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Abstract
Objective  Neurological complications of systemic sarcoidosis are uncommon and the natural history and optimal treatments 
under-researched. With the advent of modern biological therapies, it is important to define the clinical characteristics and 
immunopathology of the disease.
Methods  Patients referred to and treated within the Centre for Neurosarcoidosis over a 15 year period who had biopsy-proven 
“highly probable” disease of the central nervous system were studied prospectively.
Results  166 patients were studied, of whom two-thirds had involvement of the brain and spinal cord and the remainder 
cranial neuropathies and radiculopathy. Imaging was abnormal in all those with meningeal and parenchymal diseases, and 
was normal in 37% of those with cranial neuropathy. Those with leptomeningeal disease had a more severe disorder, with 
hydrocephalus and tissue destruction, whereas those with pachymeningeal disease had more striking imaging features but 
less neurological impairment. The CSF was active in 70% of cases, even when imaging was normal. Disability correlated 
with CSF indices in those with a leptomeningitis. Oligoclonal bands were seen in 30% of cases and correlated with disability 
and the presence of hydrocephalus. Unmatched bands were seen only in isolated neurological disease.
Conclusions  This prospective study of neurosarcoidosis increases our understanding of the pathophysiology of the disease. 
A reclassification of the clinical and imaging features of the disease allows an understanding of its pathophysiology and 
correlation with CSF indices allows an early identification of those with a more destructive disease will help to define treat-
ment and may thereby improve outcome.
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Introduction

Granulomatous inflammation develops when antigen pres-
entation in a genetically susceptible host leads to activation 
of CD4+ lymphocytes which differentiate into TH-1 cells 
and cause amplification of the immune response, including 
the differentiation of macrophages into multinucleated giant 
cells. When these cells are surrounded by lymphocytes, they 
are termed epithelioid granulomas [1]. The severity of the 
inflammation, whether or not it accumulates and spreads, 
and whether or not it leads to deposition of fibrous tissue, 
varies from case to case, and may be related to the presence 

of SAA [1] and the efficiency of regulatory T-cell (Treg) 
function in suppressing TNFα and INFγ expression [2].

Sarcoidosis is a multisystem disease of uncertain aeti-
ology in which granulomatous inflammation develops in 
numerous tissues within the body [3]. The respiratory system 
is involved in 95% of cases, with the skin, eye, lymph nodes, 
and liver next most commonly affected [3]. The nervous 
system is involved in 5% [4]. The ACCESS study [5] dem-
onstrated that half had involvement of one tissue (usually the 
lung) at diagnosis, although many subsequently developed 
multisystem disease [6]. The disease is three times more 
common in people of African ancestry than Caucasians of 
northern European heritage3, with a much lower prevalence 
in people of Asian ancestry. Various HLA subtypes influ-
ence the susceptibility to the disease and its prognosis [1].

Our understanding of the pathophysiology of neuro-
logical involvement by the disorder comes from small case 
series and individual reports, and as a result, there are no 
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conclusive data on which to base advice on investigation, 
correct diagnosis, and treatment. This is important bearing 
in mind the advent of modern biological therapies which 
appear to have significantly greater efficacy than corticoster-
oids and low-dose immunosuppression. This paper describes 
the clinical characteristics, imaging, and CSF abnormalities 
in 166 patients studied prospectively and treated at the Cen-
tre for Neurosarcoidosis over the past 15 years. A companion 
paper (Neurology, in press) correlates these and the sys-
temic features with response to treatment and neurological 
prognosis.

Methods

The Centre for Neurosarcoidosis is a national referral cen-
tre for the investigation and treatment of the disease. The 
investigation results are reviewed (including the pathology 
when available) and further investigation made if necessary. 
Those in whom, after investigation, a diagnosis of systemic 
sarcoidosis with pathological support was agreed, in whom 
the neurological features and investigation results were con-
sidered to be in keeping with a neurological complication 
of the systemic disease, have been included in this prospec-
tive study. All patients, therefore, are considered to have a 
“highly probable” diagnosis of neurosarcoidosis according 
to the WASOG sarcoidosis organ assessment instrument [7]. 
Patients with an isolated form of the disease in whom the 
neuropathological features were considered to be typical for 
the disease were also included. An assessment of disable-
ment was measured in each case before and after treatment 
using the modified Rankin score (MRS) [8].

The study was undertaken prospectively following per-
mission from the local research ethics committee, and all 
patients gave informed consent to participate. Statistical 
analysis: group comparisons were made using Fisher’s 
exact test and the Mann–Whitney U test, correlations using 
Spearman’s rank correlation test. Analyses were performed 
with Minitab software, version 17, and multiple regression 
analysis using the Excel data analysis add-in.

Results

1.	 Patient demographics and clinical features of the sys-
temic disease

There were 166 patients; Table 1 summarises the patient 
demographic data and the clinical features of the systemic 
disease. Excluding those with isolated neurological disease, 
and counting mediastinal lymphadenopathy as a separate 
disorder to lung parenchymal involvement, 10 had single 
system disease in addition to neurological involvement, 55 

showed involvement of two systems, 58 three, 30 four, four 
had five systems, and two and one had involvement of six 
and seven separate systems, respectively.

The serum angiotensin converting enzyme level was nor-
mal in 57 and elevated in 64 (53%). The median (range) 
ACE was 73 (12–283) iU/l (normal range 8–50). Twelve 
patients had hypercalcaemia, in each case at diagnosis; the 
median calcium in those was 2.6 (2.6–3.2) mmol/l. Four had 
leucopenia and two hypogammaglobulinaemia at diagnosis.

Fifty-eight patients underwent Gallium-67 scintigrams 
during their evaluation; none was normal, 16 showed abnor-
mal uptake in one tissue, 16 in two, 30 in three, and 10 
in four separate tissues. Thirty-three underwent F-18 FDG 
PET/CT scans; none was normal, two had uptake in one tis-
sue, 13 in two, and nine each in three and four tissues.

2.	 The clinical features of the neurological disease

Table 1   Patient demographics and characteristics of the systemic dis-
ease

1 Histologically proven
2 Lung involvement on CT with reduced diffusion capacity
3 Ocular involvement diagnosed and treated in an ophthalmic depart-
ment
4 Erythema nodosum or histologically proven chronic granulomatous 
skin disease
5 Evidence for fibrosis and/or inflammation on cardiac MRI

Mean (SD) age (years) 42.8 (11.5)
Number of females 101 (61%)
European Caucasian 99 (60%)
African or Caribbean 44 (27%)
South Asian 18 (11%)
South East Asian 2 (1%)
Arabic 2 (1%)
Number with systemic disease 160 (96%)
Number with isolated neurological disease 6 (4%)
Involvement of
 The mediastinal lymph nodes1 162 (93%)
 The lungs2 141 (81%)
 Other lymph nodes1 18 (10%)
 The eye3 62 (36%)
 The joints 38 (22%)
 The liver1 32 (18%)
 The skin4 45 (26%)
 The heart5 7 (4%)
 The spleen1 1 (0.5%)
 The gastrointestinal tract1 4 (2%)
 The paranasal air sinuses1 7 (4%)
 The parotid1 3 (2%)
 The breast1 2 (1%)
 The tongue1 1 (0.5%)
 Skeletal muscle1 3 (2%)
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The clinical syndromes are noted separately below and 
summarised with CSF and imaging results in Table 2. Six 
patients had isolated neurological disease, determined by 
a neuropathological examination; the remainder had clini-
cally typical and histologically proven systemic sarcoidosis, 
whose characteristics are noted above. The systemic dis-
ease and the neurological syndrome coincided in 100 (60%) 
cases, preceded it in 55 (34%) cases, and developed after the 
neurological symptoms in 10 (6%) cases.

Of those with disorders of the brain, spinal cord, and 
cauda equina, abnormalities of MRI were seen in all cases. 
Complete data on spinal fluid examinations were available 
in 89 cases; the CSF protein was raised in 76% of sam-
ples, median 0.8 (0.19–8.35) g/l, and the cell count in 51%, 
median 5 (0–395). The blood/CSF glucose ratio was low in 
81%, median 48 (20–81)%. The CSF ACE level, not con-
sidered to be a marker for sarcoidosis, correlated with CSF 
protein (ρ = 0.81) and was raised in 50% of the samples, 
median 1.2 (0.3–10.0) iU/l. Oligoclonal bands were negative 
in 73%, matched positive in 23% and positive with intrathe-
cal synthesis alone in 4%, all of whom had isolated neuro-
logical disease.

The median MRS overall was 3 (1–5). A multiple regres-
sion analysis did not identify a link between MRS and age 
and any systemic feature (including number of tissues 
involved); F > 0.55.

Cranial neuropathy

1.	 Facial neuropathy

There were 26 cases, 21 females. Twelve were bilateral 
and simultaneous, 14 unilateral. Five occurred at the onset 
of the systemic symptoms of the disease. Imaging when car-
ried out at the time of the facial neuropathy was normal in 11 
cases; in two, there was enhancement of the nerve only, and 
in four, there was evidence for more widespread meningeal 
enhancement.

A spinal fluid examination carried out at the time of 
the facial neuropathy was abnormal in 13 of 16 cases; the 
median protein was 0.68 g/l and the median cell count was 
1 (Table 2).

In seven cases, the facial neuropathy arose before the 
onset of a more widespread neurological disorder; in one, 
it arose 2 years after a brain stem lesion. In the remaining 
cases, therefore, the facial neuropathy was the only neuro-
logical manifestation of the disease.

2.	 “Polyneuritis cranialis”

The fifth and seventh nerves were affected together in 
two cases, in which imaging and CSF constituents were 

normal; the fifth, sixth, and seventh in two cases, in which 
a basal meningeal enhancement was seen in one case with 
normal imaging in the other, and both showed normal CSF 
indices; two cases had fifth, seventh and unilateral hearing 
loss, in which the imaging was abnormal in each case and 
one showed an active CSF.

There were six cases in which dysphonia and dysphagia 
were seen. All were female, imaging was normal in four 
with a mild basal meningeal enhancement in the other two, 
and only minor CSF changes (with a raised protein and no 
cells) were seen.

3.	 Optic neuropathy

There were 27 cases, most of whom were included in a 
separate paper [9]. Optic neuritis arose in 17, perineuritis 
in two, and a compressive optic neuropathy related to an 
adjacent pachymeningitis of the orbital apex in eight cases.

Involvement of the brain by pachymeningitis

A predominate inflammation of the dura was seen in 23 
cases, 15 of whom were female, mean age 44 (27–66) 
years. Headache occurred in 19 cases and seizures in six. 
Hydrocephalus did not occur (Table 2).

The imaging features were of a dural-based enhancing 
mass in 16 cases, with evidence for a more widespread 
but contiguous dural meningeal enhancement in the other 
seven. Twelve of those with a mass had single lesions, 
whilst the remaining four showed an adjacent dural spread. 
Seizures occurred only in those with mass lesions, which 
arose in the frontal and parietal regions in two and three 
cases respectively, each of which was associated with 
headache (Fig.  1a). The remaining cases involved the 
basal structures; seven at the orbital apex, each of which 
was associated with optic neuropathy (Fig. 1b), three at 
the cavernous sinus, each of which was associated with 
ophthalmoparesis and diminished trigeminal function 
(Fig. 1c), one extending into the hypothalamus and three 
into the brainstem causing ataxia. Three cases showed 
widespread pachymeningeal thickening with enhancement; 
one was associated with severe bilateral optic neuropathies 
(Fig. 1d), whilst the other two had few neurological signs.

A spinal fluid examination was undertaken in 12 cases; 
the median (range) CSF protein was 1.1 (0.3–3.6) g/l and 
cell count 4 (0–150) (Fig. 2 a–c). There was correlation 
between CSF protein and cell count; ρ = 0.86 (p < 0.0001). 
Matched positive oligoclonal bands were present in three 
cases. Neither CSF protein nor cell count correlated with 
MRS at diagnosis (p > 0.6).
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Involvement of the brain by leptomeningitis

The identification with MRI of enhancement of the pia and 
arachnoid mater associated with inflammation of the subja-
cent cortex and white matter occurred in 67 cases. 36 were 
females and the mean age was 43 (25–69) years. None had 
isolated meningitis without associated neurological signs.

The clinical syndromes often overlapped, but can reason-
ably be divided into two, in which an encephalopathy with 
headache, drowsiness, and cognitive slowing occurred in 42 
cases, of whom 17 had seizures and eight hydrocephalus, 
and a brainstem syndrome with ataxia of gait, diplopia, ver-
tigo, and other cranial neuropathies. There were 25 such 
cases, of whom 12 had headache; none had seizures and six 
had hydrocephalus. Overall, the median MRS was 3 (1–5) 
and was similar in each subgroup (Table 2).

Leptomeningeal enhancement was seen predominately 
in the basal regions in 52 cases, and in the remainder, 
the pattern of enhancement was adjacent to the skull 
vault (Fig. 3a). In those with predominately middle cra-
nial fossa enhancement (42 cases), the hypothalamus was 
involved in 10 cases and the mesial temporal lobes in 
three. Hydrocephalus was seen in seven of these cases. 
Those with more posteriorly placed enhancement showed 

lesions within the brainstem and the cerebellum (25 cases) 
(Fig. 3b), and hydrocephalus occurred in eight of these 
cases (Fig. 3c). There was considerable overlap, and many 
cases had striking and widespread enhancement through-
out the basal regions (Fig. 3d).

The median CSF protein was 0.72 (0.27–4.99) g/l and 
the CSF cell count 5 (0–395). The median CSF/blood glu-
cose was 48 (23–72) % (Fig. 2a–c). 76% of the glucose 
levels recorded were below 60%. CSF/ blood glucose ratio 
was significantly associated with both CSF protein and 
cell count (p < 0.02). 13 had positive oligoclonal bands 
(11 matched and 2 unmatched) and 23 had none (Table 2). 
There was a correlation between CSF protein and MRS, 
ρ = 0.34 (p < 0.005), but not between cell count and MRS 
(ρ = 0.05). The median CSF protein was significantly 
higher in those with oligoclonal bands (0.96 g/l) than those 
without (0.62 g/l) (p < 0.04); so too was the median CSF 
cell count (11 vs 2) (p = 0.04).

The presence of hydrocephalus was associated with a 
significantly higher CSF protein (1.6 vs 0.62 g/l, p < 0.01) 
compared with those without, and with a lower median 
CSF/blood glucose ratio (31 vs 49%, p = 0.02), but the cell 
count was not associated (13 vs 4, p > 0.1).

Fig. 1   Imaging features of 
pachymeningitis of the brain; 
a parietal mass, b lesion at the 
orbital apex extending through 
the middle and posterior cranial 
fossae, c lesion of the cavernous 
sinus, and d widespread pachy-
meningitis affecting both sides
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Involvement of the spinal cord and cauda equina

Involvement of the cord and/or cauda equina was seen 
in 37 patients; 13 were female and the mean (range) age 
was 43 (25–60) years. Thirteen had evidence for disease 
involvement in other sites; one had an optic neuropathy, 
three involvement of the pituitary, five the basal meninges, 
and four the brain stem. The median MRS was 3 (2–5) at 
diagnosis. Lesions in the spinal cord were seen in 28 cases; 
four showed the appearances of a pachymeningitis, 21 a lep-
tomeningitis, and three showed focal intrinsic lesions of the 
cord with a ring pattern of enhancement.

Of those with a dural-based lesion, two were cervical and 
two dorsal (Fig. 4a,b). In each case, the associated neuro-
logical symptoms were mild; each had sensory symptoms 
only although one had mild hyperreflexia in addition on 
examination. None had sphincter dysfunction or weakness.

Those with a ring pattern of enhancement presented with 
a subacute increasingly severe cord lesion with weakness 
and spasticity, sensory symptoms, and sphincter dysfunc-
tion. Each had prominent signs on examination and two 
were unable to walk. The MRI appearances were striking 
(Fig. 4d).

The remaining 21 showed leptomeningeal enhancement; 
the severity of the physical signs varied (Fig. 4e). All had 

sphincter dysfunction. Fifteen presented subacutely and six 
had a progressive disease course. Imaging showed lesions 
in the cervical region in seven cases and the dorsal region 
in eight, of whom five showed spread of enhancement into 
the cauda equina. Enhancement was seen in five of the cer-
vical lesions, which extended for 2–6 segments, and in all 
dorsal lesions (4–12 segments) except for one; this patient 
was evaluated 10 years after he had developed weakness 
of he left leg and was left with wasting and spasticity. The 
dorsal cord exhibited atrophy with neither high signal nor 
enhancement. Of the patients with progressive disease only 
one showed leptomeningeal enhancement; high signal was 
seen in the cervical region (2–4 segments) in three and three 
had dorsal lesions (4–6 segments).

Ten patients (of whom five also had enhancement of the 
surface of the lower dorsal cord on imaging) had lesions 
of the cauda equina. There were two subtypes; a subacute 
severe distal weakness of L5 and S1 innervated muscles 
occurred in three. It was painful and asymmetric in one, in 
whom a response to steroids was observed, and in two pain-
less and severe and did not recover. Imaging was normal in 
each case. The remaining seven presented with a painless 
sensory loss in the feet extending up subacutely, without 
weakness but with prominent sphincter disturbance. The 
neurological signs were of sensory loss and a reduction in or 

Fig. 2   Median CSF protein, cell count, and CSF/blood glucose ratio in pachymeningitis and leptomeningitis of the brain, with interquartile range
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loss of the ankle reflexes. In each case, a prominent enhance-
ment of the cauda equina was seen (Fig. 4c,f).

The median MRS was significantly higher in those with 
a leptomeningeal disorder [4 (2–5)] when compared with 
those with a pachymeningeal disorder [2 (2–3)], p < 0.02, 
and with those with a cauda equina disorder with sensory 
symptoms (2), p < 0.05.

Patients with a cauda equina syndrome had a greater 
median CSF protein [1.87 (0.7–8.35) g/l] than those with a 
leptomeningeal cord disorder [0.89 (0.4–3.33) g/l], p < 0.02, 
and those with a leptomeningeal cord disorder had a lower 
median CSF protein and cell count [7.5 (0–36)] than those 
with a pachymeningeal cord disorder [median protein 2.12 
(0.4–3.99) g/l; median cell count 26.5 (0–150)], p < 0.02. 
Those with a progressive disease course had a significantly 
lower median CSF protein (0.55 (0.33–0.84  g/l) com-
pared with those with a subacute leptomeningeal disorder, 
p < 0.02. The CSF white cell counts [median 5 (1–38), 5.5 
(1–44) and 7 (0–53)] were not different when compared, 
p > 0.05.

Thoracic radiculopathy: eight patients, all women, 
have presented, at the onset of the systemic disease, with 

a burning numbness of the chest wall, which responds to 
steroids and, in four cases, has been relapsing and ster-
oid—dependent for a time. One case was associated with a 
facial neuropathy and two had symptoms suggesting a more 
widespread sensory neuropathy, although nerve conduction 
studies were normal. The mean age was 44 (24–57) years. 
Imaging of the dorsal spinal cord was, in each case, normal. 
The spinal fluid, however, was active in all but one case; 
median CSF protein 0.65 (0.2–1.12) g/l, median CSF white 
cell count 3 (0–180). One had matched positive oligoclonal 
bands and the others were negative.

Isolated neurosarcoidosis

Six patients had biopsy-proven granulomatous disease 
whose histological appearances and clinical characteristics 
were in keeping with sarcoidosis; four showed a leptome-
ningeal infiltration, one of whom had a lesion of the dorsal 
spinal cord, and two had a pachymeningitis. No evidence for 
systemic disease was found using CT PET scans and blood 
investigations. The clinical features and MRI appearances 
were the same as those with an associated systemic disorder 

Fig. 3   Imaging features of 
leptomeningitis of the brain; a 
involving the convexity on one 
side, b cerebellum and adjacent 
parietal cortex, c brainstem 
leading to an asymmetric hydro-
cephalus (notice that there are 
nodules of inflammation within 
the ependyma of the ventri-
cles), and d widespread basal 
leptomeningitis



1913Journal of Neurology (2018) 265:1906–1915	

1 3

in each case. The median MRS was 4 (1–4) in those with 
isolated disease and 3 (1–5) in those with systemic disease, 
p = 0.15.

When compared with the patients with systemic disease 
and brain or spinal cord involvement, the CSF cell count was 
higher [median 35 (3–95) vs 4 (0–395), p < 0.02]; protein 
(median 1.05 vs 0.77 g/l, p = 0.27) and glucose (58 vs 47%, 
p = 0.28) levels were insignificantly different. The preva-
lence of oligoclonal bands was greater at 50% than in those 
with systemic disease at 23% (p = 0.001). Importantly, oli-
goclonal bands isolated to the CSF were seen only in those 
whose disease was also isolated to the nervous system; all 
those with systemic disease who had oligoclonal bands had 
matched bands.

Discussion

Accounts of neurological complications by sarcoidosis 
began to be published as soon as an understanding that it 
was a multisystem disease became recognised. In 1948, a 
review of all 118 cases published to that time noted that 
the facial and optic nerves were most commonly affected, 
but that all parts of the nervous system had been seen to be 
involved [10]. Later, hospital-based studies of cohorts with 
systemic sarcoidosis revealed a prevalence of neurological 

involvement in 3.5–7% of 285–807 patients [11–14]. In 
these series, cranial neuropathies were seen most commonly, 
in 47–64%, involvement of the central nervous system in 
14–50%, the peripheral nervous system in 3–14%, and mus-
cle in 0–21%.

More recently, a number of case series have been pub-
lished, along with a multitude of single case reports. The 
largest series [13–29] have defined a prevalence of cranial 
neuropathy of around 50%, with peripheral nerve and mus-
cle involvement in 10% and 5% respectively. Lesions of the 
brain, brain stem, hypothalamus, and spinal cord have been 
noted, accounting for 16–70% of cases. These reports are 
important but have not characterised the brain disorders and 
in particular have not been able to define the relationship of 
the neurological disorder with the systemic disease.

In this series, the prevalence of brain and spinal cord 
involvement was high owing undoubtedly to a referral 
bias. Neurological involvement most commonly arises 
at the time of the development of the systemic disease, 
and rarely, there is no evidence for other organ involve-
ment at the time of the neurological presentation. Patients 
with cranial neuropathy when isolated without signs of 
more widespread parenchymal disease show normal 
imaging or only mild meningeal enhancement. The CSF 
although active in most cases shows modest changes only. 
Most do not go on to develop a more widespread form of 

Fig. 4   Imaging features of cord 
and cauda equina involvement; 
pachymeningitis of the a cervi-
cal, b dorsal cord, and c the 
cauda equina; d ring enhancing 
lesion of the cervical cord and 
e thoracic lesion in spinal lep-
tomeningitis; f leptomeningeal 
involvement of the cauda equine
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neurosarcoidosis. Of 90 cases in which sarcoidosis has 
affected, the brain 75% had a leptomeningitis with inflam-
mation of the subjacent cortex and white matter, of whom 
two-thirds presented with an encephalopathy and dience-
phalic dysfunction, in which seizures and hydrocephalus 
were common, and one-third had a predominate brain stem 
disorder, also associated with hydrocephalus. These cases 
showed a rapid disease onset which progressively dete-
riorated. 25% had a pachymeningitis in which there was 
less neurological impairment, although mass lesions were 
associated with seizures. The clinical course evolved more 
slowly than in the leptomeningeal subgroup.

The CSF was active in the majority of cases, raised 
CSF protein, and reduced CSF/blood glucose ratio cor-
related with disease severity, in particular hydrocephalus, 
but cell count did not. The presence of oligoclonal bands 
correlated with CSF protein, implying a more severe (or 
more long established) disease. Patients with systemic 
sarcoidosis had matched CSF/serum oligoclonal bands, 
and only those with isolated neurological granulomatous 
disease had unmatched bands.

Involvement of the spinal cord and cauda equina due 
to leptomeningitis was seen in 33 cases and to pachymen-
ingitis in four, in whom the neurological impairments 
were seen to be less severe. Most presented with a sub-
acute spasticity with sensory and sphincter disturbance 
[30–33]. There was a preponderance of males [30, 33]. 
Four patients presented with a progressive paraparesis 
in whom enhancement was not seen and atrophy of the 
cord noted. Half of those with lower dorsal lesions also 
had signs and MRI evidence for a cauda equina lesion, 
and some presented only with involvement of that region 
[34]. In these patients, sensory symptoms and a promi-
nent sphincter dysfunction were seen. Clinical evidence 
for motor involvement was uncommon. A small subgroup 
presented with sensorimotor symptoms related to a spinal 
root lesion, in each case L5 or S1.

The MRI lesions were usually single and longitudi-
nally extensive both within the cervical and dorsal cords 
[30–33, 35]. In these cases, enhancement was less intense 
than in corresponding brain lesions, and often only mild. 
The pattern of enhancement differs from other causes of a 
longitudinally extensive transverse myelitis or neuromy-
elitis optica spectrum disorder, in whom leptomeningeal 
enhancement is not seen [35].

Thoracic radiculopathy has been noted in the early 
reports; the CSF being active despite the normalcy of the 
imaging suggests that the disorder is a meningitis of the 
dorsal spinal cord, picking off the roots as they leave to 
form intercostal nerves. Other cases [36, 37] have shown 
prolongation of F-wave responses, compatible with this 
assumption.

Isolated granulomatous disease of the central 
nervous system

It has long been known that granulomatous disease of the 
nervous system may exist without evidence for systemic 
sarcoidosis; many appear to have a disease process indis-
tinguishable from sarcoidosis. Some develop systemic 
features of the disease during investigation and follow-
up [38]. Such cases need to be evaluated very carefully 
and this includes confirmation and a careful exclusion 
of alternative pathologies by a histological examination 
of affected neurological tissue; as noted above, other 
inflammatory, infectious, and neoplastic disorders may 
show striking similarities both on clinical and on imaging 
grounds. A series from two centres in the US 40 found a 
prevalence of 10% of their 91 cases, in which there was 
no difference in the clinical syndromes, the patient demo-
graphics or the CSF results. They noted a higher preva-
lence of meningeal involvement, owing to the concentra-
tion of brain disease in the isolated group [39].

This large series increases our understanding of the clini-
cal features of the disease and, in particular, the relationship 
between neurological involvement and the systemic disease. 
The correlation between the imaging features and CSF find-
ings will help those evaluating these patients, the majority 
of whom present during the first features of the systemic 
disease. A clear understanding of the systemic as well as the 
neurological manifestations will allow a correct diagnosis to 
be early and accurately, leading to more effective treatments 
and outcomes.

The differential diagnosis of sarcoidosis and its neurolog-
ical complications is, however, complex, and it is extremely 
important to evaluate the disorder carefully in particular 
when the disease appears to be isolated to the nervous sys-
tem, since there are many inflammatory, infective, and neo-
plastic disorders which affect the patients in the same way.

The data described herein provide important new infor-
mation on the pathophysiology of neurosarcoidosis, in 
particular, the clinical and imaging characteristics of brain 
involvement, and their correlation with CSF constituents. 
This will allow a more rapid identification of those with 
more severe and destructive forms of the disease, enabling 
a more aggressive treatment pathway (Neurology, in press) 
and an improvement in outcome.
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