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Summary. To document the occurrence, time course, 
and predictors of global cognitive impairment following 
a supratentorial stroke, we prospectively studied 41 con- 
secutive patients with acute cerebral ischemia and no 
evidence of pre-existing intellectual disturbances. The 
Graded Neurologic Scale and Mattis Dementia  Rating 
Scale were used to assess neurologic and cognitive de- 
ficits within the first week, 3 weeks and 6 months after 
the onset of symptoms. CT was performed at each exam- 
ination and semiquantitative measurements of infarct 
volumes and brain atrophy were obtained. Sixty-one 
percent of patients were found to be cognitively impaired 
within the first week. After  6 months this deficit had re- 
solved in 24%, but was still present in 37% of individu- 
als. Initial findings associated with a high risk of long- 
term intellectual dysfunction were: 1. moderately severe 
cognitive impairment, 2. diminished alertness in the 
acute stroke stage, 3. infarction involving the temporal  
lobe, 4. evidence of multiple brain infarcts and 5. pro- 
nounced ventricular enlargement. Logistic regression 
analysis revealed temporal infarcts and evidence of mul- 
tiple ischemic lesions as the most powerful predictors of 
persistent cognitive impairment. By these two factors 
alone, 85.4% of study participants could be correctly 
classified regarding their cognitive outcome. These re- 
sults suggest cognitive dysfunction to be a frequent se- 
quela of supratentorial stroke. Its long-term persistence 
may be predicted on the basis of certain features. 
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Introduction 

Cerebrovascular disease is generally considered the sec- 
ond most common cause of cognitive impairment in the 
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elderly [4, 6, 19, 20, 27]. The risk factors and radiograph- 
ical correlates of cognitive dysfunction due to cerebral 
ischemic injury are still a matter  of debate [24]. The con- 
troversy partly stems from difficulties in establishing a 
causal relationship between strokes and intellectual de- 
ficits. Both disorders commonly occur with aging and 
therefore may co-exist merely by chance. The most di- 
rected approach in addressing the problem of causality is 
probably the long-term follow-up of acute stroke pa- 
tients free of preceding cognitive deficits, since this could 
enable the temporal  linkage of mental deterioration to 
the onset of cerebrovascular attacks. 

We here present a longitudinal study over 6 months 
in a first-ever stroke population involving neuropsycho- 
logic testing and computed tomography (CT). Our goals 
were to document the occurrence and time course of 
stroke-related cognitive decline as assessed by a global 
dementia rating scale and to identify clinical and CT 
findings associated with a high risk for persistent cogni- 
tive alterations. 

Patients and methods 

The study cohort consisted of all first-ever stroke patients admitted 
to the Dent Neurologic Institue over an &month period who met 
the following criteria: 

- clinial findings compatible with a supratentorial infarct 
- hemorrhage ruled out by CT 
- completion of first evaluation within 7 days of stroke onset 
- ability of patients to undergo psychometric testing. Individuals 

with profoundly impaired consciousness and severe aphasia 
were therefore excluded 

- no evidence of pre-existing cognitive disturbances as assessed 
by the Geriatric Evaluation by Relatives Rating Instrument [22] 
which was administered to a close relative living in the patient's 
household 

- no history or signs of concomitant disease known to be poten- 
tial causes of dementia such as psychiatric disorders, history of 
substance abuse, head injuries, multiple sclerosis or metabolic 
disease. There was no historical evidence of Alzheimer's dis- 
ease in any study participant. 

- scores < 8 on the Selfcare (D) scale [5] to exclude patients with 
pronounced depression. 
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All patients satisfying these criteria were examined within i week, 
3 weeks and 5-7 months (mean 6 months) after the ictus. At each 
examination they underwent repeated neurologic and neuropsy- 
chologic testing and CT. Examinations and tests were always per- 
formed by the same neurologist (R.S.). 

Diagnosis of cerebrovascular risk factors relied on the patient's 
history and the laboratory results during the period of evaluation. 
Accepted risk factors were arterial hypertension (> 160mmHg 
systolic or 95 mmHg diastolic), diabetes mellitus (> 160 mg/dl fast- 
ing blood sugar level), cardiac disease (coronary heart disease, 
myocardial infarction, valvular diseaes, cardiomyopathy, conges- 
tive heart failure, arrhythmia), hypercholesterolemia (> 250mg! 
dl) and smoking. 

The neurologic deficits were recorded with the Graded Neu- 
rologic Scale by Adams et al. [1] designed for use in hemispheric 
strokes. Besides giving a overall deficit score this scale quantifies 
the level of consciousness, language function, motor and sensory 
deficits as well as impairment of higher cortical functions. 

Intellectual performance was evaluated utilizing Mattis De- 
mentia Rating Scale [17]. This instrument allows bedside testing 
and provides an estimate of general cognitive functioning. It in- 
cludes subtests of attention, initiation and perseveration, con- 
struction, conceptualization and verbal and non-verbal short-term 
memory. Adhering to Mattis [17] scores lower than 137 were con- 
sidered abnormal. Conventional standards were used to grade cog- 
nitive impairment as mild (134-136), moderate (129-133) or se- 
vere (128 or less). CT images were obtained on a high resolution 
scanner with a slice thickness of 8ram and a matrix size of 180 • 
180 pixels. All images were oriented in the transverse plane at 10 ~ 
from Reid's baseline. Contrast agents were not administered. 

Each set of images was assessed by one experienced reader un- 
aware of the patients' test results for presence, number, location, 
type (branch pattern, watershed, lacunar) and side (left, right) of 
infarcts. For measurements of infarct volume the contours of areas 
of abnormal low attenuation were outlined on subsequent slices 
using the cursor-controlled stylus of the CT console region of in- 
terest utility. Software utilities available with our system then cal- 
culated the volume of the respective regions and total infarct vol- 
ume was obtained by summing the data from all slices containing 
the lesion. In the case of initially negative CT studies, the 3-week 
examination was used for analysis. 

Additional CT features assessed were leukoariosis, which was 
defined and rated following a previously proposed classification of 
our own [15], and cerebral atrophy. Ventricular and cortical atro- 
phy were graded as mild, moderate or severe. In addition, linear 
and volumetric atrophy measurements were conducted for each set 
of images on the CT console. Indices of ventricular atrophy were 
the frontal horn ratio (FHR) [16], the third ventricular ratio 
(TVR) [16], and the ventricle to intracranial cavity ratio (VICR) 
[21]. Measures of cortical atrophy were the Sylvian fissure width 
(SFW) [14], the frontal interhemispheric fissure ratio (FIFR) [23] 
and the cortical sulci ratio (CSR) [23]. 

All measurements on CT used the inner limit of the skull with 
bone windows for determination of intracranial width [29]. 

Statistical analysis was performed with the microcomputer ver- 
sion of the Statistical Package of Social Sciences (SPSS/PC) [18]. 
Differences between means were tested using one-way analysis of 
variance. The Duncan t-test was applied thereafter to ascertain sig- 
nificant differences. In the case of data with a non-normal distribu- 
tion the Kruskal-Wallis test was administered. Proportions were 
compared by means of the Fisher's Exact Test. Logistic regression 
analysis was used to create a model of predictors of the cognitive 
outcome of study participants. Stepwise backward regression was 
performed to obtain the model with best fit. 

Results  

Fourty-f ive  pat ients  were  eligible for the study. Four  
part icipants were lost to  follow-up; 2 died f rom vascular  

Table 1. Demographic data of groups 

Cognitive impairment 

None Transient Persistent 
(n = 16) (n = 10) (n = 15) 

Sex (M/F) 12/4 6/4 7/8 
Age (mean + SD) 65.1 + 12.2 68.1 +__ 6.7 69.3 + 5.3 
Age range (years) 33-80 55-78 58-82 
Education/years 

(mean + SD) 14.3 _+ 2.0 11.4 • 2.8 12.1 _+ 3.1 
Side of stroke (R/L) 10/6 6/4 9/6 
Hypertension (%) 9 (56.3) 7 (70.0) 8 (53.3) 
Diabetes (%) 3 (18.3) 2 (20.0) 6 (40.0) 
Cardiac disease (%) 10 (62.5) 6 (60.0) 13 (86.7) 
Hyperlipidemia (%) 5 (31.3) 4 (40.0) 6 (40.0) 
Smoking (%) 4 (25.0) 3 (30.0) 3 (20.0) 

causes, I had  a recurrent  s troke with severe aphasia and 
1 decl ined to cont inue  the study. 

A m o n g  those 41 subjects complet ing the study, cogni- 
tive impairment  was noted in 25 (60.9%) at the first week,  
in 16 (39.0%) at the third week  and in 15 (36.6%) at the 
6-months evaluation. A m o n g  patients with persistent cog- 
nitive al terations the congitive domaine  most  c o m m o n l y  
affected was attention (80%) followed by mnestic abilities 
(73.3%),  conceptual iza t ion (66.7%),  initiation (46.6%) 
and persevera t ion  (6 .7%).  A t  each t ime of  assessment 
intellectual impai rment  was always seen to involve at 
least two subcategories  of  cognitive functioning. 

By the course of  cognitive pe r fo rmance  three  subsets 
of  pat ients  could be distinguished. Sixteen (39.0%) sub- 
jects were  free of  cognitive impai rment  th roughou t  the 
study. There  were  10 patients (24.4%) with a transient  
intellectual decline and another  15 (36.6%) pat ients  in 
w h o m  cognitive deficits persisted over  6 months .  The  
minimal  improvemen t  of  any study part ic ipant  with tran- 
sient cognitive al terations was five points on the Mattis 
scale with a mean  of  6.4, SD 2.2 points.  The  investiga- 
t ional subsets were  comparab le  for sex, age and level of  
educat ion.  They  differed nei ther  in the prevalence  of  
cerebrovascular  risk factors nor  in the side of clinical 
strokes (Table 1). 

Twelve of  the 15 patients (80%) with persistent  intel- 
lectual dysfunct ion had modera te ly  severe cognitive im- 
pa i rment  at the initial examinat ion  as opposed  to 3 of  the 
10 (30%) with t ransient  cognitive decline (P  < 0.02). 

T h r o u g h o u t  the study, patients with persistent  cogni- 
tive deficit were  always found  to be more  severely im- 
paired neurological ly  than their cognitively never-affect-  
ed counterpar ts .  The  overall  neurologic  score,  however ,  
did no t  discriminate patients with reversible f rom those 
with persistent cognitive dysfunction (Table 2), The scores 
evaluat ing language functions and hemineglect  did not  
differ a m o n g  groups. 

Initially decreased alertness was no ted  in 6 (40%) in- 
dividuals with persistent intellectual impai rment ,  but  in 
none  of  the other  two subgroups (P  < 0.01 vs cognitively- 
never  affected pat ients  and P < 0 . 0 5 v s  patients with 
t ransient  cognitive impairment) .  



Table 2. Severity of the overall neurologic deficit (Adams Stroke 
Scale) 

Cognitive impairment 

None Transient Persistent 
(n = 16) (n = 10) (n = 15) 
Mean (SD) Mean (SD) Mean (SD) 

1st week 10.6 (10.5) 24.2 (21.3) 29.0 (17.8)* 
3rd week 6.5 (8.6) 15.3 (18.0) 22.2 (17.5)* 
6th month 4.1 (6.1) 14.7 (17.7) 17.7 (14.7)* 

* Kruskal-Wallis test P < 0.05 vs patients with cognitive impair- 
ment 

Table 3. Location and side of infarcts a 

Cognitive impairment 

None Transient Persistent 
(n = 16) (n = 10) (n = 15) 
~(%) ~(%) ,,(%) 

Frontallobe 1 (6.3) 2 (20.0) 5 (33.3) 
Right 0 2 (20.0) 4 (26.7) 
Left 1 (6.3) 0 i (6.7) 

Parietal lobe 9 (56.3) 3 (30.0) 9 (60.0) 
Right 3 (18.8) 1 (10.0) 6 (40.0) 
Left 6 (37.5) 2 (20.0) 3 (20.0) 

Temporal lobe 1 (6.3) 2 (20.0) 10 (66.7)*'** 
Right 0 1 (10.0) 6 (40.0) 
Left 1 (6.3) 1 (10.0) 4 (26.7) 

Occipitallobe 1 (6.3) 1 (10.0) 0 
Right 1 (6.3) 1 (10.0) 0 
Left 0 0 0 

Basal ganglia 9 (56.3) 4 (40.0) 6 (40.0) 
Right 6 (37.5) 2 (20.0) 2 (13.3) 
Left 3 (18.8) 2 (20.0) 4 (26.7) 

Thalamus 0 0 3 (20.0) 
Right 0 0 2 (13.3) 
Left 0 0 1 (6.6) 

Cerebellum 0 2 (20.0) 1 (6.6) 
Right 0 2 (20.0) 1 (6.6) 
Left 0 0 0 

a Several patients had several lesions in different location. Several 
lesions involved more than one territory 
Fisher's Exact test * P < 0.001 vs controls; ** P < 0.05 vs transient 
cognitive impairment 

Overal l ,  the first C T  was negat ive  in 13 (28 .9%) sub- 
jects. A t  least  one  a rea  of  infarct ion was seen in all pa-  
t ients af ter  3 weeks .  Tab le  3 gives a b r e a k d o w n  of  lesion 
locat ion and side a m o n g  the  invest igat ional  groups.  As  
can be seen f rom this table  long- te rm cognit ive deficits 
were  c o m m o n l y  associa ted with infarcts involving the 
t empora l  lobes.  Right  hemispher ic  infarcts occur red  in 
10 (66 .7%) individuals with pers is tent  intel lectual  de- 
cline, in 7 (70 .0%) with t rans ient  cognit ive deficits, and 
in 10 (62 .5%) neve r  cognit ively impa i red  subjects.  The  
respect ive  figures for  left hemispher ic  i nvo lvemen t  were  
8 (53 .3%) ,  5 (50 .0%) and 8 (50 .0%) ,  respect ively.  These  
differences  were  not  statistically significant. As  can be  

Table 4. Number and volume of infarcts 

13 

Cognitive impairment 

None Transient Persistent 
(n = 16) (n = 10) (n = 15) 
Mean (SD) Mean (SD) Mean (SD) 

Infarct number a 1.1 (0.3) 1.2 (0.4) 1.8 (1.1)*'** 
Infarct volume b 

1st week 3.9 (6.8) 12.2 (16.3) 25.5 (37.1) 
3rd week 3.3 (4.3) 15.4 (25.3) 15.8 (25.2) 
6th month 2.0 (3.9) 11.0 (22.8) 17.4 (29.4) 

Duncan t-test and b Kruskal-Wallis test * P < 0.05 vs controls; 
�9 * P < 0.05 vs transient cognitive impairment 

Table 5. Comparison of atrophy measurements (1st-week results) 

Cognitive impairment 

None Transient Persistent 
(n = 16) (n = 10) (n = 15) 
Mean (SD) Mean (SD) Mean (SD) 

FHR (%) 32.6 (5.6) 33.9 (4,9) 35.9 (5.6) 
TVR (%) 3.1 (1.5) 3.2 (1.4) 4.6 (1.6)*, ** 
VICR (%) 5.4 (2.2) 5.9 (1.4) 7.6 (3.1)* 
SFW (mm) 3.2 (1.7) 3.9 (2.4) 5.1 (2.5)* 
FIFR (%) 3.9 (1.3) 3.0 (l.6) 4.5 (1.7) 
CSR (%) 10.4 (4.6) 12.4 (4.6) 13.2 (3.3)* 

FHR = frontal horn ratio, TVR = third ventricular ratio, VICR = 
ventricle to intracranial cavity ratio, SFW = Sylvian fissure width, 
FIFR = frontal interhemispheric fissure ratio, CSR = cortical sulci 
ratio 

seen f rom Tab le  4, the g roup  with pers is tent  cognit ive 
dysfunct ion had  significantly m o r e  infarcts.  While  mult i-  
ple lesions were  no ted  in 8 (53 .3%)  pa t ien ts  o f  the la t ter  
subset  this was the case in only  2 (20% individuals with 
t rans ient  cognit ive decline ( P < 0 . 0 5 )  and 2 (12 .5%) 
neve r  cognit ively impa i red  subjects (P  < 0.01). By  con- 
trast ,  infarct  vo lume  ( range 0 .2-103 cm 3) was not  clearly 
re la ted  to un favourab le  cognit ive ou t come .  The  same  
was t rue  for  the type of  infarct ion.  

A total  of  9 (20%) individuals had evidence  of  leuko-  
araiosis.  No  interval  changes  were  apprec ia ted .  Leuko -  
araiosis was seen in 3 (20%)  subjects with pers is tent  and 
in 2 (20%) with t ransient  intel lectual  deficits. H o w e v e r ,  
there  were  also 4 (25%) cogni t ive ly-never  impa i red  pa-  
t ients with such abnormal i t ies .  T h e  sever i ty  o f  leuko-  
araiosis was c o m p a r a b l e  be tween  groups.  

The  p reva lence  of bo th  vent r icular  and cortical atro-  
phy  was higher  in pat ients  with pers is tent  men ta l  dys- 
funct ion than  in the o the r  subsets.  M o d e r a t e l y  severe  
ventr icular  en l a rgemen t  was no ted  in 7 (46 .6%) individ- 
uals with p o o r  cognit ive ou t come ,  in 1 (10%) with tran- 
sient cognit ive decline and in two pat ients  (12 .5%) with- 
out  intel lectual  i m p a i r m e n t  (P  < 0.05 pers is tent  intellec- 
tual  dysfunct ion vs bo th  o the r  groups) .  Cort ical  a t rophy  
ratings fo l lowed the same  t rend,  the differences  be tween  
the compara t ive  groups  were  not  statistically significant, 
however .  Linear  and volumetric measurements  confirmed 
the results of  subject ive a t rophy  assessments  (Table  5). 
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An increase of ventricular size over time was noted in 
6 (14.6%) patients. Those were equally distributed among 
the three groups of cognitive outcome. Ventricular en- 
largement during follow-up was focal and related to pa- 
renchymal loss from large infarcts. No definite interval 
change was seen in terms of cortical atrophy. 

Logistic regression analysis was used to create a mod- 
el of putative predictors of persistent cognitive dysfunc- 
tion. Factors included in this analysis were moderately 
severe cognitive impairment and diminished alertness at 
the acute stroke stage, temporal infarct location, side 
and size of infarction, evidence of multiple infarcts as 
well as moderately severe ventricular atrophy. The cog- 
nitive outcome could be correctly predicted by these var- 
iables in 87.8% of study participants. When using step- 
wise backward regression temporal infarcts (~3 = 1.4; 
SE (~3)= 0.47; P <  0.01) and multiple infarcts (~ = 1.6; 
SE (~) = 0.7; P < 0.05) were determined as the only sig- 
nificant and independent predictors of the patients' cog- 
nitive outcome. 85.4% of subjects were correctly classi- 
fied based on these two variables alone. 

Discussion 

To date there have been only two studies [by Tatemichi 
and coworkers (25, 26)] that described the prevalence 
and risk factors of global cognitive impairment after 
acute ischemic strokes. This investigation has focused on 
a smaller gorup of subjects, but extends previous work 
by examining first-ever stroke patients without overt 
pre-existing intellectual problems. This is probably the 
best possible way to establish a causal relationship be- 
tween the cerebrovascular accident and cognitive dys- 
function. Moreover, our study is significantly different 
from Tatemichi's work [25, 26] by seeking for clinical 
and CT factors that may enable prediction of long-term 
cognitive impairment already in the acute stroke stage. 

Adhering to conventional standards [17], we found 
61% of patients to be cognitively impaired initially. The 
deficit resolved in 24% and persisted in 37% of the study 
participants. Tatemichi et al. [25] in their first investiga- 
tion reported a 16% dementia rate among stroke sur- 
vivors and, comparable to our study, a 26.3% rate of de- 
mentia in their second investigation [26], which also 
utilized neuropsychological testing for the assessment of 
the patients' intellectual abilities. For two reasons cau- 
tion is advised when considering any of these figures as 
representative of the entire stroke population. First, 
even though all storke patients admitted to our institute 
during the enrollment phase have been screened for pos- 
sible study inclusion only 27.4% of them fullfilled the 
selection criteria. Second, all stroke samples studied 
thus far have been derived from hospital series which 
may be subject of selection bias. In several populations 
up to 40% of the stroke patients may never become hos- 
pitalized for their stroke and subjects who are hospital- 
ized may be younger, may have more severe deficits or 
may be better educated. Nevertheless, within a selected 
cohort it is still possible to identify patients developing 
or not developing cognitive impairment and make mean- 
ingful subgroup comparisons. 

Other confounding factors in the evaluation of cogni- 
tive function of stroke patients may be speech distur- 
bances or hemineglect resulting from focal brain lesions. 
Such an influence on our results is unlikely, since both 
language function and hemineglect grading on Adam's 
stroke scale were similar for cognitively impaired and 
non-impaired groups throughout the observation period. 

Tatemichi et al's first study [25] described age and 
previous cerebrovascular attacks as risk factors for cog- 
nitive impairment in patients with stroke. In the authors' 
second investigation [26] a significant correlation be- 
tween dementia and length of education was reported. 
We also noted a trend towards higher age in patients 
with persistent cognitive alterations. The extent of formal 
education was not related to intellectual decline in our 
study. This, however, might have been due to the smal- 
ler size of present cohort which certainly reduced the 
power of statistical analysis. The role of previous cere- 
brovascular accidents in the evolution of post-stroke 
cognitive dysfunction remained unaddressed by our ap- 
proach, since we examined first-stroke-ever patients 
only. We corraborate previous results in that sex and 
major cerebrovascular risk factors were unrelated to the 
occurrence of long-term cognitive impairment as were 
the type and severity of the neurologic deficit. 

Our study demonstrates two clinical findings, namely 
a moderately severe cognitive impairment and altered 
alertness at the initial examination to be significantly 
more common in patients with persistent intellectual 
dysfunction than in individuals with favorable cognitive 
outcome. In agreement with previous research the radio- 
graphical correlates of persistent cognitive deficits were 
infarctions of the temporal lobes [12, 28] and multiple 
ischemic lesions [3]. Regression analysis demonstrated 
that these two findings were the two most powerful pre- 
dictors of persistent cognitive impairment in our study. 
Based on their evidence 85.4% of study participants 
would have been correctly classified in terms of their 
cognitive outcome. Patients with persistent intellectual 
decline also more frequently showed moderately severe 
ventricular atrophy [25]. A similar relationship between 
cerebral atrophy and intellectual dysfunction is well 
known for patients with Alzheimer's disease [8, 9, 11, 
14, 16] which may lead to the postulation that in a por- 
tion of patients with clinically stroke-related cognitive 
impairment, strokes simply unmasked an already pre- 
sent yet subclinical degenerative process. Alternatively, 
their brain atrophy might have resulted from chronic 
ischemia and superimposition of an acute focal lesion to 
the previously damaged brain may have ultimately ex- 
ceeded the "cognitive reverse". The size of infarcts tend- 
ed to be larger in patients with persistent intellectual 
dysfunction as well. There was, however, considerable 
overlap of infarct volumes between the three compara- 
tive study subsets, which made this parameter a poor 
predictor of the patients' cognitive outcome. Neither the 
presence nor the extent of leukoaraiosis was seen to be 
associated with intellectual impairment. This opposes 
previous reports [2, 13, 151 only at first glance, but can 
be readily attributed to our selection of patients with 
strokes but without preceeding cognitive deficits. As a 
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consequence  we most  l ikely excluded pat ients  with m a r k e d  
l eukoa ra ios i s  which  is the  h a l l m a r k  of  B in swange r ' s  dis- 
ease  and  typica l ly  p re sen t s  wi th  ins id ious ly  p rogres s ing  
men ta l  a l t e ra t ions ,  bu t  f r equen t ly  wi thou t  c o n c o m i t a n t  
neu ro log ic  signs o r  s y m p t o m s  [7]. 

In  s u m m a r y ,  cogni t ive  defici ts  a re  a c o m m o n  seque la  
of  sup ra t en to r i a l  s t rokes .  T h e y  m a y  reso lve  with  t ime  or  
pers i s t  b e y o n d  6 months .  R i sk  fac tors  for  l ong - t e rm  in- 
t e l l ec tua l  dysfunc t ion  inc lude  CT ev idence  of  t e m p o r a l  
l obe  in fa rc t ion  and  mul t ip le  infarcts ,  p r o f o u n d  cogni t ive  
defici ts  and  i m p a i r e d  a ler tness  in the  acute  s t roke  s tage 
as well  as b ra in  a t rophy .  

Acknowledgements. This study was supported by the "Fond zur 
F6rderung wissenschaftlicher Forschung", Vienna, Austria (pro- 
ject J 407MED). 

References 

1. Adams R J, Meador K J, Sethi KD, Grotta JC, Thomson DS 
(1987) Graded neurologic scale for use in acute hemispheric 
stroke treatment protocols. Stroke 18 : 665-669 

2. Aharon Peretz J, Cummings JL, Hill MA (1988) Vascular de- 
mentia and dementia of the Alzheimer type. Cognition, ven- 
tricular size, and leuko-araiosis. Arch Neurol 45 : 719-721 

3. Babikian VL, Wolfe N, Linn R, Knoefl J, Albert ML (1990) 
Cognitive changes in patients with multiple cerebral infarcts. 
Stroke 21 : 1013-1018 

4. Barnes RF, Raskind MA (1981) DSM-III criteria and the clini- 
cal diagnosis of dementia: a nursing home study. J Gerontol 
36 : 20-27 

5. Bird AS, MacDonald AJD, Mann AH, Philpot MP (1987) 
Preliminary experience with the Selfcare (D): a self-rating de- 
pression questionnaire for use in elderly, non-institutionalized 
subjects. Int J Geriatric Psychiatry 2:31-38 

6. Brust JCM (1988) Vascular dementia is overdiagnosed. Arch 
Neurol 45 : 799-801 

7. Caplan LR, Schoene WC (1987) Clinical features of subcorti- 
cal arteriosclerotic encephalopathy (Binswanger disease) Neu- 
rology 28 : 1206-1215 

8. Creasey H, Schwartz M, Frederickson H, Haxby JV, Rapo- 
port SI (1986) Quantitative computed tomography in dementia 
of the Alzheimer type. Neurology 36 : 1563-1568 

9. deLeon MJ, George AE, Reisberg B, Ferris SH, Kenger A, 
Stylopoulos LA, Miller JD, La Regina ME, Chen C, Cohen J 
(1989) Alzheimer's disease. Longitudinal CT studies of ven- 
tricular change. AJNR 10: 371-376 

10. Erkinutti T, Ketonen L, Sulkava R, Sipponen J, Vuorialk M, 
Ilvanainen M (1987) Do white matter changes on MRI and 
CT differentiate vascular dementia from Alzheimer's disease. 
J Neurol Neurosurg Psychiatry 50 : 37-42 

11. Fazekas F, Alavi A, Chawluk JB, Zimmerman RA, Hackney 
D, Bilaniuk L, Rosen M, Alves WM, Hurtig HI, Jamieson 
DG, Kushner MJ, Reivich M (1989) Comparison of CT, MR, 
and PET in Alzheimer's dementia and normal aging. J Nucl 
Med 30 : 1607-1615 

12. Fisher CM (1986) Dementia in cerebral vascular disease. In: 
Siekert RG, Whisnant JP (eds) Cerebral vascular disease. 
Sixth Conference. Grune and Stratton, New York, pp 232-242 

13. Hershey LA, Modic MT, Greenough G, Jaffe DF (1987) 
Magnetic resonance imaging in vascular dementia. Neurology 
37 : 29-36 

14. Kido DK, Caine ED, Le May M Ekholm S, Booth H, Panzer 
R (1989) Temporale lobe atrophy in patients with Alzheimer 
disease: a CT study. AJNR 10 : 551-555 

15. Kinkel WR, Jacobs L, Polachini I, Bates V, Heffner RR Jr 
(1985) Subcortical arteriosclerotic encephalopathy (Binswanger 
disease) Computed tomographic, nuclear magnetic resonance 
and clinical correlations. Arch Neurol 42:951-959 

16. LeMay M, Stafford JL, Sandor T, Albert M, Haykal H, Za- 
mani A (1986) Satistical assessment of perceptual CT scan rat- 
ings in patients with Alzheimer type dementia. J Comp Assist 
Tomogr 10(5) : 802-809 

17. Mattis S (1976) Mental state examination for organic mental 
syndromes in the elderly patient. In: Bellak L, Karasu TE 
(eds) Geriatric psychiatry: a handbook for psychiatrists and 
primary care physicians. Grune and Stratton, New York, pp 
77-121 

18. Norusis MJ (1986) SPSS/PC+ for IBM PC/XT/AT. Chicago 
SPSS 

19. O'Brain MD (1988) Vascular dementia is underdiagnosed. 
Arch Neurol 45 : 797-798 

20. Schoenberg BS, Anderson DW, Haerer AF (1985) Severe de- 
mentia: prevalence and clinical features in a biracial US popu- 
lation. Arch Neurol 42 : 740-743 

21. Schmidt R, Fazekas F, Offenbacher H, Dusleag J, Lechner H 
(1991) Brain magnetic resonance imaging and neuropsycho- 
logic evaluation of patients with idiopathic dilated cardiomyo- 
pathy. Stroke 22:195-199 

22. Schwartz GE (1983) Development and validation of the Geri- 
atric Evaluation by Relatives Rating Instrument (GERRI) 
Psychol Rep 53 : 479-488 

23. Starkstein SE, Folstein SE, Brabdt J, Pearlson GD, McDonell 
A, Folstein M (1989) Brain atrophy in Huntington's disease. 
Neuroradiology 31 : 156-159 

24. Tatemichi TK (1990) How acute brain failure becomes chron- 
ic: a view of the mechanism of dementia related to stroke. 
Neurology 40:1652-1665 

25. Tatemichi TK, Foulkes MA, Mohr JP, Hewitt JR, Hier DB, 
Price TR, Wolf PA (1990) Dementia in stroke survivors in the 
stroke data bank cohort. Prevalence, incidence, risk factors, 
and computed tomographic findings. Stroke 21 : 858-866 

26. Tatemichi TK, Desmond DW, Mayeux R, Paik M, Stern Y, 
Sano M, Remien RH, Williams JBW, Mohr JP, Hauser WA, 
Figueroa M (1992) Dementia after stroke. Baseline frequency, 
risks, and clinical features in a hospitalized cohort. Neurology 
42:1185-1193 

27. Tomlinson BE, Blessed GI, Roth M (1970) Observation of 
brains of demented old people. J Neurol Sci 11:205-242 

28. Ulrich J, Probst A, Wuest M (1986) The brain diseases causing 
senile dementia. J Neurol 233 : 118-122 

29. Wolpert SM (1977) The ventricular size on computed tomog- 
raphy. J Comput Assist Tomogr 1 : 222-226 


