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We will be using the audience
response system for this
presentation



Audience Response Question

The earliest written document that describes
what we now call acute stroke is by:

A. Hippocrates
B. Thucydides
C. Herodotus

D. Thomas Willis




Hippocrates (c 46Q c 370 BCE)




apoplexy (n.)

X T NBré¥ekapoplexigh = =~ = q,'from n
apoplektosX kp strike down and incapacitate,”
from PIE root plak- (2) "to strike" (source also
of plague, which also has a root sense of
"stricken").

OnlineEtymologyDictionary



o<t v
from the CorpusHippocratum

a! t SNR2Y Ay KSI{f 0K A:
pain about the head, the voice Is immediately
Intercepted, he snores and gapes, and if spoker
to or moved, he only sighs; Is insensible, and
makes a great deal of water without knowing it.
If he becomes mute and snores, he dies within

seven days, unless a fever comes on, and then
ISYSNIftfté NBXO2ISNAXE



Parthenon (447432 BCE)
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The31lstmetopefrom the south side of the Parthenon in Athe@ndisplay in the
BritishMuseum, the southern aspeatetopesdepictthe battle between the
centaurs(left) and theLapiths(right) at the wedding ofPeirithus the king ofthe

Lapiths The left caroticartery ofthe Lapithis here being intentionally compressed
to induce unconsciousness.

Photographcourtesy of ColitHowley Used with permission.

History of Carotid Stroke, Volume: 47, Issue: 4, Pages:-&f® DOI: (10.1161/STROKEAHA.115.012044



Galen of Pergamum (12201 CE)

ON THE NATURAL
EACULTIES

GALEN




Galen of Pergamum (12201 CE)

ADI £t SyQa U(UKS2NE 27F ! Lx
iaxA0FE {LIANRGAE H6SNB T
transformed In therete mirabileand transported
to the ventricles, the center of neurologic
function. Apoplexy was caused by a failure of flow
2F 0KS&asS aF yAYlFf &LJA NM
of thick phlegm within the ventricles.



Nothing much changed for 1500 years



Vascular theory of Apoplexy

A Began in 18 century with some opposition to
DI f SyQa OASgaod

A 1664 Thomas Willis described his eponymous
circle, described collateral circulation in the
ONF AYZ O2Ant@dbgi@a KSE YRS
believed that intracerebral hemorrhage was
the cause of apoplexy.
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Vascular theory of Apoplexy

AmMynt ++ANDK2g AYlNRRdz
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I patients with sudden explosive onset had had a
cerebral hemorrhage with associated LVH and
arterial disease.

I Those with cerebral softening had occlusive
arterial disease, thrombotic or embolic.




Charled-0ix(18821927)
The First Modern Stroke Neurologist (Caplan, 1990)




Charled-oix
Salpétriere

A Described in detail anterior and posterior circulation.

A Focused on clinical, anatomical, and pathological
correlation of various stroke syndromes.
A Proposed 4 possible mechanisms:
I Arterial occlusion
I Embolism
I Insufficiency (proximal circulatory failure)
I Vasospasm

A After his premature death in 1927, vasospasm became
the favored mechanism.



Audience Response Question

EgasMoniz, Portugeseneurologist, won the
1949 Nobel Prize in Medicine for:

A. Pneumoencephalography
B. Cerebral Angiography

C. Frontal lobotomy

D. Carotid endarterectomy



Egadvoniz (18741955)

Although best remembered for developing cerebral
angiography (1927), he won the 1949 Nobel Prize In
Medicine for his work on frontal lobotomy.

Tnsorbital Lobotomy
Pfecedure

Frontal
Lobe

Orbitoclast

Transorbital Lobotomy Orbitoclast Walter
Freeman

81 20-00 + $10.00 Shipping




A Brief History of Clinical Trials
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Evolution of Clinical Trials

A Book of Daniel ~562 BCE.

I King Nebuchadnezzar
ordered a diet of meat &
wine but allowed several
young royals to eat only
legumes as they wished.

I After 10 days the legume
lovers were healthier and
the king allowed them to
continue that diet.




Evolution of Clinical Trials

A AmbroiseParé1537 X

A Barber Surgeon

I ran out of standard
burning oll to cauterize
battlefield wounds and
substituted a mixture of
egg Yyolk, oil of roses &
turpentine.

I The next day these
wounds werehealthier
and painfree.




Evolution of Clinical Trials

A James Lind 1747

I First physician to intentionally x
conduct a controlled trial.
i 12 patientsatseag A U K & Od,
023SUKSNE 6AGK
A 2 eachcyder elixir vitriol, vinegar, sea

water, 2 oranges and 1 lemon, or a
surgeonrecommended diet.

A After 6 days the two sailors with the
citrus fruits were recovered.
I It took 50 years for the British
Navy to require citrus as part of
0KS aSlI ¥l NBNQ& RASOO®




RandomizedControlled Trial (RCT)

Al 22 LISNXRE& aSRAOIFf B5AO00GA
itflLO0OS02Y aly SLAUOGKSH /
L SIFasS OKFy 42 0SYy

A Austin Flint, MD 1863

I 13 patients with rheumatism were treated with
placebo herbs instead of usual treatment and did well

A Patulin(penicilliumderivative) 194314
I First double blind controlled trial.
I alternation not randomization of subjects.
I No benefit shown for the common cold.

A FirstRandomizedControlled Trial, BMJ 1948

I Streptomycin for pulmonary tuberculosis.
I Benefit shown.



THREEETTERACRONYM (TLA)

A Acronym (old definition): RADAR, NASA, CAT Scan.

A Abbreviation: MRI, Mrs., Ave., CTA, RCT.
I Modern usage considers MRI, CTA, TIA, RCT acronyms tc

A Initialism: MRI, CTA, RCT.



Two Important Discoveries

A Heparin isolated in 1916 byicLean& |

owell

while looking for compound to enhance

clotting.
I humanclinical trials in 1935 confirmed

effectiveness & safety am anticoagulant.
ADicumarol froméd a 6 SSU Of 2 IS NJ
cowlLJ2 A a2y A yin Carfady, taurdtH 1 ¢
poison, and finally a clinicakeatment in the

earlyn n Qa @



C. Miller Fisher (1913012)




C. Miller Fisher

A Drew attention in 1951 to the extracranial
carotid artery as a potential cause of stroke.

I Previously mentioned by Chiari, 1905, & Ramsay
Hunt, 1914, Moniz, 1937 (but ignored).

A Studiedangiographicallypuzzling cerebral
symptoms, especially transient episodes of

of AYVRYSaasz | LIKFaAiAl X L

I The concept was not new, Hippocrates wrote
cattacks of numbness and anesthesia are signs of
impending apoplexy ®

A¢ KS UltamskntlschemicAl G O ¢ ¢
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C. Miller Fisher

A Vasospasm was the suspected predominant
mechanism but Fisher suggestedaternate
mechanismthromboembolismand wrote:

I It Is even conceivable that some day vascular surgery
will find a way to bypass the occluded portion of the

artery during the period of ominous fleeting
symptoms

I Since the pathological substrate of carotid disease Is

atherosclerosis, the fundamental approach to therapy

must be directed at the prevention or cure of that
disorder.



Origins of Stroke Treatment
Surgery for carotid occlusive disease.:

! A Denton Cooley also
claimed first CEA case.

A Patient with left
oulsatile tinnitus.

A Postop, his tinnitus was
cured but he was
aphasic with a right
hemiparesis.

The first caroticendarterectomy. FriedmarSteven G.
Journal of Vascular Surgery, Volume 60, Issue 6, 17038.e4
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Diagnostic Tools for Stroke & TIA 197.

A History & Physical

A Plain Skulk-ray

A Midline Cranial Ultrasound (A mode)

A Dopplerophthalmosonometry

A IsotopeBrain Scan

A Catheter or direct puncture Angiography



[ FGSNYE 9 ¢2ér5ySQ
Check Position of Calcified Pineal




Midline Echoencephalogram
Right Intracerebral Hemorrhage

HE ME

FiGc. 1. Preoperative scalp echoencephalogram of
hypertensive intracerebral hemorrhage. This 71-year-
old man was admitted with disturbance of conscious-
ness and hemiplegia on the left side. Examination
made on the 3rd day after attack showed a hematoma
echo with a midline shift. (HE=hematoma echo;
ME = midline echo.)




DopplerOphthalmosonometry
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|Isotope Brain Scan

ANT FLOW 1 SEC / FRAME




Carotid Angiography 1973




At that time, still many anatomical unknowns
Time for another Audience Response Qui:

Which of the following early neurologists wrote a
frequently cited paper locating the pyramidal tract
In the internal capsule?

Charcot
Babinski

. Dejerine

. Englander
A&B
C&D

nmooOwr



Neurology

September 01, 1975; 25(9) ARTICLES

Location of human
pyramidal tract in the
internal capsule

Anatomic evidence

RAYMOND N. ENGLANDER, MARTIN G. NETSKY,
LESTER S. ADELMAN




List of Acute Stroke Interventions

A IV Heparin



List of Secondary Stroke Preventions

Surgical

Medical

A Carotid Endarterectomy A Treat Diabetes

A ECIC Bypass

A Treat Hypertension
A Stop Smoking

A Warfarin especially in
valvular heart disease

A Treat SBE

A (NonValvular AF was
not thought to cause
stroke)



Major Milestones3nce My Residency:
mytop 10

A Advanced Digital Imaging

A Surgery Comes of Age

A Smoking Reduction

A Aspirin

A Cholesterol

A Nonvalvular Atrial Fibrillation
A Thrombolysis

A Endovascular treatments

A Public Education

A Neuroprotectants?

A Stroke Rehabilitation

A ICH

A Spontaneous SAH

A Dissection

A PFO

A Rare Causes of Stroke

A Decompressiv€raniectomy



Advanced Digital Imaging
CT / CAT Scan

Allan M CormackTufts physicist, Godfrey N HounsfielgElectric
developed the mathematics of a two and Musical Industries, engineer &
dimensional function describingrdy  Chief of Medical Research Division,
attenuation in each part of a slice described a complete system for
knowing the mean absorption in 1963 medicine in a 1968 patent application.
& 1964.

They shared the Nobel Prize in Physiology & Medicine 1979



First Commercial EMI Scanner, 1971

A Each slice took 160 parallel readings through 180
Fy3tSa mx FLINIO gAO0K ST«
record with a total scan reconstruction time of 2.5
hours




Subsequent Enhancements
CT or CAT Scan

A Processing Speed
A Helical

A Multi-slice

A CT Angiography

A Perfusion scanning
A Portable

A Reduced Radiation

A Now over 80 million CT
scans annually in USA




MRI| Scan

Ab dzOf SI NJ all AYySGAO wSazy
A 1973 PaulLauterburused NMR to produce
images.
A Peter Mansfield developed the math processes.
A They receivedhe NobelPrize in Medicin@003.
A NMR scanning was renamed MRI because
ay dzOf S| M#ttingtd patier?st T
A Ubiquitous in USA by mit980s.
A Now over 40 million MRI scans annually in USA.



Duplex Scan

B-Mode Ultrasound Pulsed Rang&ated
Doppler




Two Hight 2 t dzY'S  { dzZNB SNA S:
MPT N Qa CAYIFff & {0dzF

A NASCET 1991: High grade
symptomatic stenosis \\ |

(>70%)=ARR 17%. PR — g
A NASCET 1998: Moderate = Speculation \/
. . * NASCET % =
symptomatic stenosis (50 N/D x 100 = % stenosis
69%)=ARR 7%.
A ECST 1998: stenosis
measured against presumec.
original lumen: (>790

809%)=12% ARR.




Two HighVolume Surgeries of the ¢ ¢ an@
MpPT NQa CAYLftte {adz

A VA Cooperative, 1991: >50%
A ACAS, 1995: > 60%

A ACST, published 2010, randomized 12983: CEA
Absolute Risk Reduction ~ 4% under age 75.

A More recently Spence & Barnett advise surgery
2yt e F-RNDtEngsas3 K
I Persistent TCbhicroemboli
I Progressive stenosis despite best medical manageme



Two Hight 2 £ dzY'S { dzZNASNA S
M T n QaStudikdyin: Cortréled Trials

At 2 LJdzf F NJ 2 LISNIF GA2Y AY
presumably to restore brain function and
prevent stroke.

A EC/IC Bypass Study Group, NEJM 1R&&ire

of Extracranialntracranial Arterial Bypass to
Reduce the Risk of Ischemic Sttokkesults of
an International Randomized Trial.

A 2 years later CMS, VA, Private insurers stoppe
paying for it for this indication.



Smoking Reduction

Percentage of U.S. Adults Who Are Smokers: 1944-2018

ettes in the past week . Jes

Cigarette
Labeling




The Aspirin Story

A Hippocrates noted benefits of willow bark.

A Galen recorded aninhflammatory &antipyretic
effects of willow leaves.

A 1891Binzrecorded mucosal bleeding from
salicylic acid.

A 1950 Craven (ENT) reported 400 patients taking
FaLIANAY KIFIR y2 alLQad |

A 1967 Weiss identified that ASA inhibited platelet
aggregation.



The Aspirin Story

A 1971 John Vane reported aspirin inhibited prostaglandin
synthetaseas the mechanism and won the 1982 Nobel
Prize

A 1971 Harrison et al found that aspirin reducashaurosis
fugaxevents in 2 patients

A Canadian Collaborative Trial

I 1971-:1977 (pub NEJM 1978). 585 cases of TIA, RIND, and milc
non-progressive stroke.

i Factorial design with sulfinpyrazone, ASA (1300 mg daily), &
placebo.

I Only ASA groups showed benefit: 19% reduction in TIA, stroke
death. Women did NOT benefit.

A Warfarin remained popular for neoardioembolicstrokes.



The Aspirin Story

WARSS Trial

The NEW ENGLAND
JOURNAL of MEDICINE

ARTICLE

A Comparison of Warfarin
and Aspirin for the
Prevention of Recurrent
Ischemic Stroke

N Eng

DOI: 1

WASID Trial

The NEW ENGLAND
JOURNAL of MEDICINE

ORIGINAL ARTICLE

Comparison of Warfarin
and Aspirin for
Symptomatic Intracranial
Arterial Stenosis




The Cholesterol Story

A Major early statin trials showed significant
benefit for cardiac disease but conflicting or
insignificant results for stroke.

I Scandanavia®imvastatin Survival Study (4S) 1994
I Heart Protection Study (HPS) 2002
I PROVE IT 2004

A Entry for these trials was a cardiac event



Cholesterol Controversy({roke, 2004)
|Is Cholesterol Level a Risk Factor for Strol

Yes NO

|s elevated cholesterol a risk factor In summary, the prevailing evidence

for stroke? While the evidence is IS not supportive of the hypothesis
mostly indirect for stroke, it is not that cholesterol is an important risk
disputable for coronary heart factor for stroke. This is based on the
disease. This must be remembered observation that the association
when patient management is between cholesterol and stroke is

addressed, since the prevention of weak, inconsistent, and that

atherothrombotic events should be a lowering cholesterol levels does not

global effort necessarily result in a reduction in
the risk of stroke. It is clear that this
Issue has been clouded by the
observation of a reduced risk of
stroke with use of statins.



The Cholesterol Story

Stroke Prevention by Aggressive
Reduction in Cholesterol Levels (SPARCL)

« Randomized,
double-blind trial in
4731 patients with
stroke or TIA in past
1 to 6 months

Randomized to
atorvastatin 80 mg
daily or placebo

Mean follow-up 4.9
years

Primary endpoint:
Stroke

Amarenco P, et al. N Engl J Med 2006;355:549-59.

14 -

Patients with Primary Endpoint (%)

-
N
1

-
o
Il

oo
1

o Placebo ®mAtorvastatin

RRR: 15%
P<0.001

ARR: 1.9%

NNT: 53

B




The Atrial Fibrillation Story
as told by Lew Caplan, 2018

A Late 19' Century: RHD & SBE known as
embolic stroke causes.

A 1949 C. Miller Fisher suggests that AF even ir
non-RHD/SBE patients could cause embolic
stroke (based on 3 autopsy cases).

A 1977: Hinton et al (AmQardio) reported
autopsy findings that lone AF increased
systemic embolic infarcts including brain.




The Atrial Fibrillation Story
as told by Lew Caplan, 2018

A 1978: Framingham Heart study confirmed a high
rate of stroke from AF over 24 years.

I 17.6 fold stroke risk increase with RHD & AF
ipdc F2fR adNRB1S NRA]l AyO
CAOE0O
A 1979 Fisher published a pléar anticoagulation
In patients with persistent or paroxysmal AF
before brain ischemiaccurs.

A 1986:Cerebral Embolism Task Force wrote:

I adNonrheumaticnonvalvularatrial fibrillation is the
most common cardiac condition associated with
presumed embolic stroke, accounting for almost half
2F Ol NR)\ZEISy)\O SYo2ft AO a



The Thrombolysis Story

A 1933:Thefibrinolytic activity othhaemolytic
streptococci Tillett & Garner, ExpMed.

A 1981: 22/29 successful IA streptokinase reperfusion of
22/29 acute MI patients.

A 1986: ISAM reports early IV streptokinase limits size of
myocardial infarction.

A Streptokinase trials in stroke produced excess hemorrhagic
conversion & lack of efficacy.

A 1979 Recombinant Tissue Plasminogen ActivatBeY first
produced.

A 1995 NINDS trials fotPAin acute stroke published.

A Tenecteplasdas longer halfife & more fibrin specificity.
Still undergoing trials.



Endovascular Treatment of Acute Stroke

A Mechanical Embolus
Removal in Cerebral
Ischemia (MERCI) ) A
retriever

A FDA Cleared 2004 for
removing foreign body
(clot Is a foreign body)

A Then MULFMERCI
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Endovascular Treatment of Acute Stroke

A Penumbra System FDA gm—
cleared in 2007

A Trevocleared 2012

[ wJotal length

. Usable length

A Solitaire FR cleared 2012}

—/“/“3-45_&}___/




Public Education

BEFAST

Balance Eyes Face

Does the Has the Does the

person have a person lost person's

sudden loss vision in face look

of balance? one or uneven?
both eyes?

Arms

Is one arm
weak or
numb?

Speech Time

Call9-1-1

speech slurred? now!
Does the person

have trouble

speaking or
seem confused?

Is the person’s

Duke Stroke Program



The Very Short Story of Successful
Acute Stroke Neuroprotection Trials

A At least 1,026 agents/methods have been
tried in animal models.

A At least 114 of these have been tested in
human clinical trials so far.

A Essentially none has succeeded yet!*
I *Excepthemicraniectomy& maybeciticoline



Oscar Wilde

It is the triumph of hope over experience.

Marriage is the triumph of imagination over intelligence.
Second marriage is the triumph of hope over experience.

Bigamy is having one wife too many.

Monogamyis the same



Present




It Is difficult to make predictions,
particularly about the future




Stroke Prevention
Stroke Risk Factors

Age

Race

Gender

Prior Stroke or TIA
Family history of stroke

Atrial Fibrillation
Diabetes

High Blood Pressure
High Cholesterol Levels
Obesity

Physical Inactivity
Smoking



Future Directions In Prevention

A There will be continued incremental
Improvements in:

I Anti-thrombotics
I essential hypertension management
I Diabetes management
I LDEC management

A.dzii GKSNB | N5 I O2dzLJ
that | hereby predict and that you are hearing
here for the very first time!



The First Big Thing:
A Convergence




