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ABSTRACT

Continuous respiratory monitoring is crucial for patients receiving total intravenous
anesthesia (TIVA), as respiratory depression such as hypoventilation and apnea can be dif-
ficult to detect. Capnometry via nasal cannula offers a cost-effective method for continuous
end-tidal carbon dioxide (ETCO3) monitoring. This study evaluated the correlation between
respiratory rates measured by the Thammasat Capnoline device and clinical assessment dur-
ing TIVA with supplemental oxygen. A prospective observational study was conducted on
63 patients (aged 18—65 years, ASA I-III) undergoing procedures under TIVA. Respiratory
rates were simultaneously measured using thoracoabdominal observation and capnometry at
various oxygen flow rates. The participants (38.10% male) had a mean age of 40.62 years and
mean BMI of 23.46 kg/m?, with ASA 1 (55.56%), 11 (42.86%), and I1I (1.59%). Mean respi-
ratory rates (breaths/min) showed no significant difference between methods across oxygen
flow rates: 2 L/min (17.12 vs 17.39, p = 0.119), 3 L/min (17.35 vs 17.49, p = 0.455), 4
L/min (17.32 vs 17.31, p = 0.929), and 5 L/min (17.69 vs 17.69, p = 0.998). Oxygen flow
variation did not affect accuracy (p = 0.901). Thus, Thammasat Capnoline provides reliable
respiratory monitoring comparable to clinical assessment during TIVA.
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nula; Respiratory rate

*Corresponding author: anesying@gmail.com doi: 10.14456/scitechasia.2025.92



S. Worathongchai et al. | Science & Technology Asia | Vol.30 No.4 October - December 2025

1. Introduction

Hypoventilation, apnea, and airway
obstruction are common complications dur-
ing procedural sedation under total intra-
venous anesthesia (TIVA) and often require
oxygen supplementation [1]. While pulse
oximetry provides reliable monitoring of
oxygenation, it may exhibit delayed detec-
tion of respiratory depression, particularly
in patients receiving supplemental oxygen
[2].

Electrical impedance respiratory rate
monitoring is a well-established technique,
but it can have technical limitations, which
may vary depending on the surgical site.
Furthermore, thoracic wall movement can
persist in the presence of airway obstruc-
tion, which creates a false-negative in-
terpretation by an impedance monitor as
“breathing” [2].  Respiratory rate can
be monitored continuously by thoracic
impedance pneumography which measures
changes in electrical impedance associated
with chest movement during respiration.
However, many factors, including inaccu-
rate ECG electrode placement, motion arti-
fact, and physiological events unrelated to
respiration that cause chest wall movement
(such as coughing and crying), may gener-
ate false alarms due to inaccurate readings.
Insensitivity to airway obstruction or apnea,
which presents with chest wall movement
without any actual gas exchange, is another
significant limitation of impedance pneu-
mography [3]. Apnea alarms occurred with
the false fraction being 28% from thoracic
impedance; furthermore, the impedance
sensor failed to detect apnea on at least six
occasions during a mean observation period
of 101 minutes per patient [13].

Continuous end-tidal carbon diox-
ide (ETCO3) monitoring via capnometry
facilitates early detection of cardiorespi-
ratory perturbations during anesthesia [3].
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ETCO2 monitoring during moderate and
deep sedation by intravenous anesthesia
is one noninvasive respiratory monitoring
method. Nasal cannula-based sampling is
the most convenient and may also be the
most cost-effective approach for ETCOq
monitoring [4]. However, in spontaneously
breathing, non-intubated patients, sampling
ETCO; through a nasal cannula is poten-
tially problematic due to the mixing of ex-
pired gas with ambient air. This can lead to
inaccurate measurements, resulting in erro-
neous low values when compared to mea-
surements obtained from a closed system
with minimal dead space (e.g., mask or en-
dotracheal tube) [5].

The anesthesia department at Tham-
masat University Hospital uses carbon
dioxide side stream sampling lines that are
device-specific and equipped with screw-
head connectors. These devices are not
adaptable to the facial contours, may slip
easily, and require fixation with adhesive
tape on the patient’s face. Moreover, a
standard carbon dioxide sampling set with
an oxygen cannula is costly, must be im-
ported, and is compatible only with a spe-
cific capnometry device. Therefore, we de-
veloped the Thammasat Capnoline (Mod-
ified Oxygen Nasal Cannula-Based Cap-
nometry Device). This modified device in-
tegrates oxygen delivery and ETCO2 sam-
pling for spontaneously breathing patients
undergoing TIVA to provide ETCO5 mon-
itoring and respiratory rate measurement
during procedural sedation or operation,
and may offer accuracy comparable to stan-
dard clinical measurements.

This study aimed to compare respira-
tory rate assessment by capnometry using
Thammasat Capnoline with clinical mea-
surement (used as the reference method)
in spontaneously breathing patients during
procedural sedation or operation under to-



S. Worathongchai et al. | Science & Technology Asia | Vol.30 No.4 October - December 2025

tal intravenous anesthesia. The secondary
goal was to determine whether variations in
oxygen flow rate affected the accuracy of
capnometry in assessing respiratory rate.

2. Materials and Methods

This prospective observational study
was conducted at Thammasat University
Hospital, Pathum Thani, Thailand. The
Human Research Ethics Committee of
Thammasat University No.l (Faculty of
Medicine) approved the study protocol
(Certificate of Approval Number 108/2020)
and informed consent was obtained from all
participants.

The primary outcome was the mean
difference in respiratory rate measurement
by capnometry compared with standard
clinical measurement. The secondary out-
come was the influence of different oxy-
gen flow rates on the accuracy of respira-
tory rate assessment using Thammasat Cap-
noline. Episodes of apnea or arterial desat-
uration were also recorded.

The Thammasat Capnoline model
was designed with a nasal cannula to cap-
ture expiratory flow from nasal exhaled gas
by utilizing an empty 10-mL sterile water
ampule (Fig. 1). The ampule was divided
into three sections in horizontal orientation,
with the mid-lower part and bilateral dis-
tal portions removed using sterile surgical
scalpel blades No. 11 to allow for attach-
ment to the nasal cannula (Fig. 2). Finally,
the cork of the Thammasat Capnoline was
connected to a side-stream sampling line for
ETCO, measurement (Fig. 3) to prevent
dislodgement of the sampling line.

We recruited 63 patients who were
scheduled to undergo procedural sedation
or surgery under total intravenous anesthe-
sia, aged 18-65 years with ASA physical
status classification I-III. Exclusion crite-
ria were patient refusal, inability to pro-
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vide written informed consent, obesity (de-
fined by a body mass index more than 30
kg/m?), history or high risk of obstructive
sleep apnea or OSA (patients were screened
using the STOP-BANG questionnaire for
screening sleep apnea; those with a score of
3 or more were excluded), pregnancy, pa-
tient with severe pulmonary disease (e.g.,
uncontrolled asthma or chronic obstructive
pulmonary disease), and bilateral nasal ob-
struction. Therefore, patients considered at
risk for perioperative respiratory dysfunc-
tion were excluded from the study.

All patients were continuously mon-
itored using pulse oximetry and three-lead
electrocardiography in automatic mode via
a multiparameter monitor. The Tham-
masat Capnoline was designed to adminis-
ter nasal oxygen and sample exhaled gas for
ETCO2 measurement using a side- stream
capnometer (GE CARESCAPETM B650
Patient Monitor with CO2 module). The
capnometer was calibrated prior to each
series of measurements. Respiratory rate
was also assessed using both the Tham-
masat Capnoline and clinical observation.
Clinical measurement was performed be-
fore recording the displayed values from
the capnometer. Data were recorded three
minutes after a normal, stable capnogra-
phy waveform was observed. Respiratory
rate was measured by counting chest wall
movement for one minute, the values dis-
played by the capnometer were simultane-
ously recorded. A set of measurements was
obtained for each patient receiving supple-
mental oxygen at four different flow rates:
2,3,4,and 5 L/min. For each supplemental
oxygen flow rate, the rate was maintained
for three minutes, and respiratory rate de-
terminations were recorded after each one-
minute interval. Episodes of apnea, defined
as an absence of chest wall movement and
respiratory rate of 0 breaths per minute from
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capnometry lasting more than 30 seconds,
were recorded.

Fig. 1.

Materials used for constructing the
Thammasat Capnoline.

Fig. 3. Side-stream line for ETCO5 measure-
ment.

2.1 Statistical analysis
The sample size was calculated using
the estimate sample size for a one-sample
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comparison of mean to hypothesis value.
Under the hypothesis that the mean dif-
ference in respiratory rate measurement by
capnometry compared with standard (clin-
ical measurement in one minute) was 2.2
from the study of Gaucher. et al [3]. The
standard deviation (SD) from the study of
Goudra et al. was 5.9 and the mean differ-
ence was 0.4 [6]. A one-sided test was as-
signed with type 1 error at 5% and power of
80% (alpha 0.05, power 0.8). This was cal-
culated using computer programs and deter-
mined to be 57. An additional 10% was in-
cluded to account for subject withdrawal or
rejection (dropout) during the study. The
total sample size in this study was 63 par-
ticipants.

Clinical assessment of respiratory
rate was considered the reference method,
with capnometry serving as the compara-
tive method. All data were analyzed us-
ing SPSS software version 27. Continuous
variables are presented as mean + SD for
normally distributed data, or as median with
interquartile range (IQR) for non-normally
distributed data. Categorical variables are
presented as frequencies with correspond-
ing percentages. Respiratory rates obtained
from each method were normalized by ad-
justing for each individual’s mean respira-
tory rate at each oxygen flow rate, and com-
parisons were performed using the paired
t-test. The effect of supplemental oxygen
flow rate on the accuracy of capnometry-
derived respiratory rates was evaluated. As
the data were not normally distributed, the
Friedman test was applied. A P-value of
< 0.05 was considered statistically signif-
icant.

3. Results and Discussion

Sixty-three patients were enrolled in
the study and completed the study. The de-
mographic characteristics of all participants
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including gender, age, body weight, height,
BMI, and ASA physical status classifica-
tions, are presented in Table 1. The Tham-
masat Capnoline was well tolerated in all
patients. Respiratory rates were easily as-
sessed even in patients receiving different
oxygen flow rates. No episodes of apnea
or arterial desaturation occurred during the
study period.

Table 1. Patient characteristics.

Patient Characteristics

Table 2. Comparison of respiratory rate mea-
surement between clinical measurement and the
Thammasat Capnoline.

Oxygen Clinical Thammasat

flow rates ~ Measurement Capnoline P-value
(L/min) RR RR
(mean+SD) (mean+SD)
2 17.12+3.18 17.39+3.38 0.119
3 17.35+3.05 17.49+3.49 0.455
4 17.32+2.86 17.31+2.91 0.929
5 17.69+3.09 17.69+3.32 0.998

Note: RR stands for respiratory rate

Table 3. Comparison respiratory rate measure-
ment by the Thammasat Capnoline according to
the value of supplemental oxygen flow rate.

Gender n (%)
_Male 24 (38.10) Oxygen flow rate (L/min) RR; Median (IQR) P-value
-Female 39 (61.90) : i Ej;
Age;years  40.62 (13.97); 19-64 4 17.67(3.33) 0.901
Weight; kg 61.97 (11.65); 40-91 5 18 (3.33)

161.83 (8.33); Note: RR stands for respiratory rate
Height; cm

145-183

. 2 . . .

BMI; kg/m®  23.46 (3.85); 16-32.8 3.1 Discussion
ASA physical status, n (%) . .
I 35 (55.56) In spontaneously breathing patients
ﬁl ?7( 1(45256) undergoing procedural sedation or surgery
Tntraoperative complications, n (%) under total intravenous anesthesia, contin-
Yes 0(0.00) uous respiratory rate assessment using the
No 63 (100)

Note: Data are presented as mean (SD); range, unless
otherwise specified.

Compared with the clinical reference
method, there was no statistically signifi-
cant difference in respiratory rate measure-
ments between clinical assessment and the
Thammasat Capnoline. Mean respiratory
rate (breaths per minute) for clinical mea-
surement and the Thammasat Capnoline
were 17.12+3.18 vs 17.39+3.38 at 2 L/min
oxygen flow, 17.35+3.05 vs 17.49+3.49 at
3 L/min, 17.32+2.86 vs 17.31+2.91 at 4
L/min, and 17.69+3.09 vs 17.69+3.32 at 5
L/min. (P-values were 0.119, 0.455, 0.929,
and 0.998, respectively) (Table 2). In ad-
dition, the accuracy of respiratory rate as-
sessment using the Thammasat Capnoline
was not influenced by different oxygen flow
rates (P-value = 0.901) (Table 3).
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Thammasat Capnoline demonstrated high
accuracy, comparable to clinical assess-
ments. Additionally, delivering supple-
mental oxygen at different flow rates did not
affect respiratory rate measurement.
Arterial desaturation detection by
pulse oximetry may delay the diagnosis of
hypoventilation, especially in patients who
received supplemental oxygen [7]. Tho-
racic impedance pneumography has been
used for respiratory rate measurement [8-
10]; however, it has certain limitations, par-
ticularly when the surgical site restricts the
area available for sensor placement. Addi-
tionally, thoracic wall movement can still
occur despite upper airway obstruction, po-
tentially leading to inaccurate readings [11-
13]. Continuous capnometry monitoring
was previously used in intubated patients;
however, more recently, nasal oxygen can-
nulae have been developed to measure res-
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piratory rate and detect apnea episodes in
spontaneously breathing patients who re-
quire supplemental oxygen. Several stud-
ies reported that, compared to other devices,
capnometry detected impaired airway func-
tion 5-240 seconds earlier than pulse oxime-
try [14, 15].

Previous studies provide important
context for our findings. Fukuda et al. ex-
amined the reliability of ETCO, measure-
ments via nasal cannula and found that de-
vice design significantly influences accu-
racy [16]. Restrepo et al. highlighted that
compatibility between capnography sam-
pling lines and portable bedside capnog-
raphy monitors is crucial for reliable res-
piratory monitoring, emphasizing the need
for proper validation of components [17].
Mason et al. demonstrated the feasibility
of low-flow side-stream capnography sys-
tems with extended nasal cannulae in pedi-
atric patients, supporting the flexibility and
adaptability of capnometry setups in vari-
ous scenarios [18]. The Thammasat Cap-
noline aligns with these findings, demon-
strating that thoughtful design and valida-
tion can yield reliable respiratory moni-
toring solutions. Additionally, cost may
limit the widespread use of commercial
nasal capnometry devices. The Thammasat
Capnoline is likely to have greater cost-
effectiveness because it uses locally avail-
able materials and a simplified design, mak-
ing it a more affordable option without com-
promising accuracy or reliability. This af-
fordability broadens its potential applica-
bility, especially in resource-limited health-
care settings.

Our study had some limitations.
First, data collection was not blinded.
However, clinical measurements were per-
formed prior to recording the displayed val-
ues; therefore, the impact of unblinded col-
lection on the results may have been lim-
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ited. Second, the risk of carbon dioxide re-
breathing during low-flow oxygen delivery
rates was not evaluated. Finally, the valid-
ity of the measured end-tidal carbon diox-
ide values was not assessed because the pri-
mary purpose of monitoring end-tidal car-
bon dioxide in sedated patients with spon-
taneous breathing was to detect respiratory
depression or apnea. Future research should
continue to explore compatibility issues, bi-
ological variability, and device adaptability
in high-risk and pediatric populations.

4. Conclusion

We found that the Thammasat Cap-
noline (Modified Oxygen Nasal Cannula-
Based Capnometry Device) provides accu-
rate and cost-effective continuous respira-
tory monitoring in patients receiving sup-
plemental oxygen during total intravenous
anesthesia (TTVA) for procedural sedation.
The device maintained its accuracy across
varying supplemental oxygen flow rates
and may serve as a reliable alternative to
clinical assessment alone.
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