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Muscular Sarcoidosis Detected by F-18 FDG PET/CT in a 
Hypercalcemic Patient

Sarcoidosis is a systemic granulomatous disease of unknown etiology that involves many 
organs, occasionally mimicking malignancy. We herein report a 50-yr-old woman of 
muscular sarcoidosis of chronic myopathic type, manifested by hypercalcemia and muscle 
wasting. Besides insignificant hilar lymphadenopathy, her sarcoidosis was confined to 
generalized atrophic muscles and therefore, F-18 FDG PET/CT alone among conventional 
imaging studies provided diagnostic clues for the non-parathyroid-related hypercalcemia. 
On follow-up PET/CT during low-dose steroid treatment, FDG uptake in the muscles 
disappeared whereas that in the hilar lymph nodes remained. PET/CT may be useful in the 
evaluation of unexpected disease extent and monitoring treatment response in suspected 
or known sarcoidosis patients.
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CASE REPORT
Medical Imaging

INTRODUCTION

Sarcoidosis is a systemic granulomatous disease of unknown 
etiology that involves many organs. The manifestations vary by 
involved site and grade, occasionally mimicking malignancy. 
Isolated muscular involvement is known as common in sarcoi-
dosis patients, but painless or impalpable cases may be undiag-
nosed (1, 2). We report a case of generalized muscular sarcoid-
osis detected only by fluorine-18 fluorodeoxyglucose (F-18 FDG) 
positron emission tomography (PET)/computed tomography 
(CT) performed during the evaluation of non-parathyroid-re-
lated hypercalcemia. 

CASE DESCRIPTION

In November 2009, a 50-yr-old female was admitted to our hos-
pital with idiopathic transient pulmonary edema. Her weight 
was 49 kg, creatinine clearance 33.8 mL/min and calcium 9.9 
mg/dL. Her echocardiogram showed mild diastolic dysfunc-
tion with ejection fraction of 55%. Her pulmonary function was 
moderately restricted with 51% of forced vital capacity. Her pul-
monary edema was rapidly improved with diuretics therapy. In 
August 2010, she was re-admitted with hypercalcemia. She had 
underlying diabetes for 20 yr. Her diabetes was complicated 
with proliferative retinopathy, chronic renal impairment, and a 
chronic foot ulcer. At the time of her recent admission, her wei-
ght was 37 kg and she appeared chronically ill and emaciated. 
She reported 2 weeks of general weakness. We could not find 

any abnormal mass or tenderness except generalized mus cle 
atrophy at the beginning. Creatinine clearance was 19.4 mL/
min, calcium 14.5 mg/dL, phosphate 5.0 mg/dL, and ionized 
calcium 1.78 mM/L. Her 24-hr urine calcium level was 186.2 
mg/day, and intact parathyroid hormone (PTH) of 15.77 pg/mL. 
These ambiguous laboratory findings prompted further studies 
of non-parathyroid-related hypercalcemia. Her 25-hydroxy Vi-
tamin D level was 21.3 ng/mL, 1,25-dihydroxy Vitamin D was 
43.1 pg/mL (normal, 25.1-66.1), and parathyroid hormone re-
lated peptide (PTHrP) was under 1.1 pM/L. The thyroid hor-
mone level, serum electrophoresis and tumor markers were 
normal. The angiotensin-converting enzyme (ACE) level was 
elevated to 353.1 IU/L (normal, 20-70), and muscle enzymes 
(CPK/LDH/AST) were normal. The chest radiograph, neck ul-
trasound, and whole body bone scan were unremarkable. F-18 
FDG PET/CT was performed for the evaluation of possible hid-
den malignancy. The PET/CT showed increased uptake of small 
lymph nodes in the subcarina and both hila. In addition, multi-
ple streaky and dotted muscular uptakes were noted along whole 
body including the back and extremities (Fig. 1). We reexam-
ined her whole body and found a 2 cm-sized soft and non-ten-
der mass in the left gastrocnemius muscle. Excisional biopsy 
was performed of the mass, and the microscopic finding dem-
onstrated non-necrotizing granulomas with multinucleated gi-
ant cells and without acid-fast bacilli or fungi (Fig. 2) consistent 
with muscular sarcoidosis. Imaging studies also revealed gall-
stones and bilateral renal stones, and we performed extracor-
poreal shock wave lithotripsy of the ureteral stone successfully. 
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However, some renal stones remained.
 Acute severe hypercalcemia was relieved temporarily by hy-
dration and furosemide. Prednisolone was started with 20 mg 
per day and then rapidly tapered to 5 mg per day within 1 week. 
The serum calcium level was normalized and maintained with 
prednisolone 5 mg a day, but ACE level continued to fluctuate. 
Her follow-up clinical data were laid out in the Table 1. Her glu-

cose levels were controlled with insulin, and her weight increas-
ed to 50 kg with muscle gain. On follow-up PET/CT at one and 
half year later, muscular uptake was no longer seen. However, 
increased uptake in the mediastinal and hilar lymph nodes per-
sisted (Fig. 3).

DISCUSSION

Muscular involvement is a common, usually asymptomatic fea-
ture of sarcoidosis. The presence of noncaseating epithelioid cell 
granulomas was detected in 50%-80% of sarcoidosis patients 
on random muscle biopsy (3). However, symptomatic muscu-

Table 1. Follow-up clinical data of the patient

November, 2009 
(previous admission)

August, 2010 
(this admission)

March, 
2011 (OPD)

May, 2012 
(OPD)

Weight (kg) 49 37 47 50
Serum Cr (mg/dL) 1.63 2.43 1.44 1.58
ECC (mL/min) 33.8 19.4 36.1 33.2
Serum Ca (mg/dL) 9.9 14.5 9.2 10.0
Serum P (mg/dL) 3.8 5.0 4.0 3.9
Hemoglobin (g/dL) 9.5 9.8 11.2 11.9
HbA1c (%) 6.5 7.8 7.5 9.4
ACR (µg/mg) 144 553 - 521
ACE (IU/L) - 353.1 117.6 > 150
1,25(OH)2D3 (pg/mL) - 43.1 22.9 -

OPD, outpatient department; Cr, creatinine; ECC, estimated creatinine clearance cal-
culated using the Cockcroft and Gault formula; Ca, calcium; P, phosphate; HbA1c, 
hemoglobin A1c; ACR, urine albumin creatinine ratio; ACE, serum angiotensin con-
verting enzyme; 1,25(OH)2D3, 1,25-dihydroxy Vitamin D.

Fig. 2. Histologic result. Biopsy specimen was obtained from muscular mass of left 
lower leg. Microscopic findings (hematoxylin-eosin stain) demonstrated non-necrotiz-
ing granulomas (arrows) with multinucleated giant cell (arrowhead) and without acid-
fast bacilli or fungi. The histology was consistent with muscular sarcoidosis.

Fig. 3. Follow-up PET/CT finding. In MIP image, previously noted multiple muscular 
uptakes were no longer seen. However, increased uptake in mediastinal and bilateral 
hilar lymph nodes persisted (arrows).

Fig. 1. F-18 FDG PET/CT findings. In maximum intensity projection (MIP) (A) and cor-
onal (B, C) images of PET/CT, increased uptake was noted in mediastinal and bilateral 
hilar lymph nodes (arrows). In addition, multiple streaky and dotted muscular uptakes 
were noted along whole body. Nodular uptake was seen in left lower lateral leg (ar-
rowhead) in MIP (A) and transaxial (D) images, and excisional biopsy was performed 
in this mass.
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lar sarcoidosis is noted in only 0.5%-2.3%, and is more common 
in patients with extensive systemic involvement. There are three 
clinical subtypes of muscular sarcoidosis: acute myositic, chro-
nic myopathic, and palpable nodular (1, 4, 5). The acute myosi-
tic type is accompanied by myalgia, fevers and elevated muscle 
enzymes, whereas the chronic myopathic type shows muscle 
atrophy and muscle weakness (6). The palpable nodular type 
presents as non-tender muscular masses requiring differential 
diagnosis of nodular muscular diseases (5).
 Diagnosis of sarcoidosis is based on the combination of clini-
cal, radiologic and histologic findings. Because of its unknown 
etiology, sarcoidosis remains a diagnosis of exclusion. The dif-
ferential diagnosis includes neoplastic diseases such as lympho-
ma and various granulomatous diseases (7). Clinical symptoms 
and signs vary based on the organ affected. 
 No laboratory tests are diagnostic of sarcoidosis. The ACE 
level is elevated in approximately two-thirds of patients with 
sarcoidosis, but this finding is not diagnostic. Hypercalcemia is 
manifested in 5%-11% of patients with sarcoidosis because of 
overproduction of active Vitamin D by macrophages in the sar-
coid granuloma as the enzyme 1α-hydroxylase is activated for 
immune modulation without feedback regulation (8). Accord-
ing to another hypothesis, hypovitaminosis D may causes sar-
coidosis (9). In contrast to parathyroid- or PTHrP-related hy-
percalcemia, active Vitamin D-induced hypercalcemia usually 
accompanies hyperphosphatemia as noted in this case. Hyper-
calcemia can induce hypercalciuria and nephrolithiasis, and 
even renal function impairment. In this patient, in addition to 
underlying diabetic nephropathy, renal function was aggravat-
ed transiently due to hypercalcemia and ureteral stone-related 
obstructive uropathy. However, the patient’s laboratory findings 
were not diagnostic of hypervitaminosis D. Although her PTH 
level was not the cause of this patient’s hypercalcemia, it was 
not appropriately depressed. The accompanying hyperphos-
phatemia might stimulate the parathyroid gland in this case. 
The 1,25-dihydroxy Vitamin D level was in a relatively high nor-
mal range compared with the 25-hydroxy Vitamin D and the 
serum calcium levels. The diagnostic clue for hypercalcemia 
among her laboratory findings was only high ACE level. 
 Imaging abnormalities are commonly noted in sarcoidosis 
patients. Most of patients with sarcoidosis demonstrate bilater-
al hilar lymphadenopathy on chest radiograph or CT (7, 10, 11). 
In this patient, enlargement of lymph nodes in the mediastinum 
and hila were subtle. She had sarcopenia and general weakness 
but did not manifest myalgia. Her muscle enzymes were also 
normal. If we first performed CT in our search for a hidden ma-
lignancy, we would not have discovered the presence of muscle 
sarcoidosis, and therefore the cause of her hypercalcemia. This 
type of muscular sarcoidosis seems to be chronic myopathy with 
muscle wasting.
 FDG PET/CT has been used worldwide for staging and re-

staging various malignancies. Because FDG uptake reflects tis-
sue metabolism, PET/CT can detect some infectious and in-
flammatory diseases as well as malignancy. Recently, PET/CT 
has been used in evaluation of fever of unknown origin and hy-
percalcemia (12-14). Hypercalcemia is a common clinical find-
ing, mainly related to hyperparathyroidism and malignancy. In 
hypercalcemic patients with unremarkable PTH level, anatom-
ical and functional imaging studies are necessary to investigate 
the possibility of occult malignancy (14). Sarcoidosis is a well-
known granulomatous disease with increased FDG uptake (15).
 Traditionally, gallium-67 scan has been used in the detection 
and evaluation of extent of sarcoidosis. Recent study reported 
that FDG PET demonstrates higher sensitivity in detection of 
sarcoidosis involvement compared to the gallium-67 scan (79% 
vs 58%). Another study reported that FDG PET contributes to a 
better evaluation of sarcoidosis especially in extrapulmonary 
involvement. In addition, FDG PET requires a shorter imaging 
time and delivers a lower radiation dose compared to the galli-
um-67 scan (16-18). Magnetic resonance imaging (MRI) has 
been used in the diagnosis of sarcoidosis. In muscular sarcoid-
osis patients, MRI is useful to assess degree of invasion as well 
as extent of disease. However, any type of muscular sarcoidosis 
may not be detected in MRI and regional MRI is difficult to ap-
ply to a patient with uncertain symptom that is not localized 
(19). Because the whole body is evaluated in FDG PET, location 
of involvement can be discovered, and biopsy site can be deter-
mined in suspected sarcoidosis patients (4, 16, 17). In our pa-
tient, the left lower leg was selected as a proper biopsy site be-
cause this lesion was the only palpable nodule, was located in a 
relatively superficial area and showed intense FDG uptake in 
PET/CT.
 FDG PET is useful for monitoring treatment response in known 
sarcoidosis patients. Several reports have demonstrated that 
changes in FDG uptake before and after treatment correlate 
with clinical symptoms and laboratory tests (4, 17, 20). Braum 
et al. reported a patient with disease progression that showed 
increased FDG uptake in post-treatment PET (16). In our pa-
tient, abnormal muscular uptake was no longer visualized in 
follow-up PET/CT, but increased uptake in mediastinal and bi-
lateral hilar lymph nodes persisted. Although clinical improve-
ment was maintained with continuity of low dose steroid thera-
py, uptake in lymph nodes may be related to the remaining ac-
tivity of the disease.
 In summary, we report a case of a woman who presented with 
hypercalcemia and renal stones and was found to have atypical 
sarcoidosis mainly involving generalized skeletal muscles with 
minimal hilar lymph node involvement. FDG PET/CT secured 
the diagnosis. In conclusion, FDG PET/CT can be useful to eval-
uate unexpected disease extent and to monitor treatment re-
sponse in suspected or known sarcoidosis patients.
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