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ABSTRACT

Background and Aims: The conventional CE clamp technique may not effectively provide
bag-mask ventilation (BMV) in the hands of inexperienced providers. Hence, we compared
the efficacy of two-handed CE versus a hybrid technique. Methods: One hundred thirty-two
American Society of Anesthesiologists (ASA) |-l adult patients were randomised into groups A
and B. After induction of anaesthesia and neuromuscular blockade, Group A received BMV by
using the double-handed CE technique. Group B received BMV by using dominant-hand CE
and non-dominant-hand thenar eminence (TE) hybrid technique. The primary outcome was
two minute (24 breaths) mean exhaled tidal volume. Secondary outcomes were the number of
failed breaths and the comfortability level of airway providers using a 5-point Likert scale. Data
were analysed using the Mann-Whitney U test, Student t-test, Chi-square test, and Fisher’s exact
test. Results: The mean exhaled tidal volume and end-tidal carbon dioxide observed in Group A
were significantly lower than in Group B (P =0.001 and P = 0.001, respectively). The number of
failed breaths and comfort level of both techniques were comparable in both groups (P = 0.310.
and P = 0.584, respectively). Conclusion: The dominant-hand CE and non-dominant-hand TE
techniques provide higher exhaled tidal volumes with comparable provider comfortability and may
be considered an alternate BMV technique.

Keywords: Bag-mask ventilation, double-handed CE technique, end-tidal carbon dioxide, exhaled
tidal volume, hybrid bag-mask ventilation technique

INTRODUCTION

Bag-mask ventilation (BMV) is a critical airway
management skill that needs to be proficiently acquired
by all airway providers. All healthcare providers,
including new trainees, must be trained in the most
efficient techniques of BMV as ineffective ventilation
can result in irreversible hypoxia.™

Effective BMV necessitates proper patient positioning,
a patent upper airway, and an adequate mask
seal.’”! Various predictors of difficult BMV have been
elucidated from many studies, such as edentulous
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patients, presence of beard, old age, body mass
index (BMI) >26 kg/m? history of snoring, and
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improperly sized mask.®! These issues can be resolved
by switching to a two-handed BMV technique with a
properly fitting mask. Though a skilled provider may
be able to adapt and overcome difficulties in BMV
efficiently, a novice provider may face failure in BMV
due to inadequate mastery of the essential components
of the techniques of BMV. Despite the popularity of
the traditional EC clamp technique, significant failure
rates have been reported due to air leaks that result
in inadequate chest rise. Hence, many alternative
techniques for efficient BMV have been investigated.
The two-handed thenar eminence (TE) technique is
one such alternate technique that involves downward
pressure on the mask with the thenar eminence of
the airway provider to create an air-tight seal on the
face of the patient, while the four fingers of each hand
pull the jaw upwards towards the mask.’! The TE
technique enhances airway patency due to all fingers’
advancement of the lower jaw, with an accompanying
lack of compression on the submandibular
tissue.® Various studies have compared two-handed
CE techniques with two-handed TE techniques of
BMYV in novices and experienced airway providers,
mainly on manikins, with conflicting results.!>**

The primary objective of this study was to compare
the 2-minute (24 breaths) mean exhaled tidal volume
between the two-handed CE versus the dominant-hand
CE with the non-dominant-hand TE mask-holding
technique on human subjects without difficult
bag-mask ventilation predictors. The secondary
objective was to compare the number of failed breaths
reflected by no exhaled tidal volume amongst both
methods. The comfort level of airway providers using
both techniques using a 5-point Likert scale was also
evaluated as a secondary outcome. We hypothesised
that combining the traditional CE technique with
a novel hybrid technique, which amalgamates the
CE technique with the dominant hand and the TE
technique with the non-dominant hand, might result
in a higher degree of effectiveness and comfortability
for relatively novice airway providers.

METHODS

This randomised controlled study was conducted after
approval by the institutional ethics committee (vide
approval Number: BFUHS/2K21p-TH, dated 22-2-2021)
and registered in the Clinical Trials Registry-India (vide
registration number CTRI/2021/09/036598, accessible
at www:/ctri.nic.in). The study duration was July 2021
to December 2021. The procedures followed were
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in accordance with the Helinski Declaration of 2003
and Good Clinical Practice guidelines. The study was
conducted on patients scheduled to undergo general
anaesthesia (GA) for elective surgical procedures.
In these recruited patients, relatively novice airway
providers (defined as those with less than 3 years of
experience in BMV and other airway management
procedures) performed BMV."! Written informed
consent was obtained from the patients and airway
providers for participation in the study and use of data
for research and educational purposes.

The patients included were adult patients (18-55 years
of age), American Society of Anesthesiologists (ASA)
physical status I and II, with a Modified Mallampatti
Score (MMPS) I and II, and the absence of any of
the predictors of difficult mask ventilation (DMV)
presenting for elective surgeries under GA. Patients
who had a full stomach requiring rapid sequence
intubation, those with predicted difficult airway
including DMV [age >55 years, BMI >30 kg/m?
history of snoring, neck radiation, facial asymmetry,
presence of beard, MMPS III and IV, upper lip bite test
2 and 3, edentulous, thyromental distance <6 cm, neck
circumference >40/42 cm (female/male)],® pregnant,
and haemodynamically unstable were excluded from
the study.

Patients were randomly assigned equally into either
of the two groups, A or B, by computer-generated
randomised codes, and allocation concealment
was ensured using sealed, sequentially numbered
envelopes, which were opened by an anaesthesiologist
who was not a part of the study. Group A comprised
patients who underwent BMV with a two-handed CE
mask ventilation technique for 2 minutes (24 breaths).
Group B consisted of the patients who underwent
BMV with the two-handed dominant-hand (CE)
and non-dominant-hand (TE) technique of mask
ventilation for 2 minutes (24 breaths). We could not
blind the airway providers performing the method.
However, bias was reduced by recording variables,
especially exhaled tidal volumes from the anaesthesia
workstation ventilator interface, by an unbiased
observer not part of the study protocol.

An experienced anaesthesiologist (airway provider
with more than 3 years of experience in BMV and airway
management)”! conducted a brief training session for
all assigned novice airway providers before enrolment
in the study. This comprised pictures demonstrating
the techniques [Figure 1], video demonstration, and
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Figure 1: Two-handed CE technique of BMV and two-handed
dominant-hand CE with non-dominant-hand TE technique

hands-on skill performance on manikins (Airway
management trainer, Laerdal Co. Ltd.) for 30 minutes.

Two-handed CE technique of BMV: In this, the thumb
and the index finger of both hands formed the shape
of the letter ‘C’ around the mask, attempting to secure
the mask tightly around the patient’s mouth and nose,
and the other three fingers formed the letter ‘E’ on the
inferior portion of the mandible where the little finger
provided jaw thrust, and middle and ring finger rested
on the rim of the mandible.*

Two-handed dominant-hand CE with
non-dominant-hand TE technique: In this technique,
the dominant hand was used to perform the CE
technique and the non-dominant hand was used
to perform the TE technique (in which downward
pressure on the mask was applied with the thenar
eminence while the four fingers of each hand pulled
the jaw upwards towards the mask)."

All patients enroled in the study underwent routine,
thorough pre-anaesthesia check-ups comprising
a detailed history, a focused airway history, a
general physical examination, and a focused airway
examination. Relevant investigations were sent and
reviewed. Demographic information and preoperative
variables, including age, gender, height, weight, BMI,
and ASA physical status, were recorded.

Monitors including pulse oximeter, non-invasive
blood pressure, and 5-lead electrocardiography (ECG)
were attached, and continuous monitoring of heart
rate, ECG rhythm, and oxygen saturation (SpO,) was
done. An experienced consultant anaesthesiologist
who did not participate in the study was assigned to
manage the anaesthesia for the case. After securing an
intravenous (IV) cannula, an IV midazolam 0.05 mg/kg
was given as premedication. An appropriately sized,
well-fitting transparent face mask was used for each
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patient. Pre-oxygenation with 100% oxygen at a flow
rate of 10 L/min was done for 3 minutes. General
anaesthesia was induced with IV propofol 2-3 mg/kg,
IV lidocaine 1.5 mg/kg, and IV fentanyl 1-2 pg/kg.
Neuromuscular (NM) blockade was established with
IV atracurium 0.5 mg/kg. The anaesthesia machine
was preset in pressure control mode (PCV) to
deliver 12 breaths/min, peak inspiratory pressure of
15 cm of H,0, and an inspiratory to expiratory ratio (I: E)
ratio of 1:2, with no positive end-expiratory pressure.
The anaesthesiologist assigned to the case performed
BMYV to confirm adequate BMV for an initial 1 minute
before handing over the mask to the designated
airway provider to ensure patient safety. The patient
was excluded from the study if this experienced
consultant anaesthesiologist encountered inadequate
BMYV [defined as exhaled tidal volume (VTe) less than
4 mL/kg of predicted body weight or less than 150 mL
per breath with clinical signs such as inadequate
chest rise, no fogging in the mask, no positive tracing
of end-tidal carbon dioxide (EtCO,), and lack of
measurable VTe on anaesthesia ventilator display].[*%

Each airway provider performed the assigned technique
for 2 minutes (24 breaths) [Figure 1]. An observer who
was neither part nor aware of the study recorded all
data manually from the anaesthesia machine ventilator
display. The protocol was to be aborted in case of any
observed decrease in SpO, to less than 94% or the
event of any haemodynamic instability. In that case,
the consultant anaesthesiologist was requested to
intervene and manage the patient. The data of zero was
planned to be entered for the remaining breaths of the
patient. In case of complex or failed bag ventilation,
the airway adjuncts and laryngeal mask airway were
kept as rescue measures. After the completion of the
study, the consultant anaesthesiologist assigned to
the case continued with further management of the
patient as per standard protocol.

The exhaled tidal volume (VTe), oxygen saturation
(SpO,), and end-tidal carbon dioxide (EtCO,) for each
breath during bag-mask ventilation were recorded.
The primary outcome of our study was the 2-minute
(24 breaths) mean exhaled tidal volume between
both mask-holding techniques, while the number
of failed breaths as reflected by no exhaled tidal
volume recorded by the anaesthesia machine display
and the comfortability of both methods to airway
providers were analysed as secondary outcomes. The
comfortability of the technique was assessed using a
5-point Likert scale by asking the airway providers to
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grade the technique as very comfortable, comfortable,
neutral, uncomfortable, and very uncomfortable.

The sample size was calculated based on the primary
objective, that is, the mean difference in VTe using
the study results of Gerstein et al.,’” where the mean
VTe of the TE grip group was 379 mL. In comparison,
the mean VTe of the EC grip group was 269 mL, with
a mean difference (MD) of 110 mL. Assuming an
o—error (significance) of 0.05 and power (1 - B) of
90%, the adequate sample size based on 2-minute (24
breaths) mean VTe came out to be 60 in each group. This
number was increased to 66 per group, allowing for a
predicted 10% dropouts from treatment. A post-hoc
power analysis also reflected 99% power calculated
using Gstar power software. Statistical Package for the
Social Science (SPSS) 21 version (SPSS Inc., Chicago,
IL, USA) statistical program for Microsoft Windows was
used for statistical calculations. For statistical analysis,
data were described in terms of range, mean [(standard
deviation (SD)], frequencies (number of cases), and
relative frequencies (percentages) as appropriate.
A Kolmogorov-Smirnov test was used to determine
whether the data were normally distributed (normal
distributed data were vital parameters; non-normally
distributed data were VTe and EtCO,). A comparison
of quantitative variables (VTe and EtCO,) between the

study groups was analysed using the Student t-test
and Mann-Whitney U test for independent samples
of parametric (vital parameters) and non-parametric
data (VTe and EtCO,), respectively. For comparing
categorical data (characteristics of airway providers
such as gender, speciality, and experience in BMV)
and number of failed breaths, the Chi-square (2) test
was performed, and Fisher’s exact test was used when
the expected frequency was less than 5. A probability
value (P value) was considered statistically significant
if it was less than 0.05.

RESULTS

The Consolidated Standards of Reporting Trials
(CONSORT) flow diagram [Figure 2] depicts the flow of
132 enroled patients. Demographic data of all patients
in groups A and B were comparable in age, gender, ASA
physical status, weight, height, and BMI (P > 0.05). We
recruited a total of 66 relatively novice airway providers [46
interns with experience of 10 months into internship after
graduating and 20 junior residents (of which 15 were
first-year residents with knowledge of less than 1 year
and five third-year residents with an understanding of
2 years in airway management procedures). There was no
significant difference in the age and level of experience
between the two groups [Table 1].

Assessed for eligibility (n = 132)

Enrolment

Excluded (n = 0)
Not meeting inclusion criteria (n = 0)

A

A 4

Declined to participate (n = 0)

Randomised (n = 132)

,

Allocated to Group A (n = 66)
Received Bag Mask ventilation with
double handed CE technique (n = 66)
Did not receive allocated intervention
(n=0)

|

Lost to follow —up (n = 0)
Discontinued intervention (n = 0)

A4

Analysed (n = 66)
Excluded from analysis (n = 0)

Allocation

Follow-up

Analysis

v

Allocated to Group B (n = 66)
Received Bag Mask ventilation with
dominant hand CE and non-dominant
hand TE technique (n = 66)

Did not receive allocated intervention
(n=0)

)

Lost to follow —up (n = 0)
Discontinued intervention (n = 0)

A4

Analysed (n = 66)
Excluded from analysis (n = 0)

Figure 2: Consolidated Standards of Reporting Trials (CONSORT) flow diagram
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The mean VTe in Group A was 377.51 (SD:
82.79) mL versus 476.71 (SD: 121.85) mL in
group B [MD: 99.2 mL (95% CI: 63.34, 135.09). The
mean EtCO, in Group A was 28.83 (SD: 1.83) mmHg,
which was significantly lower than in Group B with a
value of 30.42 (SD: 2.59) mmHg (P = 0.001) [MD: 1.58;
95% CI: 0.80, 2.35) mmHg [Table 2].

The BMV in Group A was comfortable to 51.5%
of airway providers and very comfortable to
48.5%. In contrast, the BMV in Group B was very
comfortable to 50% of providers and comfortable to
48.5%, and one of the airway providers found this
technique uncomfortable (P = 0.584). None of the
providers found any techniques to be neutral or very
uncomfortable. Four patients (1 in Group A and 3 in
Group B) experienced two failed breaths each. The
total number of failed breaths was 8 (6 in Group B and
2 in Group A) (P = 0.31). However, during the study
period, we did not encounter any drop in oxygen
saturation below 94% or the need to use airway
adjuncts amongst all our recruited patients.

DISCUSSION

We observed that the hybrid technique resulted
in significantly higher tidal volume delivery with
comparable comfortability scores to the traditional
CE technique. This finding was further corroborated
by higher EtCO, levels observed in Group B, implying
superior ventilation achieved using the dominant-hand
CE and non-dominant-hand TE technique of BMV.
This validates our hypothesis that a hybrid method
of BMV can be considered notably better than the
traditional CE clamp technique in terms of efficiency
of delivering adequate tidal volume breaths, especially
in the hands of relatively novice airway providers.

Table 1: Comparison of characteristics of airway providers

in both groups
Group A (n=66)

Characteristics Group B (n=66) P

Gender: Male/Female 32/34 32/34 1
Speciality and level of 46/15/5 46/15/5 1
training: Intern/JR1/JR3

Experience in BMV: 10 46/15/5 46/15/5 1

months/1 year/2 years

Data expressed as number (n). JR 1=Junior resident first year, JR3=Junior
resident third year, BMV=Bag-Mask Ventilation

Our results corroborate the findings of a randomised
crossover comparison study conducted by Gerstein
et al® with 60 novice clinicians (medics and
paramedics) to perform two two-handed mask
grip techniques, TE and EC clamp technique, in a
crossover manner on the same patient undergoing GA
for 1 minute (12 breaths). TE grip resulted in greater
expired tidal volume (379 mL versus 269 mL) when
the TE-EC sequence was used for BMV primarily by
novice providers. The relatively higher tidal volumes
observed in our study could be ascribed to using NM
blocking agents that assisted us in overcoming poor
chest wall compliance and ventilator desynchrony.
Various studies have validated these findings of
improved ventilation using NM blockade.*!

The results of our study are also in accordance
with a manikin study conducted by Soleimanpour
et al.”! in which they compared the efficacy of the four
techniques (EC, thenar eminence, thenar eminence
(dominant hand)-EC (non-dominant hand), and
thenar eminence (non-dominant hand)-EC (dominant
hand)) of mask ventilation amongst two groups of
experienced and novice staff. The quality of ventilation
adequacy was, however, subjective as it was assessed
by observed chest expansion by blinded observers.

The hybrid technique used in our study provides
effective jaw thrust displacing the mandible anteriorly,
thus improving the patency of the airway whilst the
CE grip ensures an air-tight seal at the mask-face
interface. Various studies have postulated that positive
pressure is generated by the TE technique, which
pushes the submandibular tissue anteriorly, relieving
upper airway obstruction and thus providing higher
tidal volumes at lower pressures.®1%

We compared the comfortability levels of both
techniques for airway providers. Our results of the
comfortability level were in contrast to the study
conducted by Althunayyan et al.™® where the CE
technique was superior to the VE technique in
comfortability. However, their study participants were
experienced respiratory therapists who performed
BMYV on simulated models, which explains the results
using the traditional CE technique.

Table 2: Comparison of mean exhaled tidal volume and mean EtCO, in both groups

Parameters Group A n=66 Mean (SD)

Exhaled tidal volume (ml)
EtCO, (mmHg)

377.51 (82.79)
28.83 (1.83)

Group B n=66 Mean (SD) Mean difference (95% CI) P
476.71 (121.85) 99.21 (63.34, 135.09) 0.001
30.42 (2.59) 1.576 (0.80, 2.35) 0.001

Cl=confidence interval, SD=standard deviation, n=number, EtCO,=End-tidal carbon dioxide
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The number of failed breaths was compared as
a secondary outcome, and we observed that this
difference could not attain statistical or clinical
significance in contrast with the study by Gerstein
et al.bl The fewer failed breaths in our study could
be secondary to including patients without DMV
predictors. Furthermore, our study was not powered
adequately to detect differences for this secondary
outcome.

Our study has limitations that may be addressed in
future investigations of these techniques. Our study
could not be blinded; a crossover design might have
helped prevent this concern. Leak fraction was
not measured, and a correlation of mean exhaled
tidal volume with leak fraction would have further
validated our findings. In addition, the results cannot
be extrapolated to emergency scenarios or settings
necessitating prolonged bag-mask ventilation in
patients with DMV. Nevertheless, our study on human
subjects does pave the way for evaluating alternative
hybrid bag-mask ventilation techniques.

CONCLUSION
When wused on human subjects by relatively
inexperienced airway providers, the hybrid

technique (dominant-hand CE and non-dominant-hand
TE) resulted in higher mean tidal volume than the
traditional CE technique.
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