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Alterations of Cerebral Blood Flow and Cerebrovascular Reserve in Patients

with Chronic Traumatic Brain Injury Accompanying Deteriorated Intelligence

Ho-Chun Song, M.D. and Hee-Seung Bom, M.D.

Department of Nuclear Medicine, Chonnam National University Hospital, Korea

Abstract

Purpose: The purpose of this study was to evaluate alterations of regional cerebral blood flow (CBF) and
cerebrovascular teserve (CVR), and correlation between these alternations and cognitive dysfunction in
patients with chronic traumatic brain injury (TBI) and normal brain MRI findings. Materials and
Methods: Thirty TBI patients and 19 healthy volunteers underwent rest/acetazolamide brain SPECT using
Tc-99m HMPAO. Korean-Wechsler Adult Intelligence scale test was also performed in the patient group.
Statistical analysis was performed with statistical parametric mapping software (SPM’97). Results: CBF
was diminished in the left hemisphere including Wernicke’s area in all patients with lower verbal scale
scores. In addition, a reduction in CBF in the right frontal, temporal and parietal cortices was related with
depressed scores in information, digital span, arithmetic and similarities. In patients with lower
performance scale scores, CBF was mainly diminished in the vight hemisphere including superior temporal
and supramarginal gyri, premotor, primary somatomotor and a part of prefrontal cortices, left frontal lobe
and sopramarginal gyrus. CVR was diminished in sixty-four Brodmann’s areas compared to control. A
reduction in CVR was demonstrated bilaterally in the frontal and temporal lobes in patients with lower
scores in both verbal and performance tests, and in addition, both inferior parietal and occipital lobes in
information subset. Conelusion: Alterations of CBF and CVR were demonstrated in the symptomatic TBI
patients with normal MRI finding. These alterations were correlated with the change of intelligence, of

which the complex functions are subserved by multiple interconnected cortical structures. (Korean J Nucl
Med 2000:34:183-98)
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1. Characteristics of Patients with Traumatic Brain Injury

Characteristic TBI (n=30) Control (n=19)
Sex (M/F) 16/14 9/10 *
Age (year) 34+12 44+17 *
Time after TBI (day) 6961599 -

Loss of consciousness

Frequency 86.7% (26/30) -

Duration (min) 5474971 -
Chief problems reported by relatives, % (No.)

Somatic complaint 86.7% (26) -

Intellectual change 66.7% (20) -

Affective change 60.0% (18) -

Personality change 233% (7) -

Psychologic change 233% (7) -

Aggression 13.3% ( 4) -
* p>0.05
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Table 2. Korean-Wechsler Adult Intelligence Scale (K-WAIS) Scores in 17 Patients with Traumatic Brain

Injury (TBI)

Scores

Item No. (M/F) Age (year)

Minimum Maximum Mean£S.D.
Information 10 (3/7) 41.4+13.7 3.0 5.0 45+07
Digit span 6 (3/3) 40.5%+14.6 2.0 4.0 33+038
Vocabulary 6 (2/4) 442+16.2 5.0 6.0 5.5x0.6
Arithmetic 8 (5/3) 40.1+13.3 2.0 5.0 3714
Comprehension 9 (5/4) 43.0+10.7 5.0 7.0 6.6+0.7
Similarities 6 (3/3) 42.1x14.1 3.0 7.0 6.0x+14
Picture completion 8 (4/4) 47.5+8.3 4.0 5.0 4.6+0.5
Picture arrangement 7 (3/4) 43.4+7.5 5.0 5.0 5.0+0.0
Block design 6 (2/4) 442475 5.0 6.0 5505
Object assembly 7 (2/5) 44.4+10.0 2.0 6.0 49+1.7
Object symbol 7 (3/4) 433+13.7 3.0 4.0 39+04
Full Scale 1Q 17 (10/7) 389+12.9 47.0 89.0 77.8+10.4

* Abbreviation. No., number of patient; M, male; F, female; S. D., standard deviation; IQ, intelligence

quotient
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Table 3. Brodmann Numbers of Brain Areas Which Showed Abnormal Cerebral Blood Flow in Each Group
of Patients Showing Abnormal Results of Korean-Wechsler Adult Intelligence Scale

Cortical area Right hemisphere Left hemisphere
K-WAIS Frontal | Temporal | Parietal | Occipital { Cbll | Frontal |Temporal | Parietal | Occipital | Cbll
Information 12 22,42 | 3,40 v 12 22 3, 40
4, 44, | 22, 41,
v Digital span 45 0 3, 40 v 39 v
€ 4,9, 3 7 4, 32,
T'| Vocabulary 32, 44, 2 | 2" 44, 45, | 22, 38 40
b 39, 40
46 47
a
| | Arithmetic v 4 22 3, 40 v
Comprehension 40
4, 6 22, 41,
Similarities T 40 39
9, 44 42
Pict 4 6, 22, 41
Te ] )
P e . 9, 12, 40 40
completion 42
44
e
) Pi & 9, 22, 41
£ 1cture 12’ 44, :‘.2 3 9 39
o | arrangement 46
T
22, 41,
m | Block design 4, 6 2 40 40
a
n | Object 4 6, 2 | 340 4, 44
¢ | assembly 9, 44
€ 22, 41,
Digit symbol 4, 44 0 3, 40 v 39

* Abbreviation. Cbll, cerebellum; v, presence of reduced regional cerebral blood flow in the cerebellum

g 5o, o]sliEAlA ol g B IAHE
2ol 18]x I«%J“”ﬂloﬂﬂ o]
Z AB ZTayl A

Fedel]

a1 FE Tl

G SIS B BAEE 3 4R AT, 5

3 AT, A% FAY LY

=27
ARH oz Helshd, BE dojd 474
% of=10 7 CBF 248 2413, Wemicke o

) =4
o3 2F

GRSk

e %
k. =

7:]0\__

T

AEAZ AFq, 59 1=ln

TH’

T

Fedo] 9J9lA Broca oyt T
TAE Ejkete] F|EA A

&7 223 TGS ¥l

$2 kel 72 CBE A4S

71 EA 4]

o

p=1

A, A9 9-7], oAFEAY FE
FA o4 CBF



£5A 9 19l FH F Al HERe} osleed PAl 189

Aag molvh FAA AAelA CBE Z&t $2 CVR 24g 9l =odele Axdes % 647l
5 ol ek 5 GEFR ¥jedejola Table 49} Fig. 20l Aelalsich

Wi gedd, 5 98, aelm dxE AlE) ol AL F 71EA A EA A Bl AA ) A

A $F A5Hol Yol He] Qi T, 2= FE Hol T ok A=T3ap olHs)

A543 gods] AHoll4 CBF z4vt 9loict FA, & selF A, zeEln el

, CVR ZHA-E Kk 2} 2]$-7]oA] u|A A2 9l

3. CVR Hslet XisHstel 2 e el & g gmeers oo

7357’]'? —‘}'—?_] %_}—Z}-Loﬂ/ﬂ 5’}’:1‘ /8—'—1 Oéjl}- =

A dlzgah nlastel TBI shatellA] foj3h FEHF AN, 2ela SR AFGel, o3 FAl

Table 4. Brodmann Numbers of Brain Areas Which Showed Abnormal Cerebrovascular Reserve in Each
Group of Patients Showing Abnormal Results of Korean-Wechsler Adult Intelligence Scale

Cortical area

Right hemisphere

Left hemisghe—re‘—“—T

K-WAIS Frontal |Temporal Pan'etalTOccipital erll Frontal |Temporal | Parietal | Occipital | Cbll
o 4,12, | 2,410 3,70 " 2,220 3,7, L
n bl
ormane 44,45 | 42 40 : v 41, 42 | 40 v
. 12, 32, 12, 32,
v | Digital span 45 21 v 44 45 41, 42
[S] — ’
32, 44
T | Vocabulary v 32, 47
b 45 -
a . . 12, 32, 12, 32,
| | Arithmetic 44, 45 v 47 22
. 12, 32, 11, 12,
Comprehension 44 v 0
Similarities 47 21 v
Picture 12,32 | 21, 22 v nla e
completion
P
e
r | Plewre 12,32 | 2, m v 2L
£ arrangement
o I
' | Block design 45 21, 22 v 22
m I
Object
n Iee 32, 47 V4 32, 47
assembly
| € R
. 12, 32, 12, 32,
Digit symbol 47 v 47 22
| |

* Abbreviation. Cbll, cerebellum; v, presence of reduced regional cerebrovascular reserve in the cerebelluﬂ
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Fig. 1. Rendering images show brain areas related to abnormal regional cerebral blood flow in
each group of patients with abnormal results in tests of information (1), digit span (2),
vocabulary (3), arithmetic (4), comprehension (5), similarities (6), picture completion
(7), picture arrangement (8), block design (9), object assembly (10), and object symbol
(11).
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Fig. 2. Rendering images show brain areas related to abnormal cerebrovascular reserve in each
group of patients with abnormal results in tests of information (1), digit span (2),

vocabulary(3), arithmetic (4), comprehension (5), similarities (6), picture completion

(7), picture arrangement (8), block design (9), object assembly (10), and object symbol
(1.
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