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= Abstract =

Changes in Hemodynamic and Oxygen Availability with Apnea
under Halothane Anesthesia

Young Ho Jang, M.D, Jung Kil Chung, M.D., Jae Kyu Cheun, M.D.
and Dae Kyu Song, M.D.*

Department of Anesthesiology and Physiology*, School of Medicine
Keimyung University, Tacgu, Korea

Background: Varying results of hemodynamic and oxygen parameters in response to hypoxia andfor
hypercarbia have been reported. In this study, the effects of apnea on the hemodynamic parameters and
oxygen availability were evaluated using ten heaithy mongrel dogs.

Methods: After full oxygenation, apnea was induced by disconnecting animals from mechanical
ventilation. Hemodynamic parameters, oxygen delivery, consumption and extraction ratio were measured
at one minute intervals until the cardiac output was undetectable via the thermodilution method.

Results: Blood pressure(BP) increased continually following apnea. Cardiac output(CO) increased
during the early of apnea(2 and 3 minute) but decreased.thereafter. Systemic vascular resistance(SVR)
decreased in the early phase of apnea but subsequently declined. The indices of preload increased steadily
following apnea. Changes in heart rate(HR) were compared with changes in CO and oxygen delivery,
and was found to increase during the early phase of apnea (2~3 minutes) and decrease thereafter. The
oxygen extraction ratio did not change significantly and remained steady 6 minutes after apnea but
increased and became irregular thereafter.

Conclusions: These data suggest that early reflex responses such as increased BP were primarily due
to increased CO, whereas the late increase in BP was due to the increase of SVR. We conclude that
BP is not meaningful variables in evaluating critical hypoxic condition such as apnea, and bradycardia
might be caused by decreased CO and severe hypoxemia. (Korean J Anesthesiol 1998; 34: 280~293)

Key Words: Hypoxia, Oxygen: consumption, Ventilation: apnea.

SEgel o AHEZS HA AEAES $64  dold k& sH5Ael U FAUT olEE T4
2 Z8AA SolA &4 EABE i ukA sk & Aol x29E A9EA IAE BFez
AT AEHIAE BhAE BANE FHE 4 et 44 AEE HE JhE 715 whRel A

R e 14 32 T 4A ASE B30 Jbg Bk, ha %S
e mpe AL ALY =R, 2700l QAE Bel AR ATV ANAE



AdE 9 3¢ G2 vpHE} FEFel o4 " 9 dk o} 3ES) W 281

pin index system] T o2 <Qslo], o] ¢la) F
Aol =EFE A¥E A ARAA =k 1
Holle EF3ln 44 715U 44 A, 44 7
9 A7 S8 A gol ¥ 5G4
el Je AF, Eve 4L fFA 14 Seo=
A% g8 Axe o AYH 7% wAsm e’
53 ugETY 2olgA FoAF JAF #UE
2315 ShAtollA Edlz] -2 7By Fre| wh,
718 FEo 42l 4%, 713 FHY nyd F
< FHA ALEFE Yoo g s FFH
22 AAFAE ofrlslAl =y oy YxHozm
ubd 2} oA W FIAA @i AT FEsor ¥
FEA gl

712 UUE 2B R ALLF el
& g gt 4 £ Ada "et o,
ANAH AR ol2w o] Yoz Y4
oA {AE = BAEY] Wgoldt oyt AA4LF
Algl el "4E AFEr Al 8 AR A
Hd 2dgo] o]&Eoy dF-Autct AT w9
AAoll F7tH 9] AolE F o] HRZe AHH
Rl viazE AHAzE R AU 49 olyd
Hol ok =R FEF otE FUHYE 4L E4He
st olisterd Bolel S7ME FAll sl
A3 Ade dA7NA A Haslel gA gL
AR o|}.

Lookinglands} Shoemaker’& MEFL o]E3o
A2 A4LFE FESHRALH, Portman$ e
47 Ao FY AL FEFEONE 3%4 FHAH
o8 ZaAZezH, Smithet Crowel”, Barringtons
02 AAE olddle] ¥ H4 BEE AFE 4
ol AAsA FAAZLZH Aq4LFES AT
319l PreziosiE"e ¥ A4 HEE 0%z AR
slod A4LFe FhloAe £ A7 4% 2
A AR o, o|Asteiet ALE o] &% &
71E AR 2H EF oidda Eehe YA
2 FAAA Fepz B AT Fadt Jy
€ "X €5 olAdd4 Bt Futel o A
g3 W3E ALdagdcks Helld 43 AHate
Aol 7} o4t

RAALFE 2o AL Fdo) AUy
Folstz FALHE Anlsin], AA4LEFL A9
A&7l REY JdE ovget A4LFE A

% A2 Yslo] 2Ho29 P ule] AL
He H8AY APLF YN b FFe] BF
T ARLEFY AaFer A FEE 7 A
ot AALEEFA ARLFL 24Ul we} Ty
H ga 4 s ERE FasE A4sad
A4 ARLEYF, dxggdle] ¥FY €A AL
4£8F e B4 MigLgFe FEHAY 72
FA AEE LSS ARA A% AneEF
Fol| W YA MgLFH FUHE AL B
g Ad E3}E Zhdell ¥ HALEFAH Ad4L
43 F ANLEFA AdLEF 2E0E EAsY
olZle] "WHY g Ak o] §ES HIE itetA
¥ Zojt.

=Y FEEA Y 4L B4 s @A
Yoo FUY oL Ftd Foot wA
"k Ty ol Asg4 Eohe Frie 3% 8
AE AT U3t W7E 2Ade M F
2% aglo] HUP Zolstd iz e FIF
Alele FHE olitdga E4he] FrieE &7
3o =3 ubgol FAHEE oY B 7)Aol
o] FolAA AFoE Aste] WHRH Ano)
T Qe Al d4e = Ao

metd B dFe FE EWE o83 44 ¢
AellA A Fhed ZolfAl AEFe] FI{ A
BE fdsle old] wWE HAHH wE LY
# FAel FHE 9 B AWE stk E4E o
g3t AL FF A £2FS THOEH, FE
Foll o F4 A2AEF A AfdeFo] AYd
of wie} =29 i o] §Eo w3 HAI} e
7HE AFEA sl

CHa 3 2
) &9 v 9 FARA

ok Hglel 18~20 kgol @34t A 10uie
£ didez #AF 52 2% AR Hudd €F 5}
BlelE AXgk F thiopental sodium 20 mg/kgE BT
T o2 49 E ste] TolgAle mEgle]l ST
WoARE ARG 713 {FEE VIO KG
respirator(Narco Bio-systems, Houston, USA)el] <l 73}
o} T{FFLE 12~15 3)min, Y3 7L 15~20
mifkg BEZR 3le] L% o]iF3pghas: glo] 35~40



282 ogel A A34E A2E 1998

mmHg7} =% #$7|Fe =233 ok fAE
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Stroke volume (SV)

CO %1000
SV =
HR

Systemic vascular resistance (SVR)
(MBP —CVP) X 80
co

SVR =

Pulmonary vascular resistance (PVR)
(PAP—PCWP) X 80
co

PVR =

Left ventricular stroke work (LVSW)
1.36 X (MBP —PCWP) X SV
100

LVSW =

Right ventricular stroke work (RVSW)
1.36 X (PAP—-CVP) X SV
100

CO; cardiac output, HR; heart rate, MBP; mean blood pressure,
CVP; central venous pressure, PAP; pulmonary arterial pres-
sure, PCWP; pulmonary capillary wedge pressure, SV; stroke
volume.

(¢}, MBP, CVP, PAP, PCWPe] w¢l+ mmHgZ A& 1
emH,0 = 0.74 mmHg, Appendix 1)

RVSW =

Appendex 1. €3 A3F28] AAA] cmH 08 mmHgZ ¥
At WY A ol §&?

(B gk - T >80
e

FAolA gt D9 mmHgE uEbd § gled,
FAA et dWlEet 2 HBAEH M|k e
2 cmH,02 Jiehiich AwhEael e Lminolch &
%Az od = YHHo|w, | mmHg = /7.5 x 10°
dyne - em’o] v, 1 L/mink 1000 cm’/60seco] B2

AAEBAY =

olghe

AA W 1/7.5%10° dyne - cm”

K3
A n /6050 80 dyne » sec - cm

o] =lc}. oju]] 1 cmH0 = 0.74 mmHg, 1 mmHg = 1.36
cmH,09] #AZ} AY=leg cmH0€ AXA] mmHgE
FAlsto] Ag

o) FEF 13% PF Ystol 100 mmHg, FAAY
o] 3 cmH;0, A%EFo] 4 Uming A%, A4 W A
§& g3} o] ARt

HA W (10-3X079)X80

A4 2 = 1,955 dyne « sec - cm®
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Agste, A4 T AL ¥4 o GYLL
gy sks B47Hippo, USAYE olg3te] 3%
¥, A4 $5K(Oxygen Content), 4t4& -$-14HEk(Oxygen
Delivery, DOj), 44 AR %(Oxygen Consumption,
VO,;) 3 At4& F%-E(Oxygen Extraction Ratio, O:ER)
+ Alsdct

Arterial O; content (CaQ;)
Ca0; = (1.34 XHbX Sa0;) + (0.0031XPa0,)

Mixed venous O, content (CvO;)
CvO; = (1.3 XHbXSv0O;) + (0.0031XPvO,)

O, delivery (DO»)
DO; = 10X CO X Ca0,

O, consumption (VO;)
VO, = 10X CO X (Ca0;—Cv0y)

O extraction ratio (O,ER)
OER = VO,/DO; x 100

Sa0;; arterial oxygen saturation, PaO2; arterial oxygen partial
pressure, SvO2; mixed venous oxygen saturation, PvO2; mixed
venous oxygen partial pressure.
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Fig. 1. The survival time after experimental apnea each
mongrel dog.
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Fig. 4. Changes in mean pulmonary arterial pressure,
pulmonary capillary wedge pressure and central venous
pressure in response to apnea. BA; before apnea, PAP;
pulmonary arterial pressure, PCWP; pulmonary capillary
wedge pressure, CVP; central venous pressure. Data are
presented meanz SD; 'Signiﬁcant difference from BA,
p<0.05.
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Fig. 5. Changes in cardiac output and stroke volume in
response to apnea. BA; before apnea, CO; cardiac output,
SV; stroke volume. Data are presented mean*SD;
'Signiﬁcant difference from BA, p<0.05.
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Fig. 6. Changes in systemic and pulmonary vascular
resistances in response to apnea. BA; before apnea, SVR;
systemic vascular resistance, PVR; pulmonary vascular
resistance. Data are presented mean=+SD; ‘Signiﬁcant
difference from BA, p<0.05.
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Fig. 7. Changes in right and left ventricular stroke works
in response to apnea. BA; before apnea, RVSW; right
ventricular- stroke work, LVSW; left ventricular stroke
work, Data are presented mean=*SD; *Significant differ-
ence from BA, p<0.05.
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Fig. 8. Percentage changes in mean blood pressure,
cardiac output and systemic vascular resistance in response
to apnea. MBP; mean blood pressure, CO; cardiac output,
SVR; systemic vascular resistance.
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Fig. 9. Percentage changes in cardiac output, stroke

volume and heart rate in response to apnea. CO; cardiac
output, SV; stroke volume, HR; heart rate.

Table 2. Oxygen Delivery Parameters after Apnea induced by Disconnection from Mechanical Ventilation

Time after apnea(min)

Oxygen
delivery

10

BA
N=10

parameters

10

10

10

10

10

10

6.0+58

7.3+55
28+15

13.0+5.7*

154+4.7*
12.7+3.6*

18.1+3.1%
14.7+£2.9*
1009+473

19.7+2.6*

20.5+2.5*%

209+26
173125

213426
17.5+25
8721149
145+34
166127

Ca0O;, (ml/dL)
CvO; (mL/dL)
DO; (mL/min)

VO (mL/min)
O:ER (%)

45+39

100£4.5*
881+569  603x564 207+175

16.1+2.6*
1187 +408*
204 £97*

168+4.6

168 +2.4*

1148 +346*

110485 T7+39

159+ 163
39+55

8901188

5675
163+107 35.1+206 320+16.8

132+180

115+102
20.1+60

1484122
148+6.6

185+109
179+43

198 +-87*
16.7+40

40+47
15.8+4.7

385+359

Values are mean+ SD.BA=before apnea; CaO,=arterial oxygen content; CvO,=mixed venous oxygen content; DO,=oxygen delivery; VO;=oxygen consumption;

OER=0xygen extraction ratio.
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Fig. 10. Percentage changes in oxygen delivery, arterial
oxygen content and cardiac output in response to apnea.
DO,; oxygen delivery, CaQ; arterial oxygen content, CO;
cardiac output.
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Fig. 11. Percentage changes in oxygen consumption,
arteriovenous oxygen difference and cardiac output in r
esponse to apnea. VO oxygen consumption, avDO;;
arteriovenous oxygen difference, CO; cardiac output.
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Appendix 2. 7 ®Bsto] Frhsh AutEgel Fotet

£ olfE FAW

Volume

Vs

Unstressed
volume

Pmv Pressure

Fig. A. Pressure-volume relationship of vessel. Slope
of relationship is venous compliance(Cv). Stressed vol-
ume(Vs) is given by slope of the line(Cv) and mean
vascular pressure(Pmv).

Fig. AR A44£F53 2L ATl A% ¥ §359
Z7}8 Vs(stressed volume)E £uj] FF ¥F ¢ Pmv)
o] Zrtstel fEkflow, Q) F, A&l Frlsie A
2 $AE Agsa ok AFl oH Frkse &
H(Vs)2 W} FEECVS FEF YBYPmv)ol 2ty
Uehtel o& hed 2e BAE uehdd.

Vs = CyXPmv
olw] Pmvi A% ®H #¥(venous resistance, RV)F §3F
(flow)2] FAlojm2

Pmv = RvXQ
o] oA olde] FAle 2ste] Vs = CvXRvXQE
EAH" 4 e Cvsl Rve QA7 AY3=g Cvx
Rv(constant, i U4 slc}.

watd Vs = rxQrt 5122 Vsr}l Sk fifol 3
7bate Vs R §19] FAol ofsle] HFE EHGPmv)o]
Z7hs vsE Fobgdh A@He2 Vso Frke £%
9 Z7HE uisie HF FWAPmv)o] Frlshd Vs7t
Z7bstng foo) FMEE ¢ F Uch ol HF ¥
B4 Fobh AuaPel 37 W) BE A
#o

AnEH:

Malo J, Goldberg H, Graham R, Unruh H, Skoog C: Effect of
hypoxic hypoxia on systemic vasculature. J Appl Physiol
1984; 56(5): 1403-10.
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