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1396: Earliest Recorded Case of MS
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19th Century Highlights

MS-related central nervous system pathology—Jean Jean-Martin Charcot (1825-1893)
Cruveilhier, ¢ 1841 described features of MS



From Sister Lidwina to the present...

e 1868—Jean-Martin Charcot describes the disease and finds MS
plagues (scars) on autopsy.

» 1878—Louis Ranvier describes the myelin sheath (the primary
target of MS in the central nervous system).

“Multiple sclerosis is often one of the most difficult problems in
clinical medicine.” (Charcot, 1894)

“When more is known of the causes and...pathology of the disease...
more rational methods may brighten the therapeutic prospect.”
(Gowers, 1898)

e 1981—15t MRl image of MS is published.



From Sister Lidwina to the present, cont’d

¢ 1993—The first disease-modifying agent for MS—Betaseron—is
approved in the U.S

e 1998—Bruce Trapp confirms that the nerve fibers themselves are
irreversibly damaged early in the disease course (probably
accounting for the permanent disability that can occur)

e 2017—Today, there are more than a dozen medications approved
in the U.S. for the treatment of MS and more in the pipeline

Today there are 2.3 million people with MS worldwide
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if you have a parent

or sibling with MS,

you have a 1 - 3% chance
of developing it.

An identical twin with MS
raises your risk to 30%.




Rates of MS are higher
farther from the equator

HORTHERN STATES

1710 - 140 CASES
PER 100,000 PEOPLE ~

7 - 78 CASES
PER N N0, 0O B0 FLE

SOUTHERN STATES

TESTIMATED

CASES IN THE

CASES IN
UNITED STATES

THE WORLD

In the United States,
about 200 new cases
are diagnosed each week.




Women with MS often

experience relief from
symptoms during
pregnancy, however...

about 20 - 40% of pregnant women
with M5 have a relapse within a few
months of giving birth.
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Case

A 33-year-old woman with a history of hypertension and an existing diagnosis of multiple sclerosis (MS)
was seen to establish care in a specialty MS center. On review of her clinical history, she reported frequent
falls, fatigue, and visual difficulties described as pain involving both eyes beginning 10 years prior. A brain
MRI study had been performed by her previous physician, and the formal report described the presence of
more than 20 supratentorial T2 hyperintensities. Based on her clinical history and neuroimaging findings,
she was diagnosed with MS at that time by her previous physician. Her initial treatment regimen included
exposure to high-dose corticosteroids and management with glatiramer acetate for 7 years. Because of a
reported increase in the number of lesions observed on repeat brain MRI studies, her previous physician
transitioned her to natalizumab (anti JC virus antibody positive; anti- JCvirus antibody index: 3.12 [optical
density measurement of antibody level]), and she had been on treatment for 3 years up until the time of
the current visit.

Following a review of the patient’s clinical history, current neurologic examination findings,

paraclinical laboratory and diagnostic test data, and longitudinal MRI studies of the brain and cervical
spine , the impression was that the original diagnosis was inaccurate.



upportn

sical spine demonstrating




Case

A 25-year-old right-handed woman with a significant history for migraine was evaluated for an
"abnormal scan” after a brain MRI study was performed for an increased frequency of headache. The
patient reported a recent change in her medication regimen, having recently switched to a different oral
contraceptive. Her clinical history was unremarkable for any motor or sensory symptoms. She denied
any symptoms consistent with prior demyelinating events. Her neurologic examination was normal.
MRI of the brain (Figure 2-3) revealed the presence of multifocal T2 hyperintensities throughout the
supratentorial region, with the size, morphology, and location of the lesions highly suggestive of
multiple sclerosis (MS). In addition, several enhancing lesions were seen. A cervical MRl was ordered and
was normal. A complete blood count with differential, comprehensive metabolic panel, vitamin B>
level, homocysteine, methylmalonic acid, anticardiolipin antibodies, thyroid function studies, antinuclear
antibody screen with reflex testing for extractable nuclear antigens, copper and zinc levels, and screen



Imaging of the patient in Case Axial TZ2-weighted images from the initial brain MRI demonstrating

T2 hyperintensities involving the deep white matter and corpus callocsum (A4, B), with features supportive

of acute blood-brain barrier compromise (gadolinium enhancement) cbserved on the postcontrast axial
T1-weighted image (C). Axial T2-weighted images from a repeat MRI study of the brain demonstrating remarkable
radiologic evolution (D, F) (when compared to panel A and panel B) along with the observation of new contrast-enhancing
lesions on the postcontrast axial T1-weighted image (F).




Imaging of the patient CAsdial {A) and sagittal {8) fluid-attenuated
inversion recovery (FLAIR) brain MEI showing perventrncular (red ammou),
jutacortical {peficw arrow), and callossl (Bue arrow) lesions suggestive

of demyelination.
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Top image: The green line indicates the location of where the OCT image is
taken around the Optic Nerve Head (ONH)

Second Image: The OCT scan is automatically segmented between the two
red lines (the internal limiting membrane to the Retinal Nerve Fiber Layer
(RNFL))

Third Image: The black line indicates the RNFL thickness for this patient.
Color coding is as indicated between the two graphs.

Bottom: Pie charts indicate sector thickness in the nasal, temporal, superior
and inferior areas around the ONH, indicating borderline thinningin the
temporal segment in the left eye.



Visual Evoked Potentials
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Phases and Phenotypes of
Multiple Sclerosis



MS Endophenotype

Pre-symptomatic

Pre-diagnostic phasea

At-risk Asymptomatic MS (RIS) Prodromal MS

Diagnostic phase
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4 COMMON CLINICAL PATTERNS

Relapsing-Remitting MS

-0 — 80 % (inc CIS)

=l

Secondary Progressive MS

>

Primary Progressive MS

<12%

aand

Progressive-Relapsing MS

-




PHENOMENOLOGY OF MULTIPLE SCLEROSIS

Interaction between two phenomena, relapses and progression

three phases: the MS high-risk phase, the relapsing-remitting phase, and

the progressive phase

About 80% of patients ultimately evolve to the progressive phase of the

disease

Each phase is further defined as active or inactive at any given time



Relapses

* New events in a patient with MS are described as symptomatic or

asymptomatic

* A symptomatic relapse refers to a distinct, acute to subacute (peaking
over hours to days), generally focal, sometimes multifocal and rarely

diffuse, central nervous system (CNS) syndrome

* An asymptomatic relapse refers to a patient presenting with subclinical

“activity” as new MRI lesions without symptoms



Remissions

* Remission refers to this recovery phase, with some level of restoration
of myelin and axonal integrity. Maximum clinical recovery after a

relapse generally stabilizes within the first 3 months

* Recovery in MRI lesions (symptomatic or asymptomatic) can be defined
as resolution of enhancement and shrinkage in size of the MS lesion(s)

on MRI



Pseudorelapses

* A pseudorelapse is a recurrence of symptoms from a previous clinical relapse

or a subclinical lesion

* If symptoms attributed to a pseudorelapse exceed the arbitrary cutoff of 24
hours or do not start improving within a few days despite identifying and

intervening with a potential trigger MRI



Progression

* Progression is the insidious and irreversible worsening of

neurologic function due to MS over years

* The main corresponding pathology is one of progressive axonal

injury or loss



Pseudoprogressio

* The term pseudoprogression is used to describe accumulating insidious

disability due to factors indirectly related or unrelated to MS



Active Versus Inactive Multiple Sclerosis
Active disease

* New symptomatic relapses or asymptomatic MRI activity
(contrast-enhancing T1-hyperintense lesions, new T2-

hyperintense lesions, or enlarging T2-hyperintense lesions)



Relapsing-Remitting Phase

* Presence of multiple clinically distinct events affecting different
parts of the CNS separated in time (arbitrarily defined as at least 1

month apart) Dissemination in time and space



Relapsing-Remitting Phase

» After a first-ever or “singular” clinical event, the term clinically

isolated syndrome applies

 When a patient experiences another clinical relapse (clinically
active disease), clinically isolated syndrome evolves into clinically

definite relapsing-remitting MS



Clinically isolated syndrome

Two categories:

 solitary sclerosis = clinically isolated syndrome + do not fulfill the minimum

MRI requirement for an MS diagnosis

» single-attack MS = solitary sclerosis + fulfill the minimum MRI requirement

for an MS diagnosis



radiologically isolated syndrome

® RIS = symptoms not typical of MS + MRI fulfills the diagnostic imaging

criteria

® Pre-RIS= asymptomatic individuals + lesions typical for MS but do not fulfill

the diagnostic imaging criteria



Progressive Phase

* 1 year of clinical progression




The 2017 McDonald Criteria for
Diagnosis of Multiple Sclerosis



First step

» Are the symptoms typical or atypicale??

» Is there an objective evidence of CNS lesion??



Typical Syndromes include:

» Optic neuritis

» Brainstem syndromes such as internuclear ophthalmoplegia
» Trigeminal neuralgia

» Cerebellar syndromes

» Transverse myelitis



Objective Evidence

Clinical

* Relative afferent pupillary defect _optic
neuritis

* Diplopia internuclear ophthalmoplegia

* Hemisensory level myelitis.




Paraclinical:

e CSF examination

* P100 latency prolongation on a visual evoked potential



Radiographic evidence

* T2 hyperintensity on MRI in the optic nerve might provide objective evidence of an

episode of optic neuritis

* A T2 hyperintensity in the spinal cord might provide objective evidence of an

episode of myelitis



MRI Demonstration of Dissemination in Space

* (1) periventricular
* (2) cortical or juxtacortical
* (3) infratentorial brain regions

* (4) the spinal cord



Z#ldw-ulelq-sadew!/s1soua|ds
-9|dnjnw/yijeay/wooauljyyeaymmm//:sdny

S
S
—(

periventricu



periventricular

I '“H"I‘h‘iF m/n alth/

QUiICIVolo/ IIIIUB\...J Mianil ninnimma



juxtacortical




spinal cord




anpey M-'3 ‘UeleJYES 'Y "\ SUOISST SIAl JO SB[V [YIN

&
Q
od
(V)]
k=
(4%
p -
(a 0]



MRI and CSF Demonstration of
Dissemination in Time

* MRI dissemination in time can be demonstrated on a single MRI

scan by the presence of any gadolinium-enhancing and
nonenhancing lesions

ofr

* by the appearance of a new T2-hyperintense or gadolintum-
enhancing lesion on a follow-up MRI compared to a baseline scan



> CSF-specific oligoclonal bands are an independent predictor of a second clinical
attack

>'The 2017 McDonald criteria recommend that demonstration of two or more
oligoclonal bands may substitute for demonstration of clinical or MRI dissemination
1n time



Number of Number of Lesions With Objective Additional Data Needed for a Diagnosis of

Clinical Clinical Evidence Multiple Sclerosis
Attacks

22 22 None

22> 1 (as well as clear-cut historical evidence of a None

previous attack involving a lesion in a distinct
anatomic locationd)

22> 1 Dissemination in space demonstrated by an additional
clinical attack implicating a different central nervous
system site or by MRI

1 22 Dissemination in time demonstrated by an additional
clinical attack or by MRI or demonstration of CSF-specific
oligoclonal bandse

1 1 Dissemination in space demonstrated by an additional
clinical attack implicating a different central nervous
system site or by MRI
And
Dissemination in time demonstrated by an additional
clinical attack or by MRI or demonstration of CSF-specific
oligoclonal bandse

The 2017 McDonald Criteria for Diagnosis of Multiple
Sclerosis



DIAGNOSIS OF PRIMARY PROGRESSIV]

- MULTIPLE
SCLEROSIS

* Approximately 10% to 15% of patients with MS have a progressive course

from the onset of symptoms.

* The diagnostic criteria for primary progressive MS differ from the criteria

for relapsing-remitting MS

* The diagnosis of primary progressive MS first requires confirmation of at
least 1 year of gradual disability progression, independent of any disability
associated with a clinical relapse, determined either retrospectively or

prospectively



GENERAL APPROACH TO MANAGEMENT

The patient’s clinical
demographic characteristics
health behaviors

MRI and CSF

determine the risk of further disease activity and future disability and guide -
disease-modifying therapy recommendations.



unnealthy lifestyle

smoking

low serum vitamin D levels
obesity

sedentary lifestyle

comorbid cardiovascular disease



- Remaining active is generally recommended, exercise may improve long-term
recovery.

- the Mediterranean diet.
- infections can trigger relapses so general hygiene behaviors -

- avoidance of unnecessary infectious exposures, and annual influenza -
vaccinations should also be encouraged.



- Patients’ immunization status should be confirmed, and early screening for
immunity to hepatitis A, B, and C and varicella should be performed.

-Routine screening for latent tuberculosis and HIV is not indicated unless a -
therapy is planned that may activate these infections.



- Patients may be unprepared for the psychological impact of receiving an MS
diagnosis.

- Finally, the patient’s prognosis and the benefits of treatment should be
discussed. If disease-modifying therapy is not recommended, the reasoning
should be explained.



- Patients at low risk of disease activity over the short term are less likely -
to benefit from disease-modifying therapy

- Patients at high risk of disease activity will likely benefit from disease- -
modifying therapy.

- All patients with recent clinically isolated syndrome and at least two T2-
hyperintense lesions on brain MRI suggestive of MS are at high risk of

further disease activity, even if they do not meet criteria for dissemination
in time.



TABLE 5-2 Risk of New Disease Activity in Clinically Isolated Syndrome and Early

Multiple Sclerosis®
Risk Group Phenotype Disease-modifying Therapy
Low risk Clinically isolated syndrome with @ normal brain MRI Mot indicated
Medium risk Radiologically isolated syndrome; higher risk with spinal cord Unclear

lesions or positive oligoclonal bands

Relapsing-remitting multiple sclerosis (MS) without relapses or
new MRI activity over the previous 2 years while untreated.

High risk Clinically isolated syndrome with two or more T2 lesions 23 mm Indicated
in diameter on brain MRI; higher risk in smokers, those younger
than age 30, and those with low serum vitamin D levels

Very high risk Single attack but meets 2017 diagnostic criteria for MS; Indicated
highest risk if two or more enhancing lesions on brain MRI

Clinically isolated syndrome phenotype followed by
new disease activity on brain MRI

Relapsing-remitting MS with two or more inflammatory events
within the previous 2-3 years (relapses or new T2 or
enhancing lesions on brain MRI)



Factors that indicate a relatively worse long-
term prognosis include

onset after age 30

male sex

poor relapse recovery

frequent early attacks

the presence of CSF oligoclonal bands
being a previous or current smoker
comorbid cardiovascular disease

low baseline vitamin D level

high burden of disease (T2 volume)

the presence of brain atrophy, and ongoing disease activity (enhancing or new T2 Iesions)



Prognostic factors that suggest a relatively
more favorable course

- early age at onset
- female sex
- presentation with optic neuritis or pure sensory symptoms,

- good attack recovery.



use of disease-modifying therapy

- reduces disease activity, the accumulation of MRI disease burden, and long-
term accumulation of disability.

- the only patients with clinically isolated syndrome or relapsing remitting MS
unlikely to benefit from disease-modifying therapy are patients with clinically
isolated syndrome with normal MRI scans and possibly patients with clinically
isolated syndrome or relapsing-remitting MS known to have no disease activity

over the previous 2 years despite being untreated with disease-modifying
therapy.



- However, while disease-modifying therapy is not recommended for patients with
clinically isolated syndrome with a normal brain MRI, annual MRI monitoring for 5
years to confirm stability is recommended.

- if patients with inactive relapsing remitting MS do not start disease-modifying
therapy , annual MRI monitoring for 5 years is recommended.
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Once M5 reiapse is climlcaiby
confirmed and treatment
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(typically IV methyiprednisolone

1 g/d for S days)

o
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IF =y mptoms parsisk __/

Mo response or intolerability to
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attacks: Consitder ACTH gel [typically
80 units 1M or 50 for 514 days)
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Proposed algonithm for multiple sderasis relapse management.

ACTH = adrenccorticatopic honmone; 1M = intramuscilar; IV = intravenous;
ME = multiple sderosis; SO0 =subctaneous.



Disease modifying therapy(DMT)

Evolving therapeutic landscape

BMT/HSCT® Mitoxantrone ™ Alemtuzumab Dimethyl fumarate
1597 (RAMS) 2000 (RM5/SPMS) 2013 (RRMS] 2014 (RRMS)
I Teriflunemide Peginterferon beta-1a
I IFR beta-13 Glatiramer acetate 2013 (RRMS) 20724 (RRMS)
1997 {RIVES] 20 mg/mL
2003 [RMS)
SC IFM beta-1hb SC IFN beta-13 Natalizumzb Fingalimad Glatiramear acetate

19495 |RAS] 1098 [RMS] 2006 [RAMS) 2011 (RRMS) 40 mg/mlL

l 1 , 2015 (AMS)

W  J

Daclizumab
2016 (AMS)

Oral cladribine
2017 (RMS) |

*Lirepsed in the US, Germany, Ausriaand France Ocrelizumsab
muniicensed 2018 [RMS/PPMS)
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Increasing efficacy

High and low risk treatments

Autologous stem

A cell transplantation
Alemtuzumab .
Natalizumab
Jcliue @ .. Mitoxantrone
g Natalizumab JC+
Rituxmab /
ocrelizumab
Dimethyl \ O
fumarate Fingolimod O
Daclizumab
O . “Dangerous”
Glatiramer Q “Aggressive”
hunimos © O O O s
aquinimo Teriflunomide

Interferon-beta

>

Increasing burden of treatment
(worse safety, more difficult administration)



Is it muitiple sclerosie™?

‘

l which type of MS7? (RERMS. SPMS. PPMS. PRMS) \

-

I RRMS then:

-

1. Is it a chinically isolated syrndrome
with significant MRI changes?
2. Are there freguenl relapses in the

Start DMDs with B interferons or

Continued relapses or
adverse events: ,
Consider nﬁhﬂlizumuh |

!

Cannotl afford the therapy:
Consder mitoxantrons
azathioprine (off label use)
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Symptomatic managementin MS

Cognitive impairment-DMT
Depression-Duloxetine,escitalopram

Fatigue: Amantidine, Modafinil,Dextroamphetamine, methylpheni

Gait impairment:Dalfampridine (K channel blocker) 10 mg bd,
C/lI-If seizure history

Heat intolerance-Dalfampridine
Paroxysmal symptoms- Carbamazepine(CBZ)
Lhermitte sign-gaapentin,pregaba,CBZ

Spasticity- Tizantidine, baclofen, dantrolone, clonezepam
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Fortification spectra
= teichopsia

Photopsia

Scotoma

Shimmering

Paraesthesia

Hemiparesis







(visual Aura)ds sasl) dawdl

Scintillating zigzag lines.

Fixation cross

Taken from: Krymchantowski A: Aura with Non-migraine
Headache. Current Pain and Headache Reports. 9(4):264-
267. Current Science, Inc. Courtesy of imagesMD



http://www.current-science.com/inc

(a) An aroscs representation of his visual dsturbence during 2 migraine atmack in this the foruficetion spectmem s part
of 3 formal design st =6l mainRing a crescentlc chape. There | also an acsockited parfal visual lose, (b} An artlet’s representation
cimilar to-one of the images @ Sir YWilllem Gowears’ | 904 papor chowing 2 progressive cenoral scotoma with a jagged edpe. The
ccotoma graduzally increases to ffl most of the coantral fisld Reproduced with permiscion from Yilkingon M. Robinson T Migraine
are. Cephofofpia 19B55-151-7



Migraine aura. |-4, Early stages of sinistral
teichopsia beginning close to the sight point, as seen in the
dark. The letter O marks the sight point in every figure; 5-8, a
similar series of the early stages of sinistral teichopsia beginn-
ing a few degrees below and to the left of the sight point
9, sinistral teichopsia fully developed. Beginning of a secondary
attack, which never attains full development, until it arises on

the opposite side



beginning

Right visual field

Left visual field

Right visual field

Left visual field

as seen by a partient experi

2 hemianopsia

Leas depicting an expandin

25 by Professor

AWV

(a) and (b) Adapted from dr
encing migraine visual aura, with kind permission of Luiz Paule de Queiroz



Right visual field

Lefe visual field

Right visua

I.&ﬁ:_:.wisual field

Right visual field

Left visual field

Right visual field

I.aﬁ: wisual l'l-ld

Right visual field

Left visual field

(a) o (f) Adapted from drawings by Professor Leao depicting a variety of visual auras described by partients. with kind

permission of Luiz Paulo de Queiroz
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Motorist’s right-sided hemianopic loss of vision, the scotomatous area being surrounded by a crescentic area of brighter
lights. Reproduced with permission from Wilkinson M, Robinson D. Migraine art. Cephalalgia 1985;5:151-7
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MIGRAINOUS NEURALGIA(Cluster headache). Horner’s syndrome during an attack.
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CSF opening pressure was 3cm
H20

A lumbar epidural blood patch
offered no relief.

Water-soluble myelogram/CT-
myelogram showed frank
extravasation of contrast to the
paraspinal soft tissues at the L
C7 root sleeve.

Subsequently, the leak was
surgically repaired via a left
sixth through seventh cervical
hemilaminectomy

B. Mokri Mayo Clin Proc. 1999;74:1113-1123
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SNOOP

S: systemic symptoms\signs\disese
N: neurologic symtoms\signs

O: onset sudden

O: older onset

P: pattern change
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Axial brain MRI disclosing a large nonenhancing T1 hypointense (4) and T2

hyperintense (B) prepontine epidermoid cyst causing postenor displacement of

the brainstem and deforming the anterior aspect of the right brachium pontis. The
mass encases the cisternal portion of the right tigeminal nerve, which is not visualized, whereas at the
same level, the left trigeminal nerve root is seen as a linear structure just lateral to the basilar artery.
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Vascular compression theory for trigeminal
neuralgia. One of the first surgical proponents of the vascular
theory was Walter Dandy. In 1934, Dandy wrote, 'l believe no
less responsible for the production of trigeminal neuralgia;
these are the arteries and veins which impinge upon and
frequenty distort the sensory root. In the region of the sensory
root the superior arterial branch forms a loop...as the artery
hardens from advancing age, the nerve becomes indented by
the arterial branch’. Reproduced from Dandy WE. Concerning
the cause of wigeminal neuralgia. Am | Surg 1934:24:447-55,
with permission from Excerpta Medica Inc
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International Headache Society Classification of Cranial Neuralgias Organized
Neuroanatomically®

International Headache

Level Nerve Society Classification

Cranial nerve |l Optic nerve Headache associated with optic neuritis

Cranial nerveslll, Oculomotor, trochlear, Headache attributed to ischemic oculomotor nerve palsy
IV, Vi and abducens nerves

Cranial nerve V. Trigeminal nerve Classical trigeminal neuralgia, purely paroxysmal

Classical trigeminal neuralgia with concomitant persistent
facial pain

Trigeminal autonomic cephalalgias
Painful trigeminal neuropathy attributed to acute herpes zoster
Painful trigeminal neuropathy attributed to postherpetic neuralgia
Painful trigeminal neuropathy, posttraumatic
Painful trigeminal neuropathy attributed to space-occupying lesion
Persistent idiopathic facial pain
Burning mouth syndrome

Cranial nerve VIl  Facial nerve Nervus intermedius neuralgia

Cranial nerve IX Glossopharyngeal nerve Glossopharyngeal neuralgia

Cervical nerve 2  Occipital nerve Occipital neuralgia

CNS Central neuropathic pain  Painful trigeminal neuropathy attributed to multiple sclerosis

2 Data from Headache Classification Committee of the International Headache Society (IHS), Cephalalgia.” www.ihs-classification.org/
_downloads/mixed/international-Headache-Classification-ll-lCHD-i-2013-Beta. pdf.
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Risk Factors for Subarachnoid Hemorrhage®
" : Nonmodifiable Risk Factors
Modifiable Risk Factors
¢ Hypertension ¢ Increasing age (peak in fifth and sixth decade)

¢ Smoking ¢ Female sex

¢ Heavy alcohol use . ) -
' ¢ African American ethnicity

¢ Sympathomimetic drug use (eg, cocaine)
¢ Hispanic ethnicity
¢ Japanese or Finnish ethnicity
¢ Prior history of subarachnoid hemorrhage
The average age at aneurysm ¢ Family history of subarachnoid hemorrhage
rupture is 53 years ¢ History of aneurysm in two or more first-degree relatives
¢ Autosomal dominant polycystic kidney disease
¢ Type IV Ehlers-Danlos syndrome

¢ Cerebral aneurysms of more than 7 mm in diameter



Causes

The most common cause for SAH is a
ruptured cerebral aneurysm  (85%);
however, despite modern neuroimaging
techniques, 10% of SAHs may not reveal a
bleeding source, while the minority of cases

(5%) may be due to other vascular causes

(eg, AVM, arteriovenous fistula, RCVS).*

* Macdonald RL, Schweizer TA. Spontaneous subarachnoid haemorrhage. Lancet 2017; 389(10069):655-666. ‘



CLINICAL PRESENTATION

loss of

A small proportion of pts may experience a consciousness
headache without any of the associated
symptoms and may
either not seek medical attention or are
misdiagnosed, thereby remaining

sudden and

unrecognized, with a high risk for major life- severe headache

threatening rebleeding within a short period

of time (hours to days).

nausea Photophobia

vomiting neck Pain

* Edlow JA, Malek AM, Ogilvy CS. Aneurysmal subarachnoid hemorrhage: update for emergency physicians. ] Emerg Med 2008;34(3):237-251.



Two Phases of Caring for a Patient With Subarachnoid Hemorrhage

Phase 1: Diagnosis and Aneurysm Treatment (Minutes to Hours)
¢ Recognize that subarachnoid hemorrhage may be present
¢ Aggressive blood pressure control (systolic blood pressure of less than 160 mm Hg)
¢ Rapid diagnostics
¢ Rapid initiation of aneurysm treatment (if not at a high-volume center, transfer to one)
¢ Secure aneurysm (clip or coil)
Phase 2: Vasospasm Period and Prevention of Delayed Cerebral Ischemia (Days to Weeks)
¢ Admit to neurocritical care unit specialized in subarachnoid hemorrhage care
¢ Hemodynamic and oxygenation monitoring
¢ Guideline-driven, protocolized neurocritical care
¢ Clinical examination and monitoring for vasospasm
> If available, daily transcranial Doppler trend evaluation
> If available, multimodality brain monitoring

> If symptomatic vasospasm, medical and interventional therapy




DIAGNOSIS

Head Computed Tomography:
The most rapidly available and appropriate initial
diagnostic test for patients with suspected SAH is a

non-contrast head CT.

It is important to correlate CT findings to the time
of headache onset, as the sensitivity of CT changes

over the first 7 days from :

100% (first 12

93% (first 6 hours) hours) 93% (first day) < 60% (at 7 days) ‘



DIAGNOSIS

Lumbar Puncture :

In cases of negative or equivocal CT in which a high suspicion for SAH still exists, a LP is

the immediate next recommended step.

CSF should be collected in four consecutive tubes, with RBC count measured in tubes one

and four.

Xanthochromia takes approximately 12 hours to develop




DIAGNOSIS

Magnetic Resonance Imaging :

Head CT and MRI are considered to be equally sensitive in
detecting SAH in the first 2 days, except in the hyperacute

first 6 hours after SAH, during which head CT may miss a

small proportion of SAHs and MRI may be slightly superior.*

GRE and SWI or FLAIR sequences have superior sensitivity to

detect subacute or chronic SAH compared to head CT.**

* de OliveiraManoel AL,Mansur A,Murphy A, et al. Aneurysmal subarachnoid haemorrhage from a neuroimaging perspective. Crit Care 2014;18(6): 557.

** da Rocha AJ, da Silva C], Gama HP, et al. Comparison of magnetic resonance imaging sequences with computed tomography to detect low-grade subar
hemorrhage: role of fluid-attenuated inversion recovery sequence. ] Comput Assist Tomogr 2006;30(2):29



DIAGNOSIS

ldentifying the Bleeding Source :

Vessel imaging should be the next step in all patients

with a diagnostic head CT, LP, or MRI.

The gold standard of vessel imaging remains cerebral

digital subtraction angiography (DSA).

Patients with a negative initial DSA should have a

repeat study 7 to 14 days after the initial one.




Rebleeding

The focus in the first few minutes to hours after SAH, until the patient can
undergo treatment of the ruptured aneurysm, should be directed toward the
prevention of rebleeding.

55



Delayed Cerebral Ischemia

One of the most feared neurologic

complications after SAH.

The leading cause for morbidity in pts

who survive the initial SAH.

Monitoring for delayed cerebral ischemia
is the main reason for the recommended

prolonged 1CU stay for pts with SAH.




Delayed Cerebral Ischemia

Defined as any neurologic deterioration that

persists for more than 1 hour and cannot be

explained by any other neurologic or
systemic condition, such as fever, seizures,
hydrocephalus, sepsis, hypoxemia, sedation,

and other metabolic causes.

Occurs on average 3 to 14 days after SAH.




Delayed Cerebral Ischemia

Calcium channel blockers (nimodipine) and maintenance
of normal intravascular volume status have the strongest
evidence of prophylactic interventions for the prevention

of delayed cerebral ischemia.
Nimodipine (60 mg every 4 hours for 21 days) is
neuroprotective and has Class 1 evidence for decreasing

. : *
the risk of poor functional outcome.

* Connolly ES Jr, Rabinstein AA, Carhuapoma JR, et al. Guidelines for the management of aneurysmal subarachnoid hemorrhage: a guideline for hea

professionals from the American Heart Association/American Stroke Association. Stroke 2012;43(6):1711



Delayed Cerebral Ischemia

Defined as any neurologic deterioration that

persists for more than 1 hour and cannot be

explained by any other neurologic or
systemic condition, such as fever, seizures,
hydrocephalus, sepsis, hypoxemia, sedation,

and other metabolic causes.

Occurs on average 3 to 14 days after SAH.




Delayed Cerebral Ischemia

Calcium channel blockers (nimodipine) and maintenance
of normal intravascular volume status have the strongest
evidence of prophylactic interventions for the prevention

of delayed cerebral ischemia.
Nimodipine (60 mg every 4 hours for 21 days) is
neuroprotective and has Class 1 evidence for decreasing

. : *
the risk of poor functional outcome.

* Connolly ES Jr, Rabinstein AA, Carhuapoma JR, et al. Guidelines for the management of aneurysmal subarachnoid hemorrhage: a guideline for hea

professionals from the American Heart Association/American Stroke Association. Stroke 2012;43(6):1711
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Cardiac cephalgia®
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Trepanned skull, approximately 3000 years old. Of course, we do not
know why this individual had trepanation. He did, however, survive long enough (this is
1000 BC) to generate new bone growth at the margin of the trepanned hole. Repro-

duced with kind permission of John Edmeads
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Trepanation has been done arcund the world.
This is a tumi, a pre-Columbian trepan from Peru. Mote the
instructions for use on top of the handle. Reproduced with
kind permission of Jjohn Edmeads



Papyrus from Thebes, Egypt (2500 BC). Now in a
British museum. It is totally illegible, and therefore Instanty

recognizable as a prescription



Cartoon, translating above papyrus:“The physician
shall mke a crocodile made of clay, with sacred grain in its
mouth, and an eye of faience. He shall bind it to the head of the
patient with a strip of fine linen upon which is written the



Hippocrates described migraine circa 400 BC.
Courtesy of the National Library of Medicine, Bethesda, USA
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Thomas Willis, the father of neurology. The first to
postulate that ‘'megrim’ was due to blood ‘estuating’ (stagnating) in the
dural vessels, distending them and producing head pain. Courtesy of the



3. Astothe dilierences of the Headach, the common diftin@ion is, That the p.iua-
of the Head is cither without the Skully or within its cavity: The tormer isa more
rare and a more pentle difcafe, becaufe the parts above the Skull arce nar 4 fenfille s
the interior Mepnges;, nor are they watered with fo -plentiful a flood of Blo!, thae
by its fudden and vehement incurfion, they may be cafily diftended, or inflamed above
meafure.  Secondly, Theother Kind of Headach, to wit, within the Skull, is:more

- frequent, and much more crucl, becaufe the Membranes, cloathing the Brain, ace
very fenfible, and the H]G’ﬂdi'&'péuf_r'bd uponthem by a manifold paflage; and by Doy
and greatcr Arterics.  Further, becaufe the Blood or its Serum, fomctimes pafling
thorow all the Arteries at once, both the Carorides and the /erecbrals, and fometimes

~ apart, thorow thefe or thofe, on the one fide or the oppofite, bring hurt to the Afe-

“mzes, hence the pain is caufed thatis interior y which is either vniverfal, infefting
‘the whole Head or its greatelt part;, or particular, which islimited to fome private
region ; and fometimes produces « Meagrim on the fide, fometimes in the forepart;

_and fometimes in the hinder part of the Head. . - |

Original publication of Thomas Willis" worlk, The London Practice of Physick. He stated that migraine was caused by
vasodilation



[Hustration by john Tenniel from Alice in Wonder-
and. VWas Lewis Carroll writing his migraine auras into his book?
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Hustration by John Tenniel from Alice in Wonder-

land. The image depicts the sense of being too large for one’s
surroundings



Edward Liveing, the author of an Influential book
on migraine from 1873, which argued that ‘megrim’ was a
‘nerve-storm’ or eplleptic manifestaton
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Figure 1.28 SirWilliam Osler, Professor of Medicine at Johns
Hopkins University, who In his classic textbook (first edition
|892) opined that what we now call ‘tension-type headache’
was due to ‘muscular rheumatism’ of the scalp and neck. He
called them ‘indurative headaches'. The first to hypothesize the
existence of ‘muscle contraction headaches’



As the botanists argued over the nature of
ergot, the chemists were attempting to unravel the mystery of
its composition. Heinrich Wiggers, a pharmacist of Gottingen,
Germany was probably the first to analyze ergot with the
set purpose of trying to isolate the active principle or princi-
ples. In 1831 he tested his ergot extracts in animals. Among
the models was the ‘rooster comb test’ — when fed ergotin the
rooster became ataxic, nauseous, acquired a blanched comb
and suffered from severe convulsions, dying days later. The
rooster comb test continued to be used into the following
century by investigators studying the physiologic properties of

ergot



A stalk of grain upon which are growing two
purple excrescences — Claviceps purpurea, or ‘ergot fungus’.
Reproduced with kind permission of John Edmeads



In 1918, Arthur Stroll, a young chemist working
in Basel, Switzerland announced the isolation of the first pure

crystalline substance, ergotamine. Professor Stroll made many
additional contributions to our understanding of ergot, and
in 1917 became the founder of the Sandoz ‘Department of

Pharmaceutical Specialities’



lllustration from Wolff's classic paper on the
effect of ergotamine tartrate on pulsatility of cranial blood
vessels and on migraine headache. Reproduced with permission
from Graham |R, Wolff HG. Mechanisms of migraine headache
and action of ergotamine tartrate. Arch Neurol Psychiatr |938;

39:737-63
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Saint Anthony. Note the patient who has lost
imbs as a result of gangrene due to ergotism (eating bread
made from rye contaminated with ergot fungus). Limbs twrned
osfack, as though charred by fire, then fell off. Hence the term
St Anthony's Fire. If you prayed to Saint Anthony, your
symptoms might improve. Note Anthony's pet pig. Courtesy of
the National Library of Medicine, Bethesda, USA
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Leao found that noxious stimulation of the exposed cortex of a rabbit produced a spreading decrease in electrical
activity that moved at a rate of 2-3 mm/min. Reading from the rabbit cortex illustrating spreading depression of EEG activity.
Reproduced with permission from Leao AAP. Spreading depression of activity in cerebral cortex. | Neurophysiol 1944;7:359-90
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Line drawing (panel a) of the spreading oligemia
observed with studies of cerebral blood flow (CBF) during aura
after Lauriczen. Adapred with permission from Laurizen M.
Cortical spreading depression as a putative migraine mechanism.
Trends Neurosci 1987;10:8—13, with permission from Elsevier
Science. Panel b illustrates the variable time course and rela-
tionship of the changes in cerebral blood flow and the sympto-
matology of migraine. Adapted with permission from Olesen |,
Friberg L, Skyhoj-Olesen T, et al. Timing and topography of cere-
bral blood flow, aura and headache during migraine attacks. Ann
Neurol 1990:28:791—-8
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Pathophysioclogy of migraine. Migraine involves dysfunction of brainstem
pathways that normally modulate sensory input. The key pathway for the pain is
the trigeminovascular input from the meningeal vessels, which passes
through the trigeminal ganglion and synapses on second-order neurons in the trigeminocervical
compiex. In turn, these neurons project through the trigeminothalamic tract, and, after
decussating in the brainstem, form synapses with neurons in the thalamus. A reflex connection
exists between neurons in the pons and neurons in the superior salivatory nucleus, which
results in a cranial parasympathetic ocutflow that is mediated through the pterygopalatine,
otic, and carotid ganglia. This trigeminal autonomic reflex is present in people who do not
experience migraines and is expressed most strongly in patients with trigeminal autonomic
cephalalgias, such as cluster headache and paroxysmal hemicrania; it may be active in migraine.
Brain imagin% studies suggest that important modulation of the trigeminovascular nociceptive
input comes from the dorsal raphe nucleus, locus ceruleus, and nucleus raphe magnus.

Reprinted frorn Goadsby PJ, et al, N Engl J Med.'® @ 2002, with pemission from the Massachusetts Medical Society.
wwawv. nejim.org/do i full/ 10. 1056 /INEJMa01 091 7.
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Increased knowledge of 5-HT receptor distributdon wichin the trigeminovascular system has led to the introduc
of highly effective serotonergic anti-migraine drug therapies. Detalled molecular biology mapping of mRMNA (RT-PCR and in
hybridization) and immunohistochemical studies of recepter proteins have revealed populations of vasoconstrictor 5-HT g receg
on the stnooth muscle of human meningeal blood vessels. Thus, agonists of 5-HT ;g receptors, which cause vasoconstriction, are id
placed o reverse the dilation of meningeal vessels that is thought to occur during a migraine attack (see 1). 5-HT g receptors
also been found on human coronary arceries making it important to establish the reladve conoribudon of this suboype o the com
tile response in coronary arteries compared with the target meningeal blood wessels. While 5-HT ;= mRMA has also been der
strated in human blood wessels, there appears to be no expression of functional receprtors since 5-HT | p agonists appear devo
vasoconsorictor effects. Immunohistochemical mapping studies on the localization of 5-HT o and 5-HT | receptor proteins in hu
trigeminal nerves have showmn that 5-HT p and 5-HT g receptors are present on trigeminal nerves projecdng peripherally to the «
vasculature and centrally to the brain stem trigeminal nuclel. Activaton of such prejuncdonal receprors on nerve terminals can m
late neurotransmitter release. In this context, agonists of 5-HT | and 5-HT p receptors are ideally placed, peripherally (see 3
inhibit acdvated trigeminal nerves and promote normalization of blood wessel caliber (by preventing the release of wasoa
neurcpeptdes) and centrally (see 3) to intercept pain signal ransmission from the meningeal blood vessels 1o second-order sen
neurons in the origeminal nucleus caudalis of the brain stem (see 4). Adapred with permission from Hargreaves R). Shepheart
Pacthophysiology of migraine — new insights. Can | Neurol Sci 1999 26(Suppl 3):512—19



Cluster periods plotted against month of the year
and mean monthly dayﬂﬁ&t duration. Cluster periods appear to
occur during the longest and shortest days of the years.
Adapted with permission from Kudrow L. The cyclic relation-
ship of nawral illumination to cluster period frequency.
Cephalaigia 1987:7(Suppl ¢)76-8




Cluster headache has a distinct circadian periodi-
city to its attacks. Cluster patients will get attacks at the same
time each day and cluster periods at the same time each year.
This suggests that the hypothalamus (suprachiasmatic nucleus) or
circadian clock Is playing a role in cluster genesis. A hallmark of
cluster is for the patient to awaken with a cluster headache 1.5
o 2 h after falling asleep (first REM period of the night); typically
these night-time attacks are the most painful. Adapted from the
Neurology Ambassador Program with permission from the
American Headache Soclety




The hypothalamus
or circadian clock must be
involved in cluster genesis.
Cluster headaches have a cir-
ity, a seasonal predilection for
cluster periods and there is
altered secretion of hypothala-
mic hormones in duster patients
(testosterone, melatonin).
Adapted from the Meurclogy
permission from the American
Headache Society



The suprachiasmatic nucleus is the human circadian clock



Image on the left demonstrates hypothalamic activation during a cluster attack on PET. The image on the right is a
voxel-based morphomertric analysis of the structural T I-weighted MRI scans from 25 right-handed cluster patients revealing a signifi-
cant difference in hypothalamic gray matter density (yellow) compared with non-cluster patents. The hypothalamus of cluster

patients appears to have an increased volume compared with controls. Adapted from the MNeurology Ambassador Program with
permission from the American Headache Society
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Cluster headache is considered a primary
headache disorder, so there are no underlying secondary
causes. In rare ins@ances cluster headache has been linked to
various secondary causes including: aneurysms, head trauma,
orbital enucleation, sphenoid sinusitis, parasellar tumors, cervi-
cal cord mengiomas or Infarction, subdural hematomas and
arteriovenous malformatons. Adapted from the Neurology
Ambassador Program with permission from the American
Headache Society



Very severe conjunctieal injection (more pronounced in the patient’s keft side] and uveitis in 2 &3-yearold woman
presenting as bilateral periocular headache as the first sign of a confirmed Vvegeners syndrome. Headache and ccular manifestatons
recobved after aggreccive treatment with sterpids and cyclophosphamide. Reproduced with kind permission of Julio Paccual
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ASA/NSAID
(high dose)
ASA/acetaminophen
+ anti-emetic
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Medication Formulation Dose for Migraine
Aspirin Tablet, oral solution 650 mg to 1000 mg
Ibuprofen Tablet, oral suspension, 400 mg to 800 mg
capsule Maximum initial
dose of 1 g
Ketorolac® Tablet 10 mg
Naproxen Tablet, oral suspension 125 mg to 550 mg
Naproxen controlled Tablet 750 mg
release

Maximum initial
dose of 825 mg

Meclofenamate Capsule 50 mg, 100 mg
Diclofenac potassium Tablet, powder pack 50 mg
Etodolac Tablet, capsule 200 mg to 500 mg
Ketoprofen Capsule 50 mg to 75 mg
Ketoprofen extended Capsule 200 mg

release

? Nonsteroidal anti-inflammatory drugs carry US Food and Drug Administration Black Box wamings
for gastrointestinal risk, cardiovascular risk, and bleeding.
P Renal toxicity is a concem with the use of ketorolac.
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Medication ~Formulation

Dnse for Mtgralne

Dopamine antagonists

Prochlorperazine® Tablet

Suppository
Metoclopramide Tablet, oral suspension
Chlorpromazine® Tablet

5 mg to 10 mg
25 mg
10 mg
10 mg to 25 mg

Antihistamine

Promethazine Tablet 25 mg to 50 mg
Suppository 25 mg
Serotonin
(5-hydroxytryptamine 3)
antagonist
Ondansetron Tablet 4 mg
Orally disintegrating tablet 8 mg

5 Slde effects may include akathisia.
b Side effects may indude sedation and orthostatic hypotension.



Acetaminophen and Nonsteroidal Anti-inflammatory
Drug Strategy for Attacks of Mild to Moderate Severity®®

Usual Dose and Maximum
Medication Dose per Day"

Acetaminophen (primarily for 1000 mg
milder attacks)™ Maximum 4000 mg/d
Ibuprofen tablets 400 mg

Maximum 2400 mg/d
Ibuprofen solubilized (liquid) tablets 400 mg

Maximum 2400 mg/d
Diclofenac potassium tablets 50 mg

Maximum 150 mg/d

Diclofenac powder for oral solution 50 mg
Maximum single dose/d
recommended

Naproxen sodium 500550 mg (up to 825 mg)

Maximum 1375 mg/d
Acetylsalicylic acid 975 1000 mg

Maximum 4000 mg/d
Effervescent acetylsalicylic acd 975 1000 mg

Maximum up to 2000 mg/d
recommended

* For acetaminophen and all nonsteroidal anti-inflammatory drugs, limit use to 14 days a month or
fewer to avoid medication-overuse headache.

b patients may experience gastrointestinal irritation, increased blood pressure, and renal toxicity with
excessive use of all nonsteroidal anti-inflammatory drugs. Avoid the use of these drugs if gastrointestinal
ulcers are present or if the patient has asthma with acetylsalicylic aad.

€ Dosages are for adults. For acute migraine treatment, only one or two doses are usually recommended.

9 Liver toxicity with excessive dose or concomitant use of alcohol.



Triptan Strategy for Moderate and Severe Attacks®P-<

Usual and Maximum

Medication Daily Dose<

Almotriptan tablets™ 12.5 mmg

Maximum 25 mg/d

Eletriptan tablets 40 mg

Maximum 80 mg/d

Frovatriptan tablet 2.5 mg

Maximum 5 ma/d

Naratriptan tablets 2.5 mg

Maximum 5 mag/fd

Rizatriptan tablets®’ 10 mg

Maximum 20 maog/d

Rizatriptan wafers (orally dispersible tablets)®-f 10 mg

Maximum 20 mg/d

Sumatriptan tablets® 100 mg (50 mg also used)

Maximum 200 mg/d

Sumatriptan intranasal® 20 mg

Maximum 40 mg/d

Sumatriptan injection®™ 4 -6 mg

Maximum 12 mg/d

Zolmitriptan tablets® 2.5-5 mg

Maximum 10 ma/d

Zolmitriptan wafers (orally dispersible tablets)”® 2.5 mg

Maximum 10 mag/d

Zolmitriptan intranasal® 5 mg

Maximum 10 mg/d

“* Selected side effects of triptans include flushing, hot or warm sensation, paresthesia, and chest or

jawr discomfort or tightness.

& | imit the use of triptans to fewer than 10 days per month to avoid medication-overuse headache.
= Triptans are contraindicated in cerebrovascular, cardiovascular, and peripheral vascular disorders;

in uncontrolled hypertension and ischemic bowel disease:. and in concomitant use within 24 hours
Df ergot-containing medications.

“ Dasages are for adults. For acute migraine treatment, only one dose is usually recommended, followed
by a second dose (2 hours or more after the first dﬂﬁE) if the headache reoccurs after inital relief.

T Avoid the use of almotriptan, rizatnptan, sumatriptan, and zolmitriptan with monamine oxidase

L

inhibitors and within 2 wvweeks after di=mcontinuation of monamine oxidase inhibitors.
For rizatriptan, reduce the dose to S mg (maxmurm 10 mig per day) if the patient isalbso on propranolol.



Refractory Migraine Strategies

Medication

Usual and Maximum
Daily Dose®

Selected Side Effects

Comments

Sumatriptan and
naproxen sodium
taken simultaneously

Other triptans and
other nonsteroidal
anti-inflammatory
drug combinations

Dihydroergotamine
intranasal

Dihydroergotamine
subcutaneous or
IM injection

Ergotamine tartrate
sublingual tablets

Sumatriptan 100 mag,
naproxen sodium
500550 mg (other
doses are also used in
combination tablets)

Maximum two doses

See Table 1-2 and
Table 1-2 for
individual drugs

0.5 mg in each nostril,
repeat dose in 15 minutes;
may repeat four-spray
sequence in 6 hours

if necessary

Maximum 4 mg/d

0.5-1 mg, dose may
be repeated in 3 hours
if necessary

Maximum 3 mg/d

0.5-2 mg
Maximum 6 mg/d

See Table 1-2 and Table 1-3

See Table 1-2 for
individual drugs

MNausea, vomiting, muscle
cramps, paresthesia, and
other side effects related
to vasoconstriction; rhinitis
and taste disturbance

MNausea, vomiting, muscle
cramps, paresthesia, and

other side effects related
to vasoconstriction

Mausea, vomiting, muscle
cramps, paresthesia, and
other side effects related
to vasoconstriction

The combination is more
effective than either
drug alone

See Table 1-2 and Table 1-3

Randomized clinical trials
not available for most
combinations

Contraindicated in
vascular disease

Limit use to under 10 days a
month for most patients,
but relationship to
medication-overuse
headache uncertain.

Avoid dihydroergotamine
with CYP3A inhibitors
(eqg, clarithromycin,
ketoconazole, ritonavir)

Contraindicated in
vascular disease

Limit use to under 10 days a
month for most patients,
but relationship to
medication-overuse
headache uncertain.

Avoid dihydroergotamine
with CY P34 inhibitors

(eg, clarithromycin,
ketoconazole, ritonavir)

Contraindicated in
vascular disease

Limit use to fewer than
10 days a month to avoid
medication-overuse headadhe

IM = intramuscular.
* Dosages are for adults



Strategies for Patients With Contraindications to Vasoconstricting Drugs®

Medication Usual Dose  Selected Side Effects Comments

Acetylsalicylic acid, Individualized ~ Gastric irritation (acetylsalicylic ~ Combinations may be more
acetaminophen, and dosing acid), liver toxicity at high effective than individual
caffeine combination doses (acetaminophen), drugs alone

analgesics insomnia (caffeine)

Combination analgesics Individualized Drowsiness, constipation, Limit use to fewer than
with tramadol or dosing others according to ingredients 10 days per month to avoid
codeine medication-overuse headache

* Nonsteroidal anti-inflammatory drugs including indomethadn, dopamine antagonists, and many of the rescue medications discussed in
the refractory migraine strategies are also options for patients with contraindications to vasoconstricting drugs. Please see previous tables in
this article for dosing and side effects.
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Typical Emergency Department Treatment Strategy®

1. IV fluids, normal saline 2-3 L bolus or 80-100 cc/h for as long as patient is
in emergency department

2. IV diphenhydramine 12.5-25 mg

3. IV dopamine receptor antagonist medication (typically use
metoclopramide 10 mg or prochlorperazine 10 mqg)

4. IV magnesium sulfate 500 mg-1 g
5. IV ketorolac 30 mg

6. If patient does not improve, other options include IV sodium valproate
(500 mg), IV levetiracetam (500 mg), or IV methylprednisolone (200 mg)

7. W dihydroergotamine 0.5-1.0 mg may be used if patient has not used a
triptan within 24 hours and no contraindications exist

IV = intravenos.
“ Medications are given in succession separated by 15 to 20 minutes.
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Beta-Blockers and Antidepressants in the Preventive Treatment of Migraine

Class and Agent Daily Dose Comments

Beta-blockers

Atenolol 50-200 mg Use 1 or 2 times/d
Fewer side effects than propranolol
Metoprolol 100-200 mg Use the short-acting form 2 times/d
Use the long-acting form once daily
Nadolol 20160 mg Use once daily

Fewer side effects than propranolol
Long half-life

Propranolol 40-240 mg Use the short-acting form 2 or 3 times/d
Use the long-acting form once daily
1-2 mg/kg in children

Timolol 20-60 mg Use 2 times/d
Short half-life
Antidepressants (tertiary amines)
Amitriptyline 10-200 mg Start at 10 mg at bedtime
Doxepin 10-200 mg Start at 10 mg at bedtime
Antidepressants (secondary amines)

Nortriptyline 10-150 mg Start at 10 mg at bedtime
If insomnia occurs, take early in the moming

Protriptyline 5-60 mg Start at 5 mg in the moming
Serotonin Norepinephrine Reuptake Inhibitors

Venlafaxine 75-225 mg Start at 37.5 mg in the morning



Selected Calcium Channel Blockers and Selected Antiepileptic Drugs in the
Preventive Treatment of Migraine

Class and Agent Daily Dose Comments
Selected Calcium Channel Blockers

Verapamil 120-480 mg Start 80 mg 2 or 3 times/d
Sustained release can be given
1 or 2 times/d

Flunarizine® 5-10 mg Take at bedtime

Weight gain is the most common adverse effect

Selected Antiepileptic Drugs

Carbamazepine 600-1200 mg 3 times/d
Gabapentin 600-3600 mg
Topiramate 50-200 mg Start 15-25 mg at bedtime

Increase 15-25 mg per week
Attempt to reach 50-100 mg
Increase further if necessary
Associated with weight loss, not weight gain

Valproate/divalproex 500-2000 mg Start 250-500 mg
Monitor valproic acid levels if compliance is
an issue

Maximum dose is 60 mg/kg/d

* Flunarizine is not available in the United States.



Treatment Options for Cluster Headache

P Acute
Sumatriptan subcutaneous 4-6 mg®
Sumatriptan nasal spray 20 mg
Zolmitriptan nasal spray 5 mg
Dihydroergotamine (DHE) parenteral® or intranasal
Oxygen 10-15 L/min via nonrebreather face mask
> Bridge
Prednisone orally 60 80 mg/d tapered over 14 days
Dexamethasone orally 4 mg 2 times/d for 2 weeks, then 4 mg/d for 1 week

Greater occipital nerve block with 3 mL of 0.5% bupivacaine and 40 mg of
methylprednisolone

DHE parenterally 1 mg/d for 1 week

Naratriptan orally 2.5 mg 2 times/d for 1 week

Ergotamine orally 2 mg 2 times/d for 1 week
» Preventive

Verapamil orally 240480 mg/d administered in three divided doses
(short-acting formulation preferred)

Lithium carbonate orally 300 900 mg/d
Sodium valproate orally 500 1500 mg/d
Topiramate orally 100200 mg/d
Melatonin orally 9- 25 mg at bedtime
Gabapentin orally 1200 2400 mg/d
Methylergonovine orally 0.2 mg 3 times/d
Indomethacin orally 75 -150 mg/d

2 US Food and Drug Administration approved for this indication.



Pharmacologic Treatment of Trigeminal Neuralgia®

Common Adverse
Effects”

Serious Adverse
Effects”

Level of
Evidence® Drug Initial Dose Typical Dose
A Carbamazepine™® 100 mg 100 200 mg
2 times/d 3 times/d
B Oxcarbazepine®® 300 mg 6001200 mg
2 times/d 2 times/d
= Baclofen 5 mg 10-20 mg
3 times/d 32 times/d
Gabapentin® 100 mg 100 900 mg
3 times/d 3 times/d

Lamotrigine

o

25 mg every 50-200 mg
other day 2 times/d

Dizziness, nystagmus,
nausea, constipation,
ataxia, fatigue,
drowsiness, blurry vision

Dizziness, nystagmus,
nausea, ataxia, fatigue,
drowsiness, blurry vision

Drowsiness, hypotension,
constipation, nausea,
hypotonia or muscle
weakness, fatigue,
dizziness

Peripheral edema,
fatigue, drowsiness,
dizziness, nausea, ataxia

Rash, abdominal pain,
diarrhea, nausea,
dizziness, ataxia,
diplopia, insomnia,
headache, blurry vision,
anxiety, tremor,
depression, rhinitis,
dysmenorrhea

Atrioventricular block,
hepatotoxicity, bone
Marrow suppression
including aplastic anemia
or agranulocytosis,
Stevens-Johnson
syndrome, toxic epidermal
necrolysis, hyponatremia,
hypocalcemia, pancreatitis,
nephrotoxddty, multiorgan
hypersensitivity,
angicedema, suicidal
thoughts®

Hyponatremia, erythema
multiforme, Stevens-
Johnson syndrome, toxic
epidermal necrosis,
anaphylaxis, bone marrow
suppression, suicidal
thoughts, angioedema

Gastrointestinal
hemorrhage, pneumonia,
drug withdrawvval seizures
if stopped abruptly

Stevens-Johnson
syndrome, suicidal
thoughts

Erythema muhtiforme,
Stevens-lohnson
syndrome, toxic
epidermal necrolysis,
anemia, leukopenia,
eosinophilia,
disseminated intravasaular
coagulation,
hepatotoxicity, aseptic
meningitis, drug
hypersernsitivity syndrome,
neurcleptic malignant
syndrome, angioedema,
suicidal thoughts



Miscellaneous Medications in the Preventive Treatment
of Migraine

Agent Daily Dose Comments

Angiotensin-converting
enzyme and angiotensin
receptor antagonists

Lisinopril 10-40 mg Positive small controlled trial

Candesartan 16-32 mg Positive small controlled trial
Feverfew 50-300 mg Controversial evidence
Riboflavin 400 mg Positive small controlled trial
Coenzyme Q10 300 mg Two positive controlled trials

Magnesium citrate 400-600 mg Controversial evidence



Incidence Rate per 1000 Woman-Years
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Symptomatic drug: Simple analgesic and triptan
Daily prophylactic drugs: none

Hormones: none

Other regular medication: none
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Example of a menstrual migraine diary from a 34-year-old premenopausal woman.
0 = period; o = spotting; X = migraine; / = headache,
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ICHD Diagnostic Criteria for Menstrual Migraine®

P Pure Menstrual Migraine Without Aura

A. Attacks in a menstruating woman® fulfilling criteria for migraine without
aura and criterion B below.

B. Documented and prospectively recorded evidence over at least three
consecutive cycles has confirmed that attacks occur exclusively on
day 1 = 2 (ie, days -2 to +3)° of menstruation in at least two out of three
menstrual cycles and at no other times of the cyde.

» Menstrually Related Migraine Without Aura

A. Attacks in a menstruating woman® fulfilling criteria for migraine without
aura and criterion B below.

B. Documented and prospectively recorded evidence over at least three
consecutive cycles has confirmed that attacks occur on day 1 = 2 (ie, days -2
to +3)° of menstruation in at least two out of three menstrual
cycles, and additionally at other times of the cycle.

ICHD = International Classification of Headache Disorders.

* Reprinted with permission from Headache Classification Committee of the International Headache
Sodety (IHS), Cephalalgia.'® © 2013 International Headache Sodety. www.ihs-classification.omg/
_downloadsimixedfinternational-Headache-Uassification-M-ICHD-HI-2013-Beta. pdf.

b For the purposes of International Uassification of Headache Disorders, Third Edition, beta version
({ICHD-3 beta), menstruation is considered to be endometrial bleeding resulting from either the
normal menstrual cycle or from the withdrawal of exogenous progestogens, as in the use of com-
bined oral contraceptives or cyclical hormone replacement therapy.

“ The first day of menstruation is day 1 and the preceding day is day —1; there is no day 0.



Acute Treatment of Menstrual Attacks of Migraine

Maximum
Drug Route Dose Daily Dose
Acetaminophen 250 mg, Oral 2 caplets 8 caplets
aspirin 250 mg,
caffeine 65 mg
Mefenamic acid Oral 250-500 mg 1500 mg
Triptans
Almotriptan Oral 6.25-12.5 mg 25 mg
Eletriptan Oral 20-40 mg 80 mg
Frovatriptan Oral 2.5 mg 7.5 mg
MNaratriptan Oral 1-2.5 mg 5 mg
Rizatriptan Oral 5-10 mg*® 30 mg
Sumatriptan Oral 25-100 mg 200 mg
Subcutaneous 6 mg 12 mg
Intranasal 5-20 mg 40 mg
Sumatriptan 85 mg, Oral 1 tablet 2 tablets
naproxen 500 mg
Zolmitriptan Oral 2.5 mg 10 mg
Intranasal 5 mg 10 mg

® In patients taking propranolol, initial dose of rizatriptan is 5 mg and maximum daily dose is 15 mqg.



Short-Term Prophylaxis of Menstrual Migraine

Drug Treatment Regimen

Nonsteroidal
anti-inflammatory drugs

Naproxen 550 mg orally 2 times/d taken for 7-14 days starting during the week before
onset of menstruation
Triptans
Frovatriptan 5 mg orally 2 times/d on day -2 of menstruation; 2.5 mg orally 2 times/d on
days -1 to +4 (total of 6 days)
Naratriptan 1 mg orally 2 times/d starting 3 days before expected migraine taken for 6 days
(total of 6 days)
Zolmitriptan 2.5 mg orally 2 to 3 times/d on days -2 to +5 of menstruation (total of 7 days)
Estradiol 1.5mg (1.5 g gel) transdermally daily starting between days-5 and -2 of

menstruation for 7 days (total of 7 days)
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An 8-year-old boy presented with 1 year of headaches that occurred at a stable frequency of 3 times
per month. The patient did not want to talk with the neurologist but when asked, "Where is your

headache?” pointed to the front of his head and drew a picture
during a headache he would become pale, stop his activity, and
complain of a stomachache. All he wanted to do was lie down, and
after a 45-minute nap he would awaken feeling normal. Including
the nap, the total length of the headache was about 1 hour. The
mother had been instructed by her pediatrician to give him
acetaminophen, but it did not seem to help. She had to pick him up
from school at least once per month. From age 3 until last year he
had an unknown severe gastrointestinal illness characterized by
several days of repeated vomiting. A gastroenterologist had
evaluated him, but none of the tests, including endoscopy, was
revealing. The patient and mother had a history of motion sickness,
and his maternal grandmother had headaches. The patient’s
examination was normal.

. His mother reported that

Drawing from an

8-year-old boy
when asked where his headache
Wwas.

Courtesy of Kathleen Farmer, PsyD, and
Roger Cady, MD, Springfield, Missouri.
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www.rheumatology.org.uk/includes/documents/cm_docs/2010/m/2_management_of giant_cell_arteritis.pdf
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Adult with Headache Headache Management Pathway
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Characteristic Upper motor newnon Lower nodor newron

) !
Lacaticon g Dowvn
Mu=scle tona U , Cosvn
Reflexes Up | Down
!
Toes {Babinski) Up | ' Do
Muscls bulk Mo change | Down
Fasciculations Absent | Prasent

Characteristics of upper and lower motor
neuron disease.
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Epiconus syndrome

\ :
/ﬁamnral B " I/

FiEind \..,. peroneal n.

e sCiaticn. tibial n.

ETETETERT R
L] LY

0 i— ——— T
%} ----------- e pudendal plexus” (+)

Cauda equina syndrome

LI N .

L
U R I B
L

peroneal n.
\ - tibial n.

3. femoral n.

f

“pudendal plexus”
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‘ Spinal Cord Syndromes

= Transverse Cord Lesion

Complete cord transection

Brazis, Localizationin
Clinical Neurology, 5t ed
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Cearebral
Corltex [

Spinal
Cord

Pain & Temperature

Primary
Somatosensory
Cortex

Thalamus

< in Dorsal
Rool Ganglion

Cs

Spinal
Cord
TS5

Spinal
Cord
LS

FPainful &
Thermal
Stimuli

Lateral Spinothalamic Traclt

Diagram of cervical, thoracke, and lumbar cord, with pathways. (a) Pain and temperature.




Vibration & Position Sense

Primary &
Somatosensory -
Cortlex
Cerabral
: Cornax
Thalamus
L) & =
- « D Gracilis Nucleus
- Cuniate Nucleus
Medial Leminiscus ] g
i — Medullary-Cervical
Junction
| -
Gracilis Fascicule O rd
Cuniale Fascicule T -

Spinal Cord C5

Spinal Cord TS

Daorsal (Posterior) Column

“in Dorsal
Rool Ganglion

Spinal Cord LS

(b) Vibration and position sense.




Brown-Sequard Syndrome
of Spinal Cord
Hemisection

Posterior (dorsal)
columns

*‘-"‘-J—_._ Lateral
L/ y corticospinal

g 7 tract
! : ';;' e
F o Wl
Pl

i
=
Spinothalamic
tract

w FI" - - L]
Same side as lesion: | Side opposite lesion:

UMN weakness &/ Loss of pain & temp.

Loss of position & vibration




‘ Spinal Cord Syndromes

= Brown-Séquard Syndrome

The Brown-Sequard
syndrome is
characteristically
produced by
extramedullary lesions

Brown-Sequard syndrome

—Brazis, Ltocalizationin—
Clinical Neurology, 5t ed



Dezcending
Ascending
section

ClUreake ]
gQraucile

dorsal corticaspinal

lareral
coHicospinal

spinoreticular

ribrospinal
spifocerebellar

spinothalamic

tectospihal

vestibulospinal

wehtral coricaspinal

La=s of
sensakion

Lao=s= of tactile sense
and proprioceptive
sensakion

La== af pain and kemp
sensakion
Impaired tactile sense
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‘ Spinal Cord Syndromes

= Posterior & Postero-Lateral Cord

Posterolateral column syndrome
{subacute combined degenaration)

Brazis, Localizationin
Clinical Neurology, 5t ed
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Degeneration ol postarior golumns, -and
corficospinal and dirgct spinocerabeallar
tracts; chiefly in midihaoracic spinal cord

Ataxia,
aspecially
I darkness

Mumbness tingling or. pins-and-
naadlas sansation N hands
and/or feal

Fatient sswways wilh
aves closed (pasitive
Hombarg's “sign)

Fernicious aneamia with rna.l:rn;lcylus.-ps,
poikilocytosis and polychromatophilia
almosl always present. Hemoaglobin e
may bBe mormal, mean corpuscular
voalume elevated. Bone marrow
charactenstigally -atmoarmal

Giloasitls
Cormmmon

Vitaration
sensae lost

sonsoe

FPosition

last
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Acute Spinal Cord Syndromes: Evolution of Symptoms

Back pain: onset ) Numbness
acule or gradual (Y of limbs

~ Paralysis (may oceur y
premonitory s




‘ Spinal Cord Syndromes

= Anterior Cord

Anterior spinal artery
aoclusion

Brazis, Localizationin
Clinical Neurology, 5t ed



5
1 vertebral a.

. J
= 3
Sl
=7 f

Pl

VS
i

;

l

af&
D
)

radiculara.

D
C!
=
?

(O
W

5N

= _ aorta

43 great radicular a.
& (of Adamkiewicz)
Blood supply of the spinal cord (diagram, longitudinal
view).



posterior spinal aa.

corticospinal tract

lateral
spinothalamic tract

1 arm/hand
2 trunk
3 leg/foot

Vasocoronda

sulcocommissural a.

anterior spinal a. radicular a.

Blood supply of the spinal
cord (diagram, cross-sectional view).
Occlusion of the anterior spinal a. pro-
duces infarction in the area shaded in

gray.
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Spinal Cord
Syndrome

Amyaotropliic
[Lateral Sclerasis
(ABS))

LeUNGHETIFS
Disease




The other “anterior cord’” diseases

Combined anterior horm call-
pyramidal tract syndrome
(amyotrophic lateral sclerosis)

Brazis,-Localization-in

Clinical Neurology, 5t ed



‘ The other “anterior cord’ diseases

Anterior horn cell syndrome

Brazis, Localizationin
Clinical Neurology, 5t ed
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Friedreich's Ataxia

Posterior and anterior spinocerebellar tracts

Child 'with progressive (ataxzia)
ataxi i it, - -
:c?njfijt?éi: desgal Lateral corticospinal (pyramidal) tragt

{less of motor power)

Posternor columns:
{IO$S l:ll posltlﬁn 5!!“'5{!}

Dorsal rool ganglion

Sites of spinal cord degengration
{and resultant functional deficits)

Paradoxical positive
Babinski sian, with loss of
knea jerk

aj 'y i

H - n o - - -
£l £ T EEEE
- ERREEEENRRRRaqERY ERRREE
FPes cavus with talipes RV E IRRP2 TREEEE IV Ll
varus and claw toes 14 - T '

Py S8 2 1

ERERERE E1REEH

‘3'3" Death often caused by cardiac abnormalities (interstitial myocarditis,

fibrosis, enlargement, arrbythmias, murmurs, heart block)




The typical foot deformity in Friedreich ataxia (“Fried-
reich foot”).
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Spinal Cord Syndromes

Central Cord*

) Fasciculus gracilis
Fasciculus cuneatus

Dorsal spinocarabellar tract

Lateral cordicospinal
tract

Ventral spinocerabellar
tract

Central lesions (syringomyelia) Spinothalamic tra-:t QJL

Ventral corticospinal tract

Typically due to Chiari type | and type Il or Dandy-Walker
malformations, or as a late sequel to traumatic paraplegia or
tetraplegia, spinal trauma, spinal cord tumors, arachnoiditis Brazis, Localization in

Clinical Neurology, 5t ed



Darsal root
ganglion

Dorsal
root

Central Cord
Syndrome

Posterior (dorsal)
columns

Lateral
corticospinal

: ‘.’/ tract
\ | Intermedio-

r — lateral
columns

Spinothalamic
tract

Ventral
root The lesion interrupts fibers

crossing to enter the spino-
thalamic tracts, and fibers
mediating the tendon stretch
reflex. As itenlarges, it affects
the intermediolateral columns
(autonomic function), and the
lateral corticospinal tracts.




Syringomyelia

Saection o cervical spnal cord showing
cavily of syrinx surrounded by gliosis

Pain
Temparalturea FPosition Towuch

Riagram demonstirating intéerruptian of

My elogram showing grossed pain and temperature fibers by
subtle wmicn[hg ol syrinx. Undrossed light touch and
cervical spinal cord propriocaption fibers presarved

Bulging of spinal cord
due 1o sSyrinx

Magnnur.‘ resonance. IMmagoe. araa
ol diminished signal withim
cervical and upper spinal corg

(Errows) is fuaicdd-Tilled syrinx Capalike distribution
Corabellar tonsil extends Adlrophy of hanmd musclos al pain and tempaera-—
below [oraman S rwm diue 1o neurcirophic delicit lure sensatian oss
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Motor Impairment Related to Level of Spinal Cord Injury

Function Muscles. Segments
-‘_‘_‘_"_.___p-

Inspiration Diaphragm C3, 4,5

{ interossel

-Hihﬂ'lﬂ?].nﬁlici': Thenar group | : c8, T1

Knes extensors ‘ -'Qgiﬂﬂu&ﬁs : L3, 4

Ankie dorsiflexors  Tibialls anterior L4, 5

- .
i

£ NeRs
= f"{" ' T CIBE
i_b___ Beevor's sign

It patient actively flexes nack,
abpdominal museles refllexly contract
If lowear abdominal musculature
. (belfow T9) is relatively weaker than
— upper abdominal musculature, nave|
moves up (positive Beevoar's sign)

e —

It LI-IPPBI' abdominal musculature is:j and I:luwar abdominal musculature iaj then L’L-_Ee‘evur‘s sign is |

) _— —— = = [ = =
) = = 3«
Mo rrmad FMormal MNegatives
Mormal Waoak ar nonfunctioning Positivae
Viizak Nonfunctioning Positive

MNonfuncticaning Monfunctioning Moot e

<2:Myotome
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A, Sagittal T2-weighted cervical spine MRI demonstrating multilevel
cervical spondylosis with the most severe cord compression/deformation
at the C3 to C7 levels. B, Intraoperative photograph after multilevel
cervical laminectomies.
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A

A, Sagittal T2-weighted MRI of the thoracic spine demonstrating an intradural extramedullary lesion at the T8-9
interspace, dorsal to the spinal cord, with severe compression/deformation of the cord. B,Intraoperative photograph

demonstrating the T8-9 meningioma with the spinal cord visualized deep to the tumor. The dura is tacked up
laterally.




Fosterior root
Posterior root ganglion

Spinal nerve

S5l g LAl L Llal

Fosterior median sulcus

Anterior median fissure

55



Perniesteum of Vertebra
- Epidural’Space epldural’anestiesia

- Subarachnoid Space Lumbar Puncture
Spinal Anesthesia

- Denticulate Ligament Cordetenmy,
—HEllumrlenninale
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http://radiology.rsnajnls.org/content/vol218/issue2/images/large/r01fe40g1a.jpeg

A Al

A 38-year-old man presented with 9 weeks of
progressive neck pain and a neurologic examination
remarkable for meningismus. MRI of the cervical spine
demonstrated a homogeneously contrast-enhancing
intramedullary mass at C1-C2 with attendant cord
enlargement . Resective surgery was
performed, and an image-verified complete resection
was achieved. Histopathology was consistent with a
World Health Organization (WHO) grade |l cellular
ependymoma. Six months of intensive rehabilitation
were required postoperatively, but ultimately the
patient made a complete recovery.

Comment. Spinal cord ependymomas are potentially
curable, if completely resected. In this case, the decision
was made to observe the patient without further
therapy after resection, and 10 years later, MRI
continued to show no evidence of disease and the
patient was asymptomatic.

Intramedullary ependymoma.

T2-weighted sagittal MRI of the cenical

spinal cord demonstrating a lesion
with focal cord expansion at C2-C3. Postcontrast
T1-weighted MRI (not shown) demonstrated
homogeneous contrast enhancement of the lesion.



Carvical Spine Injury: Incomplete Spinal Cord Syndromes

A, Spinal cord orlentation

- Posterior columns (position sonsa)
——

—_— = Lowwar limb
e Trunk

—Upper limk
= LOWBr lirnb} Laternl spinothaiamic iract

} Latéral cortléaspinal tract (motor)

e TRUNR (pain ang Lompaoraturae); fibors

[ - upper limb_) decussale before ascending

—— Antaricr spinal-artery

==

Central cord syndrome

Cantra cord némorrhagoe ancd
edemn. Parts of 3 main tracts
invalved on both aldes: Upper
limba mare alloctad than
Iowar limbs

Antarlor =pii|ul artery syndroma

Ar‘rafr damaged by bone aor cartilage spioules
Y (shadoed-ared altpcted). Bilateral lozs ol
Loy omotor function and pain sensation below

k- <] infured sagmenl. posiion SanSe prasornoed
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INTERNATIONAL STANDARDS FOR NEUROLOGICAL

2 S# k CLASSIFICATION OF srn:)u CORD INJURY I S_Q ."S

{ISNCSC

FPatient Mame

DateTime of Exam

Examinier Name

Signature

SENSORY SENSORY
RIGHT  Y0Qks  rersevorveoms rersansomveonrs  NOIOR LEFT
Light Touch {LTR} Pin Prick {PPR) Light Touch (LTL) Pin Prick (PPL)
Cc2 c2
Cc3 C3
C4 Cc4
Elbow flexors C5 C5 Elbow flexors
UER Wrist extensors C6 C6 Wristextensors UEL
{Upper Extremity Right) Eibow extensors CT CT Elbow extensors {Upper Extremity Left)
Finger flaxors C8 C8 Finger flexors
Finger abductors g firgerd T4 T1 Finger abductors e fnger)
Comments {Non-fiey Muscle? Reason for NT7 Pain?); i L MOTOR
T3 T3 {SCORING ON REVERSE SIDE]
T4 T4 0 = totn pavasis
T5 T5 ! = paipabie or Wallse contraction
22 Betih moverment, geialy simingld
T6 T6 = gt mrovemont, sgwnst sravty
TT T? £ = pclhve movoment, Bpanst E0Mo MELNC
5= soffve movement, somnef il reststance
T8 T8 5= nomal correchod for painddizies
T To NT= nt fesizhie
T10 T10 SENSORY
™ 1'11 {SCORING ON REVERSE SIDE}
g= & = normal
T:f E 2 | N« i ostabe
Hip flexors L2 L2 Hip flexors
LER Knee extensors L3 L3 Kneo extensors LEL
(Lower Extremity Right)  Anké dorsiflexors L4 L4 Ankie dorsifiexors  (Lower Extremity Left)
Long toe extensors: L5 L5 Lony tos extensors
Ankde plantar flaxors §1 81 Ankle planiar fexors
S2 852
{VAC) Voluntary anal contraction 83 S3 ﬁ {DAP} Deep anal pressure
RIGHT TOTALS | | I l | | | | | | LEFT TOTALS
(MAXIMUM)  (50) {56) (56} {56} {56} (50)  (MAXIMUM)
MOTOR SUBSCORES SENSORY SUBSCORES
ver[  Jeve[  J=uvemstomar[ | Ler| ]+ LEL [ Jeremstorac [ ] wm[C_Je [ J=trromac_] per| [+peL]  J=pprom] |
NEUROLOGICAL L 4. COMPLETE OR INCOMPLETE? fi complots iepores o) T
LEVELS 1. SENSORY Ii] [: {;éting:ﬁ% I:I incompiste = Any senstry o molar funchian in $4-5 L] ZONE OF PARTIAL SENSORY : :
Seos WEAr bt pworor{ L) (NLI) 5. ASIA IMPAIRMENT SCALE (a1s) | . PRESERVATION MOTOR
This form may be copled freely but should not be altered without permission from the American Spinal Injury Association. REV 0313



Oculomotor nerve (111}

Facial nerve {\VII)

Glossopharyngeal nerve (IX)
Vagus nerve (X)

Parasympathetic innewatiun

'Heart {sinus node)
Reduced heart rate
Reduced contractility

' Baroreceptors in aortic
| arch and carotid sinus
| Regulates blood pressure

Sympathetic innervation
| Heart {T1-T5) .
| Increased heart rate
| Increased contractility

| Arteries of the upper thorax
| Innervates smooth muscle

|Arteries of the Inwgr'i-harax {Te-L3)
Innervates smooth muscle

Medulla oblongata

— Sympathetic neurons
—— Parasympathetic neurons

Sympathetic preganglionic
neurons located in the
intermediolateral cell
column in the gray matter
of the spinal cord



A s

A 45-year-old man sustained a C7 American Spinal Injury Association (ASIA)
complete spinal injury (ASIA A) while snowboarding. He vwas stabilized at
a trauma center and subsequently transferred to a rehabilitation unit.
Anticoagulation was started for deep venous thrombosis prophylaxis

and was discontinued at 3 months. At the conclusion of inpatient
rehabilitation, his neurologic examination was notable for a spastic
quadriplegia with absent sensation below C7. Functionally, he was
independent in level-surface transfers, manual wheelchair mobility, and
basic activities of daily living. He was placed on baclofen 20 orally mg

3 times a day with modest control of symptomatic spasticity. Four months
postinjury, he developed a pulmonary embolus secondary to a venous
thrombosis in his leg. He was treated with warfarin for 6 months.

Five months postinjury he began to note deep, nonlocalized pain below the
level of injury. Spinal cord MRI showed no evidence of cystic transformation
at the site of injury. He was treated unsuccessfully with gabapentin and was
subsequently switched to pregabalin with 30% pain relief. Video
urodynamic study revealed detrusor hyperactivity with

high-pressure contractions; renal ultrasound was normal. His wife was
assisting him with his bladder management, which was clean intermittent
catheterization every 5 to 6 hours and long-acting oxybutynin to prevent
occasional bladder leakage. He was interested in fertility. He had used
vibratory stimulation unsuccessfully for ejaculation and had a semen
analysis by electroejaculation with consideration of semen cryopreservation.
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Oculomotor nerve (111}

Facial nerve {\VII)

Glossopharyngeal nerve (IX)
Vagus nerve (X)

Parasympathetic innewatiun

'Heart {sinus node)
Reduced heart rate
Reduced contractility

' Baroreceptors in aortic
| arch and carotid sinus
| Regulates blood pressure

Sympathetic innervation
| Heart {T1-T5) .
| Increased heart rate
| Increased contractility

| Arteries of the upper thorax
| Innervates smooth muscle

|Arteries of the Inwgr'i-harax {Te-L3)
Innervates smooth muscle

Medulla oblongata

— Sympathetic neurons
—— Parasympathetic neurons

Sympathetic preganglionic
neurons located in the
intermediolateral cell
column in the gray matter
of the spinal cord
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A 47-year-old man with a history of untreated HIV presented with a dermatomal rash in the left

C5 distribution that was complicated by pain and arm weakness. Examination demonstrated a
vesicular rash over the left C5 dermatome, proximal left arm weakness, and increased biceps reflex on
the left. Imaging is shown in Figure . Lumbar puncture demonstrated a lymphocytic pleocytosis

of 119 with normal glucose and an elevated protein of 129 mg/dL. Varicella-zoster virus (VZV) DNA
was detected in CSF.

T2 weighted sagittal (A, with cut line at axial level of C4-C5 for reference) and axial (8) MRI of the cervical

spine in the patient in Case with vancella-zoster virus myelitis shows left posterior hom hyperintensity at
the level of C5 (arrow).



dae A sty

dac 0] ALY
=il e
DAl 28 2l g
staph, Strep, E.coli, TB
e gl BY) g
Salmonella or brucella




yYyYvvyvyvyvyvyvYVYYYYVYYVYYYVYYVYYYYY

Etiologies of
Intramedullary

Rim-Enhandng Lesions

Actinomyces species
Bacteroides fragilis

Brucella species
Coccidioides immitis
Cryptococcus neoformans
Cytomegalowvirus
Diphthercoids

Enterococcus Tfaecalis
Escherichia coli
Fusobacterium species
Haemophilus aphrophilus
Haemophilus influenzae
Histoplasma capsufaturm
Listeria monocytogenes
Nycobacterium tuberculosis
Nocardia asteroides
Protews mirabilis
Schistosorma species
Staphylococcus epidermidis
Staphylococcus aureus
Streptococcus haemolyticus
Streptococcus prnewnoniae
Streptococcus viridans
Taenia solium

Toxoplasma gondii







Source: Ropper AH, Samuels MA: Adams & Victor's Principles of NMewralogy
Qth Egition: http oSS www.oaccessimedicing . com

Copyright S The Mc-GSraw Hill Companies, Inc. All rights reserved.

cute postinfections myeltis in the saqittal () and axial t8) planes, Thers 13 T2 signal change and other images showed mild enhancement after gadolinium
The cord 15 shightly enlarged at the involved level,
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A 16-year-old boy presented to a local emergency
department with a report of abdominal pain,
nausea, and an inability to urinate for 12 hours.
An ultrasound confirmed a markedly enlarged
bladder, and a urinary catheter was placed.
Within 12 hours he developed sensory changes

in his feet ascending to his chest and weakness in
his legs. Within 24 hours he was paralyzed from
the chest down with no volitional movement
and loss of all sensory modalities. MRI revealed a
longitudinally extensive spinal cord lesion,

which was T2 hyperintense and exhibited
associated enhancement after the administration
of gadolinium . CSF was notable for a
lymphocytic pleocytosis. He was treated for
transverse myelitis with high-dose corticosteroids
and plasma exchange (five full volume exchanges
over 8 days, with the schedule of exchanges
determined principally by blood fibrinogen levels).
He was ambulatory with a cane 6 months after
admission, but continued to require catheterization
to empty his bladder.

Imaging of the patient in Case

showing a longitudinally extensive,

enhancing spinal cord lesion. A, Sagittal
T2-weighted short tau inversion recovery (STIR) MRI;
B, sagittal T1-weighted postcontrast MRI.



Recommended Additional Testing for Patients With Probable Transverse Myelitis®

Test

Reason

Brain MRI

Aquaporin-4 immunoglobulin G
SSA/SSB

Antinuclear antibody
Anticardiolipin antibody
Copper

Vitamin By

Treponemal antibody

Chest CT scan

CSF oligoclonal bands

CSF varicella-zoster virus PCR

CSF and respiratory enterovirus PCR

Multifocal brain lesions suggest multiple sclerosis
Neuromyelitis optica (NMO)

Sjogren syndrome-associated transverse myelitiss/NMO
Lupus-associated transverse myelitisNMO
Antiphospholipid syndrome-associated transverse myelitis
Copper deficiency-associated myelopathy

Subacute combined degeneration

Tabes dorsalis

Sarcoidosis

Associated with multiple sclerosis

Varicella-zoster virus myelitis

Enterovirus-associated transverse myelitis and flaccid paralysis

MRI = magnetic resonance imaging; SSA = Sjogren syndrome A; S5B = Siégren syndrome B; CT = computed tomography; CSF = cerebrospinal

fluid; PCR = polymerase chain reaction.

" Recommended additional testing beyond spinal cord imaging.
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Graphic illustration of the vascular anatomy of the spinal cord in longitudinal (4) and axial (B} views.

Reprinted with permission from Rabinstein AA, Resnick $), Saunders Elsevier.? @ 2009 Elsevier, Inc.
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Causes of Spinal
Cord Infarction

Aortic dissection

Aortic surgery

Aortic atherosclerosis
Severe hypotension

Spinal trauma
Fibrocartilaginous embolism
Cardiogenic embolism
Subclavian artery dissection
Vertebral artery dissection
Vasculitis

Decompression sickness
Other iatrogenic causes®
Other various causes®

Cryptogenic

Other iatrogenic causes include nonaortic
surgery, vertebral angiography, celiac plexus
neurolysis, renal artery embolization,
intraaortic balloon-pump counterpulsa-
tion, and intrathecal injection of lidocaine
or phenol, among others.
® Other various causes include sickle cell
disease, cancer, and other hyper-

coagulable disorders.




Metabolic Causes

Neurologic

of Myelopathy

Nutrient Features Cause of Deficiency Diagnosis Treatment

Vitamin B,z Myelopathy, Malnutrition, atrophic Serum vitamin B, 1000 mcg IM or

(cobalamin) myeloneuropathy, gastritis, pernicious methylmalonic subcutaneous
memory loss, anemia, gastrointestinal acid, homocysteine vitamin B,; daily
psychosis, (Gl) conditions or GI for 5 days;
neuropathy, surgery, H; antagonists then monthly
orthostatic ’

: 1000 ally dail

hypotension meg ofally daiy

Folic acid

Copper

Vitamin E

Same as vitamin By

Myelopathy,
neuropathy,
myeloneuropathy,
optic neurcpathy

Myelopathy,
neuropathy,
myopathy,
ophthalmoplegia,
ptosis, pigmentary
retinopathy

Alcoholism, chronic Gl

disorders, folate antagonists

(eg, methotrexate,
trimethoprim)

Excessive zinc ingestion,

gastric surgery, chronic
Gl conditions

Chronic cholestasis,

pancreatic insufficiency,

Gl conditions,
a-tocopherol transfer
protein deficiency,

hypobetalipoproteinemia,

abetalipoproteinemia

Serum folate,

red blood cell folate,

homocysteine

Serum copper,
ceruloplasmin,
24-hour urine
copper, serum zinc,
24-hour urine zinc

Serum vitamin E

Oral folic acid 1 mg
three times daily
initially until hematologic
abnomalities normalize,
then 1 mg daily;

1 to 5 mg/d parenterally

(For prevention of
neural tube defects,
0.4 mg/d in women of
childbearing age)

Oral elemental copper
8 mg/d first week;

6 mg/d second week;
4 mg/d third week;

2 mg/d thereafter

Vitamin E 200 1U/d
to 200 IWkg/d orally
or parenterally

M = intramuscular.



Toxic Myelopathies

Toxin

Features

Diagnosis

Treatment

Nitrous oxide

Heroin
Konzo (cassava)

Neurolathyrism

Radiation

Subacute combined degeneration,
resembles vitamin B, deficiency

Transverse myelitis, urinary
retention, rhabdomyolysis

Progressive spastic paraparesis
or quadriparesis

Spastic paraparesis, may have
lower limb pain; may have
neuropathy

Self-limited Lhermitte

phenomenon, delayed progressive
paraparesis with loss of
bowel/bladder function

IM = intramuscular; MRl = magnetic resonance imaging.

Low or borderline low
serum vitamin B,

History of exposure

Serum thiocyanate,
history of ingestion

History of exposure,

f-N-oxalylamino-L-alanine

levels urine
History of radiation

exposure, T2 hyperintensity

on spine MRI

IM or subcutaneous
vitamin B3

Consider methionine
Supportive

Avoid through proper
cassava preparation

Improved preparation,
mixing other grains with
grass pea

Possible role of

anticoagulation,
bevacizumab,
corticosteroids
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Central lesions (syringomyelia) Complete cord transection

Combined anterior homn call-
pyramidal tract syndrome

(amyatrophic lateral sclerosis) Anterior hom cell syndrome

Posterolateral column syndrome Anteriar spinal artery
{subacute combined degenaration) acclusion
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Bl corvical roots C1-C8
-1 Bl thoracic roots T1-T12
B lunbarroots L1-L5
Bl :acral roots 51-55
B coccygeal root
spinous processes C1-C7
[B*8 spinous processes T1-T12
NE=EY <pincus processes L1-LS
spinous processes S1-55
ill-Z‘. Bl cocoyx
-1 spinal cord segments C1-C8
=2 spinal cord segments T1-T12
I-2 spinal cord segments L1-1L5
=4 spinal cord segments S1-55
-5 spinal cord segment Col
-z
-4
-5

: Topographical relations of the wvertebral column and
nerve roots to the spinal cord. The growth of the spinal cord
during embryonic development lags behind that of the spinal
column; therefore, more caudally lying nerve roots traverse greater
distances in the spinal subarachnoid space to reach their exit
foramina. In the conventional numbering system, the cervical spinal
rnerves exit the spinal canal above the correspondingly numbered
vertebra, while all spinal nerves from T1 downward exit below the
correspondingly numbered vertebra.
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Source! Junqueira LS, Carneiro 1t Basic Histology: Text and Atlas,
11th Edition: http:ffwww, accessmedicine, com

Copuright ® The McocSraw-Hill Cormpanies, Inc All rights rezerved.

Eye

Lacrimal gland

Submaxillary gland
Sublingual gland
Parotid gland

Heart

Larynx, trachea,
and bronchi

Lung

Stomach

Small
intestine

Abdominal
blood vessels

Liver
Gallbladder
Bile ducts

Pancreas
Adrenal medulla

Kidney

Colon

Rectum

Bladder

Sex organs and

A ;axtamal genitalia




Anatomical Differences in Sympathetic

and Parasympathetic Divisions

* Issue from different
regions ofthe CNS

* Sympathetic —also
called the
thoracolumbar
division

* Parasympathetic —
also called the
craniosacral division
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Spastic neurogenic bladder. The bladder is cut off from
the influence of the CNS above the level of the lesion, but the spinal
reflex arc controlling micturition is intact. It is automatically acti-
vated whenever the bladder is filled to a certain volume.

voluntary
bladder control

bladder filling
and mural tension

pain and
temperature sensation

site of lesion



center is destroyed, and the vesical musculature can no
longer be induced to contract. The bladder fills until the in-
travesical pressure exceeds that of the external vesical sphinc-
ter; thereafter, urine is released in small quantities at shorter

than normal intervals. Complete bladder emptying is no
longer possible.

voluntary
bladder control

bladder filling
and mural tension

pain and
temperature sensation

S2-4

site of lesion




Acute Spinal Cord Syndromes: Pathology, Etiology and Diagnosis

A. Metastatic lesion

Myelogram showing
extradural block caused
by metastatic tumor

25 &

Melanoma . .
(skin or X-ray hl_m showmg
mucous destruction of pedicle
membrane) and vertebral body by
metastatic carcinoma

Lymphoma
(may be Bone scan showing
primary) multiple metastases

Posterior columns intact
(position sense intact) =
Sensory dissociation

Lateral corticospinal tract
infarcted (motor function lost)

Loss of
Spinothalamic tract infarcted pain and :
(pain and temperature temperature

sensation

sensation lost)

because of infarction of
anterolateral spinal cord
due to:

Thrombaosis of artery
of Adamkiewicz,
central (sulcal) artery,
anterior spinal artery,
intercostal artery

or to:

Aortic obstruction by
dissecting aneurysm
or clamping during
heart surgery

Dissecting aortic aneurysm
i obstructing artery of
Position sense Adamkiewicz by blocking
retained intercostal artery

C. Epidural abscess ~
Hematogenous

Skin: Urinary tract: Lung: Dental: Throat: i
furuncle, renal, perirenal or pneumonia, abscess pharyngitis,
carbuncle prostatic abscess; abscess, tonsillitis,
pyelonephritis bronchiectasis abscess
Direct

Pain on percussion
of spine.
Local warmth

: Decubitus ulcer, may be noted
abscess _" Dermal sinus direct or hematogenous

Psoas

s e Ao T st
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SOMATIC MOTOR SYSTEM

Upper motor

VOLUNTARY - ] E
CONTROL e =S —_
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Pyramidal Trac

Brain'Stem
Descending
Rathway,

Rubrospinal Tract
Tectospinal Tract
Vestibulospinal Tract
MLF

Reticulospinal Tract

AUTOMATIC CONTROL

N

REFLEX




Global Distribution of Infectious Agents Associated With

Myelopathy

Organism

Location of Highest Endemicity

Borrelia burgdorferi

Coccidioides immitis
Dengue virus
Herpesviruses

HIV type 1

Human T-cell lymphotropic

virus type |
Mycobacterium tuberculosis

Poliovirus
Rabies virus

Schistosoma haematobium
Schistosoma japonicum
Schistosoma mansoni

Taenia solium

Trypanosoma brucei
West Nile virus

Northeast, mid-Atlantic, Northern Midwest
United States, Europe

Southwestern United States, Central America
South America, sub-Saharan Africa, Southeast Asia
Worldwide

Sub-Saharan Africa, although endemic worldwide

Central and South America, sub-Saharan Africa,
Middle East, Japan

South America, sub-Saharan Africa, Eastern Europe,
Asia, Greenland

Endemic in Afghanistan, Nigeria, Pakistan

Worldwide, but most common in Africa, Central
and South America, Eastern Europe, Asia

Africa, Middle East
East Asia
Sub-Saharan Africa, South America

Central and South America, sub-Saharan Africa,
Southeast Asia

Sub-Saharan Africa
North America, Africa, Middle East

HIW = human immunodeficiency virus



A s

A 46-year-old man with a history
of uncontrolled HIV presented
with progressive lower extremity
weakness and ataxia over the
course of several months. He

had no other signs of opportunistic
infection. Examination demonstrated
mild spastic weakness in his lower
extremities with upgoing toes, a
wide-based, ataxic gait, and a
Romberg sign. His upper
extremities and cranial nerves were
not involved. MRI of his thoracic
spine is shown in Figure

Lumbar puncture demonstrated

a lymphocytic pleocytosis of

60 cells/uL, elevated CSF protein

of 83 mg/dL, normal CSF glucose,
and a CSF HIV RNA level of greater
— than 500,000 copies/mL.  lent N
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An 80-year-old man with a history of uncontrolled diabetes mellitus and Enterococcus faecalis
endocarditis that developed in the setting of urosepsis presented 1 week after initiation of IV ampicillin
and ceftriaxone with marked upper thoracic back pain and urinary incontinence. Examination
demonstrated bilateral loss of proprioception and vibration sensation and mild weakness in the hands
and fingers bilaterally and proximal lower extremities. Emergent MRI was performed and
followed by laminectomy from C5 to T2 with washout of purulent material. The patient’s back pain
resolved and he regained the ability to bear weight and walk with assistance, but remained incontinent
of urine at 1 month follow-up.

Sagittal T1-weighted MRI of the patient in Case before (A) and after (B) administration of IV gadolinium
demonstrates hypointensity (A) and enhancement (B) of the C7, T1, T2, and T3 vertebral bodies, suggestive
of osteomyelitis. Additional multilevel epidural enhancement surrounds and deforms the spinal cord
(arrowheads), suggestive of extensive epidural abscess.



Oculomotor nerve (111}

Facial nerve {\VII)

Glossopharyngeal nerve (IX)
Vagus nerve (X)

Parasympathetic innewatiun

'Heart {sinus node)
Reduced heart rate
Reduced contractility

' Baroreceptors in aortic
| arch and carotid sinus
| Regulates blood pressure

Sympathetic innervation
| Heart {T1-T5) .
| Increased heart rate
| Increased contractility

| Arteries of the upper thorax
| Innervates smooth muscle

|Arteries of the Inwgr'i-harax {Te-L3)
Innervates smooth muscle

Medulla oblongata

— Sympathetic neurons
—— Parasympathetic neurons

Sympathetic preganglionic
neurons located in the
intermediolateral cell
column in the gray matter
of the spinal cord



A s

A 52-year-old man presented to the emergency department with a 1-hour history of pain in his back along
the midline between his shoulders. The pain was also present in his chest, and he was evaluated for a
possible myocardial infarction or aortic dissection. While in the emergency department, he developed

sensory changes and weakness in his legs, which progressed over 90 minutes to complete paralysis
of his lower extremities. MRI of the spinal cord revealed a subtle T2 hyperintense lesion within the central

spinal cord extending from T1 to T4. There was no associated enhancement with contrast administration.
CSF analysis identified a pleocytosis with 9 white blood cells per mm?, 10% polymorphonuclear leukogytes,
and a protein of 69 mg/dL. He had no improvement with IV corticosteroids, and a spinal angiogram

revealed a dural arteriovenous fistula. Once endovascularly closed, the patient experienced symptom
improvement and was ambulatory 6 months later.




MRI findings in sarcoidosis
rmyelitis. T1-weighted
postcontrast image shows
meningeal enhancement.




A s

A 62-year-old man presented with midback pain and
slowly progressive lower extremity weakness. The
patient had a history of prior radiation therapy (2 years
previously) for an intra-abdominal soft tissue sarcoma.
Examination revealed a mild spastic paraparesis and a
710 segmental sensory level of diminished sensation.
Workup was unremarkable for recurrent sarcoma.
Postcontrast T1-weighted sagittal MRI sequences of
the thoracic spine revealed a T8 to T10 intradural
inhomogeneously contrast-enhancing lesion with
minimal cord enlargement . Marrow
replacement with fat was evident (increased signal) in
the prior radiation field. Initial treatment was with
dexamethasone, but with little response, therapy was
changed to bevacizumab.

Radiation myelitis. Thoracic MRI
using postcontrast T1-weighted
sagittal sequences demonstrating
a T8 to T10 intradural inhomogeneously
contrast-enhancing lesion with minimal
cord enlargement.
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L5 Spinal nerve
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Spinal nerves
Ventral rami

Coccygeal nerves

The L2 to L5, 51 to 55, and coccygeal nerve roots form the cauda equina as they
descend through the thecal sac on the way to their exit foramina.

Reprinted with permission from Stewart ID, Lippincott Willlams & Wilkins 2 @ 2000 Lippincott

Williams & Wilkins.
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Oral Medications Commonly Used for Spasticity®

Medication Starting Oral Dose

Maximum Oral Dose

Adverse Effects

Baclofen 5mg 3 times/d
Tizanidine 2 mg/d

Diazepam 2 mg 2 times/d or
5 mg at bedtime

Dantrolene 25 mg/d

Clonidine  0.05 mg 2 times/d

Gabapentin 100 mg 3 times/d

80 mg/d in divided doses
36 mg/d in divided doses

40-60 mg/d in divided doses

100 mg 4 times/d

0.1 mg 4 timesyd

3600 mg/d in divided doses

Muscle weakness, sedation, dizziness,
withdrawal syndrome

Sedation, weakness, dizziness,
reversible elevation of transaminase

Sedation, cognitive impairment,
dizziness, potential for dependence,
withdrawal syndrome

Potentially irreversible hepatotoxicity,
requires regular monitoring;
weakness, sedation

Hypotension, bradycardia, dizziness,
constipation

Sedation, dizziness

* Reprinted from Abrams G, Wakasa M, UpToDate.* © 2014 UpToDate, Inc. wiww.uptodate.com/contents/chronic-complications-of-

spinal-cord-injury-and-disease.



Expected Functional Recovery Following Complete Spinal Cord Injury by
Spinal Level®

Spinal Level

Activities of Daily Living

Mobility and Locomotion

C1 to C4

Cc5

ce

7

c8

T1
T2 to L1
L2

L3

L4 to S1

Feeding possible with balanced
forearm orthoses

Computer access by tongue, breath,

voice controls

Weight shifts with power tilt and
recline chair

Mouth stick use

Drink from cup, feed with static
splints and setup

Feed, dress upper body with setup
Dressing lower body possible
Forward weight shifts

Independent feeding, dressing,
bathing with adaptive equipment
and built-up utensils

Independent feeding, dressing,
bathing

Bowel and bladder care with setup
Independent in all self-care
Independent in all selfcare
Independent in all self<care

Independent in all self<care

Independent in all self<care

Operate power chair with tongue, chin, or
breath controller

Propel chair with hand-rim projections short
distances on smooth surfaces

Power chair with hand controller

Bed mobility with equipment
Levelsurface transfers with assistance
Propel indoors with coated hand rims

Independent bed mobility and level-surface
transfers

Wheelchair use outdoors (power chair for
school or work)

Propel chair, including curbs and wheelies (ie,
lifting front wheels of chair for curbs, turns,
pressure relief)

VWheelchair-to-car transfers
Transfer from floor to wheelchair
Stand with braces for exercise

Potential for swing-to gait with long leg braces
indoors

Potential for community ambulation
Potential for ambulation with short leg braces
Potential for ambulation without assistive devices

* Reprinted with permission from Frost FS, Saunders.?” @ 2000 Elsevier, Inc.



Lo r

Spinal cord £ o
(=] L~=3
Cervical PR — -
enlargement S - —
= =
=) G
cs- L —
T - ——
o 5]
{'v'erisgbfall :‘_Emal]I ' -J.
epidural space : o
/ [ 0
Subarachnoid ]
space Thoracie nerves | 0
(12 pairs)
0
Lumbosacral
enlargement - T12~ .
Conus ] |
medullaris " L1~ 7
spinal | ".I
ural sac - =
Lumbar cistern of
subarachnoid space -ﬂ E Lifrloas iy vis
Cauda equina s [ Gpais)
Filum terminale == —
internum ﬁ . -
r’ g ’ - rt Ij_.. L
51+
If'. — | Sacral merves
Il. J‘ {5 pairs) ‘L
Filum terminale — St 8. tol
externum -
} nerve{l pa'ir:l
Lateral View Anterior View

e Cenvical nerves and ganglla
== Thoracic nenves and ganglia
= | umbar nenses and ganglia
= Sacral and cocoygeal nerves
and ganglia




Toxic Myelopathies

Toxin

Features

Diagnosis

Treatment

Nitrous oxide

Heroin
Konzo (cassava)

Neurolathyrism

Radiation

Subacute combined degeneration,
resembles vitamin B, deficiency

Transverse myelitis, urinary
retention, rhabdomyolysis

Progressive spastic paraparesis
or quadriparesis

Spastic paraparesis, may have
lower limb pain; may have
neuropathy

Self-limited Lhermitte

phenomenon, delayed progressive
paraparesis with loss of
bowel/bladder function

IM = intramuscular; MRl = magnetic resonance imaging.

Low or borderline low
serum vitamin B,

History of exposure

Serum thiocyanate,
history of ingestion

History of exposure,

f-N-oxalylamino-L-alanine

levels urine
History of radiation

exposure, T2 hyperintensity

on spine MRI

IM or subcutaneous
vitamin B3

Consider methionine
Supportive

Avoid through proper
cassava preparation

Improved preparation,
mixing other grains with
grass pea

Possible role of

anticoagulation,
bevacizumab,
corticosteroids



Global Distribution of Infectious Agents Associated With

Myelopathy

Organism

Location of Highest Endemicity

Borrelia burgdorferi

Coccidioides immitis
Dengue virus
Herpesviruses

HIV type 1

Human T-cell lymphotropic

virus type |
Mycobacterium tuberculosis

Poliovirus
Rabies virus

Schistosoma haematobium
Schistosoma japonicum
Schistosoma mansoni

Taenia solium

Trypanosoma brucei
West Nile virus

Northeast, mid-Atlantic, Northern Midwest
United States, Europe

Southwestern United States, Central America
South America, sub-Saharan Africa, Southeast Asia
Worldwide

Sub-Saharan Africa, although endemic worldwide

Central and South America, sub-Saharan Africa,
Middle East, Japan

South America, sub-Saharan Africa, Eastern Europe,
Asia, Greenland

Endemic in Afghanistan, Nigeria, Pakistan

Worldwide, but most common in Africa, Central
and South America, Eastern Europe, Asia

Africa, Middle East
East Asia
Sub-Saharan Africa, South America

Central and South America, sub-Saharan Africa,
Southeast Asia

Sub-Saharan Africa
North America, Africa, Middle East

HIW = human immunodeficiency virus



A s

A 46-year-old man with a history
of uncontrolled HIV presented
with progressive lower extremity
weakness and ataxia over the
course of several months. He

had no other signs of opportunistic
infection. Examination demonstrated
mild spastic weakness in his lower
extremities with upgoing toes, a
wide-based, ataxic gait, and a
Romberg sign. His upper
extremities and cranial nerves were
not involved. MRI of his thoracic
spine is shown in Figure

Lumbar puncture demonstrated

a lymphocytic pleocytosis of

60 cells/uL, elevated CSF protein

of 83 mg/dL, normal CSF glucose,
and a CSF HIV RNA level of greater
— than 500,000 copies/mL.  lent N




A s

A 47-year-old man with a history of untreated HIV presented with a dermatomal rash in the left

C5 distribution that was complicated by pain and arm weakness. Examination demonstrated a
vesicular rash over the left C5 dermatome, proximal left arm weakness, and increased biceps reflex on
the left. Imaging is shown in Figure . Lumbar puncture demonstrated a lymphocytic pleocytosis

of 119 with normal glucose and an elevated protein of 129 mg/dL. Varicella-zoster virus (VZV) DNA
was detected in CSF.

T2 weighted sagittal (A, with cut line at axial level of C4-C5 for reference) and axial (8) MRI of the cervical

spine in the patient in Case with vancella-zoster virus myelitis shows left posterior hom hyperintensity at
the level of C5 (arrow).



A s

An 80-year-old man with a history of uncontrolled diabetes mellitus and Enterococcus faecalis
endocarditis that developed in the setting of urosepsis presented 1 week after initiation of IV ampicillin
and ceftriaxone with marked upper thoracic back pain and urinary incontinence. Examination
demonstrated bilateral loss of proprioception and vibration sensation and mild weakness in the hands
and fingers bilaterally and proximal lower extremities. Emergent MRI was performed and
followed by laminectomy from C5 to T2 with washout of purulent material. The patient’s back pain
resolved and he regained the ability to bear weight and walk with assistance, but remained incontinent
of urine at 1 month follow-up.

Sagittal T1-weighted MRI of the patient in Case before (A) and after (B) administration of IV gadolinium
demonstrates hypointensity (A) and enhancement (B) of the C7, T1, T2, and T3 vertebral bodies, suggestive
of osteomyelitis. Additional multilevel epidural enhancement surrounds and deforms the spinal cord
(arrowheads), suggestive of extensive epidural abscess.
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Etiologies of
Intramedullary

Rim-Enhandng Lesions

Actinomyces species
Bacteroides fragilis

Brucella species
Coccidioides immitis
Cryptococcus neoformans
Cytomegalowvirus
Diphthercoids

Enterococcus Tfaecalis
Escherichia coli
Fusobacterium species
Haemophilus aphrophilus
Haemophilus influenzae
Histoplasma capsufaturm
Listeria monocytogenes
Nycobacterium tuberculosis
Nocardia asteroides
Protews mirabilis
Schistosorma species
Staphylococcus epidermidis
Staphylococcus aureus
Streptococcus haemolyticus
Streptococcus prnewnoniae
Streptococcus viridans
Taenia solium

Toxoplasma gondii
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A 16-year-old boy presented to a local emergency
department with a report of abdominal pain,
nausea, and an inability to urinate for 12 hours.
An ultrasound confirmed a markedly enlarged
bladder, and a urinary catheter was placed.
Within 12 hours he developed sensory changes

in his feet ascending to his chest and weakness in
his legs. Within 24 hours he was paralyzed from
the chest down with no volitional movement
and loss of all sensory modalities. MRI revealed a
longitudinally extensive spinal cord lesion,

which was T2 hyperintense and exhibited
associated enhancement after the administration
of gadolinium . CSF was notable for a
lymphocytic pleocytosis. He was treated for
transverse myelitis with high-dose corticosteroids
and plasma exchange (five full volume exchanges
over 8 days, with the schedule of exchanges
determined principally by blood fibrinogen levels).
He was ambulatory with a cane 6 months after
admission, but continued to require catheterization
to empty his bladder.

Imaging of the patient in Case

showing a longitudinally extensive,

enhancing spinal cord lesion. A, Sagittal
T2-weighted short tau inversion recovery (STIR) MRI;
B, sagittal T1-weighted postcontrast MRI.



A s

A 52-year-old man presented to the emergency department with a 1-hour history of pain in his back along
the midline between his shoulders. The pain was also present in his chest, and he was evaluated for a
possible myocardial infarction or aortic dissection. While in the emergency department, he developed

sensory changes and weakness in his legs, which progressed over 90 minutes to complete paralysis
of his lower extremities. MRI of the spinal cord revealed a subtle T2 hyperintense lesion within the central

spinal cord extending from T1 to T4. There was no associated enhancement with contrast administration.
CSF analysis identified a pleocytosis with 9 white blood cells per mm?, 10% polymorphonuclear leukogytes,
and a protein of 69 mg/dL. He had no improvement with IV corticosteroids, and a spinal angiogram

revealed a dural arteriovenous fistula. Once endovascularly closed, the patient experienced symptom
improvement and was ambulatory 6 months later.




MRI findings in sarcoidosis
rmyelitis. T1-weighted
postcontrast image shows
meningeal enhancement.




Recommended Additional Testing for Patients With Probable Transverse Myelitis®

Test

Reason

Brain MRI

Aquaporin-4 immunoglobulin G
SSA/SSB

Antinuclear antibody
Anticardiolipin antibody
Copper

Vitamin By

Treponemal antibody

Chest CT scan

CSF oligoclonal bands

CSF varicella-zoster virus PCR

CSF and respiratory enterovirus PCR

Multifocal brain lesions suggest multiple sclerosis
Neuromyelitis optica (NMO)

Sjogren syndrome-associated transverse myelitiss/NMO
Lupus-associated transverse myelitisNMO
Antiphospholipid syndrome-associated transverse myelitis
Copper deficiency-associated myelopathy

Subacute combined degeneration

Tabes dorsalis

Sarcoidosis

Associated with multiple sclerosis

Varicella-zoster virus myelitis

Enterovirus-associated transverse myelitis and flaccid paralysis

MRI = magnetic resonance imaging; SSA = Sjogren syndrome A; S5B = Siégren syndrome B; CT = computed tomography; CSF = cerebrospinal

fluid; PCR = polymerase chain reaction.

" Recommended additional testing beyond spinal cord imaging.



A Al

A 38-year-old man presented with 9 weeks of
progressive neck pain and a neurologic examination
remarkable for meningismus. MRI of the cervical spine
demonstrated a homogeneously contrast-enhancing
intramedullary mass at C1-C2 with attendant cord
enlargement . Resective surgery was
performed, and an image-verified complete resection
was achieved. Histopathology was consistent with a
World Health Organization (WHO) grade |l cellular
ependymoma. Six months of intensive rehabilitation
were required postoperatively, but ultimately the
patient made a complete recovery.

Comment. Spinal cord ependymomas are potentially
curable, if completely resected. In this case, the decision
was made to observe the patient without further
therapy after resection, and 10 years later, MRI
continued to show no evidence of disease and the
patient was asymptomatic.

Intramedullary ependymoma.

T2-weighted sagittal MRI of the cenical

spinal cord demonstrating a lesion
with focal cord expansion at C2-C3. Postcontrast
T1-weighted MRI (not shown) demonstrated
homogeneous contrast enhancement of the lesion.



A s

A 62-year-old man presented with midback pain and
slowly progressive lower extremity weakness. The
patient had a history of prior radiation therapy (2 years
previously) for an intra-abdominal soft tissue sarcoma.
Examination revealed a mild spastic paraparesis and a
710 segmental sensory level of diminished sensation.
Workup was unremarkable for recurrent sarcoma.
Postcontrast T1-weighted sagittal MRI sequences of
the thoracic spine revealed a T8 to T10 intradural
inhomogeneously contrast-enhancing lesion with
minimal cord enlargement . Marrow
replacement with fat was evident (increased signal) in
the prior radiation field. Initial treatment was with
dexamethasone, but with little response, therapy was
changed to bevacizumab.

Radiation myelitis. Thoracic MRI
using postcontrast T1-weighted
sagittal sequences demonstrating
a T8 to T10 intradural inhomogeneously
contrast-enhancing lesion with minimal
cord enlargement.
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The L2 to L5, 51 to 55, and coccygeal nerve roots form the cauda equina as they
descend through the thecal sac on the way to their exit foramina.

Reprinted with permission from Stewart ID, Lippincott Willlams & Wilkins 2 @ 2000 Lippincott

Williams & Wilkins.



Oculomotor nerve (111}

Facial nerve {\VII)

Glossopharyngeal nerve (IX)
Vagus nerve (X)

Parasympathetic innewatiun

'Heart {sinus node)
Reduced heart rate
Reduced contractility

' Baroreceptors in aortic
| arch and carotid sinus
| Regulates blood pressure

Sympathetic innervation
| Heart {T1-T5) .
| Increased heart rate
| Increased contractility

| Arteries of the upper thorax
| Innervates smooth muscle

|Arteries of the Inwgr'i-harax {Te-L3)
Innervates smooth muscle

Medulla oblongata

— Sympathetic neurons
—— Parasympathetic neurons

Sympathetic preganglionic
neurons located in the
intermediolateral cell
column in the gray matter
of the spinal cord



INTERNATIONAL STANDARDS FOR NEUROLOGICAL

2 S# k CLASSIFICATION OF srn:)u CORD INJURY I S_Q ."S

{ISNCSC

FPatient Mame

DateTime of Exam

Examinier Name

Signature

SENSORY SENSORY
RIGHT  Y0Qks  rersevorveoms rersansomveonrs  NOIOR LEFT
Light Touch {LTR} Pin Prick {PPR) Light Touch (LTL) Pin Prick (PPL)
Cc2 c2
Cc3 C3
C4 Cc4
Elbow flexors C5 C5 Elbow flexors
UER Wrist extensors C6 C6 Wristextensors UEL
{Upper Extremity Right) Eibow extensors CT CT Elbow extensors {Upper Extremity Left)
Finger flaxors C8 C8 Finger flexors
Finger abductors g firgerd T4 T1 Finger abductors e fnger)
Comments {Non-fiey Muscle? Reason for NT7 Pain?); i L MOTOR
T3 T3 {SCORING ON REVERSE SIDE]
T4 T4 0 = totn pavasis
T5 T5 ! = paipabie or Wallse contraction
22 Betih moverment, geialy simingld
T6 T6 = gt mrovemont, sgwnst sravty
TT T? £ = pclhve movoment, Bpanst E0Mo MELNC
5= soffve movement, somnef il reststance
T8 T8 5= nomal correchod for painddizies
T To NT= nt fesizhie
T10 T10 SENSORY
™ 1'11 {SCORING ON REVERSE SIDE}
g= & = normal
T:f E 2 | N« i ostabe
Hip flexors L2 L2 Hip flexors
LER Knee extensors L3 L3 Kneo extensors LEL
(Lower Extremity Right)  Anké dorsiflexors L4 L4 Ankie dorsifiexors  (Lower Extremity Left)
Long toe extensors: L5 L5 Lony tos extensors
Ankde plantar flaxors §1 81 Ankle planiar fexors
S2 852
{VAC) Voluntary anal contraction 83 S3 ﬁ {DAP} Deep anal pressure
RIGHT TOTALS | | I l | | | | | | LEFT TOTALS
(MAXIMUM)  (50) {56) (56} {56} {56} (50)  (MAXIMUM)
MOTOR SUBSCORES SENSORY SUBSCORES
ver[  Jeve[  J=uvemstomar[ | Ler| ]+ LEL [ Jeremstorac [ ] wm[C_Je [ J=trromac_] per| [+peL]  J=pprom] |
NEUROLOGICAL L 4. COMPLETE OR INCOMPLETE? fi complots iepores o) T
LEVELS 1. SENSORY Ii] [: {;éting:ﬁ% I:I incompiste = Any senstry o molar funchian in $4-5 L] ZONE OF PARTIAL SENSORY : :
Seos WEAr bt pworor{ L) (NLI) 5. ASIA IMPAIRMENT SCALE (a1s) | . PRESERVATION MOTOR
This form may be copled freely but should not be altered without permission from the American Spinal Injury Association. REV 0313



S5to

e ®| -start
=] E = Start l_
8T Volunta vnid1
26 Bladder filling i //‘“L

- gy i y -

00— b _

L

=

Ll

0 200
Bladder volume (mL)

Paraplegic patient

e 100 = Reflex void
o L
53z
g £E Bladder filling
0-— — R Detrusor-sphincter dyssynergia
G]
=
Lt i
n_

0 100 200 300
Bladder volume (mL)



Oral Medications Commonly Used for Spasticity®

Medication Starting Oral Dose

Maximum Oral Dose

Adverse Effects

Baclofen 5mg 3 times/d
Tizanidine 2 mg/d

Diazepam 2 mg 2 times/d or
5 mg at bedtime

Dantrolene 25 mg/d

Clonidine  0.05 mg 2 times/d

Gabapentin 100 mg 3 times/d

80 mg/d in divided doses
36 mg/d in divided doses

40-60 mg/d in divided doses

100 mg 4 times/d

0.1 mg 4 timesyd

3600 mg/d in divided doses

Muscle weakness, sedation, dizziness,
withdrawal syndrome

Sedation, weakness, dizziness,
reversible elevation of transaminase

Sedation, cognitive impairment,
dizziness, potential for dependence,
withdrawal syndrome

Potentially irreversible hepatotoxicity,
requires regular monitoring;
weakness, sedation

Hypotension, bradycardia, dizziness,
constipation

Sedation, dizziness

* Reprinted from Abrams G, Wakasa M, UpToDate.* © 2014 UpToDate, Inc. wiww.uptodate.com/contents/chronic-complications-of-

spinal-cord-injury-and-disease.



Expected Functional Recovery Following Complete Spinal Cord Injury by
Spinal Level®

Spinal Level

Activities of Daily Living

Mobility and Locomotion

C1 to C4

Cc5

ce

7

c8

T1
T2 to L1
L2

L3

L4 to S1

Feeding possible with balanced
forearm orthoses

Computer access by tongue, breath,

voice controls

Weight shifts with power tilt and
recline chair

Mouth stick use

Drink from cup, feed with static
splints and setup

Feed, dress upper body with setup
Dressing lower body possible
Forward weight shifts

Independent feeding, dressing,
bathing with adaptive equipment
and built-up utensils

Independent feeding, dressing,
bathing

Bowel and bladder care with setup
Independent in all self-care
Independent in all selfcare
Independent in all self<care

Independent in all self<care

Independent in all self<care

Operate power chair with tongue, chin, or
breath controller

Propel chair with hand-rim projections short
distances on smooth surfaces

Power chair with hand controller

Bed mobility with equipment
Levelsurface transfers with assistance
Propel indoors with coated hand rims

Independent bed mobility and level-surface
transfers

Wheelchair use outdoors (power chair for
school or work)

Propel chair, including curbs and wheelies (ie,
lifting front wheels of chair for curbs, turns,
pressure relief)

VWheelchair-to-car transfers
Transfer from floor to wheelchair
Stand with braces for exercise

Potential for swing-to gait with long leg braces
indoors

Potential for community ambulation
Potential for ambulation with short leg braces
Potential for ambulation without assistive devices

* Reprinted with permission from Frost FS, Saunders.?” @ 2000 Elsevier, Inc.
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Migraine

Aura

Unilateral
numbnass
or weakness

Visual disturbances, most common element of
migraine aura: biurred cloudy vision, scolomas,

scintillating zigzag lines (fortification spectrum), 3
flashes ﬂigligll'lgt. ?lc ( P :I ol aura, which may occur

Some other manifestations

individually or in combination
Attack

Severe, throbbing
headache; unilataral
at first but may
spread to opposite

sida y

"Sonophobia”

Photophobia

Local erythema

may be present Speaks in low voice 1o

avoid aggravating pain

Pallor,
perspiration

Vomiting may occur
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Transient global amnesia.
Sudden loss of memory;

eq, workman asks "Whare

am 17 What am | doing?”
Ditterentiate from psychogenic
amneasia. in which personal
identity often confused

Amnesic stroke. Bilateral infarction of
hippocampus and media!l lemporal lobes

Korsakotl's syndrome. Small hamorrhages around

gniarged 3rd ventricle and shrunken mamillary Herpes simplex encephalitis. May also
hodies (arrows), Glinical features include cause memory loss. Microglial podules (A},
memaory [oss, confabulation, confusion, peripheral perivascular lymphocyte cupping (B) and

nauritis, nystagmus and ophthalmoplegia intranuclear inclusion bodies (C) in brain
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Ischemic —¢————— Strokeé ————— Hemorrhagic
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NINDS-AIREN criteria for probable vascular dementia
_-————_..e. i i i’ LiirararriFia-cdiiei i il il i l i i st e wSI=——Il ttt - A LEAi lllIiAiAhliitAA—AA—A———™—.———
The criteria for the clinical diagnosis of probable
vascular dementla mclude all of the followmg.

Deme ntla

Defined by cognttlve decllne from a prevmusly higher level of
functioning and manifested by impairment of memory and of two
or more cognitive domains (orientation, attention, language,
visuospatial functions, executive functions, motor control, and
praxis), preferably established by clinical examination and
documented by neuropsychological testing; deficits should be
severe enough to interfere with activities of daily living not due to
physical effects of stroke alone.

Exclusion criteria: Cases with disturbance of consciousness,
delirium, psychosis, severe aphasia, or major sensorimotor
impairment precluding neuropsychological testing. Also excluded
are systemic disorders or other brain diseases (such as AD) that in
and of themselves could account for deficits in memory and
cognition.

Cerebrovascular disease

Defined by the presence of focal signs on neurologic examination,
such as hemiparesis, lower facial weakness, Babinski sign,

sensory deficit, hemianopia, and dysarthria consistent with stroke
(with or without history of stroke), and evidence of relevant CVD

by brain imaging (CT or MRI) including multiple Iarge vessel infarcts
or a single strategﬁ:ally placed infarct (angular gyrus, thalamus,
basal forebrain, or F&L‘Auer AGA t&r‘rrtﬂhes% as well as multiple
basal ganglia and white matter lacunes, or extensive

periventricular white matter lesions, or combinations thereof.
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Temporal Profile of Transient
Ischemic Attack (TIA), Residual
Ischemic Neurologic Detficit (RIND),
and Completed Infarction (Cl)

Sudden episode ol focal weaknesas
or numbness, aphasia. unitateral
loss of vision {amaurosis fugax),
homonymous hemianopsia, of
symptams from vertebrobasilar
artary TIA

May progress to
severg focal
neurnlogic delicit
and eventually
coma

residual
deficit
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Internal
carotid

External
carotid

Common
carotid

B C

Source: Fauci A5, Kasper DL, Braunwald E,. Hauszer SL, Longo DL, Jameson JL, Loscalzo 1;
Harrizon's Frinciplas of Intarnal Madicine, 17th Edition: http/fwew. accessmadicine. com

‘Cn:-p','right =2 The McGraw-Hill Companies, Inc all rights reszerved,




IS4

A, Ooular Internal
carolid .

Transiant thalmic a.
piimdreas in Cpihe
ong aya frorm
Tarmporary
roclunion sy
pratwlat-fibrin

or cholestperal
ombol (on side of
Iinvalved ariary)

Cantral
ratireal, m.

Occlusion de l'artére centrale de la
rétine dans les premiéres heures.
Artéres gréles peu visibles, macula sombre
contrastant avec la rétine blanchitre cedé-
matiée. (Collection du Pr Sarraux.)

Partinl plindnoss maoay  be
dieciod by coOvaring Grne
oyn Al o time to deloomins
i defect 4 moancsolor or
B cuinr




e 5 Jaws giall Al byl -

8. Carabral
homispheroe

Decasional — Homonymous (partial) visual fieid defecis
rerndaches X .

(uimmaliy
supracrbital or
tamporal)

L an gusge d'ﬁn:’l {partinl or complete)
only: when dominant homisphore s involved

Hemiparssin or homiplogin

{only arm or leg may be allecied);
may be flesting, translant or
permanant and may appear with or
withoul sonsary deliciis

On side oppofite
invalved arfary

Fatient may anwaken
s oyl s':lpﬁﬂ unabie:
1o mowe alfected side



Drawing of a coronal
section of the cerebral hemispheres
showing gne ma s
cerebral artery and its lenticulostriate
artery branches.




Internal
capsule

Claustrum

Antearior FPutamen

carebral a.

Internal carotid a.

Uncus

Middle cerebral a.
KEY

I Ant. cerebral a.
. " Middle cerebral a.

[ Deep branches of middle cerebral a.
- || Post cerebral a.
. | Deep branches of ant. cerebral a.

Source: Faur A%, Kasper DL, Braunwald E, Hauser 5L, Longo DL, Jameson I, Loscalzo 1t
Harrizon’s Fr.lnc.rp.l'-a; ::-fint&rna-.l' .l'r:l'ea'acme, 17th Editicon: http Flwmm, accegﬁmedlclne corm

Copyright 2 The FACSEaw- Hill Cormpanies, Inc All rights reserved,



Medial

Mator rolandic a.
cortex

Secondary Pericallosal a.
motor area

Post

Sensory parietal a.

Medial

Splenial a.
prerolandic a. P

Lateral posterior

Calloesomarginal a. chorcidal a.

Frontopolar a. ll |

Ant. cerebral a.——=—

Post. thalamic a.

Parietooccipital a.

Visual
cortex

Striate area
along calcarine
sulcus

Calcarine a.
Post. temporal a.

Medial orbitofrontal a.

Post. communicating a.

Medial posterior choroidal a.

Penetrating
thalamosubthalamic Post. Wb Hippocampal As.
paramedian As. cerebral temporal a.

stem

Source: Fauc A5, Kasper DL, Braunwald E, Hauser 5L, Longe DL, Jameson JL, Loscalzo J1:
Harrizor's Principles of Intarnal Madicine, 17th Edition: httpiffwwe accessmedicine. com

Copuright @ The McGraw-Hill Companies, Inc All rights reserved.



Ant. parietal a.

Rolandic a.

Post. parietal a.
Prerolandic a.
Angular a,

Lateral
orbitofrontal a.

Sup. division
middie carebral a.
Post. temporal a.

Temporopolar a_'

Visual radiation
inf. division
middie cerebral a.

Ant. temporal a.

KEY
| Broca's area | Sensory cortex | Auditory area . Motor cortex
0 Contraversive || Wemnicke's | Visual cortex
eye canter aphasia area

Source: Fauc AS, Kasper DL, E-r_aun_w_ald E, Hauser 5L, Longo DL, Jameson IL, Loscalza 1!
Harrlzon's Principles of Interna! Medicine, 17th Edition: http:/fwww. accessmedicine. com

Cn:up','ri'ght-@ The MoGraw-Hill CDmpaniéE, Inc all rights reserved,
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Dominant Hemisphere Language Dysfunction

Broca's aphasia

Wernic

Clinical syndromes related to site of lesion

Global a

ital region

Dysarthria, Normal, Occasional Var
stuttering, fluent, Mormal pause in MNormal ahni«\:.\rmar
effortful loquacious word finding
Missed syllables, Use of wrong
agrammalical, or nonexistent ﬁg;ndz wiend Often normal c:c':aﬁil‘?“ﬂ't_ Normal V:ry o
telegraphic words circumlocution abnor
Abnormal but Ver
better than Abnormal Abnormal Mormal Marmal MNormal aben!;rm al
spontaneous .
Very Slightly Very |
Mormal st SEnarval Mormal MNormal MNormal S hnarmal ;
Not as good Abnormal but Often Ver 1
y Very Very |
as for spoken better than normal abnormal Normal abnormal abnormal
language for spoken 1I
Clumsy, Penmanship OK | Occasional Very abnormal |
agrammatical. butrmisspglling spetling and 5ne¥|ina arrorsl Normal Mormal :::_L_ml
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Nondominant Hemisphere Higher Cortical Dysfunction

Foa
[
A. Constructional dyspraxia and spatial disorientation et
N Wy 0
A B
i i,
& & 3
Clogk face drawn by patient Patient asked lo copy—= Draws this House drawn by patient

B. Neglect of left-sided stimuli

— jyeme=

HE Lomn is my shepherd; | shall my shepherd; 1 shail

mot want,

1 He maketh me to lie down in me fo lie down in
g:en stures: he leddeth me beside he leadeth me besdide

still waters,

3 He restoreth my soul: he leadeth iy goul: he leadeth
me in the paths of rightecusness for ¢ of righteousness for

his name’s sake. 1

4 Yea, thou walk through the 1 1 walk through the

valley of the ¢ of death, | will  adow of death, 1 will

fear no evil: fer thou art with me; thy thou ari with me; thy
- ] rod and thy staff they comfort me. { they comfiort me.
Patient shown piclure ———s Sees this Palient shown printed page —= Sees this

C. Anosognosia
[unawareness
of deficit)

Neot recognizing
deficil, patient
insists on trying
to walk and falls,
but still fails
to recognize
deficit

Patient with obvious
left hemiplegia. &
Asked, "What is wrong
with you?"
Answars, "Nothing
is wrong, | am
perfectly all right”

D. Motor impersistence

Y L
X A
sl
(] 1
1 1
-— 1 1
Patient asked to f H
raise -arms over head f d

and to keep them up

Raises arms but
then drops them
quickly ———»

(@GIBA
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Top wview of carabral cortex



Medial

Motor rolandic a.
cortex

Secondary Pericallosal a.

~ motor area
Medial

prerolandic a.

Post

Sensory parietal a.

Splenial a.

Lateral posterior
chorgidal a.

Post. thalamic a.

Frontopolar a. ‘{ - ' Parietooccipital a.

Callosomarginal a.

Visual
cortex

Striate area
along calcarine
sulcus

Calcarine a.
Post. temporal a.

Medial orbitofrontal a.

Post. communicating a.

Medial posterior choroidal a.

Penetrating
thalamos_ybﬂ'lalamic Post. B Hippocampal As.
paramedian As. cerebral temporal a.

stem

Source: Fauc A%, Piaisper'DL_. Braunwald E, Hauser 5L, Longo DL, darmmeson JL, Loscalzo J:
Harrizen's Princicles of Internal Medicine, 17th Edition: httpiffwww accessmedicine, com

Copyright @ The McoSraw-Hill Cormpanies, Inc aAll rights reserved,
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Oeniugion of “Top of Basilar'' and Posterior Cerebral Arteries

—internal carotid a.
Middte carebral a.
Posterior communicating a.

Thalamoperforaling aa.
1o medial thalamus

Thalamogeniculale aa.
to lateral thalamus

Postarior cerebral a.
Superior cerebellar a.
Basilar a. and obstruction
‘Anterior inferior cerebellar a.

Vertebral a.

Areas supplied by posterior
cerebral arteries (blue)

and clinical manifestations
of infarction

Medial thalamus and midbrain
Hyparsomnolence

Small, nonreactive pupils
Bifateral third cranial

nerve. palsy '
Behavioral alterations
Hailucinosis

Lateral thalamus and posterior
limb of internal capsule
Hemisensory loss

Hippocampus and madial
temporal lobes
Memory loss

Splenium of corpus callosum
Alexia without agraphia

Calcarine area

Hemianopsia {or bilateral
blindness if both posterior
cerebral arterias occluded)



Ant. cerebral a.

Internal
carotid a. Post.
communicating a.
Post. cerebral a.
Ant.

Medial posterior
choroidal a.

choroidal a.

Mesencephalic

paramedian As.
Ant. temporal a.

Splenial a.

Parietooccipital a:— Hippocampal a.

Calcarine a.
- Post. temporal a.

Post. thalamic a.

Visual

cortex Lateral posterior

choroidal a.

Source: Fauci A5, Kasper DL, Braunwald E, Hauser 5L, Longo DL, Jameson JL, Loscalzo J:
Harsizon's Prncples of fnktarnad Madicine, 1 7th Edition: httpiffweww, accessmedicine. com

Copweright @& The MocSdraw-Hill Companies,. Inc. all rights rezervad,



Eye movement disorders in midbrain infarcts, A, Nuclear third-nerve
syndrome (ptosis, third-nerve palsy, contralateral upgaze limitation).

B, Vertical one-and-a-half syndrome (upgaze palsy). C, Midbrain infarct
{magnetic resonance imaging). (continued)




Cerebellum
Vestibular nuclei =

intarior
careballar
peduncle:

Solitary
tract
nucleus

Dorsal
vagal
nucleus

Descending
spinal tract
and nucleus of
trigeminal (V) n.

Hypoglassal
nucleus

Lateral spino-
cerebellar tract
Lateral spino-
thalamic tract

Mucleus ambiguus
Autonomic fibers—

Anterior spino=
thalamic tract

Posterior inferior

cerebellar a.

Posterior
cerebral a.

SCA
Basilar a;
Pons

AlCA

BDura

Anterior
spinal a.

Intracranial Occlusion of Vertebral Artery .
Posterolateral medullary infarction and clinical manifestations

Headache, vomiting,
decreased conscicusness

Dizziness, verligo,
diplopia, nystagmus

Heoarseneass, palatal
paralysis, dysphagia

Pain in eye, face,
forehead (at onset);
ipsilateral loss of
pain and temperature
sansation in face;
diminished corneal
reflex

Alaxia,
staggering

Contralateral loss of
pain and temperature
sensation in body

Horner's syndrome,
micsis, eyelid ptosis

Vertebral
artery
obsltructed

Shaded area shows
zaone of infarction

A

Pyramid

Medial
lemniscus

Antearior
spinal a.

Intracranial obstruction of
vertebral artery proximal to
origin of posterior inferior
cereballar artery (PICA)

may be compensated by
preserved flow from contra=
lateral vertebral artery. I
PICA origin is blocked, lateral
medullary syndrome (shown
above) may result. Clot also
may extend 1o block anterior
spinal artery branch, causing
hemiplegia, or embolization
1o basilar bifurcation may
cause “'top of basilar”
syndrome



Ischemia in Vertebrobasilar Territory: Clinical Manifestations

Abnormal eye movements (cranial nerves I, 1V
andfor V). Haorner's syndrome may be present

Motor and sensory
deficits in face; unilateral,
bilateral or alternating
{cranial nerves WV and VI

Mertigo, ataxia;

motor and sensory
deficits, which may
be unilateral, bilateral
or altermating

Dysphagia
(cranial nerve X)

4N

Altered consciousness
(partial or complete) may.
be fleating, transient or
of long duration
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En heart [pamp)
failure and watershed infarction:
(A} nommal pump and arterial
ciculaticn; (B) low pump pressurms
ared border-rone ischemia. Water
goes to the cenber of hoses
{arteries), and stippled areas
show poor flow. n contrast, with
{C} “beacked hose™ and middle
cerchral-artery infarction, water
flonw is deficient & the center of
wipply (stippled area),



L Adventitia

L Meda
{smooth muscle
and connectee tizzua)

irtema
{andothelum)

(A) The cartoon shows a normal brain-supplying artery. The st shows the various layers within a normnal
artery. (B) Atherosclerotic plaque within an artery narrowing the lumen. (C) White and red thrombi occluding a longitu-
dimal segment of an artery.



Examples of potential sources of embodisrm:
(a) cardiac mural thrombus; (b) vegetations on heart
valve; (c) embaoli from carotid plaque. (d) shows infarcted
cortex in area supplied by terminal middle cerebral artery
due to embolism.



Internal carotid artery
atherosclerotic lesions: (A) plague;
(B} plaque with platelet-fibrin
emboli; (C) plague with occclusive
thrombus; (D) recent ischemic cere-
bral infarct due to embolization of
the internal carotid artery thrombus.




ustrathons of

the three magor causes of bram
ischemin. {A) Thrombosis, The
imsert shromws g thwombads inoan
glherosclerohic anery leading (o a
brain infarct, {B) Embodism. &
thrombous thal origimated in a
donor sounce embolized to the A | _— i - |
recipient site {shsonem in the insert) A i i ! U | W 3 L
causing an embaolic brain imfarct, : ‘. [ 5 S
and (L) systeamic hypoperfusion. Systemic hypop=riision
Irffarcis are n border-rons regions.
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12%

Haemorrhagic

Cryptogenic B Ath(:)rosvcIerotli:;:r
30% \ cerebrovascu

disease
= 20%

Small vessel
disease
"lacunes”

25%
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Time course of embolic stroke

100
1

"5@ @Hnm l

— R TSN 1=

III Paresthesias
|

S0 -

Percent of function

Hospital admission

4 B8 12 16

Weeks

Embolic stroke occurs suddenly, with symptoms maximal at onset. This patient had
multiple embolic events with different clinical symptoms (initially weakness,
followed by paresthesias).



ilaall s S50 hian 350

e Lia U }Yc._\.)udﬁjedc

sl 3G e Lk JST55 ) glas 23]
(B ylaa (e selad Libaly (g pall SLA

. a).uﬁ\ u.u\).ud\ Slelinal A
aaaeia Al 55 Glbia i af 35ms B



LAY e sl JOA 4y gaal) 4038000 e ol Cany
5 SU) 5 483D 40l jdl) Aalleall a jell Jaald sale

asall e Wia 056 ) (ssmal) (el (K15 (55
. J oYl

S 8 Jall s LS 22080 slad) 4453Vl B el
il JSAIL 3l iy

Cliall JSEIL Leadle 5 4lS 0 ga g (5 )t e



Y Ao gia gl ddle 5y ghad Jaad Al 408l sy
Toast “iiial Guua Slaall

A gia 3 yghad Jaad Al jilaall aal-¥

;\...JLG 3 ¢hd Jaal gﬂ\ alaall ebi-\

U Jlawil Mechanical ) 485Kl dmiall ol

) alaall S

Jsymall 3 laa )

bl alall Jda

i el el

i)l ) g

DY) Cphad) A8 ja b (al

(el T e il s gl € e JiST) (8 o LSS

T3

(prosthetic valve
2 i) e (Al Baad
dan ye 48 e gl V) olas
@ omall A3V 3 8
i sall Gl e 3ia
(abal € e JBl) Cpan 6 LIS
oY) bl A4S A Y
rbliaa s

aed alas el



omall ) Ao Lauantl cilay ol

(Thoracic aortic plaque)

S ] e e b, S R, e I i P
¥ ’ i F] |
Normal Mi& 3 mm plague 7 mm plague




T N PRATRCA PSP B
L..;A,p.ad\ alaill e

LIS .
Al LA de ) el o



OS] Ay

i e i

3 3Sl) Gl ) 8
PN EET
. W | 060«

Lr‘h)gS\ LAyl ):

& ? . ” :

sduan])l Cilaill J-:M .

. (R RV
* @ J
e



5wl cpul el clpliial Y

> 50% stenosis
of a major extra-or
Intracranial

artery




Stuttering course of thrombotic stroke

100 V- . |

= 75 \,
2£ u 3
5¢ |
%g 50 \
m
££ ey
E
& 25

0

40 80 120 160 240

Time, minutes

The course of weakness of the right limb 1n a patient with a thrombotic stroke
reveals fluctuating symptoms, varying between normal and abnormal, progressing
in a stepwise or stuttering fashion with some periods of improvement.
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Hospital
admission

\||1_ ? g /

100 -

|| Left limb
I'” l|weahnr:ss

50 —

Percent of function

| I
0 5 10 15

Days

Penetrating artery occlusions usually cause symptoms that develop over a short
period of time, hours or at most a few days, compared to large artery-related brain
ischemia which can evolve over a longer period. A stuttering course may ensue, as

with large artery thrombosis. This patient had a pure motor hemiparesis.
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Time is Brain

A pea sized piece of -
brain dies for every
12 minutes that
treatment is delayed

Each minute you -°
wait, you lose close
to 2 million brain
cells
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@ Recognize the Symptorms of 3 Stroke

T % 3Simple Questions ‘ @
— Askthe personte :
smile
= — Askthe personto .
raise both arms

— Ask the person to say
3 sim pie sehtehce
"The Sk}r is blue in

Az far o santeacs Boston”
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Clinical Evaluation and Therapeutic Options in Stroke

History
(from patiant
and family,
with emphasis
on ongat

and liming)

Fundoscopic
examination

Cholesterol embolus Flatelel-fibrin embolus

Auscultation

Atrial Hi Myocardial
=y fitirillation ™ infarction
CT scan
(to rule
out other
dissases)
Subdural hematoma Maetastasis with ederma Meningioma uh edama
lood lysi
Blgat aneiysia cec Glucose level
fellowed by Platelet count Calcium lavel
angiography Sedimentation Seralogic test
(s2e Plates 22-23) FRin for syphilis
w——— Surgical ot
Carotid
Therapeutic artery
aptions stancsis

Disease of
vertabro-
basilar artery

K,‘eJ-fff:

'*/@ Ciea Cardiac emboli
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(Antithrombotic therapies ) A3l dbiaal) = Slall

Aspirin 160-300 mg/d »

LMWH prophylactic »
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Kringle 1 KEringle 2
2CD
mgﬂ' Bag

tPA

Diagnosis of ischemic stroke causing measurable neurclgical deficit £ 2%, 595,@
3 b

EY Ll 2 P

The neuralogical zigns should not be clearing spontansously
The neurological signs should not be minor and isolated
Caution should b2 exemriszd in treating a patient with major deficits

The symptoms of etroke should not be suggestive of subarachnoid
hemarrhage

Onset of symptoms <3 hours before beginning treatment

No head trauma or prior stroke in previous 3 months

Ho myocardial infarction in the pevious 3 months

No gastmintestinal or urinary tract hemorrhage in previous 21 days
No major surgery in the previous 14 days

Ho arterial puncture at a noncompressible site in the pevious 7 days

Protease

No history of previous intracranial hemorrhage

Blood prezsure not elevated isystolic <<125 mm Hg and diastalic
=110 mm Hg

No evidence of active bleeding or acute trauma (fracture) on examination
Not taking an oral anticoagulant or # anticoagulant being taken, INR =1.7
If receiving heparin in previous 48 hours, aPTT must be in normal range
Platelet count =100 000 mm?

Blood gluccse concentration =50 mgfdL 2.7 mmal'L)

No seizure with postictal esidual neurclogical impairments

CT does not show a multilobar infarction (hypodensity =14 cerebral
hemisphare

The patient or family understand the potential risks and benefits from
treatment



CLOTBUST

Opening Up the
Middle Cerebral Artery with TPA

TPA bolus at 09:55 end of TPA mfusion

24h.0 15.0 1.00 0.0 01083 12.5 21.5 055  30.0 0.4 22.5 0.50 17
RiAM [ | ED L1 En L] N F.1. En ni

Artery begins to open!
S ! =

| LY . | . U

22 22 16 0
NIH Stroke Scale Scores



Important advance — telemedicine




Options other than tPA

Intra-arterial tPA (up to 6
hours)

MERCI retrieval (up to 6-
8 hours)

Either could be
considered in selected
cases when systemic tPA
contra-indicated or
outside 3 hr window

Severity requirement

Initial injection Post thrombolysis

Source: Imaging

Economics, November
2005




MERCI Device

How it works

An experimental device called the MERCI| Retriever allows doctors to try to
physically pull a stroke-causing clot out of the victim’s brain in cases where
the medication that treats strokes doesn't work.

Doctors thread a tiny tube into a When it reaches the clot, a wire inside
blood vessel in the groin and then the tube emerges and shapes itself
snake it up the body and into the into a corkscrew, Pushed through the
brain. clot, the corkscrew grips it tightly. A

balloon is inflated to temporarily stop
blood flow, to avoid additional strokes
if a piece of clot breaks off and floats
deeper into the brain.

Clot

Artery

Doctors gently tug the coil
backwards, pulling it into the

tube and then out of the body. —
Balloon

Retriever
SOURCE: Concentrie Medical AP

Source: St. Petersburg Times, October 2003



h Scientific Animations”

We make you look good.

& 973-762-5347

& ScientificAnimations.com
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L’histoire de la pathologie

veineuse cerebrale est une

histoire a eclipses.
Garcin

“was recovering favorably from her accouche-
ment . . . when, about the beginning of the sec-

ond week she was seizec

with severe headach

(sic), and considerable op

ression. She was bled

with rclietf and continued tolerably well for several
days, although with occasional complaint of head-



ach (sic). On Sunday, January 14, 1827, after a
disturbed night, with somce dclinnum, she com-
plained in the course of the day, of slight uncasi-
ness in her head, and a peculiar feeling ol numb-
ness 1n the back of her head and neck., but she
was othcerwise well and 1n good spirits until about
[} o'clock at mght, when she suddenly complained
of numbness and loss of power of the right hand.
These feelings spread rapidly along the arm,
which very soon became entirely paralyuc, and
this was speedily followed by loss of speech and
twisting of the mouth. She was immediately bled,
and when I saw her soon after the bleeding, 1
tound her with a look ol intelligence bul without
any attempt al speech; the pulse quick and fceble,
the right arm entirely powerless and with a degrec
of spasmodic rigidity. A few hours after, the right



teg hecame also paralytic, She continued without
any further change until about 3 o'clock in the
morning, when she was seized with severe and
general convulston, affecting both sides of the
body, but strongest on the lelt side. The convul-
sion returned three times betwixt this and mid-
day of the 15th after which the attacks beecame
much more frequent and [rom this time she
showed no appearance of sensibility. She had
from the first, swallowed with difficulty, but every
attempt to make her swallow now exciled general
convulsion. Durnng the attacks, the face was much
distorted and equally so on both sides; the limbs
on the teft side were violently convulsed, while
the nght arm was allected chielly with the ngid
spasmodic contraction and (remulous motion.



The convulsions now rcturned with great violence
and frequency, sometimes every half hour and
each attack continued for 10 or 15 minutes. The
pulse was generally rapid, sometimes extremely
feeble, and sometimes of tolerable strength. 'The
breathing was sometimes frequent and convulsive
and somctimes slow and oppresscd. as it she were
mornbund; and on many occasions she was consid-
ered as being within a {few minules of death; but
she continued (o live in this state until the evening
of the 16th being 48 hours from the attack. On
the second day the rigid contraction of the right
arm had disappeared, and it continued cntirely
paralytic cxcept when it was affected by the con-
vulsion.”
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~ Acquired Risk Factors for Venous Thrombosis

Abnormalites of the Blood

Prognancy (204) and puerperium (3
Malinancy-remale effcts of careinom (483)
Hemalologi csorgers
Loukemia (223
Polycythemia vera (416) and secondary (216
Plateet abnormaitis
Thrombocyloss (310)
Heparinnduced thrombecytopenia (576
Hemgjobinopathies (518, 600)
Hypochromic anemia (308)

Paroxysmal noctumal hemoglobinuria (323)
\diopathic autoimmuna hemolytic anamia (545)
Disseminated intravascular coagulation
Antiphospholipid antibodies (335)
Remote Infactions (302)
High altitude disease (158)
Chromic inflammatory conditions
Regional entetis (549)
Ulcerative colitis (274)
Coeliac disease (220)
5/0gren’s disease (617)
Remote rauma, surgery (302)

Carabral infarstian ar hamnarrhana (A7)



" Acquired Risk Factors for Venous Thrombosis

Abnormalities of the

Blood Vessels Stasis
Infactions Immaobilization
Bacterial (2) Venous obstruction
Viral (501) Intravenous pacemakers (207)
Fungal (532) Intravenous catheters (290)

Parasitic (197)
Malignancy, Trousseau's syndrome
(324)
Head trauma (291)
Electric shock (375)
Granulomatosis
Wegener's granuloma (420)
Sarcoidosis (90)
Behcet's disease (67)
Uveo-meningitis (68)
Lupus erythematous (628)
Hughes-Stovin syndrome (301)
Malignant atrophic papulosis
(Degos disease) (142)

Ligation of internal jugular veins (206)
Budd-Chiari syndrome (324)
Tumors (324)
Heart disease
Congestive heart disease (606)
Congenital heart disease (324)
Chronic obstructive airway disease
Raised intracranial pressure (605)

Dehydration and circulatory collapse (302)
Cachexia, marasmus (247)
Hyperviscosity syndromes

Polyeythemia (416)

Leukemia (223)

Gammopathies (2386)



~al

- dale u\c‘\}\ U

ol Gl @) -
. Apaiil) g jlall S ade (3o (gaail) Y

_ USA‘ 13) Bandiall dilial s an pall A8l e Y
S sl s -2

s candll Jaly yigill b 8 alal alee Sy 13le o
SETBNBY SR
LA G SRR
Sl sl Ja) -

ool Sl -2

\ Q\)ﬂ\ -0



~al

- dale u\c‘\}\ U

ol Gl @) -
. Apaiil) g jlall S ade (3o (gaail) Y

_ USA‘ 13) Bandiall dilial s an pall A8l e Y
S sl s -2

s candll Jaly yigill b 8 alal alee Sy 13le o
SETBNBY SR
LA G SRR
Sl sl Ja) -

ool Sl -2

\ Q\)ﬂ\ -0



EM\

:J_:'tA'_"d\ Galaa
karal M (Y 39Y) Gaoluedl 30 delas e 4l 4 ol
Einhaupl
(U pe Yo ) bl A ol
Croluell ‘jéj};; a e Vo
placebo Jl | shel o 3a Vo
P<0.05 : &l a5l 4
P<0.01 : (Ul o gall




EM\

AR il
(V39Y)obuell 230l delas e ZalalY) 4l ol
D O el cpalladl (ol
Rt e Jalic ol s (s ye Ll a2 )5 a ye A

el Loallag ol Gl (o pel
dam ye Juliey ) shattial a e T Ll 210 45 aal g oy 5

AR



= all

(e VoY ) rdela Yl an),all o
g 2y dadle Gle jan (o luedl 1l se Ly 5o YV
- elaall Ca il
BlagAlla £ AU el Al ayje )t
Mdu\su\jksn\t_\yu q
4884 duac m\..au Lt A;\j oAl e chqj\
Lol Tolad | gl (pucay
B\éj:\j\;q eﬁ;\éﬁa\‘




= all

Al Alalicaa

oaddidl (el G55l 3 Crobuell Gkl pmape 08 (e Ay e
4 gadll ATl Glalizaay el 433U 4e il (Nadroparin )

22y g5l JUEAIL Alaa 31l 0V e o jlued) Gl Al 2 o
3% 5l

A YY) 8 S e A e (fa e TYE e [SCVYT il 4l jo ST o
" Jiadll labina | salse

DR e b Al Cilaliaa s aeal 83 saae ASL) Ciliad al; dail
ol Glid) celaadl <o il dga g e laill (i (g )l




= all

15 AAt) cilay 3kl
%) Y- B, Slasaalls 3 RIL G silaty (ouia yal) O (e a2 G e
L& (s BIAY a@ﬂ Rty
G sadll GoallBage 8 (an pe VY E e cll o )l (S e
agia (% AY,0) dic calaa o83 Al OV aladiuly Hedl T-Yas,
Clazaad) aladiuly e Ulias Al Aagiil) (e Juad] dagil) o34
DsaxE Al oYl 8 aadis ) jle s il GV ol Gl aay e
oLl OVl gl Cilrgaal) aladinl e ae i Ay el Ala) L
daiall il gl IS (e a2 HlL (85 il Caadll Jada i gill
L Slal




ALGORITHM FOR STROKE AND TlA MANAGEMENT

{ Stroke or TIIA

v

| ABCs. glucose

v

Ischemic stroke/ Obtain brain | ~ [Hemorrhage
TLA, 85% iImaging L 15%
Consider thrombolysis), Consider BPFP
thrombectomy lowering
Establish cause t Establish cause
I v W]
f.bﬁﬁr'?l d':;arﬂ't'd Other, Aneurysmal Hypertensive Other,
oriiation. ISEAss. 649% SAH, 496 ICH., 7% A%,
1795 s o y L
Consider D;Ei'd?r TrEEI';tI Clip or coil Consider Tre E..'fti
warfarin = SRECING (Chap. 269) surgenry specilic
stent CcCause cause

| |

|

SEouldrc=:

Deep vaenous thrombosis prophylaxis
Fhysical, cccupational, speech therapy
Evaluate for rehab, discharge planning

Secondary praevention based on disease

Fauci &5, Kaspaer DL, Braunwald E.
MHarrison's Princiofes ofF Fnbtaernasd Maedicine,

17Fth Editiaon:
Copweright & Thae MocSraw-Hill Companiaes.

Inc. &all rights reservaed.

Hau=ser SL,. Longo DL, Jameson JL, Laoscal=zao 1:
http i/ www, acces=smaedicimne. com
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Normal cerebral autoregulation and Its
disturbance during acute ischemic stroke
A

MNormal

Acute stroke

Optimal brain CBF

-
>

Cerebral blood flow

60 80 150

Mean arterial pressure (mmHg)



L_oss of grey white matter differentiaton




Obscuration of the lentiform
nucleus

Because the lenticulostriate
branches of the MCA are
end-vessels, the lentiform
nucleus is prone to early
Irreversible damage after
proximal MCA occlusion.




Cortical sulcal effacement.




Insular ribbon sign

Hypoattenuation of the insular cortex in
the early stage of MCA occlusion can
be explained by its watershed position
far from the collateral supply of both the
ACA & PCA, thus leading to early
irreversible damage.




Hyperattenuation of large vessel

MCA occluded by a fresh
thrombus appears hyper-
attenuating relative to the
normal C/L MCA at NCCT

(Hyperdense MCA sign)

Thrombosis of more peripheral
branches of the MCA may also
be suspected on the basis of
hyper-attenuating “dots” (MCA
Dot sign)

Highly specific (100%) but less
sensitive(30%).
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'Welghting of Ecologic Factors

T Lac Emb ICH 5AH
Hypertension : e 5 +3+ -+ +
severe hypertension % T ++
Coronary disease +++ ++
Claudication +++ +
Atrial fibrillation o oy
Sick sinus me e
valvular hﬂ-artwfﬂj-ilﬂseam +++
CHabetos & #h +
Bleeding diathesis 4+ i3
smoking +++ + +
Cancer A-H i
Cld age -+ + + ‘s
Black or Aslan ethnic origin ¥ 3 ++

Emb, embolism; [CH, intracerebral hemarrhage; Lac, lacune: SAH, subarachnoid hemorrhage; T, thrombosis,
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Kernig's sign. Patient
supine, with hip flexed 30°
T Knee cannot be fully extendeg

v
Meck rigidity (Brudzinski's %Q\-‘*-.
neck sign). Passive flexion %
of neck causes flexion of L
both legs and thighs



' siadl) 3l

_;:LA pe PV C\_\S.\Y\ .L.s'u'a_

ralofigla YY)+ Gy

(%¢ J- % AT p)

JYaled S

Obabes ol je cslige )l

IS e dlia calS a4 g, ol oSl elal aall g 5
A ganl) Clalicadll



- -

-
== # 3 r Gram-negative bacil, 50%
i = {E coli, H influenzae. eic)

s, Streplocage, 20%

Other (5 aureus. eic)

In children
~ L Hontluenzae, SD%

-

L

w2 #* w N meningitidis, 25%
‘Other (Listeria, etc)

L l‘

b o In adults

. -.n'i-}*: 5 preumonize, 30%
* N meningitics, 15%

“ Gram-negative bacill
Other (Listeria, eic)
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.Bacteroide fragilis -z
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. Cefotaxime + Vancomycin + Acyclovir-A

. Cefotaxime + Vancomycin + Ampicillin-B
.Cefotaxime + Vancomycin + Ceftazidime-C
Vancomycin + Ampicillin-D

Cefotaxime + Vancomycin + Ampicillin+ Acyclovir-E
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» Glucose <34 mg/dL

» CSF to serum glucose ratio <0.23

» Protein =220 mg/dL
» Total pleogytosis =2000 cells/uL
» Polymorphonuclear >1180 cells/uL
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Duratlnn
Pathogen (Days)
Neisseria 7
meningitidis
Haemophilus 7
influenzae
Streptococcus 10 to 14
pneumoniae
Streptococcus 14 to 21
agalactiae
Gram-negative 21
bacilli®
Listeria 21 or longer
monocytogenes

? Data from Tunkel AR, et al Clin Infect

Rig. >

® For neonates, 2 weeks beyond first
negative culture or =3 weeks, which-

ever is longer.
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Virus

Other Infections

Toxic or Idiopathic

Enteroviruses

Rickettsial disease (eq,

Rocky Mountain spotted

fever, ehrlichiosis,
anaplasmosis)

Nonsteroidal
anti-inflammatories,

IV immunoglobulin,
muromonab-CD3 (OKT3)

Arboviruses (eg, West Nile
virus, St Louis encephalitis
virus, dengue virus)

Lyme disease (Borrelia
burgdorferi)

Subarachnoid
hemorrhage

Herpesviruses (eqg,
herpesvirus types 1 and 2,
varicella-zoster virus,
Epstein-Barr virus)

Syphilis
(Treponemapallidum)

Systemic autoimmune
disease (eg, sarcoidosis,
Behcet disease,
systemic lupus
erythematosus)

HIV

Leptospirosis

Carcnomatous/
lymphomatous
meningitis

Lymphocytic
choriomeningitis
(hamster and mice

Psittacosis
(bird exposure)

Paraneoplastic or
autoimmune (eq,
N-methyl-p-aspartate

exposure) receptor)

Mumps Mycobacterial Dermoid cyst
(tuberculosis)

Measles Fungal meningitis Kawasaki disease
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Crypiococcosis
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Tuberculesis of Brain and Spine

Tuberculoma

CT scan. paraspinous
abscess in addilion to
bony destruction

X-ray film; destruction ol

; ! -
disc space and adjacent
end plates ol verlebrae -_f e
o
rd
' 34
" |
=/
— —
T =X
Tuberculesis ol Sping (Pott’s Tubercle bacllll appearing as red rods i ==

disease] with marked kyphosis of GSF (Ziehl-Naaisen stain)





http://radiographics.rsnajnls.org/cgi/content/full/20/2/449/F48
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http://radiographics.rsnajnls.org/cgi/content/full/23/1/e7/F21B
http://radiographics.rsnajnls.org/cgi/content/full/23/1/e7/F21C

% 090 o Organisms enter through large, small, or even
o~ g unrecognized wound. Deep; infecled punclures.
o are most susceplible. since organisms thrive e
- 3_ ”‘% "3*"-@1 best anaerobically
Al d e
o =~ e ¥ o *F 4
% % N
T e

Clostridium tetani:-gram-
positive, spore -bearing rods

Toxin produced locally
passes via bloodsiréam
or-along nerves to
central nervous
‘system

‘Spasm of jaw, facial and
neck muscles (trismus
[lockjaw|, risus sardonicus)
‘and dysphagia are ollen
early symploms alter
variable incubation period

Maotor neurons-ol spinal cord.
{anterior harn) and of brainstem
become hyperactive because
toxin specifically altacks
inhibitory (Renshaw) cells
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Syphilitic meningoencephalilis with
perivascular infiltration
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General paresis; astrocytosis
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Section of thoracic
spinal cord in
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Rabies

Skunks

Occasionally, dogs and cats

Negri inclusion body In Purkinje cell of brain Common animal disseminators



Presenting Neurological Symptoms and Signs in
Chronic Meningitis

Frequency

Common

Less common

Symptoms

Headaches
Lethargy
Malaise
Confusion
Nausea

Neck stiffness
Delirium
Blurred vision

Radicular pain and
paresthesias

Signs

Low-grade fevers
Weight loss
Intermittent vomiting
Obtundation

Meningismus

Stupor
Cranial nerve palsies
Papilledema

Seizures

Hemiparesis

Aphasia

Loss of vision in one eye
Visual field defects
Uvwveitis, iritis, retinitis
Leg weakness

Bladder and bowel dysfunction
Babinski sign

Coma
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Causes and Other Special Laboratory
Clinical Findings Tests
Leptomeningeal Cranial nerve deficits® CSF: cytology and flow
carcinomatosis cytometry
Behcet disease Oral and genital ulcers, Human leukocyte antigen
uveitis, iridocyclitis B51
Systemic lupus antinuclear antibody,
erythematosus American College of
Rheumatology criteria
Wegener Glomerulonephritis and Antineutrophil
granulomatosis pulmonary necrosis cytoplasmic antibody
Sarcoidosis Lungb Serum angiotensin-
Skin: erythema nodosum converting enzyme

Ophthalmic: iritis, uveitis
Cranial nerve deficits

Sjogren Sjogren syndrome, Sjogren syndrome A and
syndrome Raynaud syndrome Sjogren syndrome B
antibodies

Chemical Drug history

@ An MRI with contrast of brain and spinal cord should be performed.
b A chest CT to check for bilateral hilar lymphadenopathy should be performed.
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Common less Common  Rare

ACUTE MENINGITIS

Enteroviruses ~ HSV-I Adenoviruses

Arboviruses LCMV CMV

HIV VZV EBV

HSV-2 Influenza A, B, parainfluenza, mumps,
rubella

ACUTE ENCEPHALITIS

Arboviruses CMV Adenoviruses, CTEV, hepatitis C,
Enteroviruses  EBV influenza A, LCMV, parainfluenza,
HSV-1 HIV rabies, rotavirus, rubella

Mumps

Note: CMV. cytomegalovirus; CTFV, Colorado tick fever virus; EBV, Epstein-Barr virus;
HSV, herpes simplex virus; LCMV, lymphocytic choriomeningitis virus; VZV, varicella-
zoster virus,
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4 MONTHS LATER


Discussion.ppt#34. ADEM # MS
Discussion.ppt#34. ADEM # MS

Slow Virus Infections

Progressive multifocal
leukoencephalopathy (PML)

Coronal section of brain
showing many minuta
demyelinating lesions
in white matter.

which have coalesced
in some aréas (o form
irregular cavilations

Sedtion from edge of demyelinated Electron micrograph Electron micrograph showing
focus showing abnormal oligoden- showing glant glial papovavirus virions Isolated
drocyies with large hyperchromatic nucleus with inchusion from brain

nizclel (H and E stain) bodies

Creutzfeldt-Jakob disease

Section from putamean
showing extensive.loss
of neurons and spongi-
farm brain lissue.
Spinal cord usually
shows similar loss of
motor neurons

EEG showing
characteristic
diffuse periodic
wave pattern

Demented patient .?fgﬂ:‘
-4 e ciea

exhibiting myoclonus



CASE HISTORIES

Case 1

A 63-year-old warehouse worker with a past history of
bronichiectasisis admitted as an emergency after a
series of epileptic seizures which begin with jerking of
the left leg. He is unrousable but his wife says that over
thelast 4 days he has complained of severe headache
and has become increasingly drowsy and apathetic.

On examination he has a temperature of 37.8°C
but no neck stiffness. He does not open his eyes to
pain but groans incoherently and attempts to localize
the stimulus with his right hand. The left-sided limbs
remain motionless and are flaccid and areflexic. His
left plantar response is extensor. He does not have
papilloedema. General examination is unremarkable
apart from crackles in his right lower chest.

a. Howwould you manage his case?

Case 2

A 18-year-old student spends a month in Thailand on
her way back from a gap year in Australia. On

returning to the family home she feels lethargic and
irritable. She sleeps badly, has no appetite and is
losing weight. After 2 weeks she begins to experience
continuous dull headaches; she is referred to hospital
after a further 2 weekswhen she begins to vomit.

She is drowsy but orientated with a normal
Glasgow coma score, She looks unwell and has low-
grade fever and neck stiffness with no focal
neurological deficit. She has a mild neurophilia and a
markedly raised CRP. Other routine blood tests, and
films looking for malarial parasites, are normal. Her CT
brain scan shows no definite abnormality, although
there is a suggestion of abnormal enhancement of the
meninges around the base of the brain. At lumbar
puncture her CSF contains 20 polymorphs and 80
lymphoctytes (normally less than 4), a protein of 1.8 g/
dl {normally less than 0.5) and a glucose of 2.2 mmaol/l
at atime when her blood glucose is 6.6 mmol/l (when
narmal CSF glucose is at least 50% of the blood level).

a. Whatisthe diagnosis?

{For answers, see pp. 267-8.)
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Idiopathic Infectious Inflammatory Hereditary Toxic
Nontraumatic dissection ~ Bacterial: Granulomatous central nervous  Down'ssyndrome Oral contraceptives
Fibromuscular dysplasia Acute meningitis, syphilis, system angiitis Fabry's disease Sympathomimetics
Moyamoya disease Lyme disease, Takayasu's disease Homocystinuria Cocaine
Vanishing vasculopathy tuberculosis Central nervous system angiitis  Sickle cell disease Alcohol
Viral: Polyarteritis nodosa Amyloid angiopathy Heroin
Varicella-zoster virs, Churg-Strauss syndrome a-Glucosidase deficiency Phencyclidine
Cytomegaiovirus Systemic lupus erythematosus ~ Mitachondrial disease 15D
Fungat Sneddon's syndrome (eg, MELAS) Antineoplastic agents
Mucormycosis, aspergilosis  Wegener's granulomatosis Pentazocine
Parasitic: Rheumatoid arthitis Marijuana
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Rickettsial: Befcet's disease
Rocky mountain spotted Inflammatory bowel disease
fever Sarcoidosis
Malignant atrophic papulosis
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