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ABSTRACT
Spontaneous intracerebral hemorrhage has a poor prognosis and is considered the deadliest form of stroke. Many recent studies
have shown that there are many mechanisms involved in the pathology of this disease among which one of the most studied and
controversial is perilesional ischemia. The aim of our study was to assess the role of brain perfusion SPECT with 99m-Tc HMPAO in
demonstrating perfusion changes in brain tissue surrounding hematoma.

2CLINICAL STUDIES

1. INTRODUCTION

Spontaneous intracerebral hemorrhage has a
poor prognosis and is considered the deadliest form
of stroke. It occures in approximately 10-15% of
all stroke (1, 2) and has a higher incidence in popu-
lations with a high incidence of untreated essential
hypertension.

Many recent studies have shown that there are
many mechanisms involved in the pathology of this
disease: edema formation and extension, ischemia,
inflammation, thrombin activation, rebleeding, reper-
fusion, metabolic changes, apoptosis…

All of these factors (and maybe many others) are
affecting brain tissue surrounding hematoma and are
responsible of the progressive neurological deterio-
ration and of the poor prognosis.

Most of these damages are not revealed by anato-
mical imaging techniques (CT or MRI).

2. PURPOSE

The aim of our study was to asses the role of brain
perfusion SPECT with HMPAO in demonstrating per-
fusion changes in brain tissue surrounding hematoma.

3. METHOD

We performed brain perfusion SPECT in 17 pts
with primary intracerebral hemorrhage, within an
interval of 24h to 4 days from the onset of stroke.
Acquisition has been made 30 min after iv inj of 25
mCi of 99mTcHMPAO, by using a dual head gamma

camera Philips Axis. In all patients we visually com-
pared the images with the CT scan, performed in the
same day with brain SPECT. We assessed and
reported our results after analyzing the diameter of
perfusion defect on both scans and by means of the
presence/absence of perfusion changes in the cere-
bral tissue adjacent to the hematoma and at distanced
areas.

4. RESULTS

In 14 patients (82.35%) perfusion defect corres-
ponding to hematoma was greater than expected
after CT scan. In 2 patients hematoma maximum
diameter was comparable on CT and on SPECT
images; in 1 patient with intraventricular hemorrha-
ge we found a quasinormal aspect of the perfusion
study (figure 1).

Figure 1
Most of our patients (82.35%) shown a larger defect size

on SPECT than expected after CT
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In the group of patients with larger perfusion de-
fect, SPECT revealed a large cold spot with a similar
size compared with CT and a surrounding hypoper-
fused area (figure 2).

In 6 patients imaged at 36-72 h from onset,
SPECT revealed an area of hyperperfusion in the
peripheral cortex, adjacent to hypoperfused area
and corresponding to a normal-appearing brain
tissue on the CT scan (figure 3). In 2 patients we
found cortical hypoperfused area in the contrala-
teral cortex, with normal appearing brain tissue on

Figure 2
Hematoma surrounded by a large hypoperfused area

 Figure 3
CT scan (left) and brain perfusion SPECT (right). We can

notice, on the SPECT scan, the cold spot corresponding to
hematoma on CT, with a small hyperperfused area in the

periferal cortex, with a normal aspect on CT (luxury perfusion?)

Figure 4
Cerrebelar Diaskisis. 57 years old male with left putaminal
hemorrhage. SPECT study revealed a right cerrebelar cold

spot in a patient with left thalamic hematoma

Figure 5
CT scan reveal an area with hematic
density in the right putamen, external

capsule and corona radiata. We can also
notice a small surrounding  area of

perilesional oedema.

Figure 6
Cold spot in right thalamus, corresponding

to the hematoma. Reduced uptake of
radiotracer in the basal nucleus,

dorsolateral cortex and temporal.
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CT. In 3 patients we found crossed cerebellar dias-
kisis (figure 4).

5. CASE REPORT

52 years old male with hemorrhagic stroke un-
derwent same day CT and 99mTc-HMPAO SPECT
scan. The most relevant images will follow in the
figures 5-8.

Figure 7
Reduced uptake of radiotracer (hypoper-
fusion) in the parieto-occipital cortex, left
inferior cortex with extension to left occipital.

Figure 8
3D reconstruction. We have to note the cold spots on the

cortex surface.

6. DISCUSSIONS

Despite the latest advances in medical treatment
of hypertension and neurocritical care, patients suffe-
ring SICH still have a very poor prognosis, with a
greater mortality and larger neurological deficits at
the survivors than for ischemic stroke or for subarach-
noid hemorrhage.

In recent years many effort have been made for
developing experimental models in order to better
asses the pathophysiology of ICH. There have been
recognized a primary tissue injury due to the hemato-
ma formation, and a secondary brain injury which
occurs in time, in which it was thought to be deter-
mined by the mass effect and edema. The roles of
edema, ischemia, mass effect, direct cellular toxicity,
inflammation, and apoptosis are being evaluated in
experimental studies of ICH.

In 1902, Cushing described the brain injury after
hematoma formation – to be the result of local pre-
ssure compressing the microcirculation and causing
ischemia around a hematoma (3). In 1981, Astrup et
al (4)  proposed the term „ischemic penumbra“ to
describe brain with CBF values above a lower limit
of membrane dysfunction and cell death, but below
an upper limit corresponding to electrophysiological
dysfunction. During the past years many experimen-
tal models and human studies demonstrated a zone
of perilesional ischemia around ICH and have
suggested the potential for perfusion recovery in these
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areas. Most of them support the theory of a decreased
CBF adjacent to the hematoma, and gave evidence
of histological ischemic changes in perihematomal
brain tissue. In 1994, Young et al have suggested that
the primary cause of edema formation in experimental
models of ICH may be local tissue ischemia. (5)

Siddique et al (6) have documented that some of
the hypoperfused tissue surrounding ICH regains its
perfusion in the long term (penumbra), and sugges-
ted that medical or surgical therapeutic interventions
could increase the volume of perilesional brain that
recovers after the initial insult and therefore suppor-
ting the idea that therapeutic intervention in ICH has
the potential to reduce the ultimate neurological
deficit and improve outcome.

In a serial SPECT study on 13 hypertensive ICH
patients, Murakami et al correlated changes in rCBF
on a long term follow up (55 weeks) – with clinical
outcome. They found that increased rCBF over time
may have a favorable outcome, while patients with
decreased and/or unchanged rCBF over-time neuro-
logical deficits were greater (7).

Several authors have suggested that perilesional
hypoperfusion occurs without ischemia as a result
of reduced metabolic demand or diaschisis (8, 9).
In a study of 23 patients with ICH studied using
SPECT scanning, perilesional blood flow was found
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