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Neurology
Residency

at UVA

Knowledge Doubling Curve



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 460 ςc 370 BCE)



apoplexy (n.)
ΧŦǊƻƳ Greek apoplexia[ʰˉˇˉ˂ʹ˅ʾʰ], from 
apoplektosΧϦto strike down and incapacitate," 
from PIE root *plak- (2) "to strike" (source also 
of plague, which also has a root sense of 
"stricken").

Online EtymologyDictionary



άh ˉˇˉ˂ʹ˅ʾʰέ
from the Corpus Hippocratum

ά! tŜǊǎƻƴ ƛƴ ƘŜŀƭǘƘ ƛǎ ǎǳŘŘŜƴƭȅ ǎŜƛȊŜŘ ǿƛǘƘ ŀ 
pain about the head, the voice is immediately 
intercepted, he snores and gapes, and if spoken 
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 he 
ƎŜƴŜǊŀƭƭȅ ǊŜŎƻǾŜǊǎΧέ



History of Carotid Stroke, Volume: 47, Issue: 4, Pages: e66-e69, DOI: (10.1161/STROKEAHA.115.012044

The 31st metopefrom the south side of the Parthenon in Athens. On display in the 
British Museum, the southern aspect metopesdepict the battle between the 
centaurs (left) and the Lapiths(right) at the wedding of Peirithus, the king of the
Lapiths. The left carotid artery of the Lapithis here being intentionally compressed 
to induce unconsciousness. 
Photograph courtesy of Colin Howley. Used with permission.

Parthenon (447-432 BCE)



Galen of Pergamum (129-201 CE)



Galen of Pergamum (129-201 CE)

ÅDŀƭŜƴΩǎ ǘƘŜƻǊȅ ƻŦ !ǇƻǇƭŜȄȅΥ

ïά±ƛǘŀƭ {ǇƛǊƛǘǎέ ǿŜǊŜ ŦƻǊƳŜŘ ƛƴ ǘƘŜ ƘŜŀǊǘ ϧ 
transformed in the rete mirabileand transported 
to the ventricles, the center of neurologic 
function.  Apoplexy was caused by a failure of flow 
ƻŦ ǘƘŜǎŜ άŀƴƛƳŀƭ ǎǇƛǊƛǘǎέ ŎŀǳǎŜŘ ōȅ ŀŎŎǳƳǳƭŀǘƛƻƴ 
of thick phlegm within the ventricles.



Nothing much changed for 1500 years



Vascular theory of Apoplexy

ÅBegan in 16th century with some opposition to 
DŀƭŜƴΩǎ ǾƛŜǿǎΦ

Å1664 Thomas Willis described his eponymous 
circle, described collateral circulation in the 
ōǊŀƛƴΣ ŎƻƛƴŜŘ ǘƘŜ ǘŜǊƳ άneurologiaέ ŀƴŘ 
believed that intracerebral hemorrhage was 
the cause of apoplexy.

Åмтсм aƻǊƎŀƎƴƛ ƛŘŜƴǘƛŦƛŜŘ άǎŀƴƎǳƛƴŜƻǳǎέ ŀƴŘ 
άǎŜǊƻǳǎέ ŀǇƻǇƭŜȄȅ ƻƴ ŀǳǘƻǇǎȅΦ



Vascular theory of Apoplexy

Åмупт ±ƛǊŎƘƻǿ ƛƴǘǊƻŘǳŎŜŘ ǘƘŜ ǘŜǊƳǎ άŜƳōƻƭǳǎέ 
ŀƴŘ άǘƘǊƻƳōƻǎƛǎέ

Å[ŀǘŜ муллΩǎ Lǘ ǿŀǎ ƎŜƴŜǊŀƭƭȅ ŀŎŎŜǇǘŜŘ ǘƘŀǘΥ

ïpatients with sudden explosive onset had had a 
cerebral hemorrhage with associated LVH and 
arterial disease.

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



Charles Foix(1882-1927)
The First Modern Stroke Neurologist (Caplan, 1990)



Charles Foix
Salpêtrière

ÅDescribed in detail anterior and posterior circulation.

ÅFocused on clinical, anatomical, and pathological 
correlation of various stroke syndromes.

ÅProposed 4 possible mechanisms:
ïArterial occlusion 

ïEmbolism

ïInsufficiency (proximal circulatory failure)

ïVasospasm

ÅAfter 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



EgasMoniz (1874-1955)
Although best remembered for developing cerebral 
angiography (1927), he won the 1949 Nobel Prize in 
Medicine for his work on frontal lobotomy.



A Brief History of Clinical Trials



Evolution of Clinical Trials

ÅBook of Daniel ~562 BCE.

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

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



Evolution of Clinical Trials

ÅAmbroiseParé1537

ÅBarber Surgeon

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

ïThe next day these 
wounds were healthier 
and pain-free.



Evolution of Clinical Trials

ÅJames Lind 1747

ïFirst physician to intentionally 
conduct a controlled trial.

ï12 patients at sea ǿƛǘƘ ǎŎǳǊǾȅ άƭŀȅ 
ǘƻƎŜǘƘŜǊέ ǿƛǘƘ ƛŘŜƴǘƛŎŀƭ ŘƛŜǘǎ ǇƭǳǎΥ
Å2 each cyder, elixir vitriol, vinegar, sea 

water, 2 oranges and 1 lemon, or a 
surgeon-recommended diet.

ÅAfter 6 days the two sailors with the 
citrus fruits were recovered.

ïIt took 50 years for the British 
Navy to require citrus as part of 
ǘƘŜ ǎŜŀŦŀǊŜǊΩǎ ŘƛŜǘΦ



Randomized Controlled Trial (RCT)
ÅIƻƻǇŜǊΩǎ aŜŘƛŎŀƭ 5ƛŎǘƛƻƴŀǊȅ   мумм
ïtƭŀŎŜōƻΥ άŀƴ ŜǇƛǘƘŜǘ ƎƛǾŜƴ ǘƻ ŀƴȅ ƳŜŘƛŎƛƴŜ ƳƻǊŜ ǘƻ 
ǇƭŜŀǎŜ ǘƘŀƴ ǘƻ ōŜƴŜŦƛǘ ǘƘŜ ǇŀǘƛŜƴǘΦέ

ÅAustin Flint, MD 1863
ï13 patients with rheumatism were treated with 

placebo herbs instead of usual treatment and did well.

ÅPatulin(penicilliumderivative)   1943-44
ïFirst double blind controlled trial.
ïalternation not randomization of subjects.
ïNo benefit shown for the common cold.

ÅFirst Randomized Controlled Trial,  BMJ 1948
ïStreptomycin for pulmonary tuberculosis.
ïBenefit shown.



THREE LETTER ACRONYM (TLA)

Good Science Requires a Good TLA

ÅAcronym (old definition): RADAR, NASA, CAT Scan.

ÅAbbreviation: MRI, Mrs., Ave., CTA, RCT.

ïModern usage considers MRI, CTA, TIA, RCT acronyms too.

ÅInitialism: MRI, CTA, RCT.



Two Important Discoveries

ÅHeparin isolated in 1916 by McLean & Howell 
while looking for compound to enhance 
clotting. 
ïhuman clinical trials in 1935 confirmed 

effectiveness & safety as an anticoagulant.

ÅDicumarol: from άǎǿŜŜǘ ŎƭƻǾŜǊ Ƙŀȅέ ŀŎŎƛŘŜƴǘŀƭ  
cow Ǉƻƛǎƻƴ ƛƴ ǘƘŜ мфнлΩǎ in Canada, to a rat 
poison, and finally a clinical treatment in the 
early плΩǎΦ



C. Miller Fisher (1913-2012)



C. Miller Fisher
ÅDrew attention in 1951 to the extracranial 

carotid artery as a potential cause of stroke.

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

ÅStudied angiographicallyάpuzzling cerebral 
symptoms, especially transient episodes of 
ōƭƛƴŘƴŜǎǎΣ ŀǇƘŀǎƛŀΣ ǇŀǊŜǎǘƘŜǎƛŀ ŀƴŘ ǇŀǊŀƭȅǎƛǎέΦ

ïThe concept was not new, Hippocrates wrote 
άattacks of numbness and anesthesia are signs of 
impending apoplexyέΦ

Å¢ƘŜ ǘŜǊƳ άTransient Ischemic AǘǘŀŎƪέ ǿŀǎ ōƻǊƴ



C. Miller Fisher

ÅVasospasm was the suspected predominant 
mechanism but Fisher suggested an alternate 
mechanism: thromboembolism, and wrote:
ïIt is even conceivable that some day vascular surgery 

will find a way to by-pass the occluded portion of the 
artery during the period of ominous fleeting 
symptoms.

ïSince 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:

ÅDenton Cooley also 
claimed first CEA case.

ÅPatient with left 
pulsatile tinnitus.

ÅPost-op, his tinnitus was 
cured but he was 
aphasic with a right 
hemiparesis.

The first carotid endarterectomy. Friedman, Steven G.
Journal of Vascular Surgery, Volume 60, Issue 6, 1703 - 1708.e4
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Diagnostic Tools for Stroke & TIA 1973

ÅHistory & Physical

ÅPlain Skull X-ray

ÅMidline Cranial Ultrasound (A mode)

ÅDoppler ophthalmosonometry

ÅIsotope Brain Scan

ÅCatheter or direct puncture Angiography



[ŀǘŜǊŀƭ ϧ ¢ƻǿƴŜΩǎ ±ƛŜǿ {ƪǳƭƭ ·-ray
Check Position of Calcified Pineal



Midline Echoencephalogram
Right Intracerebral Hemorrhage



Doppler Ophthalmosonometry



Isotope Brain Scan



Carotid Angiography 1973



At that time, still many anatomical unknowns 

Time for another Audience Response Quiz

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

A. Charcot
B. Babinski
C. Dejerine
D. Englander
E. A & B
F. C & D





List of Acute Stroke Interventions

ÅIV Heparin



List of Secondary Stroke Preventions
Surgical Medical

ÅCarotid Endarterectomy

ÅEC-IC Bypass

ÅTreat Diabetes

ÅTreat Hypertension

ÅStop Smoking

ÅWarfarin especially in 
valvular heart disease

ÅTreat SBE

Å(Non-Valvular AF was 
not thought to cause 
stroke)



Major Milestones Since My Residency: 
my top 10

The Stories I Will Tell

Å Advanced Digital Imaging

Å Surgery Comes of Age

Å Smoking Reduction

Å Aspirin

Å Cholesterol

Å Non-valvular Atrial Fibrillation

Å Thrombolysis

Å Endovascular treatments

Å Public Education

Å Neuroprotectants?

²ƻƴΩǘ 5ƛǎŎǳǎǎ όƘƻƴƻǊŀōƭŜ ƳŜƴǘƛƻƴύ

ÅStroke Rehabilitation

Å ICH

ÅSpontaneous SAH

ÅDissection

ÅPFO

ÅRare Causes of Stroke

ÅDecompressive Craniectomy



Advanced Digital Imaging
CT / CAT Scan

Allan M Cormack, Tufts physicist, 

developed the mathematics of a two-
dimensional function describing X-ray 
attenuation in each part of a slice 
knowing the mean absorption in 1963 
& 1964.

Godfrey N Hounsfield, Electric 

and Musical Industries, engineer & 
Chief of Medical Research Division, 
described a complete system for 
medicine in a 1968 patent application.

They shared the Nobel Prize in Physiology  & Medicine 1979



First Commercial EMI Scanner, 1971 

ÅEach slice took 160 parallel readings through 180 
ŀƴƎƭŜǎ мх ŀǇŀǊǘ ǿƛǘƘ ŜŀŎƘ ǎƭƛŎŜ ǘŀƪƛƴƎ р ƳƛƴǳǘŜǎ ǘƻ 
record with a total scan reconstruction time of 2.5 
hours 



Subsequent Enhancements
CT or CAT Scan

ÅProcessing Speed

ÅHelical

ÅMulti-slice

ÅCT Angiography

ÅPerfusion scanning

ÅPortable

ÅReduced Radiation

ÅNow over 80 million CT 
scans annually in USA



MRI Scan

ÅbǳŎƭŜŀǊ aŀƎƴŜǘƛŎ wŜǎƻƴŀƴŎŜ ƻōǎŜǊǾŜŘ ƛƴ мфолΩǎΦ

Å1973 Paul Lauterburused NMR to produce 
images.

ÅPeter Mansfield developed the math processes.

ÅThey received the Nobel Prize in Medicine 2003.

ÅNMR scanning was renamed MRI because 
άƴǳŎƭŜŀǊέ ǿŀǎ ƻŦŦ-putting to patients.

ÅUbiquitous in USA by mid-1980s.

ÅNow over 40 million MRI scans annually in USA.



Duplex Scan

B-Mode Ultrasound Pulsed Range-Gated 
Doppler



Two High-±ƻƭǳƳŜ {ǳǊƎŜǊƛŜǎ ƻŦ ǘƘŜ мфслΩǎ ŀƴŘ 
мфтлΩǎ Cƛƴŀƭƭȅ {ǘǳŘƛŜŘ ƛƴ /ƻƴǘǊƻƭƭŜŘ ¢Ǌƛŀƭǎ

Symptomatic Carotid 
Endarterectomy

ÅNASCET 1991: High grade 
symptomatic stenosis 
(>70%)=ARR 17%.

ÅNASCET 1998: Moderate 
symptomatic stenosis (50-
69%)=ARR 7%.

ÅECST 1998: stenosis 
measured against presumed 
original lumen: (>70-
80%)=12% ARR.

Fox Method for % Stenosis



Two High-Volume Surgeries of the мфслΩǎ and 
мфтлΩǎ Cƛƴŀƭƭȅ {ǘǳŘƛŜŘ ƛƴ /ƻƴǘǊƻƭƭŜŘ ¢Ǌƛŀƭǎ

ÅVA Cooperative, 1991: >50%

ÅACAS, 1995: > 60%

ÅACST, published 2010, randomized 1993-2003: CEA 
Absolute Risk Reduction ~ 4% under age 75.  

ÅMore recently Spence & Barnett advise surgery 
ƻƴƭȅ ŦƻǊ άƘƛƎƘ-Ǌƛǎƪέ Stenoses.
ïPersistent TCD microemboli.

ïProgressive stenosis despite best medical management.

Asymptomatic Carotid Stenosis Endarterectomy



Two High-±ƻƭǳƳŜ {ǳǊƎŜǊƛŜǎ ƻŦ ǘƘŜ мфслΩǎ ŀƴŘ 
мфтлΩǎ Cƛƴŀƭƭȅ Studied in Controlled Trials

ÅtƻǇǳƭŀǊ ƻǇŜǊŀǘƛƻƴ ƛƴ тлΩǎ ŀƴŘ ŜŀǊƭȅ улΩǎ 
presumably to restore brain function and 
prevent stroke.

ÅEC/IC Bypass Study Group, NEJM 1985: Failure 
of Extracranial-Intracranial Arterial Bypass to 
Reduce the Risk of Ischemic StrokeτResults of 
an International Randomized Trial.

Å2 years later CMS, VA, Private insurers stopped 
paying for it for this indication.

Extracranial-IntracranialBypass



Smoking Reduction

Cigarette
Labeling

1966



The Aspirin Story

ÅHippocrates noted benefits of willow bark.

ÅGalen recorded anti-inflammatory & antipyretic 
effects of willow leaves.

Å1891 Binzrecorded mucosal bleeding from 
salicylic acid.

Å1950 Craven (ENT) reported 400 patients taking 
ŀǎǇƛǊƛƴ ƘŀŘ ƴƻ aLΩǎΦ [ŀǘŜǊ уΣллл ǇŀǘƛŜƴǘǎΦ

Å1967 Weiss identified that ASA inhibited platelet 
aggregation.



The Aspirin Story

Å1971 John Vane reported aspirin inhibited prostaglandin 
synthetaseas the mechanism and won the 1982 Nobel 
Prize

Å1971 Harrison et al found that aspirin reduced amaurosis
fugaxevents in 2 patients

ÅCanadian Collaborative Trial
ï1971-1977 (pub NEJM 1978).  585 cases of TIA, RIND, and mild 

non-progressive stroke.
ïFactorial design with sulfinpyrazone, ASA (1300 mg daily), & 

placebo.
ïOnly ASA groups showed benefit: 19% reduction in TIA, stroke & 

death. Women did NOT benefit.

ÅWarfarin remained popular for non-cardioembolicstrokes.



The Aspirin Story
WARSS Trial WASID Trial



The Cholesterol Story

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

ïScandanavianSimvastatin Survival Study (4S) 1994

ïHeart Protection Study (HPS) 2002

ïPROVE IT 2004

ÅEntry for these trials was a cardiac event



Cholesterol Controversy (Stroke, 2004)
Is Cholesterol Level a Risk Factor for Stroke

Yes No       

Is elevated cholesterol a risk factor 
for stroke? While the evidence is 
mostly indirect for stroke, it is not 
disputable for coronary heart 
disease. This must be remembered 
when patient management is 
addressed, since the prevention of 
atherothrombotic events should be a 
global effort

In summary, the prevailing evidence 
is not supportive of the hypothesis 
that cholesterol is an important risk 
factor for stroke. This is based on the 
observation that the association 
between cholesterol and stroke is 
weak, inconsistent, and that 
lowering cholesterol levels does not 
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



The Atrial Fibrillation Story
as told by Lew Caplan, 2018

ÅLate 19th Century:  RHD & SBE known as 
embolic stroke causes.

Å1949 C. Miller Fisher suggests that AF even in 
non-RHD/SBE patients could cause embolic 
stroke (based on 3 autopsy cases).

Å1977: Hinton et al (Am J Cardiol) reported 
autopsy findings that lone AF increased 
systemic embolic infarcts including brain.



The Atrial Fibrillation Story
as told by Lew Caplan, 2018

Å1978: Framingham Heart study confirmed a high 
rate of stroke from AF over 24 years.
ï17.6 fold stroke risk increase with RHD & AF
ïрΦс ŦƻƭŘ ǎǘǊƻƪŜ Ǌƛǎƪ ƛƴŎǊŜŀǎŜ ǿƛǘƘ !C ŀƭƻƴŜ όάƭƻƴŜ ! 
Cƛōέύ

Å1979 Fisher published a plea for anticoagulation 
in patients with persistent or paroxysmal AF 
before brain ischemia occurs.
Å1986:Cerebral Embolism Task Force wrote:
ïάNonrheumaticnonvalvularatrial fibrillation is the 

most common cardiac condition associated with 
presumed embolic stroke, accounting for almost half 
ƻŦ ŎŀǊŘƛƻƎŜƴƛŎ ŜƳōƻƭƛŎ ǎǘǊƻƪŜǎΧέ



The Thrombolysis Story

Å1933: The fibrinolytic activity of haemolytic
streptococci. Tillett & Garner, J ExpMed.

Å1981: 22/29 successful IA streptokinase reperfusion of 
22/29 acute MI patients.

Å1986: ISAM reports early IV streptokinase limits size of 
myocardial infarction.

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

Å1979 Recombinant Tissue Plasminogen Activator (rtPA) first 
produced.

Å1995 NINDS trials for rtPAin acute stroke published.
ÅTenecteplasehas longer half-life & more fibrin specificity. 

Still undergoing trials.



Endovascular Treatment of Acute Stroke

ÅMechanical Embolus 
Removal in Cerebral 
Ischemia (MERCI) 
retriever

ÅFDA Cleared 2004 for 
removing foreign body 
(clot is a foreign body)

ÅThen MULTI-MERCI



Endovascular Treatment of Acute Stroke

ÅPenumbra System FDA 
cleared in 2007

ÅTrevocleared 2012

ÅSolitaire FR cleared 2012



Duke Stroke Program

Public Education



The Very Short Story of Successful
Acute Stroke Neuroprotection Trials

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

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

ÅEssentially none has succeeded yet!*

ï*Except hemicraniectomy& maybe citicoline.



Oscar Wilde

Might have said this about the next neuroprotectant trial:
It is the triumph of hope over experience.

Actually he said:
Marriage is the triumph of imagination over intelligence. 
Second marriage is the triumph of hope over experience.

And:
Bigamy is having one wife too many.

Monogamy is the same.



Present

L ǿƻƴΩǘ ŎƻǾŜǊ ǘƘƛǎ ǎƻ ǘƘŀǘ ǘƘŜ ƻǘƘŜǊ 
speakers have something to talk about



It is difficult to make predictions, 
particularly about the future



Stroke Prevention
Stroke Risk Factors

¸ƻǳ /ŀƴΩǘControl:

Age

Race 

Gender 

Prior Stroke or TIA

Family history of stroke

You Can Control:

Atrial Fibrillation  

Diabetes

High Blood Pressure

High Cholesterol Levels

Obesity

Physical Inactivity 

Smoking



Future Directions in Prevention

ÅThere will be continued incremental 
improvements in:
ïAnti-thrombotics

ïessential hypertension management

ïDiabetes management

ïLDL-C management

Å.ǳǘ ǘƘŜǊŜ ŀǊŜ ŀ ŎƻǳǇƭŜ ƻŦ άƴŜȄǘ ōƛƎ ǘƘƛƴƎǎέ 
that I hereby predict and that you are hearing 
here for the very first time!



The First Big Thing:
A Convergence


