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PURPOSE: To evaluate the role of MR in the diagnosis and treatment of patients with neurosar
coidosis. METHODS: The MR studies of 24 patients who satisfied stringent criteria for the diagnosis 

of sarcoid were retrospectively reviewed. All patients had signs and symptoms referable to the 

head and/ or spine. The majority, 17 patients (71 % of the total), were examined at least once with 
gadolinium enhancement. Fifteen of 24 patients (63%) underwent serial examinations during 

steroid therapy. RESULTS: A wide spectrum of findings was noted: white matter and periventricular 

high signal intensity on long-repetition-time/ long-echo-time sequences, mimicking multiple scle
rosis (11 patients); leptomeningeal enhancement (11 patients); brain parenchymal mass (seven 

patients)-six demonstrated enhancement, one did not receive contrast; lacrimal gland mass 

(three patients); hydrocephalus (three patients); enlarged ventricles, apparently atrophic (one 
patient); periventricular enhancement (three patients); extraaxial mass, mimicking meningioma 
(two patients); chiasma! enhancement or swelling (one patient); enhancing nerve roots (two 

patients); enlarged pituitary stalk (two patients); pontine infarct (one patient); and enhancing 
parenchymal spinal cord mass (three patients). Partial or complete resolution of the radiographic 

abnormality occurred in 13 of 15 cases (87%), which paralleled clinical improvement. No response 

was detected in the remaining two. Abnormal enhancement was the finding that was most 
responsive to steroid therapy, with response seen in nine of 10 patients with leptomeningeal 
enhancement, in six of six patients with enhancing brain parenchymal masses, in three of three 

patients with enhancing cord masses, and in all three patients with periventricular enhancement. 
CONCLUSIONS: 1) MR shows a spectrum of protean central nervous system abnormalities 

associated with neurosarcoidosis. 2) This high sensitivity for associated abnormalities aids in 
differentiating central nervous system sarcoid from the many diseases that it can mimic. In 
particular, enhancement was a useful clue to the diagnosis in 15 of 17 cases in which it was used 

(88%). 3) MR demonstrates regression of central nervous system abnormalities during steroid 

therapy, in particular abnormal meningeal, periventricular, and parenchymal enhancement. 
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Sarcoid is a multisystem disease of unknown 
cause with a worldwide distribution. In the North 
American population it disproportionately afflicts 
patients of West African descent. There is a 
female predominance. Sarcoid is usually diag
nosed between the ages of 20 and 40 years 
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(1-3). Although the reported incidence is highly 
variable, a large series using mass screening by 
chest radiography gave an estimated incidence 
of 20 per 100 000 (4). Involvement of virtually 
every organ system has been reported. Boeck is 
credited for the initial description of the disease 
based on the dermatologic manifestations of sar
coid with histologic correlation (5). In 1905, Wink
ler described the first reported case of central 
nervous system (CNS) sarcoidosis (6-8). Clinical 
CNS involvement is estimated to occur in ap
proximately 5% of cases (1, 2) with some smaller 
subseries reporting higher rates up to 16% (3) . In 
a large series, approximately 3% of patients had 
clinical symptoms of CNS disease; of those who 
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died and came to autopsy, 14% had pathologi
cally proved CNS involvement (9). Another au
topsy study reported a 16% rate of CNS involve
ment (10), again implying a significant rate of 
subclinical CNS disease. 

Computed tomography and magnetic reso
nance (MR) have a primary role in the detection 
of CNS involvement (11-20). The use of contrast 
enhancement in computed tomography further 
increases sensitivity and has documented re
sponse to steroid therapy ( 18-20). Gadopentetate 
dimeglumine enhancement during MR seems to 
be very sensitive for detection of meningeal and 
parenchymal involvement (21-30). 

The wide spectrum of potential findings in 
patients with CNS sarcoidosis makes this unusual 
entity a mimic of many more common diseases 
of the CNS. This retrospective review of the MR 
findings in 24 documented cases of CNS sarcoid 
emphasizes the diverse spectrum of CNS findings 
that this disease may demonstrate on MR and 
the responsiveness of these findings to steroid 
therapy in a subgroup examined with serial MR 
studies. 

Materials and Methods 

We reviewed MR studies of patients with proved CNS 
sarcoid. All MR was done at 1.5 T. Enhancement was 
performed with intravenous gadopentate dimeglumine (0.1 
mmol/kg) (Berlex, Wayne, NJ). A spin-echo sequence used 
short-repetition-time (TR) sequences (400-800/1 0-30/2 
[TR/echo time (TE)/excitations)) before and after gadolin
ium. Section thickness varied from 3 to 5 mm with a skip 
from 0 (interleaved) to 2.5 mm. The long-TR sequences 
used a multiecho technique with 2000-3000/20-35,80-
90/0.5-2, with 5-mm-thick sections and 0- to 2.5-mm 
skip. 

Because the diagnosis of neurologic sarcoidosis de
mands two criteria, a compatible clinical picture of a 
multisystem disease and histologic confirmation of sarcoid 
tissue (31 ), the following criteria were applied in order to 
avoid inclusion of unproved cases or cases in which a 
confounding additional disease process could explain the 
findings: 1) We required histologic proof of sarcoid involve
ment either directly in the CNS when available or in another 
organ system. Lymph node biopsy was the usual confirm
atory source of tissue. 2) Positive chest radiographic find
ings, gallium scanning, angiotensin converting enzyme lev
els, and K veim testing were used as supportive evidence. 
3) All patients included in this report had both clinical 
symptoms and radiographic findings referable to the CNS 
involvement. 4) Any additional known disease processes 
that could explain the findings were grounds for exclusion. 
5) Patients who did not meet all of the above criteria were 
excluded. Because the majority of patients had serial ex
aminations during therapy, the response to treatment with 
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steroids could be evaluated. The clinical response to ther
apy and the improvement or resolution of radiographic 
findings could be compared. All of the index studies were 
reinterpreted by two neuroradiologists in a consensus, 
nonblinded fashion in order to confirm the reported find
ings. 

Results 

Twenty-four patients with proved CNS sarcoid 
underwent a total of 65 MR examinations at this 
institution over 7 years. There were 15 women 
and 9 men. Sixteen of 24 were of West African 
ancestry (67% ). Ages at initial MR examination 
ranged from 21 to 75 years with a mean of 44 
years, the latter reflecting probably both an age 
bias from our referral population and the greater 
age of patients with long-standing involvement. 
Four patients had MR findings limited to the 
spinal cord; two had combined findings in the 
brain and cord; and the remainder had findings 
limited to the head. Seventeen had at least one 
gadolinium-enhanced examination. Fifteen of the 
24 (63%) had serial imaging during steroid ther
apy. 

The spectrum of MR findings in our patient 
cohort is given in Table 1. The most common 
abnormality seen was abnormal high signal inten
sity on long-TR sequences in the peri ventricular 
regions and deep white matter (Figs 1 and 2), 

TABLE 1: Spectrum of MR findings in 24 patients with CNS sarcoid 

MR Finding 

White matter, periventricular and peri

aqueductal high signal on long-TR/ 

long-TE sequences 

Leptomeningeal enhancement 

Brain parenchyma enhancing mass 

Brain parenchyma mass, no contrast 

administered 

Pontine infarct 

Hydrocephalus 

Enlarged ventricles, atrophic 

Periventricular enhancement 

Lacrimal mass 

Extraaxial mass 

Enlarged pituitary stalk 

Chiasma! enhancement or swelling 

Masticator mass 

Enhancing, clumped nerve roots 

Enhancing parenchymal cord mass and 

hyperintensity on long-TR/ Iong-TE 

sequences 

Parenchymal cord mass, no contrast 

administered 

Number of Patients 

with Finding 

11 

11 
6 

1 

3 
1 

3 
3 
2 

2 (one with 

enhancement) 

1 

1 
2 
3 
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Fig. 1. Forty-year-old man with steroid-respon

sive seizures. 
A , Axial image (3000/ 90/0.5) demonstrating 

bilateral , confluent deep white-matter high signal 
intensity (arrows). 

B, More superior axial image (3000/ 35) der;n
onstrating periventricular foci of high signal inten
sity. 

C, Sagittal image (600/ 30/ 1) with extensive 
sulcal, periventricular, and parenchymal enhance
ment (arrows) . 

D, Coronal image (600/ 30) also demonstrating 
extensive sulcal, periventricular, and parenchymal 
enhancement (arrows) . 

£ , Axial image (600/ 30) demonstrating periac
queductal enhancement (arrows) . 

Fig. 2. Twenty-seven-year-old man with 
fluctuating mental status, steroid-respon
sive . 

A, Coronal image (3000/90/1) showing 
periventricular high-signal-intensity foci. 

B, Coronal enhanced image (700/30/1) 
demonstrating deep parenchymal enhance
ment (arrows). 
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Fig. 3. A, Twenty-year-old woman with 
weakness. Axial (2500/ 80/ 2) image shows 
a parenchymal mass in the right hemisphere 
adjacent to the ventricular surface (arrows) . 

8 , Sixty-year-old man with a 30-year 
history of sarcoid now presenting with dy
sarthria, change in mental status, and weak
ness. Coronal (3000/ 80/2) image demon
strates a left cerebellar mass (arrows). 

A 

seen in 11 of the 22 patients who had diagnostic 
brain studies (50%), simulating the lesions seen 
in multiple sclerosis. Eleven of the 17 patients 
(65 %) who received gadolinium demonstrated 
significant meningeal enhancement, often with 
associated cortical enhancement (Fig 2), and in 
one case with an associated infarct in the subja
cent pons. 

The next most common abnormality was a 
brain parenchymal mass (Figs 3A and 38). Of 
the seven patients who had parenchymal masses, 
six received gadolinium; all masses enhanced in 
a patchy, irregular fashion. Hydrocephalus was 
seen in three patients with one demonstrating 
acqueductal stenosis without evidence of a mass , 
one showing periaqueductal abnormal high signal 
intensity on long-TR/long-TE sequences with en
hancement, and the last demonstrating commu
nicating hydrocephalus . One patient had in
creased ventricular volume with an appearance 
suggesting atrophic change rather than obstruc
tion. 

Periventricular enhancement was noted in 
three patients. Two patients had intracranial , ex
traaxial masses that mimicked meningiomas 
(Figs 4 and 5); three patients had lacrimal masses. 
Two patients demonstrated enlargement of the 
pituitary stalk (Fig 6). One patient had enlarge
ment of the optic chiasm. Two demonstrated 
enhancing, clumped nerve roots (Fig 7). Three 
had enhancing spinal cord masses; a fourth had 
a spinal cord mass but did not have a contrast
enhanced examination. 

Gadolinium enhancement provided useful 
clues to the diagnosis in 15 of the 17 patients in 
which it was used (88%). Leptomeningeal and 
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additional areas of parenchymal involvement not 
suspected from the noncontrast images were 
seen. These occurred along Virchow-Robin 
spaces and deep parenchyma and in a periven
tricular distribution. The circumstances in which 
it did not provide additional utility were: 1) in a 
patient with focal meningeal involvement (Figs 
4A and 48), in whom enhancement was noted 
but did not alter the preoperative impression of a 
potential meningioma; and 2) in a patient who 
was scanned after receiving intensive steroid ther
apy, in whom patchy white matter lesions were 
seen on the precontrast images, but no abnormal 
enhancement was seen. 

In a subset of 15 patients who were followed 
serially with MR examinations while on steroid 
therapy (Table 2), there was a similar distribution 
of abnormalities. The majority of patients exhib
ited more than one abnormality. Partial or com
plete resolution of one of the principle abnormal
ities during steroid therapy was seen in 13 of the 
15 (87 %). Five of 13 demonstrated a mixed 
response with clearing of one abnormality; an
other was unresponsive. Two patients showed no 
evidence of improvement in any of the detected 
abnormalities. 

As in the larger group of patients, abnormal 
leptomeningeal enhancement and high-intensity 
signal foci on long-TR/Iong-TE sequences in 
white matter and in periventricular regions were 
the two most common abnormal findings , with 
leptomeningeal enhancement seen in 10 of 15 
patients (67 %) and abnormal white matter and 
periventricular signal seen in nine of 15 (60%). 
The abnormal meningeal enhancement showed a 
response to steroids with partial or complete 
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Fig. 5. Sixty-four-year-old woman. Axial image (600/20/1) of 
extraaxial mass simulating cerebellopontine angle meningioma 
(arrows). 

Fig. 6. Fifty-year-old woman. Sagittal enhanced (600/30/2) 
image showing enlarged, enhancing pituitary stalk (arrow). 

SARCOIDOSIS 977 

Fig. 4. Thirty-two-year-old man with 
acute loss of vision in the left eye. 

A, Sagittal (600/ 10/ 1) image showing an 
extraaxial mass simulating a planum sphen
oidale meningioma (arrows) . 

8 , Coronal enhanced image (600/26) 
showing superior and lateral extent of the 
mass (closed arrows) with development of a 
dural "tail" sign (open arrow). 

resolution in nine of 10 patients (90% ). Peri ven
tricular enhancement was seen in three patients; 
all showed a steroid response with two returning 
to normal and one decreasing in magnitude. Con
versely , the abnormal signal intensity on T2-
weighted sequences in white matter and periven
tricular tissue was unresponsive to steroid treat
ment in seven of nine patients observed (78% ). 
One patient showed complete resolution , and the 
remaining patient demonstrated some reduction 
in the magnitude of the finding. In three patients 
with cord enhancement and abnormal signal in
tensity on long-TR/long-TE images, the enhance
ment responded to steroid therapy in all three, 
but the abnormal signal intensity showed a re
sponse in only one. The pontine infarct did not 
change during steroid therapy. 

In the subgroup that was followed serially, brain 
parenchymal enhancing masses were seen in six 
patients. All of these showed a response, with 
four completely resolving and two showing defi
nite improvement. The enlarged optic chiasm 
returned to normal on steroids. Two patients with 
abnormal nerve root enhancement were followed; 
both showed partial resolution (Figs 7 A-7D). 

In the course of our review, we also encoun
tered seven patients with proved systemic sarcoid 
and neurological symptoms attributed to sarcoid, 
but who had negative MR studies (three per
formed with gadolinium enhancement and four 
without). 

Discussion 

CNS sarcoid remains a difficult diagnosis be
cause of its rarity and protean manifestations. 
Historical reports and reports using modern neu
roimaging techniques have emphasized a variety 
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Fig. 7. Sixty-five-year-old man. 
A, Pretreatment sagittal enhanced image (400/12/1) demonstrating extensive enhance

ment of the lumbosacral nerve roots (arrows). 
8 , Pretreatment axial enhanced image (600/12) demonstrating extensive enhancement 

of the lumbosacral nerve roots (arrows). 
C, Postcontrast sagittal image (800/12) after steroid therapy showing reduction in 

enhancement. 
D, Axial enhanced posttreatment image (800/20) showing reduced enhancement. 

of presentations of neurosarcoid, including lep
tomeningitis, mass lesions either parenchymal or 
extraaxial, hydrocephalus, atrophy, cranial neu
ropathy, chiasma! syndrome, hypothalamic/pi
tuitary dysfunction, spinal cord parenchymal 
mass, cauda equina syndrome, lumbosacral 
nerve root mass, and granulomatous angiitis (2, 
3, 7, 9, 11-77). 

Our experience documents a similar wide spec
trum of MR abnormalities in sarcoid of the head 
and spine, especially white matter disease, peri
aqueductal involvement, and abnormal enhance
ment of CNS parenchyma and meninges. De
pending on the presentation, this makes sarcoid 
an especially important differential consideration 
with regard to multiple sclerosis, meningioma, 
tuberculous meningitis, normal pressure hydro
cephalus, and vasculitis. Multiple sclerosis re
mains a particular problem given the age of the 
cohort affected and the similarity of the white 
matter lesions (12, 14, 15), which constituted one 
of the two most common abnormalities identified 

0 

in this series (average age of this subgroup was 
45 years, not significantly different than the over
all study group). Enhancement patterns were 
useful for distinguishing sarcoid from multiple 
sclerosis (Figs 1 and 2). 

Of the patients in this report, only one (Fig 1) 
had documented seizure activity as a presenting 
symptom. This patient's course was particularly 
severe whenever steroids were tapered, · consist
ent with the report by Krumholtz et a! (78) that 
seizures are associated with a more progressive 
form of the disease. 

Several reviews have reported the utility of 
gadopentetate dimeglumine for making the di
agnosis of neurosarcoid (21-30). Leptomeningeal 
enhancement in the MR study aids in the discrim
ination of sarcoid from multiple sclerosis (25). In 
a similar manner, leptomeningeal enhancement 
and periventricular or white matter disease also 
seem to be useful ancillary findings when an 
intraaxial or extraaxial mass is discovered, as was 
the case in 13 of 24 patients. Our experience 
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TABLE 2: Response of MR findings to steroid therapy in 15 patients followed with serial imaging 

Abnormality 

Leptomeningeal enhancement 

White matter and periventricular 

high signal 

Brain parenchyma enhancing 

mass 

Hydrocephalus 

Periventricular enhancement 

Chiasma! swelling and enhance-

ment 

Enhancing nerve roots 

Enhancing spinal cord masses 

Abnormal high signal in cord 

on long TR , enhancement 

unknown 

Pontine infarct 

Number 

Observed 

10 

9 

6 

2 

3 

2 

3 

differs from some other reports in that leptomen
ingeal enhancement is not limited to the basal 
meninges but clearly can be a more diffuse proc
ess. One of the patients with an enhancing ex
traaxial mass showed a "dural tail sign," consistent 
with the experience of others (71) that this sign 
can be found in a variety of dural-based proc
esses. Eleven of 24 patients ( 46%) had intraaxial 
masses of the neuraxis, simulating primary or 
secondary neoplasia. The nature of enhancement 
reported in the literature for parenchymal masses 
has varied from homogeneous to the patchy 
irregular pattern seen in this series. In all of these 
lesions more than one focus of abnormality was 
seen. In addition, all of these patients had ancillary 
findings of leptomeningeal enhancement, long
TR/Iong-TE signal abnormalities, or both, which 
should help suggest the diagnosis of sarcoid. 

Overall, in 15 of 17 patients who received 
intravenous gadolinium the enhanced images 
provided additional information that supported 

Number Showing A Response 

9 responded, with complete 

resolution in 4 , and 5 

showing reduced abnormal 

enhancement 

2 (1 completely resolved, 1 

partially resolved) 

All six responded, with com

plete resolution in 4 and 2 

showing decreased size and 

abnormal enhancement 

1 showed improvement on 

steroids, the second im

proved but was also 

shunted in the same inter

val making the response 

equivocal 

2 completely resolved , 1 

showed a significan t 

decrease 

1, completely resolved 

2, both of which showed a 

significant reduction 

3, enhancement resolved in 

one and showed significant 

reduction in the other two. 

The abnormality on long

TR/ Iong-TE images, how

ever, showed only slight 

improvement in 1 of 3 

0 

0 

Number Showing 

No Response 

7 

0 

0 

0 

0 

0 

0 

the diagnosis of sarcoid. The two exceptions 
involved a patient in which an area of meningeal 
involvement remained the solitary abnormality 
on the postcontrast images (Figs 4A and 4B) and 
a patient treated intensively with steroids before 
enhanced MR imaging who had abnormalities on 
the precontrast images but no abnormal enhance
ment. 

In the four patients with ventricular enlarge
ment, it was possible to suggest sarcoid as a 
cause in three on the basis of ancillary findings . 
The remaining patient had aqueductal stenosis, 
did not receive gadolinium, and had no identifia
ble additional findings. Two patients in this study 
had extraaxial masses that were indistinguishable 
from meningiomas, one simulating a planum 
sphenoidale meningioma, the other a meningi
oma of the cerebellopontine angle. 

We encountered seven sarcoid patients with 
neurologic symptoms referable to the CNS who 
had normal MR studies (three with enhancement, 
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four without). Although this is a small group, it is 
interesting to consider what factors may lead to 
this situation. All had well-documented sarcoid
osis before their first MR examinations. Several 
had been treated with steroids before that first 
examination because the diagnosis of neurosar
coid had been confirmed. This was not the case 
with many of the other patients reported here, in 
that for many the definitive diagnosis of sarcoid 
was not made until after they had had at least 
their first MR examinations. Given our observa
tions regarding the responsiveness of many MR 
abnormalities, one possibility is that treatment 
before MR imaging may have led to a false
negative MR appearance, especially on the en
hanced studies. Second, gadolinium enhance
ment was necessary for demonstrating abnor
malities in many of the cases reported here; this 
may in part explain the lack of findings in the 
four unenhanced examinations. Last, the possi
bility exists that even under ideal circumstances 
there may be symptomatic lesions for which 
current MR technology remains insensitive. This 
is supported by the report of Miller et at (12) 
showing that three of 21 symptomatic patients 
examined at 0.5 T (noncontrast) had normal 
studies. 

Finally, we were able to document steroid re
sponse, confirming the experience of others (17, 
21, 23, 27-29, 40, 62, 66) with angiography, 
nuclear scanning, computed tomography, and 
MR. Steroids remain the mainstay of therapy (79), 
and MR provides an excellent means for assessing 
therapeutic response. Abnormal enhancement of 
the leptomeninges and parenchymal and periven
tricular / subependymal regions seems to be a 
useful marker of response to therapy, with partial 
or complete resolution in all but one of our cases. 
Conversely, abnormalities of the deep white mat
ter and periventricular regions that are seen on 
long-TR/Iong-TE sequences seem to be insensi
tive to steroid effects in the patients studied, with 
only one patient showing complete clearing, one 
showing partial improvement, and the remaining 
seven showing no improvement. This may reflect 
a distribution of gadolinium into areas of active 
inflammation that are both steroid responsive and 
have some potential for reversibility. However, 
nonenhancing areas that are abnormal on long
TR/Iong-TE imaging may reflect regions of per
manent damage without active inflammation, and 
therefore little potential for reversal. The two 
cases studied that did show some response may 
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have had a component of reversible disease such 
as edema. 

In conclusion: 1) MR is capable of showing a 
spectrum of protean abnormalities in CNS sar
coid . 2) Detection of associated abnormalities 
may allow discrimination of sarcoid from the 
gamut of diseases that it mimics. In particular, 
enhanced imaging proved useful in 88% of pa
tients in which it was used. 3) MR is capable of 
showing response to steroid therapy for CNS 
sarcoid. 
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