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ABSTRACT

Background: Video laryngoscopes (VL) enhance glottic visualization and facilitate endotracheal intubation. While VL
have demonstrated superiority over direct laryngoscopy (DL) in adults, evidence in pediatric populations remains
limited. This study compared the performance and safety of the video laryngoscopy (VL) and direct laryngoscopy
(DL) in pediatric endotracheal intubation.

Methods: In this randomized controlled trial, 180 children (aged 2—16 years) undergoing tonsillectomy under general
anesthesia were assigned to intubation with either a McGRATH MAC VL or a MacIntosh DL. Primary outcome was
the first-attempt intubation success rate. Secondary outcomes included intubation time, Cormack-Lehane grade,
Intubation Difficulty Scale (IDS), external laryngeal manipulation (ELM) use, and complications.

Results: The VL group showed a higher first-attempt success rate than the DL group (95.6% vs. 84.4%; p=0.027).
Time to intubation was similar (VL: 30.6 + 5.7 s vs. DL: 28.4 + 8.5 s; p=0.076). Grade |-l glottic views were more
frequent with VL (97.8% vs. 85.6%; P = 0.003). The VL group had lower IDS scores, fewer ELMs, and fewer minor
complications. Hemodynamic stability was maintained in both groups.

Conclusion: VL using McGRATH MAC improved intubation success and reduced airway-related complications
compared to DL in pediatric tonsillectomy.
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States.! Certain characteristics of tonsillectomy
1. INTRODUCTION create specific challenges in airway management,
such as a shared workplace for the anesthesiologist
and the surgeon, the need to protect the airway from
blood and secretions, and a higher risk of

Tonsillectomy is the most common surgical
procedure performed on children in the United
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laryngospasm when compared to other procedures.
Additionally, enlarged tonsils can obstruct airway
structures, making intubation more difficult.

Pediatric airway management presents a significant
challenge for anesthesiologists, with airway
complications among the most  frequent
complications in pediatric anesthesia.?®* Children
have a relatively larger tongue, narrower mouth,
shorter mandible, and prominent occiput, all of which
make laryngoscopy and intubation more difficult and
increase the risk of airway injury.> Furthermore,
children have a lower total lung volume and a much
higher oxygen consumption rate than adults, limiting
the tolerance to apneic time.®

Video laryngoscopes (VL), with cameras at the tip of
the blade, provide clear view of the glottis, reducing
the need for maximum neck extension as required
with  direct laryngoscopy. Enhanced glottic
visualization facilitates quicker and more precise
intubation, thus minimizing complications.

Additionally, the camera allows the intubating
practitioner to avoid direct exposure to the patient’s
airway, reducing the risk of cross-infection. Several
studies have shown the superiority of the VL to direct
laryngoscope for endotracheal intubation in adults.
Although video laryngoscopy is recommended for
adults, data on its use in children remains limited.”?
This study aims to compare the effectiveness of video
laryngoscopy with direct laryngoscopy in pediatric
endotracheal intubation.

2. METHODOLOGY

With ethics committee approval (decision No
H2023/166; May 22, 2023) ASA class | - I patients,
aged 2 to 16 years, undergoing tonsillectomy with or
without adenoidectomy under general anesthesia and
endotracheal intubation at the Hue University of
Medicine and Pharmacy Hospital, were included
between May 2023 and August 2024. Exclusion
criteria included the absence of the patients or
guardians informed consent, anatomical
abnormalities or coagulation disorders, and history of
dyspnea, asthma, or upper respiratory infections
within 14 days.

Upon inclusion, patients were randomly allocated
using a random list (Microsoft Excel*) to either the
M group where the intubation was performed using a
Macintosh direct laryngoscope or the VL group
where intubation was performed using the
McGRATH MAC* (Medtronic, Dublin, Ireland)
video laryngoscope.
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External Laryngeal Manipulation (ELM) refers to the
application of external pressure on the larynx to
optimize glottic visualization during endotracheal
intubation. In clinical practice, ELM is often adjusted
dynamically within a single intubation attempt to
enhance the alignment of the laryngeal structures and
improve the operator’s view. As a result, the number
of ELM

Table 1: Intubation Difficulty Scale - IDS 1°

Parameter Score
Number of attempts >1 N
Number of operators >1 N,
Number of alternative techniques N3
Cormack-Lehane (CL) grade 1 Ny
Lifting force required

Normal Ns =0

Increased Ns=1
Laryngeal pressure

Not applied Ne=10

Applied Ne=1
Vocal cord mobility

Abduction N,=0

Adduction N =1
Total IDS = sum of scores N\-N7

applications may exceed the number of intubation
attempts,  reflecting  necessary  intra-attempt
modifications to optimize airway management

Time to successful first-attempt intubation refers to
the duration from the initiation of the intubation
procedure until successful placement of the
endotracheal tube on the first attempt.

All patients underwent a pre-anesthesia assessment,
which included Mallampati classification, dental
status, and evaluations of risk factors for difficult
laryngoscopy such as short neck, large tongue, small
mouth, recessed chin, and limited head-neck
movement. Standardized anesthesia induction was
achieved using fentanyl, propofol, and rocuronium,
doses adjusted. After 2.5 - 3 minutes of muscle
relaxation and mask ventilation with 100% oxygen,
patients underwent endotracheal intubation with the
device according to their study group.

The mains study endpoint was the first attempt
success rate of endotracheal intubation: Successful
intubation was confirmed when the endotracheal tube
was visualized passing through the vocal cords, and
at least three consecutive capnography waves
appeared on the monitor, with observed chest wall
movements, and audible bilateral lung sounds.
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Table 2: Study population general characteristics

Characteristic

post - extubation complications as sore
throat or hoarseness.

Study withdrawal criteria included the
occurrence of surgical complications

Age (years) [min -max] 7.0+24 6.4+23 Ns | and the requirement for prolonged
[3-13] [2-14] mechanical ventilation (> 2 hours) in the
Height (cm) 1195 + 14.4 1172+ 154 recovery room or intensive care unit.
Weight (kg) 23.6+9.1 23.3+10.3 ][D children, _ACCSFO_““g to Bhamri, t_hﬁ
irst-attempt intubation success rate wit
2
BMI (kg/m?) 16.1+33 16.2+2.9 video laryngoscope has been reported to
Male/Female (n) 59/31 61/29 be 81.81%,'! and the expected first-
ASA classification (I/1l) (n ) 82/8 79/11 attempt success rate in the video
0RO/ Tt
Tonsillectomy/tonsillectomy + 22/68 19/71 IaryngOSFOpes grOUp.IS 96% |nd|cat|ng a
adenoidectomy sample size of 76 patients per group with
- — a 1:1 ratio. To account for a 15%
Mallampati classification (I/11/11) 36/45/9 33/50/7 crossover and expected dropout rate, the
Dental condition 70/14/6 71/11/8 sample size has been fixed to 90 patients
(normal/missing/loose) per group i.e. a total of 180 patients.
Fentanyl (mcg) 47.3+18.3 46.6 £ 20.6 2 1. Statistical analysis
Propofol (mg) 71.0+27.4 70.0 + 30.9
- The SPSS 27.0 (IBM*, USA) software
Rocuronium (mg) r1x27 70£31 allowed for data analysis using the Chi-
Surgical duration (minutes) 31.7+94 33.4+£10.9 square test; the Fisher’s exact test; the
Data are presented as mean + SD or frequency; NS: Not Significant; BMI: Body mdependem sample t-test, anq the
mass index, ASA: American Society of Anesthesiologists Mann-Whitney test where appropriate. P

Table 3. Success rate of intubations
Success rate of | v group M group
intubations N (%) N (%)

First attempt 8 (695.6) 76 (84.4)
Second attempt 4 (4.4) 12 (13.3)
Third attempt 0 (0) 2(2.2)

Table 4: Cormack-Lehane classification
Cormack - VL group M group
Lehane Grade N (%) N (%)

I-1 88 (97.8 77 (85.6 0. 00

-1 2222 13(14.4
Data are presented as frequency (%); P < 0.05 considered

< 0.05 was considered significant.

3. RESULTS

A total of 180 patients underwent initial eligibility
assessment. The patients were randomly assigned to
two groups, each comprising 90 patients. Following
allocation, all patients were diligently monitored
throughout the study period and subjected to
comprehensive statistical analysis. No statistically
significant differences were observed between the
VL and M groups in general characteristics (P >
0.05).

The VL group had a significantly higher first-attempt
intubation success rate compared to the M group
(95.6% vs. 84.4%, P < 0.05). Data are presented as
frequency (%); P < 0.05 considered as significant

The VL group had significantly more patients with

as significant Grade I-11 glottic views compared to the M group
Secondary endpoints included: the intubation time _(97_'8% vs. 85.6%, P < 0:05)' Conv_erS(_eI_y, the
incidence of Grade IlI-1V views was significantly

defined as the interval from laryngoscope insertion to

successful intubation confirmation; the Cormack -
Lehane grading of glottic visualization (Figure 2); the
Intubation Difficulty Scale (IDS) (Table 1); the
occurrence of dental, oral, and pharyngeal injuries;
the need for supportive maneuvers as ELM or
auxiliary equipment; and finally, the occurrence of
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lower in the VL group (2.2% vs. 14.4%).
Data are presented as median (Range); P <0.05
considered as significant

The VL group had a significantly lower median IDS
score [0 (0-0)] compared to the M group [0 (0-
1.25)], indicating easier intubation with the video
laryngoscope (P = 0.000).
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The VL group required significantly fewer ELM
compared to the M group (90.0% vs. 74.4% with no
manipulation needed, P < 0.05).

There was no statistically significant difference in
the time to successful first-attempt intubation

Table 5: Time to successful first-attempt
intubation

Intubation VL group

duration

(seconds) | (N =86)
Mean+SD 30.6+57 284+85 NS
Min - Max 19 -43 14 - 43

between the two groups (VL: 30.6 £ 5.7 svs. M:
28.4+£8.55s; p>0.05).

Table 6: Changes greater than 20% in heart
rate, mean blood pressure, and drop of SpO,
below 95% in the 3 min post-intubation

Parameter M
group
n (%)

Heart Rate Change >20% 5 (5.6) 6 (6.7)

Mean BP Change >20% 6 (6.7) 8(8.9)

Patients with SpO, <95% 0 0

Data are presented as frequency (%); NS: Not Significant

No significant differences were observed in heart
rate, mean blood pressure, or SpO: changes following
intubation (P > 0.05).

The incidence of dental, mucosal, and pharyngeal
injuries was significantly lower in the VL group (P <
0.05).

No significant differences were found in sore throat
severity at 1, 6, and 24 hours, or in hoarseness rates
between the two groups (P > 0.05).

4. DISCUSSION

Our study demonstrated a significantly higher first-
attempt intubation success rate with the McGrath
MAC video laryngoscope (VL) compared to direct
Macintosh laryngoscopy (DL) (95.6% vs. 84.4%, P <
0.027). This finding is consistent with Bhamri et al.,
who reported a similar trend (90.9% vs. 81.8%, P <
0.0001).1* However, some studies, including those by
Kim et al. and Fiadjoe et al., found no significant
difference in first-attempt success rates between VL
and DL (98% vs. 98%,
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Table 7: Sore throat at 1, 6, and 24 hours post-
extubation

Sore Throat post- | VL Group |M Group
extubation N (%) N (%)

No Pain 0 (0) 0 (0)
Mild 24 (26.7) 23 (25.6)
1 hour
Moderate 53 (58.9) 50 (55.6)
Severe 13 (14.4) 17 (18.9)
No Pain 1(1.1) 2(2.2)
Mild 32(35.6) 26 (28.9)
6 hours NS
Moderate 52 (57.8) 54 (60.6)
Severe 5 (5.6) 8 (8.9)
No Pain 4 (4.4) 3(3.3)
Mild 38 (42.2) 38 (42.2)
24 hours NS
Moderate 41 (45.6) 44 (48.9)
Severe 7(7.8) 5 (5.6)
Hoarsen None 89 (989) 87 (967)
€ss Mild 1(1.2) 3(3.3)

Data are presented as frequency (%); NS: Not Significant

P > 0999 and 96% vs. 94%, P = 0.24,
respectively).*>1® However, Riad et al. reported a
significantly higher first-attempt success rate in the
Airtraq VL group compared to the Macintosh DL
group, further supporting the advantage of VL in
pediatric airway management (p=0,001).1* These
discrepancies can be attributed to key methodological
differences.

First, patient population characteristics likely
influenced outcomes. Our study was conducted in
pediatric patients undergoing tonsillectomy, a
population inherently predisposed to difficult
intubation due to hypertrophied tonsils, which may
obstruct direct glottic visualization. This likely
contributed to the significant improvement in first-
attempt success rates with VL. Similarly, Riad et al.,
who investigated Airtrag VL, also demonstrated a
superior success rate compared to DL, suggesting
that VL is particularly advantageous in scenarios
where airway visualization is compromised.* In
contrast, Kim et al. exclusively studied children with
expected normal airways, where VL may not confer
a significant advantage over DL. Similarly, Fiadjoe
et al. focused on neonates and infants, whose airway
anatomy differs substantially from older children,
potentially reducing the impact of VL on intubation
success rates. Second, operator experience plays a
crucial role in VL effectiveness. In our study, all
intubations were performed by a single experienced
anesthesiologist, minimizing inter-operator
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variability. Conversely, Giraudon et al. assessed
intubation success among novice practitioners, which
may explain why VL did not demonstrate a clear
advantage over DL in their study (P = 0.72).%° VLs
typically require a period of adaptation for optimal
tube placement, and inexperienced users may not
fully leverage its benefits. Third, the choice of VL
device affects intubation success. While our study,
along with those of Bhamri and Kim, utilized the
McGrath MAC, Fiadjoe employed the GlideScope
Cobalt, and Riad used the Airtrag. These devices
differ in their blade geometry and intubation
technique. The GlideScope has a more pronounced
angulation, which, while improving glottic
visualization, may necessitate greater skill in
maneuvering the endotracheal tube. The Airtrag, on
the other hand, incorporates a guiding channel,
potentially facilitating a more straightforward
intubation process.!*** This variation in device
design likely contributed to the differences observed
across studies. Lastly, intubation conditions and
study endpoints must be considered. In our study, VL
was evaluated under clinical conditions relevant to
tonsillectomy, where glottic exposure may be
compromised. Studies conducted in populations with
low intubation difficulty may underestimate the
benefits of VL. Additionally, while our primary
endpoint was first-attempt success, some studies
prioritized secondary outcomes, such as intubation
time, which may be influenced by factors beyond VL
efficacy.

Taken together, our findings support the preferential
use of VL in pediatric patients at higher risk of
difficult intubation, particularly in cases where direct
glottic visualization may be challenging, such as in
tonsillectomy. The observed variability across
studies highlights the need to consider patient
characteristics, operator experience, VL design, and
study conditions when interpreting intubation
success rates. Evaluating the glottic view using the
Cormack-Lehane (C-L) classification is a key
indicator of laryngoscopy difficulty, influencing both
success and intubation time. Grades Il and 1V are
often associated with difficult intubation. Our study
demonstrated a significant difference in C-L grading
between groups, with VL providing superior glottic
visualization compared to DL. This aligns with
Bhamri et al., where VL reduced the incidence of C-
L HI/IV views, facilitating intubation.’* Similarly,
Kim et al. reported higher C-L I/l rates and reduced
external laryngeal manipulation (ELM) with VL.»
The enhanced optical system of VL minimizes the
need for optimization maneuvers, making it
particularly valuable in difficult airway scenarios.

The Intubation Difficulty Scale (IDS) objectively
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assessed intubation complexity. Our study showed a
lower IDS in the VL group, consistent with Kim et al.
and Riad et al., who also reported reduced IDS with
VL. VL was particularly beneficial in patients
with expected difficult intubation (C-L 11/1V, higher
IDS, or requiring ELM). These findings reinforce the
role of VL in improving glottic exposure and
reducing maneuver dependency, critical factors in
pediatric airway management. Despite these
advantages, intubation time did not differ
significantly between groups (p=0.076). Although
VL improved first-attempt success rates, C-L I/1l
views, and IDS scores, intubation duration remained
comparable. The McGrath MAC’s lack of an anti-fog
system may contribute to screen blurriness,
potentially  offsetting time-related  benefits.>
Similar observations were reported by Bhamri and
Kim, while Giraudon et al. noted longer intubation
times with VL, likely due to inexperience.'® Riad et
al., however, demonstrated a significant time
reduction with Airtraq VL (22.8 + 6.1s vs. 51.6 +
26.7s, P = 0.001).2* This underscores the importance
of device design and practitioner proficiency in
optimizing VL performance. Pediatric airways
present unique challenges due to smaller dimensions,
reduced respiratory reserves, and increased
susceptibility to hypoxemia. Multiple intubation
attempts heighten the risk of hemodynamic
instability, airway trauma, and postoperative
complications. Our findings, along with previous
studies, confirm that hemodynamic parameters and
SpO: remained stable in both groups, emphasizing
that proficiency in VL is essential for ensuring safe,
efficient intubation in pediatric anesthesia. The
incidence of dental and mucosal injury was
significantly higher in the DL group (24.4% vs.
5.6%), consistent with prior reports. This can be
attributed to:

The softer, disposable plastic blades of VL reducing
the risk of dental trauma compared to the rigid metal
blades of DL. VL enabling a less forceful approach,
as visualization does not rely on direct line-of-sight
exposure.

Overall, VL demonstrated superior intubation
efficiency, achieving higher first-attempt success
rates, improved glottic visualization (C-L I/I1), and
reduced IDS compared to DL. While both techniques
maintained hemodynamic stability, VL may offer an
advantage in high-risk or unstable pediatric patients.
Given its higher efficiency and lower complication
rate, we recommend the routine use of VL in
pediatric intubation.

5. CONCLUSION
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Video laryngoscopy was superior to direct
laryngoscopy for pediatric endotracheal intubation in
tonsillectomies.

6. LIMITATIONS

This study was conducted at a single center, with all
intubations performed by a single postgraduate
anesthesiologist, which may limit the generalization
of the results to broader clinical settings and
practitioners with different experience levels. The
study enrolled only ASA I-IlI pediatric patients
undergoing  tonsillectomy,  thereby  limiting
applicability to more diverse or high-
videolaryngoscope was evaluated, so the findings
may not extend to other videolaryngoscope models
with risk

7. Availability of data and materials

All data generated or analyzed during this study are
included in this article. Further inquiries can be
directed to the corresponding author.

8. Funding

This study did not receive any funding in any form.
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