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Serial changes of cerebral hemodynamics and prediction of cerebral ischemia
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Summary : Cerebral ischemia due to delayed cerebral vasospasm is still a major prognostic factor fol-
lowing intracranial aneurysm rupture. Serial changes of cerebral hemodynamics in association with
cerebral vasospasm were investigated and reported using various methods for the prediction of cere-
bral ischemia.

Measurement of regional cerebral blood flow (rCBF) using 133- Xenon intracarotid injection or in-
halation technique have demonstrated that rCBF decreases along with the progression of cerebral
vasospasm, and ischemic symptoms appear below approximately 20-25mi/100g/min (critical flow
level).

Hemispheric oxygen metabolism was calculated from rCBF and the difference between arterial ox-
ygen content and jugular venous oxygen content. Patients with asymptomatic vasospasm (moderate de-
gree) showed a decrease in delivery rate of oxygen (D-02) and an increase in oxygen extraction frac-
tion (OEF) for keeping cerebral metabolic rate of oxygen (CMROz2) over 2.0m!/100g/min. On the other
hand, patients with symptomatic vasospasm showed a decrease of CBF below critical flow level and a
significant decrease of CMRQO: below approximately 1.5mi/100g/min. Serial changes of D-Oz and
OEF values correlated with the chronology of cerebral vasospasm. Serial determination of OEF and
jugular venous oxygen tension (PjO2) without CBF measurement may be predictable indicators for the

progression of cerebral vasospasm. Key word :

With the transcranial Doppler (TCD) ultrasound technique, it was possible to record flow velocity ¢ Cerebral vasospasm
in main cerebral arteries through the cranium. The flow velocity was correlated with the diameter of * Cerebral blood flow and
each cerebral artery. In patients with symptomatic vasospasm, an increase of flow velocity in cerebral oxygen metabolism
arteries was followed by a decrease of flow velocity in the extracranial ICA due to a reduction of * Transcranial Doppler
flow volume. However, an increase of flow velocity in cerebral arteries did not necessarily correlate ultrasound(TCD)
with a reduction of CBF; therefore, the flow volume has to be taken into consideration for the predic- ¢ 123- I-IMP SPECT
tion of cerebral ischemia due to cerebral vasospasm. Despite this, TCD provides the most practical * PET
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bed-side monitoring system for cerebral vasospasm; its technical limitations, however, must not be
underestimated.

Resting IMP SPECT provided valuable information as to cerebral ischemia due to delayed cerebral
vasospasm following subarachnoid hemorrhage (SAH). The early image indicated hemodynamic
changes due to delayed cerebral vasospasm, and might be useful in identifying the occurrence and ex-
tension of regional cerebral ischemia with high spatial resolution and accuracy. The delayed image re-
vealed a redistribution of IMP in viable brain tissue, and might be a beneficial tool in differentiating
reversible ischemia from irreversible infarction.

DIAMOX-activated IMP SPECT can show the serial changes in a limitation of local cerebral vaso-
dilatory capacity due to cerebral vasospasm. In patients with asymptomatic vasospasm, mild-moder-
ate limitation of local vasodilatory capacity was observed transiently. In patients with symptomatic
vasospasm, moderate-severe limitation of local cerebral vasodilatory capacity was found transiently
or persistently. The reversibility of a limitation of cerebral vasodilatory capacity in patients with
cerebral vasospasm suggested that a local decrease of perfusion pressure due to cerebral vasospasm
might cause a compensatory vasodilation of cerebral vessels, and so the vasodilatory reaction to DI-
AMOX was limited untill the release of cerebral vasospasm. Therefore, assessment of cerebral vaso-
dilatory capacity in SAH using DIAMOX-activated IMP SPECT might predict the occurrence and con-
tinuation of potential ischemia of the brain caused by the reduction of perfusion pressure due to cere-
bral vasospasm.

Local CBF and local CMRO:2 measured by positron emission tomography(PET) can indicate the
threshold value for cerebral ischemia due to cerebral vasospasm. Therefore it may be possible with
PET to prospectively differentiate patients with neurological deficits due to reversible ischemia from
these with irreversible infarction.

In conclusion, through estimating the mutual relations of the parameters noted above , cerebral
ischemia due to cerebral vasospasm can be predicted; such prediction can be highly useful for the
management of patients‘ with symptomatic vasospasm following SAH.
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Fig. 1 Serial measurements of rCBF and cerebral oxygen
metabolism

rCBF : regional cerebral blood flow

CMRO: : cerebral metabolic rate of oxygen

D - Oz : delivery rate of oxygen

OEF : oxygen extraction fraction

O : a patient without vasospasm

®, £, A :patients with asymptomatic vasospasm

[1: a patient with symptomatic vasospasm
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Fig.3 Serial changes of OEF and PjO: value
in patients with symptomatic vasospasm.

OP. : clipping of aneurysm

Sx. : ischemic symptom (hemiparesis)

VS : vasospasm (angiographic)

LDA : low density area on CT

(O : OEF, oxygen extraction fraction

@ : PjO., oxygen tension of jugular venous blood
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Fig. 6 This 50 year old lady was suffered from a aneurysm
rupture of right MCA (H&K Gr.[ll ) and symptomatic

vasospasi.

(Upper) Serial measurement of flow velocity in bilateral
MCA (Mi). On day 14, ischemic symptom (left hemi-
paresis) appeared in spite of a decrease of flow velocity

in right MCA (M.).
(Lower) Serial DIAMOX® - activated'® I - IMP SPECT.

On day 16, a regional limitation of cerebral vasodilatory
capacity in right MCA (Mz) territory was shown on early
image.This finding was caused by cerebral vasospasm
of peripheral arteries. Recovery of ischemic symptom
was found after a reversal of cerebral vasodilatory

capacity.
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