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Abstract 

Background and Purpose: Stroke significantly increases the risk of dementia in the elderly, yet the risk factors for 

incident dementia after ischemic stroke are not well understood. We attempted to determine whether hypoxic- 

ischemic (HI) disorders, which may result from comorbid medical conditions (eg, seizures, cardiac arrhythmias, 

pneumonia), would be an independent risk factor for the development of new dementia after stroke. 

Methods: We prospectively followed 185 initially nondemented patients with ischemic stroke (age, 70.3+/-7.7 

years) for a maximum of 52.8 months. We diagnosed the presence of dementia at annual examinations based 

on neuropsychological testing and modified DSM-III-R criteria. HI disorders were identified by record review or 

examination during hospitalization. We used Kaplan-Meier analysis to determine the cumulative proportion of 

patients with and without HI disorders who survived free of dementia and used Cox models to estimate the 

relative risk of dementia associated with HI disorders. 

Results: The cumulative proportion (+/-SE) surviving without dementia was 51.7+/-10.9% in the HI group versus 

78.2+/-4.3% in the non-HI group after 52.8 months of observation. The relative risk of incident dementia 

associated with HI events was 4.3 (95% confidence interval=1.9 to 9.6) after we adjusted for demographic 

factors, recurrent stroke, and baseline cognitive function. 

Conclusions: We conclude that HI disorders may be a significant independent risk factor for incident dementia 

after stroke, even after adjustment for other recognized predictors of cognitive decline. Recognition of HI 

cerebral damage as a possible pathogenic mechanism for dementia after stroke may allow targeted therapeutic 

interventions to prevent subsequent cognitive deterioration. 

(Stroke. 1996;27:1283-1289.) 
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Selected Abbreviations and Acronyms 
BFAS = Blessed Functional Activity Scale 

CBF = cerebral blood flow 

Cl = confidence interval 

DSM-III-R = Diagnostic and Statistical Manual of Mental Disorders, edition 3, revised 

HI = hypoxic-ischemic 

IR = incidence rate 

MMSE = Mini-Mental State Examination 

PET = positron emission tomography 

RR = relative risk 

VaD = vascular dementia 

Dementia is a frequent consequence of cerebrovascular disease and represents a major public health problem in 

the United States. [1] In our own studies, we diagnosed dementia in 26.3% of patients examined 3 months after 

ischemic stroke, with cerebrovascular disease judged to be the primary underlying mechanism in 56.1% of those 

cases, [2] and we have found that ischemic stroke significantly increased the long-term risk of developing dementia 

among patients initially found to be nondemented. [3] Few studies have investigated the risk factors for incident 

dementia after ischemic stroke, however, even though the identification of significant risk factors could provide an 

avenue for targeted therapeutic interventions to prevent cognitive deterioration. 

During the course of a prospective study designed to identify risk factors for cognitive decline and incident dementia 

after ischemic stroke, a review of the published literature and our own clinical observations suggested to us that 

stroke-related cognitive deficits can worsen with the development of comorbid medical disorders associated with 

global cerebral HI, such as seizures, sepsis, cardiac arrhythmias, and congestive cardiac failure. [3] Such HI 

disorders have been invoked as a possible underlying mechanism for a form of VaD termed "hypoperfusion 

dementia,” [4] a syndrome in which the metabolic demands of the brain exceed the available cerebral blood supply, 

resulting in "supply failure." Although most discussions of the pathogenesis of VaD have emphasized the role of 

atherosclerosis and thromboembolism, supply failure may be an important additional pathogenic mechanism in 

certain subgroups of patients. [5] In the present study we attempted to determine whether the occurrence of such HI 

events in stroke patients would be an independent risk factor for the development of new dementia. 

Subjects and Methods 
Subjects 
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Subjects for this study were recruited among patients consecutively admitted within 30 days of onset of ischemic 

stroke to Columbia-Presbyterian Medical Center. Eligible patients were aged >or=to60 years with the diagnosis of 

acute ischemic stroke of any type. Index ischemic stroke was defined as the acute onset of a focal neurological 

deficit attributable to vascular disease of the brain and supported by CT scan (normal or relevant infarct) performed 

within 1 week of symptom onset. Patients with a history of prior cerebral ischemic events were included, although 

patients with severe aphasia were excluded if they scored [6] Additional exclusions were the presence of a 

concomitant central nervous system disorder potentially affecting cerebral function (eg, Parkinson's disease), 

primary language other than English or Spanish, or severe medical comorbidity (eg, terminal cancer) limiting 

survival over the planned follow-up period of 5 years. We obtained informed consent from subjects or their family 

members using procedures approved by the Institutional Review Board of Columbia-Presbyterian Medical Center. 

During hospitalization medical and neurological histories were collected, and each patient underwent structured 

neurological examinations and cognitive assessments with the use of the MMSE [7] and functional assessments 

with the use of the Barthel Index [8] and the BFAS. [9] Using the BFAS, we interviewed patients, family members, 

and/or other key informants to determine whether functional deficits were evident before the index stroke. A more 

extensive description of our recruitment procedures is available in an earlier publication on methods and baseline 

findings. [2] Among the 297 patients who were initially enrolled, 251 received assessments that were adequate for 

the determination of dementia status 3 months after stroke. Among these 251 patients, 66 were judged to have 

dementia and were excluded from this analysis. Their clinical features have been described previously. [10] The 

remaining 185 nondemented patients constituted the stroke cohort for this incidence study. 

Diagnosis of HI Disorders 

The HI category of disorders was defined on the basis of previous reports, [11,12] and data were gathered on all 

medical disorders that could result in cerebral HI as well as all other intercurrent illnesses and hospitalizations. Data 

collection was blinded to the diagnosis of incident dementia. The number of reported HI disorders was large and 

included cardiopulmonary arrest, cardiac arrhythmias, congestive heart failure, myocardial infarction, syncope, 

seizures, sepsis, pneumonia, respiratory failure, drug overdosage, burns, hypotension with general anesthesia, 

profound hypoglycemia, hanging, and strangulation. Some of the reported HI conditions were underrepresented or 

absent in our sample (eg, drug overdosage and hypotension with general anesthesia), and other conditions (eg, 

cardiopulmonary arrest) were not included in the HI category because all of the patients in our cohort who 

experienced that event subsequently died and were not available for follow-up neuropsychological evaluation. We 

did not rely on specific diagnostic criteria for each HI condition but instead relied on the clinical judgment of the 

admitting physician. As such, we recognize the possibility of misdiagnosis due to variability between physicians in 

the interpretation of clinical information. 

Diagnostic Criteria for Dementia 

Three months after the onset of stroke, patients were given a battery of neuropsychological tests developed for the 

purpose of diagnosing dementia in a bilingual (English and Spanish), multiethnic, elderly population [13,14]; in 

addition, the MMSE was administered as a global measure of cognitive impairment but not for the purpose of 

dementia diagnosis. Neurological and functional examinations were repeated. We chose an interval of 3 months 

after stroke onset for neuropsychological testing to allow sufficient time for patients to exhibit a stable course. 

[15,16] 
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All available information gathered from the neurological, neuropsychological, and functional assessments 

administered at the 3-month visit was reviewed at a diagnostic case conference attended by the examining 

neurologist and two neuropsychologists experienced in the diagnosis of dementia; if any two raters disagreed, the 

judgment of the third rater was sought and consensus achieved. Dementia was diagnosed according to modified 

DSM-III-R criteria, [17] consistent with a Clinical Dementia Rating score of >or=to1. [18] Our criteria for dementia 

required impairment in memory function as well as deficits in at least two other cognitive domains (ie, orientation, 

abstract reasoning, language, and visuospatial function), combined with functional impairment documented with the 

BFAS that was unrelated to physical deficits. [2] The requirement that patients exhibit deficits in memory and at 

least two other cognitive domains was intended to ensure that patients were not misclassified on the basis of poor 

performance on a single measure. To diagnose dementia in aphasic patients who were testable, impairment in 

nonverbal memory was required. 

Impairment within each cognitive domain was defined by performance on neuropsychological tests falling below 

predetermined cutoff scores for each of the subtests developed from pilot data. [13] The use of cutoff scores was 

intended to ensure that study criteria for the diagnosis of dementia would be objective and replicable. We have 

reported norms for this battery in our stroke and control subjects and consider the cutoffs to be conservative. [14] 

Agreement on the diagnosis of dementia was excellent, with a kappa of.96 based on independent judgments by two 

raters in a sample of 63 patients. 

Patient Follow-up 

Patients were reexamined annually with the clinical assessments described above. Scheduling of annual 

examinations was based on the date of stroke onset. Each patient's interval medical history was examined to 

identify the occurrence of new HI disorders and other comorbid medical conditions. The exact dates of occurrence 

of HI disorders were recorded when available, otherwise the date of occurrence was assigned to the midpoint of the 

corresponding follow-up interval. If more than one HI disorder had occurred we used the date of the event closest to 

that of the next scheduled evaluation. Whenever possible, patients were given medical and neurological 

examinations during their hospitalization, and their medical records were reviewed. However, the timing of the 

annual neuropsychological evaluations was based on the date of onset of the index stroke and not on intercurrent 

hospitalizations. To maximize follow-up rates, we made visits to patients' homes or healthcare facilities if they were 

unable or unwilling to visit the medical center, and we did not consider them as having refused any interval 

examination until at least four attempts had been made to contact and examine them. When in-person examinations 

were not possible, we obtained information by telephone to asccrtain vital status and the occurrence of major 

clinical events. 

We used the same diagnostic procedure outlined above to diagnose incident dementia. For the list-learning task 

administered as part of the neuropsychology battery, different word lists of equivalent difficulty were used in follow- 

up visits to minimize practice effects; otherwise, the test battery remained identical. We did not require a specific 

degree of decrement in performance for the diagnosis of incident dementia; only performance falling below the 

cutoff scores combined with functional impairment was required. These operationalized criteria for the diagnosis of 

dementia were intended to maximize consistency and reliability in diagnosis over time. [19] When dementia was 

diagnosed, the date of the annual visit was used as the date of onset of new dementia. Each patient was followed 

until death or June 30, 1993, the end of the incidence study period. 

Statistical Methods 
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Univariate analyses with chi? tests of association were used for descriptive purposes to compare the 34 patients 

who experienced HI disorders with the 151 patients without a history of HI disorders. The reference patient group 

included those with non-HI comorbid medical conditions and those without any coexisting medical conditions. The 

crude IR of new dementia, stratified by the occurrence of HI disorders, was calculated by life-table methods. 

Kaplan-Meier survival analysis [20] was used to determine the cumulative proportion of subjects surviving free of 

dementia in the two groups. Although we diagnosed dementia at the 3-month examination, survival time was 

calculated from the date of stroke onset. For the purposes of the Kaplan-Meier analysis, HI time at risk was defined 

as the period between stroke onset and diagnosis of dementia, and reasons for censoring in this univariate and 

subsequent multivariate analyses included death unrelated to dementia, subject dropout, or reaching the end of the 

study period. 

Since the Kaplan-Meier product limit technique cannot adjust for the effects of other factors or account for the timing 

of the HI events, we also performed Cox proportional hazards analyses [21] to estimate the RR of incident dementia 

associated with the occurrence of HI disorders. We fitted Cox proportional hazards models, in which the occurrence 

of HI disorders was treated as a time-dependent covariate, and adjusted for the effects of demographic variables 

and other potentially relevant factors. The following variables were included in the Cox model together with the 

occurrence of HI events: age (>or=to80 and 70 to 79 years versus 60 to 69 years), education (or=to13 years), race 

(white versus nonwhite), and sex (women versus men). Age and education were treated as trichotomous 

categorical variables to facilitate interpretation of the RR by substrata. 

The MMSE score was also included as a measure of global cognitive function to adjust for baseline cognitive 

impairment but was not intended to signify the presence or absence of dementia. MMSE scores were taken from 

examinations performed 7 to 10 days after stroke (n=153) or, if the 7- to 10-day scores were not available, from 

examinations performed 30 days (n=24) or 3 months (n=8) after stroke. In addition, stroke recurrence during the 

follow-up period was included as a time-dependent covariate. 

Results 

Characteristics of Patient Sample 

Clinical characteristics stratified by HI status are presented in Table 1. The only significant difference on 

demographic variables between the patients with HI disorders and those without was with regard to race, with HI 

events occurring more frequently in white relative to non-white patients (chi2=4.04, P=.04). Among vascular risk 

factors, a history of cardiac disease was recorded more frequently in the patients with HI disorders (chi2=6.26, 

P=.01). For cardiac disease, we used a combined category representing a broad range of cardiac diseases (angina, 

myocardial infarction, congestive cardiac failure, cardiac arrhythmias, and valvular heart disease). There were no 

significant differences between the two patient groups with regard to stroke location or subtype. 
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H! Disorder No HI Disorder 

  

(n=34) (n=151) P* 

Age, y 69.9+8.7 70.4+7.5 18 

Education, y 11.1+4.3 10.324.8 At 

Sex, % male 47.1 48.3 .89 

Race, % nonwhite 47.1 65.6 04 

Hypertension, % yes 67.7 19.5 4 

Diabetes, % yes 26.5 31.8 54 

Hypercholesterolemia, 

% yes 23.5 16.6 34 

Cardiac disease, % yes 64.7 41.1 01 

Cigarette smoking, % 
ever smoked 64.7 58.0 AT 

Stroke location, % 

Cortical 61.8 48.3 22 

Subcortical 23.5 20.2 

Brain stem/cerebellum 14.7 28.5 

Stroke subtype, % 

Atherothrombotic 17.6 20.9 28 

Embolic 30.0 20.9 

Lacunar 20.6 32.4 

Cryptogenic 26.5 25.7 
  

*Based on t tests for continuous data and x* analyses for categorical 
data. 

Table 1. Characteristics of Patients With and Without HI Events 

The clinical characteristics of the 12 patients whose onset of new dementia was found to follow the development of 

HI disorders at the subsequent examination are summarized in Table 2. New onset cardiac disease was present in 

6 (50%) of the cases, including cardiac failure (n=4), arrhythmias (n=1), and myocardial infarction (n=1). 

Generalized seizures were the next most frequent condition, occurring in 3 (25%) of the patients. Pheumonia was 

the comorbid condition temporally related to the dementia in 2 (16.7%) of the patients. Sepsis was present in 1 

patient (8% of the sample). The MMSE scores at 7 to 10 days after stroke are included as a measure of baseline 

cognitive impairment, but it should be emphasized that the diagnosis of incident dementia was based on findings 

from the follow-up neuropsychological and functional examinations. All subjects had been judged to be functionally 

independent before the initial stroke, as determined by BFAS ratings. 
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Pt Age, y/Sex Initial Stroke Location MMSE Score* Recurrent Stroke H! Disorder 

1 67/M L parietal 26 Yes Seizure 

2 61/M L parietal 16 No Seizure 

3 76/M L frontal 13 No Pneumonia 

4 B1/F L cerebellar 2e No Arrhythmia 

5 88/F R capsule 22 No CHF 

6 T4/F R frontal 26 Yes Seizure 

¥ 68/M R parietal-occipital 16 Yes CHF 

& 79/M L temporal-parietal 268 No Pneumonia 

9 91/M L frontal 18 No Ml 

10 66/F R occipital 28 Yes Sepsis 

11 B7/F L basal ganglia-capsule 19 No CHF 
12 FieiM L temporal-parietal ei No CHF 
  

Pt indicates patient: L, left; R, right; CHF, congestive heart failure; and Ml, myocardial infarction. 
“MMSE at 7 to 10 or 30 days after stroke (not used for the purpose of dementia diagnosis). 

Table 2. Clinical Characteristics of Stroke Patients With HI Disorders and Incident Dementia 

Univariate Analyses 

Among the 185 initially nondemented patients, 154 (83.2%) completed at least one visit after the baseline, 132 

(71.4%) completed at least two visits, 73 (39.5%) completed at least three visits, and 26 (14.1%) completed at least 

four visits. Death occurred in 34 patients (18.4%), and 39 (21.1%) were lost to follow-up. Median follow-up for the 

cohort was 25.0 months, with a maximum follow-up of 52.8 months. When deaths occurring before each planned 

follow-up visit are excluded, the proportion of patients examined among those at risk of incident dementia was 

83.2% at year 1, 88.1% at year 2, 88.8% at year 3, and 90.8% at year 4. During 427 person-years of follow-up, a 

total of 36 patients were found to have new dementia, resulting in an IR of 8.4 cases per 100 person-years. The 

unadjusted IR of dementia for the patients with a history of HI disorders was 13.0 cases per 100 person-years 

compared with an IR of 7.2 cases per 100 person-years for the patients free of these disorders. 

As presented graphically in the Figure 1, the cumulative proportion (+/-SE) of patients surviving free of incident 

dementia in the HI event group was 51.7+/-10.9% versus 78.2+/-4.3% in the patients without a history of HI 

disorders after 52.8 months of observation time. We did not calculate a log-rank test for the survival curves between 

the two groups, since the log-rank does not account for the time dependency of the HI variable. A univariate Cox 

model is the more appropriate test in this situation and showed a significant difference between the two groups 

(likelihood ratio test, chi2=13.2, P=.0003). 
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Figure 1. Kaplan-Meier analysis showing the cumulative proportion of patients surviving free of dementia stratified by HI 

status during the follow-up period up to 53 months. 

Multivariate Analyses 

The initial Cox model was based on the four demographic variables alone and revealed a significant independent 

effect of age on the risk of incident dementia. For the group aged >or=to80 years compared with the group aged 60 

to 69 years, the RR was 3.62 (95% Cl=1.31 to 10.01). As presented in Table 3, model A, when the occurrence of HI 

disorders was added to this basic demographic model, the RR associated with older age increased to 4.69 (95% 

Cl=1.64 to 13.44), with a significant independent effect associated with HI disorders (RR=5.29, 95% Cl=2.52 to 

11.11). Education, sex, and race were not significant factors in this model. 
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Variable 

RR (95% Cl) 
  

Model A Model B 
  

HI events (yes vs no}* 

Age (vs 60-69 y) 

70-79 y 

=B80 y 

Education (vs =13 y) 

=8y 

9-12 y 

Sex (women vs men) 

Race (white vs nonwhite) 

9.29 (2.52-11.11) 

2.47 (1.10-5.52) 

4.69 (1.64-13.44) 

1.46 (0.56-3.82) 
2.10 (0.75-5.86) 
0.82 (0.40-1.67) 
0.44 (0.19-0.99) 

4.28 (1.92-9,.55) 

2.66 (1.17-6.06) 

3.80 (1.25-11.60) 

0.89 (0.31-2.57) 
1.24 (0.39-3.89) 
0.84 (0,39-1.80) 
0.47 (0.20-1.13) ( 

Recurrent stroke (yes vs no)" 1.72 (0.72-4.11) 
MMSET (>24 vs =24) 3.55 (1.72-7.33) 

“Time-dependent covariate. 
TMMSE at 7 to 10 or 30 days after stroke (not used for the purpose of 

dementia diagnosis). 

  

Table 3. RR of Incident Dementia Based on Cox Proportional Hazards Models for HI Stroke Patients Compared With Non-Hl 

Stroke Patients Adjusting for Demographic Factors (Model A) and Demographic Factors Plus Baseline MMSE Score and 

Recurrent Stroke as a Time-Dependent Covariate (Model B) 

To adjust for the effects of recurrent stroke and baseline cognitive status, we added stroke recurrence and MMSE 

score at 7 to 10 days after stroke to the model, as shown in Table 3, model B. The Cox analysis including these 

variables resulted in an RR of 4.28 (95% Cl=1.92 to 9.55) for HI disorders as a predictor of incident dementia, while 

we adjusted for other significant predictors. Age remained a significant covariate, with patients aged 70 to 79 and 

>or=to80 years being at increased risk (RR=2.66, 95% Cl=1.17 to 6.06, and RR=3.80, 95% Cl=1.25 to 11.60, 

respectively) relative to the reference group aged 60 to 69 years. MMSE score was also significant in the final 

model, with an RR of 3.55 (95% Cl=1.72 to 7.33), while stroke recurrence was not. Interestingly, wnen we added a 

term representing the interaction of age and HI status to the final model, we found that it was significant for subjects 

aged >or=to80 years (P=.049), but the small number (n=3) of older patients who experienced HI disorders and new 

dementia limited our ability to draw reliable conclusions. We also repeated the analysis beginning timing at 3 

months after stroke onset, at which time all patients were judged to be nondemented. We developed a comparable 

final model in which the RR of dementia associated with HI disorders remained significant (RR=4.28, 95% Cl=1.90 

to 9.21) after we adjusted for demographic factors, recurrent stroke, and baseline cognitive function. 

Discussion 
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While it is known that ischemic stroke significantly increases the risk of incident dementia, few studies have 

identified specific risk factors for incident dementia after stroke, and the general assumption has been that the 

relevant risk factors would correspond to those previously identified for stroke. [22] We found in this prospective 

study that the incidence of dementia was approximately doubled among stroke patients with HI disorders relative to 

stroke patients without such disorders. Those HI disorders remained an independent risk factor for the development 

of new dementia after we controlled for stroke recurrence and the baseline cognitive status of the study subjects. 

Although the numbers of incident dementia cases were small in the two patient groups, our findings nevertheless 

suggest that HI damage from cerebral hypoperfusion might be a contributing pathogenetic mechanism for dementia 

after stroke and that hypoperfusion or hemodynamic dementia may be more common than previously reported. We 

observed a particularly elevated risk of new dementia in older patients with HI disorders, suggesting increasing 

vulnerability to those disorders with advancing age. 

Other investigators have examined the association between HI disorders and dementia in stroke patients. Sulkava 

and Erkinjuntti [23] reported six cases from a consecutive series of 133 patients with VaD whose onset of dementia 

was judged to have been temporally related to cerebral hypoperfusion. Systemic arterial hypotension with cardiac 

arrhythmias (ie, bradycardia, ventricular tachycardia, ventricular fibrillation, and atrial fibrillation) was documented in 

all six cases. Five of the six patients did not exhibit focal neurological signs but were described as confused on the 

initial evaluation. CT brain imaging demonstrated white matter lesions in five of the six subjects, verified at autopsy 

by vascular changes in the deep white matter, and atheromatous disease affecting the circle of Willis in three of the 

patients. The authors speculated that atherosclerosis of the deep penetrating arteries predisposed to hypoperfusion 

of the white matter in the setting of a fall in systemic blood pressure. 

Pathological examination of 175 consecutive autopsy cases of dementia found evidence for hypoperfusion in 17 of 

59 (29%) of the VaD group and 21 of 63 (33%) of the mixed dementia group. [24] The predominant pathological 

feature in the hypoperfusion group was incomplete infarction of the white matter, with completed infarction of the 

border zone territories found in only four cases. No occlusions were noted in the hypoperfusion group, but 

atherosclerotic narrowing of the penetrating cerebral arterioles was common. Fluctuations in the systemic intra- 

arterial pressure combined with atheromatous changes of the deep penetrating vessels were proposed to account 

for the white matter changes. 

Mitchinson, [25] in a retrospective analysis of 145 stroke patients, found that hypotension was judged to have 

contributed to cerebral ischemia in 7 of 48 (14.6%) patients aged >60 years and in 28 of 72 (38.9%) >70 years. The 

hypotensive conditions identified in these patients included congestive cardiac failure, cardiac arrhythmias, 

pulmonary embolism, gastrointestinal hemorrhage, and sepsis. While intracranial cerebral atherosclerosis was 

described as common in these patients, significant extracranial carotid stenosis was found in only one of them. The 

author concluded that systemic hypotension superimposed on atherosclerotic changes of the cerebral penetrating 

arterioles resulted in cerebral hypoperfusion and ischemic cerebral damage. 
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Cooper and Mungas [26] found that a history of general anesthesia was significantly associated with VaD and 

proposed a pathophysiological role for hypotension resulting from anesthesia in the development of VaD. A history 

of hypertension was also associated with VaD in this study. Chronic hypertension results in the delivery of higher 

pressure loads to the cerebral vascular bed, forcing structural remodeling, accelerating atherogenesis, and 

impairing autoregulatory efficiency. [27] While antihypertensive therapy is thought to prevent progression of 

pathological changes in cerebral blood vessels, [28] the optimal range of blood pressure control after acute stroke is 

unclear. Irie et al [29] have reported a J-curve phenomenon with regard to the relation between poststroke blood 

pressure and stroke recurrence rates, and cognitive decline in hypertensive patients with VaD has been associated 

with reduction of systolic blood pressure <135 mm Hg. [30] Nobili et al [31] found evidence for cerebral 

hypoperfusion in one third of neurologically asymptomatic hypertensive patients. The significantly increased 

frequency of white matter lesions found on brain imaging in hypertensive subjects has been attributed to 

hypertension-induced degenerative changes of the deep penetrating arteries. PET studies have also demonstrated 

significant reductions in white matter CBF associated with an increased oxygen extraction fraction and increased 

cerebral metabolic rate for oxygen in nondemented hypertensive patients with white matter lesions, consistent with 

"misery" perfusion. [32] Similar PET studies in VaD subjects have revealed profoundly depressed brain metabolism 

in both the cortex and white matter, and it has been proposed that the development of VaD may result from 

progressive ischemic injury, with a decline in cerebral oxygen metabolism. [33] 

The occurrence of significant hypotension has been reported after the initiation of antihypertensive therapy in the 

elderly, implicating medication-induced cerebral hypoperfusion in the pathogenesis of stroke and cognitive decline. 

Symptoms of postural hypotension developed in six elderly patients shortly after institution of antihypertensive 

therapy, which progressed in one patient to frank infarction. [34] Jansen et al [35] reported that seven subjects had 

antihypertensive regimens either initiated or altered in the 3 weeks preceding their stroke. Furosemide, a potent 

diuretic, had been started in five of the subjects, and reductions in their mean arterial blood pressure ranged from 

10% to 22% compared with pretreatment values. Sulkava and Erkinjuntti, [23] in their description of patients who 

developed new dementia in temporal association with hypotensive episodes and cardiac arrhythmias, noted that all 

of their patients had been receiving antihypertensive medications. Blood pressure recorded in their patients at the 

time of hospitalization was significantly lower than premorbid readings. 

Although we did not directly address the use of antihypertensive agents in our study, it is worthy of note that 8 of the 

12 subjects with HI disorders who developed new dementia were receiving regular antihypertensive therapy at the 

time of their hospitalization. Thus, the elderly may be at higher risk for cerebral hypoperfusion from antihypertensive 

medication due to blunted baroreceptor compensatory reflexes, impaired cerebral autoregulation, and atheromatous 

disease of the deep perforating end arteries. These factors alone or in combination may predispose patients to HI 

damage even with minor reductions in systemic blood pressure. Thus, overzealous treatment of hypertension in 

elderly stroke patients, especially those known or suspected to have intracranial atherosclerosis, is potentially 

harmful, outweighing the proven benefits of treatment for prevention of stroke. 

The term "cardiogenic dementia" [36] was proposed for elderly demented patients with cardiac arrhythmias. It 

suggests that treatable, unrecognized cardiac disease can cause progressive cognitive deterioration. Reductions in 

CBF in patients with cognitive impairment and complete heart block have been observed. [37] After cardiac pacing, 

cognitive performance and CBF improved in all of the patients. Impaired memory and attention in a series of 

patients with cardiac syncope compared with age- and education-matched control subjects [38] suggest that even 

brief episodes of hypoxia may have a detrimental effect on cognition. Development of dementia has been reported 

after myocardial infarction, with pathological examination revealing ischemic injury to the hippocampi, subicula, and 

amygdala, despite the absence of clinical evidence for significant hypotension or cardiac arrest. [39] Prospective 

analyses in which neuropsychological testing was performed before and after surgery have documented a high 

incidence of cognitive decline after coronary artery bypass graft surgery. [40] Placement on the extracorporeal 

circulatory apparatus is associated with a reduction in CBF values and may result in cerebral hypoperfusion and 

thus cognitive decline. 
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Our study has certain limitations, including a lack of follow-up brain imaging at the time of dementia diagnosis, an 

absence of neuropathological data, and a sample size that limited our power to investigate the association between 

dementia and specific HI disorders. We are continuing to follow our original cohort and are recruiting a second 

cohort to replicate and extend our observations. Future studies in which PET and MR spectroscopy are used may 

help to define the cellular mechanisms responsible for neuronal injury in the setting of hemodynamic cerebral 

hypoperfusion and offer a modality to test potential neuroprotective therapeutic strategies. The optimal management 

of hypertension in the elderly with cerebrovascular disease deserves further study to aid in determining the range of 

blood pressure within which cerebral perfusion would not be compromised. 

In conclusion, depleted cerebral hemodynamic and neuronal metabolic reserves in elderly subjects with 

cerebrovascular disease may result in increased vulnerability to cerebral HI damage due to systemic disorders. 

Recognition of cerebral hypoperfusion or "supply failure" as a possible pathogenic mechanism in the development 

of incident dementia after stroke may offer potential therapeutic opportunities to favorably influence the course in 

vulnerable subjects with HI insults and prevent subsequent cognitive deterioration. If cognitive impairment due to 

cerebrovascular disease is a spectrum ranging from an asymptomatic "brain-at-risk" stage through end-stage 

dementia, as suggested by Hachinski, [41] then neuroprotective strategies to limit cumulative cerebral damage due 

to hemodynamic cerebral hypoperfusion may prove to be worthwhile. 
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