
Deep Breathing Improves End-Tidal Carbon Dioxide Monitoring of
an Oxygen Nasal Cannula-Based Capnometry Device in Subjects

Extubated After Abdominal Surgery

Shunsuke Takaki MD PhD, Kenji Mizutani MD, Moeka Fukuchi MD, Tasuku Yoshida MD,
Masahumi Idei MD, Yuko Matsuda MD, Yoshikazu Yamaguchi MD, Tetsuya Miyashita MD PhD,

Takeshi Nomura MD PhD, Osamu Yamaguchi MD PhD, and Takahisa Goto MD PhD

BACKGROUND: Capnometry detects hypoventilation earlier than pulse oximetry while supple-
mental oxygen is being administered. We compared the end-tidal CO2 (PETCO2

) measured using a
newly developed oxygen nasal cannula with a CO2-sampling port and the PaCO2

in extubated
subjects after abdominal surgery. We also investigated whether the difference between PaCO2

and
PETCO2

is affected by resting, by spontaneous breathing with the mouth consciously closed, and by
deep breathing with the mouth closed. METHODS: Adult post-abdominal surgery subjects admit-
ted to the ICU were enrolled. After extubation, oxygen was supplied at 4 L/min using a capnometry-
type oxygen cannula. The breathing frequency, PETCO2

, and PaCO2
were measured after 30 min of

oxygen supplementation. PETCO2
was continuously measured during rest, during breathing with the

mouth consciously closed, and during deep breathing with the mouth closed. The difference between
PETCO2

and PaCO2
during various breathing patterns was analyzed using the Bland-Altman method.

RESULTS: Twenty subjects were included. The bias � SD (limits of agreement) for breathing
frequency measured by capnometry compared with those obtained by direct measurement was
0.4 � 3.6 (�6.7 to 7.4). In PETCO2

compared with PaCO2
, the biases (limits of agreement) were

14.8 � 8.2 (�1.3 to 30.9) at rest, 10.2 � 6.4 (�2.3 to 22.7) with the mouth closed, and 7.7 � 5.6 (�3.2
to 18.6) for deep breathing with the mouth closed. PETCO2

determined using the capnometry device
yielded unreliable and widely ranging values under various breathing patterns. However, deep
breathing with the mouth closed decreased the difference between PETCO2

and PaCO2
, as compared

with other breathing patterns. CONCLUSIONS: PETCO2
measurements under deep breathing with

mouth closed with a capnometry-type oxygen cannula improved the prediction of the absolute value
of PaCO2

in extubated post-abdominal surgical subjects without respiratory dysfunction. Key words:
PaCO2

; breathing frequency; capnometry; end-tidal carbon dioxide; monitoring. [Respir Care
2017;62(1):86–91. © 2017 Daedalus Enterprises]

Introduction

Respiratory depression secondary to the residual effects
of anesthetics, muscle relaxants, and opioids is a well-
recognized hazard in the postoperative period. Therefore,

the practice guidelines published by the American Society
of Anesthesiologists in 2002 recommended monitoring of
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respiratory function during recovery for early detection of
hypoxemia.1 Assessment of the airway patency, breathing
frequency, and SpO2

during the postoperative recovery
should be used. However, CO2 monitoring during sponta-
neous breathing was not clearly mentioned in the most
recent guidelines updated in 2013.2

Hypoxia may be a late sign of hypoventilation while
oxygen is being administered. Therefore, monitoring of
the end-tidal carbon dioxide concentration (PETCO2

) using
capnometry may be more reliable than SpO2

in detecting
hypoventilation.3 Capnography has been shown to be a
more reliable predictor of hypoxemia than pulse oximetry.
In sedated and postoperative patients receiving supple-
mental oxygen, capnography can detect hypoventilation
faster and more reliably than pulse oximetry.4,5 Further-
more, Soto et al6 have reported that monitoring of nasal
capnography is as reliable as plethysmography.

PETCO2
monitoring is achieved using 2 methods (ie, main-

stream and sidestream monitoring). In mainstream moni-
toring, CO2 is detected directly during a ventilation circuit.
On the other hand, sidestream approaches continuously
draw CO2 from the patient’s airway to the monitor. There-
fore, CO2 detection by sidestream monitoring is some-
times unstable, due to occlusion of the sampling tube and
unstable breathing in non-ventilated patients.7 Several stud-
ies have reported that mainstream monitoring was superior
to sidestream monitoring for detection of PETCO2

, in both
ventilated and non-ventilated subjects.8-10 However, oral
guidance could improve the performance of PETCO2

detection
by using a nasal canulla for sidestream capnometry.10 There-
fore, alteration of the breathing pattern from mouth breath-
ing to nose breathing may improve the performance of
PETCO2

detection and the difference between PETCO2
and

PaCO2
.

In a previous study, we found that an oxygen mask-
based capnometry device was useful for measuring CO2

postoperatively.11 In this study, deep breathing reduced
dissociation between PETCO2

and PaCO2
. This newly devel-

oped capnometry-type nasal cannula (Japan Medical Next,
Tokyo, Japan) has a unique sampling line inside the can-
nula for use in spontaneously breathing patients (Fig. 1).
Each lumen of the cannula is divided into 2 parts, one part
supplying oxygen and the other sampling air for the mea-
surement of PETCO2

. However, one potential drawback of
this nasal cannula is that CO2 may not be detectable if the
patients breathe through their mouths. Healthy adults nor-
mally breathe through the nose, but during the postoper-
ative period, congestion of the nasal mucosa and the use of
a nasal drainage tube may impede air flow through the
nose as compared with the mouth. These alterations may
prompt the patient to switch from nasal to mouth breath-
ing, and both pediatric and adult patients commonly mouth-
breathe at rest.12

In the present study, we compared the breathing fre-
quency measured directly with that measured by capnom-
etry using a nasal cannula with a CO2 sampling port (cap-
nometry-type nasal cannula) in subjects extubated after
abdominal surgery. We also compared the PETCO2

and the
pressure of carbon dioxide in the arterial blood (PaCO2

). A
previous study already reported that mainstream and side-
stream measurements with an oral guide device could mea-
sure PETCO2

more accurately than a standard sidestream
measurement.10 Therefore, in this study, we aimed not
only to assess the accuracy of PETCO2

monitoring using
this device, but also to determine whether the breathing
pattern affects PETCO2

monitoring during post-anesthetic
care. We investigated whether PaCO2

and PETCO2
differed

significantly during resting, during spontaneous breathing
with the mouth consciously closed, and during spontane-
ous breathing through the nose with the mouth closed.

Methods

Study Design

The ethics committee of our hospital approved the
study design, and the protocol is registered at the Uni-
versity Hospital Medical Information Network Center
(UMIN000014062). Informed consent was obtained from
all enrolled subjects.

QUICK LOOK

Current knowledge

Monitoring of SpO2
is common practice during postop-

erative recovery. In the clinical situation, capnometry is
an alternative method to pulse oximetry for the early
detection of hypoventilation. Although there is a stan-
dard respiratory assessment, the appropriate means of
monitoring spontaneous breathing remain undeter-
mined.

What this paper contributes to our knowledge

Various respiratory monitoring devices were assessed,
and the present device presented results similar to those
in a previous study. The PETCO2

values and breathing
frequency were too unstable to allow for the prediction
of the absolute values using this capnometry-type nasal
cannula. Hence, although direct measurement is the ac-
cepted standard for respiratory assessment, this contin-
uous respiratory monitoring device may support post-
operative care. Moreover, deep breathing with the mouth
closed improved the prediction of PETCO2

values using
this capnometry-type nasal cannula.
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Study Setting and Population

The present study was conducted at a teaching hospital
in Japan. Adult patients undergoing abdominal surgery
and admitted to the ICU postoperatively were included.
The nasogastric tube was removed before supplementation
of oxygen by our oximetry device. Patients age �18 y,
with an SpO2

of �95% during oxygen supplementation at
4 L/min delivered by a nasal cannula, who did not receive
epidural anesthesia, who were obese (body mass index
�30 kg/m2), and who were undergoing laparoscopy were
excluded, because these conditions are likely to affect post-
operative respiratory function, such as ventilation-perfu-
sion mismatch.13,14 Patients who experienced apnea, dys-
pnea, or arterial desaturation (defined as SpO2

�95%) were
also eliminated from the analysis. In the present study, we
aimed to assess the accuracy of the measurements achieved
by using the device. Therefore, we excluded patients who
were considered at risk of postoperative respiratory dys-
function. Furthermore, the present study was implemented
in the ICU; therefore, patients who were not admitted to
the ICU were also excluded. The study period was 90 min
for each subject.

Study Protocol

The capnometer was calibrated before oxygen adminis-
tration. All subjects were extubated in the operating room,

and oxygen was supplemented at 4 L/min during transfer
to the ICU via a nasal cannula. The cannula was then
replaced with a capnometry-type nasal cannula at the same
oxygen flow. PETCO2

was measured with a sidestream with
the mouth closed and a capnometer via spectrophotometry.

Measurements

Arterial blood samples and PETCO2
measurements were

obtained 3 times, once every 30 min. The breathing fre-
quency was only measured with the mouth closed. PETCO2

was measured arbitrarily during rest (PETCO2
at rest), dur-

ing breathing with the mouth consciously closed (PETCO2

with mouth closed), and during deep breathing with mouth
closed (PETCO2

with deep breathing). PETCO2
was measured

after a constant and normal-shaped capnography capno-
gram was confirmed at every 30 min of oxygen adminis-
tration. PETCO2

was measured with a sidestream monitor
(Microstream, AG-400R, Nihon-Kohden, Tokyo, Japan).
If the PETCO2

was not detectable even with the nasal can-
nula appropriately fitted, the data point was recorded as
such. All data measurements were collected by a critical
care physician with training in respiratory monitoring and
capnography.

Data Analysis

Quantitative variables are expressed as the median and
interquartile range. The correlation between the breathing
frequency by direct measurement and the breathing fre-
quency measured with the capnometer while breathing with
the mouth consciously closed was analyzed using the Pear-
son product-moment correlation coefficient for assessing
validity and reliability.

Each variable was measured several times in each sub-
ject, and the mean bias, precision, and limits of agreement
were estimated by the component of variance technique.15

The bias, precision, and limits of agreement between the
PaCO2

and PETCO2
at rest, PETCO2

with mouth closed, and
PETCO2

with deep breathing were calculated using the Bland-
Altman method. The differences between PETCO2

and PaCO2

under various breathing conditions were analyzed with
one-way analysis of variance. All tests were 2-tailed, and
P � .05 was considered statistically significant. The sta-
tistical analyses were performed using Prism 6 for Mac
OS X version 6.9b (GraphPad Software, San Diego,
California).

The sample size was calculated based on a power anal-
ysis performed using G*power software. The G*power
analysis indicated that 17 subjects were required for a
2-sided test with a significance of .05, power of 0.8, and
estimated coefficient of determination (r2) of 0.36. There-
fore, 23 subjects were enrolled in the present study.

Fig. 1. Capnometry-type nasal cannula used in the study (A). The
device has a unique sampling line inside the cannula for use in
spontaneously breathing subjects. Each lumen is divided into 2
parts, one part supplying oxygen and the other measuring the
end-tidal carbon dioxide concentration (B).
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Results

Twenty-three subjects were enrolled, of whom 3 sub-
jects were excluded due to insufficient data collection. The
remaining 20 subjects (13 men, 7 women), with a median
age of 66 y (interquartile range, 61–72 y) and body mass
index of 20–24 kg/m2, were included in the analysis (Ta-
ble 1). All subjects tolerated the capnometry-type nasal
cannula, and the SpO2

remained �95% during oxygen sup-
plementation. The capnogram and PETCO2

at rest were not
detectable in 3 subjects (3 of 20, 15%). A normal-shaped
capnogram was displayed during closed mouth breathing
in all subjects.

The breathing frequencies during breathing with the
mouth consciously closed measured by capnometry and
directly measurement were significantly correlated
(P � .001; r � 0.66 [0.48–0.78]; r2 � 0.43). The Bland-
Altman analysis showed that the bias � SD (limits of
agreement) between the breathing frequency with the 2
different measurement approaches was 0.4 � 3.6 (�6.7 to
7.4) (Fig. 2).

The Bland-Altman analyses revealed that the biases � SD
(limits of agreement) between PaCO2

and either PETCO2
at

rest, PETCO2
with mouth closed, and PETCO2

with deep
breathing were 14.8 � 8.2 (�1.3 to 30.9), 10.2 � 6.4
(�2.3 to 22.7), and 7.7 � 5.6 (�3.2 to 18.6), respectively
(Fig. 3). The difference between PaCO2

and PETCO2
was

significantly smaller during deep breathing with the mouth
closed than at rest, with or without the mouth closed
(P � .001, one-way analysis of variance).

Discussion

In the present study, we evaluated an oxygen nasal can-
nula-based capnometry device in terms of PETCO2

and
breathing frequency monitoring in extubated subjects after
abdominal surgery. Moreover, PETCO2

was measured un-

der various breathing patterns. The capnography capno-
gram was not detectable in 3 of 20 subjects when they
were breathing in the resting condition, whereas we could
observe the capnogram in all subjects when we asked them
to breathe with their mouths closed.

In the present study subjects, appropriate pain control
could support deep breathing with a consciously closed
mouth. As expected, rapid shallow breathing due to pain
and respiratory dysfunction was not detected in any of the
subjects. This suggests that some postoperative subjects
are breathing mainly through the mouth and have respira-
tory difficulties due to insufficient pain control which poses
an obvious and significant problem when we use this de-
vice clinically.

This is also in contrast to the capnometry-type face
mask that we investigated previously,11 because the PETCO2

could be monitored in all subjects, regardless of whether
the mouth was open or closed. Moreover, we also found
that the breathing frequencies measured directly and by
the nasal cannula correlated well (r � 0.66) when the
subjects were breathing with their mouths closed. More-
over, the Bland-Altman method showed that the difference
(ie, bias) � SD (limits of agreement) of the breathing
frequency between 2 different measurement was 0.4 � 3.6
(�6.7 to 7.4). The reason for the discrepancy in breathing
frequency as measured by capnometry and measured di-
rectly may be that expiratory flow was intermittently dis-
continued, resulting in a double count upon capnography.
Furthermore, the breathing frequency measured by cap-
nometry is not counted for 1 min, but rather calculated by
the length of expiration, breath by breath. This method of
calculation may hence be affected by differences in the
breathing frequency between capnography and direct mea-
surement. In the present study, the breathing frequency
was measured once for each measurement at arbitrary time
points. Usage of the mean breathing frequency by repeated
measurements for 1 min might improve the correlation of

Table 1. Clinical and Perioperative Subject Characteristics

Characteristics Values

Male sex, n (%) 13 (65)
Age, median (IQR) y 66 (61–72)
Weight, median (IQR) kg 61.5 (52.0–68.7)
BMI, median (IQR) kg/m2 22.9 (20–24)
Smoker, n (%) 7 (35)
Total fentanyl dosage, median (IQR) �g 650 (462.5–1000)
Anesthesia duration, median (IQR) h 11.9 (10.7–12.6)
Fluid administration intraoperatively,

median (IQR) mL
4204 (3121–4537)

N � 20.
IQR � interquartile range
BMI � body mass index

Fig. 2. Bland-Altman plot of breathing frequency between direct
and capnometer measurements using the nasal cannula. The bias �
SD (limits of agreement) between the breathing frequency with the
2 different measurement approaches was 0.4 � 3.6 (�6.7 to 7.4).
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breathing frequency between the 2 methods. Although the
value of breathing frequency with the capnogram is unreli-
able, the oxygen nasal cannula-based capnometry device may
help detect hypoventilation under continuous measurement.

In addition, we also compared the PETCO2
and PaCO2

under various breathing conditions and found that the dif-
ferences (biases) were 14.8, 10.2, and 7.7 mm Hg during
resting breathing, mouth closed breathing, and deep breath-
ing, respectively. These values appear somewhat greater
than the reported differences between PETCO2

and PaCO2
in

intubated subjects, which average 5 mm Hg but can be as
high as 15 mm Hg.16,17 However, they compare favorably
with those measured with the previously investigated ox-
ygen mask-based capnometry,11 for which we reported
that the differences were 12.6 and 9.1 mm Hg during
resting breathing (regardless of the mouth condition) and
deep breathing, respectively.

Interestingly, the difference between the PaCO2
and

PETCO2
gradually decreased from resting breathing to mouth

closed breathing to deep breathing. The difference de-
pends mainly on 3 factors: the dead space (defined as the
tidal volume component that does not participate in gas
exchange), ventilation/perfusion matching, and the amount
of exhaled breath available for sampling. The reason for
the greater difference during resting breathing than during
the mouth closed condition may be explained by the amount
of exhaled breath available for sampling. It is possible that
variable fractions of the tidal volume were exhaled through
the mouth during the resting condition, leaving an insuf-
ficient amount for sampling through the nasal cannula CO2-
monitoring port. In this case, the sampled gas may be
contaminated by the supplied oxygen and ambient air, and
the PETCO2

would be lower. The reasons for the smaller
difference between the PETCO2

and PaCO2
during deep breath-

ing when compared with mouth closed breathing may in-
clude all 3 of these factors. Even when the mouth is closed
and the entire tidal volume is exhaled through the nose,
some breaths might be too small to prevent contamination
by the ambient air during resting breathing. However, this
was less likely during deep breathing, because deep breath-
ing increase the inspiratory and expiratory flow rate, which
decrease contamination by the ambient air. More impor-
tantly, the difference between PETCO2

and PaCO2
is heavily

dependent on the ratio of the dead space to the tidal vol-
ume. Obviously, the tidal volume during deep breathing is
greater than that during resting breathing, whereas the dead
space remains relatively unchanged. Therefore, it is not
surprising that the difference between the PETCO2

and PaCO2

was the smallest during deep breathing.
Our results suggest that it may be difficult to predict the

PaCO2
from the PETCO2

due to the wide limits of agreement
between the PaCO2

and PETCO2
, irrespective of the breath-

ing pattern (32 mm Hg [resting] vs 23 mm Hg [with mouth
closed] vs 22 mm Hg [deep breathing]). This is despite the
fact that we studied a relatively homogeneous population
of subjects (ie, open abdominal surgery, presence of epi-
dural anesthesia, exclusion of obesity). The lung mechan-
ics change following abdominal and thoracic surgery.18

After upper abdominal surgery, the vital capacity is typi-
cally reduced to �40% of its baseline value and remains
depressed for at least 10–14 d. The functional residual
capacity is also decreased to �70% for several days, be-
fore gradually improving to a normal level by 1 week
postoperatively.18 These changes in respiratory function

Fig. 3. Bland-Altman analysis of the end-tidal carbon dioxide con-
centration (PETCO2

) during resting (A), with mouth closed (B), and
during deep breathing (C) while administering oxygen supplemen-
tation at 4 L/min. The biases � SD (limits of agreement) were
14.8 � 8.2 (�1.3 to 30.9) for PETCO2

during resting, 10.2 � 6.4
(�2.3 to 22.7) for PETCO2

with mouth closed, and 7.7 � 5.6 (�3.2
to 18.6) for PETCO2

during deep breathing.
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affect the dead space and are the likely cause of the wide
range of differences between PETCO2

and PaCO2
. Another

potential reason for the wide range of differences between
PETCO2

and PaCO2
is the effect of contamination of the

oxygen flow and dilution of the CO2 value. Paul and col-
leagues et al19 reported a significant inverse linear rela-
tionship between PETCO2

and the oxygen flow. Even at a
low oxygen flow, supplied at 4 L/min, contamination be-
tween the expired respiratory gases and oxygen flow might
affect the PETCO2

value. Further research will be required
in other critical care populations, with various pain, sed-
ative, and supplied oxygen levels, to compare our results
with those obtained using other capnometry devices.

Finally, in the present study, it should be noted that we
mainly discussed the accuracy of the PETCO2

value, be-
cause the use of absolute values of breathing frequency
and PETCO2

may be difficult for detecting hypoventilation
in the post-anesthesia care unit because of poor accuracy.
Moreover, these evaluations of breathing frequency and
PETCO2

with various breathing patterns require bedside staff
for measurements. Therefore, this device may not be use-
ful for routine respiratory monitoring in the postoperative
care unit. However, breathing patterns, such as deep breath-
ing with the mouth closed, improved detection of the ab-
solute value of PETCO2

.
This study has several limitations. First, the sample size

was small, with only 20 subjects, and none of the enrolled
subjects had a respiratory comorbidity or anthropometric
condition, such as obesity. Second, the subject population
was limited to those undergoing abdominal surgery, and
the monitoring device was a nasal cannula with sidestream;
therefore, the results may not be applicable to other sur-
gical populations and other monitoring devices, such as
the nasal/oral sampling technique. Third, the data collec-
tion was not blinded. Potentially, the physician in charge
may have predicted that the PETCO2

would increase fol-
lowing deep breathing, which may have biased the results.

Conclusions

Closing the mouth and deep breathing may help de-
crease the difference between PETCO2

and PaCO2
, thereby

enabling more accurate prediction of the absolute PaCO2

value. Although the capnometry-type oxygen cannula de-
vice may not be useful for continuous respiratory moni-
toring due to unstable measurement, PETCO2

measurements
under deep breathing with the mouth closed with a cap-
nometry-type oxygen cannula improve the prediction of
the absolute value of PaCO2

in extubated post-abdominal
surgical subjects without respiratory dysfunction.
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