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Cerebral Hemodynamic Analysis in Pediatric Moyamoya
Patients using Perfusion Weighted MRI

Won Seok Chang, M.D., Tae Gon Kim, M.D., Seung Koo Lee, M.D.?
Jung Uhn Choi, M.D.,' Dong Seok Kim, M.D.!

Departments of Neurosurgery,’ Diagnostic Radiology,? Yonsei University College of Medicine, Seoul, Korea

Objective : Classically, single photon emission tomography is known to be the reference standard for evaluating
the hemodynamic status of patients with moyamoya disease. Recently, T2-weighted perfusion magnetic
resonance(MR) imaging has been found to be effective in estimating cerebral hemodynamics in moyamoya disease.
We aim to assess the utility of perfusion-weighted MR imaging for evaluating hemodynamic status of moyamoya

Methods : The subjects were fourteen moyamoya patients(mean age : 7.21yrs) who were admitted at our hospital
between Sep. 2001 to Sep 2003. Four normal children were used for control group. Perfusion MR imaging was
performed before any treatment by using a T2-weighted contrast material-enhanced technique. Relative cerebral
blood volume(rCBV) and time to peak enhancement(TTP) maps were calculated. Relative ratios of rCBV and TTP in
the anterior cerebral artery(ACA), middle cerebral artery(MCA) and basal ganglia were measured and compared
with those of the posterior cerebral artery(PCA) in each cerebral hemispheres. Using this data, we analysed the
hemodynamic aspect of pediatric moyamoya disease patients in regarding to the age, Suzuki stage, signal change in
FLAIR MR imaging, and hemispheres inducing symptoms.

Results : The mean rCBV ratio of ACA, MCA did not differ between normal children and moyamoya patients.
However the significant TTP delay was observed at ACA, MCA territories (mean = 2.3071 sec, 1.2089 sec, respedtively,
p < 0.0001). As the Suzuki stage of patients is advanced, rCBV ratio is decreased and TTP differences increased.
Conclusion : Perfusion MR can be applied for evaluating preoperative cerebral hemodynamic status of moyamoya
patients. Furthermore, perfusion MR imaging can be used for determine which hemisphere should be treated, first.

KEY WORDS : Pediatric moyamoya disease - Cerebral hemodynamics - Perfusion MRI.
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Table 1. Patient group

; Signal change in
Sex Age Suzuki stage Symptom FLAR MRI

control Female 2 normal none normal
Female 2 normail none normal
Male 3 normal none normal
Male 3 normal none normal
Female 3 normat none normal
Female 3 normait none normal
Male 13 normai none normal
Male 13 normal none normal
MMD Female 1 2 none normal
Male 3 2 none normal
Male 3 2 none normal
Female 4 2 none normail
Female 4 2 TIA normal
Male 8 2 TIA high signal intensity
Male 8 2 none normal
Female 9 2 none normal
Female 9 2 TIA normal
Male 10 2 none normal
Male 15 2 TIA, ICH normal
Male 15 2 none normal
Female 10 2 TIA high signal intensity
Female 10 2 none normal
Female 1 3 TIA, Sz normal
Female 3 3 none nomal
Female 3 3 TIA high signal intensity
Male 3 3 TIA normal
Male 3 3 TIA high signal infensity
Male 4 3 none normal
Male 4 3 TIA normal
Female 5 3 TIA high signal intensity
Female 5 3 none normal
Female 8 3 TIA high signal intensity
Female 8 3 TIA high signal intensity
Male 8 3 TIA, Sz high signal intensity
Male 8 3 none normal
Male 10 3 TIA normal
;TIA = transient ischemic aftack, **Sz = seizure **xICH = infracerebralhemon—
age
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rCBV = CBV(X) / CBV(PCA)
dTTP = TTP(X) ~ TTP(PCA)
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Table 2. rCBV and dTTP comparison between control and MMD patient

Mean({control) Mean{MMD) P—valuex
rCBV(ACA) 0.9638 1.1943 0.3
rCBV(MCA) 1.2513 1.25 0.993
rCBV(RG) 0.6888 0.7257 0.688
dTTP(ACA) -0.5625 2.3071 0
dTTP(MCA) 0.8875 1.2089 0
dTTP(BG) -1.2375 —0.2329 0.33

rCBV=relative cerebral blood volume, ACA=anterior cerebral artery,
MCA=middle cerebral artery, BG=basal ganglia, MMD moyamoya disease, *
student t test

ofslof ot F 34| o}l Fatt oI5 w2 Hlwt
Hopropy glof F 3N E 71502 34 Z3fet 34 olake] Blo}
oflA] zk ghe vl BA8 29 rCBY, dTTP &5 §A42R f
OfFh AfolE Kol gholth. 12k, 34 olste] Bolef A rCBV
Batgtol 34| 27he] ot AgitHTable 3).
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Table 3. rCBV and dTTP comparison between <3 year old MMD and >3 year
old MMD

Mean(< 3yrs) Mean(>3yrs) P-valuex
ICBV(ACA) 1.0675 1.245 0.103
rCBV(MCA) 1.0775 1.319 0.1
1CBV(BG) 0.6913 0.7395 0.599
dTTP(ACA) 2.2375 2.335 0.903
dTTP{MCA) 1.156 1.2325 0.896
dTTP(BG) —0.1525 —0.265 0.81

1CBV=relative cerebral blood volume, ACA=anterior cerebral artery,
MCA=middle cerebral artery, BG=basal ganglia, MMD=moyamovya disease,
* student 1 test

Aipy 31 S0l Y= Tk S0l R 22 vlw

Ay B Sl S dhel WSk T34 g2 o 9TE
W) 2 2 B4l ol v Woldl AEe gl 3
o5 ool dTTPO) A% 2 & glglon) 9] FeE
# §19] TTP A|Ao] A3HArHp=0.0014) (Table 4)

Table 4. rCBV and dTTP comparison between symptomatic hemisphere and
asymptomatic hemisphere

Mean Mean
. P-valuex*
(symptomatic)  (asymptomatic)
1CBV(ACA) 1.075 1.197 0.1809
rCBV(MCA) 1.1969 1.293 0.4099
ICBV(BG) 0.7294 0.708 0.7816
dTTP(ACA} 2.75 1.615 0.0478
dTTP{MCA) 2.0125 0.615 0.0014
dTTP(BG) 1.1188 0.52 0.2526

rCBV=relative cerebral blood volume, ACA=anterior cerebral artery,
MCA=middle cerebral artery, BG=basal ganglia, * student t test
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Table 5. rCBV and dTTP comparison between normal and abnormal signal in
FLAIR MRI

Mean(ni) Mean(abnl) P-valuex
rCBV(ACA) 1.1957 1.0086 0.3701
1CBV(MCA) 1.3152 1.07 0.0982
1CBV(BG) 0.7783 0.5814 0.423
dTTP(ACA) 2.0957 2.0143 0.8925
dTTP(MCA) 1.0522 2.0857 0.0592
dTTP(BG) 0.6783 1.2286 0.4269

rCBV=relative cerebral blood volume, ACA=anterior cerebral artery,
MCA=middle cerebral artery, BG=basal ganglia, nl=normal signal in FLARR
MRI, abnl=abnormal signal in FLAIR MR, * student t fest
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ol o] vt} & 149 F 29(14%) 2 Suzuki stage 32 Hfx]
UEEO] A9 145HT Z 5935%)e] HIsl A& Ao vehdeh

Suzuki stage©] W= rCBV, dTTPS] W3}

7R 7k S vlwsl By FAA R o3k Aol flich
et Al s 9 S FYollAle rCBY #tol Suzuki
stage 29] th¥] ¥holl H]3) Suzuki stage 39) ot ¥h7} 2k
o qTTP#HE A vrebgth(Table 6).

Table 6. Comparison of mean values of rCBV and dTTP according to Suzuki
stage (control = 8 hemispheres, stage 2 = 14 hemispheres, stage 3 = 14

hemispheres).
Control Stage 2 Stage 3 P-valuex
rCBV ACA 0.964 1.256 1.15 0.0972
rCBV MCA 1.251 1.288 1.16 0.11
rCBV BG 0.689 0.778 0.692 0.589
dTIP ACA 0.675 232 2.82 0.03
dTTP MCA 0.35 1.01 1.97 0.0406
dTiP BG 1.236 0477 0.764 0.7169

stage=>Suzuki stage, rCBV=relative cerebral blood volume, dTTP=time—to—
pecak difference, ACA=anterior cerebral artery, MCA=middle cerebral artery,

BG=basal ganglia, * ANOVA test
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Fig. 2. Perfusion weighted magnetic resonance image of a 3-
year—old boy with migrane. There is no significant cerebral blood
volume and fime—to—peak difference on cerebral blood volume
imaging(A} and time—to—peak imaging(B).
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Fig. 3. Perfusion weighted magnetic resonance image of a 4—year—
old boy with left side transient ischemic attack. Note that significant
time—to—peak delay on right anterior cerebral arery and middie
cerebral artery territory(B) whereas no significant difference on
cerebral blood volme imaging(A).
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