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Regional CBF Alteration Detected by Transcranial Doppler and SPECT
in Patients with Spontanenous Subarachnoid Hemorrhage

Myung-Hyun Kim, M.D., Kyu-Man Shin, M.D., Jun-Hyeok Seng, M.D.
Department of Neurosurgery, College of Medicine, Ewha Womans University

The assessment of the cerebral vasoreactivity provides information regarding to the reserve
capacity of the cerebral circulation in patients with cerebrovascular disease, which has important
therapeutic consequencies because it allows for the diagnosis of impending ischemia and for the
control of the effect of initiated correcitive measures.

The author performed transcranial doppler study to measure the CO2 reactivity to the entire
basal cerebral arteries in 30 cases of control group and 10 cases of disease group between 3rd
and 7th day after insult. The control persons involved 10 cases of 3rd decade, 10 cases of 5th,
10 cases of 7th, and the diasease persons involved 10 cases of spotanenous subarachnoid hemo-
rrhages. All discase patients were examined by single photon emission computed tomography
and their results were compared to Doppler CO2 reactivities. .

In control group, the mean blood flow velocity and pulsatility index increased with age, but
the CO2 reactivity decreased. In patient group, MBEV, PI index, MI ratio were not correlated
to the presence of disease, but only CO2 index was decreased than the same age group of
normal control. The regions showing abnormal ROI by SPECT well corresponded with the
regions showing decreased CO2 reactivity. There was no close correlation between ROI
(Region of Interest) index and CO2 index, but the CO2 reactivity was remarkably decreased in
the region which showed abnormal regional cerebral blood flow in SPECT findings(p=0.04).
In the relationship between the various prognostic factors, ROI increased as the clinical status
worse(r= ~0.05, p=0.0008), the acute prognosis(3Mo) had positive correlation with CO2
omdex(r=0.32, p=0.04) or clinical status, and negative correlation with ROI index(r=0.40, p
=0.0094).

Transcranial doppler CO2 testing in patients with spotanenous subarachnoid hemorrhage
provides useful information regarding hemodynamic state, prognosis and determination of
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beneficial effects of specific therapy. In the various TCD parameters, CO2 index was correlated

well with the acute prognosis.
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Table 1. Analyzed variables and grading
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Variables Categories and Unit

Glasgow come scale from 3 to 15

Fisher grade 0. none

1. 1-2 cistem

2. 3 or more cistems

*3. cisternal clots

Blood flow velocity Centimeter/second

Pulsatility index *SBFV-EDBFV/MBFV. ratio
Hemispheric index MCA M BFV/ICA MBFV. ratio

CO2 reactivity % changes per millimeters of mercury

CO2 index 0. absent
1. reduced
2. normal

ROI index 0-288

SBFV : systolic blood flow velocity
EDBFV : end-diastolic blood flow velcotiy
MBFV : mean blood flow velocity
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Table 2. Transcranial doppler ultrasound findings in 30 controls

Age group Location Mean blood flow velocity P! index
decade side ACA MCA PCA ICA ACA MCA PCA ICA
3nd Rt 57.7+46 69.3+33 643+t4.7 59.1%£3.6 0.73£0.08 0.75+0.08 0.73+0.04 0.72+0.05
Lt 67.1+9.7 70.1+43 475434 683+7.8 0.72+0.06 0.88+0.08 0.71+0.05 0.63+0.04
5th Rt 50.1+8.5 674+79 529459 57+7.5 0.861+0.05 0.83+0.06 0.76+0.04 0.98+0.07
Lt 45.7+56 739+96 504+64 68.7+75 0.85+0.07 0.72+0.04 0.82+0.04 0.85+0.06
7th Rt 459+44 53.3+6.7 442452 40.2+54 091:+0.05 0.9710.07 0.93+0.05 0.88+0.07
Lt 42.5+4.7 483+6.6 39.2+51 499+55 0.91+0.05 0.91+0.04 0.96+0.04 0.92+0.06
Age group Location CO2 reactivity . .
docade  side. ACA MCA PCA ica  Mrafio COZ index
3nd Rt 4.4+0.3 4.7+0.2 4.0+04 4.4+04 1.221+0.32 159+03
Lt 39404 4.0+0.3 4.3+0.3 39+03 1.08+0.28
5th Rt 5+0.4 4.7+0.5 4,5+0.5 39406 1.21+0.23 15.1+14
Lt 3.9+04 4.5+0.5 4.7+0.4 43+04 1.151+0.67
7th’ Rt 4,11+0.6 4.5+0.8 3.9+04 3406 137+£034 139+15
Lt 3.9+04 3.604 39404 3.3+0.5 0.9610.22

With increasing age, mean blood flow velocity was decreased but pulsatility index was increased, and CO2 reactivity and

CO2 index was decreased, M/l ratio was not changed
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Fig. 1. Plot showing decrease of CO2 index with in-
creasing age.
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Table 3. Mean values in patients with a favorable
outcome(GOS 5) and an unfavorable outcome

(GOS 1, 2, 3), and significant levels of diff-
erences
Variables Favorable Unfavorable P value
group group
Age 47.6 3.6 ns
GCs 12.8 8.2 0.05
ROI index 8 16 ns
CO2 index 13.2 11.8 0.04
RM/| ratio 1.21 1.32 ns
LM/l ratio 1.22 1.28 ns

GOS, glasgow outcome scale ; GCS, glasgow coma
scale ; ROI, region of interest ; M/l ratio, middle cere-
bral artery mean blood flow velocity/internal cerebral ar-
tery mean blood flow velocity
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Table 4. The statistical difference of mean blood flow
velocity and PI index according to the value of
CO2 reactivity

CO2 reactivity Location Naormal  Abnormal P value

Flow velocity L ACA  50.0+19.1 84.6+55.3 0.01
R MCA 64.8+19.5 92.0+46.3 0.04

L PCA 45.6+20.2 66.8+13.1 0.0021

RICA 5771222 88.7+668 0

LICA 62.0£23.5 90.5+70.7 0.013
Pl index L ACA 0.9240.29 0.69£0.21 0.0018

R MCA 0.92+0.24 0.74%£0.27 0.0159
L PCA 0.86+0.21 0.73+0.13 0.049

Mean biood flow velocity's were increased and Pl index
s were decreased at the cerebral arteries showing ab-
normal CO2 reactivity
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Table 5. The statistical difference of CO2 index ac-
cording to the presence of disease and clinical
state and outcome

Presence of disease

Subgroup Normal Disease P value
Total 15.6+094 13.6%£2.0 0.0001
20 159+0.3 135%1.7 0.0005
40 15.5+097 13.9+19 0.03
60 153+1.3 13.5+24 0.04
Female 15.6£1.0 13319 0.0001
Male 15.6£0.9 13.9+2.1 0.0002

Clinical state |

Subgroup Y GC5<B P value
Total 149415 13.9+22 0.05
60 150+1.3 13.5£25 0.07
Female 14.8+1.6 13.5+2.2 0.05

b Clinical outcome |

Subgroup GCs>a GC5<3 P value
Total 149+1.6 13.9+2.2 0.05
Female 14.8+1.7 13.6+2.0 0.08

CO2 index was decreased in the presence of disease, in
the worse clinical state and outcome

TCD tenitory
LICA
RICA
LPCA - H
L
RPCA - . . . .
[ 4
LMCA * .
. . . .
RMCA - . e °
LACA A4 .
RACA . .
Y 1 » 1 1 L Il J
RACA LACA RMCA (MCA RPCA LPCA RICA LICA
ROI territory

Fig. 2. Scatterplot of the vessels showing abnormal CO2
reactivity and abnormal ROI in 10 patients(20 hem-
ispheres).
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Table 6. Pearson correlation matrix between invested variables in spontaneous subarachnoid hemorrhage patients(n=10)

CO2 ROI GCS GCOS RMIR LMIR
CcOo2 1
RO -0.04 1
GCS 0.16 -0.5 1
GCOS 0.32 -0.4 0.68 1
RMIR 0.03 0.1 -0.06 -0.01 1
LMIR -0.04 0.37 ~0.16 ~-0.03 -0.06 1

The critical value for 95% confidence is above 0.32

RO, region of interest ; GCS, glasgow coma scale ; GCOS, glasgow outcome scale ; RMIR or LMIR : right or left MCA

Mean Blood Flow Velocity/ACA MBFV

#HZ MI ratio®t ROI =2+ ulgsles A &
9&1‘:}(1"=0.37, p=0.0148)(Table 6).
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