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Cerebral Blood Flow Velocity of Young People in Their Twenties

Seok-Cheol Choi’, Heun-Young Kwon, Tae-Un Kim and Jai-Young Kim

Department of Clinical Laboratory Science, College of Health Sciences,
Catholic University of Pusan, Busan 609-757, Korea

Transcranial Doppler sonography (TCD) is a useful diagnostic method to measure cerebral blood flow velocity in
various cerebral disorders. However, we haven't data enough to be available for young persons, especially in the twenties
in Korea. This study was performed to collect the basic data of the cerebral blood flow velocity and to understand the
cerebral physiology in the twenties. We determined the mean velocities of middle, anterior, and posterior cerebral artery,
and vertebral and basilar artery (MCA-V, ACA-V, PCA-V, VA-V, and BA-V, respectively) in eighty-two healthy
volunteers. For evaluating cerebral autoregulation, only the MCA-V was measured under various conditions such as
stable, apnea, and hyperventilation state. Right and left MCA-V were 80.66114.03 and 83.22%14.40 cm/sec at stable
state, 90.13%17.47 and 90.26:16.38 cm/sec at apnea, and 54.83111.09 and 55.33£10.74 cm/sec at hyperventilation.
Right and left ACA-V were 49.11115.71 and 48.19%£13.75 cm/sec. Right and left PCA-V were 39.4419.12 and 37.91
16.74 cm/sec. Right and left VA-V were 33.6519.26 and 36.18+10.39 cm/sec. BA-V was 48.49111.16 cm/sec. Right
and left MCA-V, VA-V, and right ACA-V and PCA-V in women were higher than those of men (P<0.05). No significant
differences were found between men and women in the others. These findings indicate that cerebral hemodynamics and
autoregulation were normal in young people in their twenties. The velocities of MCA, ACA, PCA, and BA were high

values in women as compared with men.
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Table 1. Demographic characteristics in study population

Table 2. Demographic characteristics of male and female groups

Variable Mean SD
Age (year) 21.02 1.75
Height (cm) 164.4 9.35
Weight (kg) 55.0 9.35
BP (mmHg)* 118.48/77.34 11.42/9.55
Mean BP (mmHg) 91.05 9.17
HR (beat/min)” 71.67 11.78

Data were expressed as mean =+ standard deviation (SD).
a, systolic blood pressure/diastolic blood pressure; b, heart rate
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Fig. 1. The temporal window (A, B) allows the insonation of
the anterior (ACA, C), middle (MCA, D), and posterior (PCA,
E) cerebral arteries through the thin temporal bone. The diagram
depicts the sampling volume For Doppler recording (cylinder).
(BA=basilar artery; VA=vertebral artery).

oA ALAAZ) 7 SAHPEL AA UAIRE dis
T#E Tl £4a19l3 i AEE BRete 8 54
HEES v 2ASISITh (Table 1,2)

2. gt

1) g/ &=

87 £5T= Remed TCD (ReMed Co., IsraeD @} 2 MHz
pulsed probe 1%0}&1 ofzfe] B-9jo} =AM A3

sk

<7X| (mean velocity) S 71E

PPN HE R S

Gender
Variable
Male Female

Sample size 30 52

Age (year) 22274274 21.4542.54
Height (cm) 173.70+5.28" 161.4713.86
Weight (kg) 67.0£6.35 51.09+5.71
S-BP (mmHg)* 128.67112.64" 11537+10.82
D-BP (mmHg)" 79.22+9.62 76.76£10.93
M-BP (mmHg)* 95.70+11.58" 89.63+10.27
HR (beat/min)® 75+12.53 79111.84

Data were expressed as mean £ SD.
", P<0.05 (compared with female group). a, systolic blood pressure;
b diastolic blood pressure; ¢, mean blood pressure; d, heart rate

VA at a depth of
ingonation of 65 mm

BA at a depth of
insonation of 100 m

Fig. 2. The suboccipital window (A, B) allows the insonation
of the vertebral (VA, C) and basilar (BA, D) arteries through the
foramen magnum.

o] Z53 (temporal window)S Sl BEx}2] 7_}

£ WA A 2 Y 3R ERSES 245
I (Fig. 1) BA-VS} VA-VE F 5973 (suboccipital middle line)
T} FFE7]19] 2 cmHZE (paramedian line)oll X 2t 24819
o Fig. 2). 2 SR 285 BA} 2ol ACAY] A%
60~70 mm, MCA$2] 73-$- 50~60 mm, PCA2] 7% 60~75 mm,
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Table 3. Mean velocity in the intracranial vessels at stable condition

MCA-V (cm/s) ACA-V (c/s) PCA-V (cr/s) VA-V (cmi/s) BA (cms)
Right Left Right Left Right Left Right Left
Mean 80.66 83.22 49.11 48.19 39.24 37.91 33.65 36.18 48.49
SD 14.30 14.40 15.71 13.75 9.12 6.74 9.26 10.39 11.16
Data were expressed as the mean =+ SD
Table 4. Comparison of mean velocity of MCA at stable state to ol Sy Eal RadTule) 207 AHxp wigkth

those at apnea and hyperventilation condition

. Condition
Position o
Stable Apnea Hyperventilation
Rt-MCA (cm/s)  80.66+4.30  90.13+174" 54.83+£11.09"
Lt+-MCA (cmm/s) 83.22+14.40 90.26%+17.4* 55.33%+10.74

Data were expressed as mean  SD.
, P<0.01 (compared with stable condition)

VAS] 74 60~70 mm, BA2| 7% 80~110 mm%ith T3 273
Hsle] W Wo] AFxEv|He HEGFE A |3
3027k F3F AEjelAM, 2Ela 3027 HEE A (50~
55312l M 22 MCA-VE £431e gatele] =39
H] 3 }“E}

E% ATHERES] el ZF HopE HEARE R
v} Hh 9 AalEae] 7h E3x)9] ”Lﬂﬂ Hl
1= unpaired rtestS 283191, SHIAMEIS] MCA-VSL 35
F 528 93 F dEle] MCA-V 3] Blwol= paired festS
Agagict 7Fee BE g v £ AERAE eI
Atz o] AR BAEA T2 WS SPSS 1000|193 P<
005 o SAHOE fo3t A7} A= Aoz A3IGiTh

2

2 %
1. QY YES WP HYUREE

EEeld HERY e S sHs FolEs e gk
A5, H7| A5, 359 1S 230 (Fg 3).
FgdEle] Hi HIFEEE FUHEH B Jdve
A 80.66+14. 30 9 832241440 cmisec ($253 FH=), o)
=B 79 3kt e 49.11£1571 L 48.19413.75 cm/sec,
T\’JMEUM A% Aekul2 A 392449.12 2 37914674 cm/
sec, FZEMo] A9 sldkulzA 33654926 L 36.18+10.39
civ/sec, 71X 5] g olgkaEA 4849+11.16 cm/secS

250 HE559 7 F23 Zoli= fITh (P>0.05, Table
3). H%&% B F&Eee TUETY, Ao, H7 A

)

"

1) B HEREEE FAAE

ujsh £35 Al FosiA A53i o (P=0.0006, P=0011) 3
BE Nddle frosA 2 6}%‘&} (P=0.007, P=0.0033, Table 4).
3. dEo| ME RO

Pt A 2 R HrEREEE P A
W o2 xolg B, dAxkre] & 7-3 $Z TS
‘L, %’—% thﬂﬂi‘]%‘, 5 SdHsY, 25 4 95 %ﬁé—%
£27t gaiate) B9 2o oA ©
(P<0.05, Table 5). YA &9 Fd HAIFEEE FUzt
o f-olsk xfol7t gtk o] A9 Ixido] oAt B
o %7 9 Hd 8492 F95A o =%k B33 8
47 AZEEFTE Zol7t §1ATh (Table 2).
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Fig. 3. Summary figure displays the arterial segments investigated and wave forms recorded in a normal transcranial Doppler ultrasono-
graphic examination. LMCA=left middle cerebral artery; RMCA=right middle cerebral artery; LACA=anterior cerebral artery; RACA=
right anterior cerebral artery; LPCA=left posterior cerebral artery; RPCA=right posterior cerebral artery; LVA=left vertebral artery; RVA=

right vertebral artery; BA=basilar artery.

Table 5. Comparison between male and female group in the velocity at stable condition

MCA-V (cnv/s) ACA-V (cm/s) PCA-V (cmy/s) VA-V (cm/s) BA (i)
Right Left Right Left Right Left Right Left
M? 7379 69.73 39.64 4457 34.50 36.29 30.46 32.38 39.54
P 82.37" 87.0° 51.48" 49.11 40.43" 38.33 34.40" 37.07 50.60"

*, P<0.05 (compared with male group). a, male group; b, female group

T #M2A A8 AFHIE (Kwun et al, 1989; Ahn et
al,, 1991; Kim et al., 1995; Krejza et al., 1999; Szydlik et al., 2000)
I AASH L WA AFoIAE T 8 HEF 520
o] &AM E Hlohz Al A9 fiich =g 7 Ao =
23 $59] gtell 9ridle zolE HolEs AUt glon
2 A7 WA B HE85F Atlo] A AHE A e
& 7 AUk FHHFHE HEX 3 F 7P Ao A
A TR FEehs AA HE8F%Y 0% BEdE
R 7Me) B HEF £=0 P =

metx AxHEL] AFolA S 7o) Wgle] W2 Hx)
SERAZIMY A weS AR Y8 SuldEe) o
7 HEF £EUE SHsle] W R 243160 WAk
24 7149 A4 wke-E Bkl s o] Aol A
& e ATFOIAE SlojE FEF A HsE S
LA Fet FrAEte] FHEde) o) ibeeAE (PCO)
S AstA 71 Yol s pco, #E W3}

€ AR A3 vAA gk WA co, WAL
dZ olakslerirt dPulTMIES e] H-H A (brain-vessel
barrier)& 93l AE F AMIEE AsAlA HEBe 24
FE FEAFLZN el A AT} (Wade et al, 1988; Widder,
1989). FW g N ] PCO,7t Wt ¥ AdAL 20%
Zo Wy doju=t] (Auer, 1978), & Zol| WE Aebit
5ol g vishs giido® e Vel (Severinghaus.
etal, 1967) FSFOZ A3 TRAIEF Al Aulgoz
=g A veh AR 2EA] 2 wheAlS AslET (Le-
vasseur et al,, 1979). PCO, W34 94} (Saunders et al., 1979),
T/ W 4% (Haggendal et al,, 1965), 58733} (Lindegaard et
al, 1987), ¥ X525 Y (Jakubowski et al, 1982) 52 7
§ A3t 58] HoApL Aste E5AE ] St &
8] ASHET} (Ingvar et al, 1964). o] S &N 9] pCO,7}
25~57 mmHg Akolel A& PCO,7F | mmHg 24 ®=E Z7}
HA HEF5E 2~6% (BT 4%) Fh = 270 ol @
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315 PCO, ol Wis] H71¥ 2 SuSe vg e W}
UL PAEHY 9 HIlE H%v% HsF dojdriar g
t} (Kety et al., 1948; Huber et al., 1967).
ZF PCO, sl we} dArtel AFHES Yol Wl
I B ks WrA E‘ﬂuoﬂ °] %}7} gk = o
TCDE o] 835} Azl w2 FFHER&Ee] W2 3
b= 9tk 3 Markwalder % (Markwalder et al., 1984y
22l 744 FWP A} PCO, | mmHg ¥3} Al TUlH%E
Wo] §F 2= 349 Halgdrls B sl v} om}
AzEe] AN E BE AFodatEe] FaE A
M ZuxEde He H¥8F £t 9 AR fost
A Z71e . AEF Aol frold AE BoeH, 19
3} ol #E5F A7 Fege ﬁ-c’rit} -2 W3ls

nolo gy slEs] ATARE0) Wi AREH Aol A
Sk oleie e AxBe] AelA tiakel B 201)

ABFY ]Y‘O] A58 B4H HAERF A5 W AL
FABIL U HAFE FA% & 7 Ak 2 A
Az Aol SAE FuHTUe] YFEF £59 F
‘*H-f] A8 ATAT Aol ztolE Riok Axpse] A

£ 8066 co/sec (-$2)9} 83.22 crvsec (FE)EMN A T

m\m

5 (Kwun

et al., 1989)2) 61 cm/sec, 2t 5 (Ahn et al,, 1991)2] 55.9 cm/sec,

A 5 (Kim et al, 1995)9] 49 em/sec (2L} 57 em/sec (%]
Ashs @AT A7k Ak AT 74 ol2)@ o)zt
ol o] BAsAEA ] B FF AEH ATE T
Fo] PastAAT Ao BAAE AT akzte] B4

7 zpold] 71913k Ao = dkdch A= 24 200 A%
59 deolerts AT B s Hedh =l B A
FAREL 20tk op]e} 3othell A 7otle] B3 2 A
Fol e 2EE s AT EeER FTuHEe 3&&
7 &= 23} duHoR v goz FAAMYE Ao

2 A7t dyel Sk HE8R £ AAE THeE
dl 20t A 70t Alolo] ARl i HEF S oF
15~24% A% 749t} (Amolds et al,, 1986; Vriens et al., 1989).
Grolimund 5 (Grolimund et al., 1988)2 <38 142] 7} A]
%_];Hg,;]iuﬂgl ﬁﬂ%gé e 01: 0.51% 71:}_}1:@1;}5!_ E_J—_r_ﬁ}gi
o Agel 7l W YAF $xe) sk 2 HEU A
7 Wshuthe e Hane A% 27 o BEe] 9L A
o7 XZEY (Kim et al., 1995). & Krejza 5 (Kre- jza et al,,
1999)3} Szydlik 5 (Szydlik et al., 2000)2 20T)) AH39 S0
HEwe] Wi dF £57) oF 81 cmvsectlil Bl o 2H
AAGe] ATARG Aol AN T 9 YA HEd
WFEEE B 75T Fol8 2jo|2 Rolx) BTk

7 gEe] mE kg A A HEF 29 v g3
= AuHow ool YAlE RO & Aow Uk
o} ofeigt Aol wWE HIAF £29] Aolof] g o] F

(Lee et al, 20002 ¢432] 4% estrogen TE o] (g
ZA G YR/ £ oF 3~5% FE wEria A
& vl 213 Grolimund 5 (Grolimund et al., 1988)3} Viiens
(Vriens et al,, 1989) SRtEIEE (hematocrit)®] ZFoldl] 7]
AT Aoz Awstar 9tk olEL 4o WA B} gl
EIIE FA7F Yorng ¥ 52 HER{ £58 Holva
F73}5 T} Brass 5 (Brass et al., 1988)2 SFIEIHE 43
% HIF &= A}°l°ﬂ FosiAl E& &9 AdHdel I
I A3t v ok HAEe] AFeM T 1S Aijolr] AA|
A FA HE R HAF Al AP S T 543 sE
AT EA7} AR A B 3589%, AT A9 H
4437%% HYo =M ofxlrre] f-2JatA 1 Rolth TCDAA
Al A% 757 Gt B Y 9A AARRo] &
ARrET Folsh] wekEdl olelgh kel Xpelrt Hidzte]
YR £x9 Aol FFE v Ao2E FEA| P
o} 2 o) n¥Gtolv HET do] gl Al He-
TRl 50~150 mmHg Alo)E FAHH HEF= S8 WA
3} glo] YA FEIE AT 5= V] HiEolt} (Schell et al,
1993). A= AAF50] Aol ViR ofZre] A os
4 & H¥87F £55 A& 2227 4 3REzE
o] zjoloff 7]% Ao R AlmHT]

22U @ 5 (Kwun et al,, 1989), ¢F 5 (Ahn et al,, 1991), 4
% (Kim et al, 1995)9] 75 FUizte] SuHEHe] H8F &
Soll gk Xpolv} glrkal Rustews AxEe] A7Aw
oF A E AT ol#Ft Aol ojn] H&d Aulde] Aol
of w2 A2 FHHT} Vriens 5 (Vriens et al., 1989)7} Bode
% (Bode et al, 1988)2 AHo] W2 HEF £x9| Zol=
20~60t ST} ofHole] FellME K ApolE HolF
Tk 70t o)) QARFANAE Y] Alolrt FskA &
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