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Abstract Cerebral hemodynamics in 15 patients with hypertensive intracerebral hemor-
rhage (HICH) were evaluated by measuring cerebral blood flow (CBF) and cerebrovas-
cular reserve capacity, using stable xenon-enhanced computed tomography. Their
hematomas were removed by stereotactic aqua stream aspiration. The hemispheric and
thalamic CBFs of patients with HICH were lower than those of hypertensive patients
without hematomas. However, the hemispheric CBF increased according to how much of
the hematoma was removed surgically. Thus, hemodynamics in patients with HICH can
be improved by surgical hematoma removal, although some adjunct therapies are
necessary in order to prevent secondary edema and the delayed neuronal death.
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Introduction

Hypertensive intracerebral hemorrhage
(HICH) is a significant cause of morbidity
and mortality in Japan. The mortality of
patients with HICH has decreased due to
progress in medicine, for example, anti-hyper-
tensive drugs and medical care, but morbidity
remains high.

Surgical procedures for HICH are contro-
versial. Cushing evacuated HICH by the large
craniotomy in 19022, Nowadays, stereotactic
surgery, a less invasive approach would be
selected!?, and various stereotactic methods,
such as computed tomography (CT)-guided
evacuation’” and aqua stream aspiration®?
have been reported to be effective®?.

Recently, positron emission tomography
(PET), single photon emission computed
tomography (SPECT) and xenon-enhanced
computed tomography (Xe-CT) have been

used to evaluate the hemodynamics and/or
metabolism of the brain. Cerebral blood flow
(CBF) can be estimated by Kety and Schmidt’
s method using Xe-CT?, the advantages of
which are that it is easy, repeatable and
quantitative.

Arteriolar endothelial cells become acidotic
in response to acetazolamide, a so-called
carbonic anhydrase inhibitor, which causes
cerebral arterioles to dilate!®. The acet-
azolamide test is very useful for assessing
hemodynamics in patients with cerebrovas-
cular disease!?!¥ but, as far as I am aware
acetazolamide-loaded CBF measurements in
patients with HICH have not been reported®.

The author used Xe-CT to study cerebral
hemodynamics in patients with hypertensive
intracerebral hemorrhage.
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Methods of clinical studies

CBF was measured in 15 patients with
HICH (8 males and 7 females aged 44 to 83
years, mean 61.7), 11 hypertensive patients
without HICH (aged 60 to 77years, mean 68.
5) and 20 normal volunteers (aged 23 to 73,
mean 44.6). The hematomas of all the HICH
patients were evacuated by stereotactic aqua
stream aspiration through a burr hole, under
local anesthesia, within a week of the
intracerebral hemorrhage. The preoperative
hematoma volume (V) was calculated using
the following formula (I), in which L, W and
H are the length, width and height of the
hematoma, respectively, on the CT images:

V=1/2LxWxH (1)

The CBFs of 9 patients were measured at
the chronic stage. Stable Xe-CT CBFs were
measured using a SOMATOM DR3 CT scan-
ner with software for CBF imaging (Siemens
Medical Systems, Erlangen, Germany). A
XETRON 3 closed circuit inhalator (Anzai
Sogyo Ltd., Tokyo, Japan) was used to supply
xenon gas. After two baseline CT scans, each

Fig 1A

Fig. 1.

subject inhaled a 30% xenon/30% oxygen/40
% nitrogen gas mixture for 3 min through a
face mask, using a 3-min wash-in/3-min
wash-out inhalation protocol method®, and
CT scanning was performed every minute for
6 min. After measuring the resting CBF, an
arterial blood sample was taken to measure
the oxygen and carbon dioxide partial pres-
sures, pH, base excess, and hematocrit. Then,
each patient received acetazolamide 17 mg/kg
administration intravenously, and CBF mea-
surement and arterial blood sampling were
repeated. The cerebrovascular reserve capac-
ity (CRC) was defined as the difference
between the acetazolamide-induced CBF and
resting CBF. The regions of interest (ROIs) in
the hemisphere and thalamus, except that of
the hematoma itself, and those around the
hematoma at the acute stage were selected
voluntarily (Fig.1A,B).

The values are expressed as means and
standard deviations. An unpaired t-test was
used to compare the data for the HICH and
non-hemorrhagic hypertensive patients, and a
paired t-test was used to compare perioper-

Fig. 1B

Voluntarily selected regions of interest (ROIs). A : ROIs in the hemispheres

contralateral and ipsilateral to the hematoma, except that of the hematoma itself, were
selected voluntarily. B : ROIs on contralateral and ipsilateral sides of the thalamus
except that of the hematoma itself, were selected voluntarily.
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Fig. 2. Relationship between age and hemispheric CBF in normal volunteers, and

CBFs of age-matched patients with HICH. Ordinate : CBF ; abscissa: age

; circles :

CBF of normal volunteers ; squares: CBF of patients with

hypertensive intracerebral hematoma (HICH) ; bars : standard errors.

ative data for the same patients.
Differences at p <0.05 were considered signifi-
cant. Pearson’s correlation coefficient was
used to determine the relationship between
residual hematoma volume and CBF.

Results

Relationship between CBF and age :

The mean CBF of the young volunteers was
higher than that of the older volunteers (Fig.
2), and CBF declined gradually with age. The
mean CBF of the patients with HICH was
lower than that of the age-matched normal
volunteers.

CBF in the acute stage :

In the acute post HICH stage, CT images of
a 6l-year-old woman with a left thalamic
hemorrhage showed a hematoma with a
volume of 156ml. The hemispheric CBFs on the
hemorrhagic and non-hemorrhagic sides were
35.1 and 38.1ml/100g/min, respectively, and
the respective thalamic CBFs were 38.7 and
44.5ml1/100g/min (Fig.3).

Preoperative and postoperative CBFs were
measured in 6 patients with HICH. The mean
hemispheric CBF on hemorrhagic side in-

creased significantly after hematoma evacua-
tion (Fig.4A), but the pre- and postoperative
thalamic CBFs did not differ significantly
(Fig.4B). The pre- and postoperative hemis-
pheric CRCs did not differ significantly (Fig.
5A), whereas the thalamic CRC appeared to
increase, but not to a significant extent (Fig.
5B).

The CBF within 2cm of the hematoma
border did not increase after surgery, but after
evacuation, the CBF over 2cm from the border
did increase significantly (Fig.6).

CBF in the immediate postoperative stage :

Seventy per cent of the hematoma was
removed, and a drainage tube was inserted
into the hematoma cavity. The hemispheric
CBFs on the hemorrhagic and non-hemorr-
hagic sides were 46.8 and 47.3ml/100g/min,
respectively, and the respective thalamic
CBFs were 62.9 and 77.7ml/100g/min. There-
fore, removal of the hematoma increased the
CBF.

CBF in the chronic stage :

The mean hemispheric and thalamic CBFs
on the hemorrhagic side of 9 patients with
HICH at the chronic stage were significantly
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Fig. 3A Fig. 3B

Fig. 3C Fig. 3D

Fig. 3. CT images of a 61-year-old woman with left thalamic bleeding. A : Preoperative CT
image showing thalamic bleeding with perifocal edema and bleeding in the bilateral
lateral ventricles. B : Preoperative Xe-CT. The white areas indicate high CBFs, and
the darker ones low CBFs. The CBF is reduced in the hemorrhagic area compared with
the non-hemorrhagic area. C : Postoperative CT image showing partial removal of
the hematoma and a drainage tube in the hematoma cavity. D : Postoperative Xe-CT.
The CBFs of the ipsilateral hemisphere and bilateral thalamus increased after surgery
in comparison with those before.
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Fig. 4 (A,B). Mean perioperative hemispheric and thalamic CBFs.
Solid and open circ¢les show the mean hemorrhagic and non-hemorrhagic side values,
respectively, and the bars are standard deviations. Abbreviations : CBF, cerebral blood
flow ; Pre, preoperative stage ; post, postoperative stage. A : Perioperative hemispheric
CBF. The hemispheric CBF on the hemorrhagic side increased significantly after
hematoma evacuation. B : Perioperative thalamic CBE. There was no significant
differences between the pre- and postoperative values.
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Fig. 5 (A,B). Mean hemispheric and thalamic cerebrovascular reserve capacities (CRCs).
A : The hemispheric CRCs before and after hematoma evacuation did not differ
significantly. B : The postoperative thalamic CRC appeared to increase compared with
the preoperative value, but the difference was not significant. Solid and open circles
show the CRCs on the hemorrhagic and non-hemorrhagic sides, respectively.
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were 30ml/100g/min or lower and/ or
the CRCs were 5ml1/100g/min.



Hemodynamics of hypertensive intracerebral hemorrhage 17

lower than those of the 11 hypertensive
patients without hematomas (Fig.7). The
mean thalamic CBF on the non-hemorrhagic
side of the hypertensive patients with HICH
was significantly lower than that of those
without HICH. The mean CRCs of these two
groups did not differ significantly (Fig.8).

Relationship between CBF and residual
hematoma volume after surgery :

The greater the volume of hematoma
remaining after evacuation, the greater the
reduction of the CBF (Fig.9).

Relationship between the cerebral
hemodynamics and activities of daily life of
patients with HICH :

The relationship between the cerebral
hemodynamics and activities of daily life
(ADL) of the patients with HICH is shown in
Fig.10. The patients were classified into 4
groups according to their CBF and CRC
values, following using Yamashita’s modified
classification'?.

Discussion

A few clinical*® and experimental'®'%
studies of the hemodynamics associated with
HICH have been carried out. Generally, the
CBF of patients with HICH, is lower than that
of healthy adults®®, Nath et al. reported that
the CBF of rats declined within 1 min of
cerebral bleeding'®. The CBF of humans
usually declined gradually with age'®, and our
data showed that the CBF of patients with
HICH was lower than that of age-matched
normal volunteers.

At the chronic stage of HICH, the
hemodynamics should be stable. The mean
CBF of patients with chronic-stage HICH
was lower than that of the hypertensive
patients without hematomas in this study.
The CBF was reduced by cerebral bleeding,
which did not affect the CRC significantly.

Sequential CBF measurements in patients
with HICH showed that CBF increased after
hematoma removal. There are few reports of
CBF increases in patients with HICH at the
immediate postoperative stage, although the
CBF was found to be reduced after the acute
stage®??. It declined gradually in a month

after intracerebral hemorrhage®, reached the
nadir two months after intracerebral hemor-
rhage and increased thereafter®®. CT imaging
showed the hematomas disappeared in 3-4
weeks. Cerebral hemodynamics are affected
by various factors, such as direct destruction
of neuronal tissue, vascular compression by
the hematoma and surrounding edema’”.The
greater the residual hematoma volume, the
greater the reduction of the CBF. Therefore,
as much of a hematoma as possible should be
removed from the viewpoint of the CBF, but,
removal of 70-80% would be usually the goal
to reduce the risk of rebleeding, which may
increase the CBF further.

The CBF over 2cm from the hematoma
border increased significantly. After hemor-
rhage into the brain, direct destruction of
brain tissue and vascular compression are
caused by the hematoma and edema, and
these effects are more severe near the
hematoma. However, 2cm or further away, the
damage is less severe and hematoma removal
leads to reduction of the compression.

Generally, the ADL of patients with HICH
are thought to depend on the hematoma loca-
tion. However, from the viewpoint of
hemodynamics, the ADL categories of the
patients with high CBF and CRC values were
lower, i. e. they were less disabled, than those
with low CBFs and CRCs. Yoshinaga et al.
reported that a low CBF was associated with
a poor ADL score and that the thalamic CBF
affected mental activity??.

The CRC is a useful indirectly estimated
marker of peripheral perfusion pressure for
studying ischemic cerebrovascular disease.
There is little information about CRC in
patients with HICH. The CRC of patients with
HICH was found to decline in the acute stage
and improved gradually thereafter®.
Hematomas cause vascular compression and
sometimes the CBF is reduced in a diffuse
pattern in patients with HICH at the chronic
stage, but the CRC remains normal. This
would account for the poor perfusion caused
by cerebral hypometabolism, such as neuronal
inactivity and/or transneural depression. The
latter results from destruction of the neuronal
fibers by hematomas and anatomical exami-
nation revealed that cortico-striate and
thalamo-striate neuronal connections were
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often destroyed by hematomas'®. Therefore,
regions where the CRC is not reduced can be
expected to recover their function and some
drugs, such as metabolic activators, may be
useful for promoting such recovery. Adminis-
tration of basic fibroblast growth factor and
neuro-protective chemical substances, into
the hematoma cavities of rats prevented
delayed neuronal damage, demonstrated his-
tologically, in the hippocampus”. The clinical
application of such substances is expected to
be investigated in clinical trials in the near
future.

Conclusions

CBF was measured in patients with HICH,
hypertensive patients without hematomas
and normal volunteers. The CBF was in-
_ creased by hematoma removal, particularly
in areas where direct neuronal damage was
less severe, over 2cm from the hematoma
border. As much of a hematoma as possible
should be removed, because the CBF in-
creased more the more of a hematoma was
removed. After hemorrhage into the brain, the
CBEF declines due to direct neuronal damage
and vascular compression by the hematoma.
Sequential measurement of the CRC in
patients with HICH showed it was not
affected significantly by hematoma evacua-
tion.
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