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Clinical - Radiological Correlates in Intracerebral
Hematomas due to Aneurysmal Rupture
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SUMMARY: In this series of intracerebral
hematomas from aneurysmal rupture,
gathered from several neurosurgical ser-
vices, certain morphological features were
studied in detail. Patients with very large
hematomas tended to have poor neurologi-
cal grades on admission to hospital and
their immediate discharge outlook was cor-
respondingly poor. Ruptured middle
cerebral and pericallosal artery aneurysms
were relatively common causes of in-

RESUME: Nous avons étudié en détails
certains aspects morphologiques d’une série
de cas d’hématomes intra-cérébraux a la
suite de rupture d’anévrysme, cas obtenus
de plusieurs services neurochirurgicaux.
Les patients avec de trés gros hématomes
ont tendance a présenter des scores
neurologiques plus mauvais lors de I'admis-
sion a l'hépital et le pronostic immédiat est
également pauvre. Parmi les causes
relativement fréquentes d’hématomes intra-
cérébraux on note la rupture d’anévrysmes
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tracerebral hematomas. Patients with tem-
poral lobe hematoma did relatively well;
those with parietal hematoma did poorly.
The larger the hematoma the less chance
there was of developing cerebral vasospasm
but the more likely was pre-operative brain
herniation. The survival was more closely
linked to size and location of the hematoma
than to the location of aneurysm or the
degree of midline shift.

de la cérébrale moyenne de I'artére pérical-
leuse. Les patients avec un hématome du
lobe temporal ont un pronostic relativement
bon, mais ceux avec des hématomes parieé-
taux évoluent plus mal. Plus I’hématome est
gros, moins il y a des chances de développer
des vaso-spasmes cérébraux, mais plus il y
a de chances en faveur d’une hernie
cérébrale post-opératoire. La survie est
reliée beaucoup plus d la taille et a la situa-
tion de I'hématome qu’'au site de I'anévry-
sme ou au degré de déplacement médian.
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Early knowledge of intracerebral
hematomas associated with ruptured
aneurysms was based principally on
pathologic studies. The radiologist was
on uncertain ground in attempting to
differentiate clot from edema on the
basis of blood vessel shifts. Now that
the CT scan provides a highly accurate
diagnosis, definitive surgical treatment
has become a more attractive option.
This report, based on pooled results
from several centres attempts to cor-
relate clinical and structural features of
intracerebral hematomas from aneu-
rysmal rupture.

CLINICAL MATERIAL AND
METHODS
Data from 132 patients were ob-
tained retrospectively from 11 medical
centres. The clinical and radiological
data were abstracted from the hospital
chart and then transferred to computer
tapes for statistical analysis.
To be included cases must have had:
I. An aneurysm demonstrated by
angiography, surgery or autopsy,
2. An intracerebral hematoma (ICH)
adjacent to the aneurysm shown
on CT scan prior to surgery,
Patients may or may not have been
operated; the operation may have been
evacuation of the hematoma and/or
clipping of the aneurysm.
Cases were graded as follows:
1. asymptomatic.
2. headache, stiff neck, drowsiness.
3. decreased consciousness with mild
focal neurologic deficit.
4. decreased consciousness with ma-
jor focal neurologic deficit.
5. failing vital signs, pupillary abnor-
malities, apparently moribund.
The size of the hematoma was
measured from the CT scan using the
method illustrated in Fig. 1. To allow
for differences in magnification, ratios
were calculated to relate the dimen-
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Size of Intracerebral
Hematoma in
Arbitrary Units =

a mm
b mm v 1000
A mm B mm

Figure 1 — The method used to quantitate the size of the intracerebral hematoma from the CT
scan. This particular hematoma would have a size of 121 units and would be classified as large

(between 100 and 150 units in size).

sions of the hematoma to the total
dimensions of the brain in the same
level. The amount of midline shift was
also measured and expressed as a
percentage of the width of the brain in
the same plane.

RESULTS

Relative importance of structural
Seatures

A discriminant analysis of contribu-
tion to survival showed that the order
or relative magnitude of structural
features was size of hematoma, loca-
tion of hematoma, location of
aneurysm and size of midline shift.

Size of hematoma

There were significant associations
(Pearson Correlation Coefficient)
between the size of the hematoma and
clinical grade on admission, grade at in-
itial CT scan, grade at evacuation of
hematoma and grade at clipping of
aneurysm (in all p<.001) as well as
grade at discharge (p<.01).

Similarly significant associations ex-
isted between the size of hematoma and
time interval to admission, time to
removal of clot and clipping of
aneurysm, size of midline shift and oc-
curence of herniation (p<.001),
absence of vasospasm, discharge status
and survival (p<.01).

The mean size was 89 £ 47 (ar-
bitrary units). The average size of the
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hematoma in 82 patients who survived
was 80 (medium) while for the 50 who
died it was 103 (large), the difference
was significant (p<.01, “t-test” of
comparison).

The size in 34 patients who
developed vasospasm was 67 (medi-
um). This was smaller than the mean
size of 96 (medium) in 98 cases who
did not get vasospasm (p<.01).

The size in 54 cases who herniated
pre-operatively was 113 + 47 (large)
while in the 78 who did not it was 72 +
39 (small) - a significant difference
(p<.001). The mean size of the 59
cases whose discharge grade was worse
than their admission grade was 98 %
54 (medium), for the 55 cases who
improved over their initial grade the
size was 86 + 39 (medium).

The relationship between clinical
grade at initial CT scan and the size of
the hematoma at that time is shown in
Fig. 2. The discharge status of the
patient was also assessed in relation to
the size of hematoma on initial CT
scan and is shown in Fig. 3.

Location of hematomas

The location of the intracerebral
hematoma was as follows: frontal 46%,
temporal 43%, parietal 10%, cerebellar
1%.

There were significant differences in
mortality rates according to the loca-
tion of the hematoma: parietal (9/13 =

699), frontal (24/60 = 40%), temporal
(16/56 = 29%) and cerebellar (0/2 =
0%), (p<0.05).

Location of aneurysm

The artery of origin was middle
cerebral in 54% of cases, anterior
cerebral 25%, internal carotid 15%,
pericallosal 5% and vertebro-basilar
1%. The location of the aneurysm cor-
related with the location of the
hematoma (p<.0l1) and size of the
hematoma (p <.05). The location of the
hematoma correlated with grade at dis-
charge (p<.05) and vasospasm
(p<.05).

Mortality rate by location of aneur-
ysm was as follows: middle cerebral
(25/71 = 35%), anterior cerebral
(16/33 = 49%), pericallosal (1/7 =
14%), internal carotid (8/20 = 40%)
and vertebro-basilar (0/1 = 0%). Cross
tabulation by Chi-square analysis of
survival or death versus location did
not show a significant difference.

Midline shift

The midline shift was measured in
millimeters and the width of the brain
at the same level, and a ratio was
calculated. The overall mean midline
shift was 5.2%. The size of the midline
shift correlated with the grade on ad-
mission, grade at initial CT scan, grade

- at evacuation of hematoma (p<.001)

and grade at clipping of aneurysm
(p<.01). There was also an association
between midline shift and time interval
to admission, CT scan, evacuation of
hematoma, clipping of aneurysm, oc-
currence of herniation pre-operatively
(all p<.001).

The midline shift of 59 cases whose
discharge status was worse than the ad-
mission status was 5.1 + 3.8%; for the
55 cases who had improved by dis-
charge it was 5.4 + 3.6%, i.e., a greater
initial midline shift. The degree of
midline shift did not correlate with
grade at discharge or survival.

The average midline shift was 3.8%
for 34 cases who developed vasospasm
and 5.6% for 97 who did not (p<.05,
“t-test” of comparison). The 53 cases
who herniated pre-operatively had a
midline shift of 6.5 £ .4% which con-
trasts with the 4.2 & .3% shift of the 78
patients who did not have a pre-
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Figure 2 — Classification of cases by size of intracerebral hematoma and
grade at the time of CT scan. The larger hematomas were found in
patients with poor neurological grade, but there is overlap. ICH - in-
tracerebral hematoma, CT - computerized tomographic.

operative herniation (p<.01). The 49
who died had a midline shift of 5.5 £
.3% while the 82 survivors had a
midline shift of 4.9 * .3%. The dif-
ference was not significant.

A one-way analysis of variance
failed to show significant difference in
the midline shift or size of hematoma

with age (Student-Neuman-Keuls
procedure).

DISCUSSION
This study conclusively demon-

strates that the size of the intracerebral
hematoma from a ruptured aneurysm
is a critical determinant of the
neurological grade of the patient. The
relationship between size and clinical
outcome is not so tight and probably
means that therapeutic removal of the
hematoma can favourably affect out-
come.

Steiner et al (1975) estimated the
volumes of intracerebral and in-
traventricular hematomas in 62 cases,
of which 18 were from ruptured
aneurysms. They concluded that, with
few exceptions, a hematoma of less
than 50 ml volume will not induce
severe changes in the level of con-
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Figure 3 — Classification of cases by discharge status (destination) and
size of intracerebral hematoma on initial CT scan. The presence of a
large or huge hematoma was not incompatible with a return to home
but it was less likely than if the hematoma was small or medium sized.

ICH - intracerebral hematoma.

sciousness while one over 140 ml will
cause irreversible deterioration. Of
their 4 alert aneurysm cases all had a
volume under 30 ml; 1 drowsy patient
had a clot under 60 ml, and 8 comatose
patients had clots between 60 and 180
ml.

We cannot comment on the fre-
quency with which intracerebral
hematomas result from aneurysmal
rupture because of the selective and
retrospective manner in which our
cases were obtained. The literature sug-
gests that the answer is 30 to 40 per-
cent of cases studied with CT scanners.
An excellent correlation between CT
scan and extent and location of fatal in-
tracerebral hematomas was found by
Butzer et al (1976) in 8 cases. Kendall
et al (1976) in a CT study of 43
aneurysm cases found that, excluding
those in fissures and ventricles, 42%
had focal hematomas. Weir et al (1977)
found pre-operative intracerebral he-
matomas on CT scans in 50% of 16
patients who died and 26% of 35
patients who survived an aneurysmal
rupture. Modesti and Binet (1978)
found intracerebral hematomas in 30%
of 23 cases with subarachnoid hemor-
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rhage from aneurysm shown in CT.
Bismar (1979) reported on 149 cases
with acute subarachnoid hemorrhage
and a clinical history suggesting
aneurysmal rupture. Of 53 cerebral
aneurysms having a CT in less than 2
days post-bleed, 40% had intracerebral
hematomas. Of the 21 cases with in-
tracerebral hematomas on early CT
scans, 95% had associated sub-
arachnoid hemorrhage. Eight cases
(38%) were from middle cerebral
aneurysms, 5 (249%) internal carotid, 4
(19%) anterior communicating aneur-
ysms and 4 (19%) other sites. Imana-
ga et al (1980) studied CT scans on
168 cases of ruptured aneurysms.
Within 2 weeks of hemorrhage, in-
tracerebral hematomas were seen in
36% of anterior and middie cerebral
cases, 16% of internal carotid cases
and none on the posterior circulation.
Cases with intracerebral hematomas
showed poor neurological grade at the
time of CT scan.

The generally higher incidence of in-
tracerebral hematomas in autopsy
rather than clinical or radiological
series suggests that it is a risk factor for
increased mortality. The incidence of
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intracerebral hematomas is 30 to 70
percent of fatal aneurysmal ruptures
according to the following pathological
studies.

Robertson (1947) analyzed post-
mortem records on 90 aneurysm cases.
Seventy-two percent showed massive
intracerebral hemorrhage. He found
subarachnoid hemorrhage to have been
more rapidly lethal than intracerebral
hemorrhage. He suggested that in-
tracerebral rupture was more common
when aneurysms lie between cerebral
surfaces, when adhesions from a
previous rupture have sealed off the
subarachnoid space and when aneu-
rysms have become embedded in the
brain during gradual enlargement.

Crompton (1962) studied 103 rup-
tured aneurysm cases at necropsy.
Sixty-two (60%) had intracerebral
hematomas. Of these, 32 (52%) also
had cerebral infarction. Sixteen (26%)
had multiple hematomas such as both
frontal lobes and cavum septum pel-
lucidum. In 57 of 62 (92%) of cases
with intracerebral hematoma, rupture
into the ventricles occurred. Twenty-
eight of 57 (49%) of ventricular rupture
cases had dilated ventricles. Subarach-
noid hematomas ruptured into brain in
36 (58%) of cases with intracerebral
hematomas. They were located (in
decreasing order of frequency) in the
interfrontal, sylvian, olfactory, inter-
cingulate, suprauncal and interpedun-
cular subarachnoid space. Direct rup-
ture into the brain (rather than via a
subarachnoid hematoma) occurred
from aneurysms in the following
decreasing order of frequency: internal
carotid (53%), pericallosal (50%),
anterior cerebral (33%) and middle
cerebral (25%). Routes of rupture were
as follows: anterior communicating
aneurysms (1) directly via gyrus rectus
or from the interfrontal space (ii) into
cavum septum pellucidum then into
frontal lobes; middle cerebral
aneurysms (i) directly into brain, (ii)
secondarily from a sylvian hematoma
into external capsule then into frontal
horn or trigone; pericallosal
aneurysms, intercingulate sub-
arachnoid hematoma then into frontal
lobe; internal carotid-posterior com-
municating aneurysms, usually into
temporal lobe directly; internal carotid

412 — NOVEMBER 1982

bifurcation, into frontal lobe directly.

Freytag (1966) carried out autopsies
in 250 medicolegal cases with aneurys-
mal rupture and unexplained sudden
natural death. Sixty percent had died
immediately and only 11% lived longer
than 1 day. Of the 149 who died in-
stantly, 76% had subarachnoid hemor-
rhage and only 24% intracerebral
hemorrhage. Forty-three percent of the
total had intracerebral hematomas but
in only 1% of them was this the only
site of hemorrhage.

_ Thirty-two autopsies in cases of rup-
tured aneurysm were reported by
Tomiinson (1979). Intracerebral he-
morrhage occurred in 53% and in 71%
of these cases rupture into the ventri-
cular system had occurred. Direct in-
itial bleeding into the brain occurred in
6 (35%) of hematomas.

Cancilla et al (1981) reported on the
pathological examinations carried out
in 206 cases from a cooperative study.
Eighty-five percent died from recent
aneurysmal rupture. Fifty-six percent
had intracerebral and/or intraventricu-
lar or subarachnoid hemorrhage. Pure
intracerebral hematoma occurred in
8%.

Reynolds and Shaw (1981) reviewed
the records on 205 cases dying from
ruptured aneurysms. They concluded
that 31% had localized hematomas
potentially amenable to therapy. A
history of aneurysmal rupture prior to
the terminal one was obtained on 19
(73%) of intracerebral hematoma
cases. In the 41 cases having intracere-
bral hemorrhage and intraventricular
hemorrhage, 28 (68%) also gave a
history of previous rupture. They col-
lected 1548 cases of ruptured aneur-
ysm from the literature and found that
831 (54%) had intracerebral hemor-
rhage documented by pathological ex-
amination.

The present study was limited to in-
tracerebral hematomas due to ruptured
aneurysms. However, the finding of a
relationship of size, location, and size
of midline shift to neurological grade
and outcome probably applies to
hematomas of non-aneurysmal origin.
McKormick and Rosenfield (1973)
carried out a prospective autopsy study
of 144 cases with massive non-
traumatic brain hemorrhage. Known

causes of the intracerebral hematomas
were found in 95 (66%) of cases. They
were leukemia 21 (15%), ruptured
aneurysm 20 (14%), angioma 15
(10%), neoplasms 13 (9%), non-
leukemic bleeding disorders 10 (7%),
vasculitis 10 (7%), and cortical vein
thrombosis 10 (7%). Of those in whom
no definite cause of hemorrhage was
found 37 (26%) were hypertensive and
12 (8%) were normotensive. Hyperten-
sion was defined as BP>140/90 by
history, or heart weight>400 gm if no
valvular disease was present at autop-
sy. Ruptured aneurysm ranks closely
behind hypertension and leukemia as a
cause of intracerebral hematoma.

Our finding that middle cerebral and
pericallosal aneurysms give rise to in-
tracerebral hematomas relatively more
frequently than other aneurysmal sites
and that internal carotid and vertebro-
basilar aneurysms were relatively infre-
quent causes, is consistent with the in-
cidence in the pathological literature
(see Table 1 and 2). It is of con-
siderable clinical importance to know
where an aneurysm is likely to be
located to produce a given hematoma
on a CT scan. Relevant sources are
abstracted in Table 3. Our experience
also was that frontal hematomas were
most likely to be due to anterior
cerebral aneurysms and temporal
hematomas due to middle cerebral
aneurysms but variations were com-
mon.

We have shown that the clinical-
radiologic features of intracerebral
hematomas from aneurysmal rupture
are consistent with what was previous-
ly known from autopsy studies. We
conclude that early evaluation of any
patient with a neurological catastrophe
must include a CT scan. The finding of
an intracerebral hematoma should raise
the strong possibility of a ruptured
aneurysm being present. There is no
particular type or location of hemato-
ma which is absolutely inconsistent
with an aneurysmal etiology although
ganglionic and occipital sites are un-
usual. If angiography demonstrates a
clot it should be considered that the
patient is at great risk with respect to
brain herniation and clinical deteriora-
tion and that this risk is proportional to
its size. The extent of the midline shift
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TABLE 1

Autopsy Series: Site of Origin of Intracerebral Hematomas from Aneurysmal Rupture
Artery of Origin Robertson (1949) Crompton (1962) McKormick (1973)  Reynolds (1981)
Anterior Cerebral 29 (45%) 27 (44%) 4 (20%) 46 (46%)
Middle Cerebral 24 (37%) 16 (26%) 11 (55%) 33 (33%)
Pericallosal 6 (9%) 6 (10%) 0 (0%) (included with

anterior cerebral)
Internal carotid 4 (6%) 13 (21%) 4 (20%) 13 (13%)
Vertebro-basilar 2 (3%) 0 (0%) 1 (5%) 8 (8%)
Total Cases 65 (100%) 62 (100%) 20 (100%) 100 (100%)
TABLE 2

Autopsy Series: Frequency of Aneurysmal Rupture Producing Intracerebral Hematoma
Site of Rupture Robertson (1949) Crompton (1962) Freytag (1966)
Pericallosal 6/7 (86%) 6/6 (100%) 15/22 (68%)
Anterior Cerebral 29/34 (85%) 27/35 (17%) 25/59 (429%)
Middle Cerebral 24/29 (83%) 16/34 (47%) 45/68 (66%)
Internal Carotid 4/9 (44%) 13/27 (48%) 18/62 (29%)
Vertebro-basilar 2/8 25%) 0/0 (0%) 4/35(11%)
Total 65/87 (75%) 62/102 (61%) 107/246 (44%)

TABLE 3

Autopsy Series: Location of Aneurysm by Site of Intracerebral Hematomas

Site of Hematoma Author

Frontal (Crompton 1962)
(Robertson 1947)
Temporal (Crompton 1962)
(Robertson 1947)
Parietal (Crompton 1962)

(Robertson 1947)

Artery of Origin

Internal Carotid (9%)

Internal Carotid (3%)

Middle Cerebral (100%)

Anterior Cerebral (69%) Pericallosal (13%) Middle Cerebral (9%)

Anterior Cerebral (72%) Middle Cerebral (149%) Pericallosal (1096)

Middle Cerebral (50%) Internal Carotid (50%)
Middie Cerebral (86%) Internal Carotid (14%)

Anterior Cerebral (67%) Middle Cerebral (33%)

is a less sensitive indicator overall
because it does not reflect temporal
lobe masses initially. A patient with an
intracerebral hematoma is less likely to
do well than a patient who has a pure
subarachnoid hemorrhage. The patient
who will do worst is the one with a
huge parietal clot. The best recoveries
occur, at least in the short term, with
temporal lobe hematomas. The
“protective” effect of an intracerebral
hematoma with respect to development
of vasospasm may reflect the fact that
if all the bleeding is into the brain sub-
stance there is a smaller amount of
blood in the subarachnoid space
bathing the arteries with spasmogens.
Early evacuation of the clot permits
clipping of the aneurysm so that the

Benoit et al.

twin danger of herniation from the
mass and rebleeding are obviated.

Our combined data has permitted
further firm correlations between the
size and location of intracerebral
hematomas and other clinical and
radiological features found in the
patient with a ruptured aneurysm.
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