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Table 1. Physical characteristics of subjects (n=12)

Meant SE* Range
Age, years 225+ 0.39 18—24
Height, cm 1764+ 1.35 168 —187
Weight, kg 66+ 0.99 58—70
Boby Surface Area, m? 1.82+0.019 169—197

*SE: standard error of mean.
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Fig 1. Stroke volume(SV) and heart rate(HR) measured
at 5 min period in each position during passive
body tilt. **p<0.01, *p<0.05 compared to supine.
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Fig 2. Total systemic vascular resistance(R) and cardiac
outpout(Q) measured at 5 min period in each
position during passive body tilt.

**p<0.01, *p<0.05 compared to supine.
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Fig 3. Blood pressure(BP) measured at 5 min period
in each position during passive body tilt.
*p<0.01, *p<0.05 compared to supine.
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Table 2. ECG findings during passive body tilts n=12
Head-down tilt Control Head-up tilt
~30° —15° Supine 15° 30° 60°
Electrical axis Mean 536 539 56.1 574 59.9* 63.4**
) of QRS +SE 9.57 9.70 10.69 9.19 9.54 10.63
RR interval Mean 99* 1.00* 95 93 85** 2%
(sec) + SE 034 028 031 031 036 025
PR interval Mean .163 163 .163 158 .155* .155%*
(sec) + SE 0045 0070 0045 0045 0050 0033
QT interval Mean .350* 348 338 333 335 315*
(sec) + SE 0076 0084 0103 0075 0091 0091
QRS interval Mean 063 063 065 060 063 068
(sec) + SE 0025 0025 0033 0000 0025 0037
Note: *p<0.05, **p<0.01 compared to control supine.
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Fig 4. Changes of thoracic fluid volume(ATFV) and g 70 ‘
thoracic electrical bioimpedance(TEB) measured < o
at 5 min period in each position during passive ‘s 60 /./
body tilt. **p<0.01 compared to supine. @ o—
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Fig 5. Acceleration index(ACD and electrical axis of
QRS measured at 5 min period in each position
during passive body tilt. **p<0.01, *p<0.05 com-
pared to supine.
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Fig 6. Changes of cardiac output(Q) measured at every
minute in each position according to time course
during tilt. Each value represents Meanz SE.

HDT: head-down tilt, HUT: head-up tilt.
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Fig 7. Changes of stroke volume(SV) measured at
every minute in each position according to time
course during tilt. Each value represents
Meanz SE. HDT: head-down tilt, HUT: head-up
tilt.
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Fig 8. Changes of heart rate(HR) measured at every
minute in each position according to time course
during tilt. Each value represents Mean+ SE.
HDT: head-down tilt, HUT: head-up tilt.
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Fig 9. Changes of thoracic fluid volume(ATFV) mea-
sured at every minute in each position according
to time course during tilt. Each value represents
Mean+ SE. HDT: head-dwon tilt, HUT: head-up
tilt.
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Table 3. Relationship between cardiovascular variables(y) and sine of tilt degree(x) during postural changes

Regression equation Correlation coefficient(r) p value
Q(L/min) y=—2.24x+748 0.981 <0.01
SV(ml) y= —55.15x+120.04 0.990 <0.01
HR(beats/min) y= 15.89x+64.71 0.922 <0.01
R(dyne.sec.cm™) y= 403.81x+899.28 0.993 <0.01
ATFV(ml) y= —354.24x—31.02 0.979 <0.01
AClI(sec® y=—0.61x+1.80 0.988 <001
QRS(®) y= 7.31x+56.32 0.982 <0.01

Note : Q : cardiac output, SV: stroke volume, HR: heart rate, R: total systemic vascular resistance, ATFV: change
of thoracic fluid volume, ACI: acceleration index, QRS: electrical axis of QRS.
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Matalon % Farhi(1979) = elgjoll A 71 ¢ 15°,
30°, 45°, 60°2 ASKE HFAALW, AWEFS
Y2+ 8%,21%, 24%, 35% Z+A8l9 1, Ayt ake
27} 10%, 31%, 41%, 48% Zadgoen, Yy
27 5%, 14%, 23%, 29% 4 F7ele AL BEAF
Aok ol B Ay Ante} vl ool k. EF
Wade ¥ Bishop(1962)& A& o] Fh8jolA
718914 20~25% A Frhal 319 0.8, Reeves 5
(1961)& 60° NP9 AutEFo] 20~25% HAE
gohat ) 1P e W 2 Katkov $(1979) &
20° FH39IA AeEge 27% FUistn US4
vtz e 15% Z7Hethi dlod HalAE e Aol
o, B 2 FAne) vy

B A8 el s MutE%e HE 7.6 I/min
o2A, CO, A3 EFH e 43 Matalon 2 Farhi
(1979)¢} 86 /min, A Fickgl 22 ZA% Beve-
gard $(1966) % acetylene A £&F Y2 Cassidy F
(1977) 4 8 I/min Rt} Atk CO, HEFHLR
238 H29(1990)9] 61 Vminelvt M F
(1991) ¢} 52 I/min¥c} & gkel9lr}. Impedance™
o2 AuNEFs F3YW HHLAT +20% e
AL Ferdga d FAle f12 U (Sramek, 1989),
et 2o 2xbe 29e Uk B AHoA AL
=)o) 2 impedance cardiograph(BoMedA}l, NCCOM3
R)E tha2lol ol 4lutg g Aot

Ak aF=§((0.17H)*/4.2) X VET X (dZ/At) max/

ZoX 418}t~ (Bernstein, 1986)

5. AMFRP(F H: A%

VET : A 44277 Zo: $SILFAEY
oA714 8((0.17TH)¥4.2) = HFFH RN AxAE F
oAte 2He &AL vehl=vk(Sramek, 1989),
AR D FRHT Abolg] o7} M)A AR(H)
ol 17% ke 7Hge] Bol Uk 2, @59 B
AL e s A8 B dTdNE Azt
2% A%d wisl HFAbole] Helrt 17% 018 A
o0i(14~15%), 212 A3 Hui& o] ARG
aA) ALE & dvn Y4zrEd.

B Addely Autey 9 dsurdFo] AAtme]
ALl g4, F A 4G Avid ot viE 3
AZAA(K 37 dged, 28, FHhagze
FR3AA ARHo R Frieka, 7PYA Bast

Aot EHE FHAANAFL S4FAGH A v
#3 ™ (Ebert 5, 1986), AREHFHE FHEAY
o o & wrgdditi(Berman 5, 1971 oA,
15°, 30° F5-s Ao FAHQ AWYFIHY F
7tsl @A dE AT Axrt AR %
A FARPFFS] B0 ARSE ¢+ o
At Mengesha R Bell, 1979). 9 315 2o W Foj
& ek d B2 A dEx vy 34
(X 3)E =Yt 71geize] AsHTS FHol &
Sale WY, & A2y £54 e Yy o)1F &
ZU3Y, ol HFo g FUHFF FAE 2
e Abel © Waldhausen, 1968). AA{Fa 7
24 AEEAY 2-HLe 4% 2 Het & FaT
7iol AEF YHEFHE 37] d¥oln, od &
ool HFFe Ay WASlAorgt & Aot
Tuckman ¥ Shillingford (1966)+= 20° 132} 714
A o o) de) AurE % AVE 9o S, ole
2 499 Aael @il 28y Matalon 3 Farhi
(1979) & 90° 7174 A& Fe A} A4
gk B AgdME 60° Z1HA7A HAAHo
AurE o] AAES #FY & QAo 2EEE
7189 2 FYE oFEe 48E e A= 60°
NG A o) F ) Gl ¥ AUPFF PhE
Alzbgt 93e A gede AL ¢ F A

FR3AE Fokol wis HurEFe F7401
Aed, ol Coonan X Hope(1983)9] ZH4<}
Adx8 g}t 221} Coonan ¥ Hope(1983)& 75°
ojitel FRE M E 3|2 AYFFIT AhdA
AutEgo] ZHAFTR AHEln o

AR EFFe) WS g A¥BAY 2Hde
AEYE L Tl AR FAYHT LAY
A, A4, AYR P ARA5 A e 4
ALFFEHNEo] FEgde A & guid A
ot Fulgtg & AlE HO VY, AY L dP/dt Fo)
AP Bh3-31e (Zoller 5, 1972), Autsd] HAFH
Agk-g v X 2 (Rowell, 1986), W&, A%, 35 (Bei-
ser &, 1970; Rowell, 1986; Zoller %, 1972), <% (Ro-
ddie ¥ Shepherd, 1958), ¥ 33} % (Henriksen,
1977) 9 ¥BJNPEE 2Psle Aog IEA
Atk AAgErENe 459 &3 (volume) ¥
A2 =83 (stretch receptor) 24, 44 8 o)
W Eo] ¥h-2-310) (Honig 1988), AWd] B X 3= &
S AT S WA Aueg S, AE R
Hdol sle FEAs 44 T2, 22
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da#AggL ZaA7ihn Feh(Blomgvist @ Stone,
1983; Abel ¥ McCutcheon, 1979; Honig, 1988; Ga-
nong, 1989). A#H¢HFLAe e pe
Aol A 5 5-(Rowell, 1986), =% 8 #(Roddie, 1983)
2 A3 EA(Blomqvist 2 Stone, 1983) 502 o
AA Aok QA HHho) B B PR AL
FEA 9 44 AAL BE @A gEAFEESAS
(sympathetic vasoconstrictor fiber: Zoller &, 1972;
Rowell, 1977; Gaskell ¥ Burton, 1953)0]®, o] Al
ZAdfe g4 g gRiA=st 289

2 AgAA Adtg 2 AdzxY @A G| TR
AAl AT, 7IP9A Fades ZoM AL
HEFEANEY 282 L 4 Aoz Algdd.
EE ZI A A9as st AR wel Qv
T F7HES AANE FFL HAD. ole U494
ol 90° ZIHAAA] AEFEL AYE Tuckman
2 Shillingford(1966) 2] A¥ A9} ggton, =
Al Autg i gol X Tt E g7t MANE
Zx7t & AS ANYPFEAG tEo] Fofd A
(Beiser %, 1970; Zoller &, 1972)0.2 &gt}

Gehsiol vl Fxae) 30°004 Aubpe] i
ol 15° FREAAY 232 Folgle] Yeld Re
Aol o o8 HubE FAAIE AEYY
FEA7E HAEE FaAldle AugESsgA 9
A AFE Aoz 8ol (Matalon B Farhi, 1979;
Farhi 2 Linnarsson, 1977), 4848 #aAl7le
deEsLA7l o SASA ZHeE wEez 4G
¥k

LA AN E A EA AR BA 9
g AR 22YBAAY) FHEE GHSFE
Aol FLEAE WAL £ Ye FFuHFAE
vt A A9 FLshA vebdoh(Henriksen, 1977;
Gaskell ¥ Burton, 1953). o= 8% 9] 399 (tra-
nsmural pressure)©] 7o fsEe FAEH
oz AT 2/ H4EYQ ZUAYNS(Ba-
yliss effect, myogenic response: Johnson &, 1976) 9|
ols) A€ & Atk £F, lidocaine 2.8 TAupHE
-2 AdEAl, 3R ARSI
T3P = FollA(Skagen 5, 1982; Skagen ¥ Bo-
nde-Petersen, 1982), 23w o] igte] Z718d, )
EWo) F£HE HoT= FANFWAL, F, @A
A4 ZAurAl(axon reflex)Q AR WA EW WA}
(veno-arteriolar reflex: Henriksen, 1976, 1977; Ska-
gen &, 1981, 1982; Gaskell ¥ Burton, 1953) % &7

F9E Ror Holh AFA-AEY vl IR,
o2& 2 w3tz A A 22 ¥ glon(Hen-
riksen, 1977; Gaskell ¥ Burton, 1953), 342 2€l
sl wAAA 849 Fx9 ¥4 epineph-
rine & norepinephrine 9] ¥ =9 wa} 71 W& A w7}
22 =€ R0 2 (Henriksen, 1977) ¢ A it} o) s}
ti&o], Thompson %(1983)2 F=ul¢to] F71e
o, sAZE& o] Frlste], AUAFE 23
3he WHAME sk,

aeg, & AYdA JkeA] gxdanyg &
7he dEeEAd o3 FA9 €403 e 247
AT g ARG FiHog de o A
oA e o S48 2871H859 93
o718 Z(Rowell, 1986; Henriksen, 1977) 2.2 A}
g4}

B JReoA AR2EAXGE AMged o F
AAYGE 1A REo 2 <3, vl FH4H
Beto] Febel HiE FR3YA Fotstn, 18
Aol AP, FHEEA Y AnxE B Yge
AAGRT A A, 7P A e v 7
A AMEYE F Ak 28y, ALz AANYS
A3 Qlo}, HFEHG vls) AL ¥
N Aomg AU HaAAYe HELR BE
€ F27t A Krasney 5, 1982).

dEsdge TR ET G, A 7
HA2 AeEEA FA gasigdo. o Ade
©A Frank-Starling HA& of& o2 Alg¥ch
225 QRSZS WE o 2 Bol A HEA] g7}
A ol (A9, 1990) 2.2, FHaIgjoN 7]
NE ZrE YFLe A3 FHo02 Fold & ¢
F A2

e o

st 7P 2 FRI2 ANAEE
Ao HIAA 2 Al AEFA B E
HEGoEMN, AATY Y HED 4
BAE FFen, £ 3 2 A 2He A
Gotr At 3t

APL AT SR 1298 e s g
oo, HYAFL HAAUE ALR3t FAANA F
EMoz 7)ge 15°, 30° P 60° Ta)w SR
30°, 15° 2 stden, Z} #H /It s Yt
BoMedAte] {4 %44 7] %54 7] (impedance ca-

to 2 o o¥
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rdiograph) & AH&3la] Auta ¥, d3tEd, F#
AEANEG D AZFEYe AH HEEATE
z3sgn, FiAlY e WF2 impedance ple-
thysmography €] & ol §8tad Adatych e
Nisseirbe] DS-708 AEUAA R gutel s Z3 st
9131, Fukuda Denshirte] AAEAE ol g3t 4
Az AutsE A3

oslglel A 15°, 30°, 60° 7IHAR MAFFA
QsjutEake 2b7t 11%,26%,42%, AuEFe 4z
10%, 19%, 24% % #Zasuch ke 242 2%,
12%, 31% 4 Z7lsgon, AL2AAYE 4=
7} Z71ato) wel AN ez FrEhe Aol
BENEAFE Ao Fasigh

7199l ¢ Wty 30°, 15° FH3A2 AAHFA
ofolele] vis dzege 47 17%, 4% H F
bt o, Auzas 12%, 11%4 F7HEtdch
AubgE 300, 15° FREgjelM 247 5% 4 T2t
Aot AL YEBALL G949l HE FRIINA
257} 2713l ge Zastged, /& ArE
Z7het o

22718948 MYAE Aol AH {Fo4g WFo]
gyou, BFEs R HA7ELe EAA A
Ho g Z71EA 1, TR A Bashe FdolUtt
FRUAAFL TR AAHo R FIHEHL,
1G9 A AA ) v d st Ak A A=
QRSZ & Uotgiol A 56.1°QeH, 71HAA FAHF
o2 Z7ER, FH39A] Fade AUt
B Aye] AYWEA Y ¥Ey vge BF
AAES fold AauAzt AU

Asgg e S92 AT F4
Ay Zvhd] & gAY 2 ALdFE
ztzt BaAA HHe fAsEE Aoz Hlo
w8 71g ey APHEA A9HE A=t &
RS Autgel Zrhel WYEtE B, AAY
g4g49 tie] FYAFEAE of 27 A
B8 Aoz Alrgch ¢AFEAd I8 HIF
2o WEL ggon, 442 @A Frank-Starling
Wiz me, YHSFSFo] WY AR Agdch
Ao WEOZ Bol FR3aMe 30°00A4 44
gato 2 Q& Bainbridge ¥rAlS} Zo] AWt E F
7N A Aol g F AV AERS Foe B
o}, Autsg ZAAFE AALFFEA7} A
a4 24 ¥ Aoz AlaHch B AgdA HEEA
Z39 A ALl $89 I, F2 BAEA
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Hemodynamic Responses to Head-up and Head-down Tilts
E Up Chae, MD; Young Sung Subh, MD; Won Kyun Park, MD; Dae Kyu Song, MD

Department of Physiology, Keimyung University
School of Medicine, Taegu, Korea

The purpose of this study was to investigate the relationship between the effects of gravity and regulatory
mechanisms of the cardiovascular system by observing hemodynamic respanses to passive body tilts.

The study was carried out in 12 healthy young adult males. The postural changes were passively tilted
from the supine control position(SCP) to the 15°, 30° and 60° head-up position(HU), and then the 30° and
15° head-down position(HD) using a tilting table, and lasted for 5 minutes in each grade of the tilted position.

Cardiac output(Q), stroke volume(SV), acceleration index(ACI) of the heart, and thoracic electrical bioimpeda-
nce were measured by the impedance cardiograph. Thoracic fluid volume(TFV) changes were calculated by
the principle of impedance plethysmography. In addition, blood pressure(BP), heart rate(HR), total systemic
vascular resistance(R), and ECG were measured.

In the postural changes from supine to the 15° 30° and 60° HU, the SV gradually decresaed(p<0.01)
by 11%, 26% and 42%, and the Q also decreased by 10% (p<0.05), 19% and 24% (p<0.01) respectively
as compared with SCP. However, The HR and R gradually increased.

On the contrary, in the postural changes from supine to the 30° and 15° HD, the SV increased by 16%
and 14%, and the Q increased by 12% and 11% respectively, and the HR and R decreased.

The ACI increased in the HD, but decreased in the HU with the increasing fraction of the tilting degree.

There was no significant change in the systolic BP, and the mean BP and diastolic BP gradually increased
proportionally to the tilting degree in the HU, but theéy decreased in the HD.

The TFV gradually increased in the HD, and it decreased in the HU.

The average electrical axis of QRS complex on ECG was 56.1° in the SCP and it increased in the HU,
however it decreased in the HD,

In general, it is speculated that changes of hemodynamic variables on the effect of gravity were positively
related to the tilting degree.

From the above results, it may be suggested that the cardiopulmonary baroreceptors reduce R and HR
to maintain BP against the increase of central blood volume. It may be also suggested that, as the tilting
degree increases in the HU, both the arterial baroreceptors and cardiopulmonary baroreceptors are involved
in the regulatory mechanisms. It can be said that changes of the SV of the heart are related to Frank-Staring's
law according to the venous return.

In spite of the possibility of the fact that the atrial baroreceptors may increase the HR by the Bainbridge
reflex in consequence of atrial distention in the HD, however, the negative chronotropic effect through cardiopu-
Imonary baroreceptors appeared to be predominant.

This study provides evidence that the extent of the cardiovascular regulation is proportional to the effects
of gravity that is demonstrated by the magnitude of hydrostatic pressure according to the the tilting degree.

Key Words: Head-down and head-up tiets, Hemodynamics, Impedance cardiograph



