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End-tidal carbon di- 
oxide measurements in 
critically ill neonates: 
a comparison of side- 
stream and mainstream 
capnometers 

Bryony A.B. McEvedy MB aS FFAaCS, 
M. Elizabeth McLeod MD FRCPC, 
Harish Kirpalani MD MRCP, George A. Volgyesi PEng, 
Jerrold Lerman MD FRCPC 

To determine whether end-tidal PC02 (PE?~02) measurements 

obtained with two infrared capnometers accurately" approxi- 

mates the arterial PC02 (PaCO2) in critically ill neonates, 

simultaneous measurements of PETC02 were obtained from the 

distal and proximal ends of the tracheal tube with a sidestream 

capnometer (Puritan Bennett/Datex - BP/D) and from the 
proximal end with a mainstream capnometer (Hewlett-Packard 

- liP) in 20 intubated neonates. Distal sidestream PeTC02 and 

mainstream PETC02 correlated with the PaC02 (r 2 = 0.66 and 

0.61, respectively) within the range of 26-57 mmHg PaC02. 

However, proximal PETC02 with the sidestream capnometer 

correlated very poorly (t 2 = 0.09) with PaC02. The slope of the 

least square regression line for the distal sidestream capnomet- 
er, 0.67, was significantly less than that for the mainstream 

capnometer, O. 78 but both were significantly greater than that 

for the proximal sidestream capnometer, 0.39 ( P < 0.05). The 

slope of the regression for the proximal sidestream capnometer 

did not differ significantly from horizontal. Insertion of the 

mainstream sensor for the HP capnometer significantly in- 
creased the transcutaneous C02 when compared with pre- 
insertion values. We conclude that both distal sidestream and 

mainstream capnometry provide accurate estimates of the 
PaC02 in critically ill neonates. 
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En enregistrant simultandment la PC02 en fin d'expiration 

(PETCO2) par capnom~tre aspirant (Puritan Bennett/Datex - 

PBID) d partir du bout distal et du bout proximal d'un tube 

endotrachdal et par capnomOtre passif (Hewlett-Packard- HP) 

au bout proximal du tube, nous avons mesurd l'efficacitd de ces 

techniques d'estimation d l'infrarouge de la PC02 artdrielle 

(PaCO2) chez 20 nouveaux-nds. Pour des PaC02 de l'ordre de 
26 ~ 57 mmHg. la pente de la ligne de r~gression entre la 

P~rCOz et la PaC02 dtait de O, 78 avec le capnomdtre passif (r 2 

= 0,61), significativement plus grande que la pente de 0,67 du 

capnom~tre aspirant au bout distal (r 2 = 0,66) mais toutes 

deux se d~tachaient ( P < 0,05) de celle du capnom~tre aspirant 

au bout proximal qui, avec une valeur de 0,39, pouvait ~tre 
confondue avec I'horizontale (r 2 = 0,09). Pour sa part, 

r insertion dans le circuit de lafen~tre de mesure du capnom~tre 

passif contribuait ~ augmenter la PC02 trans-cutan~e. La 

capnomdtrie passive ou par aspiration du bout distal donne donc 

un bon estimd de la PaCO2 des nouveaux-n~s gravement 

malades. 

End-tidal PCO2 (PETCO2) monitoring is a simple, 
non-invasive technique for accurately estimating arterial 
PCO2 (PaCOz) in critically ill neonates, i-4 Two of the 
capnometers currently used to measure PETCO 2 in neo- 
nates: the sidestream capnometer, Puritan-Bennett/Datex 
(PB/D), and the mainstream capnometer, Hewlett- 
Packard (HP), differ in the design of their gas sampling 
systems. The PB/D (sidestream capnometer) removes gas 
continuously from the breathing circuit and measures the 
PETCO2 in a remote infrared sensor, whereas the HP 
(mainstream capnometer) measures the PETCO2 in ex- 
pired gas within the breathing circuit with an in-line 
optical infrared sensor. This difference in the gas sam- 
pling systems might affect the accuracy of PETCO2 
measurements in neonates and small infants since they 
have small tidal volumes and rapid respiratory rates. 
Previously, we investigated the accuracy of the PB/D 
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capnometer. We found that PETCO 2 measurements ob- 
tained from the distal end of the tracheal tube estimated 
PaCO2 more accurately than did PETCO2 measurements 
obtained from the proximal end with this sidestream 
capnometer in both neonates 4 and infants <12 kg. 5 We 
attributed the small difference between the PaCO2 and 
distal PETCO2 measurements in part to a reduction in the 
mixing of end-tidal and fresh gases at the distal end 
of the tracheal tube compared with the proximal end. 
Epstein and co-workers compared the accuracy of the 
HP (mainstream) capnometer and transcutaneous PCO2 
monitor as estimates of PaCO2 in infants. 3 They found 
that although the HP capnometer was a valuable tool, 
PaCO2 increased in the majority of infants when the 
HP neonatal sensor was inserted into the breathing circuit. 

Because the HP capnometer analyzes gas within the 
breathing circuit, we speculated that the proximal PET- 
CO2 measurements obtained with the HP capnometer may 
be as accurate an estimate of the PaCO2 as distal PETCO2 
measurements obtained with the PB/D. If this were true, 
then PETCO2 determinations with the mainstream sensor 
would obviate the need to insert a catheter into the tracheal 
tube in infants <12 kg. 4'5 Therefore, we sought to com- 
pare the accuracy of the PETCO2 measurements by the 
PB/D and HP capnometers in estimating the PaCO2 in 
critically ill neonates. 

Methods 
After approval from the Human Subjects Review Com- 
mittee in our institution, simultaneous measurements of 
PETCO2 and PaCO2 were obtained from 20 neonates 
whose tracheas were intubated (tracheal tube size 3.0 mm 
or greater internal diameter) and who were either mechan- 
ically ventilated or breathing spontaneously with contin- 
ous positive airway pressure in the Neonatal Intensive 
Care Unit. 

End-tidal gas was aspirated from both the proximal 
and distal ends of the tracheal tube. Distal measurements 
were obtained through a sterile 19G catheter that was 
inserted through a modified elbow in the anaesthetic 
circuit whereas proximal measurements were obtained at 
the elbow. 5 The aspirated gas was analyzed in a Puritan- 
Bennett capnometer. The PB/D capnometer was calibrated 
with five per cent CO2 in air and corrected for ambient 
pressure and humidity at 37 ~ C. The total delay time 
which is the sum of the transit time and the rise time for the 
PB/D capnometer sampling at 150 ml. min- t with ! m of 
sampling tubing and a 19G tracheal sampling catheter 
was 0.85 sec. This was determined by measuring the 
response to a step-wise change in CO2 concentration as 
described previously. 6 

The HP capnometer was calibrated using the internal 
reference cells, according to the manufacturer's instruc- 
tions and measurements were corrected for the pressure- 

broadening effects of water vapour. The neonatal sensor 
(14363A) (internal volume 2 ml) of the Hewlett-Packard 
(47210A) capnometer was then inserted into the breathing 
circuit. 

A transcutaneous PO2/PCO2 sensor was applied to the 
anterior thorax for 20 minutes before the capnometers 
were inserted into the circuit. Transcutaneous oxygen 
(PtcO2) and carbon dioxide (PtcCO2) tensions were 
measured with a Kontron Microgas 7640 PO2/PCO2 
Combisensor. The Combisensor was calibrated with both 
five and ten per cent CO2 and then corrected to estimate 
PaCO2 at 44 ~ C. 7 

PtcO2 and PtcCO2 were recorded both before and 15 
min after the mainstream and sidestream sampling sensors 
were inserted into the breathing circuit. An arterial blood 
sample was then obtained from an indwelling arterial 
catheter and analyzed in a Coming 178 pH/blood gas 
analyzer. Distal sidestream (PB/D) and mainstream (HP) 
PETCO2 were recorded on a two-channel Gould 2200S 
recorder (frequency response >20 Hz). The sidestream 
sampling catheter was then withdrawn to the elbow of the 
breathing circuit and the proximal sidestream PETCO2 
was analyzed with the PB/D capnometer. The end-  
expiratory plateau on the CO2 waveform was recorded as 
the PETCO2 (mmHg). When an end-expiratory plateau 
was absent, the PETCO2 was taken to be the peak-expired 
P C 0 2 .  

Statistical significance of P < 0.05 was accepted. 
Regressions between PaCO2 and the three measurements 
of PETCO2 were determined using least squares linear 
regression analyses and reported as the coefficients of 
determination (r2). The 95 per cent confidence intervals 
for the true means of the PETCO2 for the best-fit lines were 
determined for the distal sidestream and mainstream 
PETCO2 measurements. The slopes of the three regression 
lines were compared using an unpaired Student's t test. 
The correlation coefficients (r) of the three lines were 
compared using Fisher's Z-transformation and the 
Newman-Keuls multiple range test. 8 The differences 
between arterial and end tidal Pc02 measurements, 
A(a-ET)PCO2 for the three PETCO2 measurement tech- 
niques were compared using one-way ANOVA and the 
Newman-Keuls multiple range test. Differences in the 
incidence of A(a-ET) PCO2 gradients -.<5 mmHg were 
analyzed using the chi-square analysis with the Yates 
correction for continuity. PtcO2 and PtcCO2 before and 
after end-tidal samples were compared using paired 
Student's t tests. 

Results 
The mean weight (-'&-SD) of the 20 infants was 2.41 ___ 
0.64 kg, and the mean post-conceptual age was 36 +- 3 
wk. In seventeen patients the lungs were ventilated for 
respiratory disease (including 13 with respiratory distress 
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FIGURE 1 Distal sampling of PETCO 2 with a sidestream (Puritan- 
Bennett/Datex- PB) capnometer accurately estimated PaC02 (r 2 = 
0.66). The equation of the least square linear regression analysis was 
PaCO2 = 0.67 �9 PETCO2 + 18.0. Dashed curves indicate the 95 
per cent confidence limits for the true mean of PaCO2. 

syndrome). Three patients with severe lung disease had 
persistent fetal circulation and one infant had an A-V 
canal defect. 

The A(a-ET)PCO2 differed significantly among the 
groups: distal sidestream = mainstream < proximal 
sidestream (P < 0.05) (Table). 

The least square regression lines for PaCO2 versus 
PETCO2 for the three capnometer techniques differed 
significantly (Table) (Figures 1 and 2). The correlation 
coefficient for distal sidestream was significantly greater 
than that for proximal sidestream but did not differ from 
that for mainstream. The slopes of the regression lines 
were: distal mainstream > sidestream > proximal side- 
stream (P < 0.05) (Table). The slope of the proximal 
sidestream did not differ significantly from zero. 

In the 12 infants with mild respiratory dysfunction 
defined by an F]O2 < 0.35 and respiratory rate < 
90.min -1, the A(a-ET)PCO2 using the distal PETCO2 

measurements with the sidestream capnometer correlated 
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FIGURE 2 Proximal measurements of PETCO2 with a mainstream 
infrared (Hewlett-Packard - HP) capnometer approximated the 
PaCOz (r 2 = 0.61 ). The equation of the least square linear regression 
analysis was PaCO2 = 0.78 �9 PETCO2 + 16.2. Dashed curves 
indicate the 95 per cent confidence limits for the true mean of PaCO2. 

better with the extent of respiratory disease (as indicated 
by the FIO2) than did the A(a-ET)PCO2 with the main- 
stream capnometer: 13 patients had mild respiratory 
dysfunction (A(a-ET)PCO2 --< 5 mmHg) according to the 
sidestream PB/D capnometer whereas only five had mild 
respiratory dysfunction according to the mainstream HP 
capnometer (P < 0.02). 

The PtcO2 did not change significantly after the 
mainstream HP neonatal adaptor was present in the 
breathing circuit for 15 minutes: mean (+-SD) PtcO2 
before insertion of 66.2 --+ 11.9 mmHg compared with 
69.7 --- 13.3 mmHg after insertion (NS). However, the 
PtcCO2 did increase significantly after inserting the 
adaptor into the breathing circuit, from 38.3 --- 9.8 
mmHg, before insertion to 40.3 - 10.3 mmHg after 
insertion (P < 0.001). Two infants, weighing 0.97 and 
1.95 kg, had clinically significant increases in PtcCOz of 
6 mmHg after insertion of the mainstream HP adaptor into 
the breathing circuit. 

TABLE Regression and A(a-ET)COz data 

Distal sidestream Mainstream Proximal sidestream 

Number of patients 20 20 20 
A(a-E'r)PCO2 6.6 9.25 25.5*t 

-+5.89 -+5.24 -+8.42 
Linear regression: 
- Correlation coefficient (r) 0.81 0.78 0.30* 
- Coefficient of Determination (~) 0.66 0.61 0.09 
- Slope 0.67 0.78* 0.39*t~t 

Data are means + SD. 
*P < 0.05 compared with distal sidestream. 
tP  < 0.05 compared with mainstream. 
:[:P = NS compared with a zero slope. 
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Insertion of the distal sampling catheter for the side- 
stream capnometer did not affect the IaETCO2 values 
measured with the HP capnometer. 

Discussion 
Although non-invasive techniques for assessing ventila- 
tion are rapidly gaining popularity in clinical anaesthetic 
practice, the accuracy of one of these techniques, cap- 
nometry, in neonates and small infants has recently been 
questioned. 1.9-,2 The concerns regarding the accuracy of 
sidestream capnometry are based on reports in which 
proximal PETCO2 measurements obtained with side- 
stream capnometry underestimated the PaCOz. 10-~2 How- 
ever, in a previous study we established the accuracy of 
end-tidal PCO2 measurements in infants < 12 kg who 
were monitored with a sidestream capnometer. 4 We found 
that distal PETCOz approximated the PaCO2 more accur- 
ately than did proximal PETCO2 sidestream measure- 
ments. 4 The results of the present study in critically ill 
neonates support those findings. Indeed in the present 
study, proximal PETCO2 did not correlate significantly 
with PaCO2 (the slope did not differ from the horizontal, 
Table). We conclude that sidestream capnometry can be 
used to obtain accurate estimates of PaCO2 in critically ill 
neonates and older infants who are ventilated with a 
partial rebreathing circuit, providing distal tracheal tube 
sampling is used. 

Several factors may contribute to the large A(a-ET)PCO2 
noted with proximal sidestream capnometry in this study. 
These include the weight of the patient, type of breathing/ 
ventilator circuit, sample flow rate and response time of 
the capnometer. 4-6' 13-16 The A(a-ET)PCO2 with proxim- 
al sidestream measurements is large in infants and 
children <12 kg because the tidal volumes are small 
compared to the fresh gas flows. 4'5 This holds true for 
infants whose lungs are ventilated with the Air Shields 
ventilator and a partial rebreathing circuit but may not 
hold true when the lungs are ventilated with a non- 
rebreathing circuit or other types of ventilators. ~4'17 
Although low sample flow rates may be appropriate for 
use in capnometers with very small sample cell volumes, 
these sample flow rates may not capture the peak expired 
COz during the expiratory period. It has been our 
experience that flow rates of 150 ml.min -I yield con- 
sistently accurate estimates of PaCO2 and acceptable 
capnograms in neonates, infants and children. 4'5't7 In 
view of the many factors that interfere with the accuracy 
of proximal sidestream capnometry, distal monitoring is 
preferable to proximal sidestream monitoring in neonates 
and infants <12 kg in weight. 

We found that approximately two-thirds of the total 
variation in the PaCO2 is accounted for by the fitted linear 
regression with PETCO2 measurements obtained with 

distal sidestream and mainstream capnometry (r 2 = 0.66 
and 0.61 respectively). Although this is consistent with 
data published previously from our institution, 4 it exceeds 
correlations reported from two other centres. 1'~2 The 
lower r 2 values in the latter studies may be attributed to 
several possible causes: (!) in some neonates the tracheas 
were not intubated, (2) some had severe intrapulmonary 
shunting, and (3) the end-tidal gas was aspirated proxi- 
mally, from only ! cm beyond the neck of the tracheal 
tube or from the nares. The data from this study indicate 
that most of the variation in PaCO2 is attributed to the 
linear regression with PETCO2 even in critically ill 
neonates providing distal sidestream or mainstream cap- 
nometry is used. 

It has been suggested that a flat alveolar plateau should 
be present for accurate PETCO2 measurements. In this 
study, neither distal PETCO2 obtained with the sidestream 
capnometer nor PETCOz obtained with the mainstream 
capnometer produced PETCO2 plateaus in every instance. 
This may be attributed, in part, to the rapid respiratory 
rates, small tidal volumes and ventilation/perfusion mis- 
match in infants with respiratory disease. Despite the lack 
of an end-tidal plateau in some instances, both distal 
sidestream and mainstream PETCO2 measurements ap- 
proximated the PaCO2. Thus, PETCO2 can be used to 
estimate the PaCOz even in the absence of a flat alveolar 
plateau. 

We found, as did Epstein et a l . ,  3 that when the 
mainstream sensor was inserted into the breathing circuit, 
the PCO2 increased. While this is not likely to affect 
significantly the PCO2 in patients who are fully ventilat- 
ed, it may increase the PCO2 in infants who are being 
weaned from mechanical ventilation to such an extent that 
fatigue or respiratory failure occurs. We found that when 
the sampling catheter of the sidestream capnometer was 
inserted into the tracheal tube, the PCO2 did not change 
significantly. In this study PETCO2 as measured by 
mainstream capnometry did not change when the sam- 
pling catheter was inserted into the breathing circuit and in 
both this study and a previous study, PtcCO2 did not 
change. 4 

Accurate estimates of PETCO2 may be important in 
order to determine the A(a-ET)PCOz and physiological 
dead space. These values have been used to quantify the 
degree of lung disease in neonates and their response to 
treatment. IS't9 Although mainstream capnometry over- 
estimates the A(a-ET) (and therefore the degree of 
ventilation/perfusion mismatch) in neonates without 
severe lung disease, and may cause significant CO2 
retention in some instances, the slope of the linear 
regression between it and PaCO2 is significantly closer to 
the slope of the line of identity than is the regression 
between distal sidestream and the PaCO2. In view of the 
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advantages and disadvantages of  both of  these capno- 

meters, we conclude that either distal sidestream or 
mainstream capnometry may be used to estimate the 
PaCO2 in critically ill neonates. 
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