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Abstract

Background: Emergency endotracheal intubations (EEI) performed outside
of operating theatre (OT) tend to be more challenging and associated with
higher risk of complications. In 2011, with the objective of improving patient
outcomes, we set up an Emergency Airway Service (EAS) at our 1000-bed
regional hospital, with the aim of providing specialized assistance for outside
of OT difficult airway management. Method: A retrospective audit of EAS
activation from 12/9/2016 and 27/10/2020 was conducted. EAS forms and
electronic medical records were reviewed. We collected information on pa-
tient characteristics, EAS activation characteristics and its outcomes. Descrip-
tive analysis method was used to present the collected data. Results: There
were a total of 275 activations, of which 268 were analysed. Reasons for acti-
vation were anticipated difficult intubation (42.2% n = 113), failed intubation
attempt (52.6%, n = 141) and advanced intubation equipment required (5.2%
n = 14). Intubation was attempted in 261/268 (97.4%) cases by the EAS team.
Of these, 255 (97.7%) cases were successful while 6 (2.3%) cases failed intuba-
tion. Of the successful intubations by the EAS team, 208/255 (81.5%) were
successful on the first attempt. Out of the 6 unsuccessful intubation cases, 1
case required a rescue cricothyroidotomy and 4 cases required an open tra-
cheostomy. Intubation was deemed easy by the EAS team in 170/261 (65.1%)
cases. 64/170 (37.6%) cases were intubated with a video laryngoscope (VL).
There were 85 cases (32.3%) classified as difficult intubation by the EAS spe-
cialist, 13/85 (15.3%) were intubated using only VL, 54/85 (63.5%) cases were
intubated using VL with style/bougie. Conclusion: Audit results showed that
providing an experienced and well-equipped team of airway specialists
round-the-clock to assist in difficult and potentially difficult endotracheal in-
tubations is justifiable and may reduce complications associated with EEL.
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1. Introduction

Emergency endotracheal intubation (EEI) is a critical life-saving intervention
performed both inside and outside the operating theatre (OT). Compared to
elective intubations, emergency intubations tend to be more challenging and
chaotic [1] [2]. This is usually due to a combination of factors that lead emer-
gency intubations to be potentially fraught with risk. The operator is frequently
presented with a rapidly deteriorating situation or a patient in extremis, with
minimal to no time to perform a thorough airway assessment prior to intuba-
tion. In addition, patients may be haemodynamically compromised and are rarely
fasted. Furthermore, out of OT intubations often take place in remote locations
with limited access to advanced airway management equipment, and may be
performed by operators who have little to no training in airway management.
One study report noted a 10.3% incidence of difficult intubation in intubation
carried out outside the OT in a university hospital setting [3].

Whilst complication rates of elective intubations performed in the OT com-
plex are low [4], the risk of complications such as failed intubation, hypoxia,
hypotension, aspiration and airway trauma are much higher when performed in
urgent conditions outside of the OT, and may exceed 20% [1] [5] [6] [7]. Even
within the OT complex in ideal situations, endotracheal intubation performed
by inexperienced operators is associated with higher risks [7] [8], and being out
of OT where the first responders may have no practical experience with airway
management exacerbates these risks. Not surprisingly, studies have shown that
emergent airway management procedures performed by senior anaesthesia resi-
dents as first responders have a lower incidence of complications [2] [6].

In 2011, with the objective of improving patient outcomes, we set up an
Emergency Airway Service (EAS) at our 1000-bed regional hospital. The EAS
aims to provide round-the-clock, specialised assistance for difficult airway man-
agement and comprises an anaesthesia specialist and a trained anaesthetic nurse.
Airway adjuncts and advanced airway management equipment such as a video
laryngoscope (VL), a fibreoptic bronchoscope (FOB) and equipment for surgical
airway access are immediately available in an accompanying grab bag and trol-
ley. Equipment that our staff was familiar with, in accordance with the recom-
mendations by the Difficult Airway Society guidelines, and that could be stored
in the trolley was chosen [9]. The team is activated via a dedicated emergency
phone number to the hospital telephone operator which activates the team via
an allocated airway telephone. The team can be activated by any responder to an
emergent patient situation but does not need to be activated for all out of OT
airway interventions. Prior to the EAS, activation of skilled anaesthetic assis-
tance caused greater delay (as the number for the anaesthesia specialist had to be

sourced), and out-of-OT equipment was not readily available. The decision to
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activate may have been delayed, potentially leading to unfavourable outcomes.
This scenario was similar to that at John Hopkins Hospital and Grant Medical
Center in the lead-up to the commencement of their airway response teams [8]
[10].

In this audit, we aim to evaluate the utilisation and efficacy of this service.

2. Methods

An airway management team was set up to provide assistance in emergency
endotracheal intubations performed in all locations outside the OT.

An EAS record form was completed post-activation by the anaesthesia spe-
cialist involved.

We conducted a retrospective audit of EAS activation forms between 12/9/2016
and 27/10/2020. Data from EAS commencement in 2011 to 11/9/2016 was not
included in the audit as prior to 12/9/2016, there was no standardised documen-
tation of the activations.

Information reviewed included reason for intubation, the patient characteris-
tics that led to EAS activation, any details on attempts prior to EAS activation,
the assistance provided by the EAS team (airway assessment, successful tech-
niques use, number of attempts) and outcomes. The rate of successful rescue of
failed intubation was used as a marker of efficacy of EAS.

As all data was anonymised, we obtained an exemption from review by the
Singhealth Centralised Institutional Review Board. Descriptive analysis was used

to present the collected data.

3. Results

There were a total of 275 activations between 12/9/2016 and 27/10/2020, of
which 268 were analysed in our audit. The remaining 7 activation were excluded

from the audit as the EAS record forms were incompletely filled.

3.1. Patient Characteristics

The patient characteristics and factors leading to activation of EAS for endotra-
cheal intubation are summarised in Table 1.
Reasons for endotracheal intubations were respiratory failure, cardiac arrest,

airway pathology and altered mental status (Figure 1).

3.2. Activation Characteristics

The locations of EAS activations were the General Ward (26.4%, n = 71), Acci-
dent and Emergency (A&E) (19.4%, n = 52), Medical Intensive Care Unit
(MICU) (24.6%, n = 66), High Dependency (14.1%, n = 38), Surgical Intensive
Care Unit (0.37%, n = 1), other locations (6% n = 16) (e.g. endoscopic center,
cardiac catheterization laboratory, radiology department) and missing data (8.9%,
n = 24).

Reasons for activation were anticipated difficult intubation (42.2% n = 113),
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Table 1. Patient characteristics.

Patient Characteristics N =268 (%)
Gender:
Male 159 (59.3%)
Female 109 (40.6%)
Obese (BMI = 35) 128 (47.7%)
Short Thyromental Distance (<6 cm) 84 (31.3%)
Restricted Mouth Opening 19 (7.1%)
Reduced Neck mobility 43 (16%)
Bad Dentition 23 (8.5%)
Prev surgery/Radiotherapy 23 (8.5%)
Airway lesion 13 (4.9%)
Blood/secretions 72 (26.9%)

Altered Mental Status

Airway pathology
9.0% 14.6%
14.6%
Cardiac arrest
22.4%

54.1%
Respiratory failure
54.1%

Figure 1. Reason for endotracheal intubation.

failed intubation attempt (52.6%, n = 141) and advanced intubation equipment
required (5.2%, n = 14). Of note, there was a similar likelihood of the team being
activated for an anticipated difficult airway, as for a failed intubation attempt. In
the second situation, the experience of the first responder varied from junior

inexperienced medical staff to emergency or intensive care specialists.

3.3. Activation Outcomes

Intubation was attempted in 261/268 (97.4%) cases by the EAS team. Of these,
255 (97.7%) cases were successful while 6 (2.3%) cases failed intubation.

Of the successful intubations by the EAS team, 208/255 (81.5%) were success-
ful on the first attempt.

Out of the 6 unsuccessful intubation cases, 1 case required a rescue cricothy-
roidotomy and 4 cases required an open tracheostomy. Endotracheal intubation
was abandoned in the remaining case as cardiopulmonary resuscitation was

deemed futile and resuscitative efforts were terminated.
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In the seven cases where intubation was not attempted, three cases were al-
ready intubated by the time the EAS team arrived and in two cases the patient’s
condition improved and intubation was not required.

Intubation was deemed easy by the EAS team in 170/261 (65.1%) cases. 64/170
(37.6%) cases were intubated with a video laryngoscope (VL), and, 84 cases
(49.4%) used VL together with a stylet or a bougie. Only 8 cases were intubated
using direct laryngoscope (DL) and 9 cases using DL with stylet/bougie. 3 cases
used fiberoptic bronchoscope (FOB) and 2 cases used FOB with VL (Figure 2).

There were 85 cases (32.3%) classified as difficult intubation by the EAS spe-
cialist. 13/85 (15.3%) cases were intubated using only VL, 54/85 (63.5%) cases
required VL with stylet/bougie, and 10/85 (11.8%) were intubated with a FOB.
Only 5/85 (5.9%) cases were successfully intubated using DL with stylet/bougie
and 3/85 (3.5%) cases used VL + FOB (Figure 3).

6 cases were deemed impossible to intubate. 5 out of the 6 cases required a
surgical airway and in 1 case intubation was abandoned as further resuscitation

was deemed futile.

FOB DL
1.8% 4.7%
DL + stylet bougie
FOB with VL 5.3%
1.2%
VL + Stylet bougie
VL
49.4% 37.6%
Figure 2. Intubation technique in easy intubation group.
VL + FOB DL + Stylet/Bougie
3.5% 5.9%
FOB
11.8% VL
15.3%
VL + Stylet/Bougie
63.5%
Figure 3. Intubation technique in difficult intubation group.
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No muscle relaxant was used by the primary team prior to EAS activation in
116/268 (43.2%) cases. 120/268 (44.8%) cases were given suxamethonium, 15/268
(5.6%) cases were given rocuronium and 12/268 (4.5%) cases were given atracu-

rium. No data on muscle relaxant was recorded in 5 cases.

4. Discussion

Patients requiring emergency endotracheal intubation are frequently unfasted,
rapidly deteriorating and critically ill. The importance of securing an emergency
airway as quickly and efficiently as possible cannot be overstated. Repeated in-
tubation attempts are associated with a greatly increased risk of complications
like airway oedema, hypoxia, regurgitation of gastric content, airway mucosal
trauma and oesophageal intubation [1] [7] [11]. Multiple attempts may also
convert what was an easy airway into a difficult one due to the trauma and oe-
dema. We report an over 80% successful first-pass intubation rate by our EAS
team, in a population where 42% of patients were identified as potentially diffi-
cult by the first-responder team, and 52% had already failed at least one intuba-
tion attempt.

It is clear from our data that the VL is the rescue device of choice by the EAS
team. Of the patients deemed easy intubation by our team, 87% were successful
with a VL, or VL with a stylet or bougie, while of those considered difficult
(32.3% of activations), 78.8% were eventually successful using either VL only or
VL combined with either a stylet or a bougie. There is good evidence that the VL
not only improves the glottic view, but also shortens intubation time, and im-
proves first pass success rates [11] [12] [13] [14]. A Cochrane review of 64 RCT's
suggested that the VL is associated with fewer failed intubations in both pre-
dicted difficult and all laryngoscopy, more Grade 1 views, greater ease of use and
less airway trauma [15]. Correspondingly, the National Emergency Airway Regi-
stry (NEAR) in the United States has noted an increased rate of first pass intuba-
tion rate as the percentage use of VL has increased over the years [16] [17]. As
such, we suggest that the VL be used as the first choice device during emergency
tracheal intubation.

In addition, when the service was introduced, it was decided to provide a
range of airway equipment beyond the basic equipment available in remote loca-
tions. This gradually evolved during our service based on feedback from the
practitioners involved. Initially a grab bag with a McGrath™ videoscope and a
small amount of extra equipment was provided. However, review after com-
mencement of the service revealed that a more extensive set of equipment would
be useful, so a portable trolley with greater range of equipment, almost equiva-
lent to that of a difficult airway trolley in the operating complex was provided.
This is pushed to the activating location by a trained anaesthetic assistant. The
trolley (Figure 4) contains a VL (the CMAC"® with a variety of blades including
the D blade), a CMAC® bronchoscope, adjuncts such as oropharyngeal and na-
sopharyngeal airways in various sizes and airway rescue equipment such as la-

ryngeal masks and equipment for emergency cricothyroidectomy. In addition
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Figure 4. Emergency airway trolley.

the grab bag remains readily available as it is more portable and allows the spe-
cialist to commence management if the assistant with the trolley is delayed. The
range of equipment in the bag and trolley is regularly re-evaluated to ascertain
which are most used and is standardized to the equipment in our OT difficult
airway trolleys, which anaesthesia specialists in the hospital are familiar from OT
and simulation training. Finally, all anaesthesia specialists in our institution un-
dergo yearly refresher sessions on how to perform an emergency cricothyroi-
dectomy with the equipment available in the airway trolley.

It must also be highlighted that the presence of an experienced assistant fa-
miliar with difficult airway management, in addition to the equipment available
in the grab bag and trolley, is invaluable in an emergency. Activation of the EAS
mobilises both an anaesthetic specialist and an experienced anaesthetic unit
nurse as the skilled assistant.

Previous studies have shown that a higher first pass emergency intubation rate
is also associated with increased operator clinical experience [6] [11] [18]. As we
can see from our data, the majority of EAS activation was from General Ward
(26.4%) followed by the medical ICU (24.6%) and A&E (19.4%). The majority of
physicians working in the general ward are likely to have little experience in
airway management, and they are therefore more likely to require assistance.
This is perhaps reflected by the low rate of use of muscle relaxants in intubation

attempts by the primary responders as these drugs are perhaps perceived to in-
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terfere with the return to spontaneous respiration should intubation fail. Al-
though our retrospective analysis cannot ascertain the reasons for failed initial
intubation attempt, we theorize that on top of the lack of airway experience, the
failure to use muscle relaxants would have contributed to the difficulty of intu-
bation in many of these cases. Several randomised trials and observational stu-
dies have shown that the use of neuromuscular blocking agents during emer-
gency tracheal intubation improves success rates while reducing complications
[19] [20]. In fact, in 2018 a meta-analysis on the avoidance of the use of muscle
relaxants during tracheal intubation showed that intubation was considered dif-
ficult in 56.3% of patients when neuromuscular blocking agents were not used,
and this was reduced to 4.7% when they were used [21]. Hence we feel that
in the absence of contraindications, and in experienced hands, neuromuscular
blocking agents should be used in emergency tracheal intubation.

From our data, it is interesting to note that more than 40% of EAS activations
were for anticipated difficult airways. The credit for this must go to improved
education efforts by the various departments in our institution. In addition, easy
activation (a single call to the hospital operator from any line in the hospital)
and publicity for the service since its introduction in 2011 has also helped.

There are several limitations to this audit. Firstly, this is a retrospective audit
and hence it is subject to incomplete or missing data. This is also a single-center
audit, and the workflow and results may not be generalisable to all health insti-
tutions. Generalisation of the service to other health institutions will be some-
what limited by variations in staffing, equipment, costs and operational consid-
erations. However, the data from our centre and at least two other centres with
similar emergency airway response teams [8] [22] have all shown positive out-
comes for the patients who were managed by a dedicated difficult airway team.
In comparison to John Hopkin’s and Grant Medical Centre’s emergency airway
teams [8] [21], which included the surgeons, particularly head and neck or oto-
laryngology (ENT), emergency specialists and a range of other staff such as res-
piratory specialists, our hospital’s EAS team has been solely staffed by anaesthet-
ic specialists with the support of skilled anaesthetic nurses. This may reflect re-
gional variations in practice, as our institution does not have 24-hour on site
specialist ENT support.

Furthermore, as data was not collected prior to the commencement of the ser-
vice or with initial phases of the service, our evidence of benefit beyond anecdot-
al evidence is limited. However worldwide, difficult airway societies have made
recommendations for the use of such emergency airway services and other in-
stitutions such as John Hopkins and Grant Medical Center created their teams
directly in response to serious airway events, and have demonstrated no patient
morbidity or mortality from the activations of their teams [8] [23]. Going for-
ward, a well-designed study to evaluate the effectiveness of the service in reduc-
ing patient morbidity and mortality related to EEI, reduction in length of hos-
pital stay and decreasing cost of patient care would be ideal.

There is currently no specific section on our form documenting the reasons
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for failed intubation by the primary responders or the complications of EEI, so
we are unable to ascertain the factors contributing to failed intubation by pri-
mary responders or complication rates of EEI. We suggest that the EAS form
should be revised in the future to include information such as the reasons for
failed intubation by first responders, complications related to EEI, activation to
intubation time, length of hospital stay and 30 days mortality, to better enable us
to monitor the effectiveness of the service. In future, the EAS form should be
migrated to an electronic database to allow better data capture and minimize
missing data. This would also assist in improving the service by easier monitor-
ing of our activation to assistance time as well as ensuring the consistency of the
service across all providers and monitoring for complications. Currently, our
service does not monitor for morbidity and mortality related to the activation,
but this is important to allow identification of deficiencies in the current set-up
and if any further improvement is needed.

The data on the total number of EEI performed within the institution over the
period of time was not available, making it impossible to ascertain the incidence
of EAS activation and missed activations. Data on adverse outcomes of all EEI
also not available and hence we were unable to determine the effectiveness of
EAS in reduction of EEI complications. A cross disciplinary approach at a senior
level would allow us to gather data on total number of EEI performed and iden-
tify missed activations and if we needed to better implement airway assessment
teaching to ward staff along the lines of John Hopkins and Grant Medical Center
(8] [21].

Audit of the airway service should also be conducted at regular interval to
identify measures to enhance the implementation of the service. This is in keep-
ing with the NAP4 guidelines [24]. As the current trolley is bulky, usage of equip-
ment should be reviewed at regular intervals and a standardised guideline for
review could be implemented rather than ad hoc discussion between the de-
partment specialists. Equipment deemed underutilised can then be removed in a
more uniform fashion, with input from the anaesthetic department. This may
make the trolley more compact and portable and would also make space for any
future new equipment additions. There are of course exceptions, such as the
surgical airway equipment. The equipment is regularly checked for expiry and
replaced.

With the current Covid-19 pandemic, we have also added two sets of powered
air purifying respirators for the safety of our staff. In addition, Covid-19 positive
patients (or likely-infected patients pending swab results) now warrant EAS ac-
tivation within our institution to minimize aerosol exposure to staff, with the
aim of achieving a single successful intubation attempt by an experienced oper-
ator. It is as yet unclear how much this has altered the number of activations for

our team and the benefit of this measure should be assessed in future audits.

5. Conclusion

The Emergency Airway Service in our institution has successfully assisted in more
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than 250 emergency endotracheal intubations to date. Our results show that pro-
viding an experienced and well-equipped team of airway specialists round-the-clock
to assist in difficult and potentially difficult endotracheal intubations is justifia-
ble and may potentially help to reduce complications associated with EEI. Mod-
ifications to our data collection form will allow us to better ascertain the clinical

and outcome variables and guide us in implementing any required changes.
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