
Introduction

Neurosarcoidosis is a serious form of sarcoidosis 
that is characterized by granulomatous inflammation 
of affected nervous system. Sarcoidosis is a systemic 
inflammatory disease of unknown etiology in which 
the lungs are almost always affected (1, 2). Data from 
large series of patients with sarcoidosis report an es-
timation of 5% of patients having nervous system 
involvement (3-5). The presentation of disease can 
range from peripheral or cranial neuropathy to cen-

tral nervous system dysfunction (3). Due to the varia-
tion in clinical presentation, diagnosis is difficult and 
often delayed especially when there is no apparent 
systemic involvement. Peripheral facial nerve palsy 
has been reported to be one of the most common 
presentations occurring in over 25 to 50% of patients 
with neurosarcoidosis (3). Optic neuropathy can lead 
to progressive visual deficit if not addressed early (6-
8). Due to symptomatic variation, neurosarcoidosis 
can also be misdiagnosed as stroke, multiple sclerosis 
or even as brain neoplasia.  Stereotactic brain biopsy 
has been mainly used to confirm neuroscarcoidosis 
and it is associated with one to two percent mortality 
and 5-6% morbidity, due to increased risk of symp-
tomatic hemorrhagic complications and neurologic 
deficits and one series reported 18% biopsy speci-
mens that were non-diagnostic (9, 10). Compared to 
stereotactic brain biopsy, in the presence of pulmo-
nary abnormalities, transbronchial biopsy or endo-
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bronchial ultrasound fine needle aspiration remains a 
relatively safe minimally invasive procedure with less 
than 0.05% mortality rate and 0.5% to 0.8% morbid-
ity rate with a 74% diagnostic yield (9, 11, 12). 

Although possibilities to reach a diagnosis are 
available there have been no clear guidelines on how 
to diagnose neurosarcoidosis and whether such pa-
tients will benefit from pulmonary evaluation when 
there is suspicion of neurosarcoidosis. We hypoth-
esized that computerized tomography (CT) scan of 
the chest along with bronchoscopy are invaluable to 
establish the diagnosis of neurosarcoidosis even in 
patients without pulmonary symptoms. We set forth 
to determine the demographics of patients with neu-
rosarcoidosis, comparing pulmonary function testing 
(PFT) and chest X-ray features between patients 
with neurosarcoidosis and those with other forms of 
sarcoidosis.  Lastly we determine what percentage of 
patients with neurosarcoidosis had positive findings 
on chest CT, positive lung biopsy or positive lymph 
node biopsy.

Materials and methods

Study design

Retrospective study at the Sarcoidosis and In-
terstitial Lung Disease Center at Wayne State Uni-
versity, Detroit Medical Center in Detroit, MI, a 
referral center for patients with sarcoidosis and other 
interstitial lung disease. There are over 424 patients 
treated in this center for Sarcoidosis. We have re-
viewed the demographic radiographic, pulmonary 
and pathology data of 69 patients who were diag-
nosed with neurosarcoidosis from January 2000 to 
January 2014. Over eighty percent of these patients 
were initially referred to our center from either a 
neurologist (n=32) or ophthalmologist (n=28). Ap-
proval for data use was obtained from the Institu-
tional Review Board of Wayne State University.

Methods

Criteria used in the diagnosis of sarcoidosis, 
chest radiography and pulmonary function tests have 
previously been described (13, 14). The diagnosis 
of neurosarcoidosis was confirmed in patients who 
had biopsy proven non-caseating granulomas in the 

central nervous system, or any other organ involved 
with the presence of clinical neurologic deficits or 
magnetic resonance imaging changes consistent with 
sarcoidosis. Chest radiography interpretation was 
from stage 0-4 (13, 14). PFT data were reviewed and 
collected on most patients. PFTs were performed in 
patients in a licensed laboratory, a part of the Harper 
University laboratory, following American Thoracic 
Society guidelines (15, 16). Magnetic resonance im-
aging studies, computerized tomography scans of 
chest, as well as head, orbits and spine were reviewed. 
Results of lung biopsy and hilar lymph node biopsies 
were also reviewed. Patients were classified based on 
diagnostic criteria proposed by Zajicek et al., class 1 
for definite neurosarcoidosis, class 2 for probable and 
class 3 for possible neurosarcoidosis (17).

Statistical analysis

Data was collected in an excel spreadsheet. Cat-
egorical variables were presented as frequencies and 
percentages while continuous variables were pre-
sented as mean ± standard deviation. Paired t-tests 
were used to compare continuous variables and the 
Chi-squared test for comparing categorical variables. 
For all analyses, two-tailed p-values <0.05 were con-
sidered significant. Data was analyzed using Stata 
(Version 12), College Station, Texas.

Results

Demographic data for the subjects is present-
ed in Table 1. As shown there were a total of 69 
patients who were considered as having neurosar-
coidosis. Most of these patients (greater than 80%) 
were referred to our clinic by a neurologist or oph-
thalmologist for signs and symptoms unrelated to 
pulmonary dysfunction. The mean age was 48 years. 
Nearly 90% of our patients were African Ameri-
can. Patients were predominantly African Ameri-
can females, 64 (92.7%). There were only 16 males 
(23.2%). A majority of the patients were on immu-
nomodulatory drugs in combination with corticos-
teroids (66/95%). Only 3 patients were not receiving 
medications for sarcoidosis at the time of the study. 
The majority of the patients were either former or 
current smokers, whereas only 27% of our patients 
were non-smokers. 
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Radiographic staging of the patients was dis-
tributed across the numerical scale. As shown in 
Figure 1A, the main site of central nervous system 
(CNS) involvement in our patients was brain white 
matter 33%, followed by optic nerve involvement 
in 28% of cases. Using Zajicek criteria 81% of pa-
tients were considered in diagnostic class 2 (Figure 
1B) (17). When comparing pulmonary function of 
patients with neurosarcoidosis with those of patients 
with other forms of sarcoidosis, the percentage pre-
dicted forced vital capacity (FVC%) was higher in 
patients with neurosarcoidosis 88% compared to 
79%, p=0.0007 (Table 2).

Similarly, the forced expiratory volume in 1s 
(FEV1%) was significantly higher in the patients 

with neurosarcoidosis, 87% compared to 76.5%, 
p=0.0002. Additionally, we found that the FEV1/
FVC (Forced vital capacity) ratio was higher in pa-
tients with neurosarcoidosis compared to other forms 
of sarcoidosis, 79% compared to 76%, p=0.018. There 
was no statistically significant difference in total lung 
capacity (TLC) and diffusion lung capacity for car-
bon monoxide (DLCO). The DLCO in both groups 
was low, 16.4 with percentage predicted of 64.35 in 
patients with neurosarcoidosis and 15.6 with per-
centage predicted of 61.76 in patients with other 
forms of sarcoidosis. Patients with all other forms 
of sarcoidosis had more advanced disease on chest 
X-ray compared to those with neurosarcoidosis, and 
there were more patients with staggering stages more 
than stage 0 in those with other forms of sarcoido-
sis than neurosarcoidosis, 81.2% compared to 75%, 
p=0.002. The only abnormality revealed on the PFT 
of patients with neurosarcoidosis was a reduction in 
DLCO, 16.65 with a percentage prediction of 64.36.  

In addition, we evaluated both chest CT and 
pulmonary tissue biopsies in patients with neurosar-
coidosis. We found that 71% of patients with neu-
rosarcoidosis had positive CT findings as shown on 
table 3. Some of these individuals also underwent 
tissue biopsy based on these abnormal CT findings. 
Interestingly, about 57% of these patients had non-
caseating granuloma on hilar lymph node or airway 
biopsies (Figure 1C).  

Since there were only minimal changes in 
DLCO as well as subtle changes on the chest CTs 
in patients with neurosarcoidosis as compared to 
those with primary pulmonary sarcoidosis, we com-
pared the brain magnetic resonance images (MRI), 
chest CT and bronchoscopy results of patients with 

Table 1. Baseline characteristics for patients with neurosarcoidosis

Variable Mean, n (%)

Age (years) 47.9±10.5

Race 
 African American    64 (92.7)
 White    3 (4.3)
 Other 2 (3)

Sex 
 Male 16 (23.2)
 Female 53 (76.8)

BMI 32.6±8.5

Medication 
 None    3 (4.3)
 Steroids 58 (84)
 IMD    66 (95.7)

Smoking status 
 Current smoker 20 (29)
 Never smoker    27 (39.1)
 Ex-smoker    22 (31.9)

Fig. 1. A, Sites of central nervous system involvement. B, Zajicek Classification (percentage of neurosarcoidosis patients). C, Percentage of 
neurosarcoidosis patients with positive findings on chest CT, lung biopsy or hilar lymph nodes
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Table 2. Characteristics of patients with neurosarcoidosis compared with all other sarcoidosis patients

Variable Neurosarcoidosis All Others p-value
 Subjects Mean ± SD Subjects Mean ± SD 

FVC (L) 61 2.95±0.81 325 2.81±0.82 0.228
FVC % 61 88.6±19.76 324 79.1±19.26 0.0007
FEV1 (L) 61 2.32±0.63 325 2.22±1.28 0.4692
FEV1 % 61 86.7±18.9 324 76.5±19.94 0.0002
FEV1/FVC 61 79.18±7.83 322 75.65±11.15 0.018
TLC (L) 57 4.52±1.06 312 4.62±3.76 0.846
TLC % 56 85.14±15.52 313 80.61±17.32 0.068
DLCO 58 16.4±6.06 319 15.6±5.82 0.325
DLCO % 58 64.36±19.59 320 61.76±19.57 0.351
Chest radiograph stage 60 1.13±0.94 320 1.60±1.16 0.002
Percentage with CXR Stage >0 68 75 320 81.2 0.002

Fig. 2. A and B, MRI of the brain of a patient, who initially presented with seizures headaches and confusion. A, and B, shows numerous 
small discrete foci in T2/Fluid attenuation inversion recovery (FLAIR) signal scattered throughout cerebral white matter (white arrows). C, 
and D, show CT of the chest. (C) Lung window shows subtle changes on the lung parenchyma. (D) Mediastinal window shows the presence 
of mediastinal lymph nodes. (E) Fiberoptic image of distal trachea during bronchoscopy shows abnormal mucosal lining and subtle endo-
bronchial lesions that revealed non-caseating granulomas following biopsy (Black arrows)

Table 3. Number and percentage of neurosarcoidosis patients with positive findings on chest CT, lung biopsy or hilar lymph node biopsy.

Test Positive findings n (%) Negative findings n (%) Not done n (%)

CT Thorax (n=69) 49 (71) 14 (20.3) 6 (8.7)
Lung biopsy (n=69)    27 (39.1) 15 (21.8) 27 (39.1)
Lymph node (n=69)    39 (56.5) 3 (4.4) 27 (39.1)
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central nervous system biopsy proven sarcoidosis to 
those with pulmonary sarcoidosis. Interestingly, we 
found a broader spectrum of radiological abnormali-
ties among patients with neurosarcoidosis, ranging 
from minimal lymphadenopathy to severe adenopa-
thy and parenchymal changes on the CT scan. Two 
representative cases are shown in Figures 2 and 3. 
We expected that more abnormalities found on MRI 
of the brain would reflect more profound changes 
in the chest CT of corresponding patients. This was 
only partly true in some patients.  Figure 2A and B 
shows brain MRI of one of our patients with mul-
tiple white matter lesions. Figure 2C and D show 
the lung and mediastinal windows of the same sub-
ject. Interestingly, bronchoscopy showed multiple le-
sions and cobble stoning of the mucosa in his larger 
airways with the biopsies of the lesions confirming 
the presence of well-formed granulomas (Figure 
2E). However, we also found some cases, in which 
a patient with severe abnormalities on brain MRI 
(Figures 3A and B) had only minimal changes in his 
chest CT (Figure 3C and D). Despite only subtle 
changes on his chest CT, bronchoscopy showed an 

abnormal mucosal membrane with nodular lesions 
of his airway (Figure 3E) and the presence of non-
caseating granuloma on biopsy. 

Discussion

The diagnosis of neurosarcoidosis remains a 
challenge, especially in cases where sarcoidosis mini-
mally involves the lungs or other target organs such 
as the skin. In our study, the majority of the patients 
were African Americans, which likely reflects the 
demographics of the local population. The typical 
patient was African American female with a mean 
age at diagnosis of 48 years. This is comparable to 
the study by Carlson et al. in which the mean age 
was 46.7 years in a predominantly Caucasian popula-
tion (18). Earlier studies by Zajicek et al. and Joseph 
et al. found mean ages of 38.9 and 40 years respec-
tively (6,17). The main sites of involvement in our 
patients were the brain characterized by hyperdense 
white matter lesions followed by optic neuropathy. 
Pawate et al. reported 13 (24%) of their patients pre-

Fig. 3. A and B, MRI of another patient who presented with tremors and personality changes.  A and B shows abnormal FLAIR/T2 signal 
enhancement over the frontal lobes bilaterally with leptomeningeal and sulci enhancement (white arrow). C and D show CT of chest of the 
same patient. (C) The lung window shows significant subpleural and peripheral nodular opacities and thickness of bronchopulmonary bundles 
but lack of fibrotic changes. (D) Mediastinal window shows multiple small lymph nodes. (E) Fiberoptic image of carina during bronchoscopy 
shows endobronchial nodules and mucosal lesions in which endobronchial biopsies were positive for non-caseating granulomas (Black arrow)
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sented with bilateral optic neuropathy and 16 (30%) 
had T2 hyperdense non-enhancing white matter le-
sions (7). Koczman et al. and Heuser et al. reported 
similar findings (19,20). The findings of a retrospec-
tive study reviewing the brain MRI images of biopsy 
proven sarcoidosis included a variety of manifesta-
tions, including isolated mass lesion, diffuse intra-
parenchymal inflammatory lesions in the brain and 
spinal cord, leptomeningeal enhancement, hydro-
cephalus, and intracranial hemorrhage (21). Patients 
with neurosarcoidosis may not have any pulmonary 
symptoms. However, our study reveals that despite 
the absence of respiratory symptoms at presenta-
tion they are most likely to have positive changes 
on chest CT consistent with sarcoidosis, positive 
biopsies on hilar lymphadenopathy and/or a reduc-
tion in DLCO.  We found that 71% of our patients 
with neurosarcoidosis had chest CT findings con-
sistent with sarcoidosis. Pawate et al. revealed similar 
numbers, when they combined findings from both 
chest X-ray and chest CT with 34 of their 50 (68%) 
patients showing evidence of lung involvement (7). 
Joseph et al. also reported pulmonary involvement 
in their series of patients. They found 14 out of 29 
(48%) patients had abnormalities on chest X-ray 
(6). Chest CTs were only performed in six patients 
in this series. Our study reports a larger series and 
larger number of patients who underwent a diagnos-
tic chest CT and/or bronchoscopy to rule out other 
infections prior to starting treatment or to rule out 
pulmonary sarcoidosis due to higher prevalence of 
this disease in the Detroit area. Chen et al. reported 
hilar lymphadenopathy or pulmonary infiltrates on 
chest X-rays of most of their patients with neurosar-
coidosis, but none of these patients had a chest CT 
done (22). Our study found that 39 out of 69 (67%) 
patients with neurosarcoidosis had a positive biopsy 
of mediastinal lymph nodes. Most other studies re-
ported only one or two cases in which biopsies were 
obtained from lung or hilar lymphadenopathy (23). 
Prior series by Pawate et al. and Joseph et al. only 
reported 2 cases of mediastinal lymph node biopsies 
which were both positive.  Our study is the first to 
report significant pulmonary involvement in patients 
with neurosarcoidosis, even in the absence of pul-
monary symptoms. Our data indicates that subtle 
changes can now be seen on chest CT hence pulmo-
nary evaluation including chest CT and bronchos-
copy with possible lung and mediastinal lymph node 

biopsies are needed for early and safer diagnosis of 
patients who are suspected to have neurosarcoidosis. 

In summary, our study is the first to evaluate 
the role of pulmonary involvement in patients with 
confirmed diagnosis of neurosarcoidosis. The retro-
spective nature of our study limited the possibility 
for us to obtain complete information on all patients 
hence our proportions could be underestimated but 
this method remains the most feasible and practical 
way to study this disease condition.
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