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Dear Colleague:

As we begin a new year, I am pleased to bring you the Spring 2018 issue of the  
UH Neurological Institute Journal.

Through continuing collaboration with scientists at Case Western Reserve University 
School of Medicine, physicians at the Neurological Institute test and refine the latest 
treatment advances for patients with disabling neurological disorders. The Journal 
highlights these advances and demonstrates our interdisciplinary strengths. As an added 
benefit for our readers, CME credit is available for the busy practitioner interested in 
receiving AMA PRA Category 1 Credits™.

In this issue, our authors share some of their recent clinical experiences working with a 
variety of neurological and neurosurgical challenges, including hemangiomas, multiple 
sclerosis, meningiomas and narcolepsy.

Nauman Manzoor, MD and colleagues review the pathological and clinical-radiographic 
characteristics of geniculate ganglion hemangiomas and discuss their surgical treatment 
when extending into the petrous apex. Management of secondary cochlear fistula and 
possibility of hearing preservation are discussed.

Hesham Abboud, MD and Alessandro Serra, MD present a comprehensive review of the 
latest advances in disease modifying therapy and symptomatic management of multiple 
sclerosis including research by physicians from the UH Neuroimmunology and Spasticity 
Management Program.

Chad Glenn and colleagues review a case of malignant meningioma that was treated 
with surgical resection, external beam radiotherapy, stereotactic radiosurgery and repeat 
surgical resection. 

Alireza Yarahmadi, MD and Fareeha Ashraf, MD present a case of narcolepsy type 2 
secondary to stroke and discuss the sleep alterations involved.

We at the NI Journal extend our thanks to each of the contributing authors as well  
as to our readers. As always, your comments and suggestions are welcome.

Nicholas C. Bambakidis, MD, FAHA, FAANS
Director and Vice President, Neurological Institute
Professor of Neurological Surgery
Case Western Reserve University School of Medicine

From the Editor
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Editor-in-Chief 
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This continuing medical education (CME) program is provided by Case 
Western Reserve University School of Medicine and is intended for all 
physicians, particularly neurologists and neurological surgeons, family 
practice and internal medicine physicians, interested in the latest advances 
in the management of neurological disorders.

EDUCATIONAL OBJECTIVES

Upon completion of this educational activity, the participant should be able to:

•  Identify several therapeutic options recently available to improve 
symptoms of multiple sclerosis.

•  Evaluate the management strategies for malignant meningioma.

•  Describe how a lesion in the thalamic area can affect  
awake-sleep regulation.

ACCREDITATION STATEMENT

Case Western Reserve University School of Medicine is accredited by the  
Accreditation Council for Continuing Medical Education to provide 
continuing medical education for physicians.

Case Western Reserve University School of Medicine designates this enduring  
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should claim only the credit commensurate with the extent of their 
participation in the activity. 
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•  Read the Journal.
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•   Complete the evaluation. 

•   Print the certificate of credit for your records.

Your credits will be recorded by the Case Western Reserve University School 
of Medicine CME Program and made a part of your transcript. For more 
information, contact the CME program at medcme@case.edu.
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Geniculate Ganglion Hemangioma of the 
Facial Nerve: Resection Using Kawase  
Approach and Surgical Decision Making

INTRODUCTION

Geniculate ganglion hemangiomas (GGH) are rare benign tumors that arise within the temporal 
bone. The incidence of GGH was found to be 0.7 percent in a retrospective study that analyzed 
430 tumors of the temporal bone.1 The majority of these tumors will present with facial nerve 
dysfunction. Facial nerve dysfunction in the form of paresis, paralysis or twitching is common even 
in small GGH and is postulated to be due to “vascular steal” and nerve ischemia. These tumors can 
also cause hearing loss by erosion of the cochlear otic capsule.

A recent review of the clinical characteristics of 18 patients with GGH from the House Clinic, 
followed over 20 years, reported that in the vast majority of patients (89 percent) there is 
progressive facial nerve dysfunction. Other less common symptoms include hearing loss  
(22 percent), disequilibrium, hyperacusis and taste disturbance. Two-thirds of patients presented 
with normal hearing threshold preoperatively. In the operative group, hearing remained 
unchanged in 64 percent and deteriorated in 38 percent. Two patients had a dead ear 
preoperatively and had a fistula to the middle turn of the cochlea intraoperatively.2

Surgical intervention involves either a middle cranial fossa (MCF) or translabyrinthine approach for 
tumor extirpation. In the majority of patients, complete or partial excision can be accomplished 
via an extradural MCF approach. Facial nerve integrity can be maintained in some cases. In 
the event that the nerve is sacrificed, re-innervation and re-animation techniques can provide 
reasonable facial rehabilitation.

We describe a case of GGH that was resected using Kawase’s approach (extended middle fossa 
exposure) with facial nerve sacrifice. Subtotal resection was performed to prevent cochlear fistula 
and preservation of serviceable hearing. Operative decision-making regarding resection and 
hearing preservation are discussed.

1-866-UH4-CARE  •  University Hospitals  |  5
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OUR CASE REPORT

A 51-year-old female presented to 
our skull base center for evaluation 
of an eight-year history of progressive 
left-sided facial weakness culminating 
in complete paralysis. Recently, she 
started experiencing left-sided tinnitus, 
occasional dizziness and a subjective left-
sided hearing loss. On examination, she 
had a dense left facial paralysis (House-
Brackmann grade VI/VI). The patient’s 
neurological examination was otherwise 
normal. Preoperative audiogram revealed 
normal hearing in the right ear with mild 
sensorineural hearing loss in the left ear 
with excellent discrimination bilaterally. 

Magnetic resonance imaging (MRI) of 
the brain showed a heterogenously 
enhancing lesion located in the superior 
aspect of the left petrous apex, centered 
over the geniculate ganglion (Figure 1A). 
The lesion measured 1 x 1.5 x 2 cm with 
extension into the petrous apex and 
the intracanalicular portion of the left 
facial nerve. A high-resolution computed 
tomography (HRCT) scan of the temporal 
bone revealed a lytic-appearing lesion 
centered at the geniculate ganglion, 
extending toward the petrous apex with 

erosion of the middle fossa floor and the 
middle cochlear turn (Figure 1B). This 
radiographic appearance was suggestive 
of GGH (ossifying GGH). In the presence 
of significant dizziness and complete 
facial palsy, the patient was offered 
surgical resection via an extended middle 
fossa approach.

After administration of general 
anesthesia, perioperative antibiotics 
and diuretics, we planned an extended 
middle fossa craniotomy approach via 
a 5 x 5 cm craniotomy centered slightly 
anterior to the plane of the external 
auditory canal. The temporal lobe was 
retracted with a House-Urban Retractor, 
and Kawase’s rhomboid was exposed. 
An anterior petrosectomy was completed 
and extradural tumor removal ensued. 
Using high-powered magnification, 
near-total resection of the GGH was 
achieved. A cuff of diseased bone over 
the cochlear apical and middle turns 
was not removed to prevent further 
damage to the cochlea. The portion 
of the tumor extending toward the 
labyrinthine segment of facial nerve was 
then removed. The floor of the middle 
cranial fossa was covered with locally 

harvested temporalis fascia, and the bone 
flap was replaced using titanium plates 
and screws. 

Postoperative CT scan of the head 
showed no significant residual tumor. 
The resection cavity contacting the 
superior margin of the cochlea and the 
semicircular canals appeared intact. 
Postoperative MRI showed minimal 
curvilinear enhancement in the region of 
the labyrinthine segment of the left facial 
nerve as well as the expected location 
of the geniculate ganglion, though 
less intense and less confluent than on 
the preoperative exam (Figure 2). Final 
pathology of a left skull base lesion was 
reported as a cavernous hemangioma.

Postoperatively, there were no immediate 
complications. On follow-up visits, 
our patient’s vertigo and hyperacusis 
had nearly resolved. She subsequently 
underwent facial re-animation with a 
two-staged, cross-facial innervation 
of gracilis free muscle transfer using 
sural nerve grafting and dynamic 
temporalis tendon transfer. Postoperative 
audiometric testing showed moderate 
sensorineural hearing loss on the left with 

Figure 1: (B) Axial high-resolution CT image 
shows heterogeneous lesion involving the 
petrous temporal bone with extension to 
petrous apex. 

Figure 2: T1 post-contrast axial 
imaging shows the postoperative 
appearance of the petrous temporal 
bone after resection via a middle 
cranial fossa approach.

Figure 1: (A) T1 post-contrast images 
show the same lesion.

A B
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fair discrimination, and she was offered 
hearing aids for rehabilitation (Figure 3). 
At two and a half years out of procedure, 
she shows no signs of recurrence. 

THE DISCUSSION

GGH are rare intratemporal lesions, 
infrequently reported in the neurosurgical 
literature.1 Within the temporal bone, 
hemangiomas are most frequently found 
in the geniculate ganglion and the 
internal auditory canal (IAC).2,3 Of these 
locations, hemangiomas occur most 
frequently in the geniculate ganglion 
and are associated with facial paralysis 
(progressive as well as sudden).4 It has 
been hypothesized that the rich blood 
supply to the geniculate ganglion 

compared with adjacent labyrinthine 
and tympanic facial nerve segments may 
explain the increased frequency of lesions 
preferentially found in this location.5 
Other accompanying symptoms include 
hearing loss (present in about one-
fourth of patients) vertigo, dizziness and 
tinnitus. 

Radiographic imaging can be used to 
differentiate between hemangiomas and 
facial nerve schwannomas preoperatively 
as both of these lesions are commonly 
centered over the geniculate ganglion 
region.6 In this temporal bone location, 
both neoplasms can present with 
progressive sensorineural hearing loss 
and facial paresis though, as stated, facial 

paresis/paralysis is more commonly found 
in hemangiomas, even in cases with 
smaller tumors. 

HRCT findings of GGH include 
broadening and irregular expansion 
of the facial nerve canal adjoining the 
geniculate ganglion fossa. Intralesional 
presence of calcifications, manifested 
as hyperdense signal, is very common. 
Lesions can also involve adjacent facial 
nerve segment with the labyrinthine 
segment more commonly involved.7 
On the other hand, in cases of facial 
schwannoma, HRCT shows sharply 
delineated expansile lesion in the region 
of the geniculate ganglion without the 
associated calcifications.8 MRI findings 

Figure 3: Preoperative and postoperative audiogram shows the presence of serviceable hearing on the left side after the procedure. 

Figure 3: (A) Preoperative Audiogram Figure 3: (B) Postoperative Audiogram
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of hemangioma include a hyperintense 
lesion centered over the geniculate 
ganglion with associated heterogeneous 
enhancement on T2-weighted images. 
Different MRI protocols including 2-D 
FSE T2W images as well as 3-D FIESTA 
sequences can be used and can identify 
80 to 100 percent of facial nerve 
hemangiomas.7 The differentials include 
facial nerve schwannoma, congenital 
cholesteatoma, and perineural spread 
from parotid malignancy. Facial nerve 
schwannoma is typically described as 
a well-circumscribed, enhancing mass 
on a contrasted T1 sequence. Lesional 
heterogeneity may be presented 
especially in larger lesions.8 Congenital 
cholesteatoma does not enhance on 
post-contrast images, and contiguous 
retrograde spread from the parotid mass 
helps differentiate perineural spread in 
case of intraparotid malignancy.

GGHs frequently present with significant 
facial nerve dysfunction that is out of 
proportion to the size of the lesion. 
In the vast majority of patients, facial 
paralysis is progressive in nature. In 
addition to anatomic compression and 
distortion of the neural fibers, a “vascular 
steal” phenomenon might explain why 
significant weakness is present despite 
the relatively small size of the GGH.4 Our 
patient presented with complete facial 
nerve paralysis for eight years (House-
Brackmann grade VI/VI), having initially 
been diagnosed with Bell’s palsy.

In the largest retrospective series, the 
incidence of preoperative normal hearing 
threshold was 73 percent in patients 
who subsequently underwent surgical 
treatment of GGH. Our patient had 
speech reception threshold (SRT) of 15dB 
with excellent word recognition score 
preoperatively, but the imaging was 
concerning for erosion of the bony wall 
of the cochlea. Semaan and colleagues 
discussed possible mechanisms of 
hearing loss in patients with GGH. They 

postulated three mechanisms: erosion 
into the otic capsule, thereby violating 
its integrity; vascular steal of end-arterial 
cochlear blood flow by the growing 
hemangioma; and extension of the lesion 
into the IAC, thereby compressing and 
distorting the vestibulocochlear nerve.2 
While none of these mechanisms has 
been conclusively studied, intact pre-
intervention hearing guides the surgeon 
to use an operative approach that will 
aid in hearing preservation. For other 
disabling symptoms, such as dizziness 
and vertigo, a thorough investigation 
of other causes as well as vestibular 
rehabilitation should be pursued. 

Surgical Approaches and Decision Making
MCF approaches have been widely 
reported for resection of these lesions in 
patients with serviceable hearing, and 
the approaches are performed with the 
intent of hearing preservation.2 In cases 
where preoperative hearing is poor and 
the patient presents with “dead” ear, an 
extended translabyrinthine approach can 
be used as well to extirpate the tumor. 
In this report, we describe the anterior 
transpetrosal (Kawase) approach, an 
extended middle cranial fossa approach 
for removal of a large GGH that 
extensively involved the petrous apex. 
Careful removal of diseased bone around 
the bony cochlear wall and IAC region 
to preserve hearing is paramount for 
hearing preservation.

Semaan and colleagues emphasized 
that the middle fossa approach 
is recommended in patients with 
serviceable preoperative hearing due 
to its unparalleled exposure of the 
surgical field with hearing preservation. 
In their series, this approach was used 
successfully in a large proportion of 
patients.2

The decision to sacrifice or preserve facial 
nerve is based on the intraoperative 
relationship and preoperative status of 

the nerve function. In cases with facial 
paresis, efforts should be made to remove 
the lesion while preserving the continuity 
of the nerve. In a smaller proportion 
of cases, the hemangioma intimately 
involves the nerve; thus, resection and 
grafting may be required to re-establish 
continuity. In cases of long-term paralysis 
and intimate involvement, facial nerve 
sacrifice and other methods of long-term 
facial re-animation should be sought. 
In our patient, we used cross facial re-
innervation of gracilis functional muscle 
transfer using sural nerve graft to provide 
voluntary movements on the left side 
as well as dynamic temporalis tendon 
transfer.

The classic middle fossa approach was 
introduced in 1904 by R.H. Parry and 
later popularized by William House.9 This 
method provides exposure to the internal 
auditory canal (IAC) with the benefit of 
providing the potential for preservation 
of hearing in patients. It is largely used in 
some centers for vestibular schwannoma 
surgery with specific indications. 
However, this technique is inadequate for 
the resection of tumors with extension in 
the petroclival region. Thus, the anterior 
transpetrosal (Kawase) approach, an 
extended middle cranial fossa approach, 
refined by Kawase and colleagues, was 
used for the resection of a lesion.10

Kawase’s rhomboid is defined as an area 
bordered by the petrous ridge medially, 
the greater superficial petrosal nerve 
(GSPN) and petrous internal carotid artery 
laterally, arcuate eminence posteriorly, 
and mandibular division of trigeminal 
nerve anteriorly.

In our patient, the GGH was removed by 
drilling out the Kawase rhomboid and all 
extensions of tumor toward the petrous 
apex. Posteriorly, the diseased bone was 
removed until the arcuate eminence and 
a small cuff of bone was left over the 
apical cochlear turn to prevent cochlear 
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fistula. The remaining microscopic 
disease was removed by drilling until 
the intrapetrous horizontal portion of 
the carotid artery was reached. The 
floor of the middle fossa was reinforced 
with temporalis fascia. The IAC was not 
opened, and there were no injuries to 
the vessels or nerves and no signs of CSF 
leak. 

The Kawase approach provides a direct 
corridor toward the petrous apex and, 
once the critical structures are identified, 
extra-dural removal of tumor can be 
accomplished with less likelihood of injury 
to critical structures. With the intent of 
hearing preservation, the identification 
of the cochlea is paramount in this 
approach. Within the bony framework 
of middle cranial fossa, the location 
of cochlea can be estimated by first 
extrapolating a junction of GSPN with 
the facial nerve and then drilling outside 
a radius of 12.5 mm from this point. This 
approach minimizes inadvertent entry 
into the cochlea.11

In our patient’s case, pre-intervention 
imaging demonstrated that the bony 
cochlear wall was involved with the 

hemangioma. While our patient had 
excellent word recognition scores 
preoperatively, intraoperative evidence 
of cochlear fistula was present. It is 
important that the clinician identifies 
cochlear erosion preoperatively on 
imaging. If the disease bone segment 
is adherent to the cochlea, a subtotal 
resection of GGH might be required to 
prevent entrance into the cochlear duct 
as the rate of recurrence after a subtotal 
resection of GGH is very low.2 Such an 
approach will yield a higher likelihood of 
serviceable hearing preservation.

CONCLUSION

GGH can involve an extensive portion 
of the petrous bone and, using already 
established approaches for petroclival 
regions, adequate resection can be 
performed without injury to critical 
structures. Knowledge of the cochlear 
location is paramount to prevent injury 
and profound hearing loss. With these 
principles, serviceable hearing can be 
preserved. Facial nerve paralysis is usually 
progressive but can be sudden in onset as 
well. Various facial re-animation options 
can be employed to rehabilitate long-
term facial nerve paralysis.

CME credit is not offered for this article.
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Therapeutic Advances in  
Multiple Sclerosis: A Review

INTRODUCTION

The past decade has witnessed dramatic advancement in multiple sclerosis (MS) therapy. The 
development of several highly effective disease-modifying therapy (DMT) options has changed the 
disease image from a dreaded disabling condition to a largely controllable disease. Newer DMT 
agents are also more convenient and come in oral forms or largely spaced IV infusions replacing 
the frequent subcutaneous or intramuscular injections of the older agents. Last year marked the 
first large-scale positive trial in primary progressive MS (PPMS), giving hope to many patients with 
this once-untreatable form of the disease. The advent of several monoclonal antibodies, B-cell 
based therapy and remyelination agents, some of which are already approved for use, is pushing 
the neuroimmunology field forward like never before. In this article, we present a comprehensive 
review of the latest advances in DMT and symptomatic management of MS including research by 
physicians from the UH Neuroimmunology and Spasticity Management Program.
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DISEASE-MODIFYING  
THERAPY IN MS

Conventional Injectables 
Interferon (INF) ß1-b was the first DMT 
to get approved for the management 
of relapsing forms of MS (RMS) in 1993 
followed by INF ß1-a. The mechanism 
of action of interferons is not clearly 
understood, but they are believed  
to modulate cytokines and both  
T and B-cells. Collectively as a group, 
interferons provide only a modest rate  
of annualized relapse rate (ARR) reduction 
of about 30 percent compared to placebo 
with a more robust reduction rate of 
new T2 lesions on MRI approaching 67 
percent.1, 2 Their effect on reducing the 
rate of sustained disability progression 
(SDP) is debatable but is proposed to 
be up to 30 percent per some studies. 
Local injection site reactions and flu-like 
symptoms are among the most common 
side effects of this group, but worsening 
spasticity and depression can also  
occur.1, 2 Patients may develop 
neutralizing antibodies that reduce the 
efficacy of interferons. Overall, interferons 
are considered relatively safe and have 
not been linked to the occurrence of 
opportunistic infections like progressive 
multifocal leukoencephalopthy (PML), 
but in rare occasions they can cause 
leukopenia and hepatotoxicity.1, 2 In 
the modern era of oral MS therapies, 
interferons are mainly used in patients 
who favor the safest options and do not 
accept any PML risk. Patients who have 
been on interferons for a long period of 
time without disease activity (so-called 
interferon responders) are commonly 
kept on their respective agents without 
switching. In recent years, a biweekly 
pegylated form of INF ß1-a was approved 
for management of RMS, providing a less 
frequent and more convenient option of 
interferon therapy. 

Glatiramer acetate (GA) is another 
conventional injectable approved in 
RMS. It acts as an altered peptide ligand 

for major histocompatibility cells type 
2 (MHCII) on the surface of T-cells 
competing with myelin.3 It provides a 
similar rate of ARR reduction to that of 
interferons but with less robust effect 
on MRI lesions and SDP in the original 
clinical trials. A recent Cochrane review 
suggested that both GA and interferons 
are similar in their clinical effect on 
relapses and disability progression, but 
interferons are more effective on MRI 
lesions. The original form is given as a 
daily subcutaneous injection, but a new 
double-dose form that can be given 
three times weekly is now available. GA 
can cause lipoatrophy at injection sites 
and rarely causes a systemic panic-like 
reaction with the first dose in some 
patients.4 Otherwise, GA is one of the 
safest and most well tolerated DMT 
options for patients with relapsing MS 
and is the only pregnancy category B 
option available (all others are category C 
or X). Its indications are generally similar 
to those mentioned for the interferons, 
but it is also the preferred agent in 
women who lack reliable contraception. 
A generic form of GA was approved in 
2015, marking the first-ever generic DMT 
in the United States. 

Oral Agents
Fingolimod was the first oral agent to be 
approved for RMS. It became available 
in 2010 after it met primary outcome 
in three phase 3 clinical trials, two 
against placebo (FREEDOMS I & II) and 
one against INF ß1-a (TRANSFORMS). 
Fingolimod is a sphingosine-1-phosphate 
(S1P) modulator that prevents egress of 
T-cells from the lymph nodes.3 It has the 
ability to cross the blood brain barrier 
(BBB) with a proposed neuroprotective 
effect.3 Versus placebo, it provides an 
ARR reduction of 54 percent, T2 lesion 
reduction of 72 percent, gadolinium-
enhancing lesion (GEL) reduction of 
82 percent and SDP reduction of 30 
percent.5 It is given as a single oral 
dose of 0.5 mg per day and is often 

well tolerated except for occasional 
headaches.5 By acting on S1P receptors 
in the heart, fingolimod lowers heart 
rate and in rare occasions can cause 
symptomatic bradycardia, heart block, or 
other arrhythmias.6 A few case reports 
of sudden death have been described 
with the use of this agent. Also, through 
its effect on S1P receptors in blood 
vessels, it may cause macular edema.5 It 
increases the risk of herpetic infections, 
especially herpes zoster (VZV), including 
disseminated infections and encephalitis.6 
Nine cases of PML have been reported in 
patients taking fingolimod to date. Other 
adverse events include hypertension and 
worsened pulmonary functional tests.5 

Because of these several potential risks, 
a set of pretests has to be completed 
before starting fingolimod including an 
EKG, ocular computerized topography 
(OCT) and VZV IgG. Patients with 
abnormal EKG should be cleared by 
cardiology before starting fingolimod. 
Patients with negative VZV IgG should 
be vaccinated before starting treatment. 
In addition to pretesting, patients should 
be observed by a healthcare provider 
when taking their first dose of fingolimod 
because maximum bradycardia is 
expected with the first dose. A process 
called first dose observation or FDO has 
been implemented for that purpose, 
which includes vital signs monitoring at 
baseline and then hourly after taking the 
first pill for a total of 6 hours followed 
by a repeat EKG. This process often 
takes place in a healthcare facility or at 
the patient’s home through a visiting 
physician service provided by the 
manufacturer. For patients with prior 
cardiac history or abnormal screening 
EKG, FDO should be performed under 
continuous cardiac monitoring in a 
hospital setting. Any patient who 
experiences symptomatic bradycardia 
or heart block during FDO should be 
admitted to the hospital and fingolimod 
should be stopped immediately. 



Table 1: Comparison of current disease modifying therapies for MS.

DMT Mechanism ARRR
MRI lesion 
reduction 

Disability 
progression 
reduction

Route and dose Side effects Risks Screening Monitoring Practical use

INF-ß
(Betaseron, Rebif, 
Avonex, Plegridy)

Modulate T/B cells 
and cytokine

30% 67% Debatable – 30%
SC 3-4/week
IM 1/week
SC 1/two weeks

Flu-like, local, 
+ spasticity, 
depression

Rare leukopenia or 
hepatotoxicity

CBC, LFTs CBC, LFTs First line

Glatiramer
(Copaxone, 
Glatopa)

Ligand for MHCII 
T cells

30% 30% Debatable
SC 40 3/week or 20 
daily

Local, lipoatrophy, 
panic

None None None First line

Teriflunomide
(Aubagio)

Decrease T cell 
replication

31%
67% T2
80% Gd

30%
7 mg or 14 mg oral 
daily

GI upset, hair 
thinning

Teratogenicity HCG, CBC, LFTs CBC, LFTs
First line, not child-
bearing

DMF
(Tecfidera)

Nrf2 inhibitor 53%
85% T2
90% Gd

38% 240 mg oral BID Flushing, GI upset Lymphopenia CBC, CMP CBC, CMP First line 

Fingolimod
(Gilenya)

S1P1 inhibitor 54%
72% T2
82% Gd

30% 0.5 mg oral daily HA, increase BP
Brady/AVB, macular 
edema, herpetic 
encephalitis

CBC, LFTs, VZV IgG, 
EKG, OCT

FDO, OCT at 3 
months, CBC, LFTs 

First or second line

Daclizumab
(Zinbryta)

MAB: Anti CD25 
subunit of IL2 
receptor on 
lymphocytes

54%
70% T2
69% Gd

57%
150 mg SC once a 
month

Nasopharyngitis, 
eczema, depression, 
+ liver enzymes

Hepatotoxicity, AIH, 
AI dermatitis, colitis, 
suicide

AST/ALT, bilirubin 
AST/ALT, bilirubin 
monthly

Third line

Natalizumab
(Tysabri)

MAB: anti á-integrin 
on lymphocytes 
preventing vascular 
migration to CNS

70%
83% T2
92% Gd

42%
300 mg IV once 
monthly 

Rare infusion 
reactions

PML JCV serology
JCV serology every 
3 months 

Second line. May be 
used as first line in 
JCV – i.e. pts with 
highly active disease

Alemtuzumab 
(Lemtrada)

MAB: anti CD52 = 
lymphopenia

55% versus Rebif 67% 42% versus Rebif
12 mg/d X 5 days, 
then 12 mg/d X 3 
days one year later

ITP, GN, AI thyroid 
disease, cancer

CBC, RFT, UA, TFT
CBC, RFT, UA, TFT 
monthly

Third line

Ocrelizumab
(Ocrevus)

MAB: anti CD20 on 
B-cells

47% versus Rebif
83% T2
95% Gd versus 
Rebif

50% versus Rebif
600 mg IV every 6 
months

Rare infusion 
reactions, URTIs, 
limited herpetic 
infections

Questionable link to 
breast cancer

None None
First or second line. 
Only approved DMT 
for PPMS

DMT: disease-modifying therapy, ARRR: 
annualized relapse reduction rate, MRI: 
magnetic resonance imaging, INF-B: 
Interferon beta, SC: subcutaneous, IM: 
intramuscular, W: week, CBC: complete 
blood count, LFTs: liver function tests, 
MHC: major histocompatibility complex, 
Gd: gadolinium, GI: gastrointestinal, 
HCG: human chorionic gonadotropin, 
DMF: dimethylfumerate, NRF2: nuclear 
factor-like 2, BID: twice daily, S1P1: 
sphingosine 1 phosphate receptor 1, 
HA: headache, BP: blood pressure, AVB: 
atrioventricular block, VZV: varicella 
zoster virus, IgG: immunoglobulin G, 
EKG; electrocardiogram, OCT: optical 
coherence tomography, FDO: first 
dose observation, MAB: monoclonal 
antibody, CD: cluster of differentiation, 
IL: interleukin, AIH: autoimmune 
hepatitis, AI: autoimmune, AST: 
aspartate aminotransferase, ALT: alanine 
aminotransferase, CNS: central nervous 
system, IV: intravenous, PML: progressive 
multifocal leukoencephalopathy, JCV: 
John Cunningham virus, ITP: idiopathic 
thrombocytopenic purpera, GN: 
glomerulonephritis, RFT: renal function 
tests, UA: urine analysis, TFT: thyroid 
function tests, URTIs: upper respiratory 
tract infections, RMS: relapsing multiple 
sclerosis, PPMS: primary progressive 
multiple sclerosis
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Asymptomatic bradycardia during FDO is 
expected and would not contraindicate 
the drug. Bradycardia improves with 
time, and most patients regain baseline 
heart rate by the next day. Often, 
the bradycardia does not occur with 
subsequent doses, but any prolonged 
pause in fingolimod intake of more than 
1 week resets the bradycardia incidence 
to that of the first dose requiring a repeat 
FDO. Fingolimod is contraindicated in 
patients with a recent history (six months) 
of myocardial infarction, unstable 
angina, stroke, TIA, decompensated 
heart failure or those with prolonged 
QTC or a second or third degree heart 
block. Most clinicians avoid fingolimod in 
patients with multiple vascular risk factors 
including diabetes, although those are 
not absolute contraindications. A repeat 
OCT should be obtained 3 months after 
starting fingolimod to rule out macular 
edema. Fingolimod is often used as a 
second-line DMT but can occasionally be 
used as a first-line in highly active disease 
in patients without cardiac or vascular 
concerns. A trial of fingolimod in PPMS 
failed to achieve primary outcome. 

Teriflunomide was approved for RMS in 
2012 after it met primary outcome in 
two Phase 3 clinical trials in RMS, the 
TEMSO and TOWER and one in clinically 
isolated syndrome (CIS), the TOPIC. 
It acts by inhibiting dihydroorotate 
dehydrogenase, a key mitochondrial 
enzyme in the de novo pyrimidine 
synthesis required by rapidly dividing 
cells, therefore reducing replication of 
auto-reactive immune cells.3 It provides 
a modest ARR reduction of 31 percent 
similar to interferons.7 It reduces T2 
lesions by 67 percent, GEL by 80 percent 
and SDP by 30 percent.7, 8 It is given as a 
single oral dose of 7 mg or 14 mg. It can 
cause GI upset and hair thinning. Rarely, 
it can cause hepatotoxicity or significant 
lymphopenia.7 In general, lymphopenia 
is less common with teriflunomide 
than the other two oral agents and is 

often transient. Other rare risks include 
TB activation, peripheral neuropathy, 
interstitial lung disease, hypersensitivity, 
and serious skin reactions. Teriflunomide 
is teratogenic in both females and males.3 
Adequate contraception must be secured 
before starting teriflunomide and an HCG 
must be obtained before treatment along 
with blood count and liver functional 
tests. Liver functions should be monitored 
regularly after starting treatment. Patients 
should be checked for latent TB before 
taking teriflunomide. It is commonly 
used as a first-line DMT in patients with 
mild disease who do not want to take an 
injection and who have completed their 
family. 

Dimethyl fumerate (DMF) was approved 
for RMS in 2013 after it achieved primary 
outcome in two Phase 3 clinical trials 
against placebo, the DEFINE and the 
CONFIRM trials. The exact mechanism 
of action of DMF is unknown, but it is 
believed to cause immunomodulation via 
inhibition of Nrf-2 protein subsequently 
inhibiting inflammatory cascades.3 Like 
fingolimod, it also crosses the BBB and 
may have neuroprotective effects.3 DMF 
reduces ARR by 53 percent, T2 lesions 
by 85 percent, GEL by 90 percent and 
SDP by 38 percent.9, 10 A starter pack 
of 120 mg tablet given twice daily for 
seven days is followed by the full dose of 
240 mg tablet twice daily. It can cause 
transient gastrointestinal upset and 
body flushing. These side effects can be 
mitigated by the use of the starter pack 
and by taking non-coated aspirin before 
taking DMF. Hepatotoxicity may rarely 
occur. One of its major adverse effects 
is the potential for causing prolonged 
lymphopenia. Five cases of PML have 
been described with DMF, so far all of 
which occurred in patients who had 
moderate to severe lymphopenia and 
continued to take the drug.11 Therefore, 
it is important to routinely monitor 
lymphocyte count while on DMF every 
three to six months. Patients who develop 

significant lymphopenia (< 0.5 K/Liter) 
should be taken off DMF, and their 
cell count should be monitored closely. 
Overall, the side effects of DMF are 
transient and the risks associated with its 
use are scant and rare. This, in addition 
to its high efficacy and ease of use, has 
made it a reasonable first-line agent for 
most patients with mild to moderate 
relapsing MS in recent years. A real-world 
post-marketing comparative study of 
efficacy and tolerability of DMF versus 
fingolimod revealed comparable clinical 
efficacy, overall brain MRI activity and 
discontinuation rates after 12 months 
of treatment. However, DMF had higher 
GELs and earlier time to discontinuation. 

MONOCLONAL ANTIBODIES

Natalizumab was the first monoclonal 
antibody (MAB) to get approved for 
treatment of relapsing MS. It was 
originally approved in 2004 several years 
before the approval of the first oral 
agent. A few months after approval, it 
was withdrawn from the market after 
unexpected PML cases were recognized. 
It was reapproved again in 2006 under 
strict regulations requiring physician and 
patient enrollment in a specific registry 
(the TOUCH program). Natalizumab 
reached primary outcome in two Phase 
3 placebo-controlled clinical trials, one 
as monotherapy (the AFFIRM) and one 
as combination therapy with INF ß1-a 
(the SENTINAL). It acts as an antagonist 
to á4 integrin on surface of leukocytes 
blocking their interaction with vascular 
cell adhesion molecules thus preventing 
leukocyte migration to the CNS.3 

Natalizumab has one of the highest ARR 
reduction rates (68 percent). It reduces 
new T2 lesions by 83 percent, GEL by  
92 percent and SDP by 42 percent.12, 13  
It is given as a once monthly 300 mg 
IV infusion in TOUCH-certified centers. 
It is generally well tolerated except for 
rare infusion reactions. It is considered 
one of the most potent DMTs and one 
with the highest rates of compliance 
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because of observed therapy. In addition 
to the rare risk of hepatotoxicity, 
increased risk of PML infection is a major 
concern with natalizumab.11 With the 
decreasing incidence of AIDS in recent 
years, natalizumab has become one 
of the major causes of this potentially 
fatal infection. PML risk in patients 
taking natalizumab depends on prior 
exposure to the causative virus (JCV), 
the duration of treatment (risk is highest 
after 2 years), and the prior use of other 
immunosuppressants. Patients who do 
not have any of these risk factors have a 
low PML risk (around 1 in 45,000) while 
patients with all three risk factors have 
a very high risk (around one in 50).14 
As of November 30, 2016, there had 
been 698 reported cases of PML under 
natalizumab. Patients should be checked 
for JCV IgG in the blood prior to starting 
natalizumab to determine whether they 
were previously exposed to the virus. 
JCV negative patients are the preferred 
population for natalizumab treatment, 
keeping in mind that seroconversion may 
happen at any time; therefore, serological 
monitoring of JCV IgG every three to 
six months is mandatory for all patients 
on natalizumab. JCV IgG positivity is 
not a contraindication to the use of 
natalizumab; however, all other DMT 
options should be considered first and 
the benefits of treatment must outweigh 
the risks. 

Seropositive patients on natalizumab 
should be monitored carefully for clinical 
and radiological signs of PML. If PML 
is suspected, the medication should 
be stopped and the cerebrospinal fluid 
should be checked for JCV PCR. Patients 
with positive PCR are diagnosed with PML 
and should undergo plasma exchange 
to allow for immune reconstitution and 
infection clearing. Immune reconstitution 
may be accompanied by an intense 
inflammatory reaction in the brain that is 
usually steroid-responsive known as IRIS 
(immune reconstitution inflammatory 

response). Many clinicians proactively 
switch seropositive patients to another 
DMT after 2 years of therapy to avoid 
PML risk and some switch originally 
seronegative patients immediately upon 
seroconversion. Stopping natalizumab 
can lead to strong rebound activity of the 
disease; therefore, prolonged washout 
periods before starting alternative DMT 
should be avoided. It is also advisable to 
avoid significant de-escalation of therapy 
by switching only to high potency DMTs 
after stopping natalizumab. In real world 
settings, natalizumab is often used 
either as a second-line agent in patients 
who experience clinical or radiological 
breakthrough disease on other agents 
or as a first-line agent in highly active 
disease or in JCV negative patients.

Alemtuzumab was approved for RMS in 
2014 after it reached primary outcome in 
two Phase 3 clinical trials against INF ß1-
a, one in treatment-naïve patients (CARE-
MS-1) and the other in patients who 
failed first line agents (CARE-MS-2). It is a 
humanized MAB against CD52 receptors 
on surface of mature lymphocytes. It 
acts by causing generalized lymphopenia 
with more prolonged effect on T-cells 
(B-cells reconstitute early).3 Compared 
to INF ß1-a (not placebo), it reduces 
ARR by 55 percent and SDP by 42 
percent.15, 16 Its effect on T2 lesions is 
similar to that of interferons. It is given 
as a yearly IV infusion; the first dose 
is 12 mg per day for five consecutive 
days and the subsequent doses are 12 
mg per day for three consecutive days. 
Many patients can have long-lasting 
benefit after three doses and may need 
no further treatments due to resetting 
of pathogenic immune cells. Side effects 
include infusion reactions and increased 
rates of common infection, including 
cutaneous herpes. Because of its potent 
effect on immune cells and the early 
B cell reconstitution in absence of T 
cells, alemtuzumab can cause several 
autoimmune disorders including thyroid 

disease, idiopathic thrombocytopenia, 
and glomerulonephritis. It also 
increases the risk of cancer including 
thyroid cancer, melanoma, and 
lymphoproliferative disorders.15, 16 Because 
of these multiple risks, alemtuzumab is 
available only under a specific enrollment 
program (REMS program). Through 
REMS, patients are monitored monthly 
with complete blood count (CBC), thyroid 
function tests, renal function tests and 
urine analysis. Yearly skin exams are 
recommended. Alemtuzumab is used 
only as a third-line agent after failing at 
least two other DMTs, although some MS 
experts advocate for its use as induction 
therapy in patients with highly active 
disease. 

Daclizumab was approved for RMS in 
2016 after it reached primary outcome 
in two Phase 3 clinical trials, one against 
placebo (SELECT) and one against 
INF ß1-a (DECIDE). It acts against the 
á-subunit (CD25) of the IL2 receptor on 
lymphocytes. It is the only available MAB 
that is given subcutaneously (150 mg 
monthly).3 Compared to placebo, it has 
an ARR reduction rate lower than other 
MABs and similar to that of fingolimod 
and DMF of 54 percent. It reduces T2 
lesions by 70percent, GEL by 69 percent 
and SDP by 57 percent.17, 18  
Side effects include nasopharyngitis, 
eczema, depression and transaminitis. 
Risks include potentially fatal 
hepatotoxicity, autoimmune hepatitis, 
severe autoimmune dermatitis, colitis and 
suicide risk. It is available only through 
a special enrollment program (REMS), 
which ensures monthly monitoring of 
liver functional tests. Because of its 
risks and moderate efficacy, daclizumab 
is mainly used as a third-line agent in 
patients who fail or are unable to take 
other options.

Ocrelizumab is a humanized MAB against 
CD20 on the surface of B-cells.3 It is the 
first pure B-cell therapy to be approved in 
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MS (the structurally related rituximab has 
been used off label in MS for years). It is 
also the first DMT to ever reach primary 
outcome in PPMS, which is considered a 
breakthrough in the field. Ocrelizumab 
was approved in March 2017 and is the 
only DMT approved for both RMS and 
PPMS to date. It is given as an IV infusion 
of 600 mg every 6 months. The first dose 
is given as two installments—300 mg 
each, two weeks apart, while subsequent 
doses are given as a single 600 mg dose. 
Ocrelizumab was studied in two Phase 
3 clinical trials compared to INF ß1-a in 
RMS (OPERA 1 and 2). Compared to 
INF ß1-a, it reduced ARR by 47 percent, 
T2 lesions by 83 percent, GEL by 95 
percent and SDP by 50 percent. Minor 
side effects, including upper respiratory 
and cutaneous herpetic infections, were 
reported. Risks included rare allergic 
reactions and a signal towards higher 
cancer risk compared to INF ß1-a. Cancer 
incidence in patients taking ocrelizumab 
across all trials including open-label 
extension and PPMS trial was 0.4 per 
100, which was double the incidence 
of cancer in the active comparator 
and placebo groups across trials.19 No 
PML cases have been reported with 
ocrelizumab to date. 

In PPMS, ocrelizumab was studied 
against placebo in the Phase 3 trial 
ORATORIO.20 It achieved primary 
outcome with a statistically significant 
relative risk reduction (RRR) in SDP of 
24 percent compared to placebo at 12 
weeks of therapy. It also achieved several 
secondary outcomes including 25 percent 
RRR in SDP at 24 weeks and 29 percent 
RRR in 25-foot-walk time at 120 weeks. 
It significantly reduced the rate of new 
T2 lesions as well as the rate of brain 
atrophy compared to placebo. There was 
no between-group difference in health-
related quality of life questionnaires. 
Overall, the results of ORATORIO are very 
encouraging and hold great promise for 
patients with PPMS who previously had 

no effective treatment options. 

IAHCT

Immunoablation and autologous 
hemopoietic stem cell transplantation 
(IAHCT) is a drastic approach targeting 
highly active RMS. It involves the use of 
high-dose immunosuppressive therapy 
to induce total immunoablation followed 
by bone marrow transplantation to 
reset immunity and stop the pathogenic 
process of MS. IAHCT can prevent further 
relapses permanently and eliminates the 
need for long-term DMT. However, it is a 
complicated process that involves surgery 
and prolonged hospitalization with a high 
rate of morbidity and mortality. It can be 
viewed as a last resort for patients with 
highly active disease who have failed or 
did not tolerate all other options. Most of 
the experience with this technique comes 
from clinical trials, though it is offered 
to the public outside of trial setting at a 
limited number of centers. The event-free 
survival rate (no death, relapse, disability 
progression or new MRI lesions) was 
69.2 percent at five years in the HALT-
MS study, 68 percent at five years in the 
Swedish experience, 68 percent at four 
years at Northwestern University and 69.6 
percent at three years in the Canadian 
study. Mortality rate in these studies 
ranged from zero to four percent with 
much higher rates of infection (around 
50 percent). IAHCT has not demonstrated 
benefit in progressive forms of MS. 

NEUROPROTECTIVE AND 
REMYELINATION AGENTS

The rapid advancement in therapeutics 
targeting inflammation in MS was 
not mirrored with similar progress in 
therapeutics targeting neurodegeneration 
and neural repair. However, in recent 
years, a shift of focus to progressive 
forms of MS and to novel therapeutics 
that target remyelination and/or 
neuroprotection has finally ensued. 
In addition to the encouraging results 

of ocrelizumab in PPMS, several other 
agents have shown preliminary evidence 
of benefit in neuroprotection and/
or remyelination. In this section, we 
will briefly discuss some of the most 
promising and clinically relevant agents in 
this field. 

Low vitamin D has been linked to an 
increased risk of MS, increased risk of 
relapse, and increased risk of disease 
progression. Higher levels of vitamin D, 
especially in adolescent years, reduce MS 
risk. However, interventional studies using 
vitamin D supplements in MS patients 
have shown mixed results. Some studies 
suggest a role in reducing relapses in 
certain populations while others have 
shown no benefit. The same applies 
to the effect on disease progression. 
Given the relative safety of moderated 
vitamin D supplementation and the many 
benefits associated with its use, it is now 
common practice to start MS patients 
on long-term vitamin D supplements, 
targeting a blood level higher than 50 ng/
ml. 

Biotin is believed to be implicated in 
remyelination and prevention of virtual 
hypoxia. A French group published 
an open-label pilot trial investigating 
daily administration of high-dose biotin 
(100-300 mg/day) in 23 patients with 
progressive forms of MS over a mean 
duration of nine months. Over 90 percent 
of the patients exhibited some degree 
of qualitative or quantitative clinical 
improvement including improvements in 
walking distance, EDSS values, 25 foot 
walk, visual acuity and even visual-evoked 
potential (VEP) latencies. The same 
group recently published a randomized 
double-blind placebo-controlled study 
of 300 mg biotin in progressive MS, 
which showed significant improvement 
in EDSS in 12 percent of patients in the 
active arm compared to none in the 
placebo arm. This was also coupled with 
significant subjective improvement on 
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the global impression of change scale. 
Biotin is a relatively safe supplement and 
holds a promise as a possible option 
for patients with progressive forms of 
MS. Compounded high-dose biotin is 
available and can be tried in patients with 
progressive MS, though the evidence 
behind its use remains preliminary. 

LINGO-1 is a protein that inhibits the 
differentiation of oligodendrocyte 
precursor cells (OPCs) and consequently 
inhibits myelination. It is often 
upregulated in OPCs found within areas 
of demyelination from patients with MS. 
Anti-LINGO1 is an MAB that inhibits 
LINGO1 and promotes remyelination. 
Results of a Phase 2 clinical trial of 
anti-LINGO1 in optic neuritis have been 
presented and showed significantly 
improved optic nerve conduction latency 
on VEP versus placebo at Week 32. 
No statistical difference was observed 
for the secondary endpoints including 
low-contrast visual acuity. Analysis of 
amplitude showed that anti-LINGO-1 
prevented amplitude loss in the fellow 
eye compared to placebo-treated patients 
with a similar but less robust trend in the 
affected eye. In general, these preliminary 
results suggest a biological effect on 
remyelination. Further testing of this 
promising agent is currently underway. 

SYMPTOMATIC THERAPY

MS patients suffer from a wide spectrum 
of symptoms, some of which can be 
treated with common medications (e.g. 
pain, depression, fatigue) though some 
are refractory and may require specialized 
care (e.g. walking impairment, eye 
motility dysfunction, advanced spasticity, 
movement disorders). In this section, we 
review some of the advanced therapeutic 
options for MS symptom management 
commonly offered at academic MS 
centers. 

Dalfampridine, also known as fampridine 
or 4-aminopyrdine, is a potassium 

channel blocker that restores nerve 
conduction through demyelinated axons. 
It is indicated solely for improving walking 
speed in MS patients and is the only 
FDA-approved symptomatic medication 
specific for MS. It is given as an oral 
10 mg tablet twice daily. It reached 
primary outcome in two Phase 3 double-
blind placebo-controlled trials. In both 
studies, there was a significantly higher 
number of responders with more than 20 
percent improvement in walking speed 
in the active arm compared to placebo. 
Dalfampridine responders also expressed 
significantly better scores on MS-specific 
patient-reported walking questionnaire 
compared to placebo. Extension phase 
studies confirmed sustained benefit on 
walking speed up to five years after 
start of therapy. Dalfampridine has 
been shown to also improve walking 
distance, fatigue, cognition, and even 
mood in MS patients. We have previously 
reported preliminary results of a positive 
effect of dalfampridine on internuclear 
ophthalmoplegia (INO), a major cause 
of morbidity in MS patients. We are 
currently testing this effect in a larger 
scale study conducted at the Louis 
Stokes Veterans Affairs Medical Center 
in Cleveland, Ohio (ClinicalTrials.gov 
Identifier: NCT02391961). Dalfampridine 
is often well tolerated, with the most 
frequently reported side effects being 
dizziness, dysuria, balance issues and 
paresthesia. It is contraindicated in 
patients with a prior history of seizures 
and those with renal impairment.

Spasticity is classically defined as 
a velocity-dependent pathological 
increase in muscle tone secondary to an 
upper motor neuron (UMN) syndrome. 
Spasticity is very common in MS. 
affecting 60 to 84 percent of patients, 
and is a major source of morbidity in MS 
patients. Although mild cases of spasticity 
can be managed by conventional oral 
agents like oral baclofen or tizanidine, 
advanced spasticity may be refractory to 

the maximum tolerable doses of these 
medications and, therefore, may require 
specialized spasticity management. 
Specialized options include intramuscular 
botulinum toxin injections (BTI), 
intrathecal baclofen therapy (ITB) and, in 
severe cases, radical surgical interventions 
like rhizotomy. 

Targeted muscle injections with 
botulinum toxin can provide significant 
improvement in range of motion, 
hygiene, comfort, and response to 
physical therapy. In some patients, BTI 
can also improve residual function.21 BTI 
has been approved for the treatment of 
upper and lower extremity spasticity and 
is given periodically every 3 months. We 
are currently studying the specific effects 
of BTI and ITB in the management of 
spasticity-related involuntary movements 
like tonic spasms, focal dystonia, and 
spontaneous clonus. BTI can also be 
used for management of spastic bladder 
and detrusor hyperexcitability in MS 
patients.21 It is often well tolerated 
by patients, and the main side effects 
include minor pain and bruising 
at injection sites, transient muscle 
weakness and (rarely) spread of effect 
to non-targeted muscles. BTI is ideal 
for problematic focal spasticity (e.g. 
clinched fist, tight tendo-achillis, etc.) but 
is less useful in diffuse and widespread 
spasticity, which may require doses that 
exceed safety limits.

ITB therapy via an implanted 
subcutaneous pump is the preferred 
option for diffuse spasticity. The pump 
is surgically implanted in the abdominal 
subcutaneous compartment and is 
connected to a catheter ending in the 
upper thoracic intrathecal space. The 
pump provides a continuous basal 
rate of ITB at concentrations much 
smaller than those given orally and 
allows for additional boluses as needed. 
The continuous infusion of baclofen 
intrathecally provides more effective 
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antispasticity effect than oral baclofen 
below and to a lesser extent above the 
level of the catheter tip.22 The patient 
selection process in MS follows the same 
general principles for other ITB indications 
with severe diffuse spasticity, intractable 
tonic spasms and inadequate response 
or poor tolerability to oral agents being 
the most common.23 Patients must 
exhibit a good response to a test dose of 
intrathecal baclofen prior to implantation 
as demonstrated by objective 
improvement in the modified Ashworth 
spasticity scale (MASS), subjective sense 
of improvement, and absence of ITB-
induced weakness. ITB pump was found 
to be effective in reducing both tonic 
spasticity, as represented by the MASS, 
and phasic spasticity, as represented by 
reduction of spasm frequency in MS 
patients. In addition, in non-ambulatory 
MS patients, ITB has been shown to 
provide relief of discomfort and pain 
related to spasticity, greater ease of care, 
improved posture and improved ability 
to transfer. A survey of 198 MS patients 
using ITB found significantly lower levels 
of spasticity compared to a group of 
315 patients using oral medications.22 In 
a study of 36 ambulatory MS patients, 
low-dose ITB improved spasticity without 
causing increased weakness in all patients 
up to three years from implantation. In 
our experience, ITB is preferred in non-
ambulatory patients and in a subset of 
ambulatory patients in whom spasticity 
interferes with walking or comfort. 
However, ITB is not advised in ambulatory 
patients in whom lower extremity 
spasticity compensates for muscle 
weakness and is necessary for walking. 
In any case, careful case selection and 
evaluation at a specialized spasticity 
program are keys for successful ITB. In 
addition to surgical risks and hardware 
infection, ITB can also be complicated 
by life-threatening baclofen withdrawal 
syndrome in case of system failure or if 
patients miss their refill appointment. The 
pump is programmed to give an alarm 

when baclofen level is low to remind the 
patient that she or he needs a refill. Refill 
and programming sessions are carried out 
every three to six months at specialized 
spasticity centers, depending on infusion 
rate. We are currently studying patient 
satisfaction with ITB versus BTI. 

The utilization of advanced technology 
for targeted neuronal stimulation or 
inhibition electrically or chemically has 
been expanding in several neurological 
subspecialties. In MS, ITB pump has been 
the main neuromodulation technique 
utilized by many patients for advanced 
spasticity management.23 In addition 
to ITB, several other neuromodulation 
options are available for symptomatic 
management and optimization of 
function of MS patients but are yet to be 
utilized on a wider scale.24

The use of functional electrical 
stimulation (FES) in neurorehabilitation 
of MS patients is a promising method for 
optimization of function. FES is applied 
peripherally to the weak limbs (e.g. foot 
extensors, hip flexors) to restore function 
and prevent muscle atrophy. In addition, 
FES has been shown in experimental 
models to enhance progenitor cell birth in 
the spinal cord of rats with chronic spinal 
cord injury, promoting remyelination and 
axonal growth. FES devices range from 
wearable orthotics that can be used for 
the long-term management of foot drop 
and/or hip flexion weakness, to FES-
based stationary bikes used in outpatient 
rehab centers. FES-based cycling as part 
of a restorative activity-based therapy 
has been shown to stabilize and, in some 
instances, improve EDSS in MS patients 
with both relapsing and progressive 
forms of the disease. We are currently in 
the process of designing a study looking 
at the effect of FES on different outcomes 
in MS patients including function 
restoration, lesion burden and disability 
progression. 

Deep brain stimulation (DBS) has 
been shown as a superior therapeutic 
option for management of Parkinson 
disease, essential tremor and primary 
dystonia. Contradictory to common 
beliefs, movement disorders are quite 
common in MS and can be a major 
source of morbidity. In collaboration with 
the Cleveland Clinic, we have shown 
previously that movement disorders 
secondary to brain and/or spinal cord 
demyelination occur in up to 58 percent 
of patients within five years of diagnosis. 
The prevalence expectedly increases with 
increased disease duration. Postural/
action tremor is the most common 
movement disorder in MS and in some 
cases can be very disabling and refractory 
to conventional anti-tremor medications 
(especially in case of rubral tremor). DBS 
of the ventral intermediate nucleus of 
the thalamus has been shown to improve 
MS tremor objectively but functional 
and subjective improvement have been 
less robust. The difficulty of getting 
repeated comprehensive MRI studies on 
MS patients for disease monitoring after 
DBS implantation is another challenge 
to the widespread use of DBS in MS. 
However, this issue might be mitigated 
in the near future with the anticipated 
advent of MRI compatible DBS leads.
Other neuromodulation techniques that 
have been used in MS and hold a future 
promise for larger scale application in 
symptom therapy and rehab of MS 
patients include spinal cord stimulators 
for treatment of chronic pain, bladder 
stimulators for treatment of bladder 
dysfunction and brain-computer interface 
to compensate for limb paralysis. 

CONCLUSION

The last decade has witnessed 
breakthrough advances in disease-
modifying therapy for MS, offering 
several more effective and better-
tolerated treatment options. With the 
enhanced efficacy came an increase 
in treatment complexity and potential 
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risks requiring meticulous monitoring 
strategies and close collaboration 
between specialized neuroimmunology 
centers and pharmaceutical companies 
to ensure patient safety and proper risk 
mitigation. The near future holds hope 
for patients with progressive forms of MS 
with the recent approval of the first DMT 
for PPMS and several remyelination and 
neuroprotective agents being currently 
under investigation. In addition, several 
therapeutic options are now available 
to improve MS symptoms, including 
specialized medications and different 
techniques of neuromodulation. 
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Malignant Meningioma: Report of a 
Case and Review of Current Literature

BACKGROUND

Atypical and malignant meningiomas represent approximately 10 percent of all meningiomas. The 
malignant variant (WHO grade III) is least common, occurring in one to three percent of patients. 
In contrast to their benign counterparts, atypical and malignant meningiomas are more commonly 
found in men and tend to occur over the convexities.1 Owing to high rates of recurrence even 
with aggressive resection, adjuvant radiotherapy is traditionally recommended in all cases 
of malignant meningioma.2 Despite aggressive resection and radiotherapy, the prognosis for 
patients with malignant meningioma remains poor.3 Reported five-year survival rates range from 
approximately 20 to 60 percent.4,5 Limited series of tumor response to chemotherapy in otherwise 
untreatable meningiomas have been reported.4,6-8 In this article, we present a case of malignant 
meningioma that was treated with surgical resection, external beam radiotherapy, stereotactic 
radiosurgery and repeat surgical resection. We additionally review the current literature defining 
management of these tumors. 
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OUR CASE REPORT

History and Examination
A 71-year-old man presented with a 
two- to three-month history of left-sided 
weakness and paresthesia. His past 
medical history included dyslipidemia, 
post-traumatic stress disorder, benign 
prostatic hyperplasia and a provoked 
lower extremity deep vein thrombosis 
with completed treatment. He was a 
former smoker with no known family 
history of intracranial tumors or genetic 
syndromes. On physical examination, 
he was neurologically intact except 
for 4/5 weakness in the left upper and 
lower extremities with mild left-sided 
facial weakness. Magnetic resonance 
imaging (MRI) of the brain showed a 

homogenously enhancing dural-based 
mass in the right convexity (Figure 1). 

Treatment and Clinical Course
Our patient underwent a right-sided 
fronto-parietal craniotomy and surgical 
resection of the mass. Postoperative 
imaging showed a gross total resection. 
Final pathology diagnosed an anaplastic 
meningioma (WHO grade III) with 
geographic necrosis and greater than 
twenty mitotic figures per high-power 
field. Immunohistochemistry was 
positive for epithelial membrane antigen 
and negative for glial fibrillary acidic 
protein. Postoperatively, our patient had 
preserved tone with significant left-sided 
weakness, consistent with a supplemental 
area motor syndrome. His strength 

improved to his preoperative baseline by 
postoperative day 2. He was discharged 
to an acute rehabilitation facility to 
improve his preoperative deficits. 

After allowing for healing of the surgical 
incision, our patient underwent adjuvant 
external beam radiotherapy to the 
field. He was then followed with serial 
MRI every six months. Surveillance MRI 
showed a lack of progression until two 
years after his first surgery. At 23 months 
post-op, he noticed worsening of his left-
sided weakness; a repeat MRI showed 
new enhancement along the border 
of the resection cavity. He underwent 
stereotactic radiosurgery (SRS) of the 
newly enhancing portions with a dose 
of 16.5 Gy at the 50% isodense line. 

Figure 1: Axial, coronal, and sagittal views of contrast-enhanced T1-weighted MRI at the time of our patient’s initial diagnosis. 

Figure 2: Axial, coronal, and sagittal views of contrast-enhanced T1-weighted MRI at the time of our patient’s recurrence. 
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Surveillance MRIs were then restarted 
every 6 months to monitor for recurrence.

Six months after SRS, our patient’s 
MRI demonstrated progression in the 
enhancing portions in the resection 
cavity. Combined MRI-PET confirmed this 
progression to be post-radiation changes 
consistent with pseudoprogression and 
not a true recurrence. On subsequent 
MRI, our patient developed enhancing 
nodules in the areas adjacent to the 
resection cavity. This imaging was co-
registered with his radiotherapy planning 
sessions and confirmed to be outside of 
the delivered radiation fields. A combined 
PET-MRI confirmed the suspicion that 
these new areas were consistent with 
true progression. Given the cumulative 
radiation dose delivered, we agreed 
that the high risk of further radiation 
necrosis outweighed the benefits of 
further radiation therapy. Our patient 
was scheduled to discuss repeat surgical 
excision. However, now 4 years after his 
first surgery, the patient relocated and 
was unfortunately lost to follow-up. One 
year after being lost to follow-up, he 
presented to the emergency department 
with confusion. A repeat MRI showed 
significant progression of the enhancing 
portions with holohemispheric cerebral 
edema (Figure 2). Combined MRI and 

MR-perfusion studies were consistent 
with tumor recurrence with minimal areas 
of radiation necrosis.

There were no clear metabolic or 
electrographic causes of his worsened 
mental status. It was determined that 
he had relocated to a nursing home. 
Discussion with his primary caretaker 
revealed that the patient had been 
experiencing further worsening of his 
left-sided weakness and progressive 
confusion over the previous few months. 
He underwent uncomplicated surgical 
excision of his recurrence through the 
original craniotomy site. Postoperative 
MRI showed a gross total resection of 
the areas of recurrence. Final pathology 
confirmed recurrence of an anaplastic 
meningioma (WHO grade III) with 
small focal areas of radiation necrosis. 
Postoperatively, our patient’s mental 
status slowly improved with an increased 
level of orientation and interaction. 
He was discharged and will undergo 
surveillance MRIs every 6 months to 
monitor for recurrence. 

THE DISCUSSION

Determination of prognostic factors in 
patients with malignant meningioma 
is made difficult by its rarity. As such, 

there are few contemporary studies 
reporting time to recurrence and overall 
survival data on patients with malignant 
meningioma. In addition, the reports 
frequently include relatively few patients, 
span over several years and various WHO 
meningioma diagnostic criteria.9,10 Early 
studies often combined atypical and 
malignant (anaplastic) pathologies into a 
single cohort, leading to great variability 
in reported outcomes.4,11 While abundant 
variation in the overall management 
of atypical meningiomas exists, the 
management strategy for malignant 
meningiomas is centered on maximal safe 
resection and adjuvant radiotherapy.9 
Controversies surround extent of 
resection, efficacy of radiotherapy, and 
the usefulness of chemotherapies. 

Extent of Resection
Interpretation of relevant series remains 
challenging as authors report resection 
outcomes in terms of Simpson grade 
(grade I or grade I-II), gross total 
resection, near-total resection, or subtotal 
resection. Interestingly, authors have 
noted a negative survival impact from 
increased operative morbidity when 
aggressive resection is performed. In a 
series of 34 patients, a greater than 90% 
resection was associated with a median 
survival of 107 months while those who 

Figure 3: (Left) FLAIR image showing nearly holohemispheric cerebral edema surrounding the recurrence. Comparison of enhancing 
regions on T1 (center) and MR-perfusion (right) shows significantly increased relative cerebral blood flow in the enhancing portions 
of the lesion, consistent with recurrence. 
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underwent gross total resections survived 
50 months.12 However, this notion 
has been refuted by others, owing to 
the notable morbidity arising from the 
tumor itself.9 In modern series, gross 
total resection or near-total resection has 
been associated with improved overall 
survival when compared to subtotal 
resection.5,9,12-14

Reports on the impact of extent of 
resection on malignant meningioma 
recurrence are also sparse. Aggressive 
resection was found to be associated 
with prolonged time to recurrence/
progression in multiple series.5,14,15 
In contrast, others have found that 
aggressive resection did not impact time 
to recurrence.3,16 However, even when 
the time to recurrence was not influenced 
by extent of initial resection, authors 
have reported improved overall survival 
in patients who underwent gross total 
resection when compared to patients 
who underwent subtotal resection.16 
While the literature suggests a potential 
survival benefit when an aggressive 
resection is performed, it is worth 
noting that complete resection (Simpson 
grade I-II) is less commonly achieved in 
malignant patients, perhaps contributing 
to a worsened overall survival.16

Radiation
Postoperative radiotherapy after 
resection of malignant meningiomas is 
commonly used as an adjuvant treatment 
with some authors supporting its use 
in all cases regardless of extent of 
resection.11,16,17 This is especially true 
in large or complex tumors. Typical 
treatment doses exceed 50 Gy.15,18,19 
Despite this recommendation, some 
authors have found no progression-free 
or overall survival benefit to administering 
postoperative radiotherapy for malignant 
meningiomas.5,11,20-22

More recently, reports outlining 
experience with adjuvant or salvage 
stereotactic radiosurgery (SRS) for 
treatment of malignant meningiomas 
have been published. Authors have 
demonstrated a progression-free and 
overall survival benefit after SRS with 
median marginal dose 8-14 Gy.23-25 

Median overall three-year and five-
year survival after SRS for malignant 
meningiomas is 20-33 and 27 percent, 
respectively.4,24,25

Chemotherapy
Disruption of meningioma tumor growth 
signaling with targeted agents has 
dominated recent chemotherapeutic 
research.6,7,26-29 Meningiomas express 
high levels of growth factor receptors, 
including vascular endothelial growth 
factor (VEGF), platelet-derived growth 
factor (PDGF), epidermal growth factor 
(EGF), insulin-like growth factor (IGF) 
and transforming growth factor-beta 
(TGF-ß). High-grade meningiomas have 
been found to express VEGF to a greater 
degree—a potential target for therapeutic 
agents.30 One such agent, bevacizumab, 
an inhibitor of VEGF-A, has been utilized 
to target angiogenesis in meningiomas. 
In addition, some have suggested that 
bevacizumab has a beneficial effect on 
peritumoral edema.6,31 In retrospective 
series of patients with WHO grade II or 
III meningiomas treated with salvage 
bevacizumab alone or in combination, 
median progression-free survival ranged 
from 6.5 to 18 months.6,7 In a more 
recent Phase II trial, bevacizumab used 
in combination with everolimus, a kinase 
and mTOR inhibitor, conferred a median 
progression-free survival of 22 months 
in patients with WHO grade II or III 
meningiomas.32 Subgroup analysis of the 
malignant meningioma group revealed a 
median progression-free survival of just 
4.8 months. 

Cytotoxic, hormonal, and biologic 
agents have shown little to no benefit 

in the treatment of these patients.7,33 At 
present, the use of chemotherapeutics 
in high-grade meningioma treatment is 
frequently confined to salvage therapy 
after surgical and radiation therapies 
have been exhausted.4 Several registered 
clinical trials are currently underway 
(clinicaltrials.gov).
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Transient Narcolepsy After  
Unilateral Thalamic Stroke 

INTRODUCTION

Narcolepsy is a chronic sleep disorder characterized by excessive daytime sleepiness and abnormal 
transitions to REM sleep. The daytime sleepiness is present in virtually 100 percent of narcolepsy 
patients. Narcolepsy is also associated with cataplexy, hypnagogic or hypnopompic hallucinations 
and sleep paralysis. Cataplexy is seen in about 60 to 70 percent of narcolepsy patients. The 
sleep paralysis episodes, like the hallucinations, can occur at sleep-onset or sleep-offset lasting 
a few seconds to several minutes. Table 1 illustrates the current classification, definition, and 
pathophysiology of narcolepsy according to International Classification of Sleep Disorders (ICSD-3). 

The pathophysiology of narcolepsy with cataplexy is felt to be an immune-mediated destruction 
of the hypocretin-producing neurons in the lateral hypothalamus – documented by low levels  
of cerebrospinal fluid hypocretin.1 Infections, tumors, sarcoidosis and neurodegenerative lesions 
of the brain, especially in the hypothalamus or rostral midbrain, may produce daytime sleepiness. 
Secondary narcolepsy may be seen following diencephalic strokes involving the hypothalamus, 
midbrain or thalamocortical pathways.2
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Table 1: INTERNATIONAL CLASSIFICATION OF SLEEP DISORDERS (ICSD-3) – Definitions and Pathophysiology1

Condition Diagnostic criteria* Pathophysiology

Type 1 narcolepsy
Positive MSLT and presence of one of the following: 
Cataplexy or low CSF hypocretin-1 (≤ 110 pg/ml)

Hypocretin deficiency 98% HLA-DQB1*06:02

Type 2 narcolepsy
Positive MSLT; most often with no or unclear 
cataplexy and unknown CSF hypocretin-1 or level > 
110 pg/ml or > 1/3 of mean normal values

Unknown, heterogenous ~16% Hypocretin 
deficiency ~40% HLA-DQB1*06:02

Secondary narcolepsy As above, but due to neurologic conditions
With or without hypocretin deficiency; various 
disorders 

* = Abnormal multiple sleep latency test (MSLT): sleep latency ≤ 8 min, ≥ 2 sleep-onset REM periods (SOREMPS), including a nocturnal SOREMP

CSF = cerebrospinal fluid 

Adapted from Kryger et al, Principles and Practice of Sleep Medicine, sixth edition, Elsevier, 2016

OUR CASE REPORT

A 61-year-old, right-handed, African-
American male with a history of 
hypertension, dyslipidemia and borderline 
diabetes mellitus presented to the 
emergency room after waking up with 
symptoms of confusion and difficulty 
maintaining balance. The patient 
reported swaying toward the right 
side. Additionally, he had double vision 
when looking to the right and a diffuse 
headache. On neurological examination, 
his attention span and concentration 
were normal. However, he did have mild 
to moderate aphasia along with right 
face, arm and leg weakness (strength 
4/5). He also had subjective right-gaze 
diplopia, although ophthalmoplegia was 
not seen on objective testing. His NIHSS 
score was 3. 

Head CT showed a left thalamus 
hypodensity and MRI confirmed an 
acute left thalamic infarct (Figure 1). 
Magnetic resonance angiography showed 
normal intracranial and extracranial 
vessels. Cardiac telemetry did not reveal 
arrhythmia. The patient was started on 

baby aspirin (acetylsalicylic acid) and 
atorvastatin. His symptoms resolved over 
6 days, and he was discharged home 
with a NIHSS score of 0. 

Three weeks later, in outpatient clinic 
follow-up, the patient’s daughter 
reported witnessing her father’s memory 
loss and excessive daytime sleepiness. 
Prior to the stroke, the patient had slept 
eight hours a day; however, he was now 
sleeping more than 14 hours a day. On 
further questioning, no sleep paralysis, 
hallucinations or cataplexy was reported. 
An in-lab polysomnogram (PSG) and 
Mean Sleep Latency Test (MSLT) were 
performed two months after his stroke 
presentation (Table 2). The results of the 
test were consistent with narcolepsy type 
2, secondary to medical disorder (stroke).
Interestingly, two weeks after the sleep 
study (2.5 months post-stroke), our 
patient’s total daily sleep had normalized 
to eight hours a day. He had returned to 
work with no difficulty performing his 
duties. PSG and MSLT were not repeated. 

THE DISCUSSION

Sleep is divided into NREM and REM. 
NREM sleep consists of slow-wave 
sleep that alternates with REM sleep. 
Generation and regulation of these slow 
waves are thought to be important for 
consolidating memory, cognition and 
behavior. The thalamus and several 
other brainstem structures are shown 
to regulate between sleep stages.3 

Brainstem arousal pathways include 
cholinergic, serotoninergic, dopaminergic, 
noradrenergic and histaminergic neurons 
located in the pedunculopontine and 
laterodorsal tegmental nucleus (PPT/
LDT), dorsal and median raphe nucleus, 
locus coeruleus and tuberomammillary 
nucleus (TMN), respectively. However, 
the arousal system is inhibited during 
sleep by sleep-active γ-aminobutyric acid 
(GABAergic) and galaninergic neurons of 
the ventrolateral preoptic nucleus (VLPO). 
The interaction between the VLPO 
and the ascending arousal pathway is 
mutually inhibiting, forming an “on-off” 
switch that enables the body to maintain 
a stable state of wakefulness and sleep.1
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The thalamus plays an essential role in 
the generation of slow waves and sleep 
spindles. The thalamus can be thought 
of as a “relay station,” receiving signals 
from the brain’s outer regions (cerebral 
cortex) and brainstem, interpreting 
them, and then sending them to other 
areas of the central nervous system.3 
The thalamus has two distinct modes 
of activation: burst mode, which leads 
to synchronization of EEG during NREM 
sleep and is the scope of this case 
discussion, and tonic mode, which is the 

activation mode of the thalamus during 
either REM or the awake state. These 
modes are suggestive of the role of the 
thalamus in controlling sleep and arousal 
states.4

At sleep-onset (Figure 2), the ascending 
cholinergic brainstem reticular projections 
are diminished, causing the inhibitory 
reticular thalamic cells to activate. The 
inhibitory reticular thalamic cells cause 
hyperpolarization of the thalamocortical 
relay cells in a cyclical fashion. This long 

lasting cyclic hyperpolarization eventually 
leads to rebound bursts called low 
thresholds spikes (LTS). Over the cortical 
surface, these bursts are appreciated as 
sleep spindles within slow delta activity. 
Because the whole reticular thalamic 
nucleus (RTN) intrinsic synapses have 
GABAergic properties, many sedative and 
anesthetic drugs like benzodiazepines 
that act to enhance GABAergic synaptic 
transmission facilitate the effects of RTN 
activity. 

Figure 1: (A) T1 coronal view of left thalamic infarct and (B) DWI transverse view  
of left thalamic infarct.

Table 2: Results of 
Polysomnography / Mean Sleep 
Latency Test (PSG/MSLT)

TST
7 hours 59 minutes

Sleep Latency
13 minutes

REM Latency
133 minutes

Apnea Hypopnea Index (AHI)
0

Mean Sleep Latency (MSL)
2 minutes 57 seconds

SOREMPs
Nap 2, 3, 5

A B

Figure 2: The role of 
reticular thalamic nuclei 
and thalamocortical  
relay cells in production 
of spindles during  
non-REM sleep.



1-866-UH4-CARE  •  University Hospitals  |  27

Interestingly, in sleeping mice, activation 
of RTN at different modes leads to 
different responses. For example, tonic 
(prolonged) activation of RTN induces 
slow waves to emerge and decreases 
spindle power, similar to what occurs 
during transitions into deeper stages of 
sleep, whereas phasic (brief) activation 
of RTN during non-REM sleep induces 
a thalamic burst that entrains a cortical 
spindle (Figure 2). This concept suggests 
that changes in the dynamics of inputs to 
RTN could induce shifts between different 
stages of sleep.4 Therefore, any lesion in 
the thalamic area can affect the awake-
sleep regulation. Paramedian thalamic 
stroke, which includes the reticular 
thalamic nucleus, is one example of such 
lesions. It often reduces spindling and, 
to a lesser degree, slow-wave activity 
and K-complexes. Bilateral butterfly-
shaped paramedian thalamic stroke 
(PTS) can cause a triad of hypersomnia, 
neuropsychological deficits (frontal 
syndrome, amnesia) and eye movement 
disturbances (vertical gaze palsy, which is 
the best clinical predictor of more severe 
excessive daytime sleepiness).5

In patients with paramedian thalamic 
strokes, recovery from hypersomnia 
can occur despite the persistence of 

significant NREM sleep changes.1 Basetti 
and colleagues studied 12 patients with 
magnetic resonance imaging-proven 
isolated PTS and hypersomnia of ten to 
greater than 20 hours of sleep per day. 
Increased stage 1 NREM sleep, reduced 
stage 2 and slow-wave (stage 3-4) NREM 
sleep, and reduced numbers of sleep 
spindles were significant in all subjects, 
but there were no major REM sleep 
alterations. Interestingly, there was no 
correlation between hypersomnia and the 
results of an MSLT. These observations 
support the hypothesis of a dual role of 
the thalamus for both maintenance of 
wakefulness and promotion of NREM 
sleep.6

In another study by Hermann and 
colleagues, 46 patients with paramedian 
thalamic stroke were observed to initially 
have hypersomnia with increased stage 1 
sleep, reduced stage 2 sleep, and reduced 
sleep spindles. Hypersomnia improved 
in patients with bilateral lesions and 
almost disappeared with unilateral lesions 
after one year (similar to our patient). 
There was also an improvement in the 
frequency of sleep spindles. The outcome 
was excellent with right-sided infarcts but 
mostly incomplete with bilateral and left-
sided lesions (contrary to our case).7
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Thus, in our patient, the symptoms were 
mostly concordant with the presenting 
features of the paramedian area of the 
left thalamus with transient hypersomnia, 
subjective diplopia, and amnesia. After 2 
and a half weeks, the patient no longer 
complained of sleepiness or amnesia. No 
repeated objective memory test or PSG/
MSLT was performed, though it may have 
provided confirmatory information. 
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Nexus
The CNS is pleased to announce the launch of 
Nexus, a comprehensive case-based repository of 
neurosurgical operative techniques and approaches.  

As a special offer to all CNS Members, our beta launch is available at no cost through 
July 1 and gives you access to more than 200 cases and 13 different approaches.

Visit cns.org/nexus to view cases and learn how to publish your own cases on Nexus!

Quickly review cases before going to the 

OR, or browse our library of approaches 

and techniques using Nexus’ efficient and 

intuitive visual navigation.  

Each Nexus case effectively highlights 

approach and alternatives, walks through 

the procedure step-by-step, and covers 

outcomes, pearls, and pitfalls. Cases 

are richly enhanced with intraoperative 

images, medical illustrations, and 

operative video.  


