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Abstract

Introduction: Airway management is an important component of cardiopulmonary resuscitation (CPR). Recent
guidelines recommend keeping any interruptions of chest compressions as short as possible and not lasting more
than 10 seconds. Endotracheal intubation seems to be the ideal method for establishing a secure airway by
experienced providers, but emergency medical technicians (EMT) often lack training and practice. For the EMTs
supraglottic devices might serve as alternatives.

Methods: 40 EMTs were trained in a 1-hour standardised audio-visual lesson to handle six different airway devices
including endotracheal intubation, Combitube, EasyTube, I-Gel, Laryngeal Mask Airway and Laryngeal tube. EMTs
performances were evaluated immediately after a brief practical demonstration, as well as after 1 and 3 months
without any practice in between, in a randomised order. Hands-off time was pair-wise compared between airway
devices using a repeated-measures mixed-effects model.

Results: Overall mean hands-off time was significantly (p<0.01) lower for Laryngeal tube (6.1s; confidence interval
5.2-6.9s), Combitube (7.9s; 95% CI 6.9-9.0s), EasyTube (8.8s; CI 7.3-10.3s), LMA (10.2s; CI 8.6-11.7s), and I-Gel (11.9s;
CI 10.2-13.7s) compared to endotracheal intubation (39.4s; CI 34.0-44.9s). Hands-off time was within the
recommended limit of 10s for Combitube, EasyTube and Laryngeal tube after 1 month and for all supraglottic
devices after 3 months without any training, but far beyond recommended limits in all three evaluations for
endotracheal intubation.

Conclusion: Using supraglottic airway devices, EMTs achieved a hands-off time within the recommended time limit
of 10s, even after three months without any training or practice. Supraglottic airway devices are recommended
tools for EMTs with lack of experience in advanced airway management.
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Introduction
Any delay in initiating chest compressions during
cardiopulmonary resuscitation (CPR) reduces coronary
and cerebral perfusion. Therefore, early chest compressions
and establishment of a secure airway as soon as possible
are recommended by the European Resuscitation Council
(ERC) and the American Heart Association (AHA)
[1,2]. Interruptions of chest compressions during CPR,
represented by the so called “hands-off” time, should be
kept as short as possible [2,3]. ERC guidelines suggest
that skilled clinicians should be able to secure the airway
fully without interrupting chest compressions or within a
brief pause not exceeding 10 seconds [2]. A minimal
hands-off time was shown to result in an up to 3-fold
increase of survival of out of hospital cardiopulmonary
arrest [4].
In experienced hands, endotracheal intubation seems

to be the optimal method for providing and maintaining
a clear and secure airway during CPR [3]. Indeed, endo-
tracheal intubation requires a high level of experience
and regular re-training [5,6]. If conventional endo-
tracheal intubation is performed rarely, up to 50% of
intubation attempts will fail or will need repeated efforts
[7]. Furthermore, repeated and prolonged laryngoscopy
attempts are well-known contributors to morbidity and
mortality [8]. Due to these facts and other research data,
performing endotracheal intubation in the pre-hospital
emergency setting has been questioned recently [9-11].
Results of previous studies showed that supraglottic air-

way devices are easier to insert compared to endotracheal
intubation, even during on-going CPR and in unskilled
hands [12-14]. Therefore, ERC guidelines recommend
supraglottic devices such as the Laryngeal Mask Airway
(LMA) and the Combitube as alternatives to endotracheal
intubation, especially in inexperienced hands [2].
In many countries in Europe, practical experience of

Emergency Medical Technicians (EMT) with conventional
endotracheal intubation is low [15]. Therefore, we
hypothesised that hands-off time for airway management
during CPR would be significantly lower using supraglottic
airway devices compared to conventional endotracheal
intubation, when performed by inexperienced EMT`s and
after a period without training.

Methods
Following approval by the local Ethics Committee of the
Medical University of Vienna, we recruited 40 active vol-
untary EMT`s of the Red Cross, regional association
Burgenland, Austria without any advanced airway manage-
ment training. In Austria, EMT`s are only educated in
basic airway management skills including mouth-to-mouth
and bag-valve ventilation. For advanced airway ma-
nagement, such as endotracheal intubation or placing a
supraglottic airway device, further advanced education
is required. Results of initial evaluation have already
been published [12].
After having given written consent, all EMT`s participated

in an 1-hour standardised audio-visual lecture. The topics
covered relevant aspects of anatomy, CPR and different
techniques for securing the airway. The lecture was
followed by a practical demonstration of insertion, cuff
inflation and subsequent ventilation with a bag using
each of the following devices:

1. Laryngoscope guided endotracheal tube 7.5 mm I.D.
(Mallinckrodt, Athlone, Ireland), reinforced with a
stylet;

2. Combitube SA 37 F (Covidien, Mansfield, MA,
USA);

3. EasyTube Ch 41 (Teleflex Medical Ruesch, Research
Triangle Park, NC, USA);

4. I-Gel size 4 (Intersurgical Ltd., Wokingham,
England);

5. Laryngeal Tube disposable size 4 (King LT-D, VBM,
Sulz, Germany);

6. Laryngeal Mask unique – LMA size 4 (LMA
Company North America, San Diego, CA, USA);

For practical demonstration the Resusci Anne Advanced
SimulatorW (Laerdal Medical, Stavanger, Norway) was used.
After practical demonstration the performances of

all EMT`s were analysed in a separate room. Two
EMT`s formed a CPR team. One EMT performed chest
compressions, while the other member was responsible
for airway management. Each team performed basic CPR
in the usual manner (ratio 30:2), using bag-valve ventila-
tion for two minutes. Afterwards, the EMT responsible
for airway management used the six airway devices listed
above in a randomised order. The random sample was
generated by the ARandomizer Software (https://www.
meduniwien.ac.at/randomizer/web/login.php.). The mani-
kin and the airway devices were lubricated with lubricant
recommended by Laerdal Medical.
The EMT`s were strictly advised to minimise interruptions

of chest compression for airway management. If pos-
sible, airway management was performed during on-
going chest compressions. If necessary, interruption of
chest compressions was kept as short as possible, but not
exceeding 10 seconds. For attempts lasting longer than 10
seconds, the EMT`s were instructed to stop airway-
management and start instead with bag-valve ventilation
in the ratio 30:2 for 2 minutes. The number of insertion
attempts for each device was limited to three attempts.
Practical performance was finished after announce-

ment of successful insertion by the EMT or after three
intubation attempts. Unsuccessful airway management
was defined either as unrecognised oesophageal intub-
ation or, if participants were unable to insert the device

https://www.meduniwien.ac.at/randomizer/web/login.php
https://www.meduniwien.ac.at/randomizer/web/login.php
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within 3 attempts. The EMT`s were allowed to correct
the position, if misplacement of the airway device was
recognised (by absent or inadequate chest movements).
One and three months later, all EMT`s participated in

a second and a third evaluation using the identical study
setting and equipment without any further theoretical or
practical training.
The primary outcome was to determine the average

hands-off time over all three evaluations. Hands-off time
was defined as the cumulative duration of CPR discon-
tinuation during airway insertion. Interruptions lasting
longer than 1.5 seconds were considered as the begin-
ning of hands-off time. Hands-off time was automatic-
ally recorded by the manikin`s computer.
The secondary outcomes were to determine the aver-

age number of intubation attempts, overall success rate
(defined as correct placement of the device within a
maximum of three attempts), and to record unrecog-
nised misplacement. Data of secondary outcomes were
recorded by the investigators.

Statistical analysis
A single CPR session (i.e. single evaluation of one EMT
using one device) was used as the unit of analysis. We
calculated repeated-measures mixed-effects models for
pair-wise comparison between airway device groups (endo-
tracheal intubation compared with each of the other
devices) and paired t-test for comparison between different
evaluations (first evaluation vs. second and third evaluation)
of hands-off time and number of attempts, respectively.
Furthermore, we used the chi-square test for analysing the
percentage of successful intubations. The correction for
multiple testing for all tests was performed according to
Sidak [16]. Results are reported as the mean average (95%
confidence intervals (CI)). A p-value of less than 0.05 was
considered statistically significant. Overall success rate and
unrecognised misplacements are reported as the proportion
of total number of CPR sessions for each device.
Based on the results of a previous study, we expected

an average difference in hands-off time of 30% with a
standard deviation of ± 30% between endotracheal in-
tubation and supraglottic airway devices [12]. To show
this difference with an alpha error of 0.05 and a power
of 90% we needed to have a minimum of at least 30
participants. In order to take into account any potential
loss of participants we included 40 EMT`s in this study.
Gpower 3.1.4 (University of Kiel, Germany) was used for
power calculation. Stata IC 10 (Stata Corp., College
Station, Texas, USA) was used for all other analyses.

Results
This study was conducted between January and April
2011. Forty EMT`s (33 men and 7 women, age 26 ± 5
years) participated in all three evaluations, resulting in a
total number of 120 CPR sessions for each device or 720
CPR sessions in total. Three CPR sessions (at first evalu-
ation one Combitube, and at second evaluation one
Combitube and one EasyTube) had to be excluded, be-
cause of technical problems with the cuffs (destroyed
cuffs during previous intubation), resulting in a net of
717 CPR sessions available for analysis.
The median of overall hands-off time was significantly

higher for endotracheal intubation (39.4s; 95% CI 34.0-
44.9s) compared to Laryngeal tube (6.1s; 5.2-6.9s),
Combitube (7.9s; 6.9-9.0s), LMA (10.2s; 8.6-11.7s),
EasyTube (8.8s; 7.3-10.3s), and I-Gel (11.9s; 10.2-13.7s)
(Table 1).
Median hands-off time was significantly shorter in the

second and third evaluation compared to initial evalu-
ation using conventional endotracheal intubation (48.0s
vs. 32.9s vs. 37.4s) and Laryngeal tube (8.4s vs. 5.2s vs.
4.5s). Other supraglottic airway devices showed a signifi-
cant difference of median hands-off time comparing the
first and the third evaluation. In the second evaluation
there was no significant difference to initial phase
(Figure 1).
The percentage of successful attempts for airway man-

agement within 10 seconds significantly increased for
conventional endotracheal intubation (2.5% vs. 15% vs.
15%), the Laryngeal tube (77.5% vs. 97.5% vs. 97.5%),
Combitube (74.4% vs. 76.9% vs. 92.5%), LMA (52.5% vs.
60% vs. 82.5%) and I-Gel (40% vs. 45% vs. 67.5%).
EasyTube was 100% successfully inserted within 10s
(Table 1).
Mean number of attempts for conventional endotracheal

intubation was 1.9 (95% CI 1.8-2.1), which was significantly
higher compared to Combitube (1.1; 1.1-1.2), EasyTube
(1.2; 1.1-1.3), Laryngeal tube (1.2; 1.1-1.3), LMA (1.4; 1.3-1.5),
and I-Gel (1.6; 1.5-1.8).
During first evaluation, conventional endotracheal in-

tubation was correctly performed 14 times, representing
a success rate of 35%. Success rate increased to 23 (58%)
and 28 successful insertions (70%) during second and
third evaluation. Unrecognised misplacements occurred
in 8 (20%), 7 (18%) and 6 (15%) intubation attempts. All
supraglottic airway devices were successfully inserted in all
three evaluations by all EMT`s, with the exception of one
LMA unrecognised misplacement, and one recognised
unsuccessful I-Gel insertion during second evaluation
(Table 1).

Discussion
To our knowledge, our study is the first evaluating airway
management associated hands-off time during CPR by
EMT`s observing current CPR guidelines. Our main
finding is that EMT`s successfully performed airway man-
agement using supraglottic airway devices within accep-
table hands-off time, whereas conventional endotracheal



Table 1 Skill performance at first, second and third evaluation

First evaluation Second evaluation Third evaluation Overall

Endotracheal intubation

Hands-off time 48.0 (43.0-53.0) 32.9 (25.3-40.6)** 37.4 (27.7-47.1)* 39.4 (34.0-44.9)

Attempts 2.2 (1.9-2.5) 1.8 (1.5-2.0) 1.8 (1.5-2.1) 1.9 (1.8-2.1)

Successful 14/40 (35%) 23/40 (58%) 28/40 (70%) 65/120 (54%)

Unrecognised misplacement 8/40 (20%) 7/40 (18%) 6/40 (15%) 21/120 (18%)

Successful attempts within 10s 1/40 (2.5%) 6/40 (15%)* 6/40 (15%)* 13/120 (11%)

Combitube

Hands-off time 10.0 (4.9-15.1) 8.2 (6.5-9.9) 6.0 (4.3-7.8)** 7.9 (6.9-9.0)

Attempts 1.3 (1.1-1.5) 1.2 (1.1-1.4) 1.0 (1.0-1.0) 1.1 (1.1-1.2)

Successful 39/39 (100%) 39/39 (100%) 40/40 (100%) 118/118 (100%)

Unrecognised misplacement 0/39 (0%) 0/39 (0%) 0/40 (0%) 0/118 (0%)

Successful attempts within 10s 29/39 (74.4%) 30/39 (76.9%) 37/40 (92.5%)* 96/118 (81%)

EasyTube

Hands-off time 11.4 (6.4-16.4) 8.3 (5.3-11.4) 6.7 (4.8-8.6)** 8.8 (7.3-10.3)

Attempts 1.3 (1.1-1.5) 1.2 (1.1-1.4) 1.1 (1.0-1.1) 1.2 (1.1-1.3)

Successful 40/40 (100%) 39/39 (100%) 40/40 (100%) 119/119 (100%)

Unrecognised misplacement 0/40 (0%) 0/39 (0%) 0/40 (0%) 0/119 (0%)

Successful attempts within 10s 27/40 (67.5%) 33/39 (84.6%) 34/40 (85%) 94/119 (79%)

I-Gel

Hands-off time 15.9 (10.8-20.9) 12.0 (9.6-14.4) 7.9 (6.2-9.6)** 11.9 (10.2-13.7)

Attempts 1.9 (1.6-2.2) 1.6 (1.4-1.9) 1.3 (1.1-1.5) 1.6 (1.5-1.8)

Successful 40/40 (100%) 39/40 (98%) 40/40 (100%) 119/120 (99%)

Unrecognised misplacement 0/40 (0%) 0/40 (0%) 0/40 (0%) 0/120 (0%)

Successful attempts within 10s 16/40 (40%) 18/40 (45%) 27/40 (67.5%)** 61/120 (51%)

LMA

Hands-off time 13.3 (8.2-18.3) 10.3 (7.7-13.0) 6.8 (5.4-8.3)** 10.2 (8.6-11.7)

Attempts 1.6 (1.3-1.8) 1.4 (1.2-1.6) 1.3 (1.1-1.4) 1.4 (1.3-1.5)

Successful 40/40 (100%) 40/40 (100%) 40/40 (100%) 120/120 (100%)

Unrecognised misplacement 0/40 (0%) 1/40 (3%) 0/40 (0%) 1/120 (1%)

Successful attempts within 10s 21/40 (52.5%) 24/40 (60%) 33/40 (82.5%)** 78/120 (65%)

Laryngeal tube

Hands-off time 8.4 (3.4-16.4) 5.2 (4.2-6.3)** 4.5 (3.7-5.3)** 6.1 (5.2-6.9)

Attempts 1.4 (1.2-1.6) 1.2 (1.0-1.3) 1.1 (1.0-1.1) 1.2 (1.1-1.3)

Successful 40/40 (100%) 40/40 (100%) 40/40 (100%) 120/120 (100%)

Unrecognised misplacement 0/40 (0%) 0/40 (0%) 0/40 (0%) 0/120 (0%)

Successful attempts within 10s 31/40 (77.5%) 39/40 (97.5%)** 39/40 (97.5%)** 109/112 (97%)

Times are presented in seconds as averages (95% confidence interval). Attempts are presented as absolute numbers (95% confidence interval). Successful airway
management and misplacements are presented as proportions of CPR sessions (percentages).
*: p< 0.05 hands off time compared with the first evaluation (paired t-test).
**:p<0.025 (corrected to Sidak) hands-off time compared with the first evaluation (paired t-test).
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intubation failed - also after several months without any
theoretical or practical training.
The hands-off time required for endotracheal intub-

ation far exceeded current CPR guidelines. Although
average hands-off time decreased during the study
period, median hands-off time was still significantly
beyond the recommended time frame. Only 15% of in-
tubation attempts were within the time frame during the
third evaluation. Success rate of conventional endo-
tracheal intubation increased up to 70% during the third
evaluation, but 15% of all intubation attempts led to un-
recognised misplacement.



Figure 1 Hands-off time. Hands off time of different airway devices at different timepoints. Dots denote mean. LMA: Laryngeal Mask Airway.
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Intubation in the pre-hospital setting is challenging.
Therefore, extensive training is required. However, a re-
cent study by Frascone et al. reported a maximum suc-
cess rate of any 80% by using conventional endotracheal
intubation, even in the hands of experienced paramedics
[17]. Nicholl et al. reported a failure rate of 65% by
experienced paramedics [18]. Furthermore, Sayre et al.
described unsuccessful intubation at a rate of 50% and
unrecognised oesophageal intubations in 3%, covering
103 pre-hospital conventional endotracheal intubations
by EMT`s [19].
All supraglottic airway devices – Laryngeal Mask Airway,

I-Gel, Laryngeal Tube, Combitube and EasyTube -
performed well and were successfully inserted by the
EMT`s. Although up to three intubation attempts were ne-
cessary, all supraglottic airway devices were successfully
inserted, and the average number of intubation attempts
was significantly lower, compared to conventional endo-
tracheal intubation. Median hands-off time of supraglottic
devices ranged from 6.1 to 11.9 seconds. Edelson et al.
reported that a 5-second decrease in pre-shock pause is
associated with an 86% increase in the odds of shock
success [20].
The results of our study are consistent with the finding
of Schalk et al. and Länkimäki et al. The authors
reported a success rate up to 98% for pre-hospital
intubations, using a Laryngeal tube [21,22]. However,
the authors reported insertion times, instead of hands-
off time. Wiese et al. also found comparable results in a
manikin study, involving 50 intensive care nurses [23].
The Laryngeal tube could be inserted quickly and reli-
ably during CPR.
Airway management during CPR with the LMA is suc-

cessful, even with minimal experience in airway manage-
ment [24,25]. In our study, only 1 out of 120 intubation
attempts with LMA failed. We therefore agree that the
LMA is an essential alternative airway device, even dur-
ing on-going chest compressions.
The LMA and the I-Gel tended to rotate and displace

laterally during CPR as previously described by Gatward
et al [26]. These problems were observed by the
researchers, based on researchers clinical experience and
acoustic leakage noises. However, airway management
was successful allowing three intubation attempts within
acceptable short hands-off time in all cases. The high
success rate was already demonstrated by Wharton et al.
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and Wiese et al. [27,28] Recently, Theiler et al. reported
an overall success rate of 96% covering 2049 I-gel
insertions in clinical practice [29]. Although not
investigated during CPR by Theiler et al. the results sup-
port the findings, that the I-Gel might also be a promising
airway device during CPR.
Several studies suggest that the Combitube is a useful

airway device, especially in the pre-hospital setting
[30-32]. Airway management using Combitube was
significantly faster and the success rate higher compared
to conventional endotracheal intubation. These results
are comparable with those of Abo et. al [33]. The
EasyTube performed comparable with the Combitube in
our study. Therefore, we agree with Chenaitia et al., that
the Easytube seems to be an effective alternate airway
device [34].
As a limitation, our study was not designed or powered

to show differences between particular supraglottic
devices. Results of manikin-based studies are also limited
in interpretation compared with humans, although we
used an excellent manikin for airway management
[35-37]. Detection of airway management associated
problems like gastric inflation or aspiration is difficult with
a manikin-based evaluation. However, evaluation of skill
retention in identical airway conditions is only possible
using a manikin. Another limitation of the study was, that
participants were not trained in the management of
advanced airways. Participants participated in a one-hour
training covering endotracheal intubation and five
supraglottic airway devices. This may be insufficient to
expect any qualified handling of endotracheal intubation
and may put endotracheal intubation in miscredit. How-
ever, results show that the learning curve for the
supraglottic devices is much shorter. Furthermore, manikin
studies cannot measure displacement of airway devices as
a result of moving the patient. Generally, findings of mani-
kin studies can be less reliable in real life and need to be
confirmed in “real patients” [38].
In conclusion, endotracheal intubation in inexperi-

enced hands is dangerous and could lead to fatal
complications, like unrecognised misplacement. The
success rate after a single training session is un-
acceptably low and required hands-off time during
CPR far above the recommended maximum of 10
seconds.
In contrast, with a single training session and after a

period without any training, the inexperienced EMT`s
were able to perform successful airway management
with acceptably low hands-off time by using one of the
five supraglottic airway devices. If airway management
must be performed by inexperienced personnel, EMT`s
should not attempt endotracheal intubation and should
consider supraglottic airway devices as the appropriate
and valuable alternatives.
Competing interest
Michael Frass invented the Combitube and has received royalties from
Covidien. None of the other authors has a personal financial interest in this
research.

Authors’ contributions
CG contributed to the study design and acquisition of data, made
substantial contributions to analysis and interpretation of data, drafted the
manuscript, and revised it critically for important intellectual content. SN, PW,
AR, HF contributed to aquisitation of data, and revised it critically for
important intellectual content. DR and OK performed the statistical analysis
and contributed to interpretation of data. MF made substantial contributions
to analysis and interpretation of data and revised it critically for important
intellectual content. KR contributed to the study design, made substantial
contributions to analysis and interpretation of data, drafted the manuscript,
and revised it critically for important intellectual content. All authors read
and approved the final manuscript.

Acknowledgements
The authors would like to thank the Red Cross Burgenland, Austria for their
support and the local government of Burgenland for their financial support
for this study. Furthermore, we want to thank Roraco, Vienna, Austria, for
providing the manikins used.

Author details
1Department of General Anaesthesia and Intensive Care, Medical University
of Vienna, Vienna, Austria. 2Department of Cardiothoracic and Vascular
Anaesthesia and Intensive Care Medicine, Medical University of Vienna,
Vienna, Austria. 3Social Medical Center East, Vienna, Austria. 4Department of
Emergency Medicine, Medical University of Vienna, Vienna, Austria.
5Department of Medicine I, Medical University of Vienna, Vienna, Austria.
6Institute of Anaesthesiology, University Hospital Zuerich, Raemistrasse 100,
Zuerich 8091, Switzerland.

Received: 30 November 2012 Accepted: 19 February 2013
Published: 25 February 2013

References
1. Travers AH, Rea TD, Bobrow BJ, Edelson DP, Berg RA, Sayre MR, et al: Part 4:

CPR overview: 2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
Circulation 2010, 122(18 Suppl 3):S676–684.

2. Deakin CD, Nolan JP, Soar J, Sunde K, Koster RW, Smith GB, et al: European
Resuscitation Council Guidelines for Resuscitation 2010 Section 4. Adult
advanced life support. Resuscitation 2010, 81(10):1305–1352.

3. Neumar RW, Otto CW, Link MS, Kronick SL, Shuster M, Callaway CW, et al: Part
8: adult advanced cardiovascular life support: 2010 American Heart
Association Guidelines for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Circulation 2010, 122(18 Suppl 3):S729–767.

4. Bobrow BJ, Clark LL, Ewy GA, Chikani V, Sanders AB, Berg RA, et al:
Minimally interrupted cardiac resuscitation by emergency medical
services for out-of-hospital cardiac arrest. JAMA 2008, 299(10):1158–1165.

5. Mulcaster JT, Mills J, Hung OR, MacQuarrie K, Law JA, Pytka S, et al:
Laryngoscopic intubation: learning and performance. Anesthesiology 2003,
98(1):23–27.

6. Wang HE, Seitz SR, Hostler D, Yealy DM: Defining the learning curve for
paramedic student endotracheal intubation. Prehosp Emerg Care 2005,
9(2):156–162.

7. Bradley JS, Billows GL, Olinger ML, Boha SP, Cordell WH, Nelson DR:
Prehospital oral endotracheal intubation by rural basic emergency
medical technicians. Ann Emerg Med 1998, 32(1):26–32.

8. Mort TC: Emergency tracheal intubation: complications associated with
repeated laryngoscopic attempts. Anesth Analg 2004, 99(2):607–613.
table of contents.

9. Cone DC: Are alternative airway devices beneficial in out-of-hospital
cardiac arrest? Resuscitation 2012, 83(3):275–276.

10. Wang HE: Emergency airway management: The need to refine - And
redefine - The "state of the art". Resuscitation 2012, 83(4):405–406.

11. Berlac P, Hyldmo PK, Kongstad P, Kurola J, Nakstad AR, Sandberg M: Pre-
hospital airway management: guidelines from a task force from the



Gruber et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2013, 21:10 Page 7 of 7
http://www.sjtrem.com/content/21/1/10
Scandinavian Society for Anaesthesiology and Intensive Care Medicine.
Acta Anaesthesiol Scand 2008, 52(7):897–907.

12. Ruetzler K, Gruber C, Nabecker S, Wohlfarth P, Priemayr A, Frass M, et al:
Hands-off time during insertion of six airway devices during
cardiopulmonary resuscitation: a randomised manikin trial. Resuscitation
2011, 82(8):1060–1063.

13. Goliasch G, Ruetzler A, Fischer H, Frass M, Sessler DI, Ruetzler K: Evaluation
of advanced airway management in absolutely inexperienced hands:
a randomized manikin trial. Eur J Emerg Med 2012. in press.

14. Ruetzler K, Roessler B, Potura L, Priemayr A, Robak O, Schuster E, et al:
Performance and skill retention of intubation by paramedics using seven
different airway devices–a manikin study. Resuscitation 2011,
82(5):593–597.

15. Frass M: [Securing the airway in emergencies]. Wien Klin Wochenschr 2008,
120(7–8):191–196.

16. Ludbrook J: On making multiple comparisons in clinical and
experimental pharmacology and physiology. Clin Exp Pharmacol Physiol
1991, 18(6):379–392.

17. Frascone RJ, Russi C, Lick C, Conterato M, Wewerka SS, Griffith KR, et al:
Comparison of prehospital insertion success rates and time to insertion
between standard endotracheal intubation and a supraglottic airway.
Resuscitation 2011, 82(12):1529–1536.

18. Nicholl J, Hughes S, Dixon S, Turner J, Yates D: The costs and benefits of
paramedic skills in pre-hospital trauma care. Health Technol Assess 1998,
2(17):i–iv. 1–72.

19. Sayre MR, Sakles JC, Mistler AF, Evans JL, Kramer AT, Pancioli AM: Field trial
of endotracheal intubation by basic EMTs. Ann Emerg Med 1998,
31(2):228–233.

20. Edelson DP, Abella BS, Kramer-Johansen J, Wik L, Myklebust H, Barry AM, et al:
Effects of compression depth and pre-shock pauses predict defibrillation
failure during cardiac arrest. Resuscitation 2006,
71(2):137–145.

21. Lankimaki S, Alahuhta S, Kurola J: Feasibility of a laryngeal tube for airway
management during cardiac arrest by first responders. Resuscitation 2012.
in press.

22. Schalk R, Byhahn C, Fausel F, Egner A, Oberndorfer D, Walcher F, et al:
Out-of-hospital airway management by paramedics and emergency
physicians using laryngeal tubes. Resuscitation 2010, 81(3):323–326.

23. Wiese CH, Bartels U, Schultens A, Steffen T, Torney A, Bahr J, et al: Influence
of airway management strategy on "no-flow-time" during an "advanced
life support course" for intensive care nurses - a single rescuer
resuscitation manikin study. BMC Emerg Med 2008, 8:4.

24. Davies PR, Tighe SQ, Greenslade GL, Evans GH: Laryngeal mask airway and
tracheal tube insertion by unskilled personnel. Lancet 1990,
336(8721):977–979.

25. Tanigawa K, Shigematsu A: Choice of airway devices for 12,020 cases of
nontraumatic cardiac arrest in Japan. Prehosp Emerg Care 1998,
2(2):96–100.

26. Gatward JJ, Thomas MJ, Nolan JP, Cook TM: Effect of chest compressions
on the time taken to insert airway devices in a manikin. Br J Anaesth
2008, 100(3):351–356.

27. Wiese CH, Bahr J, Popov AF, Hinz JM, Graf BM: Influence of airway
management strategy on "no-flow-time" in a standardized single rescuer
manikin scenario (a comparison between LTS-D and I-gel). Resuscitation
2009, 80(1):100–103.

28. Wharton NM, Gibbison B, Gabbott DA, Haslam GM, Muchatuta N, Cook TM:
I-gel insertion by novices in manikins and patients. Anaesthesia 2008,
63(9):991–995.

29. Theiler L, Gutzmann M, Kleine-Brueggeney M, Urwyler N, Kaempfen B, Greif R:
i-gel supraglottic airway in clinical practice: a prospective observational
multicentre study. Br J Anaesth 2012, 109(6):990–995.

30. Davis DP, Valentine C, Ochs M, Vilke GM, Hoyt DB: The Combitube as a
salvage airway device for paramedic rapid sequence intubation.
Ann Emerg Med 2003, 42(5):697–704.

31. Thierbach AR, Piepho T, Maybauer M: The EasyTube for airway
management in emergencies. Prehosp Emerg Care 2005, 9(4):445–448.

32. Lefrancois DP, Dufour DG: Use of the esophageal tracheal combitube by
basic emergency medical technicians. Resuscitation 2002, 52(1):77–83.

33. Abo BN, Hostler D, Wang HE: Does the type of out-of-hospital airway
interfere with other cardiopulmonary resuscitation tasks? Resuscitation
2007, 72(2):234–239.
34. Chenaitia H, Soulleihet V, Massa H, Bessereau J, Bourenne J, Michelet P, et al:
The Easytube for airway management in prehospital emergency
medicine. Resuscitation 2010, 81(11):1516–1520.

35. Jackson KM, Cook TM: Evaluation of four airway training manikins as
patient simulators for the insertion of eight types of supraglottic airway
devices. Anaesthesia 2007, 62(4):388–393.

36. Jordan GM, Silsby J, Bayley G, Cook TM, Difficult AS: Evaluation of four
manikins as simulators for teaching airway management procedures
specified in the Difficult Airway Society guidelines, and other advanced
airway skills. Anaesthesia 2007, 62(7):708–712.

37. Silsby J, Jordan G, Bayley G, Cook TM: Evaluation of four airway training
manikins as simulators for inserting the LMA Classic*. Anaesthesia 2006,
61(6):576–579.

38. Sunde GA, Brattebo G, Odegarden T, Kjernlie DF, Rodne E, Heltne JK:
Laryngeal tube use in out-of-hospital cardiac arrest by paramedics in
Norway. Scand J Trauma Resusc Emerg Med 2012, 20:84.

doi:10.1186/1757-7241-21-10
Cite this article as: Gruber et al.: Evaluation of airway management
associated hands-off time during cardiopulmonary resuscitation: a
randomised manikin follow-up study. Scandinavian Journal of Trauma,
Resuscitation and Emergency Medicine 2013 21:10.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Competing interest
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


