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Effect of Hypothermia on the Oxygen Saturation Readings with Pulse Oximeter

Rack Kyung Chung, Choon Hi Lee
Department of anesthesiology, College of Medicine, Ewha Womans University

Although pulse oximetry is a potentially useful diagnostic tool under anesthesia, there are
concerns regarding its reliability for measuring oxygen saturation(SpQ; ; arterial oxygen satura-
tion by pulse oxymeter) in hypothermic or low perfusion states. To test pulse oximeter reliability
under hypothermic condition 30 data from 14 patients were collected.

Subijects were divided into group 1 which was body temperature>>36C and group 2 which

was body temperature<36C.
The results were as follows -

1) There were no differences between group 1 and group 2 in the SaO;(arterial oxygen

saturation by blood gas analyzer) and SpOs.

2) The SpO; in group 1 was underestimated by 1.20=0.85% than SaQ; in group 1(p<<0.

001).

3) The SpO; in group 2 was underestimated by 0.60% 1.03% than Sa0; in group 2(p<<0.05).
Although the SpO; was underestimated under hypothermic condition, the pulse oximeter
with expired CO, tension monitor decreased the frequent invasive arterial blood gas analysis.
And it was useful tool for the detection of the hypoxia which is most commom cause of

preventable anesthesia related death.
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Table 1. Data description(mean standard deviation)

Parameter Group 1 Group 2
core temperature(T) 36.50t 0.44 3520 0.51**
$a0y( %) 99.80% 0.08 99.80+ 0.05
SpO2( %) 98.60% 0.83 99.20+ 1.08
5a0y—Sp0y (%) 1.20% 0.85%% 0.60+ 1.08#%
sBP(mmHg) 180.70+ 14.86 128.20+ 14.02
dBP(mmHg) 94.00+£ 16.39 86.70% 14.96
Hb(g%) 12.70+ 1.78 12.10+ 1.04

group 1 : body temperatre>36C
group 2 : body temperature</36T *
*#*p<0.001 significandy differs from group 1

¥p<0.05, ¥#<0.001 significantly differ from $aQ, and SpO, in each group
5a0, : arterial oxygen saturation by blood gas analyzer

SpO;, ! arterial oxygen saturation by pulse oximeter
sBP  systolic blood pressure

dBP : diastolic blood pressure

Hb : hemoglobin

2 WA AEV| 2 AN E W H4 BEH
221 (p<<0.001) A 2 7 & A L3} A% 0.60%
1.08% 2 AA F4 A5 5} (p<0.05) (Table 1),
I oF
185113 Von Gerlach7} £+471 33 E 533l
Ag ALFo2 Idste] I 4g AT oY=
Aol A Abae] B o2 JEE Lol A o
7HA] R E0] AF Holgry.
Wuk Al Z 7 197239 Aoyagizt R3S
©m™ 1975'3 Nakajima7} ¢4to] HEo 2 AMR3}
F3L 1976~1980 374 A= F2 QEA AL
.o} 197031 Z4ke]| Scott Wilber7} Nihon Koh-
den WA SIS W3 198030 ZukR
H F8A#E AT 2575 26 AHESHA
HAT 198537 REHE $EA0A ntFR A E
o] A5 AHEEHA HTHH9,
|98 53 Agdte Yo Axo 2 £99
of #% YAl Beer-Lambert laws o] &3k
2 dEe g82 93494
A8t} g9

B
A
N
Lo
X

o B

L A
p)
>
o
i
S
©
<

>

NEAZAE BE 249 el EdHE
(light emmiting diode)#} FZ-glo]Zo] &=

HZE (photocell) 2 TR o] Jon] A A

of Jn & off
HEw R =

o o2

£ S A E7)E 660me) 940nme] HA-S o

ZAA] E-L& microprocessorE Al&3dle] WE3IE @
F(pulsating vascular bed)¢] E&a}t 3o ula}
A E A9 FE ¥y Aele Ao

B A E7]e] G o] &L thgstd
I g A%

& 7
e FHRBAE AN F LEAJA gon}
WA A ¢} catecholamine, B9 T2 &9l u} A
ol 9t ZA FFgE weo TE BFTo
FaE Afdes AudiA &) ot B
o] FAHN Fagre dFo] Aty B £
Nt TP FFo) A9 4~8.6%2 F4H
o WU AAEZIE AAHEE QAo
FAENAME AubtaA S} ZAR e 7
3 o R ddEe BdE AW F4a¥
S=rt AEsa Fagrle] Ahew 8o &
3 oz A4 e ¢dgio

Wt AEY e FEA TF B AL

A

ol &} Allen’s

\iyl,
test, Hobgo} b of o] =], Eleke) o)A

- 263 —



ojv el AL #EIste A3
g'-_ %11;]_9)11)12)‘

durd o =2 Fxl@e]o] HFE FiO o A At4AE
S=E 95%0lito] =Hojop B 1 oFl A¢
e ZEH V=2 EU 48, w37 o4
B AR Aed HEg 2AS AT £ e
22 nFd Ay hEAM] AR B8]
o).

a8y ek AAZ71E 940nmet 660nmel] A
FAE FHEe A4 AR % FL2 z2Fo
H]-&-(ACred/Dcred)/(ACinfrared/DCinfrared) & 2
Aol Aoz B3 23y #AF, A4, &
MAA 2F% F7%, 449 A8, AEYET

21

o2 Agd

F99h<60mmHg), XY A, B4 4o 433}
ZEE L T stel GFL womE Ag
AGE WOy,

Tremper57o]| 23} H 35T o]5}e] A& 3ol A
155 9% 9] SpO.gte Sa0, Kt} 7.3£3.9% U
wokon] A2 32.8~39C2 74-5-2] Sa0,9} Sp0,2)
zpojel 1.4+3.1% BT} 1 o)zt o] atkn &
At

Iy PalveFDe #FRAS ARE FHo|
A3 B9l &7 74AE Ausle Aoz Hoh
AA L FHe signalgt HFsiriE HupikaA S
719 A= JFE FA FIHT o
Wbt aA 7|2 SHE A WA R 0.9~3.9
% A% B 2FIGT Sed BLLAS
717} COHbg FETHA] REER o]o) afFsh=

wE A 53 gt Aolga Rk §¥ Mac
nab%-1000]] o) atH Ao} A FeA] AHL(AR
AL 81.3C~84.9T) 3lollA] Sa0,9} SpOy7hol =
Ze ABAAA7 Ygon SpOy7t SaO.H.th 1.58%
o Ha Gt =i, B Aed Ao 1.29%
A4 Fridria st on HukidiAE e A5
AR o) olgte] ojode ¥ LA Herh
F3ste o)He A At ATH

Gabrielczyk 517 o8l AlBA) Lo] 85T o5}
A Ag AAA 0.6% 2 B AA(blas) 2 GA
HlatA Fd) gEEda s

KhudhairiS!®d] ¢]3ld AL 30~36C2 AS$
SpO.gke] T #|EHATGL 3o 30T oY
As F4& gEdva stk

X
Rl

ClaytonS19.2 A3

& T Hrte 23 WA A SV gol A <
Ho A5HER 9
o &

Severinghaus® &= 27} 7 &r}eho] wEEg &
7FET ARA AR A7) wEd] &rige]
L=l ¥Eu SpOggte]l W2 ZAE Rolx &
=t st

B dFoAe AFAL 36T o] FollA HA 1.2
%9 ALYE 0.75%,36C o]l 29 HA 0.6% <}
AYE 1.08% 2 i #E5o] Trempers’ 3}
Macnab519¢] A7} e} HlmE o SpO, Zto| Sa0,
Hth B4 #EsE JL I I Folrt
AA&AA o 2 @& Holg A& 2 479
*J'H}Q 9t} &3 Palve$!® GabrielczykE!?), Clay-
onE193 5 ks Ao Khudhairis!®e] B
o] oSt B A4 Zéﬂ Helel F2oAe
At 2FAE HYo v 48 AAEd B9
Ha Jridvaste 48 dXg 2948 B4k

THE FtEEAE o] &3t SAT Sa0,9 W
WA SN E 0] 83t & ¢ SpO,E H| 13}
¥ SRR FBAAE vnstn B AE )
G ASEE A5 e Hald oty gdutxo g
AAESE7} 65~100%<] A
A ZLe ABEAE FHAH G BEA S r=0.

J &7 39 Aol AAZIE 90% o]
oliE ZAES Holi daX
k7 ey g %‘ —)F—i SpO, kol T BEHGIV10

4% 5a0.8 SpO, &

717} B &k 1’—:} %1‘;} 131‘4 Xﬂ*} Folu
shock AHElo]A] olo] T 2714l A7l Aad
Aoz AHT.

wWubtaA 209 BREE FP9AA ) st 2
o]7} ¢lo] ear probe7} finger probe BT} £ &
&l A AL H|AAA A= Aol F
H A%Esl EUP0. QAL AHdA E o
A9 Sp0, HE A7191eH David®E E£7lete
g Tz A dute] ZAHES Sgou

— 264 —



Bt A &7 2 SR Brbest] AR Y
Wo] ol & B3I PalveF1D & %-7413—']‘73 o2

AsIs gslou &7l et e A F4
92 93 292 cEae Fe daE Ao
st

geb AakaFol B BAW Y 293
g EE Aoz 27] WA dste] e 7t

oz AR 2N B
SpOs Fkol Sa0, FrH o} 7
dukAl A A 2718 F71E olitatets: TAIAAA
Zol Ay A% HHY st oA
ZaAA WS 9nlsg)

STk A2,

l~> ofl
ok
PN
B
i
4
it
o,
2

e dAdde ATee

Z

fx

=
—

olgtodAth et FLHH oA 19929 TENH
1992 8Y7A] e G vZuF#3t3
SAAE] BF5A AL 2 5ol B FE ARtel
A7t o] o) s W Bzl UYE Yo
o] A2o] 36T o] F& A1TLE, 36C
2702 3t FHE rtEEMH
(SE 200, Sein eletronics, Korea) <)

9
<%
ro
Mo
mlo

% EHY NAXHEE A e 2L
ARE ?é‘zm.
1) Sa0y%] 8} SpOy = A 1 F3} A 2 Foll A A<

Hls2gte] Ao e {FJ& Aelrt g

2) Sa0,9} Sp0y 2] ol A 1 Fol| Al 1.20% + 0.
85% 2 SpOy7} F& BEEQTHp<0.001).

8) $a0,9} Sp0,2] Fol= A) 2 Fol| A 0.60+ 1.03
%2 Sp0y7} I FEE 9 Hp<0.05).

ueba AA 28N BFG ZHAAFE SpO,
#rol SaO kRt #4 AEgolx B7aka Wut
FEAZTE ZI1L ot eA: TG 9} Zo)

AW A¢ BUY h2ge) ool Fasol
= z

References

1) Tremper KK : Transcutaneous POp wmeasurement.
Can Anesth Soc J 1984 . 31(6) : 664-77

2) Pologe JA : Pulse oxymetry s technical aspect of ma-
chine design. Int Anesthesiol Clin 1987 * 15 * 137-153
3) Severinghaus JW, Naifeh KH : Accuracy of response
of six pulse oxymeters to profund hypoxia. Anesthsiology
1987 . 67 . 551-5658
4) Yelderman M, New W : Evaluation of pulse oxymetry.
Anesthesiology 1983 . 59 . 349-352
5) Tremper KK, Barker SJ : Pulse oxymetry. Anesthe-
stology 1989 : 70 : 98-108
6) Severinghaus JW : Oxymetry-uses and limitations.
Refresher courses in Anesthsiology 1991 © 19 © 139-151
7) Tremper KK, Hufstedler SM, BArker SJ, Adams
AL, Wang DH, Zaccari J, Benik K, Lemons V © Accu-
racy of pulse oxymeter in the critically il adult 3 effect
of femperature and hemodynamics. Amesthesiology
1985 . 63(34) 1 A175
8) Brooks TM, Paulus DA, Winkle WE : Infrared heat
lamps interfere with pulse oxymeters. Anesthesiology
1984 : 61 . 630
9) Brodsky JB, Shulman MS, Swan M, Mark JBD : Pu-
Ise oxymetry during one-lung ventilartion. Anesthesio-
logy 1985 . 63 . 212214
10) Lawson D, Norley I, Korbon G, Loeb R, Ellis J :
Blood flow limits and pulse oxymeter signal delection.
Anesthesiology 1987 . 67 * 599-603
11) Nowak GS, Moorthy SS, NcNiece WL : Use of pulse
oxymetyy for assessment of collateral arterial flow. Ane-
sthestology 1986 . 64 . 527
12) Skeehan TM, Hensley FAJ : Axillary artery compres-
sion and the prone position . Anesth Analg 1986 © 65
. 518-519
13) Barker SJ, Tremper KK, Gamel DM : A dinical co-
mparison of transcutaneous POy and pulse oxymetry
in the operating room. Anesth Analg 1986 . 65 © 805-
808
14) Tremper KK, Hurstedler S, Zaccari J, Schaefer R,
Asrani R, Sangh M, Roohk V, Lamendola R  Pulse
oxymelry and transcutaneous POz during hemorrhagic
and mormotensive shock in dogs. Anesthesiology 1984
161(34) : Al63
15) Palve H, Vuori A : Pulse oxymetry during low cardiac
output and hypothermia state immediately after open
heart surgery. Critical Care Medicine 1989 . 17(1) :
66-69
16) Macnab AJ, Baker-Brown G, anderson EE : Oxyme-
try in childven recovering from deep hypothermia for

- 265 —



cardiac surgery. Critical Care Medicine 1990 18(10)
- 1066-1069

17) Gabrielczyk MR, Buist RJ : Pulse oxymetry and post-
operative hypothermia. An evaluation of the Nellcor
N-100 in a cardiac surgical intensive care unit. Anes-
thesia 1988 © 43(5) : 402-404(abstract)

18) Khudhairi D, Prabhu R, Sharkawy M, Burtles R

: Evalvation of pulse oxymeter during profoud hypo-
thermia. An assessment of the Biox 3700 during indu-
ction of hypothermia befove cardiac surgery in paediat-
vic patients. Int J Clin monit Copmut 1990 : 7(4) :
217-222(abstract)

19) Clayton DG, Webb RK, Ralston AC, Duthie D, Run-
ciman WB : A comparison of the performance of 20
pulse oximeters under conditions of poor perfusion.
Anaesthesia 1991 : 46(1) : 3-10

20) Eisenkraft J . Pulse oxymetry desaturation due to me-
themoglobinemia. Anesthesiology 1988 . 68 : 279-282

21) Mihm FG, Halperin BD : Noninvasive detection of
Drofound arterial desaturation usings a pulse oxymeter
device. Anesthesiology 1985 . 62 : 85-87

22) Bowes WA, Corke BC, Hulka J : Pulse oximetry ; a
retew of the thoery, accuracy, and clinical applications.
Obstertrics and Gynecology 1989 . 74(3) : 541-546

23) Knill RL, Clement JL, Kierazewicz HT, Dodgson

BG : Assessment of two noninvasive monitors of arle-
rial oxygenation in anesthetized man. Anesth Anag
1982 : 61 . 582-586

24) List WF . The importance of pulse oximetry for anes-
thesia. Anaesthesiol Reanim 1991 : 16(1) : 5-10(abs-
tract)

25) Yoshiya I, Shimada Y, Tanaka K : Spectrophotometric
monitoring of arterial oxygen saturation in the finger-
tip. Med & Biol Eng & Comput 1980 . 18 . 27-32

26) Nikerson BG, Sarkisian C, Tremper K : Bias and
precision of pulse oximeters and arterial oximeters.
Chest 1988 : 93(3) : 515-517

27) Ezri T, Lurie S, Konichezky S, Soroker D : Puise
aximelry form nasal septum. J Clin Anesth 199 : 3(6)

. 447-450(abstract)

28) Paulus DA : Cool finger and pulse oxymetry. Avesthe-
siology 1989 . 71 . 168-169

29) Keenan RK, Boyan P . Cardiac arvest due to anesthe-
sta s a study of incidence and causes. JAMA 1985 .
~253(16) : 2373-2377

30) Withington DE, Ramsay JG, Saoud AT, Bilodeau
J : Weaning from ventilation after cardiopulamonary
bypass + evaluation of a nowinvasive tedhnique. Can
J Anaesth 1991 : 38(1) : 15-19

- 266 —



