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Whole-body magnetic resonance imaging
in extrathoracic sarcoidosis

To the Editor:

The course of sarcoidosis is heterogeneous, and the assessment of pulmonary and extrathoracic organ
involvement is important for clinical treatment decisions [1]. Whole-body imaging techniques have been
evaluated to assess total disease activity [2, 3]. '*F-fluoro-2-deoxy-D-glucose positron emission tomography
(**FDG-PET) and "*FDG-PET/computed tomography (CT) allow a complete picture of active intra- and
extrapulmonary sites [4]. Whole-body magnetic resonance imaging (WB-MRI) is an established diagnostic
tool for multifocal disorders such as multiple myeloma and metastatic diseases [5, 6]. The role of WB-MRI
in the assessment of extrathoracic organ involvement in patients with sarcoidosis has not yet been studied.

We present an institutional review board-approved study including 24 patients with histologically
confirmed sarcoidosis. Patients were recruited regardless of treatment, apparent extrapulmonary
involvement and symptoms; written informed consent was obtained. To estimate extrapulmonary disease
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a) Subjects 24

Age years 50 (28-76)
Females/males 12/12
Race white/black/Asian/other 23/1/0/0
Sarcoidosis-specific medication
Corticosteroids only 1(4)
Immunomodulator only 3(13)
Corticosteroid+immunomodulator 9 (37)
None 11 (46)
Pulmonary function test
FVC % predicted 92.2 (55-106)
TLC % predicted 93.0 (65-120)
FEV1 % predicted 88.6 (53-11¢)
Dico % predicted 76.5 (20-111)
ACE U-L1 36.5(3-97)
sIL-2R pg-mL-1 445 (113-1069)
ePOST 13.2 (1-32)
Patients with abnormal WB-MRI findings
Skeletal system confidence score 21 5(21)
Muscular system confidence score >1 3(13)

Central nervous system confidence score 21 1 (4)

FIGURE 1 a) Baseline demographics, medication, pulmonary function, levels of angiotensin-converting enzyme (ACE) (normal range 12-68 U-L™") and soluble
interleukin-2 receptor (sIL-2R) (normal range <477 pg-mL"), extrapulmonary physician organ severity tool (ePOST), and whole-body magnetic resonance
imaging (WB-MRI) findings of all 24 patients with sarcoidosis. Data are presented as n, mean (range) or n (%). FVC: forced vital capacity; TLC: total lung
capacity; FEV1: forced expiratory volume in 1 s; DLCO: diffusing capacity of the lung for carbon monoxide. Portions of coronal WB-MRI (Short Tau Inversion
Recovery images) show b) multiple osseous lesions probably related to sarcoidosis in the pelvis (arrowheads) and c) around both knees (arrowheads) in a 53-year-
old female.

activity, the extrapulmonary physician organ severity tool (ePOST) was employed [7], scoring 17 organs
(0: not affected; 6: very severely affected). Pulmonary function tests (PFTs) and serum levels of angiotensin-
converting enzyme (ACE) and soluble interleukin-2 receptor (sIL-2R) were assessed. All subjects underwent
WB-MRI on a clinical 1.5-T whole-body scanner with an 18-channel coil array system (Magnetom Avanto
(Tim); Siemens Medical Solutions, Erlangen, Germany). The acquisition consisted of the following pulse
sequences: coronal and sagittal T1-weighted Turbo Spin Echo (T1w) (repetition time (7R) 682 ms and echo
time (7€) 11 ms) and Short Tau Inversion Recovery (STIR) (TR 9630 ms, TE 87 ms and inversion time
180 ms) (slice thickness 5 mm, intersection gap 20% coronal and 10% sagittal, and field of view
50 x 50 cm), with composition of multiple image stacks to achieve coverage from head to pelvic floor for
T1w and from head to feet for STIR sequences. No intravenous contrast material was administered. Images
were read by two radiologists who were blinded to the clinical and laboratory data. Analysed compartments
included the skeleton, muscles, abdominal viscera and the central nervous system (CNS). For each finding, a
three-point confidence score was provided: probably related (score: 2), possibly related (score: 1) and
unlikely to be related (score: 0). A lesion was classified as “probably related” when the appearance was
consistent with sarcoidosis and other entities were unlikely. Lesions consistent with sarcoidosis, but having
at least one equally likely cause, were classified as “possibly related”. A lesion unlikely to be related to
sarcoidosis was, by its location or morphology, typical of other entities (e.g. cysts related to osteoarthritis).
In the skeletal system, bone lesions were defined as areas of oedema-like bone marrow signal abnormalities
or cystic changes. In the muscular system, the muscles were evaluated for diffuse myopathic changes and
nodular lesions. In the CNS, nodular or mass-like findings of the subcortical and periventricular white
matter, the hypothalamic—pituitary axis, the spinal cord and the cauda equina were recorded. In the
abdominal viscera, cystic, nodular or infiltrative changes of the liver, spleen and kidneys were recorded. The
frequencies of WB-MRI findings were noted and evaluated for a cut-off level > 1. The one-tailed unpaired
t-test was used to test for differences in laboratory data between patients with and without sarcoidosis-
related MRI findings. The differences in the frequencies of MRI findings (confidence score >1) between
patients with normal and abnormal laboratory tests and PFTs were tested by a two-tailed Fisher’s exact test.
All statistical tests were performed with SigmaPlot 12 (Scientific Solution SA, Pully, Switzerland). p-values
<0.05 were considered significant.

Demographic and clinical characteristics of all patients and a summary of the WB-MRI findings are
summarised in figure la. In seven (29%) patients, increased serum levels of sIL-2R were measured, but all
patients had normal serum ACE.

In nine (38%) out of 24 patients, sarcoid lesions with confidence scores > 1 were noticed. Five (21%) out of
24 patients had skeletal lesions with a confidence score >1. One patient had a diffuse nodular osseous
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manifestation (fig. 1b and c). Three (13%) out of 24 patients had muscular findings of confidence score
> 1. One patient showed massive nodular thickening of the cauda equina nerve roots. Brain white matter
lesions, mostly subcortical, were noticed in 16 (67%) out of 24 of patients, but were considered of
confidence score 0. No nodular or infiltrative changes of the liver, spleen or kidneys were noticed. Incidental
findings requiring further work-up were seen in two patients: one patient had a sphenoidal wing
meningioma and one patient had a lesion in the femur, which showed characteristic findings of an
enchondroma on radiographs.

Patients with abnormal WB-MRI findings had significantly higher ePOST scores (17.3 versus 10.6, p<<0.05).
There was no significant difference in ACE or sIL-2R levels between patients with and without sarcoidosis
lesions of confidence >1 on WB-MRI. The prevalence of skeletal findings was significantly higher in
patients with reduced total lung capacity (TLC) (<80% predicted) (p<<0.02), in patients with reduced
forced vital capacity (FVC) (<80% predicted) (p<<0.02) or in patients with reduced diffusing capacity of
the lung for carbon monoxide (DLCO) (<60% predicted) (p<<0.01). TLC, FVC and DLCO % pred were
significantly lower in those patients with sarcoidosis-compatible skeletal lesions compared with those
patients without skeletal abnormalities.

We investigated the utility of WB-MRI with regard to the assessment of extrathoracic organ involvement in
patients with sarcoidosis. By using WB-MRI, extrathoracic organ involvement was detected in 38% of this
nonselected patient group and this is in accordance with data obtained by PET/CT [8]. In agreement with
previous PET studies [4, 8, 9], WB-MRI revealed the skeleton to be the most frequent site of extrathoracic
involvement. Sarcoid muscular lesions were found in 13% of patients, supporting the assumption that
muscular involvement is more frequent than clinically expected [10].

Sarcoidal involvement of the CNS was detected in one patient; however, without contrast administration,
the sensitivity is significantly reduced. Nonspecific cerebral white matter changes can be commonly found
on magnetic resonance images of asymptomatic healthy individuals [11].

Patients with WB-MRI changes potentially related to sarcoidosis had significantly higher ePOST scores,
which confirmed a higher extrapulmonary disease activity. We found no correlation between WB-MRI
positivity and serological markers, and this is in accordance with previous studies (2, 3]. Finally, patients
with abnormal skeletal findings had lower lung volumes than patients with inconspicuous WB-MRI. This
argues for a more pronounced functional impairment and, hence, more active pulmonary disease in this
group. The detection of asymptomatic musculoskeletal sarcoid manifestations at WB-MRI can alter the
estimation of the overall granulomatous load and disease activity, and together with the demonstrated
functional impairment in patients with WB-MRI positivity, it might be speculated that WB-MRI represents
a marker of total disease activity. Our findings complete previous data that demonstrated the value of PET/
CT for the assessment of disease activity in sarcoidosis [2—4, 9], with the advantage of MRI being radiation
free. Recent data suggested that PET is a predictor of pulmonary function in sarcoidosis [12]; however, the
radiation exposure of PET should not be underestimated and PET is not recommended for standard work-
up procedures [13].

We acknowledge that even though WB-MRI findings assessed as being possibly related to sarcoidosis are
highly suggestive of sarcoidosis, definite confirmation would require tissue biopsy. To keep the scan-time
within a reasonable frame, no contrast administration was performed, which reduced the sensitivity for the
detection of sarcoidal lesions, particularly of cardiac and CNS involvement. The spatial resolution of WB-
MRI is lower than in focused MRI (e.g. cardiac imaging) and, together with breathing-motion artefacts,
this might have precluded the detection of small lesions. Finally, negative WB-MRI scans do not rule out
organ involvement.

In summary, we suggest that WB-MRI is a useful technique to depict extrathoracic organ involvement in
patients with sarcoidosis and might therefore be a valid tool to assess extrathoracic disease activity.
Therapeutic guidelines account for extensive lung disease, involvement of the heart, eye or CNS [14].
Furthermore, subgroups of patients with predominantly extrapulmonary sarcoidosis seem to profit more
from particular treatments [15]. However, the question whether patients with additional, more diffuse
extrathoracic disease have a more severe course and should be treated more aggressively has not been
elucidated yet. We hypothesise that the detection of additional musculoskeletal disease by WB-MRI may
influence therapeutic decisions. Further studies are needed to substantiate the role of WB-MRI in the
diagnostic and prognostic work-up of sarcoidosis patients.
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