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Abstract
Background: Securing the airway and enabling adequate oxygenation and ventilation is essential during cardiopulmonary
resuscitation (CPR). The aim of the study was to evaluate the success rate of blind intubation via the I-Gel and the Air-Q compared
with direct laryngoscopy guided endotracheal intubation by inexperienced physician and to measure time to successful intubation.

Methods: The study was designed as a randomized, cross-over simulation study. A total of 134 physicians, from specialties other
than Anesthesia or EmergencyMedicine, who considered themselves skilled in endotracheal intubation but who have never used any
kind of supraglottic airway device performed blind intubation via the I-Gel and Air-Q and direct laryngoscopy guided endotracheal
intubation in 3 randomized scenarios: normal airway without chest compression during intubation attempt; normal airway with
continuous chest compression during intubation attempt; difficult airway with continuous chest compression.

Results:Scenario A: Success rate with initial intubation attempt was 72% for endotracheal intubation, 75% in Air-Q, and 81% in
I-Gel. Time to endotracheal intubation and ease of intubation was comparable with all 3 airway devices used. Scenario B:
Success rate with the initial intubation attempt was 42% for endotracheal intubation, compared with 75% in Air-Q and 80% in
I-Gel. Time for endotracheal intubation was significantly prolonged in endotracheal intubation (42seconds, 35–49), compared
with Air-Q (21seconds, 18–32) and I-Gel (19seconds, 17–27). Scenario C: The success rate with the initial intubation attempt
was 23% in endotracheal intubation, compared with 65% in Air-Q and 74% in I-Gel. Time to intubation was comparable with
both supraglottic airway devices (20 vs 22seconds) but was significantly shorter compared with endotracheal intubation
(50seconds, P< .001).

Conclusions:Less to moderately experienced providers are able to perform endotracheal intubation in easy airways but fail during
ongoing chest compressions and simulated difficult airway. Consequently, less to moderately experienced providers should refrain
from endotracheal intubation during ongoing chest compressions during CPR and in expected difficult airways. Supraglottic airway
devices are reliable alternatives and blind intubation through these devices is a valuable airway management strategy.

Abbreviations: CPR= cardiopulmonary resuscitation, ID= internal diameter, IQR = interquartile range, IRB= Institutional Review
Board, SAD = supraglottic airway device, VAS = Visual Analog Scale.
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Table 1

Baseline characteristics.

Characteristics Subjects (n, 134)

Sex, n (%)
Male, 55 (41%)
Female 79 (59%)

Age, y 35 [IQR; 29–41]
Working experience, y 8.5 [IQR; 3.0–1 2.5]

Data expressed in percentage or median and interquartile range (IQR).
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1. Introduction

More than 350,000 people suffer an out-of-hospital cardiac arrest
in the united states annually and early initiation of advanced
cardio-pulmonary resuscitation (CPR) is the key to favorable
outcomes.[1–4]High-quality chest compressions are themost single
important component of CPR. Even minor interruptions of chest
compressions during CPR, represented by the so-called hands-off
time, reduces systemic blood flow and increases morbidity and
mortality.[5] Consequently, international CPR guidelines advocate
to keep the hands-off time as short as possible.[2,6]

Securing the airway and enabling adequate oxygenation and
ventilation is essential during CPR, and although controversially
discussed, endotracheal intubation is considered the airway of
choice, at least by experienced providers.[7,8] Endotracheal
intubation requires regular training and high level of individual
skills and experience.[9–11] Supraglottic airway devices are less
invasive, are easier to place, and have previously been reported to
decrease the time needed to intubate, even by unexperienced
providers and during ongoing chest compression during
CPR.[12–14] Supraglottic airway devices do not prevent pulmo-
nary aspiration of gastric content, a common and serious clinical
concern.[15] However, once the airway is secured by a supra-
glottic airway and ventilation is restored, the trachea can be
intubated through some types of supraglottic airway devices.
Intubation through these devices can be performed using a
fiberoptic bronchoscope or blindly, meaning that the tube is
inserted through the supraglottic airway device without direct
visualization of the airway.[16,17] Success rate of blind intubation
ranges between 15% and 97%, mostly depending on the type of
the supraglottic airway device used, patient characteristics and
operator skills.[18,19]

The I-Gel and the Air-Q are recently introduced supraglottic
airway devices designed to permit fiberoptic-guided and blind
endotracheal intubation.[19,20] Whether these airway devices
can be used successfully by non-experienced providers like
physicians within acceptable time frame remains currently
unclear. We, therefore, performed this manikin study to
evaluate the success rate of blind intubation via the I-Gel and
the Air-Q compared with direct laryngoscopy guided endotra-
cheal intubation by unexperienced physician. Additionally, we
investigated the number of intubation attempts and the time to
successful intubation. In particular, we tested the hypothesis,
that success rates of blind-intubation via I-Gel and Air-Q are
non-inferior to direct laryngoscopy guided endotracheal
intubation.

2. Material and methods

The study was designed as a randomized, cross-over simulation
study. The study protocol was approved by the Institutional
Review Board of the Polish Society of Disaster Medicine
(Approval no. 43.12.2017.IRB) and was performed at the
International Institute of Rescue Research and Education
(Warsaw, Poland) between December 2017 and April 2018.
2.1. Participants

After informed written consent was obtained, 134 physicians
voluntarily participated in the study (Table 1). All participating
physicians considered themselves as skilled in endotracheal
intubation, but never used any kind of supraglottic airway device.
Physicians were excluded in case of pregnancy or any physical
injury, affecting probability to perform endotracheal intubation.
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Anesthesiologists or emergency physicians were excluded from the
study.
2.2. Protocol

Prior to the study, participating physicians received a standard-
ized audio-visual lecture lasting 30minutes covering fundamental
airway anatomy, physiology, and pathophysiology, and common
methods of airway management including several supraglottic
airway devices used for blind intubation. This lecture was
followed by a 30minutes lasting hands-on training. Blind
intubation via the I-Gel and Air-Q and direct laryngoscopy
guided endotracheal intubation were demonstrated and physi-
cians were able to practice the devices on an airway manikin.
Endotracheal intubation was performed by using a laryngoscope
with a Macintosh’s blade size 3 (HEINE Optotechnik GmbH &
Co. KG, Herrsching, Germany). Blind intubation was performed
using an I-Gel supraglottic airway size 4 (Intersurgical Ltd.,
Wokingham, UK), and Air-Q supraglottic airway device size 4.5
(Mercury Medical, Florida) (Fig. 1). A standard single lumen
endotracheal tube with 7.0mm internal diameter (ID) was used
for all intubation attempts. Both, the endotracheal tube and
respective supraglottic airway devices were thoroughly lubricated
with a lubricant recommended by the producer of the manikin.
A Resusci Anne QCPR (Laerdal, Stavanger, Norway) simula-

tor was placed on the floor in a well-lit room. Subjects were asked
to perform airway management with all 3 airway devices in 3
separate scenarios:
(1)
 Scenario A: normal airway without chest compression during
intubation attempt.
Scenario B: normal airway with continuous chest compres-
(2)

sion during intubation attempt.
Scenario C: difficult airway with continuous chest compres-
(3)

sion. The simulator control software generated a Mallampati
grade 3 through tongue edema.

The physicians were asked to perform airway management as
fast as possible. Chest compressions were performed at a rate of
100 compressions per minute, and compression depth of 5cm by
using the CORPULS CPR (GS Elektromedizinische Gera ̈te G.
Stemple GmbH, Kaufering, Germany) chest compression system.
Both, the intubation methods and scenarios sequence were

randomized by using a Research Randomizer program (random-
izer.org) (Fig. 2). Physicians performed airway management with
all 3 devices in each scenario. Afterwards, physicians rested for
about 10minutes, before they were asked to handle the second,
respectively the third airway scenario.

2.3. Data collection

Primary endpoint was overall rate of successful intubation,
defined as successful placement of an endotracheal tube in the



Figure 1. Devices used in the study: (A) iGEL mas; (B) Air-Q maks; (C) Macintosh laryngoscope.

Figure 2. Randomization flow chart.
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simulators trachea. Correct placement was confirmed by
successful ventilation of the manikin’s lungs with an anesthesia
bag. Intubation attempts lasting longer than 120seconds, or
unrecognized esophageal intubation were defined as failure.
Secondary endpoints included: rate of successful intubationwith

1 single intubation attempt. Time to successful supraglottic airway
device (SAD) placement, defined as the time from the initial
insertion of the SADs in the manikin’s mouth until stabilization of
the supraglottic airway device. Time to successful endotracheal
intubation was defined as time from the initial insertion of the
laryngoscope or SAD in the manikin’s mouth to confirmation of
lung inflation with positive pressure breaths through the
endotracheal tube. Time to successful blind intubation was defines
as time from the initial insertion of the Supraglottic airways (SGAs)
in the manikin’s mouth to confirmation of lung inflation with
positive pressure breaths through the tracheal tube.
Once physicians performed all 3 intubations during a scenario,

physicians were asked to rate difficulty of intubation of each
device using a visual analog scale (VAS) ranging from 1
(extremely easy) to 100 (extremely difficult).
2.4. Statistical analysis

The statistical package Statistica 13.0 EN (Tibico, Tulusa, OK)
was used for all statistical analysis. The type I error was set to a=
0.05. To account for multiple testing, critical was adjusted using
the Bonferroni method (a=0.0125). To detect possible differ-
ences in procedure time and success rate of endotracheal
intubation, the analysis of variance (ANOVA) Kruskal Wallis
was used. The participants’ subjective opinions were compared
with the use of the Stuart–Maxwell test. Data were presented as
medians and interquartile range (IQR), or percentages (%). The
a-error level for all analyses was set at P< .05.
3. Results

One hundred and thirty-four physicians (79 women) with a
median age 35 [IQR; 29–41] years and work experience of 8.5
[3.0–12.5] years participated in this study. All physicians
declared the ability to perform endotracheal intubation using
direct laryngoscopy but had not used any form of any
supraglottic airway device beforehand.
3.1. Scenario A: normal airway without chest compression

Success rate with initial intubation attempt was 72% for
endotracheal intubation, 75% in Air-Q, and 81% in I-Gel
(Table 2). The final success rate within 3 intubation attempts was
95% in endotracheal intubation, 99%inAir-Q, and100% in I-Gel
(Table 2). Time to endotracheal intubation and ease of intubation
was comparable with all 3 airway devices used (Figs. 3A and 4A,
respectively).

3.2. Scenario B: normal airway with continuous chest
compression

Success rate with the initial intubation attempt was 42% for
endotracheal intubation, compared with 75% in Air-Q and 80%
in I-Gel (Table 2). Overall success rate was 42% for endotracheal
intubation, 95% in Air-Q, and 100% in I-Gel (Table 2). Time for
endotracheal intubation was significantly prolonged in endotra-
cheal intubation (42seconds, 35–49), compared with Air-Q (21
seconds, 18–32) and I-Gel (19seconds, 17–27) (Fig. 3B).
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Endotracheal intubation was also rated to be significantly more
difficult compared with both supraglottic airway devices (69 vs
38 for Air-Q and 36 for I-Gel; Fig. 4B).
3.3. Scenario C: difficult airway with continuous chest
compression

During this scenario, the success rate with the initial intubation
attempt was 23% in endotracheal intubation, compared with
65% in Air-Q and 74% in I-Gel (Table 2). Overall success rate
was significantly higher in I-Gel compared with Air-Q (95% vs
86%, P= .003). Both supraglottic airway devices offered
significant better overall success rate, compared with endotra-
cheal intubation (95% vs 86% vs 31%, P< .001). Time to
intubation was comparable with both supraglottic airway devices
(20 vs 22seconds) but was significantly shorter compared with
endotracheal intubation (50seconds, P< .001; Fig. 3C). Again,
both supraglottic airway devices were rated comparable (36 vs
40), but significantly easier compared with endotracheal
intubation (80, P< .001; Fig. 4C)
4. Discussion

Results of this manikin study indicate, that relatively skilled and
experiencedproviderswere able to intubate amanikinwith an easy
regular airway. However, these providers failed during ongoing
chest compressions or with a simulated difficult airway (success
rate of 42% and 31%, respectively). Contrary, placement of
supraglottic airway devices was easy, and success rate of blind
intubationvia these supraglottic airwaydeviceswerebetween86%
and 100% in all intubation attempts and all 3 airway scenarios.
The I-Gel as well as the Air-Q devices have been previously

reported to be easy to insert and providing adequate ventilation
in several clinical scenarios.[20–23] Placement of both supraglottic
airway devices were possible in all intubation attempts in all 3
intubation scenarios. The corresponding success rate of 100% is
in line with several previous reports.[19,20,24] Placement of
supraglottic airway devices are easy to place, quickly inserted,
and nearly always provide adequate ventilation.[14,20,25,26]

However, supraglottic airway devices are generally limited due
their ability to prevent pulmonary aspiration of gastric content, a
significant clinical concern in patients undergoing both, regular
anesthesia for a surgical procedure or CPR.[8,27,28]

Once the airway is secured with a supraglottic airway device,
several devices including the I-Gel and the Air-Q offer the
possibility to intubate the trachea through the supraglottic
airway device. This can be done without direct visualization of
the airway, the so called blind intubation, or guided by using a
fiberoptic bronchoscope. Especially in the emergency setting,
blind intubation might be more reasonable, as it is much less time
consuming and a fiberoptic might not be regularly available.
Success rate of blind intubation via the supraglottic airway

devices with the initial intubation attempt differed between the 2
different devices used in this study and within the 3 airway
scenarios. As expected, success rate was highest in scenario 1with
an easy airway anatomy (81% in I-Gel and 75% in Air-Q), and
somewhat decreased during ongoing chest compression (scenario
2, 80% in I-Gel and 75% in Air-Q) and difficult airway (scenario
3, 74% in I-Gel and 64% in Air-Q). Overall, the success rate with
initial intubation attempt is well within the previously reported
range of success rates ranging between 57% and 70%.[18,20,29]

The obvious reason is the use of airway manikins in this study
instead of patients undergoing real-world intubations.



Table 2

Study outcomes by supraglottic airway devices with unexperienced physician (N=134).

Outcome iGEL Air-Q MAC P-value

Scenario A: normal airway without chest compression
Success of intubation attempts (%) iGEL vs Air-Q= .043
1st 109 (81.3%) 100 (74.6%) 96 (71.7%) iGEL vs MAC< .001
2nd 24 (18.0%) 21 (15.7%) 27 (20.1%) Others: NS
3rd 1 (0.7%) 11 (9.7%) 4 (3.0%)

Overall intubation success rate (%) 134 (100%) 132 (98.5%) 127 (94.8%) iGEL vs MAC= .038
Others: NS

Time to supraglottic airway device placement, s 8.5 [7.5–12] 14.5 [11–17] iGEL vs Air-Q= .011
Time to endotracheal intubation, s 19 [16–25] 23 [16.5–31] 24.5 [21–32] iGEL vs Air-Q= .034

iGEL vs MAC= .007
Air-Q vs MAC= .048

Ease of use, 1–100 scale 35 [27–37] 36 [27.5–40] 42 [36–47] iGEL vs MAC= .046
Others: NS

Scenario B: normal airway with continuous chest compression
Success of intubation attempts (%) iGEL vs Air-Q= .032
1st 107 (79.9%) 100 (74.6%) 56 (41.8%) iGEL vs MAC< .001
2nd 25 (18.6%) 21 (15.7%) 0 (0%) Air-Q vs MAC< .001
3rd 2 (1.5%) 6 (4.5%) 0 (0%)

Overall intubation success rate (%) 134 (100%) 127 (94.8%) 56 (41.8%) iGEL vs Air-Q= .014
iGEL vs MAC< .001
Air-Q vs MAC< .001

Time to supraglottic airway device placement, s 9 [8–12] 15.5 [12–18] iGEL vs MAC= .001
Time to endotracheal intubation, s 18.5 [17–27] 20.5 [18–32] 41.5 [35–49] iGEL vs Air-Q= .042

iGEL vs MAC< .001
Air-Q vs MAC< .001

Ease of use, 1–100 scale 36 [26–38] 38 [27–44] 69 [51–77] iGEL vs MAC< .001
Air-Q vs MAC< .001
Others: NS

Scenario C: difficult airway with continuous chest compression
Success of intubation attempts [%] iGEL vs Air-Q= .007
1st 99 (73.9%) 87 (64.9%) 31 (23.1%) iGEL vs MAC< .001
2nd 27 (20.2%) 20 (15.0%) 7 (6.0%) Air-Q vs MAC< .001
3rd 1 (0.7%) 8 (5.9%) 3 (2.2%)

Overall intubation success rate [%] 127 (94.8%) 115 (85.8%) 42 (31.3%) iGEL vs Air-Q= .003
iGEL vs MAC< .001
Air-Q vs MAC< .001

Time to supraglottic airway device placement, s 9.5 [7.5–13.5] 15.5 [13–18.5] iGEL vs Air-Q= .005
Time to endotracheal intubation, s 19.5 [17.5–27.5] 22 [19.5–35] 49.5 [44–67] iGEL vs Air-Q= .019

iGEL vs MAC< .001
Air-Q vs MAC< .001

Ease of use, 1–100 scale 36 [27–39] 40 [29–46] 80 [63–84] iGEL vs Air-Q= .049
iGEL vs MAC< .001
Air-Q vs MAC< .001

Data expressed in percentage (%) or median and interquartile range [25th percentile–75th percentile].
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Previous studies reported an overall success rate of blind-
intubation via a supraglottic airway devices, ranging from 24%
to 97%.[19,20] Results of our study indicate, that blind
intubation via a supraglottic airway devices with a maximum
of 3 intubation attempt is highly success full in easy airways
(scenario 1, 100% in I-Gel and 99% in Air-Q) and is relatively
not altered by ongoing chest compression (scenario 2, 100% in
I-Gel and 95% in Air-Q). Blind intubation in difficult airways is
less successful (scenario 3, 95% in I-Gel and 86% in Air-Q). In
general, blind intubation is often considered an airway
technique, potentially associated with serious complications
including airway trauma and trachea rupture. Although,
complications were not investigated in this study, a most recent
large clinical trial did not report any major complication.[20]

Given the fact, that success rate of insertion of the supraglottic
airway devices was promising and even success rate of blind
intubation was acceptable high, less experienced providers
5

should refrain from endotracheal intubation and should place a
supraglottic airway device instead.
Ease of intubation, as determined by subjective evaluation of

the physicians participating in this study, was comparable with
both supraglottic airway devices throughout all 3 airway
scenarios. In contrast, direct laryngoscopy guided endotracheal
intubation was rated much more difficult.
Participating physicians classified themselves as experienced

with direct laryngoscopy guided endotracheal intubation how-
ever anesthesiologists or emergency physicians were excluded
from the study. In Poland endotracheal intubation is performed
mainly by anesthesiologists and emergency physicians. Physi-
cians of other specialties or specialists in other fields of medicine
are not experienced in endotracheal intubation but in several
clinical situation may decide to perform endotracheal intubation
especially in sudden cardiac arrest. This is especially important,
as success rate in the easy airway scenario was 95%, but

http://www.md-journal.com


Figure 3. Time to endotracheal intubation during: (A) Scenario A; (B) Scenario B; (C) Scenario C).
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Figure 4. Ease of use during: (A) Scenario A; (B) Scenario B; (C) Scenario C).
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significantly dropped during scenario 2 and 3 (42% and 24%,
respectively). This finding is significant, as success rate during
easy airway indicates, that physicians were truly at least
moderately experienced with this technic. Success rates during
chest compressions or difficult airway scenario confirm previous
findings, that moderately physicians should refrain from
endotracheal intubation during CPR and should consider a
supraglottic airway devices instead.[12,13,24,30]

Our study has several limitations. First, this study was
performed in airway manikins, which might not mimic real
conditions during real CPR. However, airway manikins are
considered reliable airway teaching tools, and based on ethical
considerations, cross-over studies like that might not be feasible
in real patients undergoing real CPR. Nevertheless, results of
airway manikin’s studies are generally considered reliable.[31,32]

Second, our participating physicians considered themselves are
skilled in endotracheal intubation. We were not able to assess the
number of endotracheal intubations in real patients. Conse-
quently, this opens the possibility for self-overestimating of
personal skills and experience.

5. Conclusions

In summary, our study indicates, that less to moderately
experienced providers are able to perform endotracheal
intubation in easy airways but fail during ongoing chest
compressions and simulated difficult airway. Consequently, less
to moderately experienced providers should refrain from
endotracheal intubation during ongoing chest compressions
during CPR and in expected difficult airways. Supraglottic
airway devices are reliable alternatives and blind intubation
through these devices is a valuable airway management
strategy.
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