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Abstract. Object: To investigate cranial MRIs of sarcoidosis patients by defining typical and atypical find-
ings and their relations with patient characteristics and other disease manifestations. Materials and Methods: 
A nationwide cohort was formed from patients with an entering ICD-10 code for sarcoidosis twice at least 
1 month apart and any tissue biopsy result with the word “granuloma” defined in the biopsy report were consid-
ered to have sarcoidosis. Data regarding patients were obtained by using Turkish Ministry of Health National 
Electronic Data base. Patients of the formed cohort were investigated for the presence of a cranial imaging at 
any time. Results: 4367 patients were defined as sarcoidosis and enrolled in the study. 1659 cranial imagings in 
689 patients were investigated. 1175 imagings were deemed suitable and evaluated. 3.4% of the patients had 
findings suggestive of sarcoidosis. Most common lesions were leptomeningeal or dural thickening with/without 
contrast material enhancement and midbrain/brainstem lesions. Presence of pulmonary sarcoidosis was the only 
significant factor with a negative predictive effect for patients to have typical findings. Discussion: Among sar-
coidosis patients with MRI we detected 3.4% of them had findings suggestive of CNS sarcoidosis. Absence of 
pulmonary involvement was observed to be predictor for occurrence of typical manifestations.
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Introduction

Sarcoidosis is an immune-mediated disease 
characterized by non-caseating granuloma forma-
tions. Cardinal manifestation is pulmonary involve-
ment with mediastinal lymph node enlargement and 
parenchymal changes in majority of patients, yet, as 
it is a notorious great mimicker, various other or-
gan manifestations may occur during disease course. 

Sarcoidosis may affect both peripheral and central 
nervous system, being called “neurosarcoidosis”. 
It had been reported that neurologic manifestations 
develop in 5-10% of sarcoidosis cases, yet various 
studies report different prevalence rates. Most com-
mon central nervous system (CNS) involvements 
of neurosarcoidosis comprise optic neuropathy, lep-
tomeningitis, pachymeningitis, cranial mass lesions, 
encephalopathy, myelopathy, and hydrocephalus (1). 
Symptomatic CNS involvement has been reported 
to occur in approximately 5% of the cases, however 
autopsy studies revealed 15-25% of the cases had 
findings of CNS involvement. When CNS imaging 
findings were considered approximately 10% of the 
cases had changes compatible with CNS sarcoido-
sis (2-5). The most common imaging findings of 
intracranial sarcoidosis are meningitis characterized 
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by leptomeningeal thickening and contrast enhance-
ment particularly at the basis of the head, paren-
chymal granulomas, white-mater signal alterations, 
ventriculitis and hydrocephalus, spinal myelopathy, 
and cranial neuritis (2-9). Additionally, dura mater 
and cranial bones can be involved (8,9). Isolated CNS 
involvement can be seen less than 1% of sarcoidosis 
patients, however, in patients with multiple organ in-
volvement, CNS symptoms generally surpass other 
accompanying manifestations when present (7). 
CNS sarcoidosis may result in serious morbidity and 
mortality therefore early recognition is crucial. Yet, as 
aforementioned, sarcoidosis can mimic various other 
medical conditions. This is also coherent in CNS 
imaging findings many of which can be observed in 
other conditions like infections, malignancies, and 
other autoimmune diseases. Especially in absence  
of other sarcoidosis manifestations and histopatho-
logic proof of the disease, as CNS sampling could 
not always be available, diagnosing the disease can 
be quite a challenge. Therefore, radiologists should 
be aware of characteristic findings of CNS sarcoido-
sis to provide valuable information to clinicians for 
prompt diagnosis. Unfortunately, this may not be 
always the case since CNS findings of sarcoidosis is 
highly variable. Here in this nationwide, multicen-
tre study, in a large cohort of sarcoidosis patients, we 
aimed to investigate imaging findings to further con-
tribute to the current knowledge by defining typical 
and atypical findings and their relations with patient 
characteristics and other disease manifestations.

Methods

Study design

The study was designed as a retrospective, ob-
servational, nationwide, multi-centre study. Turkish 
Ministry of Health National Electronic Data base 
(e-Nabız) is used under supervision of Health 
Ministry to extract the data of the subjects. The 
e-Nabız system was established by the Health Min-
istry in 2015 as a national health information system, 
to which only authorized individuals and institu-
tions have access, which has wide bandwidth and 
covers all of the country. E-Nabız system contains 
the clinical records of over eighty million people in 
Turkey including demographics, ever installed ICD 
codes, laboratory results, drug history, comorbidities. 
Ministry of Health presents services using Big Data 

technology, and these systems are also integrated to-
gether: E-Nabız and National Healthcare Informa-
tion System (NHIS). With these integrated, systems 
data of the patients as of January1, 2016 up to date 
can be obtained.

Sarcoidosis diagnosis

A nationwide cohort was formed from pa-
tients with an entering ICD-10 code for sarcoidosis 
(D86.0, D86.1, D86.2, D86.3, D86.8, D86.9) twice 
at least 1 month apart between January 1, 2016 to 
December 31, 2022 and any tissue biopsy result with 
the word “granuloma” defined in the results section 
were considered to have sarcoidosis. Data regarding 
demographics, major involvements other than mus-
culoskeletal involvements were recorded. Patients 
under the age of 18 and patients with a concomitant 
ICD code for tuberculosis at any time were excluded 
since differentiating two diseases retrospectively was 
quite not possible.

Radiologic evaluation

Patients of the formed cohort were investigated 
for the presence of a cranial imaging at any time. 
Results of these imaging’s were evaluated by a ra-
diologist for technical adequacy. Any imaging other 
than magnetic resonance imaging (MRI), technically 
inadequate imagings, imagings of the patients with 
history of cranial surgery and imagings with a miss-
ing result were all excluded. Typical findings were 
defined as leptomeningeal or dural thickening and/or  
contrast enhancement, nodular or mass lesions with 
continuity to dura mater and extra axial contrast 
enhancement, cranial nerve lesions, mid-brain and 
brainstem lesions, contrast-enhanced white-matter 
lesions, spinal signal alterations with contrast en-
hancement. Atypical lesions were defined as nonspe-
cific T2 hyperintensities resembling microvascular 
angiopathy without contrast enhancement.

Statistical analyses

Statistical analyses were made by the Statisti-
cal Package for Social Sciences (SPSS) software 
version 20 (IBM Corp., Armonk, New York). Con-
tinuous variables were presented by mean ± standard 
derivation (SD) or median (min – max) according 
to normality and compared by student-T test or 
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Mann-Whitney-U test. Categorical variables were 
presented in numbers and percentages and compared 
by x2 test. Binary logistic regression analysis was per-
formed to investigate predictive factors for presence 
of typical imaging findings. p values < 0.05 were con-
sidered significant statistically.

Results

A total of 4367 patients were defined as sar-
coidosis and enrolled in the study. 1659 cranial imag-
ings in 689 patients were investigated. 1175 imagings 
were deemed suitable and evaluated. Among these 
768 imagings were performed without intrave-
nous contrast material and 407 with. In 584 imag-
ings of 286 (6.5%) patients had MRI alterations. In  
46 MRIs of 23 (0.5%) patients there were typical find-
ings and in 263 (6.0%) patients had atypical findings. 
Among 667 patients whose MRIs were evaluated 
these frequencies are 39.3% and 3.4%, respectively. 
Typical findings in 46 MRIs are presented in Table 1.

Most common lesions were leptomeningeal or 
dural thickening with/without contrast material en-
hancement and midbrain/brainstem lesions. Figure 1 
presents the constellation of typical findings in each 
MRI.

Clinical characteristics and sarcoidosis manifes-
tations were compared in patients with an MRI re-
sult, between patients with normal MRI and patients 
with any finding (Table 2). Patients with MRI le-
sions were significantly older and female gender was 
more frequent. Average urinary calcium excretion 
was lower close to significance. When sarcoidosis 
manifestations were investigated, erythema nodo-
sum (37 (12.9%) vs 33 (8.7%), p=0.075), hearing 
loss (34 (11.9%) vs 26 (6.8%), p=0.024), arrhythmia 

(15 (5.2%) vs 9 (2.4%), p=0.048) were more common 
and urolithiasis (16 (5.6%) vs 38 (10.0%), p=0.040) 
was less frequent in patients with a positive MRI. 
A similar analysis was performed between patients 
with typical MRI findings and patients with normal 
MRI (Table 2). Age did not differ between groups 
(52.50±24.75 vs 49.32±9.09, p=0.666). Level of me-
dian (IQR) urinary calcium excretion was lower in 
patients with typical findings (27.87 (81) vs 131.64 
(222), p=0.035). Presence of pulmonary sarcoidosis 
was significantly lower in patients with typical find-
ings (43.5% vs 66.9%, p = 0.023). Patients with typi-
cal findings were more frequently female (0.017) and 
had extra pulmonary manifestations more frequently 
such as facial paralysis, extra pulmonary lymphad-
enopathy, liver involvement, glomerulonephritis and 
myocarditis/pericarditis/cardiomyopathy (p values: 
0.021, 0.018, <0.001, <0.001, <0.001, respectively).

Logistic regression analyses were performed to 
determinate predictive factors for patients to have 
both any positive MRI and an MRI with typical 
findings (Table 3). Age over 50 years (OR: 3.881, 
95% [CI]: 2.759 – 5.641, p<0.001) and presence of 
hearing loss (OR: 1.924, 95% [CI]: 1.090 – 3.396, 
p=0.024) were positive predictive factors and pres-
ence of urolithiasis (OR: 0.486, 95% [CI]: 0.252 – 
0.936, p=0.031) was a negative factor for patients 
to have a positive MRI. Presence of pulmonary sar-
coidosis was the only significant factor with a negative 
predictive effect (OR: 0.325, 95% [CI]: 0.136 –  
0.777, p=0.012) for patients to have typical MRI 
findings.

Discussion

In our study we could evaluate 1175 MRI results 
of 667 patients in a cohort of sarcoidosis with 4367 
patients. Out of these 667 patients, 381 had normal 
results, 286 had any lesions in 23 of which typical 
findings suggestive of sarcoidosis were detected. 
Most common lesions were leptomeningeal or du-
ral thickening with/without contrast material en-
hancement and midbrain/brainstem lesions. When 
patients with a normal MRI and patients with any 
MRI findings were compared, older age and hearing 
loss were positive predictive factors and urolithiasis 
was a negative predictive factor for occurrence of le-
sions in MRI. When more typical lesions were taken 
into consideration, presence of pulmonary sarcoido-
sis was a negative predictive factor. Symptomatic  

Table 1. Frequency of typical findings in MRIs

N=46

Leptomeningeal or dural thickening with/
without contrast enhancement, n (%)

33 (71.7)

Nodular or mass lesions with extra axial contrast 
enhancement, n (%)

14 (30.4)

Cranial nerve involvement, n (%) 9 (19.6)

White matter lesions with contrast enhancement, 
n (%)

25 (54.3)

Midbrain or brainstem lesions, n (%) 28 (60.9)

Spinal cord signal alterations with contrast 
enhancement, n (%)

5 (10.9)
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study among imaging findings, we accepted to be 
suggestive for sarcoidosis, the most common was lep-
tomeningeal and/or dural involvement (71.4%). We 
could detect cranial nerve involvement only in 19.6% 
of the cases. None of our patients had hypothalamo-
pituitary involvement, encephalitis, ventriculitis or 
hydrocephalus. Sarcoidosis patients may have iso-
lated neurosarcoidosis approximately with a rate of 
10-20% and less than 1% may have isolated CNS 
involvement. Since diagnosing CNS involvement is 
already a complicated process, defining some patient 
characteristics to predict occurrence of CNS involve-
ment may be contributory to identification of these 
patients. In our study, among patients with MRI, we 
compared characteristics of patients which we could 
obtain through database, with normal MRI and with 
MRI alterations. Patients with MRI alterations were 
older and more frequently women. As for clinical 
characteristics, erythema nodosum, hearing loss and 
arrhythmias were more common. Interestingly, aver-
age urine calcium excretion was lower and history of 
urolithiasis was less frequent. When patients only 
with typical findings were evaluated, several etra pul-
monary manifestations were more frequent and rate 
of pulmonary sarcoidosis was lower. Older age was 
not observed to be related with occurrence of typi-
cal findings. Regression analyses revealed age older 
than 50, hearing loss were positive predictors of MRI 
alterations while urolithiasis was a negative predic-
tor. When regression analysis was performed to pre-
dict occurrence of MRI findings more suggestive of 

CNS involvement has been reported to occur in ap-
proximately 5% of the cases. This prevalence rises 
to 15-25% in postmortem studies and to approxi-
mately 10% in imaging studies (2-5). Our results 
demonstrated a frequency of 6.5% for presence of 
any MRI finding and 0.5% for findings more sug-
gestive of CNS sarcoidosis. When only patients with 
an MRI considered these frequencies are 39.3% and 
3.4%, respectively. However, the prevalence in our 
study should be interpreted with care since we could 
obtain imaging results as of 2016. Previous imag-
ings could not be investigated. Sarcoidosis is a great 
mimicker. Involvements in organ systems may re-
semble various other conditions therefore exclusion 
and histopathologic confirmation is crucial. This is 
also the case in CNS involvement; however, tissue 
sampling may not be always possible and interpre-
tation of cranial imaging, particularly MRI, comes 
forth for detecting CNS sarcoidosis. Additionally, 
10-20% of neurosarcoidosis patients may not mani-
fest any other organ involvement and recognition of 
imaging findings suggestive of sarcoidosis gains fur-
ther importance (10-12). Unfortunately, CNS sar-
coidosis does not have a pathognomonic finding. Yet, 
several studies defined cluster of some findings in 
varying frequencies, in sarcoidosis patients. Accord-
ingly, most common CNS findings were reported to 
be cranial neuropathies (50-70%), leptomeningitis  
(10-20%), myelopathy (5-26%), parenchymal disease 
(up to 50%), hydrocephalus (10%) and hypothalamo-
pituitary involvement (2-8%) (1, 2, 13-22). In our 

Figure 1. Constellation of typical findings in each MRI.
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Table 2. Characteristics of patients with MRI findings in comparison to patients with normal MRI

Number of patients with an evaluated MRI N=667

 

Patients with 
typical MRI 

findings N= 23
Patients with typical and/or 

atypical MRI findings N= 286
Patients with normal 

MRI N=381 p* p**

Age, years, mean±SD 52.50±24.75 57.17±12.82 49.32±9.09 0.666 <0.001

Gender, female, n (%) 21 (91.3) 236 (82.5) 274 (71.9) 0.017 0.001

Average serum calcium levels, 
mg/dL, mean±SD

10.47±0.01 11.11±2.34 10.25±3.20 0.788 0.277

Average urinary calcium levels, 
mg/day, median (IQR)

27.87 (81) 87.10 (149) 131.64 (222) 0.035 0.098

Average serum ACE levels, 
mcg/L, median (IQR)

51.08 (59) 53.38 (46) 38.71 (49) 0.554 0.845

Average serum RF levels, U/ml, 
mean±SD

12.26±1.99 11.27±5.71 10.64±4.93 0.091 0.767

Patients with manifestations 
other than CNS, n (%)

Pulmonary involvement 
(mediastinal lymphadenopathy 
and/or parenchymal disease)

10 (43.5) 190 (66.4) 255 (66.9) 0.023 0.893

Pulmonary hypertension 1 (4.3) 2 (0.7) 1 (0.3) 0.163 0.404

Uveitis 3 (13.0) 24 (8.4) 29 (7.4) 0.254 0.712

Erythema nodosum 3 (13.0) 37 (12.9) 33 (8.7) 0.583 0.075

Glandular involvement 11 (47.8) 139 (48.6) 201 (52.8) 0.425 0.288

Facial paralysis 2 (8.7) 9 (3.1) 10 (2.6) 0.021 0.688

Hearing loss 3 (13.0) 34 (11.9) 26 (6.8) 0.428 0.024

Lymphadenopathy 9 (39.1) 65 (22.7) 78 (20.5) 0.018 0.483

Liver involvement 1 (4.3) 1 (0.3) 0 <0.001 0.248

Glomerulonephritis 1 (4.3) 2 (0.7) 2 (0.5) <0.001 0.773

Renal tubulopathy 1 (4.3) 6 (2.1) 4 (1.0) 0.263 0.270

Urolithiasis 1 (4.3) 16 (5.6) 38 (10.0) 0.511 0.040

Arrhythmia 1 (4.3) 15 (5.2) 9 (2.4) 0.901 0.048

Myocarditis/pericarditis/
cardiomyopathy

2 (8.7) 6 (2.1) 6 (1.6) <0.001 0.615

Peripheral neuropathy 5 (21.7) 80 (28.0) 114 (29.9) 0.361 0.584

Mortality 1 (4.3) 11 (3.8) 18 (4.7) 0.843 0.582

*: p value between patients with typical MRI findings vs normal MRI, **: p value between patients with typical and/or atypical MRI  
findings vs normal MRI. Abbreviations: MRI: magnetic resonance imaging, ACE: angiotensin converting enzyme, RF: rheumatoid factor, 
CNS: central nervous system

sarcoidosis, only absence of pulmonary involvement 
was significantly related with presence of typical 
findings. Older age was not observed to be related 
with occurrence of typical findings. There are several 
limitations of our study. In addition to retrospec-
tive nature, data regarding patients were obtained 
from data base therefore, frequencies of disease 
manifestations should not be used for epidemiologic 

interpretations. Secondly, frequency of comorbidi-
ties which may affect particularly atypical lesions 
such as diabetes mellitus and hypertension were not 
evaluated. In addition, we could reach data as of 
2016, previous examinations of patients could not be 
evaluated. Furthermore, as a nationwide, multicen-
tre study, technicality of MRI procedure and report-
ing process was not unified. Finally, clinical impact 
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of MRI findings could not be evaluated due to the 
methodology of the study. In conclusion, in this na-
tionwide multicentre study comprising a large cohort 
of sarcoidosis patients, among patients with an MRI 
we detected 3.4% of them had findings suggestive 
of CNS sarcoidosis. Most common involvement was 
leptomeningitis and absence of pulmonary involve-
ment was observed to be predictor for occurrence of 
typical manifestations. However, we wish to empha-
size that due to nature of the study, these results can 
not represent true incidence of CNS lesions in sar-
coidosis patients. Future prospective studies would 
contribute to the issue and defining of typical CNS 
involvements of sarcoidosis.
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