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ABSTRACT

Sleep apnea syndrome (SAS), respiratory disorder characterized by repetitive
complete or partial upper airway collapse during sleeping, is an independent
cardiovascular disease (CVD) risk. However, underlying pathophysiological
mechanisms are unknown. In this study, we examined the response of central
hemodynamics during intermittent apnea in order to more accurately assess cardiac
load. Fifteen apparently healthy men (23 + 2years) underwent 20 bouts of 20 seconds
of voluntary end expiratory apnea (apnea phase) followed by 40 seconds of voluntary
breathing (rebreathing phase). Central arterial hemodynamics was evaluated from

radial arterial pressure waveforms using pulse wave analysis via general transfer

T b AR—YEEFE Vol. 36



— 146 —

function. During every apnea-rebreathing cycle, central and peripheral arterial systolic

pressure significantly increased during early rebreathing phase compared with during

apnea phase and then returned toward baseline level. Furthermore, peripheral systolic

pressure, and heart rate significantly increased throughout the 20 min of respiratory

intervention. Rate-pressure product, an index of myocardial oxygen consumption, also

elevated throughout the intervention. These results suggest that central blood pressure

is increased temporarily by the rebreathing and that central arterial pressure might be

raised throughout the repetitive intermittent apnea probably due to insufficient recovery

duration.

L

MEAR A 2 SR E OB - PHZE % 4 1) I3 IR ARIRS 4
MR RE R (SAS) 1, LA (CVD) O
ML L7z A7 BERTHE, LeLahs, 20
THREAE B OB ZIH S 22Tl v, RifgE it
B & IEREIZFFG S 4 72 & |2 R ) 70 PG o>
KENRBIREDZ B % M L 72,

15 %O RBME (23+25) 1 HARNKOE
WPl (HERIRET) & 40 A oo @I (145 11)
% 20 [I#E DR L7z KREDIRBYAE 1 — i fnE B #L
I WTERENT Y 7 b 2 T ICHLY SAA, BEE
BIAR A & KEIIRIE % HE52 U7z, SEIPUI & (a7
ZARDIELTWBH, KEIIR & R O DU L
(L EEIEIR 1% O AL LT RSB L 7.
BB, W ONGEME B X O03E 20 45 o
IPIR A A % 3l U CR B L 72, O OREN
BORETHL T 7NV Ta s s b LIRS A%
CCHBIZHEML 2, SRSHEELS, BRE
WP % O I IR | 2 U AS— RIS B AR-§5 2 &
DR S T

&

[l

WENR IR B RE (SAS) (3, BEHRH o4&l
Peze - BAZEIZ L Y 10 A LU E O SN % 4 ) SRS
BRI ECH 2 V. IR OREEE 2, ik

HHEE L OWIEAEAR T ¥ 3B S B o
P fiEB & OEEBEA N LASAT L. Th
HIRIME % EA& 8, BIIREILES & OV A B R
DRIV AL &2 Y.

—J5, WESES) LA O % B S £ TR
TRV E) < . IR B MERTE I X 2 IPSEB) 1L -
HRIEEIRETE S 2S5O, IEOBE
A& TWREMS D 5. WA, KEIIREAHS
TRSE SNBIE (POOE) 25— s
IRCHIE SN2 IME X ) 58 2 LIMERED T
W~—Hh—CThsIEDVHREINTNLE >0 23
SAS ASKBIIRIE 2 L OEBRBIAEIC 5 2 5 B
Foa HHBIRY T3S TR, & 2 TR
FETIE, SAS %A L 720 L 5 H 58 e %
=B, TR 7 0 S8 4 7
FREFIERIT LW RBE e LGE L 72

AHEES Tl SAS O HE) & L9 5 #HE)
L — =V 7 RAT 5 T B RIKEEFE 2 0 R 2
72 A NI B 2 IS SpOy ASKIRIZIL T
THICHEb ST, LB ESRY) A7 13H 5N
W, RCRIBZERTHI AN rrutAg
X RAAL I ¥ 7 ORFCIRAEBRBIREOBIG I &
) — AR TR R T I2 e b %)
DD T R R A IO BN & - 7285
DB EHHE SN TV DY L Ladss,
SAS & X B4, M B X OMRER IS

T v AR—= VRS Vol. 36



B AMLESHEBOREIERTH L Y. KR
A= & SAS IZIFE - EBERTOEVIH S
28 LEBRBIREICREE A A S VOl TH S
521 ®Y A7 &S ORMENEH T < RENEAS
FEROND, 22T, FadRET S I
VZRES M LA OIS AR KBS TR L
TV ADPEDPIOWT S REE 21T - 72

1. B &

1.1 WEEF

R ETETREL6 B E L, 8 ZITAKIKFE
& OKiKEE), 8 BT EENEE D 22\ > CRFHETEF)
ARG E L7z KIKEEZ 10 45 DL KK R
BH Y, EMIIE2~3EO ML —= v 7 &2 {To
TWb 0L L7z, $XRTONEE IR LER O
TEBREHIE BT o 72, AKUREELS 1 4G o0 B
DI o 72T O AL, KIKBET %4, xR
H8 DM A BT o7
FTRTORRENHFZED B 09 R AE 19 72 fa ik
L LT, OB L AMESIANOREE
172 ARWFZEIL SRR IE AT A L5 55 % B
ROHKRAEGTEM L7z

1. 2 EEFIE

FERIZHET B, BTH OB LV EB) B K O]
REBI o7z WED IEEMEIEY 724 0%
EOHEB L OREDHIR %17 5 72.

o RENL TR\ PR, MERRE RS L,
Ny N ETERL L (5 57 DU L) Z2fiReillE (5
53) B EU20 M O R RN 2 4T o 72, [
R BRI | I 52 11 20 5 & BRI 40 72 (15
[l /43) 20 (20 40 ) % AR L7z, WPORAH
FEiZ A b a —ATI5 W/ i L7z, b
FIVNOFEBE [ 70, B ORI H RS
1o 72,

7 N AR—VEE Vol. 36

147

1. 3 FEATEIEB

R G NP H L OB BR BN RE DRI & L CLO
B, BEEEIRE, (Odn% (HR), PRBEBIIR S
M (MCAVmean) % ifll5E L7z, Wk E)
MR D MR HEE (&~ )V T IR EGB & By 777 it
HWEZE (EZ-Dop, 2> ¥ 2— X5 1 v o7 A%k)
HGCERIN L 72, b o0 B R e 35 S L % e 52
5 72 O #E R BRI ER 3% A A1 (SpO2) (ML320
FF T XA —%R> K, ADInstruments £1:) Dill%E
i1 7.

WR58 77 A 5p W36 18 (AE-300S, R - b EEAHF
B &t) S TR EOMRMK K BRI K FE
(ETCOz) DM5E %47 - 72, BEFBIRIEEIE
A ) RIEREGEGIMERT Jentow, —1) > %
T A VL) LSRR L 22 BEE Bk
JE I general transfer function (— #% A9 1z 5 B8 £)
AWM Y 7 b =7 (SphygmoCor
CvMS, AtCor Medical 1) (20U A%, KEIIRIE
HEE L7z,

[F#E1Z, Modelflow 12 & A TEBR B FEffAT vV 7
k7 =7 (BeatScopel.la, Finapres Medical Systems
) 1Y Ak, —HEO —EHHE (SV),
LR (CO), #MERRSIMEIPT (TPR) %5 M
L7z, 3 XRCOBEBET s 7oy VERE
(Powerlab16/30, ADInstruments ) % 4L CT/S—
VIFNIYE 2= FIZRYAATL SR Y
7 & (Lab Chart ver.7, ADInstruments ) |2 Cf#
Mraetro7z.

CIEOBFEHTEZ R TIRE y7v7ruy s
MEKEIR SBP & HR OfEAH 5K 7z.

1. 4 BiHE

MR MR 5 0 H, 1040 H, 1547H, 204
HZNZNOEE T OB (B 5 7 EH
5 1580 H) , PRI (IERFHE T 220 & 1580,
IR (MR 16 FoRi 2 6 15 F0) % 15
BTt U, SRR, PRI, S



— 148 —

W o LEEREYRE ORI 2 47 - 72.

1. 5 # &t

ETOUEMIZ Y LR EZ R L7,

RE O, S ERREIEIIS IO 2 tBRE
TR L7 2 ZROREDS X USRI O
1# > 1% General Linear Model @ two-way repeated
measures ANOVA % T 217572, £Eb
BAE 1X Newman-Keuls Z [ L7z, #tatemfF
HKHEL 0.05 i & L7z

2. #% =R

2. 1 FEREEFRICS T SOERENE

KEVIROPGHEIAMAE (SBP) 1%, MM L Y
b P B EEZ o 7. F 72, T
LB LD A EICEME R R L R
WX B2, 5 BICH LTI EICHERE
AR L7z (p=0.06) (B1). #KiH SBP &

1204
110 *
*
100+
-u 207
}B -o- 159
-o- 10%
E 904 -o- 5%
80-
70
TR HA BIFIRH L3 AT IR ER

K1 KEIRIGEI T OZE) (n=15)
* P<0.05, VS. FIIRLY
SERFIET X 0 PRI A ICE S o 7. &
72, PR SR &) S A EICE T R
L7z EREFREIE 54 HIcH LT 1540 H, 204
HOEBICEBEZ o7 (B2). LRI 121
SEHARFIASERD HvFz. S X0 b TR
SEBICEMZ 572 Tz, PRI I
WMEVOEBICEMEE 57, FEETIE5 58
WKL 15 EDEREICEEZ o7 (B3). #iH

140-
130-
120-

 110-

£ 100-

90-

80-

BIFIRER IR D

K2 RAEIGHEIMEDOZE) (n=15)

% P<0.05, VS T (B 0 L), T P<0.05, 557VS.15, 205
80
75
70
65 N
60

T _a20%
55 o 15%
-o-10%
50 -o- 5%
45
40
35

(mmHg)

S0 I BYRE  SET

B3 JLHRMIE OB (n=15)
#*P<0.05, VS IR (F Mo Hig), T P<0.05, 557VS. 15 5

65

60

55 - 20%
® % o 15%
E - 10%
g 50 o 5%

45

4

" mwmm  mewE | LaERE

R4 HEOREDZLE (n=15)
TP<0.05,557VS.15, 2047, + P<0.05, 1053 VS.15, 205
OPRE (PP) IIKIECTHEEL R, 540HE
1047 B 1557 H, 204 BICK LAREICEE -
72 (E4). KEIK PP B X OFESIMEIZIZE S 2
LIRS SN o7z (1), HR IGHEL
XD S FIFRIAAH EICEEZ 572, 547 H IS

T v AR—= VRS Vol. 36



149

R 1 ERIGIEIFIIR O LIS

AL PRI RS TR S )
K#IR PP (mmHg) 34.3+6.7 352%71 36.2+74 34.9%6.5
MAP (mmHg) 68.4=10.6 709=11.1 76.7x11.7 708=*11.1
SV (ml) 876+18.9 83.2+14.3 829+16.8 85.0+15.3
MCA Viean (cm/s) 549=122 54.3%125 56.3%x12.2 55.5*12.1
SpO2 (%) 96.5+0.8 97.3+0.7 96.8+0.8 96.7+0.8
ETCO, (%) 55*05 55*06 52x12 51+09
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PP, pulse pressure; MAP, mean arterial pressure; SV, stroke volume; MCAVmean, middle cerebral artery blood velocity

SpO2, Oxygen saturation; ETCOq, end tidal carbon dioxide
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