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Analysis of tracheal intubation in out-of-
hospital helicopter emergency medicine
recorded by video laryngoscopy
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Abstract

Background: Tracheal intubation remains the gold standard of airway management in emergency medicine and
maximizing safety, intubation success, and especially first-pass intubation success (FPS) in these situations is
imperative.

Methods: We conducted a prospective observational study on all 12 helicopter emergency medical service (HEMS)
bases of the Swiss Air Rescue, between February 15, 2018, and February 14, 2019. All 428 patients on whom out-of-
hospital advanced airway management was performed by the HEMS crew were included. The C-MAC video
laryngoscope was used as the primary device for tracheal intubation. Intubation procedures were recorded by the
video laryngoscope and precise time points were recorded to verify the time necessary for each attempt and the
overall procedure time until successful intubation. The videos were further analysed for problems and complications
during airway management by an independent reviewer. Additionally, a questionnaire about the intubation
procedure, basic characteristics of the patient, circumstances, environmental factors, and the provider’s level of
experience in airway management was filled out. Main outcome measures were FPS of tracheal intubation, overall
success rate, overall intubation time, problems and complications of video laryngoscopy.

Results: FPS rate was 87.6% and overall success rate 98.6%. Success rates, overall time to intubation, and subjective
difficulty were not associated to the providers’ expertise in airway management. In patients undergoing CPR FPS
was 84.8%, in trauma patients 86.4% and in non-trauma patients 93.3%. FPS in patients with difficult airway
characteristics, facial trauma/burns or obesity ranges between 87 and 89%. Performing airway management indoors
or inside an ambulance resulted in a significantly higher FPS of 91.1% compared to outdoor locations (p < 0.001).
Direct solar irradiation on the screen, fogging of the lens, and blood on the camera significantly impaired FPS.
Several issues for further improvements in the use of video laryngoscopy in the out-of-hospital setting and for
quality control in airway management were identified.

Conclusion: Airway management using the C-MAC video laryngoscope with Macintosh blade in a group of
operators with mixed experience showed high FPS and overall rates of intubation success. Video recording
emergency intubations may improve education and quality control.

Keywords: Videolaryngoscopy, Intubation, Airway, Prehospital emergency medicine, HEMS

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: juergen.knapp@insel.ch
†Jürgen Knapp and Bettina Eberle contributed equally to this work.
1Department of Anaesthesiology and Pain Medicine, Inselspital, Bern
University Hospital, University of Bern, Freiburgstrasse, 3010 Bern, Switzerland
Full list of author information is available at the end of the article

Knapp et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine
          (2021) 29:49 
https://doi.org/10.1186/s13049-021-00863-9

http://crossmark.crossref.org/dialog/?doi=10.1186/s13049-021-00863-9&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:juergen.knapp@insel.ch


Background
Safe and effective airway management in out-of-hospital
emergency medicine is crucial to the resuscitation and
stabilization of critically ill or injured patients. Tracheal
intubation remains the gold standard in emergency air-
way management [1]. However, it is known to be more
difficult in the out-of-hospital setting than in an emer-
gency department or operating room [2]. Direct laryn-
goscopy (DL) is a skill needing more than 150 successful
intubations to achieve a reasonable overall success rate
of 95% in the in-hospital setting [3, 4]. Data also suggest
that an increasing number of intubation attempts is as-
sociated with higher rates of adverse events [5–7]. Com-
pared with the in-hospital setting, personnel resources
are limited in out-of-hospital emergency medicine (e.g.,
no back-up by a senior anaesthesist), and paramedics
and emergency medical service (EMS) physicians have
varying levels of experience in airway management.
Therefore, improving safety, intubation success and es-
pecially first-pass intubation success (FPS) in these situa-
tions is imperative.
Video laryngoscopy (VL) has become widely available

in the in-hospital setting, and emerging data seem to in-
dicate that VL might be superior to DL regarding intub-
ation success [8–13]. But even though VL seems to be
easier to learn, it is still a complex skill requiring exten-
sive practice to achieve expertise. This is true even when
practitioners are trained in DL and when patients are
anaesthetized for elective surgery [14]. In addition, there
is still disagreement over which type of laryngoscopy
should be the first choice pre-hospital, with the decision
often being dependent on the operator [15].
In 2018, the Swiss air rescue service Rega introduced

video laryngoscopes on all of their helicopters. This pro-
vided the unique opportunity to record every intubation
procedure and to generate objective and valid data about
intubation times, success rates, and difficulties in video
laryngoscopic intubations. The primary aim of this pro-
spective observational study was to determine success
rates, time needed, and technical difficulties of out-of-
hospital tracheal intubations using VL in a “real-world”
setting of out-of-hospital emergency medicine, with pro-
viders having highly variable expertise in airway manage-
ment. Our secondary objective was to identify
parameters such as operator experience, patient and en-
vironmental characteristics, identify specific problems
that might influence these variables, and derive practical
recommendations for the use of VL in the out-of-
hospital setting.

Methods
This prospective observational cohort study included all
tracheal intubations performed by helicopter emergency
medical service (HEMS) physicians of the 12 helicopter

bases of the Swiss Air Rescue Rega between February 15,
2018, and February 14, 2019.

Emergency medical service in Switzerland
The structure of the Swiss EMS differs from region to
region. In the high alpine regions the rescue helicopter
(staffed with one paramedic and one HEMS physician) is
usually the only resource available to deliver professional
EMS, and is used for an estimated 35% of HEMS mis-
sions. In rural areas, frequently an ambulance (staffed
with two paramedics) is called to the scene (about 50%
of HEMS missions). Either the operation command cen-
ter alarms a HEMS crew simultaneously (based on the
condition reported in the emergency telephone call), or
the ambulance crew can call for an HEMS crew to sup-
port them. Depending on the ground-based paramedics’
training and qualifications, they are allowed to use either
supraglottic airway devices or tracheal tubes for ventila-
tion in the case of cardiac arrest. Usually paramedics are
not certified for anesthetic induction. In these cases ad-
vanced airway management is only done after arrival of
the HEMS crew.
In urban areas a two tiered EMS system is often used.

In case of life-threatening injuries or diseases a rapid re-
sponse vehicle (staffed with one EMS-physician certified
for anesthetic induction and advanced airway manage-
ment and one paramedic) supports the ambulance crew.
In these cases a rescue helicopter is called to the scene
either primarily by the operations center or secondarily
by the ground-based team for the expedited patient
transport to trauma or cardiac arrest centers (about 15%
of HEMS missions).

Video laryngoscopes and data collection
The video laryngoscopes (C-MAC, Karl Storz, Tuttlin-
gen, Germany) were equipped with Macintosh blades of
size 0 to 4. Hyperangulated blades were not available.
The intubation procedure was videotaped, recorded on
the integrated memory card of the video screen, and
afterwards analyzed by the study authors, who were not
involved in the out-of-hospital rescue mission. Accord-
ing to the study protocol, all tracheal intubations by the
HEMS crew had to be performed with the video laryn-
goscope and recording had to begin before the first at-
tempt at tracheal intubation and stop after successful
airway management had been performed. Precise time
points were recorded to verify the time necessary for
each attempt and the overall procedure time until suc-
cessful intubation. An intubation attempt was defined as
the time between the VL blade passing the lips and en-
tering the mouth, and the blade being retracted and re-
moved from the mouth.
Additionally, a questionnaire about the intubation pro-

cedure had to be filled out by the HEMS physician after
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each mission that required tracheal intubation, asking
about his or her prior experience in airway management,
basic characteristics of the patient, as well as circum-
stances and environmental factors of airway manage-
ment. In addition, the operator was asked to rate the
difficulty of the tracheal intubation procedure on a scale
from 1 (very easy) to 10 (extremely difficult).

Outcomes
The primary outcome was the rate of FPS. Secondary
outcomes included overall success rate, overall time to
successful tracheal intubation, number of intubation at-
tempts, airway management-related complications and
subjective level of difficulty. Results are presented ac-
cording to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) Guidelines for
observational studies.

Ethics
The study protocol was approved by the Cantonal Ethics
Committee of Bern (Bern, Switzerland, ID number:
2017–02104; Chairperson: Professor Dr. Ch. Seiler) on
November 30, 2017, and registered with ClinicalTrials.
gov (study identifier NCT03929796). Written informed
consent from the patient was waived as only pseudony-
mised data without follow-up of in-hospital outcome
were used.

Statistical analysis
Data were anonymised and handled by three of the study
authors in an electronic database (Excel, Microsoft, Red-
mond, Washington, USA). Descriptive statistics were
used and results were tested for normal distribution.
Data are presented as median (interquartile range (IQR)
and/or range), and proportions as percentages. FPS be-
tween groups was compared using the exact binominal
test for single proportions or multinomial test (goodness
of fit) with adjustment of p values for post hoc compari-
son. All analyses were performed with Stata, version 16.1
(StataCorp, LLC, College Station, Texas, USA). A p value
< 0.05 was deemed to be statistically significant.

Results
During the one-year study period, 1199 tracheally intu-
bated patients received medical treatment by the HEMS
crews (787 primary missions, 412 inter-hospital trans-
fers). Of these, 428 patients were intubated by the
HEMS crew and 316 of these intubation procedures
(73.8%) were video-recorded in full, the results of the
questionnaire were available for all 428 patients. The
median age of the patients was 58 years (0–100 years),
74.5% were male.

First-pass success and procedural time interval
Overall, the FPS rate was 87.6% (375/428) and the over-
all success rate was 98.6% (422/428). Table 1 shows the
number of patients, FPS and overall duration of the in-
tubation process associated with specific characteristics,
indications for tracheal intubation, locations of patient
care and environmental conditions. Tracheal intubation
failed in six patients. Five of them were successfully oxy-
genated and ventilated using a laryngeal mask and one
with a laryngeal tube. Median time to successful intub-
ation was 31 s (IQR 23 to 44 s, range 11 to 305 s). The
median score for subjective difficulty of tracheal intub-
ation was 3 (IQR 2 to 4.5, range 1 to 10). Visibility of
vocal cords according to Cormack and Lehane (C/L), as
seen on the screen of the laryngoscope, was grade 1 in
51.2%, grade 2a in 37.1%, grade 2b in 7.0%, grade 3 in
4.4%, and grade 4 in 0.2%.
Airway management was performed by 110 HEMS

physicians. Their educational levels and expertise in air-
way management are listed in Table 2. We found no
correlation between the amount of work experience in
anaesthesiology or the numbers of previous in-hospital
DL-guided or VL-guided intubations in the year prior to
the evaluated intubation, and FPS, overall success rate,
overall time to intubation or subjective difficulty level of
intubation (Table 3, Figs. 1 and 2).

Cardiopulmonary resuscitation
In 150 patients tracheal intubation was performed dur-
ing cardiopulmonary resuscitation (CPR). In 56 of these
patients (37.3%) chest compressions were interrupted for
tracheal intubation. The FPS was significantly lower in
the group of patients with interrupted chest compres-
sions (67.3 vs. 92.6%, p < 0.001), and time to successful
intubation was 35 s (range 14 to 305 s) vs. 31 s (range 11
to 124 s) (p = 0.02), respectively.

Video laryngoscopy after unsuccessful intubation
attempts by ground-based crews
During the study period the HEMS crews attended 359
further patients in whom a tracheal tube was inserted by
ground-based ambulance teams. Three Hundred Thirty-
Eight of these tubes were placed correctly in the trachea.
Twenty one tubes were placed in the esophagus (5.8%).
All of these misplaced tubes were recognized by the in-
tubating teams, and no further intubation attempts were
made, as required by the according to the protocols.
Subsequently, in 17 of these patients (81.0%) intubation
of the trachea by the HEMS crew using VL succeeded
on the first attempt. In three patients two further at-
tempts were needed by the HEMS crew and in one pa-
tient three further VL-guided attempts were necessary
until successful intubation.
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Specific problems of video laryngoscopy
Fogging of the camera lens was observed in 106 cases
(24.8%), and led to a significantly decreased FPS (p <
0.001, Table 1). If there was direct solar irradiation on
the screen, FPS decreased to 80.7% (p = 0.02). Saliva or
gastric contents on the lens did not alter FPS. In con-
trast, blood on the lens was associated with a decreased
FPS of 81.5% (p = 0.02).
After a failed first attempt with an impeded view

through the camera, the operator changed from VL to
DL (still using the C-MAC laryngoscope) in a total of 10

patients. In eight of these cases the view through the
camera was impaired by a combination of secretions
(blood, vomit or saliva) on the lens and simultaneously
fogging or bright ambient light. In the other two cases
the operator reported massive amounts of liquids in the
airways in connection with drowning and pulmonary
edema, respectively. All patients were intubated success-
fully on the (in total) second attempt.
In six cases operators reported technical problems

with the video function of the laryngoscope (“screen fail-
ure” or inability to start the video function). All

Table 1 First-pass success and overall time to intubation in various subgroups

n (%) FPS [%] overall intubation time, median (range) [s]

Predictors of difficult airway management

•Difficult airway characteristics* 163 (38.1) 87.1 34 (12 to 305)

•Facial trauma/facial burns 63 (14.7) 87.3 32 (13 to 148)

•Obesity** 123 (28.7) 88.6 31 (12 to 235)

Location

•indoors, ambulance car 250 (60.4) 92.8 30 (11 to 165)

•street, woods, public places, alpine environment 142 (34.3) 81.7‡ 33 (12 to 305)

•snow, ski slope, glacier 22 (5.3) 72.7 30 (16 to 91)

Patient positioning

•lying on the ground 237 (55.4) 84.0† 33 (11 to 305)

•elevated (on a stretcher, bed etc.) 182 (42.5) 92.9 29 (12 to 471)

Indication

•trauma 132 (30.8) 86.4 30 (12 to 149)

•non-trauma 96 (22.4) 93.3 29 (14 to 127)

•cardiopulmonary resuscitation 191 (44.6) 84.8 32 (11 to 305)

Environment

•Rain/snowfall 10 (2.3) 100 30 (14 to 45)

•Darkness 39 (9.1) 92.3 27 (12 to 65)

•Direct solar irradiation 109 (25.5) 80.7† 30 (12 to 172)

Specific video laryngoscopic problems

•Fogging 106 (24.8) 61.3‡ 39 (12 to 305)

•Blood 65 (15.1) 81.5† 44 (14 to 149)

•Vomit 45 (10.5) 91.1 37 (14 to 137)

•Saliva 76 (17.8) 89.5 33 (12 to 235)
*intubation with cervical collar or under manual in-line stabilization, mouth opening < 4 cm
**rated subjectively by operator as relevant overweight with the potential to impede the intubation process
† p < 0.05, exact binominal test for single proportion
‡ p < 0.001, exact binominal test for single proportion

Table 2 Educational level and expertise in airway management of the intubating HEMS physicians (n = 110). Median (range)

Work experience in anaesthesiology [years] 5 (0.75 to 30)

Number of in-hospital intubations during the past year 100 (0 to 900)

Number of out-of-hospital intubations during the past year 6 (0 to 30)

Total number of intubations with C-MAC 35 (0 to 800)

Number of intubations with C-MAC during the past year 10 (0 to 300)
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Table 3 Work experience of HEMS physicians and corresponding performance (first-pass success and overall intubation time) in
tracheal intubation

n (%) number of study intubations FPS [%] overall time to intubation, median (range) [s]

Work experience in anaesthesiology < 1 year 8 (7) 9 89.5 38 (23 to 63)

Work experience in anaesthesiology < 2 years 13 (12) 47 91.5 36 (14 to 142)

Work experience in anaesthesiology > 10 years 33 (30) 44 84.8 31 (14 to 137)

< 10 tracheal intubations in the year before the study 8 (7) 14 85.7 44 (30 to 73)

> 100 tracheal intubations in the year before the study 46 (42) 189 84.1 30 (11 to 305)

no statistical difference for FPS and overall intubation time between the groups
FPS first pass success

Fig. 1 Overall intubation time depending on work experience in anaesthesiology, number of in-hospital intubations during the past year, number
of out-of-hospital intubations during the past year and total number of intubations with C-MAC by the corresponding provider
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situations were successfully managed by switching to DL
with the C-MAC laryngoscope with Macintosh blade or
by restarting the video function of the laryngoscope. An-
other problem described by one operator was that the
insertion of the blade was made more difficult because
the camera at the handle of the videolaryngoscope col-
lided with the mechanical chest compression device dur-
ing the intubation of a patient undergoing CPR.

In 10 cases, a C/L grade 3 or 4 was identified on the
screen. Six of these patients’ tracheas were successfully
intubated within up to three attempts using additional
measures such as lifting the epiglottis with either the tra-
cheal tube or the laryngoscopy blade (“Miller style”), op-
timizing patient position, using external laryngeal
manipulation or using a bougie. In four patients a laryn-
geal mask was inserted successfully.

Fig. 2 Subjective level of difficulty [score range from 1 (very easy) to 10 (extremely difficult)] depending on work experience in anaesthesiology,
number of in-hospital intubations during the past year, number of out-of-hospital intubations during the past year and total number of
intubations with C-MAC by the corresponding provider
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Esophageal intubations using videolaryngoscopy and
airway management-related complications
The retrospective analysis of three cases of failed tra-
cheal intubation showed that the tube was positioned in
the esophagus. In these three cases, esophageal intub-
ation was only recognized after negative findings on cap-
nometry and/or auscultation. Conversely, the video
sequence of an attempted intubation during resuscita-
tion of a neonate clearly showed the tube correctly posi-
tioned in the trachea. However, as no capnometric
tracing could be detected by the HEMS crew on-site, the
tube was removed again and ventilation was attempted
by facemask only.
Damage to the mucous membrane caused by the la-

ryngoscope or the tube was observed in 5.4% of the pa-
tients. Vomit in the pharynx was seen in the videos of
21.5% overall and in 32.4% of patients undergoing CPR.
Ongoing aspiration during airway management or aspir-
ate within the glottis or upper trachea was documented
in the videos of 18.0% of emergency intubations.

Discussion
Video laryngoscopy in the prehospital setting
To our knowledge, this prospective observational out-of-
hospital cohort study of VL-guided tracheal intubation is
the first one that provides precise, unbiased objective
data for intubation times in the out-of-hospital setting
and additionally analyses the intubation procedure. We
measured an FPS of 88% and an overall intubation suc-
cess rate of 99%. Our findings are in line with those of
Hossfeld et al. [16], who reported an FPS of 89% and an
overall success rate of 100% in trauma patients who were
intubated by highly experienced HEMS crews. This is re-
markable, as the experience levels in the present investi-
gation involving a total of 110 HEMS physicians were
markedly lower on average (Table 2).
The FPS was higher and the overall success rate was

comparable to those in a study by Gellerfors et al. [17].
In that study two thirds of the operators were very expe-
rienced, with more than 2500 out-of-hospital tracheal
intubations performed. A systematic review investigating
intubation success in the out-of-hospital setting showed
an FPS rate of 79% using DL [18]. Our findings highlight
the advantages of VL, especially for relatively inexperi-
enced operators. Furthermore, FPS and median time
until successful intubation using VL were comparable in
the group of relatively inexperienced (< 1 year working
experience in anaesthesiology) and very experienced op-
erators (defined as > 10 years working experience in an-
aesthesiology) (Table 3, p = 0.71). These findings were in
line with the results for overall time to intubation by
very experienced physicians (consultants in anaesthesi-
ology) in the emergency department (31 ± 9 s) [19]. This

also seems to indicate a safety benefit of VL for the out-
of-hospital setting.
However, these results should not encourage a reduc-

tion in the minimum requirements for qualification in
out-of-hospital emergency medicine. In our opinion, the
DL technique has to be perfectly mastered, because cor-
rect technique is essential for difficult intubations (e.g.,
small mouth opening, large tongue, neonates, airway
swelling), even with the use of VL. The least experienced
provider of airway management in our study was a resi-
dent with only nine months of experience in
anesthesiology. But even that resident had cumulative
in-hospital experience of 125 successful tracheal intuba-
tions using DL. This minimum number seems to be es-
sential for FPS above 85% in DL under ideal in-hospital
conditions [20].
Our “real-world” study with objectively documented

intubation conditions revealed several difficulties with
the out-of-hospital use of VL. Fogging of the lens was
reported frequently. This might be due to our high al-
pine environment and the corresponding climatic condi-
tions. When fogging was present, the FPS rate was
massively impaired (61%). For this reason, in cold ambi-
ent conditions we would recommend the use of antifog-
ging agents on the lens to allow prewarming. When
blood on the camera lens impaired the view, FPS was re-
duced to 82% (p = 0.02) and median time to intubation
was prolonged, whereas saliva and vomit on the lens did
not seem to significantly deteriorate intubation condi-
tions compared to conditions in the non-contaminated
airway. These results underline that the DL technique
still needs to be mastered, as visual problems caused by
the camera cannot be excluded. Here, the use of Macin-
tosh blades provides the unique advantage of allowing
DL and VL to be used interchangeably. Therefore, our
results do not allow the conclusion that VL compensates
for a lack of experience in tracheal intubation, and thus
minimal requirements for the training of out-of-hospital
personnel in airway management should not be lowered,
following the recommendations in several national and
international guidelines [3, 4, 21].
Prospective, randomized trials on the benefits of VL in

the prehospital setting with a heterogenous group of
prehospital care providers are still lacking. Prehospital
studies on videolaryngoscopic intubation with hyperan-
gulated blades have shown worse success rates com-
pared to DL [22, 23]. This might be explained by the
fact that tracheal intubation with a hyperangulated blade
is a different technique. Therefore, differences in per-
formance with VL and DL often are operator dependent.
In contrast, in our study even providers with little ex-
perience in VL-guided intubation performed well, and
found airway management as easy as very experienced
VL-users. This ease of use could be another benefit of
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video laryngoscopes with Macintosh blades in prehospi-
tal settings where providers have very different levels of
training and expertise in airway management: conven-
tional technique is facilitated especially in difficult situa-
tions of DL without the need for learning the
“hyperangulated technique” [24].

Video laryngoscopy in cardiac arrest patients
Comparable to the results of our investigation, in prior
studies the median time to complete ETI with VL was
reported to be between 37 s and 42 s, whereas median
intubation times using DL in these studies were 51 s to
62 s [25, 26]. Thisunderlines the benefits of VL, espe-
cially in CPR, where short intubation times are critical.
Our results for FPS in patients undergoing CPR

exactly match the results of a current study, showing an
FPS of 84% in CPR patients intubated by very experi-
enced providers using a video laryngoscope [27]. The
difference to FPS in non-CPR patients (90%) was not
significant in our study (p = 0.14), whereas Hossfeld
et al. revealed a significant lower FPS compared to non-
CPR patients (in their study 91%, p = 0.01). This was
probably due to the larger patient population of 1006 in
Hossfeld’s study [27]. The reason for the lower FPS in
patients undergoing cardiac arrest might be that these
patients often have to be intubated in more inconvenient
positions: e.g., 83% of our CPR patients were intubated
lying on the ground, whereas this was the case in only
34% of the patients not under CPR. And as shown in
our study patient positioning on the ground seems to be
associated with a worse FPS. These results contradict
the old doctrine that tracheal intubation is easier in CPR
patients than in other emergency patients. As many
EMS license their paramedics for tracheal intubation in
cardiac arrest patients our results underline the use of
VL also (and perhaps even particularly) for paramedical
personnel who typically are less experienced in laryngos-
copy than EMS physicians. Additionally, the frequently
observed vomit in the pharynx of CPR patients under-
lines the need for advanced airway management and as-
piration protection in these patients.
Our study showed a lower FPS in the subgroups of pa-

tients in whom chest compressions were paused for in-
tubation. This may be explained by the fact that chest
compressions had to be interrupted more often in pa-
tients with difficult conditions for tracheal intubation
and conversely, patients with an easy airway were intu-
bated during ongoing chest compressions.

Video laryngoscopy and quality improvement
The FPS in our study was relatively good compared to
international studies. However, it might be further im-
proved by the routine use of a bougie for tracheal intub-
ation. This was documented by Angerman et al. [11],

who reported an FPS of 98% when a bougie was used to-
gether with a Macintosh blade VL, compared to 86%
with VL only.
The use of VL might be associated with a decrease in

esophageal intubations [6]. However, as seen in three of
our patients when the blade is advanced too deeply into
the mouth, the upper esophageal sphincter may be
stretched into a longitudinal shape and confused with
the glottis, especially by inexperienced users under stress
[28]. Such mistakes might be reduced by a dual visual
check of tube position (by paramedic and physician), en-
abled by VL. We cannot evaluate whether this was done
in the cases of esophageal intubations reported in our
study. The routine recording of tracheal intubations
using VL enabled us to demonstrate that such rarely
seen complications occur, thereby improving teaching.
Therefore, we suggest the use of videotaped intubation
procedures for quality improvement in airway
management.
In 26% of all cases, the recording function was not ac-

tivated by the operator. Presumably, due to the stressful
situation, the recording button was not pressed, was not
held down long enough, or in some cases was pressed
twice, so that recording immediately stopped again.
Since the end of the study, the manufacturer (Karl Storz,
Germany) has introduced an automatic recording func-
tion, which we recommend installing. Likewise, the tech-
nical problems reported as “screen failure” could be due
to the automatic “power off” function in situations
where the camera was started several minutes before the
intubation procedure (to warm up the lens and avoid
fogging). Therefore, we would recommend that the man-
ufacturers either deactivate this function or prolong the
latency of “auto power off” in combination with the use
of VL.

Strengths and limitations
To our knowledge, this is the largest and first study ana-
lyzing video-recorded intubation procedures in a
physician-staffed HEMS system [29, 30]. The strengths
of our study are the out-of-hospital and real-life setting
and the mixed expertise in airway management of the
operators, reflecting the actual situation in large parts of
European prehospital emergency medicine. Intubation
success and time to intubation were assessed objectively
by independent researchers evaluating the recorded vid-
eos. The use of the videolaryngoscope was mandatory
for all intubations by the HEMS crews of Swiss Air Am-
bulance during the study period. Due to the central
registry of all medical operation records, we were able to
identify all patients who were intubated by the HEMS
crews. However, in 26% of the cases the video recording
was not started correctly or was stopped too early due to
operating errors, so that the complete airway
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management process was not recorded. These cases
could not be included in the analysis of time needed for
intubation, and data on number of intubation attempts
had to be taken from the questionnaire.

Conclusion
Tracheal intubation using the C-MAC video laryngo-
scope with Macintosh blade showed high FPS and over-
all rates of intubation success and seems to be beneficial
in a group of providers with very variable expertise in
airway management. The possibility to change to DL
with the same device is desirable with regard to special
conditions in prehospital emergency medicine. Analyz-
ing videorecorded emergency intubation may be benefi-
cial for education and further quality improvement.

Acknowledgements
Assistance with the study: We thank Ms. Jeannie Wurz (medical editor,
Department of Anaesthesiology and Pain Medicine, Inselspital, Bern
University Hospital, University of Bern, Switzerland) for proofreading and
linguistic correction of our manuscript.

Authors’ contributions
The author(s) read and approved the final manuscript.

Funding
none.

Declarations

Competing interests
none.

Author details
1Department of Anaesthesiology and Pain Medicine, Inselspital, Bern
University Hospital, University of Bern, Freiburgstrasse, 3010 Bern, Switzerland.
2Department of Anaesthesiology, Cantonal Hospital of Graubünden, Chur,
Switzerland. 3Emergency Department, Heinrich-Heine-University, University
Hospital of Düsseldorf, Düsseldorf, Germany. 4Department of
Anaesthesiology, Cantonal Hospital of Aargau, Aarau, Switzerland. 5Swiss Air
Rescue, Rega, Zurich, Switzerland. 6Department of Anaesthesiology and
Intensive Care Medicine, Cantonal Hospital St. Gallen, St. Gallen, Switzerland.

Received: 7 December 2020 Accepted: 4 March 2021

References
1. Crewdson K, Fragoso-Iniguez M, Lockey DJ. Requirement for urgent tracheal

intubation after traumatic injury: a retrospective analysis of 11,010 patients
in the trauma audit research network database. Anaesthesia. 2019;74(9):
1158–64.

2. Lockey D, Crewdson K, Weaver A, Davies G. Observational study of the
success rates of intubation and failed intubation airway rescue techniques
in 7256 attempted intubations of trauma patients by pre-hospital
physicians. Br J Anaesth. 2014;113(2):220–5.

3. Crewdson K, Lockey D, Voelckel W, Temesvari P, Lossius HM. Best practice
advice on pre-hospital emergency anaesthesia & advanced airway
management. Scand J Trauma Resusc Emerg Med. 2019;27(1):6.

4. Piepho T, Cavus E, Noppens R, Byhahn C, Dörges V, Zwissler B, et al. S1
guidelines on airway management : guideline of the German society of
anesthesiology and intensive care medicine. Anaesthesist. 2015;64(Suppl 1):
27–40.

5. Knapp J, Wenzel V, Greif R, Hossfeld B, Bernhard M. First-Pass Intubation
Success Bedeutung und Umsetzung in der Notfallmedizin. Notfall +
Rettungsmedizin. 2016;19:566–73.

6. Sakles JC, Chiu S, Mosier J, Walker C, Stolz U. The importance of first pass
success when performing orotracheal intubation in the emergency
department. Acad Emerg Med. 2013;20(1):71–8.

7. Rognås L, Hansen TM, Kirkegaard H, Tønnesen E. Pre-hospital advanced
airway management by experienced anaesthesiologists: a prospective
descriptive study. Scand J Trauma Resusc Emerg Med. 2013;21:58.

8. Hossfeld B, Frey K, Doerges V, Lampl L, Helm M. Improvement in glottic
visualisation by using the C-MAC PM video laryngoscope as a first-line
device for out-of-hospital emergency tracheal intubation: an observational
study. Eur J Anaesthesiol. 2015;32(6):425–31.

9. Sakles JC, Mosier J, Chiu S, Cosentino M, Kalin L. A comparison of the C-
MAC video laryngoscope to the Macintosh direct laryngoscope for
intubation in the emergency department. Ann Emerg Med. 2012;60(6):739–
48.

10. Gellerfors M, Larsson A, Svensén CH, Gryth D. Use of the Airtraq® device for
airway management in the prehospital setting--a retrospective study. Scand
J Trauma Resusc Emerg Med. 2014;22:10.

11. Ångerman S, Kirves H, Nurmi J. A before-and-after observational study of a
protocol for use of the C-MAC videolaryngoscope with a Frova introducer
in pre-hospital rapid sequence intubation. Anaesthesia. 2018;73(3):348–55.

12. Rhode MG, Vandborg MP, Bladt V, Rognås L. Video laryngoscopy in pre-
hospital critical care - a quality improvement study. Scand J Trauma Resusc
Emerg Med. 2016;24:84.

13. Lewis SR, Butler AR, Parker J, Cook TM, Smith AF. Videolaryngoscopy versus
direct laryngoscopy for adult patients requiring tracheal intubation.
Cochrane Database Syst Rev. 2016;11:Cd011136.

14. Cortellazzi P, Caldiroli D, Byrne A, Sommariva A, Orena EF, Tramacere I.
Defining and developing expertise in tracheal intubation using a
GlideScope(®) for anaesthetists with expertise in Macintosh direct
laryngoscopy: an in-vivo longitudinal study. Anaesthesia. 2015;70(3):290–5.

15. Timmermann A, Byhahn C, Wenzel V, Eich C, Piepho T, Bernhard M, et al.
Handlungsempfehlung für das präklinische Atemwegsmanagement.
Anästhesiol Intensivmed. 2012;53:294–308.

16. Hossfeld B, Jongebloed A, Lampl L, Helm M. Out-of-hospital airway
management in trauma patients : experiences with the C-MAC® video
laryngoscope. Unfallchirurg. 2016;119(6):501–7.

17. Gellerfors M, Fevang E, Bäckman A, Krüger A, Mikkelsen S, Nurmi J, et al.
Pre-hospital advanced airway management by anaesthetist and nurse
anaesthetist critical care teams: a prospective observational study of 2028
pre-hospital tracheal intubations. Br J Anaesth. 2018;120(5):1103–9.

18. Bernhard M, Becker TK, Gries A, Knapp J, Wenzel V. The first shot is often
the best shot: first-pass intubation success in emergency airway
management. Anesth Analg. 2015;121(5):1389–93.

19. Sulser S, Ubmann D, Schlaepfer M, Brueesch M, Goliasch G, Seifert B, et al.
C-MAC videolaryngoscope compared with direct laryngoscopy for rapid
sequence intubation in an emergency department: a randomised clinical
trial. Eur J Anaesthesiol. 2016;33(12):943–8.

20. Bernhard M, Mohr S, Weigand MA, Martin E, Walther A. Developing the skill
of endotracheal intubation: implication for emergency medicine. Acta
Anaesthesiol Scand. 2012;56(2):164–71.

21. Herff H, Wenzel V, Lockey D. Prehospital intubation: the right tools in the
right hands at the right time. Anesth Analg. 2009;109(2):303–5.

22. Trimmel H, Kreutziger J, Fertsak G, Fitzka R, Dittrich M, Voelckel WG. Use of
the Airtraq laryngoscope for emergency intubation in the prehospital
setting: a randomized control trial. Crit Care Med. 2011;39(3):489–93.

23. Trimmel H, Kreutziger J, Fitzka R, Szüts S, Derdak C, Koch E, et al. Use of the
GlideScope ranger video laryngoscope for emergency intubation in the
Prehospital setting: a randomized control trial. Crit Care Med. 2016;44(7):
e470–6.

24. Piepho T, Fortmueller K, Heid FM, Schmidtmann I, Werner C, Noppens RR.
Performance of the C-MAC video laryngoscope in patients after a limited
glottic view using Macintosh laryngoscopy. Anaesthesia. 2011;66(12):1101–5.

25. Park SO, Kim JW, Na JH, Lee KH, Lee KR, Hong DY, et al. Video laryngoscopy
improves the first-attempt success in endotracheal intubation during
cardiopulmonary resuscitation among novice physicians. Resuscitation.
2015;89:188–94.

26. Kim JW, Park SO, Lee KR, Hong DY, Baek KJ, Lee YH, et al. Video
laryngoscopy vs. direct laryngoscopy: Which should be chosen for
endotracheal intubation during cardiopulmonary resuscitation? A
prospective randomized controlled study of experienced intubators.
Resuscitation. 2016;105:196–202.

Knapp et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine           (2021) 29:49 Page 9 of 10



27. Hossfeld B, Thierbach S, Allgoewer A, Gaessler H, Helm M. First pass success
of tracheal intubation using the C-MAC PM videolaryngoscope as first-line
device in prehospital cardiac arrest compared with other emergencies: an
observational study. Eur J Anaesthesiol. 2020. https://doi.org/10.1097/EJA.
0000000000001286.

28. Greater Sydney Area HEMS. AiR CMAC Videos. 2020. https://sydneyhems.
com/airway-registry/cmac-videos/. Accessed 6 Mar 2021.

29. Naito H, Guyette FX, Martin-Gill C, Callaway CW. Video Laryngoscopic
techniques associated with intubation success in a helicopter emergency
medical service system. Prehosp Emerg Care. 2016;20(3):333–42.

30. Carlson JN, Quintero J, Guyette FX, Callaway CW, Menegazzi JJ. Variables
associated with successful intubation attempts using video laryngoscopy: a
preliminary report in a helicopter emergency medical service. Prehosp
Emerg Care. 2012;16(2):293–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Knapp et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine           (2021) 29:49 Page 10 of 10

https://doi.org/10.1097/EJA.0000000000001286
https://doi.org/10.1097/EJA.0000000000001286
https://sydneyhems.com/airway-registry/cmac-videos/
https://sydneyhems.com/airway-registry/cmac-videos/

	1
	Background
	Methods
	Emergency medical service in Switzerland
	Video laryngoscopes and data collection
	Outcomes
	Ethics
	Statistical analysis

	Results
	First-pass success and procedural time interval
	Cardiopulmonary resuscitation
	Video laryngoscopy after unsuccessful intubation attempts by ground-based crews
	Specific problems of video laryngoscopy
	Esophageal intubations using videolaryngoscopy and airway management-related complications

	Discussion
	Video laryngoscopy in the prehospital setting
	Video laryngoscopy in cardiac arrest patients
	Video laryngoscopy and quality improvement
	Strengths and limitations

	Conclusion
	Acknowledgements
	Authors’ contributions
	Funding
	Declarations
	Competing interests
	Author details
	References
	Publisher’s Note

