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PURPOSE: To determine whether arteriolar vessel wall degeneration in primary intracerebral
hematomas might be associated with ischemic brain lesions and clinically silent (apparently
intracerebral) previous hemorrhages. METHODS: The MR images of 120 consecutive patients
(mean age, 60 years; age range, 22 to 84 years) with their first stroke caused by a primary
intracerebral hematoma were reviewed retrospectively for coexisting ischemic damage and pre-
vious bleeds. RESULTS: Early confluent to confluent white matter hyperintensities, lacunes, or
infarction were present in 83 (69%) of the patients, and 39 (33%) had had previous hemorrhages
consisting of microbleeds or old hematomas. Extensive white matter hyperintensities and lacunes
were most frequent in patients with thalamic primary intracerebral hematomas. There was no
relationship between the frequency of old hemorrhages and the location of subsequent primary
intracerebral hematomas. CONCLUSION: Clinically silent ischemic lesions and previous hemor-
rhages are a common finding on MR images of patients with primary intracerebral hematoma. They
may therefore serve as evidence of diffuse microangiopathy with a possible increased risk for
cerebral hemorrhage.
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Spontaneous bleeding into the brain paren-
chyma without a sizable vascular malformation
or neoplasm constitutes the most frequent
mechanism of nontraumatic intracerebral hem-
orrhage in the adult. Rupture of small arteries
after damage from chronically increased blood
pressure has been traditionally considered the
most common cause of this primary intracere-
bral hematoma (PICH) (1). However, the ab-
sence of hypertension in more than 50% of the
patients with PICH (2, 3) also implies other
causes, like amyloid angiopathy (4, 5). There-
fore, the development of vessel wall changes
that predispose patients to PICH may not be
suspected before the hematoma occurs.
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Cerebral magnetic resonance (MR) imaging
has revealed clinically silent white matter ab-
normalities, with most of these occurring in eld-
erly patients and in patients with cerebrovascu-
lar risk factors (6, 7). Small punctate
hyperintensities result primarily from a perivas-
cular reduction in myelin caused by reduced
vessel wall permeability (8, 9) and seem to be a
frequent phenomenon of normal aging (7).
Larger and confluent areas of signal abnormal-
ity, however, have been repeatedly linked to
microangiopathy. Reported tissue changes
range from incomplete infarctions to frank tis-
sue necrosis in the center of areas of wide-
spread high signal intensity (10–13). The sen-
sitivity of MR imaging for hemosiderin also
provides the unique opportunity to identify old
hemorrhages (14, 15). In a setting of diffusely
increased vascular fragility, small hemorrhages
could occur when they are not clinically appar-
ent (16), but they should be detectable by MR
imaging, even in retrospect.
We therefore hypothesized that MR imaging

of patients with PICH would frequently show
extensive microangiopathy-related cerebral



Fig 1. Patient 74 years of age with a
putaminal PICH.

A, CT scan shows an acute hematoma
without any other parenchymal abnormal-
ities.

B and C, T2-weighted spin-echo MR
images (2500/90/2) 3 weeks later reveal
another clinically silent, old hematoma in
the left parietooccipital region.

D, T2*-weighted gradient-echo MR im-
age (660/17/2; flip angle, 208) corre-
sponding to A and C shows many addi-
tional microbleeds.
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ischemic damage and a high rate of small pre-
vious hemorrhages.

Materials and Methods
The patient population consisted of all those patients

who were referred for MR imaging from the Department of
Neurology during a period of 7 years and who had first-
time stroke symptoms and final diagnoses of PICH. There
were 68 men and 52 women (mean age, 60 years; age
range, 22 to 84 years). In 67 (56%) of the patients, hyper-
tension was present, defined either by a history of in-
creased blood pressure or by repeated blood pressure
recordings above 160/95 mm Hg beyond the second week
after the stroke occurred. In 22 (18%) of the patients,
diabetes mellitus was diagnosed either by a fasting blood
sugar above 140 mg/dL or by previous or intercurrent
treatment.

MR images of the brain were obtained on 1.5-T scan-
ners within the first 4 weeks of the hemorrhage. Conven-
tional T1-weighted (550–720/15–30/1–2 [repetition time/
echo time/excitations]), proton density–weighted, and T2-
weighted (2300–2800/20–30,80–90/1–2) spin-echo
sequences were performed in all patients. Gradient-echo
T2*-weighted images (500–720/15–20/1–2; flip angle,
20–258) were available on 38 patients.

Retrospectively, an experienced investigator (who was
unaware of the patients’ clinical data) reviewed all images
and recorded the size and location of the clinically symp-
tomatic hematoma, as well as the presence of additional
parenchymal abnormalities. The locations of PICH were
classified as lobar, basal ganglionic, thalamic, brain stem,
or cerebellum. White matter hyperintensities were defined
as focal areas of increased signal intensity on proton den-
sity–weighted and T2-weighted images if there was no
corresponding signal alteration on T1-weighted images.
The severity of a white matter hyperintensity was graded
as punctate (grade 1), early confluent (grade 2), or con-
fluent (grade 3) (17). Areas of ischemic parenchymal
destruction (ie, lesions whose signal was isointense with



Fig 2. Patient 68 years of age with a left parietal subcortical PICH of 9 days’ duration.
A, T1-weighted spin-echo MR image (587/15/2) shows the hematoma and numerous punctate lacunes throughout the basal ganglia

of both sides.
B, T2-weighted spin-echo MR image (2500/90/1) one section lower shows a relatively large focal hypointensity in the right putamen.
C, T2*-weighted gradient-echo MR image (680/20/2; flip angle, 208) shows two more focal hemosiderin deposits (microbleeds) in the

left basal ganglia.
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cerebrospinal fluid in their center) were categorized as
lacunes (,10 mm in diameter) or infarcts. Focal areas
within the brain parenchyma that showed signal loss on
T2-weighted images were considered to indicate hemosi-
derin deposits, except for the symmetric hypointensity of
the globus pallidus, which probably represents calcifica-
tion. The majority of focal areas of signal loss consisted of
homogeneous, rounded lesions with diameters of 2 to 5
mm; we called these microbleeds (Figs 1–3). Lesions with
the typical appearance of an old hematoma were recorded
separately. The x2 test was used for comparing the fre-
quency distribution of concomitant MR lesions among dif-
ferent PICH locations (18).

Results

Basal ganglionic (Fig 1) and lobar (Fig 2)
PICHs were each noted in 42 (35%) of the pa-
tients. Twenty-six (22%) of the patients had
hemorrhages originating from the thalamus
(Fig 3), the brain stem was involved in 4 (3%) of
the patients, and the cerebellum was involved in
6 (5%) of the patients. The Table shows the
frequency of concomitant MR findings for four
specific locations of the symptomatic PICH and
for the total group. Evidence of ischemic dam-
age was present in 83 (69%) of the patients;
evidence included pronounced (grades 2 and 3)
white matter hyperintensities (Fig 3), lacunes
(Fig 2), or infarction. Focal hemosiderin depos-
its from either microbleeds or old hematomas
were seen in 39 (33%) of the patients. All types
of ischemic lesions were most frequent with
PICH originating from the thalamus. The fre-
quency of grades 2 and 3 white matter hyper-
intensities was significantly higher for thalamic
PICH than for basal ganglionic PICH (P , .05).
Ischemic lacunes were significantly more fre-
quent in patients with thalamic (P , .01) and
basal ganglionic PICH (P , .05) than in those
with lobar PICH (see Table). There was no sig-
nificant difference in the rates of microbleeds
and old hematomas between hemorrhages in a
basal ganglionic location and those in a lobar
location (Figs 1–3).

Discussion

The relationship between incidental paren-
chymal damage and nontraumatic intracerebral
hemorrhage has received little attention in pre-
vious radiologic studies. Selekler and Erzen
(19) reported on 33 consecutive patients with
periventricular white matter lucency on com-
puted tomography (CT) of the brain (19). They
found intracerebral hematomas in five patients;
the hematoma was located in the thalamus in
four patients and in the parietotemporal area in
one patient. All five patients were hypertensive.
Subsequently, Inzitari et al (20) compared the
prevalence of diffuse white matter hypodensity
(termed leukoaraiosis) on CT scans of 116 pa-
tients with intracerebral hemorrhage and 155



Fig 3. Patient 66 years of age with
spontaneous intracerebral bleeding.

A, Coronal T1-weighted spin-echo MR
image (720/18/2) shows a 1-week-old he-
matoma in the left thalamus and two small
hypointense foci in the pons (arrows).

B, Axial proton density–weighted MR
image (2500/20/2) reveals concomitant
confluent white matter hyperintensities,
which are more pronounced on the left
side.

C and D, T2*-weighted gradient-echo
MR images (660/17/2; flip angle, 208)
show multiple punctate hemosiderin de-
posits (microbleeds) in the subcortical
gray matter and throughout the brain
stem. Patchy subcortical hemosiderin dep-
osition is also noted in the left temporooc-
cipital region.
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control subjects (20). They observed white mat-
ter rarefaction in 18% of hematoma patients, a
rate significantly greater than the 8% rate for
control subjects. Leukoaraiosis occurred more
frequently in patients with basal ganglionic
hemorrhages than in those with lobar hemor-
rhages (20).
In our 120 patients with PICH, we found many

ischemia-related parenchymal changes, includ-
ing white matter hyperintensities in 81% (with
50% of those being early confluent to confluent,
ie, grades 2 and 3), lacunes in 51%, and terri-
torial infarction in 8%. The rates in our study are
higher than those in the study by Inzitari et al
(20); this difference can be easily explained by
the higher sensitivity of MR imaging. The ob-
served extent of concomitant vascular damage
also clearly exceeds that of “incidental” findings
in the healthy elderly population. In a cohort of
101 randomly selected asymptomatic individu-
als, Fazekas et al (7) found white matter hyper-
intensities in up to 71% of subjects older than 70
years. However, only 6% of them had grades 2
and 3 white matter hyperintensities on a scoring
scheme identical to that used in this study (7).
Lacunar or territorial infarcts were not seen in
the study by Fazekas et al (7). In a group of 133
patients with ischemic stroke, Schmidt et al
(21) found white matter hyperintensities in only
44%; the rate of grades 2 and 3 hyperintensities
was 20%. The mean age of the population in the
study by Schmidt et al (21) was 5 years less
than the mean age of our PICH patients; how-
ever, that alone cannot account for the striking
difference in white matter damage.
All types of ischemic lesions were seen most

often with thalamic PICH. This is probably be-
cause of the simultaneous negative effects of



Frequency of concomitant MR findings in 120 patients with primary intracerebral hematoma

Finding
Lobar

(n 5 42)
Basal ganglionic

(n 5 42)
Thalamic
(n 5 26)

Infratentorial
(n 5 10)

Total
(n 5 120)

White matter hyperintensities
Grade 1 10 (24) 20 (48) 9 (35) 4 (40) 43 (36)
Grades 2 and 3 20 (48) 15 (36) 16 (62)* 3 (30) 54 (45)
All grades 30 (72) 35 (84) 25 (97) 7 (70) 97 (81)

Lacunes 15 (36) 25 (60)† 18 (69)‡ 3 (30) 61 (51)
Infarcts 3 (7) 3 (7) 3 (12) 0 (0) 9 (8)
Microbleedings 8 (19) 8 (19) 10 (38) 1 (10) 27 (23)
Old hematomas 10 (24) 7 (17) 9 (35) 2 (20) 28 (23)

Note.—Numbers in parentheses in body of table indicate percentages. The x2 test was used to determine P values. Grade 1 white matter
hyperintensities were punctate; grade 2 white matter hyperintensities were early confluent; and grade 3 white matter hyperintensities were
confluent.

* Thalamic vs basal ganglionic, P , .05.
† Basal ganglionic vs lobar, P , .05.
‡ Thalamic vs lobar, P , .01.
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hypertension. Hypertension-induced lipohyali-
nosis (consisting of subintimal deposition of lip-
id-rich hyaline material with disruption of mus-
cle and elastic elements) has been
preferentially linked to hematomas in the deep
gray matter (22). In parallel, abnormally high
blood pressure is associated with increased oc-
currence of lacunes (23) and favors the devel-
opment of more extensive white matter hyper-
intensities (6).
The observation of previous hemorrhages in

almost one third of patients with PICH is strik-
ing. The lack of corresponding abnormalities on
CT scans excludes calcification as a cause of
signal loss on T2-weighted images (Fig 1). The
association of old hemorrhages with acute
spontaneous hematomas has already been re-
ported in pathologic studies, but in vivo inves-
tigation of this association was not possible be-
fore the advent of MR imaging. In an autopsy
study of patients with lobar cerebral hemor-
rhage caused by amyloid angiopathy, Ishii et al
(24) observed additional small foci of perivas-
cular hemorrhages consisting of hemosiderin-
laden macrophages or old hematomas in five of
seven brains. Only two of those patients had
been hypertensive. A histopathologic analysis
of hypertensive brains (23) revealed hemosi-
derin-bearing macrophages at the periphery of
lacunar lesions; Cole and Yates (23) speculated
that these macrophages might represent resi-
dues of small hemorrhages. Therefore, the pres-
ence of focal hemosiderin deposits may be a
general indicator of an increased fragility of
blood vessels, regardless of the cause. This as-
sumption is supported by the observation of
similar rates of old hemorrhages in patients with
PICH in different locations. Evidence of previous
hemorrhages manifested by focal hemosiderin
deposition in a patient with an intracerebral he-
matoma may also serve a diagnostic purpose.
Such an MR finding certainly favors an angio-
pathic cause for the bleeding and thus may
obviate more invasive diagnostic procedures.
In conclusion, this study suggests that symp-

tomatic PICH is frequently preceded by
microangiopathy-related ischemic damage and
silent hemorrhage. Such abnormalities shown
on MR images may therefore indicate a higher
risk of cerebral hematoma.
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