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Background : We present reference values of flow velocities of the intracranial and extracranial cerebral arteries for
transeranial Doppler ultrasonography of healthy adults with normal MRI and MRA findings. Methods : We selected
131 presumed normal subjects among 220 visitors of our stroke prevention clinic by strict exclusion criteria based on
clinical, MRI, and MRA findings. We excluded those with history of migraine, infarct (s) on MRI, sig
on MRA (more than 50% in diameter), and abnormal hematocrit levels. Resuls : The age of the subjects ranged from
33 (0 69 years (mean = SD: 53.5 £ 7.60). Mean flow velocities in men at their 6 decades arc 50.6 + 8.42 cmisec in
MCA, 46.6 % 9.40 cm/sec in ACA, 29.2 + 6,70 cm/sec in PCA and 35.3 = 9.28 cmisec in BA. The upper limit of nor-
mal left-right velocity ratio was 143 in MCA, 1.50 in ACA, and 1.51 in PCA. The upper limit of normal range of
hemispheric index was 2.96. Conclusion : This is the first report of references values of transcranial Doppler ultra-

sonography measurements of healthy subjects with the normal MRI and MRA findings
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064 1998 974 99 71A) B HEF Y A0 &
A F AAFY HEF T AR AR A9 A
% 7G4 22002 e g ol F1Eel ste
A7 okhg Asklch ANAEE 1) MRV oldaA
4724 239, F% 19, FEFWIY 19 ; 2 MRAY
A 2739 50% elge] WHEAEAT@1E) 5 3 BF
209 5 9 AL =36%, @4 <39%, 73 ;
5) MRI, MRA, TCD 257k £l 2548 34-(10%)
2 sigich WFEe Ak International Headache
Society<] Azt 71El SJsigich.* A% A7 e 131
ez ¥A 1069, iz 259elx, AFL FF 53.5
AN(33-694D elgich.

A7 W32 MRL MRA, TCD ARSI HES f189
7 g A3 GUSAAE AT, A A2 Pl
ol A3k gLl fete] AAE P YA} o1, A1
ZA%A AAE Aligheh, mEgE 467 (36.1%), P
W 138(0.9%), TARFE 447 (33.6%) ] W)
Slek FAARE 467 (35.1%), FEAE 1478(10.7%)°l
. uFAAE 718 (64.2%) o120k AREH ARY =
F Aeldn FE et shFeEUld Fgol S o
€ slaich

2. HAL g

TCD 71k TC2020 (EME, Germany) .2 2 Mz
s} 4 MHz probe& o|-8315ic}, 2 MHz probet ultra-
sonic power 10-100 mW/em; pulse repetition rate
& 2.06-10.02 KHz burst widthi 4.5-20.0 sec,
depth ¥ 16-144 m= 31815, 4 MHzE pulse repe-
tition rate& 2,06-26.02 KHz, burst width 4.5
20.0 sec® olg=igich, AulEH(ACA), FrHES
(MCA), FoilFHPCA) 2 573 temporal window)
oA, FEEHVAI AT BA) S 73R suboc-
cipital window)elld, QFFH(OA)T HAFH Bty
(probe%o 2 vt Vire G2, Wl ¥Fe G
2 F3W) e Ask(transorbital window) oA F3s}
Sat, WAEH ZAE-0CA) st 3B ECA) 2 shehEwl
14 (submandibular approach) ZHsigl®, F4%
{Ccare BollA 530t Ringelsteinge] Har'el]
2712le} MCA 50-60 m, ACA 60-75 ms, PCA 60-75
on, C2ub C4E 65-75 m, OA 45-55 m, VA 60-70
nn, BA F91%-(proximal BA)¥ 85-95 mn, BA U$]¥
(distal BA)E 96 moldolld] 5 m Ao Z FAsH,
CCA, ECA, ICA¥ Dopplerdl37} 7h 4] Mol
el Fzlsleh

FENGREE, AWNYREE, FFUFEEE 427
%439 Yrow AT pulsatility index (PD,
Tesistance index (RD o] ol Z7elel A e
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I FEALFEE Apule T EFIHE P
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ratio (AMVR=ACA ATHFEE/MCA FFHFE
), PCA-MCA velocity ratio (PMVR=PCA %7Y
FEE/MCA HTFRFEE), MCAS) HI (MCA BT
FEEICA FFYFED) S BT FFARE T
I AY A UAE AR A A e A
9 95%% ET¥the T+ (L 9BXEFWHE T4
Sigiek, AFT Aol BE HolE At -4
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ol g REEE AR} o] YuBAE Hglw, C2
OA 9 CCAS Aol ti¥ze] ¥aellA Pl Rix A%
3 ool 4AWAE B (Table 1. w4 Al 3
FAFE 27 54.4(£6.81) A8 53.3(+7. 77 AL #
o7} figkes, MCA, C4, VA, proximal BA, distal
BA, ICAS) BR&EET o4lA ¥4 dehd(Table
2), CCAZ Aeld ZE Gatell] Aol v PIst RIS
Aol Gsieh

2. 4% HyPd I wux

500 d4e] FFEREES] HIEE MCA 50.6 an
Jsec, ACA 46,6 an/sec, PCA 29,2 en/sec, distal
BAE 35.3 mfsecolglat, EFHAE 10 a/secole]
gich. MCAS} BFERESE 2 AT Mg 2%
31, ACAel} C4, C2, distal BA, proximal BA,
PCACI VAS] Fo.2 FA| vebideh, 509 @49 ICA
o BPYREES] FFP 27.5 w/secE ECAIM
CCA®l #A8A 2} E9krh(Table 3). 4L F71 Hold
A YiEEe TobA dgon], A49 YREEY 3
4 #F3XE Table 21 ek

Plsk RIg] 4 ¥uAE PE T2 sio] dFEE b
SEd) 50019) MCAS] Ple] B 0,801, distal
BAS] PIe] G2k 0,853 FAMER Ple HFgE
0.79-0.85 olio]geh, ECA, CCA, OAS] Pl 27 1
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Table 1. Correlation Cocfficients between TCD Measuremens and Age

MV sV DV Pl RI

MCA -188%¢ -4 -2350 a8 24825+

ACA -034 -032 -089 164+ 166+

PCA -0%9 005 ~195%x 203 300%4%

@ -038 -008 -064 124 127

c4 -5t -003 -1as* 131 130

O0A - 198t BE - 1osHe 082

VA - 1665 -091 ~233%%% 3280 343

proximal BA 120 -048 -180% 33600+ 33geer

distal BA -224e ~145 -278%% 0gues

1cA -033 -038 -089 J1930%

ECA -241En ~148* -305% 2530wk

ccA ~3spme 377 - 2300 -1 -104
MV : mean velocity, SV : systolic velocity, DV : diastolic velocity,  C2: C2 portion of ICA siphon,
C4:Caportion of ICA siphon,  BA:basilaranery, ~ *p<05,  *p<Dl, i p<00
Table 2. Comparison of Mean (MV), Systalic (SV), and Diastolic Velocities (DV)* according io the Gender.

MV sV DV
Men Women  P-value  Men Women  Pvalbe  Men  Women  Povalue

McA 52681077 605:13.08 000  805:1S57 924x1787 000  38629.09 443+1033 000
ACA 4795977 5021946 NS TA0r435 78551467 NS 348:825 361783 NS
PCA 2045629 3042522 NS 459:1008 4762804 NS 2L1x94 218:425 NS
2 4345795 G13:1168 NS 654xI343 723s1708 044 303+7.04 333a849 NS
c4 4601140 53321246 000 7091623 813x)7.38 000 3364955 3931045 000
oA 1524368 NS 286:673 2933611 NS 824264 824305 NS

VA 3574952 000 41.5:902 5461428 000 199x452 262:7.44 000
proximal BA 3344844 4152968 000  S18+12.62 6381463 000 2431682 303+753 000
disl BA  36.026.15 4294822 001  569+1327 67741220 000 2574770 3054688 005

ICA 27.4:474 3265641 000 4205666 495:949 000 201429 2413520 000
ECA 1894441 1968530 NS 4015855  417x11.26 NS 834306 86846 NS
ccA 2675517 2286499 000 S5L0=1021 4145920 000 1454348 135:329 NS

* mean = standard deviation, MYV : mean velocity, SV : systolic velocity, DV : diastolic velocity,
€2 C2 portion of ICA siphon,  C4: C4 portion of ICA siphon,  BA : basilar artery

Table 3. Normal Reference Values of Mean (MV), Systolic (SV), and Diastolic Velocities (DV)* in Men.

30-49 years (4=29) 50-59 years (0=57)
MV sV DV MV sV DV MV sV bV

MCA 55.8+1435  839£19.99 4181214 506:842 77121223 3743703 5342957 8531476 3744788
ACA 4971121 75241614 37.0:9.27 4661940 71921337 3402805 487851 T84£1371 33.947.05
PCA 3026628  457:9.88  22.5:4.91 292:670  455:1064  21.0s5.21 2882494 4731875 1954356
o) 4342795 6731168 31.5:6.65 4121801 6371158 2994667  426x12.13 6831915  29.8+0.00
C4 49821366 7551861 3T.0£1158 4381959 6781396 318:804 46441105 72421679 33.4+893
0A 160:365 3024649 2.8+2.87 1474346 27.9+675 8.1£2.56 1444334 28.2+7.04 75234
VA 2742598 4082938 207466 2734597 4188937 2012457 259+4.83 4152752 1825378

proximal BA 3392799 S09:1222 2532637 3343850  S17:1254 2428685 330932 5321380 2304744
disel BA  389:891  S9T:1246 2854780 3534028 55241377 2532748 345:869 57841280

Ica 2743424 41L1s604  206:383 2751523 4234705 201a464 270402 4255610 1924381
ECA 200+458 4294838 10.0:338 1848408 393:828 808280 173411 3B6:885 672274
cCcA 2885535 S60+1145 153:353 2635520 S00:942 145358 243:3390 468759 1312270

* mean = standard deviation, n: numiber of subjects,  MV: mean velocity, SV: systolic velocity, DV: diastolic velocity,
©2: C2 pottion of ICA siphon,  C4: C4 portion of ICA siphon,  BA: basilar artery
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Table 4. Normal Reference Values of Pulsatility Index(P1) and Resistance(RI) Index*

3049 years (n=34)

50-59 years (n=72) 60-69 years (n=25)

Pl RI Pl RI Pl RI

MCA 07720.13 0.50£0.06 0802013 052:0.05 0.8940.14 056+0.06
ACA 08020.18 0.5240.07 082:0.15 0532006 09020.18 056+0.07
PCA 0.7820.16 051£0.07 0.84:0.17 0.5420.07 0952016 0.5840.06
(&) 0.8420.14 0.5440.06 08320.12 05320.05 0.50+0.12 056+0.05
e 0.7920.15 051£0.06 082:0.16 0.53+0.06 0.8520.15 0544006
0A 1382033 0.7140.08 1382036 0.7120.09 1452034 0.7340.09
VA 07320.14 0.4940.06 0.80:0.14 0.8920.13 05620.05
proximal BA 0754014 0.83:0.14 0.9220.17 0.5720.06
distal BA 0.82:0.18 0.85:0.16 1.0320.21 0.6120.07
[ 0.7520.14 = 0.82£0.18 0862016 05420.07
ECA 1.60+025 0.77:0.06 1734032 1.8120.34. 0.8250.07
CcA 1382023 0.7120.06 133+0.18 135£0.23 0.7120.06

= mean  standard deviation, n: number of subjects, C2:C2 portion of ICA siphon, C4: C4 portion of ICA siphon, BA: basilar artery

Table 5. Left-right Ratios of Mean and Sysiolic Velocity

Left-right Ratios of Mean Velacity

Leftright Ratios of Systolic Velocity

MCA  mean = SD (Raoge) 1.0420.20 (0.65-1.43) 1.03+0.19 (0.66-1.40)
actual range 0.66-1.83 0.68-1.81

ACA  mean  SD (Range) 1.0120.25 (0.52-1.50) 1032023 (0.58-1.48)
acwal range 0.61-1.70 0.62-1.76

PCA  mean: SD (Range) 1032023 (0.58-1.48)

actual range

1042024 (0.57-1.51)
056227

SD: standard deviation, Range = mean  (standard deviation x 196)

Table 6. ACA -MCA Velocity Ratio, PCA-MCA Velocity
Ratio, and Hemispheric Index (HI)

AMVR  mean & SD (Range) 0902019 (0.53-1.27)
actual range 049-1.72

PMYR  mean +SD (Range)  0.56+0.14 (0.29-086)
actual range. 027-1.81

HI mean = SD (Range) 1.96+0.51(0.97-2.96)
actual range 1.06:5.05

SD : standard deviation, Range = mean + (standard devia-
ti0al.96),
AMVR : ACA-MCA velocity ratio = ACA mean velocity/
MCA mean velocity,
PMVR : PCA-MCA velocity ratio = PCA mean velocity/
MCA mean velocity

oldelglas, RIE 0.7 olgelgiet (Table 4), A di
Aol CCA RISt B4 23 ¥9)E 0.6-0.82 RTLEE
B4 = 0,71:£0.06) o191k

3. Aosiel JlEAel By BT el
MCA, ACA, PCA BEH&=sl Auls) 34 3
A AR 43-51%013, SE 34-44%01907,
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2 B FE7IUFERS A9HE FPYREEY 2
g} HiZzelgich(Table 5). JFYFEEY A9
A4 A3 W99 4% MCAE 20,8 an/secol,
ACA%¥ 24,3 wn/sec, PCAE 14.3 w/secol %=k

AMVRE ACAS] BFYFEEE MCA $£9] 127%
A A A2 geleldiolglx, PMVRE PCA JT8F
FEE MCASES] 86%71A7 A4 A Wlelgich
HiE 2,967H4 34 = daAgie(Table 6).

.

WA BF SEE WY W, BRY% Y AE S
ol 9g& wonz TCD A FAL ol2ig AAF
2] Fadok Pt EeE HUEF oY AR
Zgagjeg MRL MRA, TCD, ¥t 24 $8
ol EAol Aslgle=g of AFsb sFsEiAn
MRAS] 273te] d W2 B2 Alfebsr, BFE &
AE At g4 FaAE AR AL B AT A
elvh

U g2t Aol gt MRAS] ollR1E (sensitivity)
€ ¥B2QEE J1F0R A% 86%, 95%E Huslw
9ol ™ MRAE A5 Wies 34 HEad 34
shedl 7 $ delsh mebd MRAE A% 4de
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tiges & TCD A4 A3x] 449 7iFes Asich
3 & % gk Ley-Pozost Ringelstein® &% ool
F7H4Q 21F5 olg3tel 30%0142) MCA @3l vk
TCDe] RIS 86%2 Husigorh™® &Rehg 71E
o2 Y w5070 W¥lE TCDS Wt ¢
£ A97F Beng B & dTiie 50%e1de Wahe
A2l 71Fez A

& 71EAS AR TR AL Aotk WA 9%
T AYRA F AFYREES ol IUFEEY
#8244 7592 siphon 8219k 300H ¥Alel MCA,
ACA SIS Algfeld 2F 10 arfsec olsfolgieh. &
¥ 50c] A MCA FFERHES] EFAAE 8,418
J1Ee] Batie) gEEAel o/3 Bteginh ol ¥R
WG, 08 2 AdE A Ao FAY
AT S olgulgly] Wi e AR & AFdlde
7 AR EEe) A4 A WE AN gk A2
FE AT QXEFTANE 5000 FAS) MCA BE %
A2 HFYHEE 27-71 evfsec, Pl 0.42-1. 142 AN
& wk ek et 34 574 Aol MCA BEEF
HE7b 30 en/secteh s wie lEZE e s,
ERUAY WD P 0,22-0.74 @} 0,492 B
ZEEE® BFGA 2 A Aol TERR 2
sHE g4 HeUE Alliel TCD AAS ZH4E Au
A7 A 2 el Eeh £ AFsEE g
ZAE 120 enfsec oldel,” B PAIAE 80
[sec olgel MCA BTFEREES JIFEeR ANsng®
el weh BhE 71N 88 & ek wlebA TCD
F WA A% AAE o8] A A UAE
A Adsle] ZA4E £9 At g, B a7l
5OV el B4 A UskE FEEAE 196 e
(8749) 95%) = Tkl MCAS] FFEREEE 34-67
en/seceli Pl 0,55-1.0501% distal BAS BF¥F
4EE 17.1-58.5 an/seco]sL PR 0,54-1. 16elch

AFEREEG FENLREES Fpud Gz
SEHle F4 ARt FE B Agel Sl
e, J1E AT FuAe AR vl Tt &
9 A4 e 49 DAl ok MCA
BEFEREE X 4 WA 22-30 a/sec
2 Hyse, 40 ghpule) 44 J1EE SRR, ¥Rl
e} Atell =gl S, A} AFLE I FoplE
e} ZAgeAge] Aol f-gekeh ACA BR
59 Fhe FA FHAEY H200 0 U qAS
AAd sheE, Y B ART F F 1/4E ACAK
57h MCASEReh ok whehdl ACA BRErt &
JHGEE ACA #3Hle] B4 4% WA AMVR
F Faste] J¥EE RS FAsolol ¥ Aolth
PCAE WeRZol] B8l 50% F7HIE A9l ek
E AL, B AT B4 B3 HAR 50%2 ¢
St 4S8 9xe] Al FFERGEED F57]
WREES 90174 B fEeivhe Fael AE° Y
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T FIIEREES} FTERERS 2A9ug B
ol ggith

HIe AFehet 39 W4old 3H (hemodilution,
hypertension, hydration)X| el £1% hyperemia
9 WPAdFe FUE Ase] ol g AEE,
Lindegaard$'& ICAS 2 MHzZ 33 Hez
40-50 m Zolold FAstel, HIE Fehar 3olgeld
WBLFE AT, Golgold AY FBAHe] 14
Hoky Bl B A7eldE 4 MHzE ICAE &
Aolol HIg Faigor, 249 Zdeze wdd 9
¥ hyperemiaflollie Hie ggololA daqiztst 7
ol Zhgskgich

CCAS) Rz % siae] 2ol 488 Ax= 3
i ¥97h 0,5-0.758 Has|Ew,® & A7elde
0.6-0,8201%ck, ¢l #1471 5 MHzZ B-modeoll 27
sto] A1 wb, TCDoAE 4 MHzE =9 Zhsel] of
@AY ol FA) woletm Holw, o] £X19 £&
Aol el g AFel Dasich

B dTelde et Fa A} Fol EWYE
B, AEF AUAATE TCD Aol WX Aol
@ B vA gk Xenon FPRAE o183k A7l
et EFS] el glefere s} AR HRF
e DA Gl 2 sl G, TAYS, FA, H
=8 % A B9 AOIE HEFHe] padckn
ek T L lF iare) o 2/3 (83F)elA 2¥sh,
9, 2AYF FA F A4 DM o) HEF A4
AAE 2 & gyl ol A7 A 2oy F HE
F g AR Feidel WEE AFE dibez S Wl
Foz uaeh 2y o] dhiAE T UIPER HEF 9
AT A 2SR gAY 7 A5 A ke
B2, BF AT Egule] BAug A% HEF
YA TCD AT wlXE I3t HEF A%
7 B4A F 299T AU A% 1 9k Ee
stk

VR GEol AE Fe AR RS0 G700
hematocrit’™7} Eitsjs B 17e] AE wlRajelA
A, dEdEE B4 AAE Al 2=y HEF
g AR Zgae) Al ditel Weleld, o4
o EREEE 994 A% F3NG FEA Reisich

REFERENCES

1. Aslid R, Markwalder TM, Nores H. Noninvasive tran-
scranial Doppler ultrasound recording of flow velacities in
basal cerebral arteries. J Newrosurg 1982;57:769-774.
Add, A % 943, $32 Doppler Ultrasound$: o|
&3 %71 $ds YR&EE F3. GPIFIRYE
1989;18:379-388,

3. ¥, AR, FQ4. Transcranial Doppler uitrasound
§ ol8% A4ds HUREE 3. JRIFHFYN
1991;9:277-285

J Kor Neurol Ass / Volume 16 / June, 1998



Z4 MR, MRA 2718 10l 7i2¥st Alele| Transcranial Doppler Ultrasonographyl &4t x|

IS

WAY, 43, AE 5 AHEY 20098 dEeR B
transcranial Doppler Ultrasonogrzphy (TCD) &} 71&]%
a0 AUE F= 04F JFIFATHA 199513815
824

Hennerici M, Rautenberg W, Sitzer G, Schwartz A
Transcranial Doppler Ultrasound for the assessment of
intracranial arterial flow velocity- Part 1. Examination

technigue and normal values. Surg Newrol. 1987,27:439-
448

Caplan LR, Gorelick PB, Hier DB. Race, sex, and occlu-
sive cerchral disease: A review. Stroke 1985;17:648-655.
Chung CS, Lim HS, Sub SA. Stroke risk appraisal and
prevention program at the Samsung Medical Center: A
primary prevention program. Asia Pacific consensus
forum on stroke management, 1997. Poster presentation
Thie A, Fuhlendorf A, Spitzer K, Kunze K. Transcranial
Doppler evaluation of common and clessic migraine. Part
1. Ultrasonic features during the headache-free period.
Headache 1990;30:201-208.

Abernathy M, Donnelly G, Kay G, et al. Transcranial
Doppler sonography in headache-free migraineurs.
Headache 1994:34:198-203

Lindegaard KF, Nomes H, Bakke SJ. Cerebral vasospasm
diagrosis by means of angiography and blood velocity
measurements. Acta Neurochir. 1989;100:12-24.

Brass LM, Duterte DL, Mofi JP. Antesior cercbral artery
velocity changes in disease of the middle cerebral artery
stem, Stroke 1989:17:912-915.

Wilterdink JL, Feldmann E, Furie KL, Bragoni M,
Benavides JG. Transcranial Doppler ultrasound battery
reliably identifies severe internal carotid artery stenoss.
Stroke 1997:28:133-136.

Grolimund P, Seiler RW. Age dependence of the flow
velocity in the basal cerebral arteries-A transcranial
Doppler ultrasound study. Uitrasound Med. Biol. 1988;14:
191-198

Halsey JH. Prognosis of acute hemiplegia estimated tran-
scranial Doppler ultrasonography. Srroke 1988:19:648-
649,

5. Can U, Furie KL, Suwanwela N, et al. Transcranial
Doppler ultresound criteria for hemodynamically signifi-
cant internal carotid artery stenosis based on. residual
lumen diameter calculated from en bloc endarterectomy
specimens. Stroke 1997,28:1966-1971

Zbomikova V. Different flow pattems in infarction of the
middle cerebral artery. Journal of Neuroradiology 19977
69-77.

North American Symptomatic Carotid Endarterectomy
Trial Colleborators. Beneficial effect of carotid endarte-
rectomy in symplomatic patients with high grade carotid
stenosis. N Engl. J Med. 1991;325:445-453,

Headache Classification Committee of the International
Headache Society. Classification and diagnostic criteria
for headache disorders, cranial neuralgia and facial pain.

o

©

B

=

ES

J Kor Neurol Ass / Volume 16 / June, 1998

@

8

3

8

H

34.

Cephalalgia 1988:8:1-96.

. Ringelstein EB, Kahlscheuer B, Niggemeyer E, Otis SM.

Transcranial Doppler sonography: Anatomical landmarks
and normal velocities values. Ultrasound Med. Biol. 1990
16:745-761.

Stock KW, Radue EW, Jacob AL, Steinbrich W. Intracra-
nial arteries: prospective blinded comparative study of
MR angiography and DSA in 50 patients. Radiology 1995
1195:451-456,

Ringelstein EB. Cerebrovascular diseases. In : Tegeler
CH, Babikian VL, Gomez CR. Eds, Neurosonology.
Mosby Press 1995:172-188.

Ley-Pozo I, Ringelstein EB. Noninvasive detection of
occlusive disease of the carotid siphon and middle cere-
bral artery. Ann Newrol. 1990:28:640-647.

De Bray IM, Joseph PA, Jeanvoine H, Maugin D, Dauzat
M, Plassard F. Transcranial Doppler evaluation of middle.
cerebral artery stenosis. J Ulirasound Med. 1988:7:611-
616.

Rorick MB, Nichols FT, Adams RJ. Transcranial Doppler
correlation with angiography in detection of intcacranial
stenosis. Stroke 1994:25:1931-1934.

Lindegaard KF, Grolimund P, Agslid R, Noraes H.
Evaluation of cerebral AVMs using transcranial Doppler
ultrasound. J Newrosurg 1986:65:335-344.

Aaslid R, Heber P, Nornes H. Evaluation of cerebrovascu-
lar spasm with transcranial Doppler ultrasound. ./ Neiro-
surg 1984;60:37-41

Mattle H, Grofimund P, Huber P, Struzenegger M,
Zurburgg HR. Transcranial Doppler sonographic findings
in middle cerebral attery disease. Arch Neurol. 1988:45:
289-295.

Anzola GP, Gasparotti R, Magoni M, Prandini F.
Transcranial Doppler sonography and magnetic resonance
angiography in the assessment of collateral hemispheric
flow in patients with carotid artery disease. Stroke 1995
26:214-217.

Tatemichi TK, Charmorro A, Petty GW, et al. Hermody-
namic role of ophthaimic artery collateral in internal
carotid occlusion. Newrology 1990:40:461-464.

Cho 51, Sohn YH, Kim GW, Kim JS. Bload flow velocity
changes in the middle cerebral artery as an index of the

chronicity of hypertension. Newrological Sci. 1997;150:
77-80.

Rodriguez G, Arvigo F, Marenco S, et . Regional cere-
bral blood flow in essential hypertension : Data evaluation
by a mapping system. Stroke 1987:18: 13-20.

Meyer IS, Rogers RI, Mortel KF, Judd BW. Hyperlipi-
Gemia i a risk factor for decreased cerebral perfusion and
stroke. Arch Neurol, 1987 44:418-422.

Meyer IS, Rogers RI. Mortel KF. Progressive cerebral
ischemia antedates cerebrovascular symptoms by (wo
years. Ann Newrol 1984;16:305-313.

Rogers RI, Meyer IS, Judd BW, et al. Abstention from

269



=5 - WEY - ol3E

270

cigarette smoking improves cerebral perfusion among 36
elderly chronic smokers. JAMA 1985:253:2970-2974.

. Armold BI, Van Reutern GM. Transcranial Doppler sono-

graphy. Examination technique and normal reference val-
ues. Ultrasound Med. Biol. 1986;12:115-123.

Brass LM, Pavlakis SG, DeVivo D, Piomelli S, Mohr JP.
Transcranial Doppler measurements of the middle cere-
bral artery. Effect of hematocrit. Stroke 1988;19:1466-
1469,

J Kor Neurol Ass / Volume 16 / June, 1998



