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ABSTRACT, End-tidal carbon dioxide (ETCO2) values obtained 
from awake nonintubated patients may prove to be useful in 
estimating a patient's ventilatory status. This study examined 
the relationship between arterial carbon dioxide tension 
(PaCO2) and ETCO2 during the preoperative period in 20 
premedicated patients undergoing various surgical proce- 
dures. ETCO2 was sampled from a 16-gauge intravenous 
catheter pierced through one of the two nasal oxygen prongs 
and measured at various oxygen flow rates (2, 4, and 6 L/min) 
by an on-line ETCO2 monitor with analog display. Both peak 
and time-averaged values for ETCO2 were recorded. The re- 
sults showed that the peak ETCO2 values (mean = 38.8 mm 
Hg) correlated more closely with the PaCO2 values (mean = 
38.8 mm Hg; correlation coefficient r = 0.76) than did the 
average ETCO2 values irrespective of the oxygen flow rates. 
The time-averaged PaCO2-ETCO2 difference was signifi- 
cantly greater than the PaCO2-peak ETCO2 difference (P < 
0.001). Values for subgroups within the patient population 
were also analyzed, and it was shown that patients with min- 
ute respiratory rates greater than 20 but less than 30 and pa- 
tients age 65 years or older did not differ from the overall 
studied patient population with regard to PaCO2-ETCO2 dif- 
ference. A small subset of patients with respiratory rates of 30/ 
min or greater (n = 30) did show a significant increase in the 
PaCO2-ETCO2 difference (P < 0.001). It was concluded that 
under the conditions of this study, peak ETCO2 values did 
correlate with PaCO2 values and were not significantly af- 
fected by oxygen flow rate. However, obtaining peak ETCO2 
values is clinically more difficult, especially when partial air- 
way obstruction is present. 
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The use o f  end-tidal carbon dioxide (ETCO2) moni- 
toring has improved the care o f  anesthetized patients 
and may provide valuable information relating to venti- 
lation in the operative and critical care settings. Numer -  
ous reports have correlated ETCO2 from intubated pa- 
tients undergoing general anesthesia with the PaCO2 
measured by analysis o f  an arterial blood sample [1-3]. 
The application o f  expiratory CO2 monitoring to 
sedated patients has recently been advanced [4-8], al- 
though the value o f  this monitoring has yet to be estab- 
fished. A recently described method for measuring 
ETCO2 involves the use o f  nasal prongs through which 
a teflon intravenous catheter attached to a capnometer 
sampling line is inserted [9]. However,  the method's  
accuracy has been questioned because the expired gas 
may be substantially diluted by oxygen flow through 
the nasal prongs [10]. The study presented here com- 
pares ETCO2 values for spontaneously breathing, pre- 
medicated patients obtained from a nasal sampling port 
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with the actual measured PaCO2 values obtained from 
arterial samples. An analysis of  some variables that may 
affect interpretation of  capnography using this method 
is also presented. 

METHODS AND MATERIALS 

After approval by the institutional review board, human 
subjects research committee, 20 patients with ASA 
physical status II through IV were selected for study. 
Written informed consent was obtained from each pa- 
tient. Patients scheduled for a surgical procedure in 
which direct arterial blood pressure monitoring was ap- 
propriate were eligible for the study. Operations in- 
cluded cardiac (n = 7), neurosurgical (n = 9), vascular 
(n = 2), and orthopedic (n = 2) procedures. Pulmonary 
status was not a discriminating factor for the study, but 
no patients had a history of  significant pulmonary dys- 
function. 

The ETCO2 monitoring system was constructed 
from an INSYTE 16-gauge, 5-cm intravenous catheter 
(Deseret Medical, Inc; Sandy, UT) that was pierced 
through one of the two nasal cannula ports (Marquest 
Medical Products, Inc; Englewood, CO) so that 1.0 to 
1.5 cm of catheter extended beyond the tip of the nasal 
prongs. The proximal part of the catheter was con- 
nected to a 120-in Datex sampling tube (Dryden, Corp; 
Indianapolis, IN) and then to a Puritan-Bennett Datex 
254 gas analyzer monitor with model 250 video display 
(Datex Instrumentation Corp; Helsinki, Finland). Arte- 
rial blood gas samples were analyzed with a Radiometer 
ABL 330 (Radiometer America, Inc; Westlake, OH). A 
two-point calibration of the Datex gas monitor was per- 
formed before the study for each patient using a moni- 
tor calibration gas mixture (Puritan-Bennett, Wilming- 
ton, MA). 

The choice of preanesthetic medication on the day of 
surgery was at the discretion of  the attending anesthe- 
siologist. Following the placement of the indwelling 
radial artery catheter, supplemental oxygen was admin- 
istered using the modified nasal prongs described pre- 
viously. Each patient received oxygen at three different 
flow rates (2, 4, or 6 L/rain) selected randomly and 
changed at 5-minute intervals. In the last minute of each 
5-minute interval, all expiratory CO~ waveforms hav- 
ing the component parts of a normal capnogram-- 
ascent, plateau, descent, and baseline--were observed, 
averaged, and recorded. In the last 30 seconds of each 5- 
minute interval, a value for the best waveform was re- 
corded. The best waveform was distinguished by a 
steep ascending slope and a shallow ascending plateau 
with a sharp descent to baseline. The angle formed at 
the junction of  the ascent and plateau lines as well as the 
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Fig 1. Actual capnogram umveforms for an individual patient us- 
ing a nasal sampling catheter: peak plateau (A), averar plateau 
(B), acceptable plateaus obtained during rapid breathitL~ (C, D, 
E), and unacceptable waveforms (F, G, H). 

angle formed at the junction of the plateau and descent 
lines most closely approximated 90 degrees. The ampli- 
tude of the transition between ascent and plateau phases 
was usually higher in the peak waveform compared 
with average waveforms. The peak plateau capnogram 
was not always the highest digital reading, although the 
mean value of the average waveforms was always lower 
than the value for the peak waveform. In Figure 1, the 
difference between a peak waveform and an average 
waveform is demonstrated. Although the capnogram 
average waveform clearly indicates abnormal ventila- 
tory dynamics (nonturbulent partial airway obstruc- 
tion), it still possesses all of the component parts of a 
normal waveform and therefore would be included for 
averaging. 

When the peak ETCO2 capnogram was judged to be 
less than optimal, a notation was made as to any associ- 
ated physiologic abnormalities at the time of sampling. 
Arterial blood gases were obtained at the end of each of 
the three 5-minute intervals and analyzed immediately 
with no correction for body temperature variation from 
37~ Temperature correction of blood gases was not 
performed for several reasons. Variations in patient 
temperature would equally affect comparisons made at 
the various flow rates as well as the peak-to-average 
PaCOz-ETCO2 differences and so would not signifi- 
cantly affect the results. Further, it might be inappropri- 
ate to temperature-correct blood gases without temper- 
ature-correcting ETCO2, since the infrared analysis 
utilized for this study would be similarly affected by a 
patient (alveolar) temperature at variance with 37~ 
Comparisons of PaCOz-ETCOz differences at various 
flow rates were statistically analyzed using analysis of 
variance (ANOVA) with a significance level less than 
0.05. Bias and precision were calculated as described by 
Bland and Altman [11]. 

RESULTS 

Figure 2 plots PaCOz against peak ETCO2 values. The 
correlation coefficient was 0.76 (P < 0.001). The overall 
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Fig 2. Individual data points for arterial carbot, dioxide tension 
(PaC02) versus peak end-tidal carbot, dioxide (ETCO2) values 
at combined nasal oxygen flow rates. 
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Fig 4. Individual data points for arterial carbon dioxide tension 
(PaC02) versus peak end-tidal carbon dioxide (ETCO2) val,~es 
differentiating the three different nasal oxygen flow rates. 
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Fig 3. Individual data points for arterial carbon dioxide tension 
(PaC02) versus average end-tidal carbon dioxide (ETCO2) 
val,r at combined nasal oxygen flow rates. 
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Fig 5. Histogram of the fi'equency distribution of arterial carbon 
dioxide tension (PaCO2)-peak end-tidal carbon dioxide (ETCO2) 
differences at combined nasal oxygen flow rates. 

Table 1. Comparison of PaC02, ETC02,  PaCOT-ETCO2 Bias and Precision 
and Pa02 Values (Meat, + SD) at Different Nasal Oxygen Flow Rates 

Flow Rates 

Variable 2 L/min 4 L/min 6 L/min  

PaCOz 
Peak ETCO2 
PaCO2-peak ETCO2 (bias -- precision) 
PaCO2-average ETCO2 (bias +- precision) 
PaO2 

38.2 -+ 3.5 
39.0 -+ 5.4 

- 0 . 8  -- 3.2 
0.6 -+ 3.2" 
115 -+ 30 b 

39.2 + 5.0 
39.4 + 5.4 

--0.1 + 3.8 
1.9 + 4.0 ~ 
148 + 43 b 

39.0 + 4.6 
38.1 + 5.0 

0.8 + 3.4 
3.3 + 4.1 ~ 
182 + 58 b 

~Significantly different (P < 0.007) by analysis of variance. 
bSignificantly different (P < 0.001) by analysis of variance. 
PaCO2 = arterial carbon dioxide tension, ETCO2 = end-tidal carbon dioxide. 

mean  va lue  (-+ SD) o f  P a C O 2  was 38.8 m m  H g  -+ 4.5 
and was no t  s igni f icant ly  di f ferent  f r o m  the peak 
E T C O 2  o f  38.8 + 5.4. F igure  3 plots  P a C O 2  against  
average  E T C O 2  values.  F igure  4 i l lustrates  the P a C O 2  
and peak  E T C O 2  data p lo t t ed  w i th  respect  to d i f fer ing  
nasal cannula o x y g e n  f low rates. T h e r e  was  no  s ignif i -  

cant  d i f ference b e t w e e n  the g roups  when  c o m p a r e d  b y  
A N O V A .  F igure  5 is a h i s t o g r a m  o f  the P a C O 2 -  
E T C O 2  differences.  Tab le  1 lists the means  o f  the 
g r o u p e d  data,  w i t h  c o m p a r i s o n s  o f  the P a C O 2  and peak  
E T C O 2  values,  as wel l  as P a C O 2 - E T C O 2  differences 
for  b o t h  peak  and average  pla teau read ings  at va r ious  
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Table 2. Comparison of Bias and Precision and Bias Using Peak 
ETCO2 in Subsets of the Patient Population (Mea, +- SD) 

Patient Subset 
Bias and Precision vs. 

Bias Using Peak ETCO2 

Age --> 65 yr 1.8 + 4.4 NS 
RR -> 20/min 0.1 --- 3.2 NS 
RR -> 30/min 5.3 -+ 1.9 P < 0.001 '~ 
Average ETCO2 2.0 -+ 1.5 P < 0.001 b 

"Student's t test (two-sided, unpaired). 
bStudent's t test (paired). 
ETCO2 = end-tidal carbon dioxide; NS = not significant; RR = 
respiratory rate. 

flow rates. There was no significant difference between 
the groups as analyzed by A N O V A .  PaO2 values in 
Table 1 did show a significant increase with corre- 
spondingly higher oxygen flow rates (P < 0.001 using 
ANOVA).  Table 2 lists the bias and precision of  
P a C O 2 - E T C O 2  in the various subgroups and compares 
these values with the bias and precision of  PaCO2-peak 
ETCO2. Compared with the total population there was 
a significant difference in patients with respiratory rates 
o f  30/min or greater (P < 0.001), as well as a significant 
difference between the average and peak PaCO2-  
ETCO2 differences (P < 0.001). 

DISCUSSION 

Our  results indicate that there is a correlation between 
ETCO2 and PaCO2 under the conditions o f  this study. 
The most notable factor that influenced the accuracy of  
correlation was the ability o f  the observer to differ- 
entiate the peak plateau or best expiratory CO2 
waveform from the average o f  plateau waveforms. The 
rationale for making this differentiation of  waveforms is 
based on a potential difference in observer technique. 
Periodic monitoring would more likely result in the 
selection o f  a capnogram plateau closer to the average 
value as determined in this study, whereas continuous 
monitoring would be required to reliably select the op-  
t imum capnogram. Since periodic monitoring more 
closely approximates the clinical practice, this may be a 
limiting factor in the application o f  this monitoring 
technique when a close relationship between ETCO2 
and PaCO2 is important.  An on-line graphic display o f  
expired CO2 waveforms appears to be essential for 
proper visual interpretation o f  this continuous informa- 
tion, and a peak/hold  processor with numeric display 
would decrease the need for excessive attention. 

Analysis o f  bias and precision using peak ETCO2 
values demonstrated that partial airway obstruction was 
associated with the greatest P a C O 2 - E T C O 2  differ- 

ences. The largest negative gradients were associated 
with sudden increases in PaCO2 produced by sedation, 
although there was a 5-minute lag between the increase 
in PaCO2 and the development o f  the negative gradient. 
The existence o f  negative arterial-ETCO2 CO2 gradients 
is still somewhat  controversial. They  are, however, 
most frequently described in acute hypercapnia, exer- 
cise, or the start o f  rebreathing [12,13]. Overestimation 
o f  ETCO2 using an infrared monitoring device may 
result from both random and nonrandom directional 
errors produced by the interference of  water vapor [14]. 
It is likely that some o f  the negative bias as well as the 
relatively poor  precision encountered in this study re- 
sulted from the effects o f  water vapor. 

The data also show that the PaCO2-peak ETCO2 
difference was not significantly affected by nasal cannula 
oxygen flow rate (P > 0.05). The range o f  oxygen flow 
rates used in this study was chosen to represent flow 
rates likely to be used in clinical practice. The reasons 
for this finding are not immediately obvious. One hy-  
pothesis is that since the catheter itself occupied a con- 
siderable portion o f  the cross-sectional area o f  a single 
nasal prong, it could have created enough resistance to 
oxygen flow to reduce the expected mixing effects in the 
catheterized nasal passage. Additionally, since the ma- 
jori ty o f  the supplemental oxygen might have flowed to 
the uncatheterized nasal prong, the oxygen itself could 
have displaced exhaled gases to the side with the nasal 
sampling port, thereby yielding a value for ETCO2 that 
more closely approximated PaCO2 than might other- 
wise be expected. 

It should also be noted that there was a significant 
oxygen flow rate effect on the PaCO2-average ETCO2 
difference (P < 0.007). This suggests that as turbulence 
and obstruction increase, contamination o f  the sample 
with fresh gas flow also increases. 

A third factor that could have influenced the correla- 
tion o f  ETCO 2  with PaCO2 is related to variables affect- 
ing dead space ventilation. The differences seen in this 
study between average and peak ETCO2 values reflect 
the variation in physiologic dead space relative to the 
exhaled tidal volume. This is well illustrated in the high- 
frequency jet  ventilation study o f  Algora-Weber and co- 
workers [15]. In this study a very poor  correlation was 
found between PaCO2 and ETCO 2  during the course of  
high-frequency je t  ventilation in mongrel  dogs until an 
occasional large tidal volume (sigh) was introduced. 
This maneuver produced a value that more closely re- 
flected PaCO2 (r = 0.94, P < 0.001). Several variables 
known to cause either an increase in physiologic dead 
space, such as age o f  65 years or older, or a decrease in 
exhaled volume, for example by increasing the respira- 
tory rate, were examined. It was determined that only 
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in the patient subgroup with a respiratory rate o f  at least 
30/min (n = 3) was there a significant increase in the 
P a C O 2 - E T C O 2  ratio (P < 0.001) compared with the 
overall study population. This suggests relatively accu- 
rate sampling o f  alveolar gas within these physiologic 
variables. Other  factors that may influence physiologic 
dead space volume, but not evaluated in this study, in- 
clude body position, breathing pattern, pulmonary dis- 
ease, pregnancy, and low cardiac output states. In this 
study all measurements were taken with patients in the 
supine position, and there were no pregnant patients or 
patients with low cardiac output states. However ,  no 
mechanism was used to prevent respiratory variability, 
and no attempt was made to exclude patients who may 
have had mild pulmonary changes. This may have con- 
tributed to some o f  the variability in expiratory CO2 
values [16,17]. 

The results o f  the present study show a closer correla- 
tion between PaCO2 and ETCO2 than previous studies 
have shown [10,18]. This discrepancy may have re- 
sulted from a combination of  procedural differences as- 
sociated with several possible mechanical difficulties. 
Assuming the detection o f  optimal expired CO2 wave- 
forms in all studies, there are still some important pro- 
cedural differences to consider. The first difference con- 
cerns positioning of  the sampling catheter. Louwsma 
and Silverman placed the sampling catheter 0.5 cm be- 
yond the tip o f  the nasal cannula and recorded a mean 
E T C O 2 - P a C O 2  ratio o f  0.76 in 13 pre-cardiac surgery 
patients [10]. Through  previous work with this setup, 
we determined empirically that optimal waveforms 
were recorded when the tip o f  the sampling catheter was 
1.0 to 1.5 cm distal to the tip o f  the nasal prong. The 
exact position o f  the sampling catheter may be impor-  
tant in minimizing the amount  o f  mixing with fresh gas 
flow. Other  studies have emphasized the importance of  
the sampling site in obtaining representative samples of  
end-tidal gas [2]. Another important  difference is that 
the measuring devices used in the various studies were 
not the same. Specifically, the conversion factors used 
to convert measured CO2 to the digital display may be 
different in different types o f  capnometers, resulting in 
one type o f  capnometer 's  having a closer correlation 
between ETC O2  and PaCO2 based on sample process- 
ing. Hence, one should be cautious in comparing results 
from different measuring devices [19]. 

Several other mechanical problems can occur, such as 
minuscule leaks in the sampling circuit [20,21] or exces- 
sive sedation o f  the patient with associated partial air- 
way obstruction. Irregular breathing patterns from ex- 
cessive preanesthestic medication can promote  less than 
adequate capnograms that can skew one's judgment  of  
the appropriate value for ETCO2.  Lastly, individuals 

breathing primarily through the mouth may have an 
altered nasal COz content. Most patients in our study 
appeared to be breathing through their nasal passages, 
but how the patient breathed could not be controlled, 
and mouth breathing may be a source o f  error. 

In conclusion, it has been shown that ETCO2 values 
can closely approximate arterial PaCO2 measurements 
when close observation and selection of  optimal wave- 
forms is possible. It is generally assumed that in the 
clinical setting the best sample of  ETCO2 is obtained 
directly f rom the distal end of  an endotracheal tube, but 
under circumstances that involve an awake, spontane- 
ously ventilating patient, a reasonably accurate assess- 
ment o f  the patient's arterial PaCO2, under optimal con- 
ditions, can be made. 
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