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Changes in P C O  2 
with acute changes in 
cardiac index 

Purpose: A direct relationship between cardiac index ( CI) and 

end-tidal PCO2 (PeTC02) shortly after decreased CI was 

reported, but arterial PC02 was not measured. Our purpose 

was to supply the missing information on the immediate ef- 

fects of alterations in CI on PaC02, PeTC02 and thus on 

Pa-PeTC02. 
Methods: We measured CI, Pa and PETCO2 and calculated 

the difference in 20 patients scheduled for elective heart 

surgery just before and immediately after the sternotomy. The 

measurements were made using standard methods: thermodi- 

lution for CI, infra-red and blood gas analysis for PET and 

PaC02 respectively. The results were analyzed by linear 

regression. 

Results: Very significant, direct and immediate changes in 

PET and PaC02 with changes in CI were noted. The ratios 
were 3.8 and 4.2 mmHg L -j respectively. The calculated val- 

ues of r were 0.75 (P < 0.001) for PeTCOz and 0.64 (P < 

0.005) for PaC02. The magnitude of individual change in 
PCO 2 varied considerably such that the alterations in 

Pa--PETCOz were also variable, without any correlation with 

the direction or magnitude of change in CL 

Conclusion: Our results explain the reported wide variations 

in Pa--PETC02 that accompany perturbations of cardiac out- 

put. Our observations pertain to the unsteady state only. The 

results suggest that PETCO 2 can be used to estimate changes 

in CI with a reasonable degree of confidence. 

Objectif: On a ddcrit une relation directe entre l'index car- 

diaque (IC) et la PC02 tdldexpiratoire (PeTC02) imm~diate- 

ment apr~s une baisse de I'IC, mais la PC02 art~rielle n" avait 

pas dtd mesurde simultandment. L'objectif des auteurs dtait de 

combler ce manque d'information concernant les effets immd- 
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diats des altdrations de I'IC sur la PaCOz, la PeTCO 2 et par 

consdquent de la diff3rence Pa-PeTC02. 

Mdthodes: Les auteurs ont mesurds l'lC, la Pa et PeTCO2 et 

en ont calcul3 la difference chez 20 patients programmds pour 

une chirurgie cardiaque non urgente avant et immddiatement 

aprbs la sternotomie. Les mesures ont dtd rdalis3es selon les 
mdthodes standards: la thermodilution pour l'IC, l'analyse 

aux infrarouges pour la PerC02 et des gaz artdriels pour 

PaC02. Les rdsultats ont dtd analys3s par r3gression lindaire. 

R3sultats: Des changements importants, directs et immddiats 

de PeT et PaC02 ont 3t3 not3s avec les changements de l'IC. 

Les ratios dtaient respectivement de 3,8 et 4,2 mmHg L -t. Les 

valeurs calcul3es de r 3taient de 0,75 (P < 0,001) pour la 

PeTC02 et de 0,74 (P < 0,005) pour la PaC02. L'ordre de 

grandeur des changements individuels de PC02 a varid con- 
siddrablement de sorte que les altdrations de la difference 

Pa-PETC02 ont aussi fluctud sans corrdlation avec la direc- 
tion ou l 'importance des changements de I'IC. 
Conclusions: Ces r~sultats expliquent la grande variabilit~ de 

Pa-PeTCOz qui accompagnent les perturbations de l'lC. Ces 

observations ne s'appliquent qu'gt un dtat d'instabilitd. Les 

rdsultats suggkrent que la PeTC02 peut ~tre utilisde avec une 

degr~ de confiance raisonnable pour ~valuer les changements 

de l'IC. 

Continuous end-tidal CO2 tension (PErCO2) measure- 
ments during steady state anaesthesia reliably estimate 
arterial PCO2 (PaCO2). Thus the Pa-PETCO2 gradient 
will not  change when ventilation, cardiac output and 
CO2 production are constant) The considerable changes " 
in cardiac index (CI) during major vascular surgery 
cause marked variations in the Pa-PETCO2 difference. 2 
A direct relationship between CI and PETCO2 during 
aortic surgery has been reported recently) The authors, 
however, did not measure the simultaneous changes in 
arterial PCO2. The immediate influence of acute 
changes in CI on PaCO2 and Pa--PETCO 2 is thus not 
known. The purpose of our study was to provide that 
information. 

Methods 
The study was approved by the Research and Ethics 
Committee of our hospital. The sample consisted of 20 
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ASA 3-4 adults undergoing elective coronary artery 
bypass grafting (CABG), some with valve replacement. 
The age range was from 44 to 79 yr and the weights and 
heights ranged from 64 to 90 kg and 156 to 175 cm 
respectively. 

The premedication and the anaesthetic agents used 
were at the individual anaesthetist's discretion but con- 
sisted of opioids (fentanyl or sufentanil) by iv infusion 
or intermittent injection and isoflurane in O2 enriched 
air, supplemented by major tranquilizers and muscle 
relaxants to facilitate controlled ventilation. The lungs 
were ventilated at 10 ml-kg -1 at 10 b.min -1. Venous, 
arterial and pulmonary artery catheters were inserted 
percutaneously. 

The measurements were made at two specific points: 
just before and immediately after sternotomy because of 
the expected intensity of the surgical stimulus. Cardiac 
index was measured by thermodilution in triplicate and 
arterial and mixed venous blood were sampled for 
immediate analysis of PCO2 by a GEM "premier" 
(Mallinckrodt| analyzer. This analyzer is calibrated 
every morning for CO2 tensions in the range of 35 to 79 
mmHg and is then recalibrated automatically every 20 
rain. End-tidal PCO2 was measured by a Hewlett- 
Packard | infra red CO2 analyzer attached to the proxi- 
mal end of the tracheal tube. The analyzer is calibrated 
daily in the range of 0 to 55 mmHg. During the with- 
drawal of the blood samples, the mean of three consecu- 
tive PETCO2s was calculated and recorded. 

The data were analyzed by least squares linear regres- 
sion using a commercial statistical package (Instat 2). A 
P value <0.05 was considered significant. 

Results 
Cardiac index increased in seven patients, decreased in 
11, and was unchanged in two patients. In almost all 
instances, Pa and PETCO2 changed in the same direction 
as CI. The magnitude of PCO2 change was variable. The 
range of change (A in CI was -1.0 to +1.0 L. Figure 1 
shows the individual changes in PETCO2 and in PaCO2 
versus ACI. The lines of best fit are also shown. A sig- 
nificant relationship was found in the case of Pa and 
PETCO 2 but not in the case of mixed venous PCO2. The 
slopes of arterial and end-tidal PCO2 were close (3.83 vs 
4.24 L-mmHg-l),  but not parallel. There was marked 
individual variation in Pa and PETCO2, such that the dif- 
ference also changed variably (Figure 2). There were no 
negative Pa-PExCO2s. 

The results of the regression analysis are shown in the 
Table. 

Discussion 
We report direct and immediate changes in PET and 

FIGURE 1 Change in Pa and Pro'CO 2 with change in Cardiac Index. 

FIGURE 2 Arterial: end-tidal PCO 2 gradient. 

PaCO2 with changes in CI (Figure 1), without signifi- 
cant changes in mixed venous PCO2. These observa- 
tions were made during increases and decreases in CI. 
We also found that the changes in Pa-PETCO2 differ- 
ence were variable in direction and magnitude and that 
the direction was not related to the direction of change 
in CI (Figure 2). 

We anticipated that sternotomy would increase CI. 
The fact that CI decreased in 11 patients suggests that 
anaesthesia was deeper than the usual clinical signs, 
blood pressure and heart rate, indicated. It is also possi- 
ble that in some instances the greatly increased afterload 
may have prevented the expected increase in CI from 
occurring. 

We report a 3.8 mmHg change in PETCO 2 per litre 
change in CI. This ratio is similar to the reported 3-4 
mmHg per litre change with reduced CI during abdomi- 
nal aortic aneurysmectomy (AAA). 3 and CABG. 4 In 
both reports, the direct relationship was also statistically 
significant (r = 0.82 and 0.87 respectively). Thus a 
knowledge of changes in PETCO2 alone can give a use- 
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Variable examined 

lndependant Dependant Intercept Slope 

Confidence limi~ 

SE Upper Lower r P 

ACI APETCO2 - 0.06 3.83 0.78 
ACI APaCO 2 0.02 4.24 1.29 
ACI APvCO 2 -2.59 2.79 1.55 

5.48 2.17 0.75 <0.001 
6.97 1.29 0.64 <0.005 

-0.48 6.08 0.41 <0.09 

ful estimate of changes in cardiac index, assuming that 
metabolism and alveolar ventilation are unchanged. 

We are unaware of studies presenting data on Pa and 
PETCO2. The fact that there was variability in the 
Pa-PETCO2 difference and that mixed venous PCO2 did 
not change are probably due to the unsteady state 
at the time of our measurements. The variability in 
Pa-PETCO2 coincident with changes in CI explains the 
variability in that difference reported by others) Indeed, 
when CI is constant during surgery, the Pa-PETCO2 dif- 
ference also remains stable.l 

The temporal effects of altered CI on Pa and PETCO2 
in our patients are unknown, but information from the 
canine model of shock has been published. The inflation 
and deflation of a balloon placed in the venae cava 
caused acute decreases and increases in cardiac output 
respectively and the percent changes in Pa and PETCO2 
were directly related to the percent change in cardiac 
output. 6 The maximum change was reached after six to 
eight breaths (approximately 45 sec). The major differ- 
ence between our results and those of the canine stu- 
dy is the Pa-PETCO2. In our study, the change in 
Pa-PETCO2 varied in direction and magnitude, whereas 
the Pa-PETCO2 difference in the dogs was inversely 
related with CI. In the canine study, measurements of 
PCO2 were made in a quasi-steady state, that is when 
the changes in PETCO2 were at their maximum. This 
was attained within one minute. We can only assume 
that the changes in dead space ventilation [(VD/VT = 
PaCO2-PETCO2/PaCO2], expected with alterations in 
cardiac output occur shortly after but not coincidently 
with CI changes. It has been demonstrated, in dogs, that 
during a maintained low cardiac output state, the initial 
reduction in Pa and PETCO2 is followed by a progres- 
sive increase starting less than ten minutes after the 
acute reduction in cardiac output. 6,4 This raises the ques- 
tion of whether the effects of alterations of CI on shunt 
are also biphasic. 

In summary, our results indicate that (1) the magni- 
tude of alterations in CI can be estimated from a knowl- 
edge of the accompanying change in PETCO2 and (2) 
that the immediate effect of alterations of CI on 
Pa-PETCO2, and hence on VD/VT are variable in magni- 
tude and direction. 
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