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ABSTRACT

Sarcoidosis is a multisystem inflammatory granulomatous disease of unknown etiology. Neurosarcoidosis (NS) is a rare
but potentially devastating manifestation of sarcoidosis, with a prevalence of approximately 5% in patients with sys-
temic sarcoidosis. Due to the possible involvement of any part of the nervous system, a myriad of neurological mani-
festations can occur. Clinical features resulting from involvement of the hypothalmo-pituitary axis and cranial nerves, in
particular, cranial nerve VII are the more common presentations of this condition. Medical therapy with corticosteroids
is the mainstay of treatment and providing tissue for diagnosis remains the principal indication for surgery. Therapeuti-
cally, neurosurgery is indicated only for life-threatening complications. We describe the clinical case of a patient with
fatally progressive NS who had multiple anesthetic exposures. This case highlights the perioperative considerations of

NS and its anesthetic implications.
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1. Introduction

Sarcoidosis is a multisystem inflammatory granuloma-
tous disease of unknown etiology. The incidence of sar-
coidosis in North America is estimated at 3 - 10 per
100,000 among Caucasians and 35 - 80 per 100,000
among African Americans [1]. Neurosarcoidosis is a rare
but potentially devastating manifestation of sarcoidosis,
with a prevalence of approximately 5% in patients with
systemic sarcoidosis. However the incidence of subclini-
cal or undiagnosed neurological involvement in patients
with sarcoidosis is much higher, upto 26% [2]. Clinical
features resulting from involvement of the hypothalmo-
pituitary axis and cranial nerves, in particular cranial
nerve VII, are the more common presentations of this
condition [3]. Medical therapy with corticosteroids is the
mainstay of treatment and providing tissue for diagnosis
remains the principal indication for surgery [4]. Thera-
peutically, neurosurgery is indicated only for life threat-
ening complications such as increased intracranial pres-
sure secondary to hydrocephalus. Surgical resection of
mass lesions in the brain or spinal cord is rarely under-
taken [5]. Occasionally patients, with underlying NS,
may present for surgical procedures unrelated to under-
lying sarcoidosis.

We describe the clinical case of a patient with fatally
progressive NS who had multiple anesthetic exposures,
initially for a diagnostic MR, then for a diagnostic brain
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biopsy and later for insertion followed by several revi-
sions of a ventriculoperitoneal shunt. This case highlights
the perioperative considerations of NS and its anesthetic
implications.

2. Case Report

A 34-year-old male patient (height 182 cm, weight 160
kg) with a history of hypertension and type Il diabetes
mellitus was admitted to our hospital in 2005 with acute
onset, progressive lower extremity weakness. Computed
tomography of the chest revealed hilar lyphadenopathy
and abnormal leptomeningeal enhancement in the region
of the infundibulum and contrast enhanced magnetic
resonance imaging (MRI) of the brain demonstrated in-
traventricular enhancement of the third ventricular on
(Figure 1). Contrast-enhanced sagittal T1-weighted im-
aging of the cervical spine showed linear and multiple
nodular enhancing lesions along the surface of the spinal
cord and spinal nerve roots (Figure 2). Based on the
MRI findings a temporal craniotomy was performed and
meningeal and brain biopsies were obtained. The pe-
rioperative course was uneventful. Histopathological
examination revealed perivascular, non-caseating granu-
lomatous inflammation and a definitive diagnosis of NS
was made. Disease symptoms partially responded to high
dose intravenous corticosteroids and the patient was able
to ambulate with support. He was discharged on oral
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prednisone for disease suppression and phenytoin for
seizure prophylaxis. Hormonal evaluation except for
known diabetes was normal at discharge. Over the next
two years, audiovestibular and hypothalamo-pituitary
axis involvement was noted and patient developed uni-
lateral hearing loss, and hypothyroidism, hypogonadism,
hypoadrenalism and diabetes insipidus requiring levothy-
roxine, testosterone continuation of corticosteroids and
desmopressin respectively. Disease progression contin-
ued, and methotrexate and mycophenolate mofetil were
added to the treatment regimen. Later on the patient de-
veloped acute symptomatic seizures, which were treated
initially with phenytoin and subsequently with levitric-
tam. Peripheral nervous system involvement was noted
in the form of sensory neuropathy requiring treatment

with gabapentin. In 2007 the patient presented with dif-
fuse encephalopathy and non-communicating hydro-
cephalus necessitating a ventricular peritoneal (VP) shunt
insertion. Preoperative renal and hepatic function tests
were reviewed and were within normal limits. Hormone
replacement therapy was continued and supplementary
steroids were administered preoperatively. Fluid status
and serum electrolytes were closely monitored and ap-
propriately replaced. Intraoperative course was unevent-
ful but in the post operative period patient developed
hyponatremia. Desmopressin was temporarily withheld
and hyponatremia was managed with fluid restriction.
Subsequently patient underwent multiple revisions of his
VP shunt. In late 2009 patient died from severe sepsis
secondary to skin and a urinary tract infection.

Figure 1. Leptomeningeal sarcoidosis of brain. T1-weighted axial images from caudal to cranial (A, B), obtained after con-
trast administration shows enhancement involving basilar cisterns, Sylvian fissures and cortical sulci (white arrows).

Figure 2. Spinal leptomeningeal sarcoidosis. Contrast-enhanced sagittal T1-weighted image of the cervical spine shows linear
and multiple nodular enhancing lesions along surface of spinal cord and on spinal nerve roots (thin white arrows). Post con-
trast axial T1-weighted image of the thoracic spine demonstrates nodular leptomeningeal deposits (thick white arrows) with
enlarged subcarinal and left hilar lymph nodes (arrowheads) and bilateral pleural effusion (hollw white arrows).
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3. Discussion
3.1. Epidemiology/Pathogenesis

Sarcoidosis is a ubiquitous disease seen worldwide. The
overall disease prevalence in the United States is esti-
mated at 40 per 100,000 with an annual incidence of
0.035% to 0.080% among African Americans and 0.003%
to 0.01% in whites [1]. As for sarcoidosis confined solely
to the nervous system, the annual incidence is estimated
at less than 0.2 per 100,000 among whites [6]. Spinal

cord involvement occurs in less than 5% of these patients.

Asymptomatic central nervous system (CNS) involve-
ment is found in a much higher proportion of patients
and emulates the finding in other organs such as the heart,
liver, spleen, and lung where sarcoidal involvement is
often occult and asymptomatic [7]. Neurological symp-
toms are the presenting manifestation in half of the pa-
tients with NS and in the remaining half, symptoms ap-
pear within 2 years of being diagnosed with systemic
sarcoidosis [7].

The pathologic hallmark of sarcoidosis is the non-
caseating granuloma. Activated T cells and macrophages
release interferon gamma, interleukin 2 and other pro-
inflammatory factors that mediate the formation of theses
granulomas. As the disease progresses, persistence of the
inflammatory process induces fibrotic changes resulting

in irreversible tissue damage.

3.2. Clinical Course and Diagnosis

Neurological manifestations (Table 1) occur as a part of
the spectrum of the systemic disease that consists of, but
is not limited to, involvement of the lungs, skin, eyes,
heart, and kidney. Cranial neuropathies are identified in
50% to 75% of patients with facial and optic nerve in-
volvement being the most common [7]. Audiovestiblar
dysfunction is rare and when present is usually bilateral
and causes sensorineural hearing loss [8]. In addition to
these solitary or multiple involvements of almost all cra-
nial nerves has been reported in patients with NS [3].
Leptomeningeal involvement is seen in 10% to 20% of
patients and may present as aseptic meningitis or hydro-
cephalus. Approximately 50% of patients with a diagno-
sis of NS experience parenchymal brain disease. Based
on the anatomical location of the sarcoidal granulomas
patients may present with a multitude of symptoms or
syndromic features (Table 1). NS has a predilection for
the base of the brain and 10% - 15% of patients develop
neuroendocrine related symptoms from hypothalamic
and pituitary gland involvement resulting in diabetes
inspidus, adenopituitary failure or amenorrhea-galactor-
rhea syndrome. Diffuse parenchymal involvement may

Table 1. Neurological manifestations of sarcoidosis [3,7].

Neurological Features

Cranial Neuropathy

Parenchymal brain lesions

50% - 75%

Copyright © 2012 SciRes.

Pituitary gland: adenopituitary failure
Hypothalamus: diabetes insipidus, hyperphagia
Cavernous sinus syndrome

Cerebellum: gait unsteadiness

Brain stem: central hypoventilation syndrome
Autonomic centers: arrhythmias, sudden death

Cognitive/behavioral manifestations

Meningeal disease

Seizures

Spinal lesions

paresthesias, paraparesis, tetraparesis
radicular symptoms

autonomic dysreflexia

cauda equine syndrome

Peripheral neuropathy

mononeuropathy, polyradculopahthy
Guilain-Barré-like syndrome
symmetrical distal polyneuropathy

Myopathy (symptomatic)

50%

20%
10% - 20%
5% - 10%

5% - 10%

15%

1.4% - 2.3%
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result in encephalopathy (5% - 10%), psychiatric symp-
toms (19%) and/or seizures (5% - 10%). Granulomatous
cerebral angitis has also been reported in NS [3]. Unex-
pected death due to CNS involvement resulting in ar-
rhythmias from infiltration of autonomic centers, epi-
lepsy and obstructive hydrocephalus from brainstem in-
volvement has also been reported [9].

Spinal cord involvement is seen in 10% of patients.
Most clinically significant sarcoidal granulomas are in-
tramedullary [10]. They have an affinity for the cervical
level and tend to extend over multiple cord segments [11].
Patients with spinal sarcoidosis may present with insidi-
ous, progressive paresthesias and weakness that can pro-
gress to paraplegia. Rare cases of cauda equina syn-
drome secondary to intradural but extramedullary sar-
coid involvement have been reported and may be the
initial presentation of NS [10].

Peripheral nervous system dysfunction is seen in 15%
of patients with NS [12]. Sarcoidosis can affect any area
of the peripheral nervous system and result in mononeu-
ropathy, mononeuritis multiplex or polyneuropathy. Gul-
lan-Barre syndrome, restless leg syndrome in addition to
isolated sensory neuropathy and autonomic dysfunction
have been reported in patients with systemic sarcoidosis

[3].
3.3. Pharmacotherapy

As there is a dearth of prospective, randomized, con-
trolled trials in NS current treatment strategies are not
standardized and are based on the treatment of systemic

sarcoidosis. Corticosteroids remain the mainstay of treat-
ment [4]. In the event that treatment with corticosteroids
fails or needs to be discontinued, non steroidal immuno-
suppressant’s (methotrexate, mycophenolate mofetil, cy-
clophosphamide, azathioprine, chloroquine and hydro-
xychloroquine, thalidomide, and infliximab) can be add-
ed to the treatment regimen (Table 2) [13]. Except for in-
fliximab, the response to alternative immunosuppressants
is relatively slow and therefore, in acute life threatening
situations high dose intravenous corticosteroids remain
the preferred treatment [13].

3.4. Operative Considerations

Obtaining tissue for histopathological diagnosis remains
the primary indication for surgery. Although, positive
central nervous system (dura, brain) histology helps esta-
blish a definitive diagnosis, a probable diagnosis of NS
can be made based on positive histology from non central
nervous system involved organs in the presence of labo-
ratory or radiological evidence compatible with NS [14].
Mediastinoscopy is commonly performed to obtain tissue
from lung/hilar lymph nodes. Therapeutically neurosur-
gery is indicated only when medical management fails
and in life threatening emergency situations such as ele-
vated intracranial pressure secondary to hydrocephalus
requiring ventricular drainage [15]. Although surgical re-
section of intracranial and intramedullary spinal mass le-
sions has been reported overall results remain unsatisfac-
tory [11]. Other surgical procedures reported to have been
performed in patients with NS are listed below (Table 3).

Table 2. Medical therapy for neurosarcoidosis [7,14].

Therapy Adverse Reactions

Prednisone f .
gain, osteoporosis

Methylprednisone As above
Methotrexate
Mycophenolte mofetil

Azothioprine

Chloroquine, hydroxychloroquine

Infliximab

Cyclophosphamide

Radiotherapy

Hypertension, adrenal suppression, hyperglycemia, psychosis, insomnia, gastritis, weight

Hepatotoxicity, interstitial pneumonitis, bone marrow suppression, anemia

Leukopenia, anemia, esophagitis, gastritis, gastrointestinal hemorhage

Bone marrow suppression, hypersensitivity syndrome, risk for lymphoma or leukemia
Irreversible retinal damage, seizures, deafness, tinnitus, alopecia, hypertension, ECG changes

Anaphylaxis, risk for infection, rash, hepatotoxicity, pancytopenia, delayed allergic reactions,
CHF exacerbation, CNS demyelination/inflammation

Hemorrhagic cystitis, amenorrhea, azotemia, cardiac toxicity, infertility, neutropenia

Transient enlargement of CNS lesion and encephalopathy; necrosis, atrophy, calcification,
tumor inductions, CSF fistula, demyelination
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Table 3. Surgical indication in patients with neurosarcoidosis [12,16-19].

Surgical Procedure Indication

Venticular drain insertion

raniotom .
Craniotomy ing as neoplasm

Neuroendoscopy
Laminoplasty
Spine stabilization
Angioplasty

Mediastinascopy/Thoracoscopy

Symptomatic hydrocephalus

Lymph node tissue biopsy

Meningeal/brain biopsy for tissue diagnosis epilepsy surgery neurosarcoid mass masquerad-

Treatment of isolated dilatation of third and fourth ventricles with patent aqueduct
Tissue biopsy, operative decompression of spinal sarcoidosis causing myeolpathy

Vertebral sarcoidosis resulting in spinal instability and neurological symptoms

Revascularization of large vessel stenosis caused by neurosarcoid vasculitis

4. Anesthetic Implications

Anesthetic management of patients with NS requires a
thorough preoperative evaluation, search for functional
impairment secondary to pulmonary, cardiac, hepatic or
renal systemic involvement, and understanding interac-
tions and complications of available as well as investiga-
tional treatment modalities.

Preoperative assessment should begin with a review of
the patient’s history and a focused neurological examina-
tion. Clinical presentation may vary based on the anat-
omic location of intracranial lesion. The anesthesiologist
should be wary of the possibility of hypoventialtion due
to respiratory center involvement or bilateral phrenic
neuropathy [16]. Lower cranial nerve (IX, X) involve-
ment although rare has been reported and poses an in-
creased risk of aspiration [3]. All preexisting neurologi-
cal deficits should be identified and the anesthetic plan
formulated accordingly. Assessment may be limited due
to diffuse encephalopathy, which may present as delir-
ium, psychiatric disorders, memory disturbance and cog-
nitive impairment. Hydrocephalus can develop which can
be either communicating or obstructive and result in in-
creased ICP [3]. Signs and symptoms of raised ICP
should be identified. Preoperative sedation should be used
cautiously, and drug induced hypoventilation avoided.
Sarcoid granulomas have a predilection for the base of
the brain and commonly involve the hypothalamus and
pituitary gland resulting in hypothyroidism and hy-
poadrenalism [3]. Replacement hormone therapy should
be continued in the perioperative period. The need for
perioperative steroid supplementation should be deter-
mined on a case by case basis [17].

Counter-regulatory responses to hypoglycemia may be
inadequate due to lack of compensatory elevations of
catecholamine’s, glucagon, cortisol, and growth hormone
and merits consideration intraoperatively [18]. Hypotha-
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lamic dysfunction might impair temperature regulation
[19]. Seizures can occur in upto 20% of patients with NS
and thus potentially epileptogenic drugs (methohexitol,
cis-atracurium) should be avoided [3]. Pharmacokinetic
and pharmacodynamic interactions of antiepileptic drugs
can cause shortening of the duration of action of nonde-
polarizing muscle relaxants [20]. Myopathic involvement
is common but rarely symptomatic [21]. Nevertheless if
neuromuscular blockers are used, neuromuscular moni-
toring is warranted. Water imbalance secondary to dia-
betes insipidus, and inappropriate antidiuretic hormone
secretion (SIADH) can occur [3]. Urine output and serum
electrolytes should be closely monitored in the perio-
perative period and appropriately replaced. Parenchymal
brain disease, metabolic disturbances or seizures may
result in delayed emergence.

5. Conclusion

In summary, NS is a serious and disabling disease which
can virtually affect any part of the nervous system, pos-
ing a variety of clinical challenges. As NS is a rare dis-
order, our understanding of the management of this con-
dition is by and large based on case reports or case series.
While caring for these patients the anesthesiologist
should not ignore the fact that other organ systems, in
particular cardiac and pulmonary, may be involved and
affect the conduct of anesthesia. A thorough assessment
of the extent of involvement, resultant complications and
their treatment is essential for the successful management
of these patients.
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