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ABSTRACT

Objective. Neurosarcoidosis (NS) and
primary angiitis of the central nervous
system (PACNS) are inflammatory dis-
eases affecting central nervous system,
with overlapping clinical and patho-
logical characteristics. Distinguish-
ing these diseases is important given
distinct therapeutic implications. In
this study, we aimed to compare demo-
graphic, CSF and MRI characteristics
between these two conditions.
Methods. All the clinical, CSF and
laboratory characteristics at the time
of presentation were retrieved from
electronic medical records. Brain and/
or spinal cord MRI performed near the
time of presentation were blindly evalu-
ated by two neuroradiologists. Data
regarding involvement of pachy- and
leptomeninges, basal meninges, cranial
nerves, cerebral grey and white matter,
and spinal cord were recorded for each
patient.

Results. 78 patients with PACNS and
25 patients with NS were included in
the study. Mean age of patients was
43.7(£16.7) and 43.6 (+12.5) in PACNS
and NS, respectively. African-American
race was found to be associated with
the diagnosis of NS rather than PACNS.
Patients with PACNS had higher fre-
quency of cerebral involvement, while
patients with NS demonstrated more
frequent spinal cord, basal meningeal
and cranial nerve involvements.
Conclusion. These findings suggest that
MRI can be an efficient tool in distin-
guishing PACNS from NS. A follow-up
study with a larger sample size would
be required to validate our results.

Introduction

Primary angiitis of the central nervous
system (PACNS) is a rare, idiopathic,
autoimmune disease affecting small-to-
medium-sized vessels in the brain and/or

spinal cord without evidence of system-
ic vasculitis (1). Calabrese and Mallek
proposed diagnostic criteria for PACNS
in 1988, which was presence of either
classic angiographic or histopathologic
evidence of vasculitis without evidence
of any other condition that could other-
wise explain the findings (2). This crite-
rion was later revised by Birnbaum and
Hellman due to non-specificity of angio-
gram results (3). Diagnosis of PACNS
was considered “definite” when there
is histopathologic evidence of vasculitis
and “probable” when both cerebral an-
giogram and cerebrospinal fluid (CSF)
results are highly suggestive of PACNS
in the absence of tissue confirmation.
Diagnosis of PACNS requires exclusion
of other diseases that can affect CNS
such as reversible cerebral vasoconstric-
tion syndrome, cerebral atherosclero-
sis, neurosarcoidosis, Susac syndrome,
Moyamoya disease, fibromuscular dys-
plasia, systemic vasculitides such as
polyarteritis nodosa, Behget’s disease,
granulomatosis with polyangiitis (We-
gener), and autoimmune diseases such
as systemic lupus erythematosus, scle-
roderma, Sjogren’s syndrome. Among
these diseases, neurosarcoidosis holds a
special importance due to several over-
lapping clinical, imaging and pathologic
features and differences in therapeutic
strategies with PACNS.

The gold standard for the diagnosis
of both PACNS and neurosarcoido-
sis (NS) is tissue biopsy, which often
shows granulomatous inflammatory
infiltration in both diseases. Clinical
presentations and angiographic find-
ings are highly non-specific and not
successful in distinguishing these dis-
eases from each other. Both diseases
respond to corticosteroids well, which
is used as the first-line treatment. Re-
cently, tumour necrosis factor (TNF)
inhibitors, especially infliximab have
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shown significant benefits in cases of
NS; however, there is insufficient data
for their efficacy in PACNS and the cur-
rent recommendation does not support
their use in PACNS (4-8). Therefore,
distinguishing these diseases earlier
would be important giving the distinct
therapeutic implications.

In our study, we aimed to describe and
compare the demographic, cerebrospi-
nal and magnetic resonance imaging
(MRI) characteristics of patients with
NS and PACNS to enhance our di-
agnostic approach, which can lead to
more accurate decisions about appro-
priate treatment strategy.

Methods

This study was approved by Cleveland
Clinic institutional review board and
conducted in accordance with the dec-
laration of Helsinki. Patients with PAC-
NS were included if they had a biopsy
consistent with vasculitis or positive
angiography and inflammatory cerebro-
spinal fluid pattern. Further, diagnosis
of PACNS should have been agreed
upon by 2 rheumatologists in the de-
partment. NS patients were included if
they had a positive brain or extra-neural
biopsy result.

Demographic characteristics, cerebro-
spinal fluid findings, erythrocyte sedi-
mentation rate (ESR), and C-reactive
protein (CRP) levels at the time of pres-
entation were retrieved from electronic
medical charts. Brain and/or spinal
cord MRI performed near the time of
presentation were blindly evaluated by
two neuroradiologists. Data regarding
involvement of pachy- and leptomenin-
ges, brainstem, basal cistern, pituitary
sella, hypothalamus, cranial nerves,
cerebral grey and white matter and spi-
nal cord were recorded for each patient.
For each of these sites, presence, locali-
sation (cerebral lobes, brainstem, cer-
ebellum, tentorium, falx cerebri), and
laterality of involvement (uni- vs. bilat-
eral) were recorded. Involvement was
further defined as abnormal enhance-
ment, signal intensity abnormality or
others. Additionally, the presence of
ventriculomegaly, mass effect, and pa-
renchymal haemorrhage were recorded.
For the comparisons on the basis of di-
agnosis, comparison of numerical vari-
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Table I. Characteristics of patients with PACNS and NS.

PACNS NS p-value

(N=78) (N=25)
Age at presentation 437 +16.7 43.6+125 0.9
Gender (Male/Female) 40/38 17/8 0.1
Race (Caucasian/African American) 73/2 16/8 <.0001
CSF Glucose (mg/dl) 66.5+21.3 70.6 £39.8 0.6
CSF Protein (mg/dl) 59 (37.73) 92.5(41.7,171.2) 0.07
CSF RBC 6.5(0.34) 6 (1,11987) 0.2
CSF Neutrophils 1(1.6) 61(2,83.5) 0.004
CSF Lymph% 85.5(58.5,93.2) 87 (18,93) 04
CSF Mono% 8(3.5,16.2) 45(2,7.5) 0.1
CSF Total nucleated cell count 8.5(1.33) 30 (12,90) 0.04
ACE/Angiotensin Blood 25.1+19.7 273 +23 0.8
C-Reactive protein level 0.7(024.9) 0.3(0.15,2,8) 03
IL-2 receptor levels 641 (394.5,1377.5) 647 (304,1085) 0.8
ESR 15(5,29.5) 8(522) 0.6

PACNS: primary angiitis of central nervous system; NS: neurosarcoidosis; CSF: cerebrospinal fluid;

ESR: erythrocyte sedimentation rate.

Values presented as mean + SD, median (P25, P75), or N (column %).

ables between groups was performed
using either ANOVA or the Kruskal-
Wallis rank-sum test, the latter was em-
ployed for variables with highly skewed
distributions or possible outliers. Cat-
egorical variables were compared be-
tween groups using either Pearson’s
chi-squared or Fisher’s exact tests, as
appropriate. All statistical analyses
were performed using SAS 9.4 software
(SAS Institute, Cary, NC). All testing
was two-sided and considered signifi-
cant at the 5% level.

Results

Seventy-eight patients with PACNS
and 25 patients with NS fulfilled the
criteria described above and had demo-
graphics and CSF data available at the
time of the presentation. MRI data was
available only for 12 patients with NS
and 34 patients with PACNS. All the
NS patients were diagnosed with biop-
sy of the brain and/or extraneural tissue.
Sixteen out of 25 NS patients (64%)
had lung involvement. Seven patients
(28%) had NS with no other identifiable
organ involvement. Fifty-six out of 78
PACNS patients (72%) were diagnosed
by biopsy. The remaining patients with
PACNS (n=22) were diagnosed with
abnormal CSF and angiography find-
ings with negative biopsy result in 7 pa-
tients and no biopsy in 15 patients.

Demographics
The average age of patients was com-

parable with 43.7 (£16.7, range: 5-80)
and 43.6 (£12.5, range: 25-63) in
PACNS and NS patients, respectively.
Males were affected more commonly
than females in both groups (male/
female: 40/38 in PACNS and 17/8 in
NS). African-American patients tended
to be diagnosed with NS (2 out of 75 in
PACNS vs. 8 out of 24 in NS; p<0.001).

Laboratory findings

Fifteen out of 25 NS patients had CSF
analysis. Twenty out of 25 NS patients
had plasma ACE levels, 19 had soluble
IL-2 receptor, 11 had CRP, and 11 had
ESR documented.

Thirty-eight out of 78 patients with
PACNS had CSF analysis. 15 out of 78
patients with PACNS had plasma ACE
levels, 9 had soluble IL-2 receptor, 27
had CRP, and 29 had ESR documented.
Average CSF glucose levels, red blood
cell lymphocyte and monocyte counts
were similar between PACNS and
NS patients (Table 1). CSF neutrophil
count, total nucleated cell count and
protein levels were higher in patients
with NS compared to PACNS (p: 0.004,
0.04, and 0.07, respectively). Blood
ACE/angiotensin levels, ESR, CRP, and
IL-2 receptor were comparable between
PACNS and NS patients (Table I).

Radiologic findings

Pachy- and leptomeningeal involve-
ment was observed similarly in NS
and PACNS patients (p: 0.6 and 0.5).
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Fig. 1. Comparison of different involvement patterns in brain and spinal cord MRI in patients with PACNS and neurosarcoidosis.

Fig. 2. Distribution
of grey matter, white
matter and spinal
cord involvements in
patients with PACNS
(black) and neurosar-
coidosis (grey).
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However, PACNS patients tended to  signal intensity was comparable be- Discussion

have unilateral pachymeningeal in-
volvement while NS patients had bi-
lateral involvement (p=0.001). Brain-
stem, basal cistern, pituitary sella tur-
cica, hypothalamus and cranial nerves
were affected more commonly in NS
compared to PACNS (Fig. 1; p=0.01,
0.008, 0.008, 0.01, and 0.008, respec-
tively).

White and grey matter enhancement
and signal intensity abnormality were
more commonly observed in patients
with PACNS compared to NS (p=0.01,
0.02,0.03, 0.04, respectively). Frontal,
parietal, occipital and temporal lobes
were affected similarly in both NS and
PACNS (Fig. 2). Frequency of basal
ganglial enhancement and abnormal
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tween PACNS and NS patients (p=0.3).
Brainstem and/or cerebellar enhance-
ment was seen more commonly in NS
(Fig. 1; p=0.03).

Mass effect and ventriculomegaly was
observed similarly in both PACNS and
NS. Even though it did not reach statis-
tical significance, parenchymal haem-
orrhage was more common in PACNS
compared to NS (p=0.07).

Cervical and thoracic spinal cord en-
hancements were seen almost exclu-
sively in patients with NS (Fig. 2;
p=0.01, 0.02, respectively). There was
only 1 patient with lumbar spinal cord
involvement in NS group and none of
the PACNS patients had lumbar spinal
cord involvement.

PACNS and NS are diseases that have
overlapping clinicopathological fea-
tures, thus difficult to differentiate
from each other in the clinical setting.
Most common presenting symptoms of
both PACNS and NS include headache,
stroke, transient ischaemic attack,
cognitive changes, and seizure. Histo-
pathologic examination of the affected
tissue is granulomatous vasculitis char-
acterised by mononuclear inflamma-
tion of the vessel wall with granulomas
in PACNS and perivascular inflamma-
tory infiltrate with granulomas in NS.

In this study, we have compared demo-
graphic, CSF, laboratory and imaging
findings of patients with PACNS and
biopsy-proven NS and shown the dif-
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ferentiating features of these two con-
ditions to enhance the diagnostic ap-
proach of clinicians.

Consistent with previously published
cohorts, both PACNS and NS had a
slight male predilection as opposed to
systemic sarcoidosis with female pre-
dilection (9-12). Mean age at the time
of presentation was around 44 for pa-
tients with both diseases, indicating
that age and gender are likely not very
helpful for distinguishing these diseas-
es. However, more African-American
individuals were affected by NS than
PACNS (32% in NS vs. 2.5% PACNS)
similar to systemic sarcoidosis.

ESR and CRP levels were compara-
ble between PACNS and NS and not
elevated in most cases of our cohort.
Consistent with our data, ESR and
CRP were respectively elevated (>30)
in only 7.7-19.8% and 33% in a previ-
ously published large cohort of patients
with PACNS (9, 10).

CSF findings of our patients with PAC-
NS in this study were consistent with
the previously published cohorts with
median leukocyte count of 6 cell/ml,
protein level of 50-72 mg/dl, and RBC
count of 7.5 cell/ml (9, 10). Cerebro-
spinal fluid glucose level, number of
RBCs, neutrophil%, lymphocyte% and
monocyte% were comparable between
NS and PACNS patients; however, CSF
protein levels (59 vs. 92.5 mg/dl) and
number of total nucleated cells (8.5
vs. 17) tended to be higher in NS than
PACNS. This finding may be explained
by more frequent involvement of basal
cisterns and more diffuse involvement
of pachymeninges in NS than PACNS
in this cohort. Wengert et al. showed in
his study with 25 patients with NS that
patients with diffuse leptomeningeal in-
volvement had higher CSF cell counts
and protein levels and lower glucose
levels than patients without leptome-
ningeal involvement (13).

MRI of brain and/or spinal cord pro-
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vides important, often non-specific in-
formation in the diagnostic work-up of
a patient with unexplained neurologi-
cal symptom(s) (14). Blinded review
of images by two radiologists in this
study showed some valuable distin-
guishing features between PACNS and
NS. One of them is that NS was associ-
ated with more bilateral pachymenin-
geal involvement, brainstem, cerebel-
lum, basal cistern, cranial nerve and
spinal cord involvement than PACNS,
whereas PACNS was associated with
more parenchymal involvement of the
white and grey matter than NS. Predi-
lection of NS to brainstem structures
and spinal cord may be explained by its
tendency to involve perforating arter-
ies, which are mostly anatomically dis-
tributed in these parts of CNS (15, 16).
Limitations of this study include the
small number of patients and retrospec-
tive data collection with incomplete
data points.

Conclusion

African-American race was found to
be associated with the diagnosis of
NS rather than PACNS. Patients with
PACNS had higher frequency of white
and grey matter involvement, whereas
patients with NS demonstrated more
frequent spinal cord, basal meningeal
and cranial nerve involvements. These
findings suggest that MRI can be an ef-
ficient tool in distinguishing PACNS
from NS. A follow-up study with a
larger sample size would be required to
validate our results.
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