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Abstract

Background This study investigated the hypothesis that
the efficacy of insertion of the supraglottic device i-gel®
(i-gel) can be improved by laryngoscopy and can provide
better sealing pressure in anesthetized patients by novice
doctors.

Methods Eighty-four adult patients were assigned to the
laryngoscopy group (L group, 42 patients) or control group
(i.e., conventional blind insertion; C group, 42 patients).
Anesthesia was induced with propofol and remifentanil,
and rocuronium 0.6-0.9 mg/kg was administered. The
number of attempts until successful insertion, sealing pres-
sure, vital sign changes upon insertion, and subjective
difficulty of insertion by novice doctors were compared
between the groups.

Results  The total number of insertion attempts was one (L
group 36 cases, C group 23 cases), two (L group 6 cases, C
group 18 cases), and three (L group O case, C group 1 case),
with significant differences between groups (P = 0.007).
The sealing pressure was significantly higher in the L
group than in the C group (L group 22.3 &+ 2.6 cmH,0, C
group 19.5 £ 2.7 cmH,0, P < 0.001). Vital sign changes
(heart rate and blood pressure) did not differ between the
two groups. The subjective difficulty of insertion was
significantly lower in the L group than in the C group
(L group 26.8 £ 11.8 mm, C group 47.0 + 15.1 mm,
P < 0.001). The incidence of postoperative pharyngeal pain
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was significantly lower in the L group than in the C group
(P < 0.001), while the incidence of hoarseness did not dif-
fer between the two groups (P = 1.00).

Conclusion Our results suggest that laryngoscopy facili-
tates i-gel insertion by novice doctors, as reflected in the
rate of successful insertions, higher sealing pressure, and
lower subjective difficulty of insertion in anesthetized
patients.

Keywords i-gel® - Laryngoscopy - Novice doctors -
Insertion efficacy - Randomized controlled trial

Introduction

The advantage of supraglottic devices (SGDs) relative to
airway management is their ease of use by novice opera-
tors [1]. In emergency situations, airway management is
often performed by less experienced physicians [2]. Some
reports suggest that SGDs require less professional skill
and are suited for novice and occasional operators [3, 4].
However, insertion of SGDs by novice doctors can lead to
hemorrhage and postoperative pharyngeal pain [5].

The i-gel® (i-gel; Intersurgical, Wokingham, United
Kingdom) is a single-use SGD that has a non-inflatable,
soft, gel-like cuff composed of a styrene ethylene butadiene
styrene, which fits to the laryngeal structure [6]. Previous
studies have shown that the i-gel has good airway sealing
pressure and can be used not only for mechanical ventila-
tion under general anesthesia, but also emergency airway
management during resuscitation [7-9].

We considered the difficulties experienced by novice
doctors to be at least partially attributable to the con-
ventional blind insertion of the i-gel, and hypothesized
that assistance with a laryngoscope may improve its
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insertion efficacy. The primary hypothesis was tested by
the successful insertion of the i-gel with sufficient seal-
ing pressure. The secondary hypothesis was tested by the
subjective difficulty of insertion and vital sign change.
Accordingly, this study aimed to investigate these hypoth-
eses by comparing the insertion efficacy of the i-gel by
novice doctors with or without laryngoscopy in anesthe-
tized patients.

Methods

The research ethics committee of Osaka Medical College
approved this study. We also enrolled this study in the
UMIN Clinical Trials Registry; the trial registration num-
ber was UMINO000015013. From September to December
2014, 90 patients aged 20-80 years who were sched-
uled to undergo general anesthesia in the supine position
were assessed for eligibility to participate. Four patients
were excluded and two patients refused to participate.
After obtaining written informed consent, 84 patients
were assigned randomly using an envelope method to
the laryngoscopy group (L group, 42 patients) or control
group (C group, 42 patients) (Fig. 1). Exclusion criteria
included contraindications for the use of SGDs [such
as obesity (body mass index >30), gastro-esophageal
reflux, and previous upper abdominal surgery] or a recent
(within 7 days) history of upper respiratory tract infec-
tion [10].

Eighteen novice doctors who took an anesthesia module
during their initial training (all non-anesthesiologists with
clinical experience <1 year) were recruited. They were all
initial trainee doctors in Japanese medical systems and had
no clinical experience of the Macintosh laryngoscope or
i-gel usage before anesthesia module. Before data collec-
tion, novice doctors had performed laryngoscopy with the

Fig. 1 Flowchart of patient
recruitment

Macintosh laryngoscope at least 10 times and i-gel inser-
tion at least 5 times. Each doctor inserted the i-gel in 3—-6
patients during the trial period. The training period was a
maximum of 2 months.

Routine monitoring of blood pressure, heart rate, elec-
trocardiography, percutaneous oxygen saturation, bispec-
tral index (BIS), and end-tidal carbon dioxide tension
was performed. Without any premedication, anesthesia
was induced with propofol 1-2 mg/kg and remifenta-
nyl 0.3-0.5 pg/kg/min. After loss of consciousness, mask
ventilation was performed with 3-5 % sevoflurane; rocu-
ronium 0.6-0.9 mg/kg was administered. The supervising
anesthesiologists confirmed the zero count of train-of-four
with TOF watch® (Nihon Kohden, Tokyo, Japan) before the
insertion trial. We used doubled-over normal cutout cush-
ions which we usually use for anesthesia induction with
approximately 8 cm height.

Using the patient’s body weight, a size 3, 4, or 5 i-gel
was chosen based on the manufacturer’s guidelines. The
supervising anesthesiologist made size selections for
patients weighing 50-60 kg (size 3 or 4) [11]. In the L
group trial, laryngoscopy was performed with Macintosh
blade size 3 or 4, which was also selected by the super-
vising anesthesiologist. Novice doctors in the L group trial
were instructed to perform gentle laryngoscopy at upward
angle of 45° as they performed tracheal intubation. In the
C group trial, they crossed their fingers on upper and lower
incisors to open the mouth manually as wide as possible.
Sealing pressure was measured after insertion of the i-gel
by the supervising anesthesiologist. Successful insertion
was confirmed by the supervising anesthesiologist based
on bilateral chest wall movement, auscultation, and normal
capnograph curves; a sealing pressure of >15 cmH,0O was
considered a successful insertion. When ventilation failed,
an insertion attempt was made immediately, and the num-
ber of insertion attempts recorded. In the case of insertion
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Table 1 Patient characteristics

C group (N =42) L group (N =42)

Age (years) 659 +£13.3 64.5+ 139
Gender, male/female 19/23 17/25

Body weight (kg) 61.6+11.0 56.5+10.9
Height (cm) 159.7 £ 8.6 159.1 £8.1
BMI (kg/m?) 2477+34 222+32
Duration of surgery (min) 73.8 £34.9 86.0. = 48.4
Duration of anesthesia (min) 124.2 + 47.1 132.3 £58.2
ASA 1/2/3/4 8/30/4 9/23/10/0
Mallampati score 1/2/3/4 12/27/3/0 15/24/3/0
i-gel size 3/4/5 19/23/0 26/15/1

Mean + SD or number of patients

C group: i-gel inserted without laryngoscopy
L group: i-gel inserted with laryngoscopy
ASA American Society of Anesthesiologists

failure, novice doctors were not allowed to change or add
insertion techniques such as jaw thrust maneuver. Chang-
ing the size of the i-gel was also not allowed during the
three trials. If the third attempt failed, this was recorded
as a failure, and the supervising anesthesiologist took over
the insertion. The supervising anesthesiologist did not give
any advice during the trials but took over the airway man-
agement in the case of patient crisis such as ventilation
failure.

Systolic and diastolic blood pressure and heart rate were
monitored both before and after insertion. Blood pressure
and heart rate measurements were performed before inser-
tion at the time of the first trial. Measurements after inser-
tion were maximum values after 60 s of successful i-gel
insertion.

After successful insertion, mechanical ventilation was
immediately initiated, and anesthesia was maintained with
inhalation of sevoflurane and administration of remifentanil
with 33—40 % oxygen in air. After the operation, the i-gel
was extubated, and postoperative hoarseness and pharyn-
geal pain after arousal were assessed by the supervising
anesthesiologist. At the end of insertion, novice doctors

rated the difficulty of i-gel insertion on a visual analog
scale (VAS) from 0 mm (extremely easy) to 100 mm
(extremely difficult).

Statistical analysis was performed using JMP® 11 (SAS
Institute Inc., Cary, NC, USA). The Xz test was used to
analyze the number of insertion attempts and incidence
of hoarseness and pharyngeal pain. The Mann—Whitney
U test was used to compare sealing pressure, heart rate,
blood pressure, and VAS. Data are presented as mean &= SD
unless otherwise indicated. P < 0.01 was considered statis-
tically significant.

We first considered that a total of 180 patients were
needed in this study. However, after preliminary study
for the sample size calculation, the incidence of success-
ful i-gel insertion (sealing pressure >15 cmH,O upon first
insertion) by novice doctors without laryngoscopy was
approximately 60 %. As such, we hypothesized that laryn-
goscopy would increase the successful insertion rate of the
i-gel to 90 %. To detect this difference with 80 % power at
a 5 % significance level, 38 patients would be necessary in
each group. Therefore, we planned to recruit 42 patients for
each group to allow for missing data.

Results

Patient characteristics, including age, sex, height, weight,
duration of surgery, duration of anesthesia, Mallampati
score, and i-gel size, are summarized in Table 1. No case
was abandoned or lost to follow-up during this trial.

Number of attempts until successful insertion
and sealing pressure

The number of insertion attempts was one for 36 cases and
two for 6 cases in the L. group, and one for 23 cases, two
for 18 cases, and three for 1 case in the C group, which
showed a significant difference (P = 0.007) (Table 2). The
number of successful insertions in the first trial differed
significantly between the L and C groups (P < 0.001). After
successful insertion, the sealing pressure was higher in the

Table 2 Comparison of factors related to airway management between laryngoscopy and control groups

C group (N =42) L group (N = 42) P value
Number of attempts until successful ventilation, 1/2/3/fail 23/18/1/0 36/6/0/0 0.007%*
Hoarseness 1 1 1.00
Pharyngeal pain 18 1 <0.001%*

Values for hoarseness and pharyngeal pain represent the number of patients

C group: i-gel inserted without laryngoscopy
L group: i-gel inserted with laryngoscopy
* P <0.01
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L group than in the C group (L group 22.3 £ 2.6 cmH,0, C
group 19.5 £ 2.7 cmH,0, P < 0.001) (Fig. 2).

Subjective difficulty of i-gel insertion

As shown in Fig. 2, the subjective difficulty of i-gel inser-
tion according to the VAS was significantly lower in the C
group than in the L group (L group 26.8 £ 11.8 mm, C
group 47.0 £ 15.1 mm, P < 0.001) (Fig. 3).

p <0.001*
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Fig. 2 Box-and-whisker plot (median, interquartile range, and range)
of sealing pressure after successful insertion in the C and L groups.
C group: i-gel inserted without laryngoscopy, L group: i-gel inserted
with laryngoscopy. *P < 0.01

p<0.001*
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Fig. 3 Box-and-whisker plot (median, interquartile range, and range)
of subjective difficulty of insertion using a visual analogue scale
(VAS) after successful insertion in C and L groups. C group: i-gel
inserted without laryngoscopy, L group: i-gel inserted with laryngo-
scopy. *P < 0.01

Incidence of hoarseness and pharyngeal pain
after general anesthesia

The incidence of postoperative pharyngeal pain was signifi-
cantly lower in the L group than in the C group (P < 0.001),
while the incidence of hoarseness did not significantly dif-
fer between the two groups (P = 1.00) (Table 2).

Blood pressure and heart rate changes before and
after insertion

Changes in blood pressure and heart rate between the
C and L groups before and after insertion are shown in
Table 3. SBP, DBP, and heart rate did not significantly dif-
fer between the two groups both pre- and postinsertion. The
ratio of increase between pre- and postinsertion did not dif-
fer either.

Discussion

Various SGDs exist, and most have an inflatable cuff,
such as conventional laryngeal masks including the LMA-
Classic®, LMA-ProSeal®, and LMA-Supreme® [12, 13].
Recently, non-cuff-type SGDs such as the i-gel have been
developed. Several clinical studies have shown that the
i-gel effectively conforms to the perilaryngeal anatomy and
consistently achieves proper positioning for supraglottic
ventilation [14, 15].

SGDs are also suited for difficult airway management,
especially in “cannot intubate, cannot ventilate” situations
[16, 17]. The concept of “difficult airway management”
includes physical difficulties associated with the patient,
such as a small jaw and restricted opening of the mouth. It
also includes situations such as during resuscitation or posi-
tions other than supine that make airway management more
difficult [18]. Some reports suggest that SGDs require less
professional skill and are suited to novice and occasional
operators [3, 5]. While the advantage of SGDs is their ease
of use by novice operators [6], rapid and definite insertion
of SGDs for sufficient quality ventilation can be difficult
for novice doctors. Many reports have described effective
i-gel insertion methods [19, 20], but no consensus method
currently exists.

Pharyngeal sealing pressure is a measure of how well an
SGD seals the laryngeal structure and is important for the
evaluation of the success of SGD insertion. In the present
study, laryngoscopy significantly facilitated the success
of i-gel insertion with lower subjective difficulty. Sealing
pressure was also higher in the L group than in the C group.
A higher sealing pressure is an indicator of how well a
device might perform during controlled ventilation. Theo-
retically, sealing pressure is affected by mispositioning of
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Table 3 Comparison of changes in blood pressure and heart rate pre- and postinsertion between laryngoscopy and control groups

C group (N = 42) L group (N = 42) P value
Systolic blood pressure, pre-insertion (mmHg) 99.8 £16.9 93.5+21.3 0.03
Systolic blood pressure, postinsertion (mmHg) 98.5 £ 16.8 90.5 £ 19.8 0.02
Systolic blood pressure increase ratio (post-/pre-insertion) 1.00 £ 0.18 0.99 £0.17 0.58
Diastolic blood pressure, pre-insertion (mmHg) 56.5+ 134 539+ 14.6 0.36
Diastolic blood pressure, postinsertion (mmHg) 56.5 £ 14.2 51.5+£12.6 0.09
Diastolic blood pressure increase ratio (post-/pre-insertion) 1.04 £ 0.37 0.99 £0.25 0.87
Heart rate, pre-insertion (min™") 67.0 £ 12.5 67.0 = 10.7 0.84
Heart rate, postinsertion (min™") 66.1 + 12.1 64.7 +12.5 0.60
Heart rate increase ratio (post-/pre-insertion) 0.99 £+ 0.08 097 £0.13 0.71

Values are expressed as mean £ SD

C group: i-gel inserted without laryngoscopy
L group: i-gel inserted with laryngoscopy
*P<0.01

SGDs, leading to insufficient ventilation and airway trouble
during surgery. Results from our study suggest that laryn-
goscopy can assist novice doctors to successfully insert and
position the i-gel. The incidence of pharyngeal pain was
significantly lower in the L group than in the C group. This
suggests that novice doctors often perform rough blind
insertion, which can lead to pharyngeal damage or pain,
while laryngoscopy-guided insertion diminishes the com-
pression force [21, 22]. One possible reason for the utility
of laryngoscopy in i-gel insertion by novice doctors is that
they can place the i-gel in the appropriate position in the
pharyngeal space. Another possible reason is that the nov-
ice can push the tongue aside more effectively by laryngos-
copy than by the conventional manual method.

Another advantage of laryngoscopy-guided insertion is
that it does not adversely affect vital signs. Blood pressure
and heart rate did not increase significantly by laryngos-
copy and did not differ between the C and L groups. One
possible reason is that the use of laryngoscopy for i-gel
insertion does not require a complete view of the glottis
and its surrounding structures, which is reflected in the low
VAS score in the C group [23].

Our study has several limitations. First, the i-gel inser-
tion was performed by novice initial trainee doctors with
little experience of airway management. Trials by short-
term trained doctors or experienced anesthesiologists may
further clarify the effects of laryngoscopy on i-gel insertion
[24, 25]. Second, demographic data showed a significant
increase in body weight and BMI in the C group compared
to the L group, leading to inherent bias. Third, we calcu-
lated the estimated sample size by our primary endpoint,
the insertion success rate determined by >15 cmH,O seal-
ing pressure. To further clarify the difference in other data
such as vital sign change or VAS, the sample size may need
to be re-evaluated.

@ Springer

For future directions based on the present study, as it
was conducted at a single institute, a large-scale multi-
center study or meta-analysis will be needed to clarify the
utility of laryngoscopy in i-gel insertion [26]. Additionally,
evaluation of laryngoscopy for other SGDs such as air-Q®
or LMA-ProSeal® may further clarify the utility of this
insertion method. Furthermore, evaluation of the educa-
tional effect such as shortening the training period by this
method may be significant.

In conclusion, laryngoscopy improved i-gel insertion
performed by novice doctors, as reflected in the success-
ful insertion rate, higher sealing pressure, lower pharyngeal
pain, and subjective difficulty of insertion in anesthetized
patients.
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