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Correlation of Cerebrovascular Reserve as Measured by
Acetazolamide-Challenged Perfusion CT with Collateral Circulation

in Unilateral High Grade Carotid Stenosis'
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Purpose: We correlated cerebrovascular reserve in unilateral high grade carotid ar-
tery stenosis or occlusion with a type of collateral circulation using acetazolamide-
challenged perfusion CT (ACZ-PCT).

Materials and Methods: Among the patients who underwent ACZ-PCT in our in-
stitution, we retrospectively selected the patients with unilateral high grade internal
carotid artery or middle cerebral artery stenosis (> 70%) or occlusion; we verified
the types of their dominant collateral circulation by digital subtraction angiography
or 3T MR-angiography; first, the primary collaterals flow through the circle of Wil-
lis; second, the secondary collaterals that flow through the opthalmic artery, the
basal artery or other external carotid artery. Using ACZ-PCT, we measured the dif-
ference in percentage change of cerebral blood flow of the stenotic hemisphere
against contralateral normal hemisphere and compared cerebrovascular reserves of
lesional hemisphere, according to the type of collaterals.

Results: A total of 28 patients were included. The percentage changes of cerebral
blood flow were significantly lower in the stenotic hemisphere than the contralat-
eral hemisphere (14.34 + 36.43% and 34.53 + 47.82%, p < 0.001), and in the hemi-
sphere predominantly supplied by secondary collaterals than primary (7.03 +
32.71% and 24.37 + 42.03%, p < 0.05), respectively.

Conclusion: Cerebrovascular reserves in the ipsilateral hemisphere predominantly
supplied by secondary collaterals were more impaired than primary collaterals in
patients with unilateral high grade carotid stenosis or occlusion.
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Z|(reconstruction voxel size), 0.26 X 0.26 X 0.6 mm:
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Gadobutrol (Gadovist, Bayer, Schering Pharma AG, Berlin,
Germany)-2 AREoFHT, 2FAC] AL 0.1 mmol/kg
body weight® Y= Zx}oA] AF=F907](Auto Injector,
Spectris Solaris MR Injection System, Medrad, Indianola,
PA, USA)E ©l-8-51 2322 W (antecubital vein)= 551 2
mL/sec?] &2 FAstHon 3AFUAA)T Y |[H (gradient
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FTAR] A |5 H Y s Ge 2t AT FAOIA 5
QM 70% oV o] &Rl TAE ez s Hakal
Rt H, SR [FE ufefol| ffeto] tRE A
2] 3R Y<4(Axiom Artis, Siemens, Erlangen, Germany)
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Fig. 1. Locations of regions of interest (ROI) in cerebral perfusion CT.
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A, B. Diffusion weighted image (A) and apparent diffusion coefficient map (B) show acute infarction at left basal ganglia in a 50-year male patient.
C. Four ROIs in both middle cerebral artery (MCA) territories of perfusion CT before and after acetazolamide infusion are demonstrated at the lev-

el of basal ganglia.

D. This is a representative arterial input and venous outflow time-attenuation curves at left MCA cortical flow territory. This time-attenuation

curve is then used to calculate the perfusion CT parameters.

E-H. Examples of cerebral blood volume (CBV), cerebral blood flow (CBF), mean transit time (MTT), and time to peak enhancement (TTP) on perfu-
sion CT before acetazolamide infusion at the level of basal ganglia (right to left).
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ZHsle 7ol tisto] Mann—Whitney test= AJ35H, 2 29|
HER7 ofElsol 2Pt Q=AlE 7 eIt SPSS T2 el
(version 18, SPSS Inc., Chicago, IL, USA)2 o|g5lo] EA18
A5 stlon, FAK fold2 p < 0.058 712 = ST,

2

Ao G SRf= & 98O 7 FAAF L 57.0 + 11.5
A(33~79A)), AL I} 16%, oA 1290lglon, B%
ACZ-PCTE F2HE glo] A5 o= Algsigitt. IAE9]
5 HEW FaF gret 9], 1
2 SRS SROISH B TRt ZTK(Table 1). Oﬂﬂﬁi
SHeel %EHOﬂ A A T Fo® LR,
LTH(Table 2). AP o2y SH=F

_|\1
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FHofAf 7.03 £ 32.71%(95% A1=HZE: 1.71~16.27) 2 A
SRS 94,37 £ 42.03%(95% Al=77E 12.58~42.89)°1
dsto] BEAA 02 QolstA| YT Mann-Whitney test, p =
0.015)(Figs. 2, 3, Table 3).

T':Oﬂ OSXJJ Aroto 2= dA5 A& (hemodynamic
compromise)2 AI&57] ofFLH(, 5). &, S5 s

Table 1. Demographics and Risk Factors of Patients
Number (%)

o Zzt 8w} 2070l SAIBIEOT, £ 2 7ho] Adu],
Sxpo] A ZALo UL =7 2jo|7} 919] O Age (mean + 5D) 50115
|= | o ] —O—O ] ] H/\M—‘L]-(p > O 05) SﬁX(M:F) 1612
OJap ZRLglo] QM 2Ol AW BUFHOI GOBA Ris factor
EUL(p = 0.011), BorABZ -5 LAXHp = 0. 004) Hypertension 12 (429)
Aol A= Azt 9 HA Fyh 20| HF@E ofjuls Diabe.tes mellitus 8 (28.6)
51 Silol, 2o AN W A Fu MEtEe B SO e
_ _ _ _ Hyperlipidemia 10 (35.7
ko) A A2 o U= 2=y ulig| R O] oFAlle=
01—0:1 [elye) E_l_. ] ~—| |_.l_‘\_.EH_| —(?'l“r_] o ’_1—]‘ E_O _I'—‘] ]:ﬂ =2 Atrlal ﬂbn”atlon 1 (36)
efojole §51 H9.0] HEFFgHoke-S A4keHo] BlalstRint Ischemic heart disease 1(3.6)
AR e Szt g w4 @3 3t 9iiE AT F3 SofA Severity of stenosis
oo e 5l2.0] BAZES 22 14.34 + 36.43%%F Total occlusion 22(78.6)
34.53 + 47,8202 ZAxlo], BAH 0 2 903k Xfo|7} 9)9) Severe stenosis @14
. . Location of stenosis
l:]-(\?\/ﬂcoxon siened rank test, p < 0.001)(Table 3) ;
oo o = s o o o Extracranial 10(35.7)
SR gEloll TE HE R Clbls ol of, g Intracranial 18 (64.3)
2L Gk Z0hS T2 YR S580] QASE Fark of=) Presence of symptom
K Zaevi0] QA 20| FulEunIAN e anshisg Symptoratic 14(500)
o] g BlaBIGt HAFIUBER Ol B oty Zng  _ Aymplomalic 141500
Table 2. Patient Characteristic in Primary and Secondary Collateral Circulation
Primary Collateral (n = 8) Secondary Collateral (n = 20) p Value
Methods to determine type of collateral circulation 3:5 18:2
(DSA + 3T MRA : 3T MRA only)
Age (years) 665 + 7.23 532 + 10.8 0.004*
Gender (male : female) 5:3 1:9 1.000'
Severity of stenosis (occlusion : severe stenosis) 8:0 14:6 0.141"
Location of stenosis (extracranial : intracranial) 6 (proximal ICA) : 2 (distal ICA) 4 (proximal ICA) : 0.011"
16 (distal ICA;2, MCA M1:14)
Presence of symptom (symptomatic : asymptomatic) 5: 9: 1 0678

Note.—p value < 0.05 is statistically significant.
*Student t-test.

'Fisher's exact test.

DSA = digital subraction angiography, ICA =

jksronline.org  CH$HZ4QlstRlx] 2014;70(1):1-12

internal cerebral artery, MCA = middle cerebral artery, MRA = MR angiography
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Table 3. Comparison of Quantitatively Measured Cerebrovascular Reserve Using Acetazolamide Perfusion CT: Percentage Change of Cerebral
Blood Flow

Percentage Change of Cerebral Blood Flow (%)

Mean + Standard Deviation 95% Confidence Interval p Value
Lower Upper

Ipsilateral (n = 28) 14.34 + 36.43 0.87 27.81 <0.001*
Contralateral (n = 28) 3453 + 47.82 16.85 52.21

Primary collaterals (n = 8) 24.37 + 42.03 12.58 42.89 0015
Secondary collaterals (n = 20) 7.03 +32.71 1.70 16.27

Note.—Data are mean + standard deviation.
*Wilcoxon-signed rank test.
*Mann-Whitney test

PRE-ACZ CBF ROS - ACACBF

E F

Fig. 2. Percentage change of cerebral blood flow (CBF) in patient with left proximal middle cerebral artery occlusion with secondary collaterals. A
55-year-old woman without evidence of ischemic symptom.

A. There is no definable abnormal sign on the initial brain MRI T2 weighted image.

B, C. Left middle cerebral artery is occluded just distal to distal internal cerebral artery bifurcation on time of flight MR angiography (B) and digi-
tal subtraction angiography (DSA) (C).

D. Secondary collaterals from ipsilateral anterior cerebral artery and external carotid artery are noted on DSA.

E. Relative preservation of CBF is shown in left frontotemporal cortex on baseline perfusion study, the value are 52.48 mL/100 g/min and 50.92
mL/100 g/min in occlusive and mirrored hemisphere, respectively.

F. But there is paradoxical response in stenotic area on post-acetazolamide study. Percentage change of CBF is -8.44%, suggesting significant
decreased cerebrovascular reserve as compared with 21.70% in contralateral cortex.

6 CHOIEAHOISIRIX| 2014;70(1):1-12  jksronline.org
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Fig. 3. Percentage change of cerebral blood flow (CBF) in patient with left proximal internal cerebral artery (ICA) occlusion with primary collater-

als. A 71-year-old woman without ischemic symptom.

A. There is no demonstrable abnormal finding on the initial brain MRI T2 weighted image.
B, C. Total occlusion of left proximal ICA is demonstrated on contrast-enhanced MR angiography (MRA) (B). However, left middle cerebral artery
(MCA) is visualized on her time of flight MRA through anterior communicating artery (C).
D. Ipsilateral anterior cerebral artery, MCA and their cortical branches distal to occluded left ICA are visualized on digital subtraction angiography,

suggesting primary collaterals.

E, F. Cerebral blood flow maps of baseline (E) and post-acetazolamide (F) cerebral perfusion study show relative preserved cerebrovascular re-
serve in left frontotemporal cortex. The percentage change of CBF is 32.88% and 35.87% is measured in mirrored hemisphere.
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