
© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2020;10(12):2379-2386 | http://dx.doi.org/10.21037/qims-19-953

Introduction

Erdheim-Chester disease (ECD) is a rare non-Langerhans 
cells systemic histiocytosis characterized by multiple lesions 
that can involve several organs and systems [including 
central nervous system (CNS), bones, skin, heart and vessels] 
and produce a highly heterogeneous clinical picture (1).  
Therefore, a correct patient diagnostic work-flow has to be 
based on a multidisciplinary approach, including the clinical 
examination, histopathology and integrated imaging (2).  
Indeed, imaging plays a key role in the diagnosis of ECD, 
often requiring the combination of bone scintigraphy 
for skeletal assessment (1), radiography (RX), computed 
tomography (CT), and magnetic resonance imaging (MRI) 
for characterization of specific organ involvement (3), 
and 18F-fluorodeoxyglucose (18F-FDG) positron emission 
tomography (PET)-CT for systemic evaluation and 
treatment assessment (4).

To date, combined PET-MRI is the most complex and 
sophisticated hybrid imaging platform available whole-
body imaging assessment. PET-MRI combines molecular 
information of PET with excellent anatomic details of MRI 
systems and overcoming limitations of each modality alone (5).

We here describe for the first-time simultaneous PET-
MRI findings in a patient affected by ECD, showing multi-
systemic involvement in a single shot imaging session.

Materials and methods

PET/CT acquisition was performed on a Gemini TF 

(Philips Medical Systems, Best, The Netherlands) 
tomograph designed with a multi-ring LYSO block 
detectors system, as previously reported (6). PET data was 
acquired in sinogram mode for 15 min with a matrix size of 
144 × 144. PET data were reconstructed using the LOR-
TF-RAMLA algorithm; therefore data was post filtered 
with a three-dimensional isotropic gaussian of 4 mm at 
FWHM. CT-based attenuation maps were created with 
a low dose CT scan (120 kV, 80 mA) using commonly 
employed bi-linear scaling. The acquisition time was 3 min 
per bed position (BP), with 5\6 BPs (each 21 cm) covering 
the trunk of the patients starting from the pelvis and 
moved up toward the head. The result was a total PET/CT 
acquisition time of approximately 15 min. 

Following, about 20 min after the start of the PET/
CT acquisition and using the same radiotracer injection, 
a PET/MR scan was started. Whole-body PET-MRI 
data were simultaneously acquired using a scanner  
3 Tesla Biograph mMR tomograph (Siemens Healthineers, 
Erlangen, Germany) about 70 minutes after the 380 MBq 
18F-FDG administration. PET data were reconstructed with 
an AW OSEM 3D iterative reconstruction algorithm. MR 
attenuation correction was performed via a segmentation 
approach based on 2-point Dixon MRI sequences.

During PET acquisition, MRI was acquired using 32 
channels body coil and 12 channels phased array brain 
coil combined to form a multichannel coil by using total 
imaging matrix technology. For the whole-body study, we 
considered the following MRI sequences: T1-weighted 
and T2-weighted short time inversion recovery (STIR), 
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acquired in coronal planes; T2-weighted and diffusion 
weighted imaging (DWI), in axial planes; 3D fat-suppressed 
T1-weighted gradient-echo (VIBE) sequence, acquired 
in coronal direction before and after gadolinium-based 
contrast (Gadovist 1.0 mmol/mL, Bayer) injection. In the 
same session, dedicated sequences for the heart and brain 
study were included. The result was a total PET/MR 
acquisition time of approximately 40 min for the whole-
body acquisition.

Dual source computed tomography (DSCT) was performed 
with a 3rd generation dual source multidetector scanner 
(Somatom Force, Siemens Healthineers, Erlangen, Germany). 
At first, a non-contrast scan was detected to evaluate possible 
presence of calcifications. Tube voltage was adjusted by the 
use of an automated attenuation-based tube voltage selection 
functionality (CARE kV, Siemens). Following, 90 mL of 
iodinated contrast agent (Iomeprol 400 mgI/mL, Iomeron 
400, Bracco, Italy) at 2.0 mL/s followed by 30 mL of saline 
at the same flow were injected. Data were reconstructed 
by a dedicated 3rd generation advanced modelled iterative 
reconstruction (ADMIRE, Siemens Healthineers, Erlangen, 
Germany) using medium sharp convolution kernels (Br40), 
strength level of 3, section thickness of 1.0.

The study was approved by institutional ethics committee 
board of IRCCS Pascale (NO.: 3/17) and written informed 
consent was obtained from the patient for publication of 
this manuscript and any accompanying images. 

Results

A 53-year-old man was diagnosed with neurohistiocytosis 
and referred to our institution for the imaging work-flow. 
He was affected by pan-hypopituitarism (diabetes insipidus, 
hypogonadism and hypocorticosurrenalism) and at 
neurological examination presented bilateral exophthalmos 
and a cerebellar syndrome, consisting of ataxic gait, 
nystagmus and dysarthria.

Previously, two cutaneous translucent papular lesions in 
pectoral and popliteal region were removed and processed 
for morphological analysis. The histopathological analysis 
revealed a widespread infiltration of dermis by CD68+ and 
CD163+ histiocytes, suggestive of a xantogranuloma, a non-
Langerhans cell histiocytic lesion (2).

To narrow the diagnosis among systemic histiocytic 
disorders of adults, we performed an extensive imaging 
protocol based on the PET/CT and PET-MRI.

PET imaging showed a modest and inhomogeneous 
uptake of 18F-FDG at the level of kidneys, perirenal 
regions [max standardized uptake values (SUV) =2.8]  
(Figure 1A,B) and at the distal segment of the left femur (max 
SUV = 6.8) (Figure 1C).

Whole body MRI demonstrated: a mild inhomogeneity 
of the bilateral retro-orbitary fat (Figure 2A); a mild 
concentric thickening of the aorta wall in its thoracic tract, 
showing a discrete enhancement after contrast injection and 
generally referred as “coated aorta sign” (Figure 2B); a diffused 
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Figure 1 Positron emission tomography (PET) alterations in Erdheim-Chester disease (ECD). (A) Maximum intensity projection (MIP) of 
whole-body PET showing a modest and inhomogeneous uptake of 18F-fluorodeoxyglucose (18F-FDG) at the level of kidneys and perirenal 
regions (B) and distal segment of the left femur (C).
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and inhomogeneous thickening of the retroperitoneal 
perirenal space of both sides (volume: 8,472.36 cm3), 
showing enhancement after contrast injection, and 
typically referred as “hairy kidney sign” (Figure 2C);  
an asymmetric sclerotic alteration of the distal portion of 
both femurs, more pronounced on the left side (volume:  
20 cm3) (Figure 2D).

Brain MRI demonstrated: an empty sella (ES), showing 
pituitary gland shrinking and cerebrospinal fluid filling 
the sella turcica (Figure 3A); an enlargement of the 
cerebellar subarachnoid spaces due to mild atrophy of the 
cerebellar vermis (Figure 3B); a mild asymmetric T2/FLAIR 
hyperintensity nearby the dentate nuclei and in the white 

matter around the fourth ventricle (Figure 3C).
Cardiac MRI highlighted a solid mass with a diameter 

of 34 mm and a longitudinal length of 50 mm in the right 
atrio-ventricular sulcus, well visible in the four-chambers 
view, and compatible with a typical localization of ECD 
(Figure 4).

Based on PET-MRI findings, a DSCT acquisition 
was performed to detail perirenal and bone alterations. 
The DSCT investigation confirmed retroperitoneal 
fibrotic thickening and femoral bone involvement, already 
detected by PET-MRI and suggested by CT-coregistered 
PET (Figure 5A,B) and allowed a better morphological 
characterization of the coated aorta alteration (Figure 5C,D).

A B

C D

Figure 2 Whole body MRI findings in Erdheim-Chester disease (ECD). (A) Volumetric sequence showing mild inhomogeneity of retro-
orbitary fat (red arrow); (B) Coronal T1-weigthed image after e.v. contrast injection showing a longitudinal concentric thickening of the 
aorta wall, known as coated aorta sign (red arrow); (C) Abdominal axial T1 showing diffuse inhomogeneity of the perirenal space, known as 
hairy kidney sign (red arrow); (D) coronal STIR image showing medullary sclerotic lesions of both the femurs (red arrow).
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Discussion

ECD is a rare non-Langerhans cells histiocytosis, 
characterized by systemic infiltration of histiocytes in 
various organs, causing multiple lesions responsible for a 
very heterogeneous clinical picture (7). ECD mostly affects 
male adults between the 5th–7th decades of life. The most 
common presentation symptom is bone pain, followed by 
panhypopituitarism and neurological symptoms (ponto-
cerebellar dysfunction) (8).The pathogenesis of this 
heterogeneous histiocytic disorder is still object of debate; 
however, the identification of the clonal nature of the 
disorder and the BRAFV600 mutation, are progressively 
reformulating our understanding of the pathogenesis and 

clinical management of the disease (9).
From the first description by William Chester in 1930 (10),  

almost 550 cases have been reported and the number of 
cases has dramatically increased in the last 10 years due to 
increased recognition of the disease. 

The diagnosis of ECD depends on the combination of 
histopathologic findings (CD68+, CD163+, CD1a− histiocytes) 
in the appropriate clinical and imaging context (1,11).

The latter plays a key role in diagnosis of ECD. In 
particular we highlighted the significance of the integration 
of PET scan combined with MRI, exploiting the ability 
to provide functional and morphological information that 
have a significant impact in diagnostic assessment, patient 
management and potentially outcome. 

A B C

Figure 3 Brain MRI findings in Erdheim-Chester disease (ECD). (A) The red circle shows the empty sella (ES), with the sella occupied by 
a cerebrospinal fluid diverticulum; (B) Enlargement of cerebellar subarachnoid spaces was highlighted (red arrow); (C) Volumetric sequence 
T2-weighted showing an hyperintense signal alteration around the 4th ventricle on axial plane, mainly on the left side (red arrow).

Figure 4 Cardiac involvement in Erdheim-Chester disease (ECD). (A) 4 chamber view of cardiac MRI showing a solid mass in right atrio-
ventricular sulcus (white arrow); (B) 3D Cinematic Rendering of dual source computed tomography (DSCT) acquisition (white arrow).
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Generally ECD is assessed through PET/CT exam, 
which plays an important role in the management of this 
disorder and its complications. In fact this method allows 
to evaluate the extent of the disease by detecting visceral 
and vascular infiltration, excluding systemic involvement, 
identifying the site for biopsy and evaluating the response 
to therapy. Furthermore, it appears to be equally sensitive 
for the evaluation of bone involvement (12). Although 
PET/CT is the most common technique used for the 
evaluation of systemic diseases such as ECD, PET/MRI 
shows itself as a promising diagnostic imaging technique 
for the exceptional resolution of contrast of soft tissues and 
for the intrinsic multiparametric ability of the method that 
provides additional information to that obtained with the 
PET scan alone (13). In addition, the risk of developing 

radiation-induced malignancies can be reduced by lower 
patient exposure (14). In anatomical areas such as brain, 
neck and heart, MRI is superior in the evaluation of the 
typical lesions of the disorder. However, the acquisition 
times are longer than PET/CT (40 vs. 15 min for the 
whole-body exam), increasing the possibility of movement 
artifacts, especially in fragile or non-compliant patients. In 
our study, although the acquisition times are relatively long, 
we found that the information obtained from PET/MRI 
is comparable to PET/CT and greater for several regions, 
such as heart and brain, which are better described and 
assessable through MRI (15).

ECD disorder can compromise more different anatomical 
areas such as skeletal involvement that is highly pronounced 
and it occurs in up to 96% of cases (16). It consists of 

Figure 5 Dual source computed tomography (DSCT) findings in Erdheim-Chester disease (ECD). (A) Axial CT scan showing hairy kidney 
sign (red arrow); (B) Coronal CT multiplanar reconstruction showing an asymmetric sclerotic lesion of both the femurs (red arrow); (C) 
Axial view of thoracic DSCT displaying the “coated aorta sign” (red circle); (D) Curved Multiplanar Reconstruction (c-MPR) of thoracic aorta 
with wall concentric thickening (red arrow).
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symmetric diaphyseal and metaphyseal osteosclerosis of 
distal limb bones, which is the reason for bone pain, the 
most frequent patient’s symptom in approximately 50% of 
the patients (17). Here bilateral medullary osteosclerotic 
lesions in both femurs were detected by MRI scan while 
PET was able to identify hypermetabolism only in the 
left side lesion and depicted in fused PET-MR images. 
Furthermore, MRI was considered the method to study the 
extent of medullary involvement and to rule out associated 
osteonecrosis, which may occur primarily due to the disease 
or as an adverse effect of chemotherapy, suggesting a role 
for PET-MRI also for the patient follow-up (18).

The frequency of CNS involvement in ECD varies 
from 25% to 50%, accounting for functional disability and 
representing an independent predictor of death (18,19). 
Infiltrations and lesions can occur throughout the neuraxis, 
both in the intra-axial and extra-axial compartments and present 
with focal symptoms, referable to compression or infiltrations 
of local structures. Intra-axial ECD lesions are commonly 
observed in the cerebellum or in the pons, causing progressive 
cerebellar and brainstem dysfunction (20). Conversely, our 
patient did not show macroscopic lesions in the pons and 
cerebellum, except for a mild asymmetric hyperintensity 
in T2 sequence in the white matter around the fourth 
ventricle, and nearby the dentate nuclei. The infiltration 
of the pituitary gland is responsible of the endocrinopathy 
observed in ECD, occurring in almost 25% of patients. The 
most common disorder is the diabetes insipidus, followed 
by hyperprolactinemia, gonadotropin insufficiency, and 
hypotestosteronism. MRI is the gold-standard exam to 
highlight ESS, enlargement and abnormal enhancement 
of the pituitary gland, stalk, and hypothalamus (21). Our 
patient has been complaining of the pituitary disorder for 
10 years, thus representing one of the symptoms at the 
disease onset. In this case, MRI allowed to identify the 
ES alteration, highlighting the added value of PET-MRI 
compared to other hybrid techniques to investigate highly 
complex soft tissue pathologies (22).

Unilateral or bilateral infiltration of the orbits occurs in 
nearly 15–25% of patients presenting with exophthalmos, 
retro-orbital pain, or visual disturbances (20). Orbital 
lesions need to be differentiated from other common 
conditions such as Graves disease, granulomatous disorders, 
lymphomas, and giant cell arteritis. Our patient presented 
bilateral exophthalmos and PET-MRI showed retro-
orbitary fat inhomogeneity.

A further advantage offered by the PET-MRI acquisition 
is the characterization of cardiac and cardiovascular 

involvement, mostly asymptomatic and present in 
about 75% of cases (23). Commonly, it is related to a 
poor chemotherapy response and to death due to other 
complications (e.g., cardiac conduction defects, or valvular 
insufficiency). Our patient presents a circumferential 
infiltration of the thoracic and abdominal aorta which 
appeared as T1 hyperintense enhancing signal at PET-
MRI and as enhancing soft-tissue attenuation at DSCT. 
Moreover, several studies have reported solid masses located 
in the paracardiac region (23), also detected here by MRI 
sequences, which shows not enhancing mass at the right 
atrio-ventricular sulcus without a significant uptake at the 
concurrent PET acquisition.

Hydronephrosis, ureteral narrowing and retroperitoneal 
fibrosis are common consequences of the infiltration of 
the perirenal tissues, leading to the appearance of the 
“hairy kidney sign” (24). PET showed a modest and 
inhomogeneous uptake of 18F-FDG at the perirenal regions, 
corresponding to fibrosis area detected by MRI.

Concluding, PET-MRI provides a better characterization 
of the extent and the regional degree of impairment in this 
multi-organ condition, demonstrating on higher diagnostic 
accuracy mainly in districts like brain and heart, where 
the PET alone in missing. Therefore, PET-MRI allows 
fully investigation of the systemic involvement in ECD, 
combining in a single imaging session MRI high contrast 
resolution and 18F-FDG-PET sensitivity.
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