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Abstract

Objectives: Clinical involvement of the nervous system is uncommon during sarcoidosis.
Cerebrovascular events are rarely reported during sarcoidosis and may be confused with
primary angiitis of the central nervous system. The characteristics and outcomes of
cerebrovascular events during sarcoidosis have not been well-evaluated.

Patients and methods: We conducted a retrospective case-series in our institution with an
updated review of the literature from 1962 to 2017 to characterize the clinical presentation,
imaging, histology and outcomes of stroke that were thought to be causally related to
sarcoidosis.

Results: Fifty-one patients (31 men, median age at stroke diagnosis of 41 years) receiving a
diagnosis of stroke and sarcoidosis, including 8 new cases from our institution and 43 from
the literature review, were included. Stroke was the first manifestation of sarcoidosis in 64%.
The stroke was ischemic in 69% and hemorrhagic in 31%. A total of 31% experienced a
transient ischemic attack before ischemic stroke. A total of 36% of patients had multiple
infarcts or hemorrhages. The median number of cardiovascular risk factors was 0. Concerning
histological presentation, vascular or perivascular involvement was present in all cases. After
a median follow-up of 12 months (after stroke), up to 50% of patients had developed a
permanent neurological impairment, 16% had a recurrence of stroke, and 23% died.
Conclusions: Cerebrovascular events may be the first manifestation of neurosarcoidosis, and
have a prognosis impact in such patients, leading to death and permanent neurological

impairment.



Introduction

Sarcoidosis is a multi-systemic granulomatous disease of unknown cause characterized by
infiltration of the tissues by non-caseating granulomas. It affects various organs, including the
lungs in 90% of the patients. Sarcoidosis may remit spontaneously, although it can also be
chronic or progressive in up to 25% of patients [32]. Clinical involvement of the central
nervous system (CNS) occurs in 5-10% of cases [9, 10, 15, 17, 18, 29], and subclinical CNS
involvement has been observed in up to 27% of sarcoidosis patients in autopsy studies [14,
24]. Sarcoidosis may affect virtually any part of the central or peripheral nervous system
(PNS). Clinical manifestations of neurosarcoidosis are variable but most frequently appear as
cranial neuropathy, focal or multifocal encephalopathy, and rarely, intracranial hypertension
[6]. Despite the evidence for granulomatous involvement of the vessels in histological studies,
vasculitis is not a classical feature of sarcoidosis. Stroke related to neurosarcoid vasculitis is
rare and limited to case reports or small series [2, 4,7, 8, 11, 19, 21, 23]. However, in a recent
study, the relative risk of cerebrovascular comorbidity in 345 patients with sarcoidosis from
1976 to 2013 compared with 345 individuals without sarcoidosis was 10.06 (95% confidence
interval (CI) 1.29-78.67) in the first 5 years after diagnosis and 1.87 (1.00-3.50) after 5 years,
suggesting a specific mechanism of stroke during sarcoidosis [30].

However, the characteristics and outcomes of cerebrovascular events during sarcoidosis have
not been well-evaluated. We therefore conducted a retrospective case-series with an updated
review of the literature to characterize the clinical and biological, imaging and histology

presentations and to evaluate the outcomes of cerebrovascular events related to sarcoidosis.

Patients and Methods
Patient selection
We performed a retrospective study in an internal medicine Department and stroke unit of a

French University hospital. Patients were identified through the computerized local database
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of hospitalized patients (Programme de Médicalisation des Systemes d’Information, PMSI)
between 2005 and 2017 using the codes of International Statistical Classification of Diseases
and Related Health Problems (ICD-10) for “sarcoidosis” (i.e., D86) and “ischemic or
hemorrhagic stroke” (i.e., G45 and 160, 161, 162, 163 or 164), which were likely to appear as the
principal of associated codes for the hospital stay. All forms of cerebrovascular events were
considered, including transient ischemic attacks (TIA), hemorrhagic or ischemic strokes and
cerebral venous thrombosis (CVT). Medical records were reviewed, and patients were
included if they received a diagnosis of sarcoidosis according to the American Thoracic
Society (ATS) / World Association on Sarcoidosis and other Granulomatous diseases
(WASOG) recommendations [1], a CNS localization corresponding to a “definite” or
“probable” neurosarcoidosis (“definite” when non-caseating granuloma were found in the
neurologic tissue, “probable” when non-caseating granuloma were found elsewhere) [34], and
had experienced a cerebrovascular event. The patients were excluded if they were not
screened for cardiac and cerebral large vessels diseases or if the cerebrovascular event was
related to a cardioembolic event (e.g., atrial fibrillation) or atherosclerotic lesions. Finally, 2
physicians (V.]J. and F.C.-A.) independently reviewed the medical charts of the remaining
patients who were excluded if the stroke did not seem related to sarcoidosis and if the stroke

occurred before the first clinical manifestation of sarcoidosis.

Literature review

We conducted a systematic search through the National Library of Medicine's MEDLINE
database and Web of Science Medline library for relevant literature using the keywords
“sarcoidosis” OR “neurosarcoidosis” OR “granulomatosis” OR “granuloma” OR “sarcoid” AND
“stroke” OR “brain ischemia” OR “intracranial hemorrhages” OR “cerebral venous
thrombosis”. All articles published in English or French between 1962 and 2017 were

reviewed. Three hundred and six references were screened, and the references of selected



articles were reviewed for additional case reports. The articles were included if the patients
met the criteria described above. Patients for whom another cause of stroke was more
probable were excluded. Thus we included patients for whom stroke was thought to be
causally related to sarcoidosis. The demographic and clinical characteristics and biological,
imaging and histological presentations were collected, as well as the treatments received and

outcomes.

Data collection

The characteristics of the patients were obtained through medical records. The following data
were collected: demographic characteristics, delay between the onset of sarcoidosis and
cerebrovascular event, localizations of sarcoidosis, blood test results (including serum
Angiotensin-Converting Enzyme (ACE)), cerebrospinal fluid (CSF) and imaging data,
histological results, treatments and outcomes. Stroke characteristics were recorded, including
clinical features and cerebral MRI findings (involved territory, multiple localizations or

cerebral vasculitis).

Statistical analyses
Data are presented as the median (range) for continuous variables and number (%) for
qualitative variables. When data were lacking, the percentage was calculated using the

available data.

Results

Patient characteristics

We screened 17 patients from the PMS], and 8 patients were included. Nine patients were
excluded because they did not meet the inclusion criteria for the following reasons: other

diagnosis than sarcoidosis (n=5), no histological documentation (n=2), no stroke (n=1) and



embolic stroke (n=1). From the 306 articles in the literature, 34 were included, corresponding
to 43 cases. A total of 272 articles were excluded because they did not meet the inclusion
criteria for the following reasons: diagnosis other than sarcoidosis (n=150), no stroke (n=92),
no histological documentation (n=16), language other than English or French (n=6), and no
full text available (n=8). Thus, we analyzed 51 cases, including 8 new cases.

The baseline characteristics of the patients are detailed in Table 1. Patients were
predominantly men (n=31/46, 67%; in 5 cases, the gender was not specified) with a median
age of 41 [range 21-73] at stroke diagnosis. Thirty-six of 39 patients (92%) had an extra-
neurologic involvement of sarcoidosis. The main manifestations of sarcoidosis were
mediastinal lymph nodes or lungs (n=35/39, 90%), eyes (n=8/39, 21%), skin (n=7/39, 18%),
ear-nose-throat (n=7/39, 18%), liver or spleen (n=5/39, 13%), extra-thoracic lymph node
involvement (n=3/39, 8%) or other (n=5/39, 13%). The median number of organs involved
was 1 [0-6].

Twenty-one of 34 patients (62%) had at least one laboratory test abnormality, mostly serum
ACE increased (n=15/34, 44%).

All the patients (n=51/51, 100%) had a histopathological confirmation of sarcoidosis as
required in the inclusion criteria. For 8 patients, data of the autopsy were available. Eighteen
patients (35%) were classified as having definite neurosarcoidosis and 33 (65%) as probable
neurosarcoidosis. Three patients (8%) had an isolated neurosarcoidosis, without extra-
neurological involvement. The most common clinical manifestations were encephalopathy
(n=18/41, 44%) (focal sensory or motor defects, ataxia, cognitive or behavioral change,
seizures or neuroendocrine dysfunction), headache or hydrocephalus (n=14/41, 34%) and
cranial neuropathy (n=8/41, 20%).

A lumbar puncture was performed in 30 patients (59%) and demonstrated a pleocytosis
and/or elevated protein level in 27 cases. CSF total protein was elevated in 24 of 30 patients

(80%), pleocytosis was found in 23 of 30 patients (77%), and CSF oligoclonal bands with



elevated IgG-index (increased synthesis rate in the CSF) was observed in 8 of 30 patients
(27%).

Cranial MRI showed abnormalities in 29 of 32 evaluated patients (91%), mostly consisting of
white matter hyperintense lesions in T2-weighted sequences (n=22/32, 69%),
leptomeningeal thickening or enhancement (n=14/32, 44%) and hydrocephalus (n=7/32,
22%). Vasculitis was found in 18 of 32 cases (55%) on magnetic resonance angiography or
cerebral arteriography (Figure 1).

Among the patients with ischemic stroke, 1 patient had low titers of anti-$2 glycoprotein I
antibodies (in our series), 1 had anticardiolipin antibodies [33], and 1 with CVT was

heterozygous for the factor V Leiden mutation [28].

Characteristics of the cerebrovascular events

The characteristics of the cerebrovascular events are detailed in the Table 2. The median
number of cardiovascular risk factors was 0 (mean 0.6). Clinical manifestations of stroke were
hemiparesis (n=34/45, 76%), aphasia (n=14/45, 31%), dysarthria (n=10/45, 22%), seizure
(n=8/45, 18%), sensory deficit (n=7/45, 16%) and cerebellar ataxia (n=7/45, 16%).

The stroke was ischemic in 35 cases (69%) and hemorrhagic in 18 (31%). Among
hemorrhagic strokes, 2 patients had hemorrhagic infarcts linked to CVT, and one patient
experienced an ischemic stroke with secondary hemorrhagic transformation. Eleven of 35
patients (31%) experienced transient ischemic attack before ischemic stroke. CVT was noted
in 2 of 51 cases (4%).

In 23 cases out of 45 (51%), the stroke was located in the carotid system only, whereas 12 of
45 events (27%) were located in the vertebrobasilar system only, and 10 of 45 (22%)
involved both carotid and vertebrobasilar systems. Strokes occurred more frequently in the
middle cerebral artery territory (n=25/41, 61%) and less frequently in the anterior,

cerebellar or posterior cerebral arteries (respectively in 39%, 37% and 29% of cases). Sixteen
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patients (36%) had multiple infarcts or hemorrhages.
Stroke was the first manifestation of sarcoidosis in 29 of 45 patients (64%). Cerebrovascular
events occurred in 16 of 45 patients (36%) after the diagnosis of sarcoidosis with a median

delay of 39 months (0.5 - 360).

Histological presentations

The histological results of a CNS biopsy (n=2) or autopsy (n=7) were available corresponding
to 1 patient of our series and 8 from literature review. These results are detailed in Table 3.
Histological granulomatous meningitis was seen in 8 of 8 cases (100%) and parenchymal
granulomas in 7 of 8 cases (88%). A vascular or perivascular involvement was seen in 100%
of cases, consisting of perivascular granulomas in 6 of 9 patients (67%), granulomatous
vasculitis in 7 of 9 patients (78%) or medium/small vessels vasculitis with fibrinoid necrosis
in 4 of 9 patients (44%). Arteries and veins were involved in 6 of 8 patients (75%) and 6 of 7
patients (86%), respectively. Evidence for small-vessel stenosis or occlusion was found in 3 of
6 patients (50%). A microscopic infarction or hemorrhage was seen in 6 of 7 patients (86%)

each.

Treatments and outcomes

The treatments administered for neurosarcoidosis are presented in Table 4. Before
experiencing the stroke, the patients had been treated with corticosteroids (n=8/41, 20%) or
immunosuppressive drugs (n=2/41, 5%). After the stroke, 33 of 39 patients (85%) were
treated with corticosteroids, and 14 patients (36%) received an immunosuppressive drug
(among methotrexate (MTX), cyclophosphamide (CYC), azathioprine (AZA), anti-TNF,
intravenous immunoglobulins (IVIG), rituximab (RTX) or mycophenolate mofetil (MMF)).
The median follow-up after a stroke was 12 months (ranging from 1 to 240 months).

It is worth noting that at the end of follow-up, almost half of the patients (n=20/43, 47%) had
9



developed a neurological impairment, whereas almost one-third of them (n=13/43, 30%) had
recovered without sequelae. Seven of 43 patients (16%) had a recurrence of stroke and, in
most cases, two relapses or more (n=5/7). Ten patients died (23%); among them, seven

deaths were linked to neurosarcoidosis and cerebrovascular events.

Discussion

Despite numerous pathological studies showing granulomatous involvement of small vessels
in sarcoidosis, clinical signs of “vasculitis”, in particular stroke events, related to sarcoidosis
are rare. In this study, we found 43 cases of sarcoidosis-related strokes in the literature and 8
new cases in our center, which is a tertiary center highly specialized in sarcoidosis care. The
main results of this study can be summarized as follows: i) cerebrovascular events had a
variable presentation, ranging from ischemic transient or permanent strokes with large or
small vessels to hemorrhagic stroke or central venous thrombosis; ii) stroke was the first sign
of sarcoidosis in up to 40% of cases; iii) most of the patients had several signs of disease
activity at the time of stroke, including signs of neurological involvement, and this provides an
argument for a direct role of sarcoidosis in the occurrence of stroke; and iv) half of the
patients had neurological sequelae after stroke, and 23% died, which is an important note for
clinicians. A key feature of our study was that 2 independent physicians reviewed all the
cases, and we excluded those in which the link between stroke and sarcoidosis was not
certain. Thus we described only the cases that were thought to be causally related to
sarcoidosis.

The discrepancy between the frequency of pathological involvement of vessels and clinical
involvement of vessels in sarcoidosis is striking. Histological studies (from brain biopsy or
autopsy) of sarcoidosis have consistently shown evidence of vascular involvement [3, 5, 13,
20, 22, 25-27]. These studies characteristically showed granulomatous meningitis

predominantly involving the basal meninges, with frequent parenchymal and occasional
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ependymal involvement [13]. The granuloma tend to invade the cerebral parenchyma along
the Virchow-Robin spaces and are distributed around the vessels [22]. Granuloma
preferentially spread around small- to medium-sized arteries (i.e., vessels with caliber of the
perforating arteries), which explains why cerebral arteriography or magnetic resonance
angiography are typically normal in neurosarcoidosis [13]. Larger vessel involvement is
exceptional in the literature and may correspond to direct compression of marge vessels by
granulomatous masses [7]. The granuloma are described in most cases in the adventitia and
less frequently in the media or intima, leading to disruption of the media and internal elastic
lamina [20, 25]. Thus, the mechanism of cerebrovascular events is supposed to be
granulomatous invasion of the blood vessel walls and vascular compression by granulomas
rather than the inflammation of the cerebral vasculature. However, few cases of
granulomatous angiitis with fibrinoid necrosis in the vessels walls have been described,
resulting in obliteration of the arterial lumen and intense leukocyte infiltration similar to
medium or small vessels vasculitis. Moreover, we found that granulomas involved both
arteries and veins. It is worth noting that sarcoidosis vasculitis more commonly results in a
slowly progressive encephalopathy rather than an ischemic infarct as demonstrated by Brown
in a neuropathologic review: 14 of 19 cases with histologically proven vasculitic changes were
clinically manifested as encephalopathy, whereas only five had presented with a stroke or
transient ischemic attack [2].

Another important finding is that within most cases in our studies, stroke events were
associated with systemic involvement of sarcoidosis with evidence for clinical manifestation
of neurosarcoidosis, inflammatory CSF or abnormal brain MRI. Thus, we can conclude that
cerebrovascular events are a true manifestation of neurosarcoidosis due to vasculopathy
rather than vasculitis, although this feature has also been rarely described.

However, other mechanisms of cerebrovascular events may occur: in the literature, 1 had

anticardiolipin antibodies [33], and 1 was heterozygous for the factor V Leiden mutation [28].
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Venous thrombosis risk is increased during sarcoidosis and may play a role in the occurrence
of CVT [31].

We found that cerebrovascular events during sarcoidosis were associated with a high
mortality rate (23%). According to a recent meta-analysis, the mortality rate during
neurosarcoidosis was 5% (42 of 826 patients; 95% CI 4-7%) [12, 16]. Thus, we can suppose
that stroke is associated with increased mortality during neurosarcoidosis. In a multiple-
cause-of-death analysis of mortality related to sarcoidosis in France, strokes were associated
with death in women older than 85 years. The death certificates did not allow for conclusions

regarding whether strokes were directly linked to sarcoidosis.

Our study has several limitations: first, data from cases reported in the literature are lacking.
In our center, the cases were found through the medical codes in the PMSI, and we can
suspect that all the patients were not identified. In most of the cases, histological
documentation of granuloma was not obtained in the brain at the time of stroke. Thus the link
between sarcoidosis and the stroke is not always absolutely certain. However, in most of the
cases, the sarcoidosis was highly active at the time of stroke and no other cause was
identified. We cannot exclude that other factors than sarcoidosis, such as corticosteroids, may

have participated in the stroke occurrence.

Conclusion

Cerebrovascular events related to neurosarcoidosis have a variable presentation, consisting of
ischemic or hemorrhagic stroke, transient ischemic attack or CVT. The causes are
heterogeneous, ranging from direct compression from granulomatous masses to medium or
small vessel involvement to venous thrombosis. However, the main pathophysiological
mechanism seems to be a granulomatous invasion of the blood vessel walls rather than

inflammation of the cerebral vessels. Cerebrovascular events may be the first manifestation of
12



neurosarcoidosis, and clinicians should attend to features that can guide the sarcoidosis
diagnosis, including young age, leptomeningeal involvement, and evidence of extra-
neurological involvement. In sarcoidosis, stroke is associated with a high risk of permanent
neurological impairment (up to 50% of patients) and a high mortality rate, as 23% of patients

died. Relapses are common and require effective and likely prolonged courses of treatment.
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Table 1. Patient characteristics: demographic, clinical, and biological presentations and

imaging data (our series, n=8; literature review, n=43).

All (n=51) Cases (n=8) l(lrcla::}egv;
Age, median at diagnosis (years 41.0[21-73] 43.5[26-60] 39.5[21-73]
[range])
Sex, female 15/46 (33%) 4/8 11/38
Isolated neurosarcoidosis 3/39 (8%) 0/8 3/31
Extra-neurologic involvement 36/39 (92%) 8/8 28/31
Numbel-' of non-nervous system 1.8 [0-6] 2.25 [1-6] 1.7 [0-5]
organs involved [mean, range])
iedd/‘iitlfrj‘;ymph node 36,/39 (92%) 8/8 26/31
- Eye 8/39 (21%) 2/8 6/31
- Skin 7/39 (18%) 1/8 6/31
- Ear Nose Throat 7/39 (18%) 3/8 4/31
- Liver and/or spleen 5/39 (13%) 2/8 3/31
- Lymph nodes (extra-thoracic) 3/39 (8%) 0/8 3/31
- Bones / arthritis 1/39 (3%) 1/8 0/31
- Heart 1/39 (3%) 1/8 0/31
- Kidney 2/39 (3%) 0/8 2/31
- Pancreas 1/39 (3%) 0/8 1/31
Laboratory tests at diagnosis
- =1 abnormality 21/34 (62%) 8/8 13/26
- Serum ACE increased 15/34 (44%) 5/8 10/26
- Hypergammaglobulinemia 6/34 (18%) 4/8 2/26
- Serum calcium increased 3/34 (9%) 2/8 1/26
- Cholestasis 5/34 (15%) 4/8 1/26
- Lymphopenia 4/34 (12%) 1/8 3/26
- Tuberculin anergy 3/34 (9%) 2/8 1/26
Diagnosis of neurosarcoidosis
- Histopathological 51/51
confirmation (100%) 8/8 42/43
- Definite neurosarcoidosis 18/51 (35%) 1/8 17/43
- Probable neurosarcoidosis 33/51 (65%) 7/8 26/43
Clinical manifestations of
neurosarcoidosis
- None 9/41 (22%) 3/7 6/34
- 21 abnormality suggesting
NS 32/41 (78%) 4/7 28/34
- Cranial neuropathy 8/41 (20%) 2/7 6/34
- Headache/hydrocephalus 14/41 (34%) 1/7 13/34
- Encephalopathy (at least one 18/41 (44%) 3/7 15/34
among)
gggjcltssensory or motor 6/41 (15%) 2/7 4/34
»= Ataxia 3/41 0/7 3/34
= Cognitive/behavioral 5/41 2/7 3/34
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change

= Seizures 4/41 2/7 2/34
= Neuroendocrine
dysfunction 2/41 0/7 2/34
- Spinal cord/Myelopathy 3/41 (7%) 0/7 3/34
- Peripheral neuropathy 1/41 (2%) 0/7 1/34
- Myopathy 2/41 (5%) 1/7 1/34
Cerebrospinal fluid analysis
;22::;53““““ 30/51 (59%) 6/8 24/43
- CSF inflammation 27/30 (90%) 5/6 22/24
= Pleocytosis 24/30 (80%) 5/6 19/24
= Elevated protein 25/30 (83%) 4/6 21/24
= Elevated IgG index or
presence of oligoclonal 8/30 (27%) 2/6 6/24
bands
Imaging data
- MRI performed/available 32/51 (63%) 6/8 26/43
- ;Sl abnormality suggesting 29/32 (91%) 6/6 23/26
- Leptomeningeal thickening or
N 89T 14/32 (44%) 1/6 13/26
- White matter hyperintense
lesions in T2-weighted 22/32 (69%) 6/6 16/26
sequences
- Hydrocephalus 7/32 (22%) 1/6 6/26
- Focal mass lesion 3/32 (9%) 0/6 3/26
- Enhancement of
hypothalamic-pituitary 1/32 (3%) 1/6 0/26
structures
i:;rjrrlr;edullary spinal cord 1/32 (3%) 0/6 1/26
- Vasculitis sarcoidosis 18/32 (55%) 3/6 15/26

MRI: Magnetic Resonance Imaging; CSF: Cerebrospinal Fluid; ACE: Angiotensin-Converting

Enzyme; NS: neurosarcoidosis
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Table 2. Characteristics of strokes in patients with sarcoidosis (our series, n=8; literature

review, n=43).

All (n=51) Cases (n=8) l;s:r;;
Cardiovascular risk factors
(median, [range]) 0[0-3] 110-3] 0[0-2]
Cardiovascular risk factors 0,6 [0-3] 1,4 [0-3] 0,4 [0-2]
(mean, [range])
- Current smoking 8/38 (21%) 4/8 4/30
- Hypercholesterolemia 1/38 (3%) 1/8 0/30
- Hypertension 7/38 (18%) 4/8 3/30
- Diabetes mellitus 2/38 (5%) 2/8 0/30
Clinical manifestations of stroke
- Aphasia 14/45 (31%) 2/8 12/37
- Dysarthria 10/45 (22%) 1/8 9/37
- Hemiparesis/hemiplegia 34/45 (76%) 5/8 29/37
- Sensory deficit 7/45 (16%) 1/8 6/37
- Cerebellar ataxia 7/45 (16%) 0/8 7/37
- Visual loss 4/45 (9%) 3/8 1/37
- Diplopia 2/45 (4%) 0/8 2/37
- Seizure 8/45 (18%) 1/8 7/37
- Cognitive/behavioral change 4/45 (9%) 0/8 4/37
- Mental confusion 4/45 (9%) 0/8 4/37
- Coma 3/45 (7%) 0/8 3/37
Stroke subsets
- Ischemic stroke 35/51 (69%) 7/8 28/43
aTtr;r(‘fl'(le“t ischemic 11/35 (31%) 1/7 10/28
- Hemorrhagic stroke 18/51 (35%) 1/8 17/43
= Hemorrhagic
transformation of 1/16 0/1 1/15
ischemic stroke
= Hemorrhagic
transformation of CVT 2/18 0/8 2/43
Involved territory
- Area
= (arotid system only /
Anterior only 23/45 (51%) 4/8 19/37
= Vertebrobasilar system
only / Posterior only 12745 (27%) 1/8 11/37
= Both carotid and
vertebrobasilar systems
/ both anterior and 10745 (22%) 3/8 7/37
posterior
- Artery -
» Anterior cerebral artery  16/41 (39%) 2/8 14/33
= Middle cerebral artery 25/41 (61%) 7/8 18/33
= Posterior cerebral artery 12/41 (29%) 3/8 9/33
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= (Cerebellar artery 15/41 (37%) 2/8 13/33
Multiple localizations o
(infarcts/hematomas) 16/44 (36%) 4/8 12/36
Diagnosis of sarcoidosis before o
stroke 16/45 (36%) 4/8 12/37
No diagnosis of sarcoidosis o
before stroke 29/45 (64%) 4/8 25/37
Median delay between first
symptom of sarcoidosis 39[0,5-360] 48[0,5-360] 36 [2-228]

(diagnosed as such or not) and
stroke (months [range])

H: hemorrhagic
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Table 3. Histological presentation (our series, n=1; literature review, n=8).

n=9

Granulomatous meningitis
Parenchymal granulomas
Perivascular granulomas

8/8 (100%)
7/8 (88%)
6/9 (67%)

Granulomatous vasculitis

7/9 (78%)

Fibrinoid necrosis

Arteries involved

Veins involved

Small-vessel stenosis or occlusion
Microscopic infarction
Microscopic hemorrhage

4/9 (44%)
6/8 (75%)
6/7 (86%)
3/6 (50%)
6/7 (86%)
6/7 (86%)
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Table 4. Treatments and outcomes in patients with neurosarcoidosis and stroke (our

series, n=8; literature review, n=43)

Cases Review
All (n=51) (n=8) (n=43)
Treatment before stroke 8/41 (20%) 2/8 6/33
- Corticosteroids 8/41 (20%) 2/8 6/33
- Immunosuppressor 2/41 (5%) 2/8 0/33
= MTX 1/2 1/2 0/33
= CYC 1/2 1/2 0/33
Treatment after stroke
- Antiplatelet therapy 15/39 (38%) 7/8 8/31
- Anticoagulant 4/39 (10%) 0/8 4/31
- Corticosteroids 33/39 (85%) 7/8 26/31
- Immunosuppressive drug 14/39 (36%) 5/8 9/31
= MTX 8/14 4/5 4/9
= AZA 3/14 0/5 3/9
= (CYC 4/14 1/5 3/9
= [VIG 2/14 0/5 2/9
= MMF 1/14 0/5 1/9
= RTX 1/14 1/5 0/9
= Anti-TNF 2/14 2/5 0/9
- Other 5/39 (13%) 0/8 5/31
= Angioplasty 1/5 0/8 1/5
= Ventriculoperitoneal
shunting /5 0/8 /5
Median follow up since/after
stroke (months [range]) 12 [1-240] 61 [24-240] 10][1-152]
Outcomes - - -
- Recovery without sequelae 13/43 (30%) 2/8 11/35
- Neurological impairment 20/43 (47%) 6/8 14/35
- Stroke recurrence 7/43 (16%) 2/8 5/35
= 1 relapse 2/7 0/2 2/5
= > 2relapses 5/7 2/2 3/5
- Death 10/43 (23%) 0/8 10/35

MTX: Methotrexate; CYC: Cyclophosphamide; AZA: Azathioprine; IVIG: Intravenous
immunoglobulins; MMF: Mycophenolate Mofetil, RTX: Rituximab; Anti-TNF: Anti-Tumor

Necrosis Factor-alpha

Figure legend

Figure 1. Magnetic Resonance angiography in a patient with sarcoidosis and stroke.
Multiple narrowing in the 2 internal carotid arteries.
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