of histiocytic and inflam-
matory cells, and cystic changes (based on the inflammatory
nodules with central eosinophils and peripheral Langerhans
cells) were observed on histopathology, and the Langerhans
markers, e.g., CD1a, S-100 protein and langerin (CD207),
were positive in these lesions on immunohistochemical stain-
ing. The multiple cystic lesions in this child were identified on
CT (Fig. 3), while MRCP imaging demonstrated the stenoses
of the common hepatic duct and its first-order branches, with
segmental dilatations of the left large bile duct, slight

dilatations of the peripheral small bile ducts and multiple
cystic lesions along the biliary system.

Discussion

In the liver Langerhans cells show an unusual affinity to the bile
ducts [15]. The association between Langerhans cell
histiocytosis and sclerosing cholangitis has beenwell established
[13, 19]. It has been reported that Langerhans cells mainly
involve the major and perihilar bile ducts [14]. The preferential
involvement of the major bile ducts also explains why
Langerhans infiltration is so rarely found on the percutaneous
biopsy of the liver [15]. Therefore it is important to detect the
hepatic lesions in Langerhans cell histiocytosis by using image
modalities such as US, CT and MRI. MRCP has been found to

Fig. 1 MRCP and MRI in a 25-month-old boy (patient 5). a MRCP
image demonstrates total interruption of the common hepatic duct and its
first-order branches. Segmental dilatation of the peripheral bile ducts in
both the left and right lobes can be seen. Note the common bile duct (long
arrow), the left hepatic duct branch (short arrow) and the right hepatic
duct branch (arrowhead). b The periportal lesions show slightly

heterogeneous signal intensity on axial T2-WMR image. The dilated left
bile duct shows high signal intensity, surrounded by the lower-intensity
periportal lesions. cThe periportal lesions showmainly low intensity with
patchy high intensity on axial T1-W MR image. MRCPmagnetic reso-
nance cholangiopancreatography

Fig. 2 MRCP and MRI in a 15-
month-old girl (patient 6). a
MRCP image demonstrates
multiple stenoses of the common
hepatic duct and its first-order
branches. Segmental dilatations
and stenoses of the left hepatic
duct branch can be seen. The right
hepatic duct branch was not seen
on MRCP. The normal common
bile duct is noted (long arrow),
along with the left hepatic duct
branch (short arrow) and the
gallbladder (arrowhead). bThe
central periportal lesion
demonstrates mainly high signal
intensity on axial T2-W MRI and
low signal intensity on (c) axial
T1-W MRI, and moderate
enhancement on (d) contrast-
enhanced axial T1-WMRI.MRCP
magnetic resonance
cholangiopancreatography
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be more sensitive than US, CT and conventional MRI in reveal-
ing the bile duct abnormalities in Langerhans-induced sclerosing
cholangitis, and its diagnostic accuracy was comparable to that
of endoscopic retrograde cholangiopancreatography [16, 20].

In the current study, the significant findings onMRCP images
were multiple stenoses and segmental dilatations of the central
and peripheral bile ducts.With respect to the central bile ducts the
interruption of the common hepatic duct and its first-order
branches was the most characteristic finding on MRCP, consis-
tent with the report that the major and the perihilar bile ducts
were the ones mainly affected by Langerhans cells [14]. Further-
more, concerning the peripheral bile ducts, cylindrical or cystic
dilatation and a bead-like pattern of biliary branches were man-
ifested in the left and right lobes, consistent with the previous
observations on both radiologic imaging and pathological detec-
tion [13, 14]. The findings of normal appearance of the extrahe-
patic bile ducts and segmental dilatations and stenoses of the
intrahepatic bile duct branches were consistent with the charac-
teristic manifestation of sclerosing cholangitis [14, 17].

The multiple stenoses and long-segmental interruption of
the bile ducts might be attributed to the proliferation of ductal
walls [8, 13]. On pathology, Langerhans cells were present
within the basement membrane of the bile ducts, stripping the
residual epithelial cells off the ductal wall [13, 15]. Infiltration
by Langerhans cells, inflammatory cells or proliferation of
ductal walls could lead to the multiple stenoses and long-

segmental interruption of the bile ducts [8, 13], while the
dilatation of bile ducts might be the secondary offset to the
proximal bile duct stenosis, or the direct sequel of the destruc-
tive cholangitis [13]. In fact, we observed that the stenoses of
the bile ducts were in line with periportal lesions on axial CT
and MRI. Therefore the stenoses of the central bile ducts
on MRCP were underlying the extensive periportal lesions
in the perihilar area demonstrated on T1- and T2-W MRI.

The varied CT and MRI findings of periportal lesions in our
study have been reported [5, 8–11]. In the seven children who
had MRI the periportal lesions manifested as heterogeneous
signal intensity on T1-W and T2-W images, implicating the
pathological evolution of hepatic Langerhans cell histiocytosis.
It has been reported that in the proliferative and granulomatous
stage, periportal lesions are hypodense on CT, hypointense on
T1-WMRand hyperintense on T2-WMRI; in the xanthomatous
stage, because of periportal fatty infiltration, the lesions appeared
hypodense onCT images and hyperintense on T1-WMRI; in the
fibrous stage, hypo-signal intensity on T2-W MR and spotty
calcification on CT might be presented [1, 7, 10, 11]. The
heterogeneous signal intensity pattern in our patients was possi-
bly caused by the coexistence of mixed pathological conditions,
such as inflammation, fat infiltration and fibrosis [13].

Multiple nodular and cystic-like lesions in the peripheral
regions of the liver were observed in our study. The scattered
and well-defined nodular lesions appeared hypodense on plain

Fig. 3 MRCP and CT in a 4-year-old girl (patient 8). aMRCP demon-
strates multiple dilatations and stenoses of the common hepatic duct and
its branches. Multiple cystic-like lesions along the intrahepatic biliary
system can be seen, and there is a large gallbladder. Note the common bile
duct (long arrow), the left hepatic duct branch (short arrow) and the right

hepatic duct branch (arrowhead). bNonenhanced axial CT shows multi-
ple hypodense cystic lesions. c On contrast-enhanced axial CT there is
ring-like enhancement of the lesions. MRCP magnetic resonance
cholangiopancreatography

Fig. 4 Periportal lesions on axial
CT in a 3-year-old boy (patient 9).
a The periportal lesions are
hypodense on noncontrast axial
CT. bAfter administration of
contrast agent, the periportal
lesions are moderately enhanced
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CT, hypointense on T1-W MRI and hyperintense on T2-W
MRI, and with a homogeneous enhancement pattern after
administration of contrast media. Pathologically, the nodular
lesions were possibly Langerhans cell infiltrations that pro-
duced cell masses ranging from focal granulomatoid foci to
confluent tumor-like lesions [13]. In fact, in addition to bile duct
proliferation with portal triaditis, the nodular parenchymal le-
sion with triaditis was one of the common pathological patterns
in hepatic involvement by Langerhans cells [21]. Furthermore,
the cystic-like lesions demonstrated in our three patients were
hypodense on plain CT and hypointense on T1-W MRI and
hyperintense on T2-W MR images, with a ring-like enhance-
ment pattern. This type of pathology has been rarely reported
and might be based on the inflammatory nodules with central
eosinophils and peripheral Langerhans cells [22]. The alterna-
tive pathology was destructive cholangitis of larger bile ducts,
consequently producing the cystic-like dilatations and bile ex-
travasations [13].

Limitations

Our study was a retrospective study with a small group of
patients, so the imaging modalities and the protocols in our
study were not well matched. Not all patients in this study
underwent MRCP examination; thereby it remains unknown
whether the stenoses of the central bile ducts were present in
the other five patients. One should be cautious to make con-
clusions based on the specificity of these MRCP findings,
because we have not compared them with other causes of
sclerosing cholangitis. Further study is needed to better un-
derstand the clinical significance of these MRCP findings.

Conclusion

The stenoses of the central bile duct and the segmental dilata-
tions and stenoses of the peripheral bile ducts on MRCP are
significant characteristics in hepatic involvement of
Langerhans cell histiocytosis in children. The periportal ab-
normal density/signal intensity and parenchymal lesions were
seen on CT and MRI images in all of our patients.
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