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Changes In cardiopulmonary function secondary to repair of
cardiac malformations and the stress of the operation may
markedly affect total body oxygen requirements in the immedi-
ate postoperative period. To quantify the effect of surgical cor-
rection of congenital heart defects on metabolic rate, we mea-
sured oxygen consumption (VO2) and carbon dioxide produc-
tion (VCO2) in infants and in children up to ten years of age im-
mediately before and after the operation.

The study protocol was approved by the Helsinki University
Children's Hospital Review Board, and informed consent was
obtained from each patient's family prior to the study. Heart
rate, respiratory rate, body temperature, oxyhemoglobin satu-
ration, hemoglobin concentration, VOz, and VCO2 were mea-
sured on the morning of the operation after premedication, and
the measurements were repeated in the Intensive Care Unit as
soon as the patient was able to breathe room air spontaneously.
A pediatric indirect calorimeter (Deltatrac, Datex Inc., Helsinlki,
Finland) equipped with a canopy for collecting expiratory gases
was used for measuring VO:2 and VCO2. The measured values
of VO2 and VCO: were compared with values expected for nor-
mal children of the same weight using regression equations
published by Lindahl.! The data were analyzed with repeated-
measures analysis of variance and linear regression.

Nine of the 25 patients studied had a cyanotic cardiac mal-
formation, 15 had a left-to-right intracardiac shunt, and one
had isolated aortic stenosis. Surgical correction of the cardiac
defect eﬁ'ec.ted a 15£22% decrease in VO3 (p<0.001). The
change in VO: correlated best with the patient's age (r=-0.72).
The largest relative decline in 0z, up to 43% was observed in
infants, who also frequently had preoperative oxygen consump-
tion values well above those expected (Figure). A large decrease
in VO: was observed in patients with heart fallure prior to the
operation (23+18%) while a slight increase in average VOz was
seen in those with normal preoperative cardiac performance
(-4£24%; p<0.05). The observed changes in VCO:2 paralleled
those of VOa.

Correction of cardiac defects has previously been shown to
have an unloading effect on the cardiopulmonary system with
decreased resting energy expenditure and improved excercise
tolerance. The regults of this study reveal an immediate de-
crease in resting VOz resulting from the operation, particularly
}n infants and in patients with preoperative congestive heart

ailure.
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INTRODUCTION: Recent studies examing cerebral blood flow (CBF)
and cerebral metabolism (CMRO>) following periods of total circulatory
arrest (TCA) used during the repair of congenital heart defects (CHD) in
neonates and infants have demonstrated cercbral hypoperfusion and reduced
metabolism after TCA. 1.2 ‘This study was designed to examine the effect
on CBF, CMR0,, oxygen extraction (A-V02) and oxygen delivery [(.)]
by increasing pump flow rate (PFR) during rewarming on cardiopulmonary
bypass (CPB) after TCA.
METHODS: CBF, CMRO2, A-V0; and D0, were measured in 41
infants undergoing repair of CHD using CPB. Standard anesthetic
management was utilized. 1,2, All patients were cooled to hypothermic
conditions. Blood gas management during bypass maintained a pH of
7.35-7.40 and a PCO; of 35-40 mmHg, uncorrected for temperature.
Patients were grouped based on CPB rewarming conditions after
TCA: 1) Control group (1), reperfusion after TCA at 100 ml/kg/min; 2)
High flow group (II), reperfusion at 150 - 200 ml/kg/min. CBF was
measured using xenon clearance methodology. 1.2 Cerebral venous oxygen
content was directly measured by using a catheter placed in the right
jugular venous bulb, and CMR03, A-V02 and D02 were determined before
CPB (stage A); during stable hypothermic CPB, pre-TCA (stage B); at
stable hypothermic CPB immediately after TCA (stage C); rewarmed on
CPB (stage D); and after CPB (stage E). Intragroup data were analyzed
using ANOYVA for repeated measurements and intergroup data were
analyzed using unpaired T-tests, with significance assumed at the P < 0.05
level.
RESULTS: There was no difference in PaCO2, mean arterial pressure,
temperature and hematocrit between groups during any of the study
intervals, Both groups showed a significant decrease in CBF, CMRO2 A-
V0, and DOy during hypothermic bypass conditions at stages B & C
compared to pre-bypass levels (A) (p < 0.05) (Table). In group I pts,
CBF, CMRO3 and DO remained reduced during rewarming after TCA at
stage D and even after being weancd from CPB at stage E. In group II pts,
however, CBF and DO returned to baseline during rewarming after TCA
at stage D; but fell significantly below baseline after being weaned from
CPB at stage E (p < 0.05). In both groups, CBF and CMRO2 were
significantly reduced after being weaned from bypass (stage E). There was
a significant difference in CBF, A-VO2 and DO2 between the groups
during rewarming at (stage D) (p <0.05).
DISCUSSION: These data derhonstrate: 1) CBF and CMRO; do not
return to baseline levels after TCA; 2) It is possible to uncouple flow and
metabolism during rewarming, favoring flow (supply) however, 3)
Increasing PFR during rewarming does alter the degree of injury to cercbral
metabolism following TCA. We conclude that cerebral protection during
and after TCA is necessary, but cannot be accomplished simply by
enchancing reperfusion, Increasing PFR during rewarming on CPB may
increase oxygen delivery, but does not improve the abnormally low
cerebral metabolism after CPB.
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CONTROL GROUP (I) (N=19)

A B C D _E
CBF 19.248.5 11.1+4.4*% 13.1£7.4* 14.416.9* 14.6+6.8*
CMRO; 0.91+0.5 0.15:0.1* 0.26+0.19* 0.56£0.3* 0.63+0.4*
AV0y 5.12+¢1.2 1.47+1.3* 2.60+1.8% 390123 4.49+23

D02 234498 103+47%  123£71%  167+74*  180166*
HIGH FLOW GROUP (1) (N=22)
A B C D E

CBF 19.049.6 13.6+9.9% 14.4+7.5% 20.5:5.5 11.8+5.5*
CMRO; 0.96+0.6 0.18+0.1* 0.23£0.1* 0.60£0.2* 0.59+0.3*
A-V02  5.014£1.2 1,70£1.2*% 181+0.9* 3.03+l.1% 4.942.0

DOz 2694112 141+108* 151487* 322463  151+79*
MEAN VALUES + S.D.

* p < 0,05, Stage B-E vs A (INTRAGROUP);

vo p < 0.05, GRP II vs I INTERGROUP) A= pre-CPB; B=CPB, cold, pre-
TCA; C=CPB, cold, post-TCA D=CPB, warm; E=post-CBP
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