
Abstract Ten adult cynomolgus monkeys were studied as
a non-human primate model of hypertensive cerebrovas-
cular disease. Seven were made hypertensive by surgical
coarctation of the aorta and three served as unoperated
controls. After survival periods of 8–30 months, the brains
were serially sectioned and surveyed for neuropathologi-
cal changes. The most conspicuous change was minute ar-
eas of microinfarction in the white and gray matter. The
lesions were of irregular shape with an average maximum
diameter of less than 0.5 mm. They were slightly larger in
the gray than in the white matter and appeared to be of
different ages. Their area of predilection was the white
matter of the forebrain, with smaller numbers in the cere-
bral cortex and scattered lesions elsewhere in the fore-
brain, brain stem and cerebellum. These microinfarcts did
not correspond to usually described lesions in the human
brain in hypertension or in other animal models of hyper-
tensive cerebrovascular disease. We suggest that they rep-
resent an early change in the natural history of hyperten-
sive neuropathology.
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Introduction

Arterial hypertension, a condition that affects over 25% of
the adult population of the United States [31], has been
identified as a major risk factor for cerebrovascular dis-
ease [12, 18, 21, 29, 30, 34, 48]. Cerebrovascular disease
in humans produces a variety of cognitive impairments
ranging from focal dysfunction to dementia [9]. In addi-
tion to these dramatic effects of hypertension, there is also
evidence for a more subtle, progressive decline in mem-
ory, executive function, and attention [5, 13–15, 19, 35,
43, 49, 53–55]. The neuropathological substrate for these
subtle declines is unknown.

In our non-human primate model of hypertension, us-
ing coarctation of the aorta, we have noted a similar pro-
gressive decline in cognitive function [36, 37]. The pre-
sent study was performed in parallel with those clinical
studies to provide a catalogue of the changes encountered
in the hypertensive monkeys. Since only a few of these
monkeys were clinically tested, it is not yet possible to de-
termine the relationship of the observed changes to intel-
lectual decline.

The predominant change that we have identified is a
microinfarct, a lesion much smaller than that generally at-
tributed to chronic human hypertension. Other pathological
changes, such as leuko-araiosis [51], Binswanger’s subcor-
tical leukoencephalopathy [3, 17, 41, 46], lacunar infarc-
tion [16], and hypertensive encephalopathy [8, 47] were
not identified.

Materials and methods

The procedures used in the studies described in this manuscript have
been fully approved by he Boston University School of Medicine
Institutional Animal Care and Use Committee (IACUC). Ten wild-
caught, adult male cynomolgus monkeys (Macaca fascicularis) of
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Philippine origin were used. Of these, seven were made hyperten-
sive and three were used as normal controls. All monkeys were
housed in the AAALAC-approved Laboratory of Animal Science
Center at Boston University Medical Center and were maintained
on Purina monkey chow for 6months before entry into the study.
Hypertension was produced by surgically coarcting the aorta, de-
tails of which have been previously described [26]. Briefly, a 1-cm
segment of thoracic aorta, at a level just below the hilum of the left
lung, was narrowed to a luminal diameter of 2.0–2.5 mm using sur-
gical callipers and a Casteneda partial occlusion vascular clamp
(Pilling Instruments, Fort Washington, Pa.). A supporting band of
umbilical tape was then drawn around the coarcted segment and
sutured without further constriction of the vessel. The coarctation
of the aorta resulted in a decrease in luminal area of about 75–
80%, as indicated by autopsy findings. During the immediate 3-week
post-operative period, the monkeys were given angiotensin I con-
verting enzyme inhibitors, diuretics and digoxin to prevent heart
failure. All drugs were then discontinued.

During the base line period, and at 2- to 3-month intervals
throughout the experimental period, measurements were made of
body weight, plasma cholesterol [1], triglycerides [52] and high den-
sity lipoprotein (HDL) cholesterol [25]. Routine blood analyses also
were performed with an autoanalyzer and included sodium, potas-
sium, glucose, blood urea nitrogen, creatinine, and calcium. Collec-
tion of venous blood for chemical analysis and measurement of blood
pressure were made under sedation with ketamine-HCl (10 mg/kg
i.m.) following an 18- to 24-h fast.

For measurement of HDL cholesterol, fasting blood specimens
were collected in tubes containing disodium ethylenediamine tetra-
acetic acid (1 mg/ml). HDL cholesterol was isolated at a density of
1.210–1.063 g/ml by differential density ultracentrifugation fol-
lowing which the cholesterol contained in this fraction was mea-
sured [28].

The blood pressure in the brachial artery was monitored indi-
rectly by the ultrasonic cuff method weekly in the post-operative
period and then at intervals of 2 months with the use of the Arte-
riosonde [27]. Direct measurements of the intra-arterial pressure in
the brachial and femoral arteries also were performed on the day of
the surgical coarctation, at 3 and 12 months after the surgery and at
the time of sacrifice. After exposing and cannulating the brachial
and femoral arteries, the arterial pressure in these arteries were si-
multaneously measured with strain gauge transducers attached to a
Beckman dynograph recorder. Direct measurements of brachial ar-
terial pressure tended to be higher than the indirect measurements.
Both of these were used to assess changes in blood pressure.

At the completion of the study, the monkeys were sedated with
ketamine and administered an overdose of sodium pentobarbital.
They were perfused transcardially with neutral buffered formalin.
The brains were removed and stored in 10% neutral buffered for-
malin and embedded in celloidin. The brain was serially sectioned
at a thickness of 35 µm with each 20th section stained with Nissl
stain and the next two adjacent sections stained, respectively, with
the Loyez myelin stain and with hematoxylin and eosin (H&E).
All stained sections in the whole brain serial section were surveyed
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Table 1 Clinical data (coarct.
coarctation, HDL high density
lipoprotein, NA not available)

a Died during course of study
b Average brachial arterial pres-
sure
c Average levels

Controls Hypertensive group

Monkey no. 822 827 879 842 844a 860 861 869 879 875

Duration of coarct. (months) – – – 11 11 8 9 29 30 18

Blood pressure (mmHg)b

Systolic 118 104 105 218 185 192 200 240 210 207
Diastolic 68 72 67 142 128 135 122 116 109 113

Plasma lipids (mg/100 ml)c

Cholesterol 127 122 107 135 83 130 122 120 150 139
HDL cholesterol 67 68 70 53 34 63 43 53 51 39
Triglycerides 37 40 39 40 49 38 40 51 53 47

Heart weight (g) 15 19 22 49 43 30 39 44 57 NA

Heart/body weight (g/kg) 3.1 3.5 3.8 7.4 7.2 5.5 8.0 6.4 7.7 NA

Brain weight (g) 62 72 65 66 70 66 76 NA NA NA

Table 2 Microinfarct distribu-
tion (WM Str. Border border
between the striatum and the
white matter)

a One lesion each in optic tract
and mesencephalon 
b Single lesion in the nucleus
raphe dorsalis

Monkey no. 842 844 860 861 869 870 875

Hemispheric WM 69 4 1 7
Internal capsule 1 5 25 3
External capsule 1 1
Extreme capsule
Cerebral cortex 1 1 1 4
Claustrum 1 1
WM Str. Border
Striatum 1
Globus pallidus 1
Amygdala
Thalamus
Cerebellar WM
Anterior com.
Hippocampus 1
Others 2a 1b

Total 75 7 6 32 4 7 0



297

Fig.1 Examples of microinfarcts in the cerebral cortex (A), in the
subcortical white matter (B), in the claustrum (C, arrowheads), in
the field CA1 of the hippocampus (D, arrowheads), in the ansa
lenticularis (E), and in the cerebellar cortex (F). Note the total loss

of neurons within the gray matter lesions (A, C, D, and F) and of
myelin in the white matter lesions in E. A–D, F Nissl-staining; E
Loyez myelin staining. Bars A–C, E, F 100 µm
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Fig.2 A–F Microinfarcts in adjacent Nissl- and myelin-stained
sections. Three lesions in the subcortical white matter in the cin-
gulate gyrus are shown in A and B, in the gray matter just deep the
brachium of the inferior colliculus in C and D, and in the nucleus

raphe dorsalis in E and F (arrowheads). Note the total loss of
myelin in these lesions. A, C, E Loyez myelin staining; B, D, F
Nissl staining. Bar 200 µm



with a stereomicroscope and the pathological changes noted con-
firmed with a compound microscope. The entire brain was available
from hypertensive monkeys 842, 844, 860, and 861 and one half of
the brain, including one half of the brains stem, from hypertensive
monkeys 869, 870, and 875. The entire brain was available for the
three controls.

Results

Clinical findings

Clinical data for the three control monkeys and the seven
hypertensive monkeys are shown in Table 1. The average
systolic blood pressure ranged from 185 to 240 mmHg with
the average diastolic blood pressure varying from 109 to

142 mmHg. Heart weight was available for six of the hy-
pertensive monkey. These all developed myocardial hyper-
trophy, with heart-weight to body-weight ratios that ranged
from 5.5 to 8.0 g/kg (mean = 7.0 g/kg) as compared to a
range of 3.1–3.8 g/kg in the control group. At necropsy,
one of the hypertensive monkeys (no. 860) showed evi-
dence of cardiac failure and three (nos. 842, 844, 860) de-
veloped retinopathy with hemorrhages and exudates. The
serum cholesterol, triglycerides, and HDL cholesterol in
the hypertensive group showed no change from control
values. The blood electrolytes, BUN, creatinine and glu-
cose also showed no significant changes and were compa-
rable to the values observed in the controls.
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Fig.3 A–D High-power photomicrographs to show different stages
of evolution of the microinfarcts. In A a recent infarct with universal
ischemic nerve cell change (arrowheads) can be seen. A slightly
older lesion with numerous reactive microglial cells (arrowheads)
is shown in B. An older lesion with marked hypertrophy of as-

troglial cell nuclei (arrowheads) is shown in C. In D a microinfarct
is closely associated with a hyperplastic blood vessel. It shows a
more quiescent glial scar with few mildly hypertrophic glial cell
nuclei (arrowheads). Nissl stain. Bar 50 µm



Neuropathological findings

The most conspicuous finding in the brain of hypertensive
monkeys was minute areas of infarction. These were not
found in controls. Their distribution according to anatom-
ical location is shown in Table 2 with examples of these
lesions shown in Figs. 1–3. These microinfarcts measured
(415 ± 230) × (225 ± 125) µm (mean ± SD of the greatest
measurement and a measure perpendicular to this mea-
surement, n = 129). They were smaller in the white matter
[(400 ± 220) × (210 ± 120) µm, n = 114] than in the gray
matter [(505 ± 285) × (295 ± 165) µm, n = 15]. The differ-
ences in size between the lesions in the white and gray mat-
ter were not statistically different. Their areas of predilec-
tion was the white matter of the forebrain, particularly the
capsular system and the hemispheric white matter of the
corona radiata and centrum semiovale. They were infre-
quent in the periventricular white matter. The next highest
density was in the cerebral cortex, with the remainder scat-
tered throughout the forebrain, brain stem, and cerebel-
lum. They often contained a centrally placed, prominent
blood vessel and the blood vessels in the surrounding area
were often conspicuous with thick vessel walls (Fig.3D).
In the gray matter, the microinfarcts were sharply circum-
scribed with no surviving neurons within them. Most of

the 15 gray matter lesions were old with a quiescent glial
scar. Some were more recent with 3 showing a marked
degree of glial cell nuclear hypertrophy and hyperplasia, 
1 with microglial cells (Fig.3B), 4 with macrophages, and
2 with ischemic nerve cell change (Fig.3A). The 114
white matter lesions were also of different ages. Twenty-
two showed a quiescent glial scar (Fig.3D), the remainder
showing a variable degree of glial cell nuclear hypertro-
phy (Fig.3C). Ten lesions showed microglial cells and 13
contained macrophages, most of which had gold to brown
pigment. In none of these gray or white matter lesions
were polymorphonuclear leukocytes identified. Many of
the white matter lesions appeared to be areas of incomplete
infarction, with astroglial cells intermixed with oligoden-
droglial cells. However, myelin-stained sections, adjacent
to the Nissl- or H&E-stained sections, generally showed
complete loss of myelin (Fig.2A–F).

In none of the hypertensive monkeys was there evi-
dence of segmental arterial necrosis, microaneurysm for-
mation or frank hemorrhage. None of the animals devel-
oped atherosclerosis. Myelin pallor, when present, was
closely related to white matter microinfarction.

Another finding in these monkeys was the presence of
mineral deposits in various locations within the brain and
the occurrence of perivascular mononuclear cells scattered
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Table 3 Incidental findings.
For mineral deposits the maxi-
mum deposit noted was graded
+++, and those areas without
demonstrable deposits 0
(tr trace)

Controls Hypertensive group

Monkey no. 822 827 879 842 844 860 861 869 870 875

Cerebral cortex + + tr 0 + + tr + 0 0
Striatum ++ ++ ++ + + ++ ++ + + tr
Globus pallidus ++ +++ +++ +++ ++ ++ ++ +++ ++ tr
N. basalis ++ ++ +++ + ++ ++ + ++ 0 +
Amygdala + tr 0 tr tr 0 tr + 0 0
Thalamus + + + + tr + + tr + tr
Cerebellar nucl. 0 + + 0 tr 0 0 0 0 0
Subst. nigra ++ ++ ++ ++ ++ tr ++ – tr 0

Table 4 Perivascular macro-
phages: the numbers are the
number of vessels with peri-
vascular macrophages noted
throughout the serial sections
with a stereomicroscope

Controls Hypertensive group

Monkey no. 822 827 879 842 844 860 861 869 870 875

Hemispheric WM 15 59 8 14 4 14 24 1 1 2
Internal capsule 9 4 1 1 1
External capsule 1 1 2 1 1
Extreme capsule 4 7 3 1 4 7
Cerebral cortex 2 2 2
Claustrum 1
WM Str. Bord. 13 1 1
Striatum 2 1 3 1 1 5 3 1
Globus pallidus 1 1
Amygdala 5 3
Thalamus 1 1 3 1 1
Cerebellar WM 2
Anterior com. 3 1 4
Hippocampus 1 4

Totals 22 82 39 22 12 31 38 4 3 4



throughout the brain. Quantitative and semiquantitative
documentation of these changes in the seven hypertensive
monkeys and the three controls (Tables 3, 4) suggests that
these findings were incidental findings unrelated to hyper-
tension.

Discussion

The most conspicuous finding of the present study was
the presence of minute areas of infarction in each of the hy-
pertensive monkeys. None were found in any of the nor-
mal controls. Most of the lesions appeared to be old, while
other showed evidence of having been recently formed.

The microinfarcts were irregularly shaped and of rela-
tively uniform size with an average maximum diameter of
slightly less than 0.5 mm. In the gray matter these lesions
were characterized by a total loss of neurons and in the
white matter by marked loss of myelinated fibers. The mi-
croinfarcts appeared with greater frequency in the white
matter of the forebrain, particularly in the capsular system
and the hemispheric white matter of the corona radiata and
centrum semiovale. The area with the next highest density
was in the cerebral cortex, with the remainder scattered
throughout the forebrain, brain stem, and cerebellum.

With respect to individual monkeys, the largest number
of microinfarcts occurred in monkeys 842 and 861. Of in-
terest, monkey 861 had the highest heart weight/body
weight ratio and monkey 842 had the third highest heart
weight/body weight ratio and the highest maximum dias-
tolic blood pressure. These observations suggest a close
relationship between these indices of the severity of hy-
pertension and the number of microinfarcts.

The relationship of the microinfarcts observed in this
primate model to the classically described focal lesions in
chronic hypertension in the human brain is uncertain. The
lesions are smaller than lacunar infarcts, which according
to Fisher [16] measure 0.5–15 mm in diameter. They also
differ from lacunar infarction in that they are not associ-
ated with obvious segmental degenerative changes in pene-
trating arteries or vascular occlusions, conspicuous changes
in the brains with lacunar infarction [10, 16].

In contrast, the size of the microinfarcts is similar to that
reported in hypertensive encephalopathy. However, the ap-
pearance of the lesions, the associated vascular changes,
and the distribution pattern of the lesions is different. In
human hypertensive encephalopathy, Chester et al. [8] re-
ported that arteries in the brain and retina show segmental
fibrinoid necrosis with thromboses of arterioles and capil-
laries. These vascular changes are associated with petechial
hemorrhages and microscopic or miliary infarction. The
latter measure from approximately 100 µm to 1–2 mm in
diameter. These lesions in man show preferential localiza-
tion in the basis pontis, followed by the basal ganglia,
cerebral white matter, cerebral cortex, and spinal cord.

The distribution pattern and morphology of the mi-
croinfarcts in the hypertensive monkeys also differ form
that found in rat models of acute, severe hypertension and
in rat models of severe established hypertension. In these

models the lesions occur predominately in the cerebral
cortex in the location of the arterial border zones and to a
lesser extent in the thalamus [11, 38, 44]. The characteris-
tic lesions are microinfarcts with rarefaction of the neu-
ropil and preserved neurons, cyst formation, and occa-
sional hemorrhage [39, 40, 44]. Ogata et al. [39] felt that
these lesions were due to brain edema and, in a serial sec-
tion study of five stroke-prone, spontaneously hyperten-
sive rats, Ogata et al. [40] noted that they were related to
single or multiple arterial occlusions. These arteries, like
those noted in man by Chester et al. [8], showed fibrinoid
degeneration. Thus, not only is the distribution of the in-
farcts different than that found in man and in animal mod-
els of severe hypertension, there are differences in the de-
tails of the pathology and associated vascular changes.

The microinfarcts observed in the hypertensive mon-
keys also do not appear to be related to leuko-araiosis. This
term, originally coined by Hachinski [24], denotes a hy-
podensity in the white matter beneath the lateral ventricles
in computed tomography scans or intense white matter
signal in this location with magnetic resonance imaging
(MRI). Leuko-araiosis appears to be related to both age
and hypertension [20, 50, 51]. In a postmortem MRI study,
van Swieten et al. [51] noted this change in a moderate to
severe degree in 10% of the brains from individuals be-
tween 60 and 69 years of age and in 50% of brains from
individual between 80 and 89 years of age. The MRI ap-
pearance of periventricular change correlated well with
histological evidence of loss of myelinated fibers, gliosis,
and abnormally thick arterioles measuring up to 150 µm
in diameter. In some cases there were small white matter
infarcts. The monkeys lack both the periventricular loss of
myelin and the vascular changes noted by van Swieten et
al. [51].

A further consideration is the relationship of these le-
sions to Binswanger’s subcortical leukoencephalopathy, a
disease originally described by Binswanger in 1894 and
later called Binswanger’s disease by Alzheimer [2]. It has
received extensive attention in the literature [3, 6, 7, 17,
41, 42, 46]. The hallmark of Binswanger’s disease is a de-
mentia that occurs in association with the loss of subcorti-
cal myelin that is greater in the subventricular zone, spar-
ing of the subcortical myelinated U fibers, and severe dis-
ease of the medullary arteries that supply the affected re-
gion. The vast majority of individuals, but not all, have
systemic hypertension [3, 32, 33, 46]. Fisher [17] in his
review, describes scattered foci of white matter destruc-
tion” ...from typical lacunar infarcts 3–6 mm in diameter
at one end of the spectrum, down to merely spongy loose-
ness of the tissue without frank necrosis”. In two cases
personally observed by Fisher [17], serial sections failed
to reveal evidence of vascular occlusions. Lacunar infarc-
tion occurs in 87% of the cases [17], indicating a close re-
lationship of this change to Binswanger’s disease. This re-
lationship has prompted Román [45] to propose the term
”lacunar dementia” to encompass both. The lesions in the
hypertensive monkeys are smaller than those noted in
Binswanger’s encephalopathy and there is no evidence of
diffuse white matter loss, subventricular accentuation of
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the lesions, or severe disease of penetrating arteries. Fur-
ther, unlike in Binswanger’s disease, the lesions are scat-
tered throughout both white and gray matter rather.

The microinfarcts observed in the present study resem-
ble those reported by Garcia et al. [22]. These authors stud-
ied five hypertensive monkeys with coarctations of the
aorta of 2-month to 2-year duration. They noted grossly
visible ‘spongy’ lesions and selected these for detailed elec-
tron microscopic study. These measured 0.5 mm in diam-
eter, were present in all five monkeys in a random pattern,
and were most abundant at 2 years after the coarctation. In
these areas, the capillaries were dilated with flattened en-
dothelium, interrupted endothelial linings, increased thick-
ness and deformity of the basement membrane, and depo-
sition of collagen and osmiophilic material. In compara-
ble lesions in the human brain, they noted, in addition, de-
position of fibrin. They stated that the lesions resembled
areas of brain ischemia with reperfusion, and suggested
possible” ...successive episodes of regional ischemia and/
or hyperperfusion.” Garcia et al. [23] later noted that this
change was most marked in the striatum and occurred in
relationship to increased arteriolar wall to lumen ratios.
This predilection for the striatum was not noted in our ma-
terial.

A final possibility is that the microinfarcts are embolic
in origin. Against this possibility is the lack of evidence of
hemorrhage in any of the lesions, the lack of evidence of
emboli elsewhere in the body, either clinically or at the time
of autopsy, and the absence of a source of emboli in the
general autopsy.

In summary, we report the occurrence of multiple mi-
croinfarcts in the brain of hypertensive monkeys that oc-
cur in both the white and gray matter. Their relatively uni-
form size suggests that they are due to ischemia in the ter-
ritory of a particular caliber of blood vessel. They oc-
curred in relationship to hypertrophic arteries that show
no evidence of more advanced hypertensive cerebrovas-
cular disease such as occlusion or segmental pathology,
suggesting that they may be an early change in natural
history of hypertensive neuropathology. It is possible that
these microinfarcts may have been missed or overlooked
in routine autopsy sections taken from hypertensive indi-
viduals. In the hypertensive monkey these lesions were
present in relatively small numbers and were identified in
a meticulous search of a large number of whole serial sec-
tions. In consort with behavioral testing, which shows ev-
idence of a progressive decline in cognitive function [36,
37], the microinfarcts appear to be developing up to the
time the animal is killed.

References

1.Abell LL, Levy BB, Brodie BB, Kendall FE (1952) Simplified
method for the estimation of total cholesterol in serum and
demonstration of its specificity. J Biol Chem 195: 357–366

2. Alzheimer A (1902) Die Seelenstorungen auf arteriosklerotischer
Grundlage. Allg Z Psychiatr Psychischerichtl Med 59: 695–
711

3.Babikian V, Roper AH (1987) Binswanger’s disease: a review.
Stroke 18: 2–12

4.Binswanger O (1894) Die Abgrenzung der allgemeinen progres-
siven Paralyse. Berl Klin Wochenschr 31: 1103–1105; 1137–
1139; 1180–1186

5. Boller F, Vrtunski PB, Mack JL, Kim Y (1977) Neuropsycholog-
ical correlates of hypertension. Arch Neurol 34: 701–705

6.Brun A, Englund E (1992) Pure subcortical arteriosclerotic 
encephalopathy (Binswanger’s disease): a clinicopathological
study. Cerebrovasc Dis 2: 87–92

7.Caplan LR (1995) Binswanger’s disease-revisited. Neurology
45: 626–633

8.Chester EM, Agamanolis DP, Banker BQ, Victor M (1978)
Hypertensive encephalopathy: a clinicopathological study of
20 cases. Neurology 28: 928–939

9.Cummings JL, Mahler ME (1991) Cerebrovascular dementia.
In: Bornstein RA, Brown G (eds) Neurobehavioral aspects of
cerebrovascular disease. Oxford University Press, New York,
pp 131–149

10.De Reuck J, Eecken H van der (1976) The arterial angioarchi-
tecture in lacunar state. Acta Neurol Belg 76: 142–149

11.Dinsdale HB, Robertson DM, Haas RA (1973) Acute hyperten-
sion and prolonged focal cerebral ischemia. Trans Am Neurol
Assoc 98: 162–165

12.Doyle AE (1991) Hypertension and vascular disease. Am J Hy-
pertens 4: 103S-106S

13.Elias MF, Robbins MA, Schultz N (1987) Influence of essen-
tial hypertension on intellectual performance: causation or spec-
ulation? In: Elias JW, Marshall PH (eds) Cardiovascular dis-
ease and behavior. Hemisphere, New York, pp 107–149

14.Elias MF, Robbins MA, Schultz N, Pierce TW (1990) Is blood
pressure an important variable in research on aging and neu-
ropsychological test performance? J Geront Psychol Sci 45:
128–135

15.Farmer ME, Kittner SJ, Abbott RD, Wolz MM, Wolf PA,
White LR (1990) Longitudinally measured blood pressure, an-
tihypertensive medication use, and cognitive performance: The
Framingham Heart Study. J Clin Epidemiol 43: 475–480

16.Fisher CM (1969) The arterial lesion underlying lacunes. Acta
Neuropathol 12: 1–15

17.Fisher CM (1989) Binswanger’s encephalopathy: a review. 
J Neurol 236: 65–79

18.Forette F, Boller F (1991) Hypertension and the risk of demen-
tia in the elderly. Am J Med 90: 14S-19S

19.Franceschi M, Tancredi O, Smirne S, Mercinelli A, Canal N
(1982) Cognitive processes in hypertension. Hypertension 4:
226–229

20.Fukuda H, Kitani M (1995) Differences between treated and
untreated hypertensive subjects in the extent of periventricular
hyperintensities observed on brain MRI. Stroke 26: 1593–1597

21.Furuta A, Ishii N, Nishihara Y, Horie A (1991) Medullary ar-
teries in aging and dementia. Stroke 22: 422–446

22.Garcia JH, Ben-David E, Conger KA, Geer JC, Hollander W
(1981) Arterial hypertension injuries brain capillaries. Defini-
tion of the lesions. Possible pathogenesis. Stroke 12: 410–413

23.Garcia JH, Briggs L, Conger KA, Geer JC, Hollander W (1983)
Cerebral arteriolar and capillary injury in experimental hyper-
tension. J Neuropathol Exp Neurol 42: 338

24.Hachinski VC (1987) Leuko-araiosis. Arch Neurol 44: 21–23
25.Havel RJ, Eder HA, Bragdon JH (1955) The distribution and

chemical composition ultracentrifugally separated lipoproteins
in human serum. J Clin Invest 34: 1345–1353

26.Hollander W, Madoff I, Paddock J, Kirkpatrick B (1976) Ag-
gravation of atherosclerosis by hypertension in a subhuman pri-
mate model with coarctation of the aorta. Circ Res 38 [Suppl II]:
63–72

27.Hollander W, Prusty S, Kirkpatrick B, Paddock J, Nagrai S
(1977) Role of hypertension in ischemic heart disease and cere-
bral vascular disease in the cynomolgus monkey with coarcta-
tion of the aorta. Circ Res 40 [Suppl I]: I-70–I-83

302



28.Hollander W, Colombo MA, Faris B, Franzblau C, Schmid K,
Wernli M, Bernasconi B (1984) Changes in the connective tis-
sue proteins glycosaminoglycans and calcium in the arteries in
the cynomolgus monkey during atherosclerotic induction and re-
gression. Atherosclerosis 51: 89–108

29.Kannel WB, Wolf PA, Verter J, McNamara PM (1970) Epi-
demiological assessment of the role of blood pressure in stroke,
the Framingham Study. JAMA 214: 301–310

30.Kannel WB, Wolf PA, McGee DL, Dawber TR, NcNamara P,
Castelli WP (1981) Systolic blood pressure, arterial rigidity, and
risk of stroke. JAMA 245: 1225–1229

31.Kaplan NM (1983) Hypertension: prevalence, risks, and effect
of therapy. Ann Intern Med 98: 705–708

32.Loizou LA, Jefferson JM, Smith WT (1982) Subcortical arte-
riosclerotic encephalopathy (Binswanger’s type) and cortical
infarcts in a young normotensive patient. J Neurol Neurosurg
Psychiatry 45: 409–417

33.Ma K-C, Lundberg PO, Lilja A, Olsson Y (1992) Binswanger’s
disease in the absence of chronic arterial hypertension. A case
report with clinical, radiological and immunohistochemical ob-
servations of intracerebral vessels. Acta Neuropathol 83: 434–
439

34.MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J,
Abbott R, Godwin J, Dyer A, Stamler J (1990) Blood pressure,
stroke, and coronary artery disease. Lancet 335: 765–774

35. Mazzucchi A, Mutti A, Poletti A, Ravanetti C, Novarini A,
Parma M (1986) Neuropsychological deficits in arterial hyper-
tension. Acta Neurol Scand 73: 619–627

36. Moss MB, Kemper T, Rosene DL, Prusty S, Hollander W (1989)
Neuropsychological and pathological consequences of hyper-
tension and high cholesterol diet: a primate model of cerebrovas-
cular disease. J Clin Exp Neuropsychol 12: 68 

37.Moss MB, Rosene DL, Kemper TL, Prusty S, Hollander W
(1993) Hypertension-induced memory impairment and microin-
farction in monkeys. Soc Neurosci Abstr 19: 196

38.Nag S (1984) Cerebral changes in chronic hypertension: com-
bined permeability and immunohistochemical studies. Acta Neu-
ropathol (Berl) 62: 178–184

39.Ogata J, Fujishima M, Tamaki K, Nakatomi Y. Ishitsuka T,
Omae T (1980) Stroke-prone spontaneously hypertensive rats
as an experimental model of malignant hypertension. I. Light-
and electron-microscopic study of the brain. Acta Neuropathol
51: 179–184

40. Ogata J, Fujishima M, Tamaki K, Nakatomi Y, Ishitsuka T, Omae
T (1981) Vascular changes underlying cerebral lesions in stroke-
prone spontaneously hypertensive rats. Acta Neuropathol (Berl)
54: 183–188

41.Olszewski J (1962) Subcortical arteriosclerotic encephalopa-
thy. World Neurol 3: 359–375

42.Pantoni L, Garcia JH (1995) The significance of cerebral white
matter abnormalities 100 years after Binswanger’s report. A re-
view. Stroke 26: 1293–1301

43.Pentz CA, Elias MF, Wood WG, Schultz NA, Dineen J (1979)
Relationship of age and hypertension to neuropsychological test
performance. Exp Brain Res 5: 351–372

44.Robertson DM, Dinsdale HB, Hayashi T, Tu J (1970) Cerebral
lesions in adrenal regeneration hypertension. Am J Pathol 59:
115–131

45.Román GC (1985) The identity of lacunar dementia and Bin-
swanger’s disease. Med Hypotheses 16: 389–391

46.Román GC (1987) Senile dementia of the Binswanger’s type: a
vascular form of dementia in the elderly. JAMA 258: 1782–
1788

47. Rosenberg EF (1940) The brain in malignant hypertension. Arch
Intern Med 65: 545–586

48.Sandok BA, Whisnant JP (1983) Hypertension and the brain:
Clinical aspects. In: Genest J, Kuchel O, Hamet P, Cantin M
(eds) Hypertension. McGraw-Hill, New York, pp 777–791

49.Schmidt R, Fazekas F, Offenbacher H, Lytwyn H, Blematl B,
Niederkorn K, Horner S, Payer F, Friedl W (1991) Magnetic
resonance imaging white matter lesions and cognitive impair-
ment in hypertensive individuals. Arch Neurol 48: 417–420

50.Steingart A, Hachinski VC, Lau C, Fox AJ, Diaz F, Cape R,
Lee D, Inzitari D, Merkskey H (1987) Cognitive and neurolog-
ical findings in subjects with diffuse white matter lucencies on
computed tomographic scan (Leuko-araiosis). Arch Neurol 44:
32–35

51.Swieten JC van, Hout HW van den, Ketek BA van, Hijdra A,
Wokke JHJ, Gijn J van (1991) Periventricular lesions in the
white matter on magnetic resonance imaging in the elderly. Brain
114: 761–774

52.Van Handel E, Zilversmit DB (1957) Micromethod for the di-
rect determination of serum triglycerides. J Lab Clin Med 50:
152–157

53. Waldstein SR, Ryan CM, Manuck SB, Parkinson DK, Bromet
EJ (1991) Learning and memory function in man with un-
treated blood pressure elevation. J Consult Clin Psychol 59:
513–517

54.Wallace RB, Lemke JH, Morris MC, Goodenberger M, Kohout
F, Hinrichs JV (1985) Relationship of free-recall memory to
hypertension in the elderly: The Iowa 65+ rural health study. 
J Chronic Dis 38: 475–481

55.Wilkie F, Eisdorfer C (1971) Intelligence and blood pressure in
the aged. Science 172: 959–962

303


