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Purpose of review

This article evaluates the latest scientific evidence regarding airway management during in-hospital and out-
of-hospital cardiopulmonary resuscitation (CPR).

Recent findings

In the in-hospital setting, observational research suggested that the quality of CPR using ‘no flow ratio’ as a
surrogate marker was improved when advanced airway techniques were used. A registry study
demonstrated that an initial failed intubation attempt was associated with an average delay of 3 min in
time to return of spontaneous circulation. A prospective observational study showed that the Glide Scope
videolaryngoscope was associated with a first-pass success rate of 93%, with no differences between less
and more experienced physicians. In the out-of-hospital setting, a registry study suggested that intubation
leads to a better outcome compared with supraglottic airway devices. However, no advanced airway
devices showed a better outcome than basic airway techniques. An observational study reported that the
i-gel supraglottic airway device offers a first-pass insertion success rate of 90%, and was easier to establish
than the Portex Soft Seal laryngeal mask airway. Other out-of-hospital observational studies showed that the
laryngeal tube offers a lower first-pass insertion success rate than expected, and complications of this
device may influence later definitive airway management and the outcome as a whole.

Summary

Recent studies of airway management during CPR rely mostly on registry and observational designs.
Prospective randomized trials are needed to determine the optimal approach to airway management
during cardiac arrest, but have not yet been completed.
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INTRODUCTION

Airway management during cardiopulmonary resus-
citation (CPR) is an ongoing area of debate. Oxygen-
ation and ventilation are considered integral to the
management of patients in cardiac arrest. According
to current guidelines on CPR, healthcare pro-
fessionals can use a variety of airway devices and
ventilation techniques. This includes an initial
period of compression-only CPR with high-flow
oxygen by face-mask or bag-mask ventilation, sev-
eral kinds of supraglottic airway device (SGA), and
tracheal intubation (intubation) [1,2].

However, the best strategy (basic vs. advanced
airway management) and technique (bag-mask
ventilation vs. SGA vs. intubation) remain unclear.
Moreover, the optimal time point during the resus-
citation process for basic and advanced airway
management is uncertain. In accordance with a
previously published review [3], we performed an
update of this central issue in CPR. In this article, we
ht © 2015 Wolters Kluwe

rs Kluwer Health, Inc. All rights rese
discuss recently published studies of airway manage-
ment for cardiac arrest and highlight new evidence.
METHODS

We searched PubMed using the key words ‘airway
management’ and ‘cardiopulmonary resuscitation’
as free-text terms and MeSH terms to identify
relevant studies [search strategy: ‘airway manage-
ment’ AND (‘cardiopulmonary resuscitation’ OR
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KEY POINTS

� The optimal approach to airway management during
CPR has not yet been established.

� Recently published studies tend to use observational
designs, with associated methodological flaws.

� Large-scale randomized trials are required to resolve
ongoing uncertainty in this area of clinical practice.

Cardiopulmonary resuscitation
[(‘out-of-hospital’) OR (‘in-hospital’)] AND ‘cardiac
arrest’)]. We also hand-searched the references and
bibliographies of relevant articles and reviews. Cita-
tions were screened, and those studies published
between June 2013 and September 2014 meeting
predefined inclusion/exclusion criteria were then
reviewed. We included studies of airway manage-
ment in cardiac arrest patients in both in-hospital
and out-of-hospital settings. We excluded manikin
and animal studies, and papers in which cardiac
arrest could not be separated from other clinical
conditions. All relevant articles identified are
included in this article.
IN-HOSPITAL CARDIAC ARREST

Airway management and quality of
cardiopulmonary resuscitation

The value of uninterrupted high-quality chest com-
pressions is undisputed. This results in a low no flow
ratio (NFR) that supports effective blood flow to the
heart and brain [4,5]. In a prospective observational
study of adult patients suffering in-hospital cardiac
arrest, the quality of CPR was measured using the
Q-CPR device (Philips Medical Systems, UK) before
and after the insertion of an advanced airway device
[tracheal tube or laryngeal mask airway (LMA)] in
comparison with a control group receiving bag-
mask ventilation throughout [6]. Tracheal tube
and LMA placement took similar times: tracheal
tube time was a median of 15.8 s [interquartile range
(IQR) 6.8–19.4] vs. an LMA median time of 8.0 s
(IQR 5.5–15.9), P¼0.1. The use of an advanced
airway was associated with improved NFRs com-
pared with the bag-mask baseline: tracheal tube
placement (n¼50) improved NFR from a baseline
median of 0.24 (IQR 0.17–0.40) to 0.15 (IQR 0.09–
0.28), P¼0.012, whereas LMA placement (n¼25)
improved NFR from a baseline median of 0.28 (IQR
0.23–0.40) to 0.13 (IQR 0.11–0.19), P¼0.0001.
There was no significant change in NFR in patients
managed solely with bag-mask ventilation (n¼25):
baseline median 0.29 (IQR 0.18–0.59) vs. median
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0.26 (IQR 0.12–0.37), P¼0.888. Yeung et al. [6]
concluded that the quality of CPR (with NFR as a
surrogate marker) was improved when advanced
airway techniques are used during in-hospital
cardiac arrest. This is likely to reflect the fact that
advanced airway techniques, once successfully insti-
tuted, facilitate continuous CPR. However, this does
not take account of any difficulties or complications
that may occur during the placement of an
advanced airway device, and the use of a surrogate
marker means that these results should be inter-
preted with caution.
Failed tracheal intubation

Kim et al. [7] analysed the association between an
initial failed intubation attempt and return of spon-
taneous circulation (ROSC) using an adult nontrau-
matic out-of-hospital cardiac arrest (OHCA) registry.
Patients with an initial failed in-hospital intubation
attempt, having been brought to the Emergency
Department following OHCA (n¼77; 15%), had
unadjusted and adjusted odds ratios (ORs) for
achieving an ROSC of 0.50 [95% confidence interval
(CI) 0.31–0.81] and 0.40 (95% CI 0.23–0.71),
respectively, in comparison with patients in whom
the first intubation attempt was successful (n¼435).
Multivariate median regression analysis revealed
that an initial failed intubation attempt was associ-
ated with an average delay of 3 min in the time to
ROSC (3.08 min, 95% CI 0.08–5.80). Competing risk
regression analysis revealed a significantly lower
ROSC rate during the first 15 min of the cardiac arrest
(adjusted subhazard ratio 0.52, 95% CI 0.35–0.79) in
patients in whom the initial in-hospital intubation
attempt failed. This study also suffers from the weak-
nesses of an observational design, but suggests that
failed in-hospital intubation is associated with a
worse outcome from OHCA.
Use of videolaryngoscopy

In a prospective observational study, Park et al. [8]
evaluated the intubation performance of emergency
physicians during in-hospital CPR in an emergency
department over a 1-year period. All resuscitations
were recorded by video and were analysed retrospec-
tively. In 71 cardiac arrest patients, the first-pass
intubation success rate was 93% using the Glide
Scope videolaryngoscope with no significant inter-
ruption in chest compressions. There were no differ-
ences between less and more experienced physicians
in the first-pass success rate (97 vs. 88%, P¼0.187), or
the median time until successful intubation (41.5 vs.
42.0 s, P¼0.842), though this may be attributable to
the relatively small sample size. Videolaryngoscope
Health, Inc. All rights reserved.
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devices supported effective, rapid, and successful
intubation of the trachea during in-hospital cardiac
arrest, and may achieve wider application in the near
future. Their use should be investigated further
through randomized clinical trials.
Verification of tracheal tube position

In a prospective observational study, Chou et al. [9]
performed real-time tracheal ultrasonography to
assess tracheal tube position and exclude oesopha-
geal intubation. From 89 patients intubated during
in-hospital CPR, the oesophageal intubation rate
was 7.8% (n¼7). The sensitivity, specificity, positive
predictive value, and negative predictive value of
tracheal ultrasonography were 100% (95% CI 94.4–
100%), 85.7% (95% CI 42.0–99.2%), 98.8% (95% CI
92.5–99.0%), and 100% (95% CI 54.7–100%),
respectively. Positive and negative likelihood ratios
were 7.0 (95% CI: 1.1–43.0) and 0.0, respectively.
Real-time tracheal ultrasonography may be an accu-
rate method of confirming tracheal tube position
during CPR without the need for interruption of
chest compressions. Tracheal ultrasonography in
resuscitation may therefore be useful in trained
hands, though its effectiveness in relation to wave-
form capnography is unknown, and the technique is
highly operator dependent.
OUT-OF-HOSPITAL CARDIAC ARREST

Which airway for cardiac arrest?

From the ‘Cardiac Arrest Registry to Enhance
Survival’ registry, McMullan et al. [10] evaluated
the outcome of OHCA in patients receiving preho-
spital tracheal intubation vs. an SGA, and patients
receiving no advanced airway intervention. From
10 691 OHCA patients, 5591 received intubation,
3110 an SGA, and 1929 no advanced airway man-
agement. The unadjusted neurologically intact
survival was 5.4% for intubated patients, 5.2% for
patients receiving an SGA and 18.6% for patients
who received no advanced airway intervention.
Intubated patients achieved a higher ROSC (OR
1.35, 95% CI 1.19–1.54), survival to hospital admis-
sion (OR 1.36, 95% CI 1.19–1.55), hospital survival
(OR 1.41, 95% CI 1.14–1.76), and hospital discharge
with good neurologic outcome (OR 1.44, 95% CI
1.10–1.88) compared with patients treated with
SGAs. Patients receiving no advanced airway inter-
vention had a significantly higher survival to hos-
pital admission (OR 1.31, 95% CI 1.16–1.49),
hospital survival (OR 2.96, 95% CI 2.50–3.51),
and hospital discharge with good neurologic out-
come (OR 4.24, 95% CI 3.46–5.20) in comparison
 Copyright © 2015 Wolters Kluwe
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with patients treated with any advanced airway
technique. These findings echo the conclusions of
a recently published meta-analysis that summarizes
relevant evidence to date [11]. Unfortunately, how-
ever, the Cardiac Arrest Registry to Enhance Survival
registry study, like others reported previously, suf-
fers from the weaknesses of an observational design,
in that the choice of airway management is likely
to be determined by clinical features correlated
with survival. In particular, patients with early
ROSC are less likely to have advanced interventions
and are also much more likely to achieve a good
outcome.
Supraglottic airway devices: i-gel

In an observational study, Häske et al. [12] assessed
the insertion of the i-gel SGA (Intersurgical, Sankt
Augustin, Germany) during out-of-hospital CPR by
paramedics (n¼63) and emergency physicians
(n¼7) in OHCA patients. The first-pass insertion
success rate was 90%; in 7% the second attempt,
and in 3% the third attempt was successful. The
insertion was reported as easy, moderately difficult,
and difficult in 80% (n¼56), 4% (n¼3), and 16%
(n¼11), respectively. No leak on ventilation, a mod-
erate leak, and a major leak with no chest rise were
reported in 80% (n¼56), 17% (n¼12), and 3%
(n¼2), respectively. Häske et al. [12] found a signifi-
cant association between ease of SGA insertion and
the quality of the seal (r¼0.99, P¼0.02). In 74%
(n¼52) of CPR attempts, the i-gel SGA enabled
uninterrupted chest compressions without pauses
for ventilation. Ventilation was assessed to be
adequate during CPR in 96%.

In order to review the introduction of the i-gel
for use during OHCA, Duckett et al. [13] performed
two retrospective clinical audits, each over a
1-month period. This confirmed that the i-gel
SGA was often used for maintaining the airway in
OHCA. During the first and second study periods,
the insertion success rates for the i-gel were higher
than that for intubation (94 vs. 90% and 92 vs. 86%).
However, the documentation quality was poor in
11%. Duckett et al. [13] observed increasing uptake
of the i-gel, with faster insertion and a higher success
rate when compared with tracheal intubation.

Middleton et al. [14] completed a randomized
trial in 51 OHCA patients (age �12 years, �30 kg).
Patients were allocated to either the i-gel SGA or the
Portex Soft Seal LMA. The i-gel had a significantly
higher success rate than the Portex Soft Seal LMA
[90% (18/20) vs. 57% (16/28), P¼0.023], with a
comparable number of insertion attempts (1 vs. 1,
P¼0.67). This resulted in a 58% greater likelihood of
successful insertion for the i-gel in comparison with
r Health, Inc. All rights reserved.
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the Portex device (risk ratio 1.58, 95% CI 1.11–2.24).
The ease of insertion score was superior for the
i-gel in comparison to the Portex Soft Seal LMA
(2 vs. 3, P<0.0001). This is an important study
because it successfully randomized patients to
alternative airway management strategies during
OHCA; however, the sample size was very small,
and although it demonstrates that randomized
trials are possible in this patient group, it does not
address the main questions in cardiac arrest airway
management.
Supraglottic airway devices: laryngeal tube

In a prospective study, Müller et al. [15] investigated
the use of the laryngeal tube disposable by paramed-
ics in adult OHCA patients over a 3.5-year period. The
analysis included 130 insertion attempts. First-pass
insertion success rate was 83%, and in 10% the
second attempt was successful. The insertion of the
laryngeal tube disposable was not successful in 7%
(n¼9), and adequate ventilation/oxygenation was
described as impossible in 20%. In 66%, the laryngeal
tube disposable was used as a first-line strategy
instead of bag-mask ventilation. Müller et al. [15]
reported complications in 29 cases (22%), including
cuff pressure problems, vomiting/regurgitation, fix-
ation not possible, tongue swelling, and laryngeal
spasm.

In another observational study, Länkimäki et al.
[16] investigated 300 first responders trained in the
use of the laryngeal tube disposable during out-of-
hospital CPR. These first responders used the
laryngeal tube disposable in 64 OHCA patients.
The first-pass insertion success rate was 72%
(46/64), and the laryngeal tube disposable was
successfully placed on the second attempt in 20%
(13/64). First responders reported that the insertion
has been easy in 86% (55/64), and the median
insertion time was 23 s (3–240 s).

In a nonconsecutive case series, Bernhard et al.
[17] reported various problems and possible compli-
cations associated with the out-of-hospital use of the
laryngeal tube, such as incorrect placement of the
laryngeal tube in the trachea, displacement and/or
incorrect placement of the laryngeal tube in the
pharynx, tongue, and pharyngeal swelling with sub-
sequent difficulty in laryngoscopy, and inadequate
ventilation because of unrecognized airway obstruc-
tion and tension pneumothorax. These results are
supported by a prospective study over a 6-year period
by Schalk et al. [18] showing that in patients managed
with a laryngeal tube by emergency medical services
(EMS) the median cuff pressure of the laryngeal tube
was 100 cmH2O on emergency department arrival.
Moreover, tongue swelling, massive distension of the
 Copyright © 2015 Wolters Kluwer 
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stomach, significant bleeding from soft tissue, and
malposition occurred in 38.6, 10.6, 2.1, and 0.5%,
respectively. Although the laryngeal tube is con-
sidered to be an effective and well tolerated SGA, it
is also associated with adverse events. In order to
prevent tongue swelling, it is important to adjust
and monitor the cuff pressure. As a result of these
complications, and disappointing rates of successful
insertion when using the laryngeal tube, it is possible
that the i-gel will emerge as a preferred SGA during
OHCA.
Supraglottic airway devices: intubating
laryngeal mask airway

In a prospective observational trial, Tritsch et al. [19]
evaluated the feasibility and effectiveness of the
intubating LMA by trained out-of-hospital emer-
gency nurses in 302 OHCA patients. After initial
placement, but before any attempt at intubation,
ventilation was possible in 290 patients (96%).
Tracheal tube insertion through the intubating
LMA was attempted in 265 patients, and was com-
pleted in 254. Lung ventilation via the inserted
tracheal tube was successful in 242 patients (95%);
however, the inserted tracheal tube was placed in
the oesophagus or became obstructed in 12 cases
(5%). Complications, including obstruction and
major leaks, were observed in 12 patients (4%).
Regurgitation of gastric contents occurred in 43
(14.2%) patients, these complications happened
before EMS arrival (23 patients), before intubating
LMA placement (18 patients), and after intubating
LMA placement (two patients).
Rapid sequence induction and patient
outcome

In an observational population-based cohort of non-
traumatic OHCA arrest patients, Kwok et al. [20]
combined the data from a prospective airway regis-
try with a cardiac arrest registry. Of 3133 patients,
82% underwent attempted intubation without
rapid sequence induction, 15% underwent rapid
sequence induction, and 3% experienced no intu-
bation attempt. The survival to hospital discharge
differed markedly between the three groups, 11%
(n¼291/2576) for patients in whom the intubation
was performed without rapid sequence induction,
48% (n¼226/471) for rapid sequence induction,
and 71% (n¼61/86) for ‘no intubation’. In compari-
son with the intubation without rapid sequence
induction group, the adjusted odds ratios of survival
were 5.6 (95% CI 4.3–7.2) for the rapid sequence
induction group and 15 (95% CI 9–27) for the ‘no
intubation’ group. Kwok et al. [20] state that rapid
Health, Inc. All rights reserved.
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sequence induction was associated with a better
prognosis than intubation without neuromuscular
blockade, but as noted previously observational
studies of this type are susceptible to confounding
by indication, in that those patients who do not
require tracheal intubation are likely to have a much
better prognosis than those who do, and patients
who need anaesthetic drugs and neuromuscular
blockers to facilitate tracheal intubation are likely
to have a better prognosis than those who can be
readily intubated without drugs.
CONCLUSION

Airway management is an essential component of
CPR. During in-hospital cardiac arrest, advanced
airway techniques improved the quality of CPR
when NFR was used as a surrogate marker, and
videolaryngoscopy was associated with a high
first-pass success rate of 93%, with no differences
observed between less and more experienced
physicians.

For OHCA, the i-gel SGA was reported to have a
first-pass insertion success rate of 90%, and was
easier to establish than the Portex Soft Seal LMA.
The laryngeal tube had a lower insertion success and
higher complication rate than expected.

Observational studies showed better outcome
for intubation compared with SGAs, but the best
outcome was achieved in those patients who
received no advanced airway intervention. Failed
intubation attempts were associated with an aver-
age delay of 3 min in the time to ROSC. However,
these results are derived from observational and
registry data, are subject to bias and should be
interpreted with caution. Well designed, prospec-
tive randomized trials are needed to determine
the optimal approach to airway management
during cardiac arrest. At least one such trial is
now underway [21], and the results are awaited
with interest.
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