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a  b  s  t  r  a  c  t

Background:  Since  their  emergence  from  the operating  theatre  over  a decade  ago,  supra-glottic  airways
(SGA) have  become  increasingly  common  in the  management  of out-of-hospital  cardiac  arrest  (OOHCA)
with  laryngeal  masks  (LM)  the  most  common  SGA.  The  proliferation  of  LMs  in the  prehospital  setting  has
occurred  despite  lower  than  expected  rates  of successful  insertion  being  reported.
Methods: We  conducted  a  single-centre,  prospective  parallel-group,  ‘open  label’  randomised  controlled
trial  in  subjects  with  OOHCA  (aged  greater  than  or equal  to 12  years  of age;  weighing greater  than  or
equal  to 30  kg)  were  allocated  to  either  the  i-gel® supraglottic  airway  (IG-SGA)  or  the  Portex® Soft  Seal®

Laryngeal  Mask  (PSS-LM)  within  a  large  Australian  ambulance  service.  Our  hypothesis  was  that  use of
the IG-SGA,  when  compared  to the  Portex® PSS-LM,  would  result  in  a  higher  rate  of  successful  insertion
in  patients  presenting  with  OOHCA.  The  primary  outcome  was  successful  insertion  of  the SGA.
Main  findings:  There  were  51 patients  randomised.  Subjects  had  an average  age  of  65  years  and  40%  were
female.  There  were  no  apparent  differences  in key  demographic  characteristics  between  groups.  The  IG-

SGA had  a significantly  higher  success  rate  than  the  PSS-LM  (90%  versus  57%; p  =  0.023),  resulting  in  a
58%  greater  likelihood  of  successful  insertion  than  the  PSS-LM  (RR  1.58;  95% CI 1.11–2.24).  The  IG-SGA
was  associated  with  significantly  lower  median  “ease  of  insertion”  scores.
Conclusion:  The  i-gel® supraglottic  airway  was  associated  with  higher  successful  insertion  rates  in subjects
with  out-of-hospital  cardiac  arrest.

© 2014 Published  by  Elsevier  Ireland  Ltd.
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. Introduction

Since their emergence from the operating theatre over a decade
go, supra-glottic airways (SGA) have become increasingly com-
on in the management of out-of-hospital cardiac arrest (OOHCA).
Please cite this article in press as: Middleton PM,  et al. Higher inserti
cardiac arrest: A randomised controlled trial. Resuscitation (2014), ht

he laryngeal mask1 is perhaps the most widely used SGA, adopted
y many emergency medical services (EMS) jurisdictions as the
rontline primary airway for all paramedics, and as a ‘rescue’ airway

� A Spanish translated version of the summary of this article appears as Appendix
n  the final online version at http://dx.doi.org/10.1016/j.resuscitation.2014.02.021.
�� Clinical Trial Registration Number: ACTRN12610000472077.
∗ Corresponding author.

E-mail addresses: drjasonbendall@gmail.com.au, drjasonbendall@gmail.com
J.C. Bendall).
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for intensive care paramedics (ICP) when endotracheal intubations
(ETI) has been unsuccessful.

However the proliferation of LMs  in the prehospital setting has
occurred despite lower than expected rates of successful inser-
tion being reported. Success rates for insertion of ‘first generation’
LMs, such as the Portex® Soft Seal® LM (Smiths Medical, Kent, UK)
by Australian paramedics for OOHCA are consistently lower than
those seen when inserted by paramedics into fasted, anaesthetised
patients in theatre-based studies.2,3 The more recent advent of ‘sec-
ond generation’ SGAs such as the i-gel® (Intersurgical, Berkshire,
UK) have seen insertion success rates of close to 100% in anaes-
thetised patients when performed by anaesthetists4 and novices,5
on success with the i-gel® supraglottic airway in out-of-hospital
tp://dx.doi.org/10.1016/j.resuscitation.2014.02.021

but whether this translates to higher success rates compared to
first generation LM s when performed by paramedics for patients
with OOHCA is not yet known. Early data are promising however,
with recent observational evidence from Europe suggesting i-gel®
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uccess rates of 90–94% when inserted by paramedics for patients
n this context.6,7

The i-gel® is a streamlined SGA incorporating a non-inflatable,
eat-labile laryngeal cuff, an in-built bite block, and a suction port

or aspiration of gastric contents. While the i-gel® has been com-
ared to LM s in several clinical trials involving mannequins or
naesthetised patients,4,8–10 a direct comparison of insertion suc-
ess rates for first and second generations SGAs when used by
aramedics for OOHCA has not been reported.

Following a review within this Australian ambulance service,
hich reported an insertion success rate of 64% for OOHCA using

he Portex® Soft Seal® Laryngeal Mask, we designed a randomised
ontrolled trial to determine whether the i-gel® resulted in superior
nsertion success rates. Our hypothesis was that use of the i-gel®

GA (IG-SGA), when compared to the Portex® Soft Seal® LM (PSS-
M), would result in a higher rate of successful insertion in patients
resenting with OOHCA.

. Methods

.1. Study design

We  conducted a single-centre, prospective parallel-group, ‘open
abel’ randomised controlled trial in which patients in cardiac arrest

ere allocated to either the IG-SGA or the PSS-LM.

.2. Setting

The study was conducted in a large Australian ambulance ser-
ice between August 2010 and October 2011. This EMS  incorporates

 two-tiered ambulance response system, consisting of qualified
aramedics (QP) and intensive care paramedics (ICP). Use of the
SS-LM has been an established procedure within the service for
ll qualified paramedics since their introduction in 2005. Intensive
are paramedics also use the PSS-LM, but also have endotracheal
ntubation at their disposal. The study was conducted within the
esponse areas of 6 selected non-ICP stations within a metropolitan
perational foot print.

.3. Study outcomes

The primary outcome was successful insertion of the SGA
yes/no), as determined by the paramedic who inserted the device.
uccess was determined by the paramedic inserting the airway by
isualisation of rise and fall of the chest and auscultation for bilat-
ral breath sounds. For this study paramedics were additionally
equired to apply a colorimetric carbon dioxide detector (NellcorTM

dult Colorimetric CO2 Detector, Boulder, CO, USA) to aid in the
ssessment of successful placement. Capnography was  unavail-
ble. Paramedics were allowed a maximum of two attempts, after
hich if unsuccessful they reverted to standard bag-valve-mask

entilation. The secondary outcomes were the number of insertion
ttempts (1 or 2) and return of spontaneous circulation (ROSC) at
mergency department (yes/no), and paramedic-recorded ‘ease of
nsertion’. Ease of insertion was recorded after the case on a 5-point
cale (very easy/easy/neutral/difficult/very difficult).

.4. Study inclusions/exclusions

The inclusion criteria were patients aged greater than or equal
Please cite this article in press as: Middleton PM,  et al. Higher inserti
cardiac arrest: A randomised controlled trial. Resuscitation (2014), ht

o 12 years of age; weighing greater than or equal to 30 kg; who
ere in out-of-hospital cardiac arrest; and for whom the insertion

f a SGA was indicated. The exclusion criterion was if a patient was
eclared dead on arrival by the first paramedic on scene.
 PRESS
tion xxx (2014) xxx–xxx

2.5. Study procedures

Qualified paramedics at participating stations were provided
with brief training in the insertion of the IG-SGA, which included
an education package and practical sessions during which airway
insertion was practiced on a resuscitation manikin. Training in the
use of the PSS-LM was not required as this was  already an existing
skill within this EMS  system.

Each ambulance from the participating stations was equipped
with a study airway equipment kit, containing three sizes of each
type of SGA (IG-SGA and PSS-LM). Each kit also contained a ran-
domisation envelope to determine group allocation. A clinical trial
data sheet detailing group allocation was folded up inside a sequen-
tially numbered, opaque, sealed envelope. That envelope was in
turn sealed within an adhesive-backed ‘packing slip’ which was
stuck to the outside of the study airway kit. The inclusion and
exclusion criteria were clearly typed on the outside of the enve-
lope, allowing quick and easy checking of the eligibility criteria
by paramedics on scene. Group allocation was determined by a
computer-generated randomisation schedule created by an exter-
nal biostatistician using Microsoft Excel 2003.

Upon arriving on scene at a patient and confirming cardiac
arrest, paramedics commenced standard resuscitation according
to the guidelines practiced within this system. Initial airway
management for both groups involved a short period of manual
bag-valve-mask ventilation following the insertion of an oropha-
ryngeal airway while chest compressions and defibrillation were
performed as indicated. Compression to ventilation ratio was 30:2
until such time as a SGA was  inserted after which chest com-
pressions were continuous. Paramedics assessed the patient for
inclusion into the study against the inclusion/exclusion criteria
and upon confirming eligibility, opened the sealed envelope and
inserted the allocated SGA as indicated on the data sheet. The size
of the device was  determined by the paramedic with size selection
based on the manufacturer’s recommendations. Assessment of the
primary outcome was performed on scene immediately following
insertion of the airway device by the attending paramedic. Assess-
ment of the secondary outcomes was made after handover to the
resuscitation team in the emergency department.

2.6. Statistical analysis

Previous epidemiological research within this system identi-
fied an insertion success rate of 64% for the PSS-LM. Based on this
rate of successful insertion in the control group, and with a two-
sided 5% significance level and a power of 80%, it was  calculated
that 50 patients per group would be required to detect a clinically
important difference in rate of successful insertion. Based on the
frequency of cardiac arrests attended by paramedics at participat-
ing stations, it was predicted that patients would be recruited occur
over a 12 month period.

Due to the relatively small sample size required, no interim
analyses were planned, and no specific stopping rules were stip-
ulated. However, enrolment of patients into the study occurred
at a rate much slower than expected, and after the projected 1
year recruitment period only 40 patients had been enrolled. Enrol-
ment of patients continues until the i-gel® SGAs passed their expiry
dates. At this time, the study investigators decided that as the trial
had already surpassed the expected recruitment period, and with
the intervention equipment expired, continuation of the trial had
on success with the i-gel® supraglottic airway in out-of-hospital
tp://dx.doi.org/10.1016/j.resuscitation.2014.02.021

become logistically infeasible and thus recruitment into the study
ceased. At the time of this early stoppage, 51 patients had been
enrolled into the study. The decision to stop the study was made
prior to the conduct of any data analysis.
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Table  1
Primary and secondary outcomes.

Outcome Portex® Soft
Seal Laryngeal
Mask

i-gel®

supraglottic
airway

p

Successful insertion n/N (%) 16/28 (57) 18/20 (90)
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Number of attempts Q2 (Q1–Q3) 1 (1–2) 1 (1–1) 0.67
Ease of insertion Q2 (Q1–Q3) 3 (2–4) 2 (1.0–2.75) <0.001
ROSC n/N (%) 7/28 (25) 7/20 (35) 0.66

.7. Study approvals

Ethical approval was granted by the South Western Sydney
uman Research Ethics Committee (Protocol X09-0348). Due to

he emergency nature of the presentation, a waiver of consent was
ranted so the paramedics did not have to engage in that process
n scene. The study was registered with the Australian and New
ealand Clinical Trial Registry (ANZCTR) prior to the commence-
ent of patient enrolment (ACTRN12610000472077).

. Results

A total of 163 cardiac arrests were identified within the study
ootprint during the enrolment period. The study profile is shown in
ig. 1. There were 62 eligible patients identified during the enrol-
ent period who were not enrolled. The most common reasons
ere the presence of intensive care paramedics (n = 26) and no
aramedic trained to participate (n = 21). Less common reasons

ncluded failure to take study kit to patient (n = 6), arrest witnessed
y paramedics (n = 4) or working alone (n = 2) and unknown (n = 3).
here were 49 cases where paramedics did not commence resus-
itation as death had clearly been established. Of the 51 patients
andomised, three were not in cardiac arrest at the time of inter-
ention and therefore the intervention was no longer indicated.
ata from these three patients was not included in the final analy-

is (Fig. 1). All other patients were included in the intention to treat
nalysis.

Overall the average age was 65 years. The mean (SD) age for the
SS-LM and IG-SGA was  66 (17) and 70 (19) respectively. Overall,
0% were females with 13/28 (46%) and 6/20 (30%) for the PSS-LM
nd IG-SGA respectively. The origins of the arrests were consid-
red likely to be cardiac in 73% of instances with 22/28 (78%) and
3/20 (65%) for the PSS-LM and IG-SGA respectively. There were no
pparent differences in key demographic features between groups
n this out-of-hospital cardiac arrest population.

Primary and secondary outcomes are shown in Table 1. The IG-
GA airway had a 33% (95% CI 26%–47%) higher insertion success
ate than the PSS-LM. The use of the IG-SGA airway was associated
ith a 58% greater likelihood of successful insertion than the PSS-

M (RR 1.58 95% CI 1.11–2.24 p = 0.023). Paramedics inserting the
G-SGA device reported significantly lower median “ease of inser-
ion” scores than paramedics inserting the PSS-LM. There were no
bserved differences in number of insertion attempts or in rates of
estoration of spontaneous circulation between the IG-SGA and the
SS-LM groups.

. Discussion

This study was carried out in order to investigate paramedic
uccess in the insertion of two differing types of SGA, following
he introduction into Australia of the i-gel®, a unique device which
implifies airway management by abolishing the need to inflate
Please cite this article in press as: Middleton PM,  et al. Higher inserti
cardiac arrest: A randomised controlled trial. Resuscitation (2014), ht

 perilaryngeal cuff, with its associated requirements of accurate
ositioning and adequate cuff pressure and volume.9

Intubation skills were introduced into paramedic practice in
he USA and Australia in the 1970s,11 and into the UK in the mid
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1980s,12 however in recent years it has become increasingly clear
that there may  be other, less invasive means by which to manage
a patient’s airway when this is considered necessary. A growing
body of evidence exists which suggests that paramedic intuba-
tion is associated with poorer outcomes,13 and concerns have
also been expressed regarding the unavailability of training and
lack of opportunity to practice the skill in many jurisdictions.14,15

Furthermore, the primary circumstance in which invasive airway
management has been practiced is in cardiac arrest, but the 2010
guidelines from the International Liaison Committee on Resusci-
tation (ILCOR) highlighted that there are no data to support the
routine use of any specific approach to airway management in these
circumstances,16 but also imply that extended periods of attempted
endotracheal intubation is inappropriate.

Studies in both manikins and anaesthetised patients have shown
that paramedics are more successful and faster at securing an air-
way when using a supraglottic device rather than an endotracheal
tube.17,18 The use of SGAs which both minimises interruption to
other processes, such as chest compressions in cardiac arrest, and
which minimises demand for training and practice in order to
achieve a successful placement, is clearly desirable.

In our study, the use of the IG-SGA was associated with a 58%
greater likelihood of successful insertion than the PSS-LM. Although
there have been comparisons between the IG-SGA and other LM
models, investigating outcomes such as speed of insertion,19,20 ease
of insertion19 and mucosal pressures,8 data on comparative inser-
tion success rates are unavailable. We found that the IG-SGA had
a 33% absolute higher insertion success rate than the PSS-LM. The
observed 57% success rate with the PSS-LM interestingly was  in
accord with the intra-institutional review of SGA insertion success
which preceded this study, and which found a 64% success rate in
first time placement in cardiac arrest patients. This concordance in
success rates seems so consistent that it may  be due to a system-
atic problem, but whether this is in training, equipment or clinical
practice was impossible to determine in the current study. The
insertion success rate for the PSS-LM is much lower than LM suc-
cess rates reported in a number of other studies, both for doctors21

and paramedics,6 where success rates between 86 and 100% have
been reported. Specific clinical reasons for failure are not known
and should be evaluated in future studies. Within this ambulance
jurisdiction there are an estimated 3000 cardiac arrests attended by
paramedics annually.22 This equates to less than one per paramedic
suggesting that opportunities for SGA insertion are limited. The 90%
success rate for the IG-SGA is consistent with expectations from
the literature despite few opportunities (on average) to insert a
SGA.

The IG-SGA has also been found to achieve significantly higher
leak pressures compared to the Classic® LM,  which is important
in the formation of a laryngeal seal and consequent prevention, or
at least reduction, of regurgitation of gastric contents or blood in
the context of continuous chest compressions. Paramedics in our
study reported a median ease of insertion score of ‘2’ (very easy)
for the iGel versus ‘3’ (easy) for the PSS-LM. One of the reasons for
presuming that the IG-SGA would prove to be a superior device
in this setting was  its simplicity and therefore its supposed ease
of use. Indeed, several studies have reported precisely this ease
of use in both manikin and patient4 settings, however one study
suggested that better first time success rate, fewer failures, and a
better seal was  found with the LM Supreme® compared with the
IG-SGA.10

While this was  a randomised controlled trial this study has lim-
itations. Firstly, this was a study which was  performed only at
selected urban stations within this ambulance jurisdiction, largely
on success with the i-gel® supraglottic airway in out-of-hospital
tp://dx.doi.org/10.1016/j.resuscitation.2014.02.021

determined by geography, accessibility, staff skill-mix (non-ICP
stations) and enthusiasm. This could lead to bias due to any
of these factors. That being said, our standardised system-wide
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Fig. 1. Study profi

pproaches to practice and education are likely to minimise any
isk of bias.

Secondly, we were unable to achieve full patient recruitment
s planned as outlined in the methods. These most likely accounts
or the imbalance between groups which we believe occurred by
hance rather than due to any systematic bias. Whilst it was  esti-
ated that 50 patients per group would be required to detect a

linically important difference in rate of successful insertion, our
tudy of 51 randomised subjects was still able to demonstrate a
tatistical significant (and clinically important) difference between
he IG-SGA vs the PSS-LM groups.

It is not clear whether the findings are of this study can be
xtrapolated to other first or second generation supraglottic air-
Please cite this article in press as: Middleton PM,  et al. Higher inserti
cardiac arrest: A randomised controlled trial. Resuscitation (2014), ht

ays or other ambulance services or systems. Although there is
learly further research to be done into the use of this novel SGA
n prehospital practice, the overall simplicity of use and favourable
haracteristics such as the intrinsic bite block, gastric tube channel
 = cardiac arrest).

and high leak pressures appear to make it an ideal airway for initial
use in cardiac arrest by paramedics, allowing rapid and effective
airway management.

5. Conclusion

The i-gel® supraglottic airway was  associated with higher suc-
cessful insertion rates in subjects with out-of-hospital cardiac
arrest. The i-gel® supraglottic appears easier for paramedics to
use and appears a suitable first line supraglottic airway for out-
of-hospital cardiac arrest.
on success with the i-gel® supraglottic airway in out-of-hospital
tp://dx.doi.org/10.1016/j.resuscitation.2014.02.021
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