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Editor’s key points
† There are limited recent
data on airway
management by
physicians in an
out-of-hospital setting.
† In this large retrospective
series of pre-hospital
trauma cases, the initial
success rate for tracheal
intubation was 99.3%.
† Tracheal intubation was
more likely to be
successful when
performed by a physician
with primary training in
anaesthesia.
† The need for a surgical
airway (0.7%) was lower
than in most other
reported series.

Background. Effective airway management is a priority in early trauma management. Data
on physician pre-hospital tracheal intubation are limited; this study was performed to
establish the success rate for tracheal intubation in a physician-led system and examine the
management of failed intubation and emergency surgical cricothyroidotomy in pre-hospital
trauma patients. Failed intubation rates for anaesthetists and non-anaesthetists were
compared.
Methods. A retrospective database review was conducted to identify trauma patients
undergoing pre-hospital advanced airway management between September 1991 and
December 2012. The success rate of tracheal intubation and the use and success of rescue
techniques were established. Success rates of tracheal intubation by individuals and by
speciality were recorded.
Results. The doctor–paramedic team attended 28 939 patients; 7256 (25.1%) required
advanced airway management. A surgical airway was performed immediately, without
attempted laryngoscopy, in 46 patients (0.6%). Tracheal intubation was successful in 7158
patients (99.3%). Rescue surgical airways were performed in 42 patients, seven had
successful insertion of supraglottic devices, and two patients had supraglottic device
insertion and a surgical airway. One patient breathed spontaneously with bag-valve-mask
support during transfer. All rescue techniques were successful. Non-anaesthetists performed
4394 intubations and failed to intubate in 41 cases (0.9%); anaesthetists performed 2587
intubations and failed in 11 (0.4%) (P¼0.02).
Conclusions. This is the largest series of physician pre-hospital tracheal intubation; the success
rate of 99.3% is consistent with other reported data. All rescue airways were successful.
Non-anaesthetists were twice as likely to have to perform a rescue airway intervention than
anaesthetists. Surgical airway rates reported here (0.7%) are lower than most other
physician-led series (median 3.1%, range 0.1–7.7%).
Keywords: airway management; complications, intubation; intubation; pre-hospital
emergency care

Immediate and effective airway management is a priority in
the resuscitation of critically injured patients. There are data
to suggest that, in some Emergency Medical Service (EMS)
systems, paramedic airway management performed by the
ambulance service does not appear to meet the needs of seriously injured patients with airway compromise.1 – 5 Some prehospital services, particularly in Europe, provide physicians to
manage critically ill patients. Data on physician pre-hospital intubation are limited, despite the fact that this intervention has
been carried out on a daily basis in EMS systems worldwide for
many years.6 This study reports a retrospective observational
database review of physician airway management in an

urban pre-hospital trauma service, which dispatches a
physician –paramedic team to major trauma patients. The
study was conducted in our physician-led pre-hospital system
to establish success rates of intubation, the frequency and
management of failed intubation in the pre-hospital trauma
patient, and the rates of failed intubation between the two
main groups of physician providers within the system (anaesthetists and non-anaesthetists).
Intubation success rates and an effective failed intubation rescue plan are both quality markers of an EMS system conducting rapid sequence induction.7 8 The study was designed to
use intubation success rates as a quality indicator to establish
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how the care provided by this doctor–paramedic team compares with existing physician data.

Methods
A retrospective database review of all patients attended by the
pre-hospital physician-led trauma service between September
1991 and December 2012 was conducted to identify those
patients undergoing advanced airway management in the prehospital phase. Drownings, hangings, traumatic asphyxia, and
inhalation injuries are attended and were included. Data collected included the number of missions carried out, the
number of patients requiring advanced airway interventions
(intubation, supraglottic airway insertion, or surgical airway),
the number of successful intubations, and the success and
type of rescue techniques. The speciality and individual intubation success rates of the doctors were also recorded. For the
purposes of the study, doctors were broadly categorized as
anaesthetists and non-anaesthetists. An anaesthetist was
defined as a pre-hospital physician with anaesthesia as their
primary speciality and a postgraduate diploma in anaesthetics;
all are required to have a minimum of 6 months experience in
emergency medicine. A non-anaesthetist was a pre-hospital
physician with a postgraduate diploma in any other primary
speciality. The vast majority of non-anaesthetists in this study
were emergency physicians with a minimum of 6 months
in-hospital anaesthetic experience. All doctors in the service
are at least 5 yr post-qualification. Further in-service training
is provided in a 4– 6 week induction period under the guidance
and supervision of dedicated pre-hospital care consultants and
weekly case review, audit, and clinical governance meetings.
Data analysis was carried out using simple descriptive statistics with Microsoft ExcelTM 2011 and GraphPadTM . The x 2
test was used to calculate the statistical significance of proportions; statistical significance was set at P,0.05. No additional
data were collected for this study and no additional interventions carried out. The project met local criteria for, and was
registered as, a service evaluation project.
In order to describe the system in which this study was
based, the ‘Fixed system variables’ for uniform reporting of
data from advanced airway management in the field, identified by an international expert consensus group, are described.9 The study was conducted in an urban, physician-led,
pre-hospital trauma service, serving a daytime population of
up to 10 million in an area of 5000 km2. A doctor–paramedic
team is delivered by helicopter during daylight hours and by
fast response car at night. Flight paramedics in the ambulance
control room dispatch the service only to trauma patients and
specific dispatch criteria target patients with severe injury. A
standard land ambulance is always dispatched in addition to
the physician –paramedic team. On average, five to six trauma
patients are attended per day. The attending pre-hospital physician records standard patient data on a Microsoft ACCESSTM
database shortly after missions.
Pre-hospital anaesthesia is carried out in line with UK
recommendations7 and according to local standard operating
procedures (SOPs), which are deliberately straightforward,

aiming to minimize choice in order to achieve high intubation
success rates. The anaesthetic agents used were standardized
in 1996 and the use of etomidate for induction of anaesthesia
and succinylcholine for neuromuscular block persisted until
2012. In 2012, after recognition that physiological disturbance
might be better avoided in some patient groups by using a technique closer to that used in hospital emergency departments,
the current SOP was adopted. This includes the use of an opioid
agent (fentanyl), ketamine for induction and rocuronium for
neuromuscular block.
In 2005, supraglottic airway devices were introduced into
clinical practice as an alternative to emergency cricothyroidodotomy for the management of failed intubation. The Proseal
LMATM (Intavent Direct, UK) was initially chosen for the potential ability to ventilate at higher inflation pressures and the
presence of a gastric drainage channel to minimize aspiration.
This was changed to the I-GelTM (Intersurgical, UK) for the ease
of insertion in 2010. The local ambulance service also uses this
device. Surgical airways are performed either as primary airway
management in certain circumstances or as a rescue technique after failed intubation. The decision of when to use a surgical airway and when to use a supraglottic airway device for
rescue of failed intubation is not clearly defined in the SOP
and is a clinical decision made by the attending physician.
Emphasis in training is on rapid, effective airway control.
Pre-induction checklists, regular low-fidelity ‘moulage’
practice, and pre-prepared anaesthetic drugs were in use
by 2006.

Results
Over the study period, the doctor–paramedic team attended
28 939 trauma patients (Table 1). Of these, 7256 (25.1%)
required advanced airway management. Forty-six patients
(0.6%) had an immediate surgical airway performed without
any attempted laryngoscopy. The remaining 7210 patients
had attempted intubation, which was successful in 7158

Table 1 Mechanism or type of injury in patients who received
a surgical airway. RTC, road traffic collision
Mechanism
of injury

Number of
patients [n (%)]

Burns

21 (23.3)

9

12

RTC

28 (31.1)

17

11

Hanging

8 (8.9)

2

6

Head/facial
injuries

8 (8.9)

1

7

Fall from
height

6 (6.7)

3

3

Fall under
train

3 (3.3)

3

0

Multiple
injuries

9 (10.0)

6

3

Penetrating
Total

Primary
procedure (n)

Rescue
procedure (n)

7 (7.8)

5

2

90 (100)

46

44
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(99.3%). Fifty-two patients (0.7%) could not be intubated.
Rescue surgical airways were performed in 42 patients, seven
patients had successful insertion of a supraglottic device,
and in two patients, a supraglottic device was initially inserted
but a surgical airway was performed before transfer to hospital. One patient was allowed to spontaneously breathe
with bag-valve-mask support during transfer to hospital
(Fig. 1). All surgical airways (both primary and rescue) were successful.
The most common mechanism of injury resulting in a surgical airway was road traffic collision (RTC); 29 patients required
this intervention after RTCs. Seventeen of these 29 patients
(63%) had a primary surgical airway; of these, nine patients
were trapped. Two other patients who were trapped after
falling under a train also required primary surgical airways.
Seventeen patients with severe injuries, usually to the head
and neck, required surgical airways. Overall, there were 18 survivors (20%) in the surgical airway group; outcome data were
unavailable for one patient. Ten patients who underwent a
primary surgical airway survived (22%) compared with eight
patients with a rescue surgical airway (19%) (P¼0.797).
Twenty-nine patients were in traumatic cardiac arrest at the
time of having a surgical airway; all died.

Data identifying the speciality of the intubating doctor were
available for 7033 attempted intubations. Non-anaesthetists
carried out 4394 attempted intubations and failed to intubate
in 41 cases (0.9%), whereas anaesthetists attempted to intubate 2587 patients and failed in 11 (0.4%) (P¼0.02). A new SOP
was introduced in May 2012 and no failed intubations have occurred since. Between the introduction of the new SOP and the
end of the study period, 314 intubations were performed. The
difference in success rate before and after introduction was
not statistically significant (P¼0.17). Forty-one out of 186
doctors (22%) had at least one failed intubation; 145 (78%)
had no failed intubations. Among the 22% with documented
failed intubation, the mean failure rate was 3.3% compared
with 0.7% for the whole cohort. Six doctors had failure rates of
.5% and one had a failure rate of .10% (although this was
only one failed intubation in eight intubation attempts, 12.5%).

Discussion
To our knowledge, this study reports the largest series
of physician pre-hospital intubation success to date6 and considerably increases the available physician data. The reported
success rate (99.3%) is in keeping with other smaller published

Number of patients
attended by LAA:
28 939

No advanced airway
management: 21 683

Patients who required
advanced airway
intervention: 7256

Primary surgical
airways (intubation
not attempted): 46
patients (0.6%)

Attempted intubation:
7210 patients

Successful intubation:
7158 patients
(99.3%)

Rescue surgical
airway: 42 patients

Failed intubation: 52
patients (0.7%)

Supraglottic device:
seven patients

Surgical airway and
supraglottic device:
two patients

Wake up/bag valve
mask: one patient

Fig 1 Intubation and airway rescue success of physicians. LAA, London’s air ambulance.
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series where the pooled median intubation success rate was
99.1%.6 The use of surgical and supraglottic airways was,
when attempted, always successful. The introduction of supraglottic airways has resulted in a proportion of rescue interventions carried out without surgical airway. The AirtraqTM video
laryngoscope (Prodol Medical, Spain) has been selected for
introduction into the service in the ‘can’t intubate, can
ventilate’ scenario. This device has been selected on the
basis of integral long battery shelf-life and size, despite
reported difficulties in patients with airway contamination.10
Non-anaesthetists had a higher rate of failed intubation
than anaesthetists and were twice as likely to have to
perform a rescue airway intervention and this difference was
statistically significant. A limitation of this observation is that
there was no attempt to examine whether there were significant differences between the patient group intubated by
anaesthetists and non-anaesthetists, but there is no reason
to suspect that there would be a difference. The model of
emergency physicians and anaesthetists in our system fits
the model of ‘competent’ and ‘expert’ intubators recently
defined by Breckwoldt and colleagues.11 This model defines
‘competent’ and ‘expert’ by the number of intubations
carried out in routine practice by different physicians and
recognizes that those with greater intubation experience
have higher success rates. This observed difference might be
useful in targeting training and in the development of SOPs.
Since the rate of failed intubation is low, it is not possible to
assess the influence of new SOPs on failed intubation. The
zero failure rate since this latest SOP introduction is not statistically different from the previous failure rate. The rate of intubation failure between individuals is interesting. The majority
have no failures, but among the whole doctor population,
failure rates are very variable (0 –12.5%). Early identification
of ‘outliers’ may be useful to target training through early
focused teaching and assessment. Adherence to protocols
may also benefit physicians in training and potentially reduce
the incidence of failed tracheal intubation.
Emergency cricothyroidotomy, although infrequently performed, is an essential skill in the management of the difficult
airway. Studies reporting on real patients are rare and despite
the fact that ,100 cases are reported here, this is one of the
largest series described to date. In this study, all surgical
airways were successful in establishing an adequate airway
for oxygenation and ventilation. As expected, a significant
proportion of surgical airways were performed on trapped
patients, those with severe burns, and those with significant
head and neck injuries. Most were severely injured and this is
reflected in the very high mortality rate. In this series, there
were no survivors among the group of patients who were in
established traumatic cardiac arrest and required surgical
airways; this finding is not unexpected since the mortality
from traumatic cardiac arrest is always high.12
The rate of surgical airway reported here is lower than that
reported in most other smaller series (Table 2) where prehospital physicians performed surgical cricothyroidotomy in
3.1% of cases (range 0.1–7.7%)13 – 16 and non-physicians performed them in 7.95% of patients (median, range 0.5 –

18.2%).17 – 26 The difference in skill mix and experience that
exists between pre-hospital providers is likely to influence the
rate of failed intubations and cricothyroidotomy. Those services in which neuromuscular blocking agents are not used
in advanced airway management protocols may be more
likely to have fewer successful intubations and more surgical
airways.6 22 In this study, all surgical airways were successful
and performed using a standard surgical technique; a ‘successful’ procedure is defined as correct placement of a tracheal
tube in the trachea followed by adequate ventilation. The majority of studies of physician-led pre-hospital services also
report success rates of 100%. In almost all the patients in
these studies, a standard surgical technique for cricothyroidotomy was used.13 16 Two studies reported limited success
with needle cricothyroidotomy. In one study of 1106 patients
undergoing advanced airway management, needle cricothyroidotomy was performed in one patient after failed intubation.15 The second study, a survey of UK pre-hospital
physicians in 2008, reported use of needle cricothyroidotomy
in 17 patients; 11 of these cases required conversion to another
technique, including surgical cricothyroidotomy.27 There are
other reports of success with a surgical technique after failed
needle or cannula cricothyroidotomy.28 Another physician-led
service reported a lower success rate of 90% when using either
a standard surgical technique or commercially available kits
(Seldinger method). The standard surgical technique was
found to be both quicker and more successful.29 The increased
success rate with a standard surgical technique over a needle
approach was confirmed in a recent meta-analysis where
surgical cricothyroidotomy success rates were 90.5% compared with 65.8% for needle cricothyroidotomy.3 Studies comparing the different commercial cricothyroidotomy kits with a
surgical technique also conclude that a surgical technique is
likely to achieve a definitive airway in a faster time, with
fewer complications.30 – 32
The limited evidence available suggests that surgical cricothyroidotomy is more successful than needle or commercial
kit techniques and should be the technique of choice when
faced with a ‘can’t intubate, can’t ventilate’ scenario. The delay
in obtaining a definitive airway, when a needle or cannula technique is initially attempted but fails, could well translate into an
increase in morbidity and mortality.33 All personnel who may be
required to perform an emergency cricothyroidotomy should be
fully trained and equipment readily available.
Unfortunately, high cricothyroidotomy success rates do not
necessarily translate into high survival rates. The available literature suggests an overall survival rate of 26.5%,16 although
the heterogeneity in case mix, injury severity scores, and
level of emergency service personnel make it difficult to interpret survival rates with any confidence. As surgical airways are
commonly used as a last resort for severely injured patients
where conventional airway management has failed, it is
unsurprising that the overall survival is low. In total, 20% of
patients in this study survived to leave hospital. The survival
rates in the primary and rescue groups were similar.
This study has demonstrated a high intubation success rate
and 100% rescue success rate in a physician-led trauma
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Table 2 Pre-hospital cricothyroidotomy rates. NS, not stated; R, retrospective; P, prospective
Authors

Study
design

Healthcare
provider

Surgical airway
[n (%)]

Success rate
(%)

Miklus, J Trauma, 198913

R

Spaite, Ann Emerg Med, 199038

R

Cook, J Air Med Transp, 199117
Nugent, Ann Emerg Med, 199118

Physicians

20 (3.8)

100

0

8 (40)

Paramedics

16 (unknown)

88

31

3 (19)

R

Paramedics/nurses

68 (2)

100

4.4

21 (31)

R

Nurses

55 (18.2)

96

15

15 (27)

Xeropotamos, Injury, 199339

R

Physicians

11 (7.7)

100

0

4 (37)

Boyle, J Emerg Med, 199319

R

Nurses

69 (10.6)

98.5

9

5 (7)

Jacobson, J Trauma, 199640

R

Paramedics

50 (9.8)

94

4

19 (38)

Fortune, J Trauma, 199723

R

Paramedics

56 (15)

88

14

15 (27)

Gerich, J Trauma, 199814

P

Physicians

8 (2.4)

100

0

Robinson, Air Med J, 200120

R

Paramedics/nurses

8 (0.5)

Bair, J Emerg Med, 200321

R

Nurses

22 (10.9)

Marcolini, Prehosp Emerg Care, 200441

R

Paramedics

68

Timmermann, Resuscitation, 200615

P

Physicians

Mcintosh, J Trauma, 200824

R

Germann, Prehosp Emerg Care, 200925

R

Bulger, J Emerg Med, 200242
Leibovici, Am J Emerg Med, 199729

Survivors
[n (%)]

1 (12.5)

NS

NS

100

54.5

NS

NS

NS

1 (0.1)

100

0

Paramedics/nurses

17 (2.4)

100

12

Paramedics/nurses

6 (1.6)

100

NS

NS

R

Paramedics

Needle: 30 (1)

NS

NS

37

R

Physicians

Seldinger: 13;
surgical: 16

Seldinger: 23;
surgical: 0

45

Warner, J Emerg Med, 200943

P

Paramedics

Needle: 4 (3);
surgical: 11 (8.5)

18

NS

Nakayama, Ann Surg, 199044

R

NS

2 (22); all needle

service. This considerably increases the available evidence in
this area of pre-hospital emergency medicine and suggests
that high-quality anaesthesia can be delivered before arrival
in hospital. The study also suggests higher success rates in
anaesthetists than emergency physicians and also documents
considerable variation in the success rates of individual
doctors. Algorithms have standardized advanced airway
management34 and reduced failed intubation rates, both in
the pre-hospital setting35 and in the emergency department.36
Adherence to specific protocols and regular assessment and
moulage are likely to be of benefit to physicians in training.
Emergency cricothyroidotomy is rarely performed but potentially lifesaving, and the high success rate demonstrated in
this paper supports the evidence, which suggests a simple
surgical approach is a reliable technique. This study reports intubation success and the management of intubation failure.
Both are quality indicators of pre-hospital airway management, but other measures of quality including physiological
derangement are also very important to outcome37 and have
not been described in this study.
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