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Abstract
Neurosarcoidosis is relatively rare and has diverse manifestations. The clinical characteristics, diagnosis, treatment, and outcome
for neurosarcoidosis in China are poorly understood. We retrospectively analyzed the clinical features, laboratory and imaging
results, treatment, and outcomes in patients who met the criteria for definite or probable neurosarcoidosis in XuanWuHospital of
Capital Medical University from 2000 to 2015. Eight patients were included in this study, accounting for 5.84% of all cases with
sarcoidosis. The mean age at onset was 50.25 years, and 75% of the patients were female. Five cases had a prior diagnosis of
extraneurologic sarcoidosis, leading to a shorter lag time between onset of symptoms and diagnosis (3.4 vs. 16.2 months).
Neurological symptoms were the first clinical feature of sarcoidosis in three cases, and no patients presented isolated nervous
system manifestation. The most common symptom was sensory disturbance, and the most common site of nervous system
involvement was brain parenchyma and meninges. Disturbance of consciousness, seizures, hydrocephalus, and abnormal CSF
assays were associated with poor prognosis. All patients were treated with corticosteroids and one was also given azathioprine.
Five patients had complete or partial improvement, one remained stabilized, and two deteriorated and died. Neurosarcoidosis is
difficult to diagnose early and might be associated with a poor prognosis. Tissue biopsy for a definitive diagnosis and aggressive
therapy with corticosteroids plus other alternative immunosuppressive treatment should be recommended in China.
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Introduction

Sarcoidosis is a multisystem, non-caseating granulomatous
disease [1, 2]. Its pathogenesis is generally considered to be
related to the abnormal immune response induced by both
infectious and non-infectious factors in susceptible individ-
uals [3]. The incidence rate of sarcoidosis is highest in north-
ern European and African-American populations [1, 2, 4].
However, it is relatively low in Asia, such as Japan and
Singapore [5, 6]. It occurs more commonly in adults within
20–40 years old [2] and usually affects the lung, skin, eyes,
and liver.

Previous clinical studies revealed that approximately 5–
15% of patients with sarcoidosis had neurological involve-
ment [3, 7–10]. However, this rate is much higher at autopsy,
up to 25%, suggesting that there are a large number of patients
with subclinical neurosarcoidosis [3, 7]. Neurosarcoidosis
may involve any part of the nervous system, including cranial
nerves, brain parenchyma, meninges, spinal cord, and periph-
eral neuropathy. Therefore, it has diverse manifestations and
different courses [11]. If sarcoidosis exclusively affects the
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nervous system, or neurological manifestations appear in the
patients with inactive systemic sarcoidosis, diagnosis is much
more challenging to make, and histological evidence of non-
caseating granulomas of the nervous system tissue is needed
[12].

There have been no accepted treatment guidelines for
neurosarcoidosis so far, and most recommendations are based
on the results of case observations and expert opinions [3, 7,
13]. Corticosteroids are considered to be the mainstay of treat-
ment and other immunosuppressive agents, such as metho-
trexate, azathioprine, and mycophenolate mofetil, are often
used with steroids in patients unable to tolerate high-dose
corticosteroids or with a recurrent course. Infliximab, a
TNF-α inhibitor, is considered to be the most promising ad-
junct treatment to steroids for patients with severe disease
[14].

The studies of neurosarcoidosis in China are sparse, and
most of them are single case reports. In this study, we per-
formed a retrospective analysis to demonstrate the clinical
characteristics, diagnosis, and treatment of neurosarcoidosis
in eight Chinese patients.

Methods

This study received ethical approval from the Xuan Wu
Hospital institutional review board. We retrieved the data of
137 patients diagnosed with sarcoidosis who were consecu-
tively admitted to Xuan Wu Hospital of Capital Medical
University from 2000 to 2015. The medical records of cases
suspected of or proven to be neurosarcoidosis were reviewed.

The diagnosis of neurosarcoidosis was classified as defi-
nite, probable, and possible according to the diagnostic criteria
first proposed by Zajicek et al. [15] and modified by
Marangoni et al. [16] and Carlson et al. [17]: definite, clinical
presentation suggestive of neurosarcoidosis with exclusion of
other possible diagnoses and the presence of positive nervous
system histology; probable, clinical syndrome suggestive of
neurosarcoidosis with laboratory support for central nervous
system inflammation (elevated levels of CSF protein and/or
cells, the presence of oligoclonal bands, and/or MRI evidence
compatible with neurosarcoidosis) and exclusion of alterna-
tive diagnoses together with evidence for systemic sarcoidosis
(positive histology and/or at least two indirect indicators from
FDG-PET, chest CT, and serum ACE); and possible, clinical
presentation suggestive of neurosarcoidosis with exclusion of
alternative diagnoses where the above criteria are not met.
Only patients who met the criteria for definite or probable
neurosarcoidosis were included in this study.

The clinical data of recruited patients were then retrospec-
tively analyzed, including demographic information, past
medical history, clinical presentation, auxiliary examinations
(serum ACE levels, chest CT, CSF assays, MRIs,

electromyography, and histology), treatment, and outcome.
The lag time between onset of symptoms and diagnosis, his-
tory of sarcoidosis, and detailed neurological features were
particularly considered.

Results

Eight patients who met the criteria for definite or probable
neurosarcoidosis were included (Table 1), accounting for
5.84% (8/137) of all cases with sarcoidosis (Table 2). Six
patients (75%) were female. The mean age at onset of symp-
toms was 50.25 ± 12.07 years (range 33–71), and the mean
age at diagnosis was 50.88 ± 11.66 years (range 33–71). The
mean lag time between onset of symptoms and diagnosis was
8.19 ± 11.70 months (range 0.5–36). Of those eight patients,
five (62.5%) had a prior history of extraneurologic sarcoidosis
(Table S1) leading to earlier diagnosis (3.4 vs. 16.2 months).

One patient was diagnosed as definite neurosarcoidosis
confirmed by brain and cervical lymph node biopsy (case 1).
The other seven cases were classified as probable
neurosarcoidosis together with evidence for systemic sarcoid-
osis, supported by mediastinal lymph node biopsy in five pa-
tients (cases 2, 3, 4, 7, and 8), and cervical lymph node biopsy
in one patient (case 6) and two indirect indicators in one pa-
tient (case 5).

Clinical manifestation

Neurological symptoms and signs were the first clinical fea-
ture of sarcoidosis in three cases (37.5%; cases 3, 5, and 8),
who were found to have evidence of extraneurologic sarcoid-
osis on further investigation. No patients presented only neu-
rologic sign as manifestations of the disease. Pulmonary sar-
coidosis, found in all patients, was most common type of
extraneurologic sarcoidosis. Peripheral lymph nodes were in-
volved in three patients (cases 1, 5, and 6), spleen in two
patients (cases 3 and 7), hepatic portal and retroperitoneal
lymph node in one (case 7), and skin in one patient (case 3).

Neurological symptoms of eight patients were shown in
Fig. 1. The most common symptom was sensory disturbance
occurring in six patients, including limb numbness, girdle-
band sensation, formication, and neuralgia. Fever, headache,
limb weakness, and sphincter disturbance were also common
in this group. Disturbance of consciousness and seizures were
found only in two patients who were eventually dead (cases 1
and 6).

Auxiliary examination

SerumACE level was assayed in five patients (Table 1), and it
was elevated in only one patient (case 6). Blood calcium levels
were normal in all patients. CSF examination was performed
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in all patients and there was no specific change (Table 1).
Elevated levels of CSF protein were found in six patients
(cases 1, 3, 4, 5, 6, and 8), and the levels of CSF glucose were
slightly reduced in two patients (cases 1 and 7), and CSF
oligoclonal band was positive in two patients (cases 5 and
6). Intracranial pressure was notably increased in three pa-
tients (cases 1, 3, and 6), of which two patients with
pleocytosis and obviously high protein levels eventually died
(cases 1 and 6).

Magnetic resonance imaging (MRI) was performed in all
patients (Table 1). Meningeal enhancement could be found in
four patients (cases 1, 3, 5, and 6). T1 hypointense, T2 hyper-
intense, and T1 contrast-enhancing parenchymal lesions oc-
curred in gray matter in four patients (cases 1, 2, 3, and 6) and
white matter in one patient (case 3). Among them, one patient
(case 6) had intracranial lesions with nodular enhancement
and mass effect mimicking neoplasms (Fig. 2). In addition,
posteriorly located enhancing lesions extending from T2 to T5

in the thoracic spinal cord (Fig. 3) were found in one patient
(case 4), and bilateral symmetrical enhancement of Meckel’s
cave and the trigeminal ganglions (Fig. 4) were found in one
patient (case 5).

EMG was performed in three patients, of which two had
axonal motor and sensory neuropathy (cases 7 and 8). Chest
CT scan was performed in all patients, showing bilateral hilar
lymphadenopathy (cases 1–8) and/or pulmonary parenchymal
lesions (cases 3 and 5–8). FDG-PET scan was performed in
one patient, revealing hypermetabolic activity in mediastinal
and cervical lymph nodes (case 5).

Treatment and outcome

All patients were treated with corticosteroids (Table 1). The
initial therapy was intravenous methylprednisolone 0.5–1 g
for 3–5 days in five patients (cases 4, 5, 6, 7, and 8), or intra-
venous dexamethasone 10 mg for 10 days or more (cases 1

Table 2 Demographics of
patients with sarcoidosis Neurosarcoidosis Extraneurologic sarcoidosis Sarcoidosis

Number 8 (5.84%) 129 (94.16%) 137 (100%)

Sex (female%) 6 (75.00%) 100 (77.52%) 106 (77.37%)

Age at onset (years) 50.25 ± 12.07 55.56 ± 11.88 55.23 ± 11.92

Age at diagnosis (years) 50.88 ± 11.66 55.86 ± 11.89 55.55 ± 11.89

Lag time (months)a 8.19 ± 11.76 5.26 ± 4.19 5.44 ± 4.96

aMean lag time between onset of symptoms and diagnosis

Fig. 1 Neurological symptoms of
eight patients with
neurosarcoidosis
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and 3), or oral prednisone 60 mg/day for 4 weeks (case 2),
followed by tapering oral prednisone. One patient with a re-
current course was given azathioprine in addition to cortico-
steroids (case 3).

The average time of follow-up was 15.13 ± 9.29 months
after diagnosis (range 0.5 to 24 months). Two patients got
complete remission (cases 4 and 5), three patients had partial
improvement (cases 2, 3, and 7), and one patient was

Fig. 2 Intracranial lesions
mimicking neoplasms in
neurosarcoidosis (case 6). Axial
T1 images (a, d) showed
hypointense signals located in the
right frontal operculum and
parietal lobe, respectively. Axial
(b, e) and coronal (c, f) T1 post-
contrast images revealed two
nodular enhancing lesions with
mass effect mimicking neoplasms

Fig. 3 Spinal cord lesions in
neurosarcoidosis (case 4). Sagittal
T2 image (a) showed the
hyperintense signals in the
thoracic spinal cord. Sagittal T1
post-contrast image (b) revealed
posteriorly located enhancing
lesions extending from T2 to T5
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stabilized (case 8). Two patients deteriorated and died
2.5 months (case 1) and 1 month (case 6) after the onset of
neurological symptoms.

Discussion

This study revealed that the prevalence of clinical
neurosarcoidosis in our sarcoidosis series was 5.84% (8/
137), similar to that reported in other case series [8, 18, 19].
Neurosarcoidosis was more common in women in our study
and the female-to-male ratio was 3 to 1, slightly higher than
the previous findings [3, 8, 12, 15, 17, 20]. The mean age at
onset was 50.25 years old, later than that reported in some
previous studies (range from 33 to 48 years old) [3, 8, 11,
12, 15, 17, 20]. However, an epidemiological study in Japan
showed there was a second peak of incidence in the 50–60-
year-old females with sarcoidosis [5]. In our study, women
were obviously older than men at onset of symptoms (55.5
vs. 34.5 years). This sex-related difference seemed to be one
of the reasons for the relatively later age at onset.

Neurological involvement was the first manifestation of
sarcoidosis in 37.5% of cases, and none of the patients had
isolated nervous system manifestation in this study. This is

different from previous studies, which reported that the rate
of neurological involvement as the first manifestation was up
to 50–70% [8, 11, 12, 15, 20, 21], and as the only feature of
the disease was 10–15% [8, 12]. A retrospective case series of
305 patients reported recently showed that the rate of isolated
neurosarcoidosis has gone up to 38% [17]. The rate of this
study was far lower than those reported in Caucasian popula-
tions. This inconsistency may be caused by the difference of
prevalence and clinical features of neurosarcoidosis among
different areas and races. However, another important reason
is that diagnosis is much more challenging when the neuro-
logical involvement is the first or only manifestation of sar-
coidosis. A tissue biopsy, especially from the nervous system,
is needed for a definitive diagnosis. Neurological manifesta-
tions of the patients in this study were various, and the most
common symptom was sensory disturbance, which was
caused by lesions of the thalamus, the spinal cord, trigeminal
nerve, and the peripheral nerve. This was consistent with the
previous reports, suggesting that the most common symptoms
were sensory disturbance (29–46%) and headache (32–37%)
[11, 21]. However, headache may be more common (up to
90%) in patients with isolated neurosarcoidosis [12].

CSF changes in this series were similar to the previous
results. Typical CSF findings are elevated protein and/or

Fig. 4 Bilateral trigeminal nerve
involvement in neurosarcoidosis
(case 5). Compared to the T1 (a,
d) and T2 (b, e) images, axial and
coronal T1-weighted post-
contrast (c, f) MRI showed
intense bilateral symmetrical
enhancement of Meckel’s cave
and the trigeminal ganglions
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lymphocytic pleocytosis, which are found in approximately 2/
3 of patients [7, 11, 17, 21]. CSF oligoclonal band is also
reported in 30–50% of patients [3, 11]. Otherwise, reduced
CSF glucose, often seen in neoplastic or infectious meningitis,
is found in approximately 10–20% of patients with
neurosarcoidosis [3, 22]. MRI features in this series were also
consistent with the previous findings. Meningeal enhance-
ment is reported to be the most common finding on brain
MRI, seen in 30–40% of patients with neurosarcoidosis [3].
The involvement of brain parenchyma on MRI manifests as
two types [23]. One is the granulomas with nodular enhance-
ment and mass effect mimicking neoplasms and infectious
lesions (Fig. 2). The other presentation is the peri-ventricle
and subcortical white matter lesions with or without enhance-
ment mimicking multiple sclerosis. The spinal involvement
on MRI usually manifests as intramedullary lesions located
in cervical or upper thoracic spinal cord [24] and often extend-
ing to three or more spinal segments [13, 25].

Neurological manifestations and investigations revealed
that both central and peripheral nervous system were involved
in this series, including brain parenchyma, meninges, spinal
cord, cranial nerves, and peripheral nerves. Previous studies
showed that cranial neuropathy, seen in 50–70% of patients
with neurosarcoidosis, was the most common type of neuro-
logical damage [3, 7, 11, 13, 24, 26, 27]. Though any cranial
nerve can be involved, facial and optic nerves are most fre-
quently affected [7, 11, 13, 24, 26–28]. Bilateral peripheral
facial palsy, which also occurred in our study, is considered
to be one of the significant characteristics of neurosarcoidosis
[26]. However, the most common neurological damages in
this group were brain parenchymal lesions and meningeal dis-
ease, the frequencies of which were considered to be lower
than that of cranial neuropathy, approximately 50% and 20%,
respectively [10, 27]. This study also reported patients with
myelopathy and peripheral neuropathy, which are less com-
mon, accounting for approximately 5–15% of patients with
neurosarcoidosis [27]. Usually, central nervous system in-
volvement predicts for a worse disease course compared with
peripheral nervous system involvement [8, 22, 29]. Our study
revealed that disturbance of consciousness, seizures, hydro-
cephalus, and abnormal CSF assays (increased intracranial
pressure with pleocytosis and obviously high protein levels),
occurring only in two patients who eventually died, were as-
sociated with poor prognosis.

The evidence for systemic sarcoidosis includes positive
histology and/or at least two indirect indicators. Marangoni
et al. modified the diagnostic criteria for neurosarcoidosis first
proposed by Zajicek et al., suggesting that the serum ACE
level had a low sensitivity for the diagnosis [16]. Elevated
serum ACE level was found in only one of five patients in
our study, supporting this opinion. 18F-FDG PET can detect
pulmonary and extrapulmonary lesions as similarly or even
more accurately than gallium scintigraphy scan [30].

Therefore, FDG-PET is recommended to the patients to look
for evidence of involvement outside the nervous system and
identify a target for biopsy [26, 31, 32].

Recently, a meta-analysis based on the articles over the last
35 years including 1088 cases showed that about 2/3 of pa-
tients with neurosarcoidosis improved with therapy and that
the mortality rate among patients was 5% [11]. There are rare
reports on the prognosis of neurosarcoidosis among Chinese.
Sarcoidosis appeared to be the more benign courses among
Chinese and the outcomes are generally good [6, 33].
However, the patients with extrapulmonary manifestations
are more likely to relapse and might respond poorly to stan-
dard drug therapy [33, 34]. Our study showed that five pa-
tients had complete or partial improvement and the remission
rate was 62.5%, consistent with the meta-analysis results.
However, two patients deteriorated and died in our study, sug-
gesting a poor outcome for neurosarcoidosis among Chinese.
Both patients had a history of pulmonary sarcoidosis and none
of them took any the nervous system examinations since di-
agnosis of pulmonary sarcoidosis was made. Lack of careful
follow-up and treatment monitoring may be related to relapse
and result in extrapulmonary sarcoidosis. This may be one of
the reasons for poor outcome results. Another important rea-
son is that none of the patients received alternative immuno-
suppressive therapy, such as infliximab or cyclophosphamide
treatment. Recently, corticosteroids plus alternative immuno-
suppressive therapy is recommended to be used early on the
high-risk patients (hydrocephalus, seizures, encephalopathy,
etc.) to obtain a favorable clinical outcome [35, 36]. The
meta-analysis also showed that 24% of patients who used
corticosteroids alone were switched to second- or third-line
therapy [11]. In this series, corticosteroids remained the first-
line treatment and only one patient was given azathioprine as
well because of the recurrent disease course. Compared with
these findings, our results suggested that the application of
other immunosuppressants with corticosteroids for
neurosarcoidosis still needs to be vigorously advanced in
China.

Neurosarcoidosis is difficult to diagnose at the early stage
and might be associated with a poor prognosis in China.
Therefore, detailed investigations, such as tissue biopsy, if
necessary, are recommended for the suspected patients to ob-
tain a definitive diagnosis as early as possible. Alternative
immunosuppressive therapy plus corticosteroids should be
initiated early in patients with severe involvement of the cen-
tral nervous system to improve clinical outcome.
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