Anesthesiology
V 67, No A, Sept 1987

CIRCULATION 1l A19

Tille: CARBON DIOXIDE ELIMINATION DURING TOTAL CARDIOPULMONARY BYPASS

ININFANTS AND CHILDREN

Authors:  D.R. Larach, M.D.,Ph.D., F.A Hensley, M.D., KM. High, M.D,,
D.R. Williams, C.C.P,, M.T. Snider, M.D.,Ph.D.

Alfiliation: Deparliments of Anesthesia and Surgery, The Pennsylvania Stale Universily
College of Medicine, P.O. Box 850, Hershey, PA 17033

INTRODUCTION: The rates of CO, elimination (\7002)
and oxygen uptake (VO,) from the oxygenator during
total cardiopulmonary bypass (CPB) reflecl aerobic
melabolic activity, lissue perfusion, and oxygenator func-
tion. We used mulliplexed mass spectroscopy (MS) to
perlorm rouline monitoring of VCQ, and VO, during CPB
ininfants and children.

METHODS: With Clinical Invesligation Committee
approval, we studied 25 pediatiic patients, age 30.1+5.4
mo (2d--9.2y), weighing 11.7:0.4 kg (2.3—29kg). Anes-
thelics during CPB included only fenlanyl and pancur-
onium. Coalingto 19.4+0.5"C (venous temperature, T,)
was achieved with inlegral heat exchangers of Armerican
Bentley BEN 5 or BIO 2 bubble oxygenators. All patients
received phentolamine 0.75 mgkg-'. Circulatory arres!
patients {n=10, 34+4 min), also received surface cooling.
Technique: We modified and simplified the method of
Abbottetal.t (gas phase Fick principle?) to measure
VCO, and VO, in real-lime. A multiplexed MS (Perkin-
Elmer Advantage) analyzed gas from the oxygenalor
exhaust porl during total CPB. Inflow gas 1o the oxygen-
alor was primarily O, (F;CO,<0.1%; F;N,<4.5%). At5-15
min intervals (except during circulalory arrest or partial
CPB), we recorded venous, nasopharyngeal, and reclal
temperatures, gas llow, and inlet (i) and exhaust (e) CQO,,
O,. and N, fractional concenirations (F). VCO, (in
ml-min-kg) was calculaled as {F,CO,} x {gas flow}:kg.
VO, was computed lrom: {Fi0,—F 0.} x {gas flow}+kg
(n=83). Respiralory quotient (RQ), and Q,, (the increase
in metabolic aclivity produced by a 10°C iise), were
determined from the regression slopes of VCO, vs. VO,
and VCO, vs. T,, respectively. |{F N, >5% (room air con-
tamination), data were not analyzed . After a log trans-
form produced homoscedastily, ANOVA determined sig-
nilicance (2=.05). Values are mean+SEM, and the graph
shows the regression line and 95% prediction interval.

RESULTS (Figure) CO, elimination correlated highly
with T, (r=0.88, P<.0001, n=199; VCOZ—O 30xT,—4.5) over
aT,range ol 16.8—39.5°C. Similarly, oxygen uplake was
correlalcd wilth T, (r=0.79, P<.0001, n=83; regression
equation IongOZ—O 030xT,—0.13). VCO, correlated
better with venous tempemture than with the olher
lemperalure moniloring siles.

VCO, also correlated well with VO, (r=0.94, P<.0001,
VC0,=0.60xV0,+0.31) indicaling a mean RQ of 0.60. The
RQtended to docre'lse wilth lower temperatures. The
VCO,vs. T, regression indicaled a mean Q) 0f 3.0. The
use of cwculatory arrest did not affect eilher the T,—VCO,
(P=.55), orthe T,~VO, (P=.26) relationships.

DISCUSSION We demonstraled that the rates of CO,
elimination and O, uplake are easily measured in the gas

‘Phase during CPB, are more informative than measuring

P.CO, alone?, and may be valuable as a routine clinical
toal. Because VCO, and VO, are highly coriclated, we
recommend CO, elimination as the beller test for routine
moniloring.

VCO? during CPB has been measured previously in
only 4 patients, and without real-time results'. The rise in
VCO, seen with increasing T, may be due lo greater
melabolic CO, generalion, mobilization of CO, lissue -
stores, and reduced gas solubility in blood. These lac-
tors alltend lo increase blood CO, delivery to the
oxygenator. Decreased RQ with hypothermia may reflact
prelerential sequeslration of CO, in blood and tissues at
lowT,. AQ,,0f3.0is consistent with mosl biological
systems.

VCO, values above normal for a given T, may indicale
hyperacllve mclabollsm this technique may be valuable
for detecting malignant hyperthermia crisis during
rewarming on CPB, when temperalure normally rises
quickly. Also, subclinical shivering may elevale VCQ,,
helping to guide muscle relaxant administration. VCO2
values below normal for a given T, may indicate: 1)non-
unilorm regional blood flow, which may benefit rom

vasodilator therapy; 2)impaired O, delivery lo lissues;
and 3)oxygenalor maliunction. Also, high F.CO, wilh
normal VCO, may signily inadequate gas inflow. Real-
time delerminalion CO, elimination may be a useful con-
tinuous monitor of metabaolic, circulatory, and oxygenator

function during CPB, and may help guide drug therapy.
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