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Abstract

Background: Confirmation of correct placement of supraglottic airway devices such as the i-gel is essential in
pediatric anesthesia to ensure effective ventilation and prevent airway-related complications. While video
bronchoscopy is considered a reliable method for confirming device position, its routine use is limited by cost,
availability, and expertise. Capnography combined with ultrasound has emerged as a practical alternative for
airway confirmation.

Objectives: To compare capnography combined with ultrasound versus video bronchoscopy for confirmation of
i-gel placement in pediatric patients.

Methods: This retrospective comparative observational study was conducted at Nalanda Medical College and
Hospital, Patna, Bihar, over a period of 12 months. Data from 120 pediatric patients undergoing elective
surgeries under general anesthesia with i-gel airway insertion were analyzed. Patients were divided into two
groups based on the method used for confirmation of i-gel placement: capnography plus ultrasound (n=60) and
video bronchoscopy (n=60). Accuracy of confirmation, time required, need for airway manipulation, and peri-
procedural complications were compared.

Results: Correct i-gel placement was confirmed in 93.3% of patients in the capnography plus ultrasound group
and 98.3% in the video bronchoscopy group, with no statistically significant difference. The time required for
confirmation was significantly shorter in the capnography plus ultrasound group (24.6 + 6.8 seconds) compared
to the video bronchoscopy group (39.2 + 8.5 seconds; p<0.001). The incidence of malposition, need for
corrective maneuvers, and peri-procedural complications were comparable between the two groups.
Conclusion: Capnography combined with ultrasound is a rapid, reliable, and safe method for confirmation of i-
gel placement in pediatric patients and offers a practical alternative to video bronchoscopy, particularly in
resource-limited settings.

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under
the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0) and the Budapest Open Access
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium,
provided original work is properly credited.

Introduction

Securing a patent airway is a critical component of
safe anesthesia practice, particularly in the pediatric
population, where anatomical and physiological
differences increase the risk of airway-related
complications.

Supraglottic airway devices (SGAs) such as the i-
gel have gained widespread acceptance in pediatric
anesthesia due to their ease of insertion, minimal
hemodynamic disturbance, and reduced airway
trauma compared to endotracheal intubation [1,2].
The i-gel, a second-generation SGA, features a
non-inflatable cuff designed to provide an
anatomical seal around the laryngeal inlet, making
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accurate confirmation of its correct placement
essential to ensure effective ventilation and prevent
complications such as hypoxia, aspiration, and
gastric insufflation [3].

Traditionally, confirmation of SGA placement
relies on clinical assessment, chest auscultation,
and capnography. Continuous waveform
capnography is considered the gold standard for
confirming airway placement, as it provides
objective evidence of effective ventilation and
carbon  dioxide exchange [4]. However,
capnography alone may not reliably detect
malposition of supraglottic devices, particularly in
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pediatric  patients where partial obstruction,
improper alignment, or air leaks may still generate
end-tidal carbon dioxide (EtCO:) waveforms [5].
Consequently, adjunctive techniques to enhance
confirmation accuracy have been explored.

Point-of-care ultrasound (POCUS) has emerged as
a valuable, non-invasive tool for airway assessment
in anesthesia and critical care. Ultrasound can
visualize real-time anatomical relationships, assess
lung ventilation, and detect esophageal or improper
airway device placement [6,7]. When combined
with capnography, ultrasound may improve
diagnostic accuracy by providing both functional
and anatomical confirmation of i-gel positioning,
particularly in children where clinical signs can be
subtle [8].

Video bronchoscopy, including fiberoptic or video
bronchoscope—guided visualization, is regarded as
a highly reliable method for confirming
supraglottic airway placement by allowing direct
visualization of the laryngeal structures and
alignment of the device [9].

Despite its accuracy, routine use of video
bronchoscopy is limited by equipment availability,
cost, time constraints, and the need for expertise,
especially in resource-limited settings [10].

Given these considerations, evaluating alternative
confirmation strategies that are accurate, feasible,
and cost-effective is of significant clinical
importance. This retrospective study aims to
compare the effectiveness of capnography
combined with  ultrasound versus video
bronchoscopy for confirmation of i-gel placement
in pediatric patients. Conducted at Nalanda
Medical College and Hospital, Patna, Bihar, over a
12-month period, this study analyzes data from 120
pediatric patients to assess the reliability of these
modalities in routine clinical practice.

Materials and Methods

Study Design: This retrospective comparative
observational study was conducted to evaluate the
effectiveness of capnography combined with
ultrasound versus video bronchoscopy for
confirmation of i-gel supraglottic airway placement
in pediatric patients undergoing general anesthesia.

The study involved review and analysis of
previously recorded anesthesia and perioperative
data.

Study Setting and Duration: The study was
carried out in the Department of Anaesthesiology at
Nalanda Medical College and Hospital (NMCH),
Patna, Bihar, a tertiary care teaching hospital. Data
were collected retrospectively over a period of 12
months from hospital records.
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Study Population and Sample Size: The study
population comprised pediatric patients aged
between 1 and 12 years who underwent elective
surgical procedures under general anesthesia with i-
gel supraglottic airway insertion. A total of 120
patients with complete and accessible medical
records fulfilling the eligibility criteria were
included in the study.

Inclusion and Exclusion Criteria: Children who
underwent elective surgeries under general
anesthesia with documented use of an i-gel airway
and confirmation of its placement either by
capnography combined with ultrasound or by video
bronchoscopy were included in the study.

Patients with anticipated or documented difficult
airways, those undergoing emergency surgeries,
patients requiring endotracheal intubation, children
with congenital airway anomalies or significant
respiratory pathology, and cases with incomplete
anesthesia records were excluded from analysis.

Group Allocation: Patients were divided into two
groups based on the method used for confirmation
of i-gel placement as documented in anesthesia
records. The capnography plus ultrasound group
included patients in whom correct i-gel positioning
was confirmed wusing continuous waveform
capnography along with point-of-care ultrasound
assessment.

The video bronchoscopy group included patients in
whom confirmation was achieved by direct
visualization of laryngeal structures using a video
bronchoscope passed through the i-gel.

Confirmation Techniques

In the capnography plus ultrasound group,
continuous and consistent end-tidal carbon dioxide
waveforms observed for multiple consecutive
breaths were considered indicative of effective
ventilation. Ultrasound assessment was performed
using a high-frequency linear probe to evaluate
bilateral lung sliding, diaphragmatic movement,
and to rule out esophageal placement. In the video
bronchoscopy group, correct placement of the i-gel
was confirmed by visualization of the vocal cords,
epiglottis, and alignment of the airway device with
the glottic opening.

Data Collection: Relevant data were extracted
from anesthesia records, pre-anesthetic evaluation
forms, and intraoperative monitoring charts.
Information collected included demographic details
such as age, sex, and weight, size of the i-gel used,
number of insertion attempts, time taken to confirm
placement, adequacy of ventilation, requirement for
repositioning or replacement of the airway device,
and any intraoperative complications such as
desaturation, air leak, or gastric insufflation.
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Results variables including age, sex, and weight were
comparable between the two groups, and no
statistically significant difference was observed,

indicating adequate baseline matching.

Demographic Characteristics: A total of 120
pediatric patients were included in the study, with
60 patients in each group. The demographic

Table 1: Demographic Characteristics of Study Population

Parameter Capnography + Ultrasound (n=60) Video Bronchoscope (n=60) | p-value
Age (years, mean + SD) 6.4+2.8 6.7£2.6 0.54
Male/Female 34/26 36/24 0.71
Weight (kg, mean+SD) | 189+5.6 19.3+£5.2 0.63

I-gel Insertion Characteristics: The majority of patients in both groups required only a single attempt for i-gel
insertion. The distribution of i-gel sizes used was similar across both groups, with no statistically significant
difference.

Table 2: I-gel Insertion Characteristics

Variable Capnography + Ultrasound (n=60) Video Bronchoscope (n=60) p-value
Single attempt, n (%) 52 (86.7%) 54 (90.0%) 0.58
Two attempts, n (%) 8 (13.3%) 6 (10.0%) 0.58
Mean i-gel size 21+£04 2.0+03 0.47

Confirmation Accuracy: Correct placement of the i-gel was confirmed in 56 patients (93.3%) in the
capnography plus ultrasound group and 59 patients (98.3%) in the video bronchoscopy group. Although
confirmation accuracy was slightly higher with video bronchoscopy, the difference was not statistically
significant.

Table 3: Accuracy of I-gel Placement Confirmation

Outcome

Capnography + Ultrasound

Video Bronchoscope

p-value

Correct placement confirmed, n (%)

56 (93.3%)

59 (98.3%)

0.17

Malposition detected, n (%)

4(6.7%)

1 (1.7%)

Time Required for Confirmation: The time taken to confirm correct i-gel placement was significantly shorter
in the capnography plus ultrasound group compared to the video bronchoscope group.

Table 4: Time Taken for Confirmation of I-gel Placement

Group Mean Time (seconds + SD) p-value
Capnography + Ultrasound 246 £6.8 <0.001
Video Bronchoscope 39.2+£8.5

Requirement for Airway Manipulation: Corrective maneuvers such as repositioning or reinsertion were
required more frequently in the capnography plus ultrasound group; however, the difference was not statistically

significant.

Table 5: Requirement for Corrective Airway Maneuvers
Parameter Capnography + Ultrasound Video Bronchoscope p-value
Repositioning required, n (%) 7 (11.7%) 3 (5.0%) 0.19
Airway change required, n (%) 3 (5.0%) 1 (1.7%) 0.31

Peri-Procedural Complications: The incidence of peri-procedural complications such as desaturation, air leak,
and gastric insufflation was low in both groups, with no statistically significant difference observed.

Table 6: Peri-Procedural Complications

Complication Capnography + Ultrasound (n=60) | Video Bronchoscope (n=60) | p-value
Desaturation (<94%), n (%) | 5 (8.3%) 3 (5.0%) 0.47
Air leak, n (%) 6 (10.0%) 2 (3.3%) 0.14
Gastric insufflation, n (%) 2 (3.3%) 1 (1.7%) 0.56
Both capnography combined with ultrasound and Discussion

video bronchoscopy demonstrated high accuracy in
confirming i-gel placement in pediatric patients.
While video bronchoscopy showed marginally
higher confirmation accuracy, capnography plus
ultrasound allowed significantly faster confirmation
with comparable safety profiles.
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Accurate confirmation of supraglottic airway
device placement is crucial in pediatric anesthesia
due to the higher risk of rapid desaturation and
airway-related complications in this population.
The present retrospective study compared
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capnography combined with ultrasound and video
bronchoscopy for confirmation of i-gel placement
in pediatric patients and demonstrated that both
modalities are highly effective, with comparable
accuracy and low complication rates.

In this study, video bronchoscopy showed a
marginally higher confirmation accuracy compared
to capnography plus ultrasound; however, the
difference was not statistically significant. Video
bronchoscopy allows direct visualization of the
laryngeal inlet and alignment of the i-gel with the
glottic opening, which has been widely regarded as
a reliable reference method for assessing
supraglottic airway position [11,12]. Fiberoptic and
video bronchoscopic assessment has previously
been used as a grading tool to evaluate i-gel
positioning and correlate anatomical alignment
with ventilation adequacy [13].

Capnography combined with ultrasound
demonstrated high confirmation accuracy while
offering significantly shorter confirmation times
compared to video bronchoscopy. Continuous
waveform capnography remains the standard
method for confirming effective ventilation and
airway patency [14].

However, capnography alone may fail to detect
partial malposition or suboptimal seating of
supraglottic devices, especially in pediatric patients
[15]. The addition of ultrasound provides
anatomical and functional confirmation by
visualizing lung sliding, diaphragmatic movement,
and exclusion of esophageal placement, thereby
improving diagnostic confidence [16,17].

The significantly reduced time required for
confirmation in the capnography plus ultrasound
group observed in this study is clinically relevant.
Rapid confirmation of airway placement minimizes
apnea time and reduces the risk of hypoxemia,
particularly in children with limited oxygen
reserves [18]. Previous studies have reported
similar findings, highlighting ultrasound as a rapid
bedside tool that can be easily integrated into
routine anesthesia practice without requiring
specialized equipment or prolonged procedural
time [19].

The need for airway repositioning and corrective
maneuvers was slightly higher in the capnography
plus ultrasound group, although this difference was
not statistically significant. This finding may reflect
the ability of video bronchoscopy to detect subtle
malpositions that can be immediately corrected
under direct visualization [20]. Nonetheless, the
overall low incidence of malposition and airway-
related complications in both groups indicates that
both techniques are clinically safe and effective.

Peri-procedural complications such as desaturation,
air leak, and gastric insufflation were infrequent
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and comparable between groups. This aligns with
existing literature demonstrating the safety profile
of i-gel use in pediatric patients when appropriate
confirmation techniques are employed [21,22]. The
absence of major complications further supports the
reliability of non-invasive confirmation methods in
routine clinical practice.

From a practical perspective, capnography
combined with ultrasound offers several
advantages, including ease of use, portability, cost-
effectiveness, and reduced dependence on
specialized equipment and expertise. In resource-
limited settings, where access to video
bronchoscopy may be restricted, the combined use
of capnography and ultrasound represents a viable
and efficient alternative for confirming i-gel
placement [23].

The retrospective nature of the study and reliance
on documented records constitute its primary
limitations. Additionally, operator variability and
lack of standardized ultrasound protocols may have
influenced findings. Prospective randomized
studies with standardized assessment criteria are
warranted to further validate these results.

Conclusion

The findings of this retrospective study
demonstrate that both capnography combined with
ultrasound and video bronchoscopy are effective
modalities for confirming i-gel supraglottic airway
placement in pediatric patients. While video
bronchoscopy = showed  marginally  higher
confirmation accuracy, the difference was not
statistically significant. Capnography combined
with ultrasound provided significantly faster
confirmation with comparable safety and low
complication rates. Given its non-invasive nature,
ease of use, and wider availability, the combined
use of capnography and ultrasound can be
considered a reliable and practical alternative to
video bronchoscopy for routine confirmation of i-
gel placement in pediatric anesthesia, especially in
settings where advanced airway equipment may be
limited.
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