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ABSTRACT

Background: Capnography provides continuous non-invasive assessment of ventilation and is useful for early detection
of respiratory compromise in spontaneously breathing patients receiving supplemental oxygen. In non-intubated patients,
the accuracy of end-tidal carbon dioxide (EtCO2) monitoring may vary depending on the sampling interface. This study
compared the Sumi Hi-Capno Facemask and the Sentri Nasal Cannula for EtCO. monitoring in spontaneously breathing
adults undergoing regional anaesthesia.

Materials & Methods: This prospective comparative crossover study included 60 adult patients undergoing elective
surgery under regional anaesthesia with spontaneous ventilation. EtCO. measurements were obtained sequentially using
the Sumi Hi-Capno Facemask and the Sentri Nasal Cannula under identical clinical conditions. Arterial partial pressure
of carbon dioxide (PaCO:), measured by arterial blood gas analysis, was used as the reference standard. The primary
outcome was comparison of mean EtCO: values between the two devices. Secondary outcomes included PaCO-—EtCO-
gradient, correlation with PaCO., Bland—Altman agreement, waveform quality, and clinical feasibility.

Results: The mean arterial PaCO. was 39.78 = 2.91 mmHg. The mean EtCO. was 37.68 = 3.34 mmHg with the Sumi Hi-
Capno Facemask and 37.62 £ 3.01 mmHg with the Sentri Nasal Cannula, with no statistically significant difference
between the two devices (P = 0.8355). The mean PaCO.—EtCO: gradient was 2.10 & 1.77 mmHg for the Sumi Hi-Capno
Facemask and 2.16 = 1.64 mmHg for the Sentri Nasal Cannula. Both devices showed strong correlation with arterial
PaCO., with Pearson correlation coefficients of 0.8488 and 0.8467, respectively. Bland—Altman analysis showed
comparable agreement with PaCO., and the direct inter-device mean bias was minimal at 0.0633 mmHg. Successful
waveform acquisition was achieved in all patients.

Discussion and conclusion: The Sumi Hi-Capno Facemask and Sentri Nasal Cannula demonstrated comparable EtCO-
measurement accuracy, PaCO: agreement, PaCO.—EtCO- gradients, waveform reliability, and clinical feasibility in
spontaneously breathing adults undergoing regional anaesthesia. Both commercial interfaces may be suitable for routine
capnographic monitoring, with device selection guided by patient comfort, breathing pattern, procedural requirements,
and institutional availability.

KEYWORDS:Capnography; End-tidal carbon dioxide; EtCO2; PaCO:; Sumi Hi-Capno Facemask; Sentri Nasal Cannula;
Regional anaesthesia; Bland—Altman analysis.

INTRODUCTION

End-tidal carbon dioxide (EtCO-) monitoring is an important component of perioperative respiratory monitoring because
it provides continuous, non-invasive assessment of ventilation in real time. Unlike pulse oximetry, which reflects
oxygenation and may remain apparently normal during early hypoventilation in patients receiving supplemental oxygen,
capnography detects changes in ventilation through both numerical EtCO: values and waveform morphology. This allows
earlier recognition of respiratory depression, airway obstruction, apnoea, and ventilatory failure during anaesthesia and
procedural sedation. (1-3)

Professional guidelines recommend capnographic monitoring during general anaesthesia and during moderate-to-deep
sedation whenever feasible. Clinical studies have shown that capnography identifies respiratory compromise earlier than
clinical observation or pulse oximetry alone, thereby allowing timely intervention before significant oxygen desaturation
occurs. This is especially relevant in spontaneously breathing patients undergoing regional anaesthesia or procedural
sedation, where supplemental oxygen is commonly administered and ventilatory compromise may otherwise be delayed
in detection. (4—06)
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In non-intubated patients, EtCO- monitoring depends not only on patient physiology but also on the design and positioning
of the sampling interface. Reliable carbon dioxide sampling can be challenging because expired gas may be diluted by
supplemental oxygen, affected by mouth breathing, altered by irregular respiratory patterns, or lost due to displacement
of the sampling device. Therefore, the choice of interface is clinically important when capnography is used in
spontaneously breathing patients. (7-9)

Commercially available interfaces for non-intubated capnography include dedicated capnography facemasks and nasal
cannula-based systems. The Sumi Hi-Capno Facemask is designed to enable simultaneous oxygen delivery and sidestream
carbon dioxide sampling through a face-mask interface. By covering the nose and mouth, such facemask-based systems
may improve capture of expired gas from both nasal and oral breathing, but their performance may still be influenced by
mask fit, oxygen flow, dead space, and patient movement. (8—10)

Nasal cannula-based capnography systems, such as the Sentri Nasal Cannula, are designed to provide oxygen delivery
and carbon dioxide sampling through separate channels positioned near the nares. These systems are simple to apply and
are generally well tolerated, but EtCO: accuracy may be affected when patients breathe predominantly through the mouth,
when prongs are displaced, or when high oxygen flows dilute the sampled expired gas. Previous studies comparing
different nasal cannula designs have demonstrated that interface configuration significantly influences carbon dioxide
waveform reliability and EtCO. measurement accuracy. (7-9)

Although both facemask-based and nasal cannula-based commercial systems are used for EtCO: monitoring in
spontaneously breathing patients, direct clinical comparison between these two interface types remains important. A
facemask may offer broader expired gas capture from the nose and mouth, whereas a nasal cannula may offer greater
simplicity and comfort. However, the extent to which these design differences influence EtCO. measurement accuracy,
PaCO: agreement, waveform quality, and feasibility during regional anaesthesia requires systematic evaluation under
identical clinical conditions. (8—11)

Arterial partial pressure of carbon dioxide (PaCO:) remains the reference standard for carbon dioxide measurement.
However, arterial blood gas analysis is intermittent and invasive, whereas EtCO- monitoring provides continuous trend
information. In haemodynamically stable patients without major pulmonary pathology, EtCO: usually correlates with
PaCO., although a small PaCO»—EtCO: gradient is physiologically expected because of alveolar dead space and
ventilation—perfusion variation. Therefore, validation of non-intubated EtCO: interfaces should include comparison with
PaCO:., assessment of the PaCO-—EtCO: gradient, and agreement analysis. (12—14)

Method-comparison studies require more than correlation alone, because two methods may correlate strongly while still
showing clinically relevant disagreement. Bland—Altman analysis is widely recommended to evaluate agreement between
measurement methods by estimating mean bias and limits of agreement. In the context of capnography interface
evaluation, this approach helps determine whether two monitoring systems provide clinically comparable EtCO:
measurements. (13,14)

Therefore, the present prospective comparative crossover study was undertaken to compare the Sumi Hi-Capno Facemask
and the Sentri Nasal Cannula for end-tidal carbon dioxide monitoring in spontaneously breathing adult patients undergoing
regional anaesthesia. The study evaluated EtCO. measurement accuracy using arterial PaCO: as the reference standard,
PaCO»—EtCO: gradient, correlation with PaCO-, Bland—Altman agreement, waveform quality, and clinical feasibility of
both commercial monitoring interfaces.

MATERIALS AND METHODS

Study design and setting

This prospective comparative crossover study was conducted in the Department of Anaesthesiology, Saveetha Medical
College and Hospital, Saveetha Institute of Medical and Technical Sciences (SIMATS), Chennai, India, over a period of
one year after obtaining approval from the Institutional Ethics Committee. The Institutional Ethics Committee reference
number was 013/11/2024/IEC/SMCH. Written informed consent was obtained from all study participants before
enrolment. The study was conducted in accordance with accepted ethical principles for clinical research.

Study participants

Adult patients aged 18-50 years with American Society of Anesthesiologists (ASA) physical status I or II who were
scheduled to undergo elective surgery under regional anaesthesia and maintained spontaneous ventilation were
consecutively recruited.

Patients with a history of smoking, bronchial asthma, chronic obstructive pulmonary disease, obstructive sleep apnoea,
obesity, haemodynamic instability, sepsis, hypothermia, anticipated requirement for endotracheal intubation,
intraoperative opioid administration, surgical duration of less than one hour, or refusal to participate were excluded from
the study.

Sample size estimation

The sample size was calculated based on a previous study evaluating end-tidal carbon dioxide measurements using non-
intubated capnography interfaces in spontaneously breathing patients. The estimated minimum sample size was 55
participants. To compensate for possible dropouts and to improve the reliability of agreement analysis, 60 participants
were included in the final study. Eligible patients were enrolled using consecutive sampling.

Study devices

The first commercial device evaluated was the Sumi Hi-Capno Facemask (Life Tech India Pvt. Ltd., Chennai, Tamil
Nadu, India), a disposable capnography facemask designed to permit simultaneous oxygen administration and sidestream
end-tidal carbon dioxide sampling in spontaneously breathing patients.
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The second commercial device evaluated was the Sentri Nasal Cannula,(Life Tech India Pvt. Ltd., Chennai, Tamil Nadu,
India) a commercially available disposable dual-lumen nasal cannula designed for simultaneous oxygen delivery and
sidestream carbon dioxide sampling. The nasal cannula interface delivers oxygen through one channel while expired
carbon dioxide is sampled through a separate channel positioned near the nares.

Both devices were used according to their intended clinical purpose for non-intubated patients receiving supplemental
oxygen and undergoing capnographic monitoring.

Study procedure

After successful administration of regional anaesthesia, patients were allowed to breathe spontaneously throughout the
study period. Supplemental oxygen was administered at a flow rate of 5 L/min during monitoring. After a stabilization
period of five minutes, an arterial blood sample was collected for arterial blood gas analysis to determine arterial partial
pressure of carbon dioxide (PaCO.).

Each participant underwent sequential end-tidal carbon dioxide monitoring using the Sumi Hi-Capno Facemask and the
Sentri Nasal Cannula under identical clinical conditions. Oxygen flow rate, patient position, monitoring equipment, and
intraoperative conditions were kept constant throughout the study period to minimise measurement variability. A two-
minute washout interval was maintained between the two monitoring sessions.

For each device, EtCO: values were recorded at two-minute intervals over a ten-minute observation period, providing five
consecutive readings per device. The mean of the five EtCO: readings obtained from each device was used for statistical
analysis. Capnographic waveform quality, successful acquisition of interpretable EtCO- tracing, and practical feasibility
of device use during regional anaesthesia were documented for each participant.

Outcome measures

The primary outcome was the comparison of mean end-tidal carbon dioxide values obtained using the Sumi Hi-Capno
Facemask and the Sentri Nasal Cannula, using arterial PaCO: as the reference standard.

The secondary outcomes included PaCO.—EtCO: gradient, correlation of each device with arterial PaCO-, agreement
between each device and arterial PaCO: assessed using Bland—Altman analysis, direct agreement between the two
commercial devices, capnographic waveform quality, successful waveform acquisition, and clinical feasibility during
regional anaesthesia.

Statistical analysis

Data were analysed using IBM SPSS Statistics for Windows, Version 26.0 (IBM Corp., Armonk, NY, USA). Continuous
variables were expressed as mean =+ standard deviation (SD), whereas categorical variables were presented as frequency
and percentage. Normality of continuous variables was assessed using the Shapiro—Wilk test.

Paired Student’s t-test was used to compare mean EtCO: values and PaCO-—EtCO- gradients between the Sumi Hi-Capno
Facemask and the Sentri Nasal Cannula. Pearson’s correlation coefficient (r) was used to assess the relationship between
EtCO: measurements and arterial PaCO:. Agreement between EtCO: measurements and arterial PaCO., as well as direct
agreement between the two commercial devices, was evaluated using Bland—Altman analysis with calculation of mean
bias and 95% limits of agreement. A two-sided P value of <0.05 was considered statistically significant.

RESULTS

A total of 60 adult patients undergoing elective surgery under regional anaesthesia with spontaneous ventilation were
included in the study. The baseline demographic and clinical characteristics of the participants are shown in Table 1. The
mean age was 32.97 £+ 7.90 years, and the mean body mass index was 24.32 & 2.72 kg/m?2. The study population included
33 males (55.0%) and 27 females (45.0%). Equal proportions of patients belonged to ASA physical status I and II. The
mean arterial PaCO2 was 39.78 £ 2.91 mmHg.

Table 1. Baseline demographic and clinical characteristics of the study participants (n = 60)

Characteristic Value

Age (years), mean = SD 32.97+7.90
Age, median (range) 33.0 (18-50)
Male, n (%) 33 (55.0)

Female, n (%) 27 (45.0)

Body mass index (kg/m?), mean £ SD 24.32+2.72
Body mass index, median (range) 24.60 (19.0-29.5)
Normal BMI, n (%) 34 (56.7)
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Characteristic Value

Overweight, n (%) 26 (43.3)
ASA physical status I, n (%) 30 (50.0)
ASA physical status I, n (%) 30 (50.0)
Pulse rate (beats/min), mean + SD 75.87 £7.60

Systolic blood pressure (mmHg), mean £ SD ([120.67 +9.79

Diastolic blood pressure (mmHg), mean + SD||79.50 + 5.95

Arterial PaCO: (mmHg), mean + SD 39.78 £2.91

Values are presented as mean =+ standard deviation (SD), median (range), or number (percentage). BMI: body mass index;
ASA: American Society of Anesthesiologists; PaCOz: arterial partial pressure of carbon dioxide.

The mean EtCO: measured using the Sumi Hi-Capno Facemask was 37.68 + 3.34 mmHg, while the corresponding value
obtained using the Sentri Nasal Cannula was 37.62 + 3.01 mmHg. Both devices recorded EtCO: values slightly lower than
arterial PaCO., consistent with the expected physiological PaCO>—EtCO: gradient. The mean PaCO»—EtCO: gradient was
2.10 £ 1.77 mmHg for the Sumi Hi-Capno Facemask and 2.16 = 1.64 mmHg for the Sentri Nasal Cannula. The paired
difference in EtCO- values between the two devices was small and not statistically significant (P = 0.8355).

Table 2. Comparison of EtCO: measurements and PaCO:-EtCO: gradients between Sumi Hi-Capno Facemask
and Sentri Nasal Cannula (n = 60)

Variable lSle:fel:imask Hi-Capno iz::lt::ﬂa Nasallp | o lue
IMean EtCO. (mmHg), mean + SD [37.68 +3.34 37.62+3.01 lo.8355 |
[Median EtCO: (mmHg) |37.45 |37.45 = |
[EtCO: range (mmHg) 31.0-43.3 131.6-45.0 |— |
IMean PaCO>-EtCO: gradient (nmHg), mean+SD  |[2.10 = 1.77 [2.16 + 1.64 — |
|Median gradient (mmHg) ||2.00 ||1.65 H— |
|Gradient range (mmHg) |-1.6 t0 6.0 0.3 t05.9 = |
Mean paired Et.C02 difference: Sumi Hi-Capno 0,06+ 235 -

Facemask vs Sentri Nasal Cannula (mmHg), mean + SD

Values are presented as mean £ SD or median/range. Paired Student’s t-test was used to compare mean EtCO: values
between the two commercial devices. Gradient denotes PaCO. — EtCO:. Positive values indicate EtCO. readings below
arterial PaCOx.

Both commercial devices demonstrated strong positive correlation with arterial PaCO.. The Pearson correlation coefficient
was 0.8488 for the Sumi Hi-Capno Facemask and 0.8467 for the Sentri Nasal Cannula. The inter-device correlation
between the two commercial systems was also strong and statistically significant (r = 0.7297, P < 0.001), indicating that
both devices tracked EtCO: variation in a similar manner across patients.

Table 3. Correlation of EtCO: measurements with arterial PaCO- and inter-device correlation

|Comparison ||Pearson r||95% CI lower ||95% CI upperHP value |
Sumi Hi-Capno Facemask EtCO: vs arterial 08488 07583 0.9072 <0.001
PaCO: ' ' ' )

Sentri Nasal Cannula EtCO: vs arterial PaCO. ]0.8467  ]/0.7551 [0.9059 [<0.001 |
Sumi Hi-Capno Facemask EtCO: vs Sentri

Nasal Cannula EtCO, 0.7297  1|0.5839 0.8298 <0.001

Pearson correlation coefficient was used to assess linear association. CI: confidence interval; EtCO.: end-tidal carbon
dioxide; PaCO.: arterial partial pressure of carbon dioxide.

Bland—Altman analysis demonstrated acceptable agreement between both commercial devices and arterial PaCO.. The
Sumi Hi-Capno Facemask showed a mean bias of —2.10 mmHg with 95% limits of agreement from —5.56 to 1.36 mmHg.
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The Sentri Nasal Cannula showed a mean bias of —2.16 mmHg with 95% limits of agreement from —5.38 to 1.06 mmHg.
Direct comparison between the Sumi Hi-Capno Facemask and Sentri Nasal Cannula showed a minimal mean bias of
0.0633 mmHg, indicating no meaningful systematic difference between the two devices.

Table 4. Bland—Altman agreement analysis of Sumi Hi-Capno Facemask and Sentri Nasal Cannula (n = 60)

Comparison Mean bias (mmHg) SP of||Lower limit of|(Upper limit of|
difference (|agreement agreement

Sumi Hi-Capno Facemask vs arterial 5 0967 1.7656 55572 1.3639

PaCO:

Sentri Nasal Cannula vs arterial PaCO: ||-2.1600 |[1.6425 53792 [1.0592

Sumi Hi-Capno Facemask vs Sentri 0.0633 23528 45481 46748

Nasal Cannula

Bias was calculated as EtCO. — PaCO- for comparisons with arterial PaCO- and as Sumi Hi-Capno Facemask EtCO. —
Sentri Nasal Cannula EtCO: for inter-device comparison. LoA: limits of agreement.

The PaCO>—EtCO: gradient was within 5 mmHg in 57 patients (95.0%) using the Sumi Hi-Capno Facemask and in 57
patients (95.0%) using the Sentri Nasal Cannula. Gradients greater than 5 mmHg were observed in three patients (5.0%)
with each device. A gradient within 2 mmHg was observed in 31 patients (51.7%) using the Sumi Hi-Capno Facemask
and in 33 patients (55.0%) using the Sentri Nasal Cannula.

Table 5. Clinical acceptability of PaCO.—EtCO: gradients across the two commercial devices

||Gradient <2 mmHg, n (%)HGradient <5 mmHg, n (%)||Gradient >5 mmHg, n (%)|
157 (95.0) 13 (5.0) |
157 (95.0) 13 (5.0) |

|M0nitoring system
|Sumi Hi-Capno Facemask||31 (51.7)
133 (55.0)

|Sentri Nasal Cannula

Gradient thresholds of <2 mmHg and <5 mmHg were used as practical indicators of closeness to arterial PaCOsx.

Both commercial devices demonstrated good waveform reliability and clinical feasibility. Stable capnographic waveforms
were obtained in 57 patients (95.0%) using the Sumi Hi-Capno Facemask and in 58 patients (96.7%) using the Sentri
Nasal Cannula. Minor waveform dropouts were observed in three patients (5.0%) with the Sumi Hi-Capno Facemask and
two patients (3.3%) with the Sentri Nasal Cannula. There was no statistically significant difference in waveform reliability
between monitoring systems. Both devices were successfully used in all 60 patients without integration failure.

Table 6. Waveform quality and clinical feasibility of Sumi Hi-Capno Facemask and Sentri Nasal Cannula (n =

60)
Parameter Sumi Hi-Capno Sentri Nasal Cannula
Facemask
Successful capnographic waveform 60 (100.0) 60 (100.0)
acquisition, n (%) ) )
|Stable waveform, n (%) 157 (95.0) 158 (96.7) |
|Min0r waveform dropout, n (%) ||3 (5.0 ||2 (3.3) |
Foallure to obtain interpretable waveform, n 0.(0.0) 0(0.0)
(%)
|Successful device use, n (%) ||60 (100.0) ||6O (100.0) |
[Failed device use, n (%) 0 (0.0) 0 (0.0) |
|Device—related complications, n (%) ||O (0.0) ||O (0.0) |
Interface type Disposable facemask Disposable nasal
cannula

Values are presented as number (percentage).
Formal inferential testing was not performed for feasibility outcomes because both devices showed near-complete

waveform acquisition and no device-use failure.
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Correlation of EtCO, with arterial PaCO,

A. Sumi Hi-Capno Facemask B. Sentri Nasal Cannula
Commerciai system 1 EtCO; versus arterial PaC0; Commercial system 2 EtCO; versus arterial PaC0;
44 - 44 - .
42 - 42 A
40 4 40 4

EtCO; (mmHg)
&

EtCO; (mmHg)
=

36 - 36 -
34 - 34 4
32 4 32 4
¢ .
30 T T ! T L) 30 T T T T
30 35 40 45 50 30 35 40 45 50
PaCO; (mmHag) PaCO; (mmHg)

Figure 1. Correlation between end-tidal carbon dioxide (EtCO:) measurements and arterial partial pressure of carbon
dioxide (PaCO:s.).
(A) Scatter plot demonstrating the correlation between EtCO- measured using the Sumi Hi-Capno Facemask and arterial

PaCO..
(B) Scatter plot demonstrating the correlation between EtCO2 measured using the Sentri Nasal Cannula and arterial PaCO..

The solid line represents the linear regression line.

Bland-Altman agreement with arterial PaCO,

A. Sumi Hi-Capno Facemask B. Sentri Nasal Cannula
Bland-Altman plot: commercial system 1 vs PaCO; Bland-Altman plot: commercial system 2 vs Pal0;
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Figure 2. Bland—Altman analysis demonstrating agreement between end-tidal carbon dioxide (EtCO:) measurements and
arterial partial pressure of carbon dioxide (PaCO-).

(A) Bland—Altman plot showing agreement between EtCO: measured using the Sumi Hi-Capno Facemask and arterial
PaCO..

(B) Bland—Altman plot showing agreement between EtCO. measured using the Sentri Nasal Cannula and arterial PaCO..
The central solid line represents the mean bias, and the dashed lines represent the 95% limits of agreement.

DISCUSSION
The present study demonstrated that the Sumi Hi-Capno Facemask and the Sentri Nasal Cannula provided comparable

end-tidal carbon dioxide (EtCO:) measurements in spontaneously breathing adult patients undergoing regional
anaesthesia. The mean EtCO: values obtained with the two commercial interfaces were nearly identical, with no
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statistically significant difference between devices. Both systems showed similar PaCO.—EtCO. gradients, strong
correlation with arterial PaCO:, acceptable Bland—Altman agreement, reliable waveform acquisition, and complete
clinical feasibility during intraoperative monitoring.

Continuous capnography is clinically important in spontaneously breathing patients because respiratory depression and
airway obstruction may occur before oxygen desaturation becomes evident on pulse oximetry. This limitation is
particularly relevant when supplemental oxygen is administered, as oxygen therapy may mask hypoventilation while
carbon dioxide retention progresses. Previous clinical studies in procedural sedation have shown that capnography
improves detection of ventilatory compromise and reduces hypoxaemic events compared with standard monitoring alone.
(1-6,15-17)

In the present study, the Sumi Hi-Capno Facemask and Sentri Nasal Cannula produced similar mean EtCO- values, with
a very small paired difference of 0.06 mmHg. This finding suggests that both commercial interfaces can provide
comparable numerical EtCO- monitoring under controlled regional anaesthesia conditions. The similarity is clinically
relevant because the two devices differ in design. The Sumi Hi-Capno Facemask samples expired carbon dioxide through
a facemask interface that covers both the nose and mouth, whereas the Sentri Nasal Cannula samples expired gas near the
nares while delivering oxygen through a separate channel. Interface design, sampling-port position, oxygen flow, mouth
breathing, and device displacement are known to influence EtCO: accuracy in non-intubated patients. (7—10)

Both devices underestimated arterial PaCO: by a small margin, which is physiologically expected because EtCO: is
usually lower than PaCO: due to alveolar dead space and ventilation—perfusion variation. The mean PaCO.—EtCO-
gradient was 2.10 + 1.77 mmHg for the Sumi Hi-Capno Facemask and 2.16 + 1.64 mmHg for the Sentri Nasal Cannula.
These gradients are within the clinically acceptable range reported in stable spontaneously breathing patients and support
the use of both interfaces for continuous ventilatory trend monitoring. However, EtCO: should not be considered a
complete replacement for arterial blood gas analysis when precise PaCO2 measurement is clinically required. (11,12)
The clinical acceptability analysis further supports the reliability of both devices. A PaCO.—EtCO: gradient within 5
mmHg was observed in 57 patients (95.0%) with the Sumi Hi-Capno Facemask and in 57 patients (95.0%) with the Sentri
Nasal Cannula. Only three patients in each device group had gradients greater than 5 mmHg. These findings indicate that,
in most participants, both commercial interfaces provided EtCO: values close to arterial PaCO.. This is important in
routine regional anaesthesia, where continuous monitoring of ventilation trends is often more clinically useful than isolated
intermittent carbon dioxide measurements.

Correlation analysis showed strong positive association between EtCO. and arterial PaCO: for both devices, with
correlation coefficients of 0.8488 for the Sumi Hi-Capno Facemask and 0.8467 for the Sentri Nasal Cannula. The inter-
device correlation was also strong. However, correlation alone does not prove that two devices can be used
interchangeably, because two methods may correlate well while still showing clinically important differences. Therefore,
Bland—Altman analysis is necessary in device-comparison studies to assess bias and limits of agreement. (13,14,18)
Bland—Altman analysis showed acceptable agreement between each commercial device and arterial PaCO-. The Sumi Hi-
Capno Facemask showed a mean bias of —2.10 mmHg, while the Sentri Nasal Cannula showed a mean bias of —2.16
mmHg. Direct comparison between the two commercial interfaces demonstrated a minimal mean bias of 0.0633 mmHg,
indicating no meaningful systematic difference between them. The limits of agreement were also comparable. These
findings suggest that both devices perform similarly for EtCO- estimation in stable adult patients undergoing regional
anaesthesia.

Waveform reliability is an important component of capnographic monitoring because clinical interpretation depends not
only on the EtCO: number but also on waveform morphology. A reliable waveform helps identify hypoventilation, apnoea,
airway obstruction, rebreathing, and sampling-line problems. In the present study, successful capnographic waveform
acquisition was achieved in all patients with both commercial devices. Stable waveforms were observed in 95.0% of
patients using the Sumi Hi-Capno Facemask and 96.7% using the Sentri Nasal Cannula, with only minor waveform
dropouts. This indicates that both interfaces were clinically practical and reliable during regional anaesthesia. (2,3,8)
Although both devices demonstrated comparable performance, their practical use may differ according to patient and
procedural factors. A facemask-based system may be advantageous when oral breathing is prominent because it covers
both the nose and mouth. However, mask fit and patient movement may influence sampling reliability. A nasal cannula
system may be easier to apply and may be more comfortable for some patients, but mouth breathing and prong
displacement may affect EtCO: capture. Therefore, the choice between the Sumi Hi-Capno Facemask and Sentri Nasal
Cannula may depend on patient comfort, breathing pattern, procedural access, oxygen delivery requirements, and
institutional availability.

The present study has some limitations. First, it was conducted at a single centre with 60 adult patients, which may limit
generalisability. Second, only ASA physical status I and II patients undergoing elective surgery under regional anaesthesia
were included; therefore, the findings may not apply to paediatric patients, obese patients, critically ill patients, or those
with significant pulmonary disease. Third, the devices were assessed under controlled conditions with a fixed oxygen flow
rate of 5 L/min, and performance under different oxygen flows, deeper sedation, emergency conditions, or predominant
mouth breathing was not separately analysed. Fourth, although both commercial devices were clinically feasible, the study
did not formally assess patient comfort, user preference, or cost-effectiveness.

Despite these limitations, the study provides useful comparative evidence for two commonly used commercial EtCO-
monitoring interfaces. Both the Sumi Hi-Capno Facemask and Sentri Nasal Cannula demonstrated comparable EtCO:
accuracy, PaCO- agreement, waveform reliability, and clinical feasibility. These findings suggest that either device may
be used for capnographic monitoring in stable spontaneously breathing adult patients undergoing regional anaesthesia,
with device selection guided by clinical context and availability.

CONCLUSION
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The Sumi Hi-Capno Facemask and Sentri Nasal Cannula demonstrated comparable end-tidal carbon dioxide measurement
accuracy, PaCO: agreement, PaCO,—EtCO. gradients, waveform reliability, and clinical feasibility in spontaneously
breathing adult patients undergoing regional anaesthesia. Both devices showed strong correlation with arterial PaCO: and
acceptable Bland—Altman agreement. The choice between these two commercial interfaces may therefore be guided by
patient factors, breathing pattern, procedural requirements, comfort, and institutional availability.
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