
Article abstract-Data from 694 patients hospitalized with stroke were entered in a prospective, computer-based 
registry. Three hundred and sixty-four patients (53 percent) were diagnosed as having thrombosis, 215 (31 percent) 
as having cerebral embolism, 70 (10 percent) as having intracerebral hematoma, and 45 (6 percent) as  having 
subarachnoid hemorrhage from aneurysm or arteriovenous malformations. The 364 patients diagnosed as having 
thrombosis were divided into 233 (34 percent of all 694 patients) whose thrombosis was thought to involve a large 
artery and 131 (19 percent) with lacunar infarction. Many of the findings in this study were comparable to those in 
previous registries based on postmortem data. New observations include the high incidence of lacunes and cerebral 
emboli, the absence of an  identifiable cardiac origin in 37 percent of all emboli, a nonsudden onset in 21 percent of 
emboli, and the occurrence of vomiting at  onset in 51 percent and the absence of headache a t  onset in 67 percent of 
hematomas. 
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Many previous stroke registries'- '" and 
epidemiologic studies pertaining to stroke' 
antedated both the widespread use of new diagnos- 
tic procedures, such as angiography and compu- 
terized tomography, and the recognition of new 
stroke syndromes, including lacunes'"22 and cere- 
bral embolism arising from ulcerated plaques in 
the carotid Additionally, the larger 
series were limited to autopsied patients whose 
clinical data was collected retrospectively. 

The Harvard Cooperative Stroke Registry was 
formed in 1972 for the prospective collection of 
clinical, laboratory and anatomic data from pa- 
tients who were hospitalized with acute strokes. 
This report summarizes findings from the first 694 
patients. 

Methods. Five neurologists from the Mas-  
sachusetts General and Beth Israel Hospitals 
completed questionnaires for stroke patients ad- 
mitted to these hospitals since 1972. Each inves- 
tigator registered personally encountered pa- 
tients sequentially, regardless of why the patient 
was seen. Most encounters occurred through pa- 
tient self-referral, for emergency admission, to a 

participating hospital; many patients, however, 
were referred for evaluation by another physician 
after a diagnosis of stroke. 

The questionnaire consisted of 86 data items, 
including: initial data recorded on hospital admis- 
sion, past medical history, activity at  onset, speed 
of onset, accompanying signs, major findings on 
examination, cerebrospinal fluid tCSF) data, and 
the neurologist's initial diagnosis. The completed 
questionnaire was sent to  the Computer Medicine 
Laboratory at  Beth Israel Hospital, where the data 
were entered into a PDP-15 computer using 
MISAR (Miniature Information Storage and Re- 
trieval System).26 A computer-generated sum- 
mary was then returned to the neurologist for re- 
view. Additional information was then recorded 
concerning the hospital course, results of angiog- 
raphy, computerized tomography (CT) or other 
studies, and the neurologist's final diagnosis. Ini- 
tial and final diagnoses were considered in severa? 
subcategories, including vascular pathology, ab- 
normal vascular anatomy, brain pathology, and 
abnormal brain anatomy. 

Diagnostic criteria continue to evolve as more is 
learned about stroke but those used for this study 
are given below. 

~~~ 

From the Stroke Service and Neurology Service, Massachusetts General Hospital, the Beth Israel Hospital, and the Thorndike Laboratory and 
Department of Medicine, Beth Israel Hospital, Boston. 

This study mas supported by grants HS 00188 from the National Center for Health Services Research, HRA, and IF 2 2  NS 01970-01 and NS 
10828-01Al froin the National Institutes of Health. 

Presented in part at American Academy of Neurology meetings in Miami, 1975, Toronto, 1976, and Atlanta, 1977 

Accepted for publication March 23, 1978 

Dr. Mohr's address is Department of Neurology, College of Medicine. University of South Alabama Medical Center, 2451 Fillingim St., Mobile, AL 
36617 

754 NEUROLOGY 28 August 1978 



1. Large artery thrombosis. 
A. Clinical features. Gradual, stepwise, or 

stuttering stroke occurring over less than 
1 week, especially with preceding tran- 
sient ischemic attacks (TIAs) in the same 
vascular territory; evidence of large vessel 
occlusive disease, such as bruit, or abnor- 
mal facial pulses; history of coronary heart 
disease, with angina pectoris or myocar- 
dial infarction; history of peripheral vascu- 
lar disease manifested by claudication or 
absent pulses; headache out of proportion 
to degree of deficit. 

B. Laboratory features. CSF: Normal. CT: 
Bland infarction without hemorrhagic 
component and not confined to the terri- 
tory of a single surface artery. Angiog- 
raphy: Occlusion or stenosis of major in- 
tracranial or extracranial vessels, such as 
internal or common carotid, middle, post- 
erior, or anterior cerebral arteries, espe- 
cially with stenosis and ulceration in the 
region of occlusion. Postmortem examina- 
tion: Occlusion of large vessel with under- 
lying atheroma and adherent clot; bland, 
nonhemorrhagic infarction. 

2. Lacunae. 
A. Clinical features. Abrupt or gradual onset 

of deficit compatible with one of the recog- 
nized lacunar entities, including pure 
motor hemiparesis,"j pure sensory ~ t r o k e , ' ~  
crural  paresis and  ataxia," and 
dysarthria-clumsy hand syndrome19; ab- 
sence of headache, diminished alertness, or 
vomiting. 

B. Laboratory features. Electroencephalog- 
raphy (EEG): No prominent or prolonged 
lateralized slowing. CT: No lesion, or a 
small, deep infarction in the territory of a 
penetrating vessel. Angiography: No ab- 
normality in the territory of the involved 
vessel. Postmortem examination: Small, 
deep cerebral infarction in the territory of a 
penetrating cerebral vessel, such as a len- 
ticulostriate artery.21 

3. Embolism. 
A. Clinical features. Sudden, stepwise, or fluc- 

tuating onset within 24 hours of a focal 
neurologic deficit, usually without TIAs in 
the same vascular territory, (a single TIA 
longer than 4 hours in the same territory 
would not exclude the diagnosis of em- 
bolism); a cardiac source, such as recent 
myocardial infarction, atrial fibrillation, 
valvular heart disease, or bacterial endocar- 
ditis; large-vessel arterial source manifest 

by bruit or  abnormal ocular pulses, dimin- 
ished central retinal artery pressure or 
other evidence of occlusive disease on fun- 
duscopic examination; systemic embolism, 
prior stroke or TIA in a different vascular 
terri torv. 

B. Laboraiory features. CSF: Absence of gross 
blood, red blood cells present on micro- 
scopic examination. CT: Infarction shown 
in the form of low-density lesion involving 
the superficial cerebral artery territories. 
Angiography: Branch occlusion of an  in- 
tracerebral vessel supplying the clinically 
symptomatic, infarcted territory, espe- 
cially when the occlusion subsequently 
disappears; a n  ulcerated plaque or stenosis 
or other source of embolism in a vessel 
proximal to the vessel supplying the in- 
farcted territory. Postmortem examina- 
tion: Hemorrhagic, superficial infarction; 
blockage of a distal vessel by clot without 
underlying atheroma, or a nonadherent 
clot; absence of severe stenosis or occlusion 
in vessels supplying an infarcted region. 

4. Intracerebral hematoma. 
A. Clinical features. Gradual onset over min- 

utes or days or sudden onset of focal 
neurologic deficit, usually accompanied by 
signs of increased intracranial pressure, 
such as vomiting or diminished conscious- 
ness; hypertension or bleeding diathesis; 
absence of TIA or occlusive peripheral vas- 
cular disease. 

B. Laboratory features. CSF: Blood corrobo- 
rates the diagnosis but its absence does not 
exclude hematoma. CT: Focal mass of high 
density without use of contrast enhance- 
ment. Angiography: Mass effect without 
evidence of blockage of vessels. Postmor- 
tem examination: Circumscribed paren- 
chymatous hematoma without infarction 
or primary involvement of the cerebral sur- 
face. 

5.  S u barachnoid hemorrhage. 
A. Clinical features .  Sudden onset of 

headache, usually accompanied by vomit- 
ing, syncope with later recovery of con- 
sciousness; subhyaloid hemorrhages on 
funduscopic examination. 

B. Laboratory features. CSF: Bloody. CT: 
Blood in subarachnoid mace or normal. oc- 
casionally with accompanying hydro- 
cephalus. Angiography: Aneurysm or ar- 
teriovenous malformation with or with- 
out associated vascular spasm. Postmor- 
tem examination: Blood in subarachnoid 
space: aneurysm or arteriovenous malfor- 
mation. 
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Results. Among the 694 patients, final diagnoses 
included 233 patients with thrombosis of a large 
artery, 131 with lacunes, 215 with embolism, 70 
with intracranial  hematoma,  and  45  with 
aneurysm-arteriovenous malformation. We 
excluded data from more than 150 additional pa- 
tients, including six patients with dissecting 
aneurysms, two with clotting disorders, all pa- 
tients studied retrospectively, and those with only 
TIAs or noncerebrovascular final diagnoses. In  
table 1, the percentages cited above are compared 
with those of four large previous 
showing that our registry contains a higher pro- 
portion of embolism than did these earlier regis- 
tries. Reclassification of our patients according to 
the diagnostic criteria used in previous registries, 
which required a cardiac source for the diagnosis of 
embolism, would have reduced the incidence of 
this diagnosis to 19 percent, increased the inci- 
dence of thrombosis to 65 percent, and rendered 
our final diagnoses comparable to those of the ear- 
lier registries. 

Lacunes, diagnosed in 19 percent of our patients, 
were not clinically recognized a t  the time of the 
previous registries. The prevalence of other dis- 
orders in each subtype of stroke is presented in 
table 2, and of various signs, symptoms, and labo- 
ratory findings in table 3. 

Large artery thrombosis. Ischemic strokes ac- 
counted for 569 patients, of whom 233 had strokes 
attributed to large artery stenosis or thrombosis 
due to atherosclerosis, and the remaining 336 had 
strokes attributable to lacunes or embolus. 

Of the thrombotic strokes, 138 occurred in the 
carotid territory, including 102 studied by angiog- 
raphy. Of these 102, 90 were initially diagnosed 

clinically as thrombosis, while eight were initially 
diagnosed as embolism and four as  lacune. An- 
giograms showed carotid stenosis or occlusion in 
all 102 of the angiographically studied patients, 
including 13 patients who showed embolism. 
These 13 patients with embolism are too few to 
infer the sources of embolic branch occlusions, in- 
cluding possible carotid origin. 

TIAs affected 26 percent of all patients; 65 per- 
cent of these TIAs were diagnosed as thromboses. 
In patients with thrombosis in the carotid terri- 
tory, including those with thrombosis documented 
by angiogram, the occurrence of TIAs was not re- 
lated to onset of the carotid stroke. Nor was there a 
relationship between stroke site and severity of 
clinical deficit, or between these features and the 
occurrence of TIAs, timing before stroke, or simi- 
larity of neurologic signs of TIAs and stroke. 

Prior strokes had occurred in 24 percent of the 
patients with thrombosis, a frequency comparable 
to that of patients with embolism or lacunes. More 
patients with hypertension (blood pressure of 
160/100 mm Hg or greater) had thrombosis (33 per- 
cent) than any other type of stroke, but more with 
severe hypertension (blood pressure of 2201125 
mm Hg or greater) had hematomas (50 percent). 

The onset of thrombotic stroke varied (table 4). 
The deficit was sudden at onset in 40 percent; 
stepwise or stuttering onset occurred in 34 per- 
cent. The onset was smooth or gradual in 13 per- 
cent, and fluctuated from normal to abnormal in 
13 percent. 

Thrombosis affected the carotid circulation in 59 
percent and the vertebrobasilar circulation in 37 
percent, while in 4 percent of patients the affected 
territory was uncertain. 

Table 1. Incidence of each type of stroke in various studies 

Study No. patients Thrombosis Embolism Hematoma Aneurysm, AVM t Unknown 

(% ) (% ) (%) (% ) 

Aring and Merritt4 407 82 3 15$ - - 

Whisnant.5 548 75 3 10 5 7 

Matsumotoc 993 71 8 10 6 5 

KanneP 90 63 15 4 18 - 

and associates 

and associates 

and associates 

- Present study 694 53* 31 10 6 

*34% large artery thrombosis and 19% lacunes. 
tAVM = arteriovenous malformation. 
$Hemorrhages of all types. 
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Table 2. Incidence of other disorders in each type of stroke 

Disorder Large artery 
(No. patients) thrombosis 

(% ) 

Atherosclerosis? 56 
(255) 

Diabetes 
(135) 

Hypertension 
in the past 
(358) 

Hypertension 
at onset$ 
(401) 

Atrial 
fibrillation 
(103) 

Valvular heart 
disease 
(78) 

26 

55 

59 

8 

8 

Lacune 

(% ) 

37 

29 

75 

77 

5 

5 

Embolism 

(% 1 

34 

13 

40 

46 

34 

25 

Hema toma 

(%I 

11 

15 

72 

91 

6 

3 

Aneurysm, AVM+ 

(% ) 

5 

2 

19 

34 

2 

0 

+AVM = arteriovenous malformation. 
tAtherosclerosis was defined as the presence of bruit, previous myocardial infarction, angina, claudication, or an absent 
peripheral pulse. 

$Blood pressure 1601100 mm Hg or higher. 

Table 3. Incidence of findings in each type of stroke 

Finding Large artery Lacune Embolism 
(No. patients) thrombosis 

(% ) (% 1 (% ) 

Seizure 
(16) 

Vomiting 
(94) 

Coma 
(38) 

Headache 
preceding 
(47) 

Headache 
at  onset 
(98) 

Headache 
later 
(64) 

Bloody CSFf 
(70) 

TIA 
(175) 

0.4 0 4 

10 5 4 

4 0 0 

10 6 5 

12 3 9 

9 2 11 

0 2 1 

50 23 11 

Hematoma 

(% 1 

6 

51 

24 

8 

33 

19 

70 

8 

Aneurysm, AVM* 

(% ) 

7 

47 

24 

5 

78 

31 

94 

7 

*AVM = arteriovenous malformation. 
tCSF = bloody cerebrospinal fluid. 
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Table 4. Onset for each type of stroke 

Onset 

Sudden 

Stepwise or 
stuttering 

Smooth or 
gradual 

Fluctuations 

Large artery 
thrombosis 

(%) 

40 

34 

13 

13 

*AVM = arteriovenous malformation. 

Lacune 

(%) 

38 

32 

20 

10 

In patients with thrombotic stroke involving the 
carotid artery, bruits and low central retinal ar- 
tery pressures tended to  occur together. Of 69 pa- 
tients examined for both features, 22 had both an 
ipsilateral low central retinal artery pressure and 
a bruit and 30 had neither; only eight had a bruit 
alone, and nine had an abnormal pressure alone 
( p  < 0.001 for independence of pressure and bruit 
by chi square with a 2 x 2 table). Considering all 
patients with thrombosis, bruit and low central 
retinal artery pressure occurred in 24 percent and 
32 percent, respectively, compared with bruit and 
low central retinal artery pressure in 10 percent 
and 14 percent of patients with lacunes, in 9 per- 
cent and 11 percent of patients with embolism, 
and in 1 percent and 3 percent of patients with 
hemorrhage. 

In ischemic (thrombotic and embolic) strokes in 
the carotid territory, angiographic findings in 210 
patients were compared with clinical state a t  
the time of discharge. Of the 32 patients with 
normal angiograms, 75 percent had a mild clinical 
deficit. Of the 178 patients with angiographic 
abnormalities, only 53 percent had a mild deficit 
(p < 0.04; chi square). 

No patient with thrombotic stroke showed all of 
the classical features. Of 233 thrombotic strokes 
(138 in the carotid territory), TIAs were present in 
49 of the 75 diagnosed by angiogram. In 28 of these 
49, the TIAs were typical of the subsequent stroke. 
Nine of the 49 had a purely motor deficit, and none 
of these had a stepwise onset. 

Embolism. Cerebral embolism was diagnosed in 
215 of the 694 patients. This comparatively high 
incidence (3 1 percent) may represent investigator 
bias or population peculiarities, but we suspect 
that embolism is actually common. Because of the 
difficulties in differentiating embolism from 
lacune or thrombosis in some instances, the data 
from patients whose diagnosis was documented by 
angiogram were analyzed separately. 

Angiography was performed in 106 of the 215 

Embolism Hematoma Aneurysm, AVM* 

(% ) (% ) (% ) 

79 34 80 

11 3 3 

5 63 14 

5 0 3 

patients with cerebral embolism, CT was done in 
49, and autopsy in six. In the 88 patients with 
angiograms that were completely described, 52 (60 
percent) had embolic arterial occlusions in the 
clinically affected territory, and 11 of these had 
additional findings of stenosis, plaque, or occlusion 
of the ipsilateral carotid artery. In the 36 patients 
without embolic arterial occlusion on angiogram, 
22 showed atheromatous change in the carotid ar- 
tery ipsilateral to the stroke, one had an early 
draining vein, one had an aneurysm, and 12 had 
had normal angiograms. 

Timing of angiography after the stroke was im- 
portant. When dates were available, the data 
showed that 38 of 52 angiograms (73 percent) done 
within 2 days of the stroke were positive for em- 
boli, whereas only eight of 29 studies (28 percent) 
performed after the second day showed emboli 
(p < 0.001; chi square). 

There was no significant difference between the 
52 patients in whom angiography demonstrated 
embolic occlusion and the 35 patients in whom it 
did not, with respect to  speed of onset, occurrence 
of coma, aphasia, seizures, infarction of any single 
cerebral lobe, clinical severity, or death in the hos- 
pital. Therefore, the clinical features of all 215 
patients with a discharge diagnosis of embolism 
were treated together in analyzing the data. 

The sites of emboli in the brain were not random. 
The middle cerebral artery territory was involved 
by clinical evidence in 75 percent of all patients 
with embolism and in 66 percent of those with 
angiograms. The posterior cerebral artery terri- 
tory was affected in 11 percent, the basilar artery 
territory in 5 percent; and the anterior cerebral 
artery territory in 3 percent. Among 75 middle 
cerebral arterial strokes, the left side was affected 
in 58 percent; the main stem was occluded in 26 
patients, the upper division in nine, branches be- 
yond the upper division in 22, the lower division in 
eight, a lower division branch in one, unspecified 
parts of the middle cerebral artery in six, and other 
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arteriesin addition to the middle cerebral in three. 
The onset was sudden, with deficit maximal at  

onset, in 79 percent of embolic strokes, compared 
with 53 percent in strokes of other types (table 4). 
Other types of onset were far less common; step- 
wise or stuttering occurred in 10 percent, smooth 
or gradual onset in 6 percent, and fluctuation from 
normal to  abnormal in 5 percent. 

There were cardiac risk factors (atrial fibrilla- 
tion, valvular heart disease, or recent myocardial 
infarction) in 170 patients (25 percent of all 
strokes); 112 of which were diagnosed as cerebral 
embolism. Cardiac risk factorsproved helpful in 
predicting the findings of angiography Gr, < 0.01; 
chi square for a table with or without cardiac risk 
factor versus embolus or  no embolus on angio- 
gram), but atrial fibrillation as a single risk factor 
alone showed less effect Gr, < 0.2; chi square). Atrial 
fibrillation occurred in 103 patients (15 percent of 
all strokes) and 73 of these were diagnosed as em- 
bolic strokes. Duration of the fibrillation varied, 
from 8 years before the embolism to onset after 
hospital admission. 

Many features usually considered helpful in the 
diagnosis of embolism proved to be infrequent. 
Evidence of systemic embolism was present in 14 
patients (2 percent of all strokes), and 12 of these 
were considered to have embolic strokes. Valvular 
heart disease was present in 78 patients (11 per- 
cent of strokes) and was associated with cerebral 
embolism in 51. 

In five of the 46 stroke patients with Wernicke 
aphasia, there was no other neurologic deficit. Al- 
though embolism was the initial diagnosis in all 
five of these patients, three were later found to 
have hematomas. Anticoagulation was under- 
taken in two of the patients with hematoma before 
the correct diagnosis was established. 

Headache with embolic stroke occurred in 9 per- 
cent of patients, a frequency similar to headache in 
large artery thrombosis. No single artery was par- 
ticularly associated with headache. In patients 
with emboli in the middle cerebral artery terri- 
tory, headache occurred with equal frequency 
among infarcts owing to occlusion of the stem, 
major division, or a branch of the artery. Headache 
did not predict the extent of ultimate deficit. 

The inferred source of embolism did not reliably 
predict the clinical prodrome, syndrome, or sever- 
ity of deficit. The patients with angiograms (88 in 
all) whose source was considered to be cardiac, 
carotid, or unknown did not differ from each other 
with regard to prior TIAs, clinical pattern of TIAs, 
initial clinical deficit, or severity at  discharge. 

Physicians’ behavior was reflected in the selec- 
tion of patients for angiography; this selection was 
undertaken more often in patients initially diag- 
nosed as having embolism without an evident car- 
diac source than in patients with a cardiac source. 
Thus, 72 of 109 (65 percent) patients without a 

cardiac source of embolism were studied, as op- 
posed to only 37 of 111 (33 percent) with a cardiac 
source (JI < 0.001; chi square). The latter 37 included 
14 patients with recent myocardial infarction con- 
sidered a source for embolism. The patients in both 
the angiogram and nonangiogram groups ini- 
tially diagnosed as having embolism did not other- 
wise differ in sex, history of prior stroke, TIAs, 
hypertension, early clinical course, presence of 
systemic embolism, or CSF. 

Therapy was much influenced by the angio- 
graphic findings. Among patients with angio- 
grams, anticoagulants were given in 39 of 49 with 
embolism of either cardiac or noncardiac s o u r c e  
almost twice as often as anticoagulants were given 
in the nonangiogram group with a cardiac source 
(38 of 86 anticoagulated), and almost four times as 
often as these agents were administered in the 
nonangiogram group without a cardiac source (9 
of 41 anticoagulated). Other data, such as clinical 
findings, aphasia, mode of onset, etcetera revealed 
no significant differences in the predictability of 
angiographic findings between patients with and 
without a cardiac source of embolism. Of the 10 pa- 
tients with embolism documented by angiogram 
and not treated with anticoagulants, three under- 
went ipsilateral carotid endarterectomy for what 
was considered the source of cerebral embolism; 
because of the severity of the clinical deficit, the 
other seven were not treated. 

The outcome in patients with embolism was 
generally predicted by the severity of the initial 
clinical deficit, but not by the site of the occlusion. 
Three of the 26 patients with embolism involving 
the stem of the middle cerebral artery experienced 
almost complete remission within 6 months. 

No single patient experienced all of the classical 
features of cerebral embolism. Among the 215 pa- 
tients with a discharge diagnosis of cerebral em- 
bolism, angiography was performed in 106 and 
was abnormal in 52. Of these 52, 41 experienced 
maximal deficit at  onset, with a cardiac source in 
18. Ten had a carotid-artery-territory stroke, 
aphasia, or a nondominant hemisphere syndrome 
and atrial fibrillation, but no previous TIA. Eight 
had the onset during activity, one with headache, 
and none had systemic embolism. 

Hemorrhage. One hundred and fifteen strokes 
(17 percent) were due to hemorrhage, with 70 (61 
percent) being primary parenchymatous, so-called 
hypertensive, hematoma. Admission diastolic 
blood pressure exceeded 100 mm Hg in 63 of these 
patients. Parenchymatous hemorrhages had pre- 
dilections for certain brain areas, most frequently 
the putamen (33 of 67 patients). 

The state of consciousness on admission closely 
paralleled the outcome: The less conscious the pa- 
tient, the worse the outlook, and no patient admit- 
ted in coma survived. However, of patients with 
cerebellar hemorrhage, five of eight were alert on 

August 1978 NEUROLOGY 28 759 



The IIarvartl htrokp registry 

ad'niission, two were lethargic, only one stuporous, 
and none comatose; yet two died and three had 
modtmte or wvtw deficit at discharge. 

The onsclt of parenchymatous hematomas, re- 
gardless of site, was smooth and gradual in 63 
ptwent, maximal at onset in 34 ptwent,  and 
marked by stuttering in 3 percent. Xone expwi- 
mctad a fluctuating onset. After admission, 56 per- 
cent experienced further worsening, and 25 per- 
cent of these dett4oratt.d suddenly. Repeated ('T 
showed no incrrasr in the sizr of the hematoma 
aftrr the patient became worst'. 

( )f the 54 patients suficiently alert to be inter- 
viewed, 33 percent reported headache at onset, and 
only 42 percent had headache at any time. Stiff 
neck occurred in only 17 percent of those alert 
enough to be intervitwed. Vomiting occurred in 51 
percent, including all seven cerebellar 
hemat omas. 

Eye movt~mt~nt disorders were helpful in localiz- 
ing the hematoma. Ileviation of conjugattb horizon- 
tal gaze occurred in 52 percent of patients with 
putaminal hematoma; however, 30 percent had no 
impairment of eye movements despite a motor def- 
icit varying from mild paresis to hemiplegia. In 
patients Nith thalamic hematoma, a variety of 
ocular motility disturbances occurred: paralysis of 
upward gaze in three patients, deviation of conju- 
gate gaze in one, skew deviation in thrtw, and total 
immohilit> in one comatose patient. Two patients 
showed no impairment. In patimts with large 
hematomas, abnormal eye movements were not 
helpful in  differentiating putaminal from 
thalamic hrmatomas. 

There w t w  no characteristic pupillary abnor- 
malities in patients with cerebellar hematoma. In 
putaminal hematoma, 10 of 33 patients had ah- 
normal pupils, each demonstrating asymmetry 
and at least one nonreactive pupil. Eight of these 
10 died. Small, poorly reactive pupils were more 
common in thalamic hematoma (eight of 11 1 and 
four of these right died. 

An important therapeutic implication was noted 
in the diagnostic confusion of embolism and 
hematoma. Ten of 214 initial diagnoses of em- 
holism were changed to hematoma, and three of 59 
hematoma diagnoses werta changed to embolism. 
The changes were based on ('T or angiography. 

Data on aneurysm and arteriovenous malforma- 
tion are omitted because these disordws affected 
only 45 patients ( 6  percent ). 

Lucunrs. Patients with signs consistent with 
previously described syndromes of small, deep 
cerebral and brainstem infarctions labeled 
lacunes constituted 19 percent of the final diag- 
noses. Of these 131 patients, the initial diagnosis 
was lacune in 89 percent. On the basis of angiog- 
raphy, nine diagnoses of thrombotic strokes wtw 
changed to lacunes and 13 diagnoses of lacunes 

were changed to thrombosis. On the basis of ('T, 
four hematomas were changed to lacunes, and two 
lacunes were changed to hematomas. Lacunes and 
subarachnoid hemorrhages were never misdiag- 
nosed for one another. 

Lacunes were diagnosed on clinical grounds 
alone more often (69 percent) than any other 
stroke (embolism, 40 percent; thrombosis, 36 per- 
cent; hematoma, 23 percent; subarachnoid hemor- 
rhage, 9 percent b, and were diagnosed least often 
by autopsy. Pure motor stroke was the most fre- 
quent lacunar syndrome diagnosed ( t i 3  patients ). 

Onset in lacunes more closely approximated 
that of thrombosis than any other major etiology 
(table 4). 

With increasing awareness of basilar branch in- 
farcts, 4% percent of the lacunes were assigned a 
vt.rtebrobasilar site.': 

Patitants with lacunar or thrombotic strokes had 
about the same prevalence of prior stroke and the 
same lack of atrial fibrillation and valvular heart 
disease. Hypertension was more often present in 
those with lacunes (75 percent or hematoma I 72 
percent 1 than with thrombosis (55 percent), and 
systemic atherosclerosis was more often evident in 
thrombosis (56 percent) than in lacunes (37 per- 
cent) or embolism (34 percent ). Patients with 
lacunar strokes experienced less than half as 
many TIAs as did those with thrombosis. Among 
the 19 patients with lacunes studied by angiog- 
raphy, none had embolic occlusions. The incidence 
of normal angiograms was 4 percent in patients 
with thrombosis, compared to 63 percent in pa- 
tients with lacunar strokes. 

Discussion. Previous stroke registries were used 
to study thr clinical characteristics of subt?.pes of 
stroke to allow more accurate clinical diagnosis. 
I)alsgaard-?u'ielsenl.~ examined the relationship 
between clinical and postmortem diagnosis in all 
autopsied cases of cerebral apoplexy at one hospi- 
tal from 1940 through 1953. Of 239 strokes clini- 
cally diagnostld as hemorrhage, only 155 (65 per- 
cent I were confirmed at autopsy. Of 139 strokes 
clinically diagnosed as thromboembolism, only 8 1 
t 58 percent) were confirmed. Dalsgaard-Nielsen 
enumerated the frequency of clinical characteris- 
tics that might allow differentiation between 
hemorrhage and thromboembolism. 

Ari& and, earlier, Aring and Merritt4 analyzed 
the clinical characteristics of 245 patients with 
stroke during the period 1925 through 1935. These 
studies were also retrospective and included only 
autopsied cases. Table 5 compares the frequency of 
findings in the present study with those of Aring 
and Dalsgaard-Nielsen. The incidence of coma was 
higher in all subgroups in the previous studies, 
perhaps because those studies included only fatal 
cases. In our study, headache at onset and vomit- 



Table 5. Frequency of clinical features in each type of stroke in various studies 

*AVM = arteriovenous malformation. 
TDalsgaard-Nielsen considered thrombus and embolism together. 
SDalsgaard-Nielsen considered intracerebral hemorrhage and subarachnoid hemorrhage together. 
$Combines athero- and lacune data. 

ing were much less common in patients with 
embolism, whereas they were more common in 
patients with intracerebral hematoma. Data 
concerning seizures and bloody CSF were com- 
parable. 

In addition to  delineating clinical characteris- 
tics, stroke registries have been used to ascertain 
the frequency of the common stroke subtypes. 
Moderate variations are noted between our data 
and those of All of the autopsy series 
gave a considerably greater frequency of in- 
tracerebral hematoma. The incidence of sub- 
arachnoid hemorrhage was relatively uniform ex- 
cept in the Framingham Study, in which patients 
with bloody CSF may have been labeled as having 
subarachnoid hemorrhage, since there were fewer 
patients with intracerebral hematoma and more 
with subarachnoid hemorrhage. 

The incidence of cerebral embolism was far 
higher in our series than in all others. When 
stated, the criteria fur cerebral embolism in the 
other series required a clear cardiac source, 
whereas we included other patients. Matsumoto 
and associates6 reported that “the percentage of 
strokes attributed to embolic infarction (8 percent) 
is undoubtedly understated because it includes 
only cases in which a source for an embolus was 
recognized.” Millikan and associates28 dif- 
ferentiated emboli from the heart, in which there 
is “extraordinarily sudden development of focal 
neurological symptoms and signs. . . within seconds 
or at  most a few minutes,” and intraarterial emboli 
from a plaque in a proximal great vessel, in which 
“the temporal profile of the clinical events may be 
variable from quite swift (many seconds to a few 
minutes) to hours.” If thrombotic and embolic 
strokes in our study were pooled, the resulting 

category of thromboembolism (all nonhemor- 
rhagic strokes) would be 84 percent, a figure simi- 
lar to that for combined thromboembolism in the 
other studies. The postmortem series from the 
Nationwide Cerebrovascular Disease Mortality 
Study” contained few patients diagnosed as hav- 
ing thrombotic stroke, but there were many cases 
with unclassified cerebrovascular disease in whom 
no hemorrhage was found, presumably also cases 
of thromboembolism. In our series, 21 percent of 
the patients with cerebral embolism did not have a 
sudden deficit maximal at  onset, and three pa- 
tients with cerebral embolism from known sub- 
acute bacterial endocarditis had a stepwise onset. 
FisherzY observed that, on occasion, emboli pro- 
duce a nonsudden deficit, and we believe that the 
incidence of intraarterial embolization is consid- 
erably higher than previously recognized. 

Registries can also be used to study the dis- 
eases associated with stroke. The Framingham 
S t ~ d y ’ ” ’ ~  emphasized the key role of hyperten- 
sion in both hemorrhagic and nonhemorrhagic 
stroke. Heart disease was also a contributing 
factor, even when the data were corrected for 
hypertension. In our study, hypertension, heart 
disease, and atherosclerosis (defined as the pres- 
ence of past myocardial infarction, angina pectoris, 
claudication, bruit, or absent peripheral pulses), 
were common in patients with thromboembolic 
stroke (table 2). 

Finally, stroke registries can be used to study 
prognosis. Feigenson and associates,“”.”’ a t  the 
Burke Rehabilitation Center in White Plains, 
New York, studied 566 patients to uncover factors 
predicting outcome and length of stay. Stern, Lin- 
coln and Robinsonlo used computer-generated dis- 
charge summaries of stroke patients at  a rehabili- 
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tation hospital to study prognostic factors and pa- 
tient care. Steinbergs also analyzed admissions to 
a rehabilitation hospital with prognostic guide- 
lines in mind. 

Our study provides data on patients seen a t  hos- 
pitals known for interest in stroke. Frequency es- 
timates derived from our data  a re  neither 
population-based nor epidemiologically sound; 
they may not be representative ofother geographic 
areas, of other hospitals in the same area, or pa- 
tients seen by other consultants within the same 
hospitals, of those not seen in consultation, of those 
not admitted for stroke, or of those not known to 
have had a stroke. Nevertheless, our population 
may constitute a particularly useful study group. 
Studies of patients whose strokes go unrecognized, 
who are never referred for consultation, or who 
survive acute episodes, such as patients admitted 
to a rehabilitation hospital, are biased in the direc- 
tion of survival, whereas studies based on autopsy 
are biased in the direction of death. The inter- 
mediate group, in whom proper intervention may 
make a difference, merits special interest. 

Data in the current registry allowed strokes to  
be examined on a large-scale basis. We hope that 
detailed, long-term follow up of these patients 
using a standardized telephone interview will in- 
crease our understanding of the variety of syn- 
dromes subserved under the general term stroke. 
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