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Abstract

Introduction

Trauma accounts for 16-44% of childhood deaths. The number of severely injured
children who require pre-hospital advanced airway management is thought to be
small, but there is little published data detailing the epidemiology of these
interventions. This study was designed to evaluate the children who received pre-
hospital intubation (with or without anaesthesia) in a high volume, doctor-led, pre-

hospital trauma service and the circumstances surrounding the intervention.

Methods

A 12 year retrospective database analysis was conducted. All paediatric patients
(<16 years of age) that were attended and received pre-hospital advanced airway
management were included. The total number of pre-hospital intubations and the
proportion that received a rapid sequence intubation (RSI) were established. To
illustrate the context of these interventions the demographics, injury mechanisms,

intervention success rates and scene times were recorded.

Results

Between 1 January 2000 and 31 October 2011 the service attended 1933 children.
There were 315 (16.3%) pre-hospital paediatric intubations. Of those intubated, 81%

received an RSI and 19% were intubated without anaesthesia in the setting of near



or actual cardiéc arrest. Nearly three quarters of the patients were in the age range
of 6 -15 years with only 3 patients under the age of 1 year. The most common injury
mechanisms that required intubation were road traffic crashes (RTCs) and ‘falls from
height'. These accounted for 79% of patients receiving intubation. Intubation success
rate was 99.7% with a single failed intubation during the study period. Mean on-

scene time was 41 minutes when RSI| was delivered.

Conclusion

Pre-hospital paediatric intubation is not infrequent in this high-volume trauma
service. The majority of patients received an RSI. The commonest injuries
associated with intubation were blunt trauma caused by RTCs and ‘falls from height'.
Pre-hospital paediatric intubation is associated with a high success rate in this

service.
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Definitions

Accident involving machinery — A traumatic incident whereby the victim has been

injured by industrial machinery. May or may not involve entrapment of the victim.

Advanced airway management - The medical procedures used to maintain an
open conduit from the environment to the lungs of a patient while reducing the risk of

aspiration. Includes intubation (with or without anaesthesia).

Anaesthesia — (Or general anaesthesia) is the induction of a state of
unconsciousness by the administration of anaesthetic drugs or medications. Pre-
hospital anaesthesia is generally administered for the purposes of facilitating

intubation and typically uses the technique of Rapid Sequence Intubation.

Animal Incident — A traumatic incident whereby the victim has sustained an injury
either during or after interaction with an animal. This is usually a domestic animal but

may be a wild animal.

Intubation — (or endotracheal intubation) is the placement of a flexible, hollow plastic
tube into the trachea to maintain a patent airway and to serve as a conduit for

artificial ventilation.
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Paediatric — Of, or relating to, the medical care of children. In this study ‘children’ or

‘paediatric’ refers to any patients less than 16 years of age (including new-borns).

Pre-hospital - Occurring before arrival or during transportation to a hospital.

Rapid Sequence Intubation (RSI) — A medical procedure resulting in the rapid
induction of general anaesthesia and subsequent endotracheal intubation. It is

synonymous with ‘pre-hospital anaesthesia’ in this study.

Where distinction is made between ‘intubation’ versus ‘RSI’; ‘intubation’ refers to the
performance of this procedure without anaesthesia; and ‘RSI' as defined above,

refers to the performance of intubation with anaesthesia.

Unarmed fight — A traumatic incident whereby the victim is assaulted by one or

more people, without the use of weapons.
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Chapter One

Introduction

1.1 Introduction

Trauma accounts for a large proportion of childhood mortality and is the leading

cause of death in those aged 1-44 years.”*

Although airway and ventilation problems have been identified as key issues in
critically injured trauma victims, limited publications exist on pre-hospital paediatric
advanced airway management.>*® This is likely a result of multiple factors: few
children sustain injuries severe enough to require pre-hospital anaesthesia and

8 simple airway manoeuvres are usually adequate to treat early airway

intubation;°
compromise in children;®® and individual exposure of Emergency Medical Services
(EMS) providers to severely injured children is relatively infrequent.*® There exists a

perception that pre-hospital anaesthesia and intubation in children is rarely required

and challenging to deliver safely.>®

A safety guideline published by The Association of Anaesthetists of Great Britain and
Ireland (AAGBI) recommends that pre-hospital anaesthesia and intubation in
children should only be performed by a skilled, anaesthetic-trained practitioner,
where simple airway manoeuvres and oxygen therapy have failed to provide a patent
airway and adequate oxygenation.6 The guideline suggests that even in relatively
advanced systems, the threshold for pre-hospital paediatric anaesthesia and

intubation should be relatively high.°



However, it is likely that in a small number of patients intubation is required to
provide and maintain a definitive airway and can be lifesaving in critically injured

children if delivered rapidly and safely.*®

1.2 Problem Statement

Paediatric pre-hospital anaesthesia and intubation have previously been reported to
be rare.>® Recent studies in the United Kingdom (UK) have identified a lack of
comprehensive data on advanced airway management, particularly pre-hospital
anaesthesia and intubation in acutely injured children.®®'® Although several studies
have addressed pre-hospital airway management in adults;'"™"® trauma patterns in

4 and pre-hospital interventions in children;®>'* few have specifically

children;*
evaluated pre-hospital paediatric Rapid Sequence Intubation (RSI) or intubation
without anaesthesia.>®? This may be because few services attend sufficiently high
numbers of paediatric trauma patients to accumulate meaningful samples of patients

to report.*>1°

The lack of published data has stimulated various authorities to suggest that this
subject is a priority area in pre-hospital research.’® A need to further describe the
circumstances and details surrounding paediatric pre-hospital advanced airway
management exists. Quantification of the epidemiology of paediatric pre-hospital
anaesthesia and intubation is necessary to fill a knowledge gap, establish a
framework of understanding, inform on clinical practice and direct training of EMS

providers.



1.3 Aim of the Study

The aim of this study was to report on issues surrounding pre-hospital paediatric

anaesthesia and intubation.

1.4 Objectives of the Study

e To des.cribe the frequency and demographic profile of pre-hospital
anaesthesia and intubation in paediatric patients.

e To describe the types of traumatic incidents commonly encountered by
paediatric patients and their association with subsequent pre-hospital
anaesthesia and intubation.

e To describe the success rate of pre-hospital anaesthesia and intubation in
paediatric patients and to critically evaluate unsuccessful events.

e To describe the differences in scene-time when pre-hospital anaesthesia and

intubation was delivered.

1.5 Relevance

The pre-hospital environment is complex; and rendered emergency medical care
must match the standard delivered in-hospital.> Paediatric trauma patients are time-
critical and difficult to manage.®>'® High risk medical procedures that are performed
infrequently must be delivered timeously, effectively and with a minimum of risk to

t.38

the patien Refining pre-hospital paediatric advanced airway management is thus

considered fundamentally important.™



1.6 Outline of Report

The research report takes the following format:

Chapter One: Introduction of study

Chapter Two: Review of the relevant literature

Chapter Three: Methodology and statistical analysis
Chapter Four: Presentation of findings

Chapter Five: Discussion of results

Chapter Six: Conclusions, limitations and recommendations
Appendices

References

1.7 Summary

This chapter provides a background framework of the clinical environment and

existing knowledge gap. It has described the aim, intentions and relevance of the

study and provides a summary of the report to follow.



Chapter Two

Literature Review

2.1 Introduction & Epidemiology

Trauma accounts for a large proportion of childhood mortality and is the leading

cause of death in those aged 1-44 years.>*

Despite this, no data had been analysed on paediatric trauma in the United Kingdom
(UK) until recently.? This took the form of assessment of the Trauma Audit and
Research Network (an anonymous data collection network representing 60% of
trauma-receiving hospitals in England and Wales) evaluating 24 000 patients over a

15 year period.?

The following was revealed: 2

The median age of children presenting with serious injury was 9.5 years and
injury tends to increase with age.

Limb and head injuries were the most frequently injured anatomy, occurring in
65% and nearly 25% of cases respectively.

* An inverse trend between these occurred with head injuries diminishing with
advancing age and an associated concomitant rise in limb trauma.

The commonest causes of paediatric trauma were Road Traffic Crashes

(RTCs) and ‘falls from height' representing 40.9% and 36.9% respectively.

Assault (1.9%) and Sport Injuries (0.2%) had significantly lower representation.



An overall mortality rate of 4.2% for paediatric trauma was observed to decline
to 3.1% over the period 1990-2005. This was highest in the <1year age group
and lowest in the 6-10 year group.

Mortality was highest in head or multiply injured children (head + thorax or
head + abdomen) rather than in isolated injuries.

Presentation to the emergency department wide awake was associated with a
low mortality (0.2%) but any decreased level of consciousness demonstrated a

significantly higher mortality (16%).

No data has been published on pre-hospital paediatric trauma for the UK. Relevant
research on pre-hospital paediatric trauma was a study by Eich et al describing
paediatric attendances on a Helicopter Emergency Medical Service (HEMS) in
Germany.* In this 9 year retrospective review of 2200 patients, the authors believed
their data to be reasonably representative of the urban pre-hospital environment in

other central European countries.”

They declared that in general, advanced paediatric interventions were uncommon,
but when required, advanced airway management was most frequently required.*
Attendances requiring frequent paediatric pre-hospital intubation included drowning,
serious head injury and burns.* A high attendance to incidents involving children
<1year of age (14%) was noted. Attendances were also noted to increase with
advancing age.>*® They concluded that pre-hospital intubation was a necessary and

important skill for their doctors.*



2.2 Pre-hospital Paediatric Care

The incidence of paediatric patients transported to hospital by the EMS is 5-
10%.4191%19 Thys the exposure of individual EMS providers to severely injured
children is infrequent and may result in a lack of ability, experience and confidence

when approaching critically injured children.*6:8:9.16.19.20

Paediatric trauma patients are a can be difficult to manage, are often time critical and
have the potential to overwhelm inexperienced EMS providers.#?*2!" As a result,
there has been the suggestion that the pre-hospital care of children may be
suboptimal in comparison with adults.*?® This may translate into unfavourable
outcomes that are potentially preventable.*?° Particular problems identified include
the appropriateness and safety of advanced paediatric airway management

(specifically pre-hospital intubation) and associated high complication rates.?

2.3 Pre-hospital Paediatric Intubation

Although airway and ventilation problems have been identified as key issues in

critically injured patients, few children sustain injuries severe enough to require pre-

2,4-814,20,22

hospital anaesthesia and intubation. Furthermore, simple airway

manoeuvres are usually adequate to treat early airway compromise in children.®®

Because paediatric pre-hospital intubation is a clinical challenge and potentially

589

hazardous™™~ these factors have led to divided opinion as to the most appropriate

approach to children requiring pre-hospital advanced airway management.'!1223

Airway compromise is a preventable cause of morbidity and death in trauma and

cardiac arrest.'"'??2 Therefore an important goal of pre-hospital care is the is



addressing this and optimising patient physiology before or during transport to

| 19,21

hospita Adequate, appropriate, airway management, oxygenation and

ventilation are crucial.'®?'

Historical reluctance towards pre-hospital paediatric intubation arose from high
documented complications by EMS providers and a lack of evidence demonstrating

3568182124 g\ ccess rates in early studies for paediatric

benefit for the procedure.
pre-hospital intubation ranged from 56 to 95%° with one investigation revealing a

nearly four-fold difference in intubation failures in children vs. adults (36% vs. 9%).

Gausche et al showed no difference in death or neurological outcome in children
with head injury regardless of whether they received pre-hospital intubation or were
oxygenated with bag-valve-mask ventilation during delivery to hospital.® The reason
cited for such a staggering failure rate was paediatric anatomical differences which
are a consistent theme in other similar research.>®'%?' A Cochrane Review
performed in 2008 declared ‘There is insufficient evidence to further extend the

existing practice of paediatric pre-hospital intubation in the urban environment.’>%

However, it is likely that in a small number of patients intubation is required to
provide and maintain a definitive airway and can be lifesaving in critically injured
children if delivered rapidly and safely.*®'"'? Effective management of the airway
may have the greatest impact on mortality and morbidity of all pre-hospital
interventions.’® Furthermore the administration of pre-hospital anaesthesia and

intubation may reduce time to definitive care."®

The quality, safety and success of anaesthesia and intubation may be related to the

511,21

skill and experience of the person performing the procedure. There are

considerable variations in the training, experience and on-going exposure of EMS

8



providers in different pre-hospital systems.""*® Much of the research conducted has

occurred in such heterogeneous systems and is not directly comparable.

Currently there exists no evidence-based recommendation or consensus that defines
the environment, patient or provider-related criteria for plre-hospital intubation of
children.>?' Despite this, paediatric airway management skills are still considered
‘essential’ in practitioners involved in the regular delivery of paediatric pre-hospital

7

care*?” and intubation is the acceptable standard for securing the airway

definitively.* %2

As a result of the conflicting opinion regarding the role and safety of pre-hospital

3,11,12,18 |3,6,11,12,21,22

intubation and because when performed poorly it can be harmfu
scrutiny has fallen to the systems performing pre-hospital intubation. The personnel,

training levels, on-going exposure and techniques have become relevant.

Intubation success rates are considered a quality marker of the system."" Doctor
based systems consistently out-perform paramedic based systems with success
rates in the order of 97 t0o100% (highest if the doctors have had anaesthesia
training).>""'?2! This has been demonstrated even in systems where exposure rates
were very low. A notable example was a system where providers performed with
high rates of success despite conducting on average only one pre-hospital paediatric

intubation every 3 years, and one per 13 years on children <1 year of age.®

2.4 Rapid Sequence Intubation

The AAGBI guidelines recommend that pre-hospital anaesthesia in children should

only be performed by a skilled, anaesthetic-trained practitioner, where simple airway



manoeuvres and oxygen therapy have failed to provide a patent airway and
adequate oxygenation.® They also suggest that even in relatively advanced systems,
the threshold for pre-hospital paediatric anaesthesia and intubation should be
relatively high.® However, should they be performed, the recommended technique is
Rapid Sequence Intubation (RSI).” In general, children who are obtunded to the

point of absent airway reflexes or those in cardiac arrest do not require RSI."

RSI is the procedure of choice for most in-hospital emergency intubations and is
associated with the highest success rate and lowest incidence of

1,

complications.'"%19222829 1t is currently advocated by the Paediatric Emergency

Medicine Committee of the American College of Emergency Physicians and the

ILCOR 2010 Guidelines (International Liaison Committee on Resuscitation).?"%

RS! is recommended for children®? is particularly recommended in the pre-hospital
environment'> and is a core component of pre-hospital care in many European
countries.!” However use of RSI requires a high level of competence and the ability

to deal with potentially life threatening adverse effects or complications.® !

There are likely specialised, training requirements to perform safe pre-hospital RSI to
the same standard as in-hospital, though these are not clearly known, nor is a
threshold for sufficient experience described or validated.®'%2'2” Currently this has

been left to the discretion of the system performing RSI.%

10



2.5 Scene Time

The time between injury and definitive care has been recognised as being critical to
trauma patient survival.”>'® EMS providers are encouraged to minimise delays and

rapidly expedite hospital transport without unduly prolonging scene time.">'®

Pre-hospital intubation is known to be more difficult than the controlled in-hospital
counterpart® and has been shown to prolong scene time (on average) by a further
ten minutes than when it is not performed, leading to concerns about impact on

patient outcomes.'®'®

Kulla et al reviewed scene times in patients receiving certain pre-hospital
interventions (including intubation). They demonstrated two phenomena: patients
receiving more pre-hospital interventions were more severely injured, (yet arrived in
the emergency department with significantly improved vital parameters in
comparison to less severely injured patients); and in-hospital treatment times were
shorter in the patients that had received their interventions pre-hospital. Overall,
there was no difference in the total resuscitation times between groups. Importantly,
the pre-hospital intervention group did not have total resuscitation times that were

longer than the non-intervention group.®

2.6 Research Priorities

The perception that pre-hospital paediatric RSI is rarely required and challenging to

3¢ may contribute to the scarcity of publications on the subject.

deliver safely,
Research on pre-hospital paediatric care is crucial to determine its safety and

efficacy and improve outcomes.™®

11



Recent studies in the UK have identified a lack of comprehensive data on advanced
airway management, particularly pre-hospital anaesthesia and intubation in acutely
injured children.®®'® Although studies have addressed trauma patterns in children®*
and pre-hospital interventions in children,>'* few have specifically evaluated pre-
hospital paediatric anaesthesia and intubation.” This may be because few services
attend sufficiently high numbers of paediatric trauma patients to accumulate

meaningful samples of patients to report.

The lack of published data on this subject has stimulated various authorities to

suggest that this subject is a major priority area in pre-hospital research.'®"®

2.7 Summary

The known epidemiology pertaining to trauma patterns in children in the UK have
now been described. The difficulties and controversy relating to pre-hospital
paediatric advanced airway management have been described as have the relevant
issues around safe and appropriate delivery of pre-hospital RSI with emphasis on
the success rates. There was a description of the relevance and importance of scene
time and an explanation of the remaining knowledge gaps in pre-hospital paediatric
care. The platform and baseline of knowledge has now been established making the

purpose and aims of the study more relevant and better understood.

12



Chapter Three

Methodology

3.1 Introduction

This chapter is devoted to the methodology and conduct of the study and includes a
description of the study environment, research methods used, data collection and

mathematical analysis.

3.2 Study Setting

The study was carried out in the London Air Ambulance (LAA) Service. This is an
urban, doctor-led, pre-hospital trauma service, serving a daytime population of up to
10 million people in an area approximately 5,000 square kilometres.

The operational team (doctor and paramedic) is delivered to incidents by helicopter
in the daytime and by fast response car at night. The service is dispatched only to
trauma patients, specifically those with severe injury. Deployment is rapid and flight
times across London are short. The service attends an average of 5 to 6 trauma
patients per day.

Scene time is logged by the control room when the helicopter lands on the ground or
the rapid response vehicle arrives at the incident. Departure from the scene is
similarly communicated to the control room when the transport vehicle (land
ambulance or helicopter) departs carrying the patient. This entire time period
(including transport to the actual incident from the helicopter landing site, handover

from the ground crew, extrication (as necessary) and patient treatment) constitutes

13



the recorded scene time. Patients are delivered directly to specialist centres as
appropriate, thus avoiding delays to definitive care.

Doctors are experienced anaesthetists or emergency physicians with a minimum of 6
months of in-hospital anaesthetic training. Most doctors have some prior pre-hospital
experience. Further in-post training is provided in a 4-6 week induction period under
the guidance and supervision of pre-hospital care specialists. Weekly case review,
audit and clinical governance meetings and intermittent specialist supervision
ensures consistency with service protocols and maintenance of service standards.
Flight paramedics have specific in-service training to equip them as members of the
pre-hospital anaesthesia team.

Pre-hospital anaesthesia is conducted using the technique of RSI and is carried out
in line with UK recommendations on pre-hospital anaesthesia® and according to local
standard operating procedures (SOP) (Appendix 2). Indications for pre-hospital RSI
are: 1) Actual or impending airway compromise; 2) Ventilatory failure; 3)
Unconsciousness or profound cerebral agitation; 4) Anticipated clinical course; 5)
Humanitarian reasons.

The local service SOP for RSl is robust and has been practiced for over 10 years. It
has seen the performance of over 7000 pre-hospital RSIs with a high intubation
success rate.'? A standardised and reproducible technique is used and the on-scene
doctor has a limited number of treatment choices to make. In the study period
etomidate was used to induce anaesthesia and suxamethonium was used for initial
muscle relaxation. Intubation was carried out by the doctor with the routine use of an
intubating catheter (Cook Medical, Frova airway intubating catheter™). When
patients are in established or impending cardiac arrest, intubation is conducted

without anaesthesia.

14



Equipment for failed intubation includes a supraglottic airway device (laryngeal mask
airway) and equipment for surgical cricothyroidotomy. Correct tube placement is
confirmed by the use of colourimetry and digital capnography. A mechanical
ventilator is available to ventilate patients after intubation (Drager Oxylog 2000™).
The SOP allows for a maximum of two initial attempts at intubation. A set of operator
drills to improve laryngoscopy are followed if there is failure at the first attempt.
Further failure to intubate leads the practitioner down a pathway to either placement
of a laryngeal mask airway or a surgical airway. A third alternative, (bag-valve-mask
ventilation and transport to hospital) exists for patients in whom a surgical airway is
undesirable or impossible. At least two good attempts at intubation must be
performed.

All members of the service are drilled in the procedures and regularly practice in a
low fidelity simulation environment. In keeping with the AAGBI guidelines, the SOP
emphasizes that the threshold for pre-hospital paediatric anaesthesia is higher than
that for pre-hospital adult anaesthesia and only be conducted when absolutely
necessary.® Where possible, prior to performing pre-hospital paediatric anaesthesia,
the decision is discussed with an on-call pre-hospital specialist. This is to discuss
equivocal cases or to assist with determining risk/ benefit analysis where the risk is
felt to be extremely high or the benefit to be limited. This aspect of clinical
governance and oversight is felt to be desirable when on-scene conditions are

especially challenging.

15



3.3 Study Population

All patients under the age of 16 years attended by the LAA from midnight January 1°

2000 to midnight October 31% 2011 were studied.
Inclusion Criteria

e Trauma victims under the age of 16 years
o Attended by the LAA from midnight January 1% 2000 to midnight October 31%!

2011

¢ Received the intervention of RSI or intubation were evaluated.
Exclusion Criteria

o Patients attended by the LAA that were 16 years or older
o Patients that were not victims of trauma

o Patients that did not receive the intervention of RSI or intubation

3.4 Study Design

Standard patient data on patients attended by the LAA is prospectively recorded on
a Microsoft ACCESS™ database as a matter of routine. A retrospective database
review was conducted on patients attended during the study period. This study
involved analysis of the accumulated, standardised system data. No additional data

was collected and no additional interventions were carried out.

All patients attended by the service under the age of 16 years were initially evaluated
to establish total number of attendances, RSIs and intubations. Thereafter patients

attended that were victims of trauma and had received the intervention were

16



subsequently evaluated. Patient demographics, injury descriptors and relevant time
indices were recorded in a Microsoft EXCEL™ database for analysis (Appendix 3).
Mission reports (standardised pro forma) (Appendix 4) of every case of pre-hospital
RSI or intubation were then evaluated to look for additional detail including
complications or failed intubations. Cross referencing on all patients who received
RSI or intubation with original mission report forms was also conducted in order to

confirm the accuracy of the data and elicit further detail.

3.5 Ethical Considerations

Ethical approval for the study was obtained from the Human Research Ethics
Committee (Medical), Faculty of Health Sciences, University of the Witwatersrand
(Appendix 5). Permission for access to the operational database was obtained from

the Medical Director of the London Air Ambulance (Appendix 6).

The database and intellectual property belong to the LAA. All captured data was held
in password protected Microsoft EXCEL ™ format and saved on a password
protected computer at the premises of the LAA. Paper mission reports were
reviewed confidentially at the premises of the LAA. These remained the property of
the LAA and were kept locked within a fire proof safe at the LAA premises in
Whitechapel, London. No identifying features pertaining to individual patients were

used during the evaluation or description of the data.

Research was conducted according to the principles of the Declaration of Helsinki.*

17



3.6 Data Analysis

The following was elicited:

Frequency and demographics — Incidence of paediatric attendances versus

total attendances; incidence of RSI vs. intubation; age profiles for intervention;

gender differences for intervention; time of day of intervention.

e Injury profile — Paediatric injury profile; association of injury type with RSI/
intubation.

e Success rate — Documented complications/ episodes of intubation failure and
circumstances surrounding same.

e Scene time — Duration of scene time when RS/ intubation performed vs. no

intervention.

3.7 Statistical Analysis

Data collected included frequency of intubation, age, gender, time of day,
mechanism of injury and scene times/ duration. Statistical analysis was applied
using multinomial logistic regression. Relative risks and 95% confidence intervals
were calculated and where appropriate descriptive statistics for continuous variables
were expressed as medians with interquartile ranges using the Wilcoxon Rank Sum
test. Statistical significance of data where relevant (p<0.001) was calculated and

reported. Analysis was performed in Microsoft EXCEL™ and STATA v10.

18



3.8 Research Methodology

The study was a retrospective observational study with exploratory, contextual,

quantitative and descriptive design elements.

Retrospective review of prior mission data from callouts attended by the LAA made
the study retrospective. The observational component is described because the
study evaluated a procedure already being performed in a defined population and
drew observations within and about this group and procedure. This study had not
previously been conducted and represented an index study with the purpose of
directing future research and was therefore exploratory. The study was contextual as
it was limited to a single site. The study was quantitative because the data collected
was numerical and underwent further statistical analysis. Finally, because the study
described an already existing ‘real-world’ environment and described a procedure

within a population and its relative role, it was a descriptive work.

3.9 Summary

This chapter concludes a description of the environment, population and methods

used to conduct the study and details how the data was collected and analysed.
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Chapter Four

Results

4.1 Introduction

This chapter is concerned with the findings obtained after conduct of the study as
outlined in the previous chapter. The results are described in numerical, tabulated

and graphical format for ease of understanding.

4.2 Frequency of Intubation

During the study period from midnight January 1% 2000 to midnight October 31
2011 a total of 14,716 trauma patients were attended and 3509 (23.8%) received
pre-hospital intubation. Of these attendances 1933 (13.1%) were children (<16
years of age) resulting in 315 (9%) of the 3509 pre-hospital intubations being carried
out on children. This accounted for the procedure being administered in 16.3% of all
paediatric patient attendances. An average of 26.6 intubations was carried out per
year on children compared to 269.9 per year on adults. A breakdown of these pre-
hospital intubations revealed 255 (81%) of the paediatric patients received RSI and
60 (19%) were intubated without anaesthesia. The intubation success rate was

99.7% (1 failed intubation out of 315). (Figure 4.1)
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Figure 4.1 Schematic of pre-hospital intubations from January 1% 2000 to
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4.3 Demographic Profile

The demographic profile of paediatric pre-hospital intubation was described and

broken down into age, gender and time of day of occurrences.

4.3.1 Age

315 children received pre-hospital intubation. The mean age was 9.36 years. The

medianbage was 10 years. The mode was 14 years.

Grouping the ages for ease of comparison showed that 3 children (1%) were under
the age of 1 year, 78 (24.8%) were aged 1-5 years, 77 (24.4%) were aged 6-10

years and 157 (49.8%) were aged 11-15 years. (Figure 4.2 and Figure 4.3)
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Figure 4.2 Pre-hospital paediatric intubations by age
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Figure 4.3 Relative number of pre-hospital paediatric intubations by age range

23



4.3.2 Gender

Of the 1933 paediatric attendances, 1333 (69%) were male and 600 (31%) were
female. Of the children that received pre-hospital intubation 209 (66.3%) were male
and 106 (33.7%) were female. Overall 15.68% of the males attended were intubated
and 17.67% of the females attended were intubated. A similar proportion of male to
female attendance and male to female intubation was observed. The difference was

not significant. (P=0.2374; two sample t-test between percent) (Figure 4.4)

80%

M Attendance
70%

@ Intubation
60% -

50%

40%

30%

20% -

10%

0%

Male Female

Figure 4.4 Relative proportions of paediatric attendances and intubations by

gender
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4.3.3 Time of Day

Data on time of day of intubation was only available for 297 patients. The frequency
of intubation was observed to vary with the time of day. Peaks occurred at 13:00,
15:00 and 17:00. This was similar regardless of whether patients received RSI or
intubation without anaesthesia. For the RSI group, 75% percent of the procedures
took place between 12:00 and 19:00 and for the intubation without anaesthesia
group 64.9% of the intubations took place during the same period. Few paediatric

intubations (15 in total) occurred after 22:00. (Figure 4.5)
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Figure 4.5 Pre-hospital paediatric intubations by time of day
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4.4 Mechanism of Injury

All of the patients attended had a clearly identified mechanism of injury recorded in
the database. These were selected from a pre-populated list of common injury
identifiers during database entry. In total 309 patients’ sustained traumatic injuries
and 6 turned out to not be victims of trauma. Table 4.1 shows the mechanism of
injury for all patients who received an RSI or intubation. Blunt trauma accounted for
the majority requiring the procedure with road traffic crashes (RTCs) and ‘falls from

height’ accounting for 60.5% (n=191) and 18.5% (n=58) respectively.

Of the patients that were not victims of trauma, 3 had suffered a medical cardiac
arrest with a Return of Spontaneous Circulation (ROSC), 1 patient suffered severe
seizures, 1 patient had collapsed from an unknown cause and 1 had suffered a
choking incident. This data is included for completeness but hereafter these patients

are considered no further.

More detailed evaluation of children involved in RTCs demonstrated the majority of
these patients were either pedestrians struck by vehicles (73.3%) or pedal cyclists

(12.6%). One child was the driver of a motor vehicle. (Table 4.2)

26



Mechanism

of injury <1 year 1-5 years 6-10 years 11 - 15 years Total
No No No No
el Anaes B Anaes Fal Anaes e Anaes
Accident 0 o
involving 0 0 0 4'? A 0 0 0 0 O'EA
- (n=1) (n=1)
machinery
Animal 0.7% 0.3%
incident ¢ ¢ ¢ E ¢ O | (=) | © (n=1)
8.9% 1.6% 3.0% 3.2%
Burns 0 0 (n=5) 0 (n:1) 0 (n:4) 0 (n=10)
Drownin 0 0 3.5% | 27.3% | 3.2% 6.7% 0.7% 14.3% 4.8%
g (n=2) (n=6) (n=2) (n=1) (n=1) (n=3) (n=15)
Fall from 0 100% | 44.6% | 4.5% | 16.1% | 13.3% | 11.1% | 14.3% 18.5%
height (n=2) | (n=25) | (n=1) | (n=10) | (n=2) | (n=15) | (n=3) (n=58)
. 4.5% 6.7% 1.5% 14.3% 2.2%
Hanging 0 0 O Y=ty | O | (=) | (n=2) | (n=3) | (n=7)
Penetrating 0 0 1.7% 4.5% 0 13.3% 4.4% 14.3% 4.1%
trauma (n=1) (n=1) (n=2) (n=6) (n=3) (n=13)
Road traffic 0 0 37.5% 50% 79.0% | 46.7% | 70.4% | 33.3% 60.5%
crash (n=21) | (n=11) | (n=49) | (n=7) | (n=96) | (n=7) | (n=191)
Struck by ~ = 5 7 o
e |0 o |G o | o | so | o | 2
person
: 4.5% 3.0% 1.6%
Suffocation 0 0 0 (n=1) 0 0 (n=4) 0 (n=5)
Unarmed 0.7% 0.3%
fight 0 0 0 0 0 0 (n=1) 0 (n=1)
- - 1.7% - 8.7% 1.5% 2.5%
Total 0.3% | 0.6% | 17.8% 7% 19.7% | 4.8% | 43.2% 6.7% 315
Number (n=1) | (n=2) | (n=56) | (n=22) | (n=62) | (n=15) | (n=136) | (n=21)

Table 4.1 Mechanism of injury of paediatric pre-hospital intubations between

January 1% 2000 and October 30" 2011
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RTC — Patient Designation Total Patients
Motorcyclist 3.1% (n=6)
Motorcycle passenger 1.6% (n=3)
Driver 0.5% (n=1)
Passenger 8.4% (n=16)

Pedal cyclist 12.6% (n=24)

Pedestrian 73.3% (n=140)
Unknown 0.5% (n=1)

Total 100% (n=191)

Table 4.2 Designation of patients involved in road traffic crashes that received

pre-hospital intubation

Analysis of mechanism of injury and intubation frequency demonstrated associations
of varying degree occurring within sub-groups. Notably, the incidents most frequently
attended and their intubation frequencies were as follows: RTCs (23.8%); ‘falls from
height (10.7%); burns (6.4%) and penetrating trauma (5.9%). Relative risk of
intervention, (either of RSI or intubation) is reported in Table 4.3. RTCs (most
common mechanism of injury) were used as a reference point and given a relative

risk of 1 to allow for comparative purposes.
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Mechanism of Injury P:tci’:lit = RSI Re(l;;i://oeclf)isk P value Intubation Re(l;;i;oeclT)isk va'I’ue
Road trafficcrash | 803 | 200 | o . 31% (=25) | (reference) .
o 3 0 0 0009 | 3BI%E=N |y oaaraeg | 004

Animal incident 31 (:’nf;/‘; wozoen | 00N 0 0 0.993

Burns 57 | oo | i ey || <200 0 0 0.984
Drowning 49 1(235"? (0_210551_ w2 | 0214 | 204%@=10) | 5o 7t'021 - 0

Fall from height 546 | o) | 02rim0ssy | 0001 | 15%(n=8) | 9% 00 | 002
Hanging 13 1(ﬁ=42°;° (0_251 i§46.19) 0788 | S8Smind) (5.842 o 52) g

Penetrating trauma 221 (3ni°7/3 (0.060i(1>30.27) <0.001 2.7% (n=6) (0'290';11 75) 0.453
e B e | 21011y | 0113 | 19%0=0 | 007 ) | osse
Suffocation 6 Ol | (roswaaes | 0016 | 1B7%m=1) | 2050 ) | 0025
Unarmed fight 1 ery | e || 088 0 0 0.996
L li(ij;/)o (o,zféiss,czn WE2 | WAME=S) | Wil vy | 99

Table 4.3 Relative risk of pre-hospital intubation by mechanism of injury

4.5 Intubation Success Rate

Intubation success was defined as correct placement of an endotracheal tube within
two attempts at direct laryngoscopy. This was confirmed by colourimetry and digital
capnography. Failure to achieve this was considered a ‘failed intubation’ and led to
one of three pathways: placement of a supraglottic airway device, surgical airway or

bag-valve-mask ventilation with transport to hospital.

29




During the study period, 95 doctors rotated through the service. Caseload range was
1 - 12 paediatric intubations per doctor. Of the 315 patients who received a pre-
hospital intubation, one patient was classified as a failed intubation and was
intubated only after arrival in hospital. In all other cases, the trachea was
successfully intubated within two attempts when RSI or intubation was performed as
per SOP. Despite the presence of laryngeal mask airways and equipment for
cricothyroidotomy, neither was utilized in paediatric patients during this twelve year

period.

The overall success rate was 99.7% for paediatric pre-hospital intubation in this

service.

4.6 Scene time

The median scene time for patients that did not receive intervention was 20 minutes
(interquartile range 12-28min). When an intubation was carried out, the median
scene time was found to be 21.65 minutes (interquartile range 15.3 — 25);(Wilcoxon
Rank Sum Test) for patients being intubated for near or actual cardiac arrest. The
median scene time when RSI| was delivered was 41.61 minutes (interquartile range
32 — 49); (p<0.001; Wilcoxon Rank Sum Test). The majority of patients (74.9%) were

delivered to hospital within 60 minutes of the arrival of the operational team.

4.7 Summary

This chapter presented the findings of the study and provided a succinct description
of the data.
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Chapter Five

Discussion

5.1 Introduction

This 12 year retrospective observational study of paediatric anaesthesia and
intubation in a high volume, doctor-led, pre-hospital trauma service reports on a
previously understudied population of trauma patients. This chapter is directed to the
discussion, interpretation and significance of these findings. It ensures that the
original research questions have been answered and the aims of the study have

been met.

5.2 Epidemiology of Paediatric Pre-hospital Intubation

It is important to understand the frequency with which difficult problems will be
encountered in a system, particularly when designing training for EMS providers.®
This study reveals that in a trauma service attending approximately 1500 patients a
year only a small fraction are children. The proportion of children that require
intubation accounts for less than ten percent of total intubations delivered and

concurs with findings from other studies.* -1

The London Ambulance Service attended more than one million emergency calls in
2011/12." In context, these results support the evidence that a very small, yet
consistent number of critically injured children will be encountered by a targeted

trauma service and is similar to the experience of another air ambulance service in
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t5,8,14

Germany.* Because this type of event is infrequen it is likely only dedicated

enhanced care teams will be able to develop cumulative system experience in these

procedures. Even they are likely to require careful training to maintain skill levels.*®

Although paediatric major trauma is uncommon it represents a significant proportion
of paediatric deaths.** The finding that 20% of children were intubated without
anaesthesia because they were either critically unstable or in cardiac arrest supports
this. The remainder were alive and required RSl. Enhanced care teams require the
skill-set, infrastructure, support services and on-going training to ensure that this

standard of care is routinely available and deliverable.*®

Inability to offer pre-hospital paediatric RSI would mean more than 80% of children
requiring advanced airway management would have potentially received sub optimal

care.”® This is already an established concern.*1%2°

5.3 Demographic Observations
5.3.1 Age

An even breakdown of intubation frequency by age was found. Roughly a quarter of
children intubated were 1-5 years, a quarter was 6-10 years and half were 11-15
years old. The increased frequency of intubations in older children is likely to be due

to increased mobility and this trend is observed elsewhere.?

Further contribution may arise from: changes in seating position within motor
vehicles; more relaxed approaches to vehicular restraint devices; increased numbers
of children walking to school or riding bicycles; increased exposure to knife crime;

truancy; or poor social circumstances. This is however speculative.
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In contrast to Eich et al, very few children in the <1year age group were intubated for
trauma (only 3 in over a decade). There are a number of possible explanations.
Firstly, it could suggest that few infants sustain severe trauma, and would agree with

the paediatric trauma patterns described by Bayreuther et al.?

The higher threshold for paediatric intubation may also be important in this very
young age group. Given that basic airway management in small children is usually
straightforward,®® it could be that RSI was being deferred until the ‘safer’ in-hospital
environment. Discussion with a pre-hospital specialist prior to undertaking RSI in this
age group is strongly encouraged because it is known that the <1year age group is

more difficult to intubate.®

It must be noted that the research is not directly comparable with other studies. In
the study by Eich et al, the 7.5% incidence of pre-hospital intubation in the <1year
age group included pre-hospital intubation of children suffering multiple medical and
traumatic conditions (including respiratory illnesses which are known to be

associated with higher intubation rates.)*

It is possible a combination of the above factors explains these inter-system

differences in intubation rate. However further study is required.

5.3.2 Gender

Approximately two thirds of the cases attended were males. A similar proportion of
the intubations delivered were also in males. This concurs with previously reported

male to female injury profiles and their intubation rates.>>%**'
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Obvious anecdotal and speculative inferences may be made about males and risk-
taking behaviour, parental control, independence and gang related activity. Though

there is currently little evidence to substantiate these assertions.

5.3.3 Time of Day

Paediatric intubations most commonly occur in the afternoon or early evening. In
association with the high incidence of pedestrian and pedal cyclist incidents, this
reflects the period when children leave school in large numbers and are in transit.*’
A small early morning peak in intubations may reflect transport related incidents

while en-route to school.*!

Intubations are rarely carried out at night after ten pm (1.25 per year) particularly in
the younger age groups. This is likely because most young children spend their
nights in bed. Such a finding could have implications in directing staffing in systems

where there exists a shortage of skilled EMS providers.

The public health concerns surrounding transport incidents, cyclists, helmet use and
education are not new.*" The role of the current UK daylight saving policy in early
evening accidents is controversial and the possibility of accident reduction by
delaying twilight has been previously discussed.**** Though an inverse relationship
between light level and fatal RTC’s (particularly for pedestrians and pedal cyclists)
has been demonstrated® the precise effect this would have is difficult to determine

without further local study.
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5.4 Mechanism of Injury

Blunt trauma exceeds penetrating trauma in children.?% Nearly 80% of children
receiving RSI sustained either an RTC (60.8%) or a ‘falls from height’ (18.4%) which
mirrored Bayreuther’ observations on trauma aetiology.”> Only 3.8% were victims of
penetrating trauma. (Despite a noted rise in attendance at stabbing and shooting

incidents by the LAA during the study).**

It is relevant that the dispatch criterion for the LAA team for ‘falls from height’ is that
the victim has fallen ‘greater than twenty feet or two floors’. Given the high volume of
attendances but low intubation rates there is speculation that some children may be
seen to fall from significant heights without sustaining injury severe enough to justify

pre-hospital intubation.

Conversely nearly one in four children involved in an RTC will require intubation. It is
notable that of these children 72.9% were pedestrians and 13% were pedal cyclists
and lack the relative protection of a motor vehicle or restraint devices. This is a
public health area that still requires determined intervention to improve yet may yield

dramatic results if appropriately addressed.

Relative risks calculated for RSI with different injury mechanisms (as compared with
RTCs) demonstrated ‘falls from height’ (0.38); burns (0.25) and penetrating trauma
(0.13) had reduced risk for intubation. Conversely children suffering drowning (7.21),
hanging (20.44) and suffocation (24.52) (‘asphyxia-type’ injuries) showed increased
likelihood for intubation, though the absolute numbers of these events was so low

that any conclusions should be guarded.
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By their nature, these incidents are associated with a poor clinical state at
presentation. The impairment of physiology (hypoxic injury, depressed levels of
consciousness, cerebral irritation); and/ or likelihood of encountering the child in near
or actual cardiac arrest at presentation; were anecdotally observed to frequently
trigger the paediatric RSI SOP or need for immediate intubation and has been

similarly observed elsewhere.’

5.5 Intubation Success

The reported 99.7% intubation success rate for pre-hospital paediatric intubation in
this study compares very well with undifferentiated, doctor-delivered, pre-hospital
intubation success rates.>'"'22' Earlier studies reported highly variable success
rates for pre-hospital intubation of children performed by paramedics or

doctors 3,18,21,24,28

5.5.1 Operator Factors

Other systems, while not directly comparable with the LAA, have a number of
significant differences in approach. Many (though not all) were paramedic based
systems with varying degrees of training and experience.""?! Significant differences
between doctor and paramedic intubation success rates have been reported.>'"'%?!

This is thought (in part) to be a result of more frequent in-hospital exposure to

intubations in general and therefore more accumulated experience.?’

At the LAA the doctor performs the intubation in every case. The doctors are

experienced anaesthetists or emergency physicians with anaesthesia training.

36



Breckwoldt has recently commented on the improved pre-hospital intubation success
rates of ‘expert’ intubators rather than ‘proficient’ intubators.?” LAA doctors are, by
the definitions used in this paper, a mixture of the two (emergency physicians

meeting the approximate experience levels of ‘proficient’ and anaesthetists ‘expert’).

The LAA serves a large population (up to 10 million) with one operational team and
therefore has a large trauma throughput. Individual doctors may only be in post for
six months but will conduct an average 150 trauma missions in this period and
therefore might expect to attend approximately 20 children of which only 3 will
require intubation. Thus around one paediatric intubation per month per doctor is
likely. This volume would be considered high exposure to pre-hospital paediatric

intubation as compared with other EMS systems.

5.5.2 Procedural Factors

Techniques for pre-hospital airway management have evolved in the last decade.™
Early studies did not routinely perform RSI as the technique of choice for securing
the airway and many did not routinely use muscle relaxants to perform intubation.
The introduction of a prescriptive SOP defining the roles of the intubator/ assistant,
the equipment used and the planning of the procedure has been associated with
improved intubation success regardless of training background.'? Furthermore it is
recommended that a customised, locally established and stepwise approach to the
management of the difficult or failed airway should be established in all systems

performing paediatric airway management.®
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At the LAA, RSI is the procedure of choice for pre-hospital intubation unless the
patient is in cardiac arrest. A robust, routinely performed and regularly practiced
SOP exists for RSI with defined roles, limited drug choices and a simple prescribed

algorithm for encountered difficulty. (Appendix 2)

5.5.3 Training Factors

It is difficult to determine which (if any) element of experience, training or standard
operating procedure has contributed to the high reported intubation success rate at

the LAA. Nor is it known what form training or experience should take.' 92"

The LAA approach to this issue and other complex on-scene interventions is to
ensure that procedures are made as reproducible as possible, with limited choices
and are practiced often both clinically and in the simulation environment. Simulation-
based medical education compliments clinical teaching and improves technical skills,
non-technical skills, teamwork and performance during difficult airway

management.**%

Further study of the benefits of individual parts of this pathway might better quantify
the most important elements, though the low number of paediatric cases may require

extrapolation from manikin or other (adult) cases.

Paediatric supraglottic airway devices were introduced into the LAA system two
thirds of the way through the study period. They have never been used but are
present because the AAGBI pre-hospital anaesthesia guidelines® aim for the same

standards of anaesthesia as practiced in-hospital. They are also recommended by
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the Difficult Airway Society Guidelines for the unexpected difficult airway in

children.%®

5.5.4 Patient Factors

The difficult paediatric airway, (defined as difficult mask ventilation and/or
unsuccessful intubation) is rare.** The incidence of difficult airways encountered is
higher in children <1year and diminishes progressively with advancing age
(particularly above the age of 5 years) as anatomical differences become less

apparent.®>?83°

Nearly three quarters of children intubated were between the ages of 5 and 16 years
old and only three patients in the <1year age group received pre-hospital intubation.
This low incidence may contribute to the observed high success rates as this difficult
population is avoided. Intubation without anaesthesia was 100% successful. Both
groups of patients were rendered apnoeic and flaccid allowing for identical and good

intubating conditions.

In a single case (a 3 year old female, suffering ‘falls from height’, in respiratory arrest
upon the arrival of the operational team) the trachea was unable to be successfully
intubated after 2 attempts. Following the SOP, bag-valve-mask assisted ventilation
maintained oxygen saturation at 95% and the patient was transferred to a trauma
centre without further attempts at laryngoscopy. Further difficulty was encountered
with intubation by the in-hospital team before this was ultimately achieved. From the
case notes it is not readily determinable whether the difficulty was operator

dependent or difficult anatomy related to age and size. It does not appear that
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equipment failure played a role. The patient subsequently died from her injuries.
Without further information it is impossible to speculate on the factors responsible for
difficulty in this case. However number of attempts at laryngoscopy may be relevant.
It is possible a more liberal SOP may have resulted in a different outcome. This

however is purely speculation.

The LAA believe that the high intubation success rates may be contributed too by
delivering pre-hospital intubation as a packaged ‘bundle of care’ which combines the
following factors: accumulated service experience; doctor seniority; training and
simulation; intubation threshold; advanced age of majority of children intubated
(>5years); and the relative ease of intubation of most anatomically normal paediatric

airways.

5.6 Scene Time

A median scene time of 20 minutes increasing to 41 minutes when RSI was
delivered is thought to be consistent with other services delivering pre-hospital
RSI1.5™ The increased scene time may reflect sicker patients in the RSI group
requiring multiple interventions. The LAA database does not collect markers of injury

severity and without this data it is impossible to comment further.

The LAA supports the concept of ‘time to critical intervention’.’®'® Conducting pre-

hospital ‘critical interventions’ might expedite emergency department throughput.

The LAA have noted that patients who arrive in the emergency department already
intubated have very short emergency department times and go to the operating

theatre or the Computed Tomography (CT) scanner very quickly. (Anecdotal,
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personal communication — Medical Director LAA) Some even bypass the emergency
department and go directly to CT scanner depending on local protocol. Scene time
spent performing ‘critical interventions’, has been shown to be recouped by reduced
in-hospital time."* Investigation of this phenomenon was not an aim of this study nor

was this data available on the database.

For children in near or actual cardiac arrest, scene times may be shorter as a result
of a minimum of interventions being delivered with rapid hospital transport being the
goal. This rationale underlies a reluctance to terminate resuscitation outside hospital
in young, healthy physiology that may respond to resuscitation with blood products

and other in-hospital adjuncts not readily available on the roadside.

The contrast between RSI versus intubation without anaesthesia is in the time taken
to conduct the procedure. Preparation for RSI may take some minutes. The SOP
ensures that the procedure is conducted smoothly, without risk and following
thorough preparation for all eventualities. (Appendix 2) In the patient in extremis or
cardiac arrest, immediate oxygenation is vital. No drug therapy is required.
Preparation, checklist use and equipment are reduced to essentials. (Appendix 2)
Any further therapy other than high quality chest compressions is undertaken in
transit to hospital. The negligible difference between pre-hospital intubation and no

intervention reflects this minimalist approach.

Transit times to any of the four major trauma centres in London are typically short
and 74.9% percent of the patients were within a specialist centre within 60 minutes
of the operational team arriving at the incident. This could be considered a key

performance indicator.
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5.7 Summary

The landscape of pre-hospital paediatric intubation has been described. This chapter
has discussed the significance and relevance 6f the findings of the study. A clear
picture of the nature of the environment and framework within which the LAA
interacts with paediatric trauma has emerged. The demographic profile has been
described and the mechanisms of injury been explored. There has been a discussion
about possible reasons behind the high success rate of paediatric pre-hospital RSI

and intubation. Lastly the implication of the scene time data was explored.
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Chapter Six

Conclusion

6.1 Conclusion

While paediatric trauma makes up only a small proportion of the overall trauma
burden, the requirement for pre-hospital paediatric intubation in those attended by a
targeted trauma service is not infrequent. The majority of patients receive an RSi for
intubation, while the minority are intubated without anaesthesia for near or actual
cardiac arrest. The bulk of interventions are carried out in the daytime (afternoon or
early evening) on male, school-going aged victims of RTC’s or ‘falls from height’.
Although associated with appropriately longer scene times, it appears the
intervention is necessary and relevant in a small number of critically injured children.
Despite limited exposures for individual doctors, pre-hospital paediatric intubation

success rates are high in the service studied.

6.2 Limitations

The study was limited by its retrospective, observational and contextual nature.

In retrospective studies, the integrity of the data is dependent on accurate reporting
by clinicians and completed entries into the database. Failure to capture patients or
specific patient details may have led to reporting bias. The patient report form
(Appendix 4) has fixed fields which limited data available for investigation. These

data fields were pre-determined.
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Data sets that may have been desirable for study include: the number of attempts at
laryngoscopy during pre-hospital intubation; difficulties encountered or complications

occurring during or after the procedure; injury severity markers.

Low reported numbers of certain mechanisms of injury make it difficult to draw
substantial conclusions about trauma subtypes and their relationship to pre-hospital
intubation. Though calculated relative risks suggest this may be an area of further

interest.

Due to the nature of the clinical environment and the current process for recording
relevant time intervals, the scene time is a gross estimate and likely an inaccurate
reflection of true scene time. Because scene time and outcomes are related,
interpretation and conclusions based on scene time findings should be guarded.
Lack of data on injury severity and time spent in the emergency department limits
interpretation of scene times in terms of this. Therefore the relationship between

scene-time, in-hospital time and injury severity remains unexplored in this system.

The contextual nature of the study and the heterogeneous nature of the pre-hospital
literature limit the generalizability of the results. The study evaluated local
epidemiological data in a major metropolitan city and thus the results are specific to
the investigated environment. There are also few targeted services dedicated
exclusively to the management of pre-hospital trauma and the findings are difficult to

compare or apply broadly to other EMS systems

Conversely in dedicated trauma services success rates may be higher because of
the trends of increasing trauma with age and the association with intubation success

and advancing age. This may introduce selection bias.
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A minor documentation and reporting limitation is the graphical depiction of the times
of day of intubation, which reflect the intubations that took place per sixty minute
period and do not reflect the exact time the intubation took place. This was

necessary for ease of reporting but could lead to potential imprecision.

6.3 Implications & Future Research

As a result of a paucity of epidemiological research on this patient group, little has
been known about this population until now. This is likely because few pre-hospital
systems that offer doctor-led targeted trauma care see sufficient volumes of
paediatric trauma to generate a meaningful body of data. The LAA has taken over a

decade to accumulate this case series of less than five hundred patients.

Serious paediatric trauma is uncommon, however a sufficient population of patients
requiring pre-hospital paediatric intubation exists and energy must be directed at
ensuring knowledge, skill and ability exists within a targeted trauma service to be

able to safely and effectively deliver this care when required.

Based on the epidemiological findings, shift and staff planning could be directed to
ensure this capability exists at certain time periods in services where resource
constraints are problematic. Importantly out of hours shift patterns could expect to

encounter a minimum of patients.

Social initiatives with respect to: pedestrian and cycle safety; helmet wear; and
safety measures in structures higher than a single storey; are likely to have greater

impact on overall burden of disease than any interventions that may be delivered by

45



the EMS. Daylight saving initiatives could have genuine impact on the burden of

paediatric trauma.

A significant finding is the high success rate for the procedure. This is important for
EMS providers who deliver pre-hospital intubation to know. Anxiety related to
delivering this procedure in children may be tempered with the knowledge that the
maijority of these patients will be above the age of five years (older and easier) and

that the technique is frequently successful.

Quantifying the scene time more accurately would its use as a key performance

indicator and the direction of training modules to make further reductions.

A major source of controversy in this particular field of research is the relationship
between pre-hospital paediatric intubation and outcome. This data was not recorded
within the database and therefore this relationship has not been explored. It is a key

area for further study.

Future research is likely to prove difficult as a result of the small volumes of patients
encountered. Prospective research will allow refinement of data collection tools and
the establishment of more targeted clinical questions. Potential areas that could be
explored that have arisen as new clinical questions from this study include the

following:

¢ What exactly is occurring in the <1year age group?

e What would be the impact on paediatric trauma if different daylight saving
initiatives were instituted?

e What is occurring in the ‘falls from height’ group where large numbers of

patients fall from significant heights but appear to avoid critical injury?
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6.4 Summary

This chapter concludes the research report and succinctly describes the overall
conclusion of the study. There is a discussion of the study limitations, implications

and suggestions for future research.
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" 157 (ARBY w2 aped T1-15 e g 0
1, T At el Atherrbyarey
S Towl niubazian:
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Suoessiul ni. bl aul L el be v s of trauma, takie t shows the mechanisey of

114109.7%: Injury for 2§ parones win recebesd a pre-kasprtabiarubstan, Blunt
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stene detaitect evaleatios: of childien dimcalved i TS d -
utrated the Tajocity of these paoerls were eidher pedest i
slicik by vedniches (73.3%) o Jedat ¢y lists (L 2.65% One chlid wwae
G e GHiver ula ot vehicle (el 2y,

1273 groes refreeneed with worhanizm of injury 398 inte'ss
t.an treq ue 15y demonstrated aseaations pocurring wimn spacfic
stib-groops, Nnkuhly, che incidenrs mast frrquendy atrended and
theor rncubatian iocidences were oy Tallaws: BT (218X “lulls
Txun heigla {1078 peoselrating LWduima J3.06 1nd buras (64%5).
Refative rish of infubaLan(#ither by RS o wilhout anacsihicsia) 5
16pa0Ted. RTCS LGS ComMma Mecnaniem oF Injurvl are 1iser ac a
TEITENCS POINT for Somparisen [Tank- ).

14, SrHr nise

Cor pasd-abic stesdaaces aredlan stene T2 fr padents
thwst Lt b pereibe intudation was 20mi JIntergiuaciic rangs
12 28 erind. Vldn the intésvennon wat Carred ont, the cwedian
soeng Te wat touad 0 de 21.65 mia (modlan (D5, Itengna -
e Jangs 15,325 p <A Wllonkon gank Sura testy far patren s
hoing int hated for rear ar aeniml cavd ar arrext fon a vaextliexiu®.
rhe median szeae tine wlen RS0 was Sefivared was 9137 aiv
[mexdian 10, interquartite sange 33-49. p<5.0O0T; Wilookol Rark
Surn Test! 7493 of panencs ware cecdnded as having boende; ivercd
W hoepital wiril 60min of e arrved a2 the aperatlona) eam.

35 Maflerd lituhnrlan

Durug the study preringd, 95 ductors rorad thavugly the e vive,
Cascload range was 1 12 paed-atric incubatiuny per ductor. O the
315 patieneys whu received o pre-haspital intubation, 2)e parient
wids Lhasified a1 a Qailed inkilutivn and vras latubared onty 3fter
anival in wapleal In all cehec cases, the trachea was swreoss.
ity intubated within Swe e res when ¥xl was pe-formed,
fiesplte tag prececr of lanyngea o mask airaays anc equipment for
<ricnehymeidatacrae, necther was stilised un paediatric patierts dur-
irug thix twelve yreur pericd. [n Uis single casefa 3 vearole. sulfeling
a'{all Toair height', i resnics lory avnvest upon 1he avival of the oper-
ationat tety the trached was Jnable to he surnessduily Bxtunater
atier 2 arerpes Follosing e seandard opeating prredre, hag -
valve-mask sesistod veatliation mairtainsd oxyaon Ratu-atian at
45% and the potier b was ransforeed s Sranns rerce wirthnnt Fare
ther attempts ar laryrgaseapy. Fnrther 4 Hiculty #as sncounteied
with intubation by the in hospital teaw and be gulizal subte.
yuetly died hion ber inguaiey. The pves all s300046 1ale Wias 9875
fut paedistiic pre-liospulal ivtubasion o fhis stivee.

4. Discusalun

TS 12 year retrosprctive stedy or pacdatiic Intinbatan and
anoesthesia Ir @ high valame physiaan. bee, pre- hoapiral travma
servicr repeets an s arevinusly nndeestclieo! pugnelatizn of Gac s
patignis.
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B iy inpaoc Lt be eredesstand thae ey uancy Salh which ¢ tlioah
wrublenas will be encounte &, particwlarly when designing Frain.
W b’ Emtasgancy Meod .o Semeicot (EMST rrepnnd e, thix study
tevealed UheT in 3 Gauad sorvice whivh atteaded apannximately
{500 patlents ¢ year nnly 13.1% of thrse weee childran. Accerd
LEly. The propartinn afrhe ieen that regui red istubalive sccomied
for less than ter pencent of wotal intubustions del vered. Thae Landor
ambvalz nee service attended iote N ong Dllion emermency calc
23112012, TS suggers that 8 very smnd il ¥eoconsistionT num-
lrer of sewtr iy fhirod ehilidre witt be enenionrercd hy a targetee
trat ma copare Thangh in the grsetor contead ol the wlitile EWS
hae ryie SF evrnt s frtanat ely. relatively cane” P ET1 iy dos sup-
pary the concept tha: only Larpeted ediaiced vace Ve ane 1ikely
o b Lhle Ly theeeTup adequiate ivstein experience In these uncam-
ion geents, but 2w they dee LEely te )oguixx carcfpl tratoung ta
maditacn skill levels.

Albough paedlaltic MO rraurd 15 uncommon it dars happen
soxu i I on & lange sopla- anand reprecerirea large propartion of
Javciarre dearhe, Pwe nry percent of chifdrer intubebed are wi ey
s¢ Frincally nostable or in Lawinatic s dise aneso that they dono:
“eceive Znaestheny prier w tutubstiue I kéeplog o th sther UY
smauons data. ' sy o these criteally unweell childres aistained
nigh e hergy Wang trar matic injurlcs IRTCs or Rl fram hright ! o
asphyzid type injerlea{crovwning, hangiog, suffrcation} lotubation
sureres rate wak WL in chis gracp and e saatisticslly different
fram the K8 gronspn Math greups e rezdered spoeis aad flacld
allawing For identical aaté guod atubating conditions,

Rrviene af the patient ceograpliiis reveals tidtinkeeping with
Hies Tact that auwad 235 ol Lk cases atiended weit boys a s millar
prapurtiog af the infulanons rRquired weit alio In haye, These
a4 are conslstent with proviously reported male-female wury
prafics and thelr irtubaron rares! ¥ hatably, vary faw childien
vnder the age of 2 year were tiubuced fue trauans janly 3 iy s
i rradey this s cmforting amd sugeestd teat few (nfants sus-
Fain seware raw i, vansistent will the pagllatic Bavma pathirms
deseri bedd by Doereath 20 al. This low ipure, howrevor. cankbalsn
be axzibuted to 3 Righ “hieshold for pardlaerte inturating in this
Wi by oz aze gronpardior the lacr that hasic airaay managemen
in snat] chifaien 15 soaily straghtforaand wirh the procedure of
RSE beng deceried il soe sefer o hospinal suv remnemn. Tue
ieepeaser aumiier of dntabativns sacried gut in clder < dsen i
tikely ephe atteihinsd 1o wiouility aod Jcavitles undertaker b dit-
ferea dges viith incizased vppoilcyiny Ry ofder <hildren o be
expuved Lo the rigk of Luma.! Changss Inscatieg position wichiz
Aratcy vehicle, e exampic. more ralimeed Appriaches ha veliculur
reencaint devices, Incr=azad ricmbess af children walking to schout
ar dding hsye a5 and increased expururs o kaile o, Doacy
and panr xocial cireue e dawces sy RTHEL Centiue

Puachuor.icintu bations niosieOmnealy sves Fnehe afernann. in
aussciation Wit the Eigh incdenre of pedestrian oad pedal ryclist
ncidents, mis w2liess the geriod when chlidren esver sehanl in

T susilenrs 30d a1 jo ramsin, 7 A emall cxrly marsing peals in
Strbanons may reflect transpnet relaced incidencs while s~ oue
1w schond, infuhatinns are rare 3 vadriedd vuc at wight pasticulagly in
the younge- age groups. This iv likely Lo be Becsose 1n0s0 youas
<ni dren xpeznd Ui r nighis i bad. The pulic heal™h conneens cur-
raundmy brarspsns incidenly, cpclis g, Lalver use and CAUCanIn are
not rew. The tole ol tne curie s UK dayiERE savong pollcy 1o carly
wrening axidents is contraversial and -he passihil-ty af acrident
reduction by CRSUNIE Hat thenr s mare clavliyghe Lol on <he day
135 boen prevanssly disrusaed. ™1 The precise effect Lhis saould
havr is dufiralt & dslermine,

Crex seerd with UK Liauna epiden sotogy, Blunt rauma férout-
weeight penttvalng baumad b ildren, ¥ Noarly Rt af children
reCEiNing RS susrained either 80 B1C (GINRE o a fal frem heipht
1. 3.4% Only 3.8% were vichma of penetiating traurmnz {deapile 3
preslatear der i attendance at stabbing ao showt ny ncidents by
the servirs avee she period 25 s relebant chat the disparcherior-
tin s fnr she namradonal team for ‘Tall foarm beight'is thar U2 vaetim
naz faflen gruater Lt dwenty feet o¢ L 5109557 Giver the high
walune of stiendanees bur fovs INubation rates It appears possthie
ial wany childven #re 3ce B fadl from sigrificant heights witaout
053101 IE Sewerp fnjiry, Canvoresly it is wnarprixing Thal searly
onrinteurchfidrennvoled inan R wil fnegui e wubation when
Ir 1 noted tha: af these children 7198 wene pedesteiog dnd 138
wers prral oyclissk, This iy o public he2igh area that shil requires
dhietesiined ol venticg Lo i one,

Relutive 1iaks calcu.ated for R5H with different injury muscha-
IS a5 sanpaed wath Kils) demnpsivated “falls from lusght’
(RIEL bims (U2R) and penetcating wrasma (3331 had reduved
sk %or sruhation, Lonvrrsely children suffecing drawning (7.217,
hanging (40443 and suffacation (24.52% showed increased kel -
hand far intuhatinn, taocugh the I wy of these Avenls Waasovl,
Taesa are incideats. hwweves, which by thelr nature are psaclared
witlra o eli vical SLte ar peesentation. The Impaxrment o€ phys-
iotugy Mypasis agLsy, d2peoesed love s of ronsclausness, serebral
wreleation aacnor hikeliband of rncatnkering rhe culd in near o
JCEURE Cardiar greess at presencation appears W legueridy Bigge
e pacdaatric RSESOP or nemd {o: imvediate intubstion.

A maclian seere tirre of 20000 § Wwreasing o 41 mis when ’51
is detiveved i thurght i be congssvear wisn oder senvices debae.
ering pre haspilal BSE The increazed scene Hme (may refar: he
puusikility hat thee RSI group cantatned rore peticnts with rraolii-
ple injeres who 1oquimd riviiple mpersentinns in afditan ta RS1.
s adddinion fo seene e nur gervize Sins bo i diznise Lhe time to
critical mterventiar cahich miay e carsied aot on scene ac i Nos-
Tital. Ve have noted thal pativnty wlss avive i e SINCPRORCY
desarunezil abieady intalded often have very short rewrpracy
J€ JaTMEN LIM1e3 30 20 10 ticatre or the O smapner sy r|u'v.'kl}~.
S e 0N [aass rhe emengoency department ana gr direclly o
1 s For children inonear o0 arteal cardiac Srrest, scene Gmes
riay be shacter as o resalt o & niniawne af iieventions Yoty
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drtrreretwacn rapid expedienne Faeplts” cransport bring the fozus
of te care—plan. Thus :5 the ravienale of standare cpera ay, pro
dutes il reluctanine b lerminge resuscitabion pats e hespaal in
vy, hed iy papsivlogy that niay wapond b csustitation with
slaec proAducrs it ather in-hospital admncts nor wad-ly avaslahle
an fhe roadsidr,

Transit tmes enany nf rhe “ar magar ianma oneeesin. nadon
are typicaly short 2t 7299 of *he patients wers within = spe
vinfist semre winiiz B nir af the upe rativ al e aiving, st Lae
iowident. & Hrnitctioo of Bale pretation vl the dnprtaee o $<ene
thnezin thes siudy 15 Tnat 9ey do notreflect oag Ihe ome “he gocer-
aticnal Team sponds WEATIng a¢ RANERE As mennancd e Hme
neriad recosded here ay cronmpass mudriple aspects of Tae inci.
weneincluding 12anapar o the incidend fron: the helicepler anding
aibe, aecexs to the pativnt and extricaticn.

The dallicullivs ol advarced dinwiay naacazenent of hyjured. chil-
dren in the ore-nosplal phasc ars Nl ucnced By the | Indfrequicnoy
of the seenr anet the perenhatly less cnamalled enviomment, ‘the
afren epnotlatatly rharged seene 2od rhe pereener of distressed
rolatiues may rantrthute furrher chiallenges. i is readily arcepeed,
ewever, rthat paediscns ainway masageneatis genesally auatom
ivally steaigntfarasnd in U sbsence uf congeaital aaerayshiz s

The yuality, .0ty sl suices ol RS aund intebation may be
yelated 1o The s<lit and experience of the parsanned pe-frming rhe
monedures - 4 Thets arc considerasie vananons w the trainiag,
experlenes and an-going patient rxansnre of EMS rexparders in
d:feront pre-hospital systems.”™" Highar somplication cates bave
Ireeny neportend welien childien se inlubatad by less experiended
responder”  Genitse repoited 3 Digh Dwcideace of complica-
ticwss it ChOrai nTobakag by paramad oo vomnmmending thar
parantedics use bap-valve-nask techalques Inthe pre-hpspatal see-
ting Dofor¢ 3 phsiclan arrives acrhe spene, Nignificart iffreces
heharen physician anr paramedic intnhalion cacves rates nave
heen eeparted Sr atlults. P n o sevics Uhe doclor penCorm the
intubation procedure in every case

The sepied 33.7% wrabariay sucoess rate for pacdiawic
pre-lisspital intubation I thir study coragancs vory wicll with
umdi¥erephatrd physiciar pre-hospital intuhaticn suocess rates
repecked jn a rerent meta.anaysis, © Othes sudies regrart sucoesx
rates berween 50 and Q5% fur are- bospital intubstanaf children
perfar-ied by paramedics v cocters. Y0 UobRlw hat e
Yigh infubation juc.ess rares mav 4.50 bz cenerbud by the 1ok
Jowing Taciurs: service sxprirence: ducion senloeity; nea.utg and
sintlana; iatubazon rheezhald and die selarlve eace af int tha.
i of MAst anatesnically normal pacdiar.o aimways, I additinn,
ncar ¥ throe quarrers of chitdren saruhated wvere beowesn the ages
of fand 15 years n' 4, rhe significatt anatomical differeaes in the
ediane sy rapidly disninish ug wili sdcaxing ege.

This service serves s Jage pooulation (up C 20 milllon: wiTy
ane opetaticnal taa arad thetadore Fasa Laeae fraum: thfoughpu™.
Howerel, d.elduat coctors may oy be 10 pest fo- dw manrhs
apsd IF-hey carry par an average 150 craurma missions inthic period
they raight sxpece to attendl appecstesately 1Y childsen of wh oh
nrily 3w require inmabativa. The previous experiezice aud Ligin-
ing in the system is likely W be impudant, siice eve i g high
thracghypat systeen ane paediabic idcabariey a Tonth pe: dociy
i kuly. Brecsowldt s ieeently cammaentcd on the lmproved. pre-
hospi7al 1tabEH0T SUCCess 1atrs a7 xpert” intuhe bors rather than
‘prafizient intusaiors. - Dnrapern=s are, by che definitinns oxerd s
this prpes, 2 rmxtere af the bava [ zemgency physicans ineeting,
the approocineal e exper enoe bevels e amalicien’ gid anoes thetises
“exprrL) We ven ot be sue which i any) eleawent of CXpoi-
e, Lidinsicg o $13.1037d Opeatig ')I‘C\'N’l e 1A% rswn ket
t¢ our hizy raporeed ipoubation SUCCYRs rate it rhdren. Dor
appmarh tschis g sd arher sompler ar. seses interrentinas. whick
wrlelieve contribates to sucoess, .s Lhas interseativng are oide as

e RER R BT

reproduzible us possible w, U Tew chaices and praciiced ofoon both
clinicstly s in the i LT EASIFCTIAAY, FYN"‘P"”\ af this an~
well-delact. (ean reis, simied rholces of drups and reurine uwe
of ar anadaneg corkoter, Further investigat an of the benelis of
individual parts of <his pathway wight hetee - wenlily te niost
imnpariant 2lernentr. dwogh Ui fow aumbee ol paed gliv ascs
oy recuere extraaeLshion frucn nsanibine o ool faduit} Cages,

Puedistric supdglotiic ditwaps were snxaduced into s sys-
e bwu thitds of Ui way Thoough Tac study pormd They havs
aever been <sedd bur 3 prosent heeanse we and the SAGET pre-
nospital anacschreia gedelines i far the sanw standards
andearbesia 25 practiced in the basprtc] erverpenny depanent,
Paediatric supruglotlic wiroveys are alvieyi 3v3Halie on enerpe sy
i pal EewEN g 7 A0 TGS,

41 Lhufmivas

Linitating: nfhix iy aoe simitarse ] o auans i st by all
recrospective catabase vtudies. Resulty are depenchent on deiw ace
regurling by niciaue Lid comylere eqtry inty the database. there-
Tore cunigplatons wol (eoodes 2y ehic.ans mag have led morheir
under-aporting, Wr 4o par wve reliable infstmation an the 4il6 -
cihics enoommcered nr ne mba- afintabatinvn attemipts wade ineach
rate anlyincuhanan sucoess Quteame data are nol recesded within
the database aicd Lensfone tha relativaslip besween RS xubagion
arul e Fas nat boe explaned i this payer.

i Conclusions

Witile gaedlatog inslor Tauma makss up oty 4 smal) proguy-
=00 & evorall frama warkioad, e requinement for pre-haspaal
pardiame intubatinn in thase afrenddsd by a tasguted trawsua
servire s wee Infeegquent. Phe ajority of patisneds sosive g wsid
<eguenceinducrinnforinrubatian, while che minarity areinsebaced
withrnt anassthesia for sear s actug Loumatin candide derest.
The Bulk o ik veutives s canied sul in e dayvlime o carly
evening on vl sehool-poing azed vicoims of ITCs a - ol frmm
telght’ Althauph assecladcd wiih Ionges scene mas we he ipve the
INESIVenton s aeressary in g small nuraherafe-itically injured chil-
drer. Drspice hmited exprsure for individual actary pre-fioupitsl
weedeatrii inntuhatinn xuccuss cates i i S2vice dve hich

Conidices of kterest sratemeant

Mome declared.
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Appendix 2

ENDON'S

Bt BG4 A ML

Pre-hospital Care Standard Operating Procedure

Rapid Sequence Intubation [RS1]
— d
REVIEW: May 2010
APPROVAL! ADOPTED: PHC Policy Board
DISTRIBUTION: PHC Doctors
PHC Paramedics

RELATED DOCUMENTS: SOP Scene Safety
THIS DOCUMENT REFERS TO: ¥ PHC Chnical Practice

PHC Non-clinical Practice Ref:

PHC Operational Procedure P8

Aimns:

» Define indications for pre-hospital anaesthesia

= Describe the procedure for performing rapid sequence induction (RS1)
« Describe the procedure for failed intubation

= Define the training plan and final assessment for RS1

Background:

London HEMS carries out approximately one RSI a day. This equates io a service experience
of approximately 4000 pre-hospital inductions. The algodthm has been developed fo be
straightfiorwand and safe. For many years the algorithm consisted of RS and surgical aineay
for feilled intubation. This led fo a surgical airway rate of amound 2% - approximately half of
which foliowed failed intubation and half performed as pramary procedures (where intubation
was not attempted). This compares well with emergency room surgical airway rates for
severely injured patients. We have added altematives in the latest algorithm foliowing
developments in airway management. We still expect the vast majority of owr patients with
airway compromise o either be intubated or get a surgical airway. We have no recorded
cases of patients dying as a result of failed airway management after induction of
anaesthesia. We mainly see two types of patients who require drug assisted intubation —
those who can have a controfled procedure with a few minutes of preparation and a small
group who require immediate intervention with little or no time for preparation. Training should
prepare the pre-hospital Doclor for either situation.

Basic information on the drugs that we use can be fourd in the resource file. Etomidate is
used as an induction agent, Suxamethonium and Pancuronium as muscle relaxants and
Midazolam and Morphine for sedation, maintenance and analgesia. Ketamine with Midazolam
s used for procedural sedation and analgesia. These particular drugs are used because of
their refative haemodynamic stabifity and their relatively wide therapeutic margin — a 10 or
20% overdose is unbkely to cause significant problems (which is relevant in a working
environment where patient weight is usually estimated). Pancuronium is used for it's
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sympathomimetic actlons and re alively long duration of adlior (the vast majority of patents
witt only reqiuire ona doge of Pancuranium to tranaport them o hosp tat).

Policy:

ladications fov RaL

1. Aclual or impending &i-wey COMPronise

2. Ventilatory fal'ure

3. Unmisclousr2ss

4. Humanitarian Incications

4. Injurac patients who ara unmanageablt or scvercly agitaded aher head Injury
. Anticipeted clinical course

The decision lo anatsthetise palients should be made onthe bagle of an ‘pa-seene risk
benedil ssesanent’ in every case | e o aqch apecific siualion do the potential benefits of
RS| outwelgh the petential rigks?

Intubation Algoihm [appendlx 1]

Spene nafety insses ehould be addressed sa doscribod in the scene safely SOP
bafore RSI & coneidaned.

Access 1o the patient should be optimised prior to RSI. Where possible esiabiish 360
degires ol accesa fa the patient. Even for paliants in naar of absokube candiac amest
iz may be the finet manoewme. Thie may invalve moving the patierd fo anulher pait
of the apeng or onta an ambulance trolley. Do not attempt ntubation or R3B! In
confined or cramped condiions Uniéss there is siinply 0o alternative  i11a prafarsble
to parform RS sutslte 3r oh a aliey 1n an ambulance.

Manitering should be commenced with the Propag (Encote). Rememiber the Noein
monitoring device provides a tesetve SpO2 and end Udal COZ menitenng capasifity.
Slandards of nwniluiing satsly Wie ecommendations of the Aasocistion of
Ansesthelists for in-hosplial anaestheala

Praparatiar for RSL This should be automatie and absolulely stndard, Everylhing
should be sined at optimsing the Trel atempt at mivkation. The fight paremedic
should emtablish mondornyg and rapiclly provide a standard, b out kit dump’
[appendix ] of equipmemt. Bersre oommencing industion the doctor end flight
paramedic should repiklly run through the ‘challenge / rasponse’ R8I checklist.
[appendlx 3]

After administration of Induction agent and Suxamethonlum the trachea is intubated
and tube position & checked by the following: direet vision (lube sean peasing
thiouigh carde, ‘Hasi«la>’ colourimetric CO2 datector J conlinuous sidestiream CO;
devection and suacultation in bath axillae and over the storaach.

Where an adeguals viewr of the voeal cords cannot be obtained the '3 eecond’ drils
should be ¢arfed out “hey are namsd io indicate tha: they should bo easily
vompleted long bafoea a normel pre-oxygenaiad patient eleris to desaturate.

Fre R&Fsedatlon

In agliateo patents it may he nenessary o use amall amounts of sedation o faclitale
pre-oxygenatior, Small dosee {1- 2mg of Midazalam} should be titrated to effecl. In
palients who are abwicusly hypnvolasmic and hypotensive then even smalel doges
should be used.

in noe tvaad Injired patlents with eevare b fraura Katsmine (20 -20 migs Htraled 1o
effect) can be used.

Puge 2 of?
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Pre-oxygenation

In order 1 Increase aptoeic fime 1o desaturation ail patients shotild be pre-
oxygenated The awt of pre-oxypenation ¢ (o maximise oxygen delivery 1o fhe
circulstion and to replacs nitrogen m the lungs with cxygen.

This is done by eneuwring thet the paliert has a ight fitting face-maek with oxygen
attached. A paant ainvay ip essential lo oxypen delivery snd if nacaesary airway
adjuncls should be usad {nasopharyhgeal. crophahyhpeal, manual sinvay
manoewres). Proper vasophanangedl taiiet ghould be perdormad with 3 soff suction
catheter via the nasophanngest airvaye If reyulned.

Supplementary ventation should be provided using a 2 person echhigue and By
ayetem if respiratary effart i inadaquate o ineffectve.

In patients with severe fact injuries pre-oxygenation and induchion of anaesihesia
should be perMonmed In the position wheie e palieht is most comloibable and can
mainiain their own alpvay.

Pallerts with a high BMI may beneh! rom pre-oxygstiadion in a slightly head-up
postnn (with cervical RN profeslion mainianead} orn the sitling position.

1f et patiend desaluales b 92% during an intubalion altsmpl, tho assistant must
Inform the indubator and explicity suggest hiat re-oxygenation shauld take placs prids
o & gecond afternpt.

Failed intubalion

The I-Gef I3 the defav't device for ventiiation Iollowing 2 ralled iInubation attempt. This
device minimiees gsaatric inflalion and the risks af aspiration and iz therefoee
proforable to BWRL

If & 1z fait that o furiher changes can be made to Improve the shances of suscessiul
intubation st & further atternpl then s surgical airway should be congidered. If
anatomy / motphology of the neck suggest this will be difficult or the physician
derides thal e risks of surgical ainvay outvsigh the: poss bls bensfits then toe i-Gel
shoukd de leltIn place.

in sgilalsd palieats with head injury gad relafivaly high pre-induction GCB scorea who
wane apontaneously breathing it may ba appropriata to waks and franeport to hoapital
spontahecusly bregthing. Cautious sadation may be required to meindain control of
the sifuation. In our patierd populabon even paslents wihh GOS scores of 13 or 14
nave a high rate of Intracerebral patholony.

f-Gef Device

*

Aftbough we have added the 1-Gel as an altemative ainway devioe we expaot it to be
Used rarely and expect the majority of fallad RE16 in our systam 1o recsive a surgical
ainvay.

Yoo have used It Instead of a standard LMA because, cven wih adaquals muscls
relaxation, many of out pal enls 1eguire refatvely high airwdy posssuies. This devics
nag been demonstrated 1o leak al highes airway pressures than the standard device.
ingariion ie shraightforward The device is insarted .until tha black line reschas tha
resth. it Is then iesed and fisd in place. It may ‘mould’ a fithe after ineertion and
mpmva the seal a ey minudes aler Insertioh A size 4 1-Gel sheJd it patients from
40 -2 kg +,

4 shookd be usad in pro‘srence o BYM {Bag ~ Valve ~ Mask} vardilation wo prevant
gasiic inflation and an increased visk of asplration [ may rarMy be inseried bilndly
into irapped patiente In whom acceas is saverely limited and augmentaton of thelr
venblabon és required.

Pagan 3 aty
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Surgical Cricolhyroidotomy

A

The ewigicsl airvey equipment shoukd be removed from its pouch when R is
ant cipated that an airwey will be particularly difficull. For axample:

o Aiway trauma

o Diftkut anatomy

o Dums 1o Tage a4 neck preciudirg jaw movement

> Poesible sirway burne

I e technique o sumieal encothymetalnmy wa use 1 . reliabie and retatively
essy, The Difffeult Airsay Society nows recommends a very similar tachnique. i
atddrosses twp problems which we have commonly essn in the pre-hospital
envircnment which make some of the ‘slandand” techniques ess aopropriate. Thege
are bleedng ram the Incision And 1088 ¢f e inclsnn inlo te giresy before ar during
fube Insertion. A scaipel blade 12 carefully InRered hanzonlally into the criooid
membrane ysing 8 "stab 7 rocking” technigue. Leawng the blade in position the lips of
B {racheal cilator are pasbed into he airway inclsion oo asither sikis of the blade and
openad. The scalpel blade ' romoved and a 8.5mm cuffcd Iracheal tube i$ inserded
{ovor & hbficated intubating baugle if nesessary) Into tre hole neld open by the
ditatore The ditatnks mey naan o fie rafated B0 degrees ky admit the tube. The cuff in
Inflated, tube poaton copfimmed In the nomel way and ventilation commencad. The
tube is fhen frved in position with 3 e o elestoplasi. The procedura snould take
sraund 30 eaconda.

Poediatrics

Pre-hospital ansesthesis of amell children ie anly rarely required. For most children
the risks outweigh the benefs Wnare actusl airwsy compromie camnot be
ovarcome with simple awway manoouvres the 1isk . benelil cqualion nuy chimnge and
drug assisted intubalion nay become appropriate.

Zgupment for paedistric intubation ie kapt in the ‘paadiatric intubetion pack'. Crup
doep side-memoirgs and Brosalow tapee sre available. If the age of the ¢hild is
<nown nitally, the diug doges shauld be calculated onthe journey 1o scene.

Pogud ol T
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Appendix 1 - HEMS Anpuethssts sigarithm

l RSl indicated? l

i Yea ]

J

| Give D2 to Ere-oxum\nw ‘

Prepare for RAl

| Dptimize 1" atiemptt

Partort Standard
Induction

N

Can naot see cords

¥

30 Spcond drilts
v Adiuat f0uf paadon
*  Adjuci pobert; prékion
+  Goenge o aperaidy

«  Guellan

Releass or colf prossie

inse:] Wade [0 madmum and slanty wiihadras Lndsr vision
Bacivvan Hpward righbeard praesule

. fi ﬁb*ﬁdﬁ# w ke

[ Mﬁwy

intubata
Confirm tube position

‘ Pacugg and move

4

W

L Fail

}

Depending on pre-

induction state of patienl

consider [in order of

prieriyl:
1. Parorn surglcal abdmn
OR

2. Ineert koot cavion OR

3. Bugaive mash 42 el
OR

q.

Yralas, 0icaw In
sporfaneously Yentise
and sauticualy amduta to
mglnigin cantrol jeee
nales]
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Appendix 2: The ‘Kit-dumy®

« Monitoring on — runring on automatic se’ting at 3 minute Intervais

» Spread oul yellow disposable bag and lay oat.
= Laryngosccpe [size 3 and 4 blade]
Brougic
ET tube [culf tested]
Lircuit: easicap catheler maunt, filler [side stream connecied]. NE consider
mpinstraam in oldar monilor.
20mi syvings
Alterative smalicr tubc [ouff ostod],
Alternalive laryngoscope [aliernallve dlade size].
2 x nannphanyngeal annays
1 x anophatsngeal ainvay

B I

Q9 anenn

« Ensurs avallability of:

Bag-valve-mask connected to 02 tubing.

Spare 02

Difficull airway ki [surghcal oric.! sergical sirway pouch]
McCoys

Spare arug roll

[ R ]

+  Sucikon shauld be placed to the sight hand side of the padant's head. Tha Yankaur’
sbction catheter muat be testad.

Faga BT



Appendix 3: The talk through

The purpoes of the &'k twough s o,

Allow 8 defined perind of preoxygenation
Chack that alf the recessary equipment [ présent and working
Fasure ihe postion of the sahent B ideal for intubating
Raduce the chande of faited i viubation

Ewvery 3tep i the procadure should be addreased i the order equipmant wll be used. This
way no meoe of equipmant ia miesed out. Whils talki~g through ansure the paliend has a
tightly appliad resarvoir mask and *hat tho 16s6nvir 18 mmoving wilh réspiration.

Stop i Talk thyaugh

Benefits

Gty basaling oBtasraaions and
4 & £ M Tof prapan,.

Frapaq sligpec TR BT Poaa
ard gispremng old rsadinga

Check  oaypen noicrvolir mack B
rutwly appied

Mo saal oo mank, bag wat g &
roasiviar. beg tco oord and sl o
rotva Inwinker

Cheok ouygon  supply  jehons
poenbls wn E alte cylinder]

Caggen ahout I U oA Po reecrvor
doas L hard

Hovx oy hypraria

Flemriovs dervital coliar

oy maovamary: lov ianmgareapy Rnd
wricad ¢ BURP

Civeck po-sition of heod and rock

* Paliont on scaop o floor with nechin

valwwion, hysd &y flavion, «ighi
neck & flaxon

Maxrmisee virw.

Crack dip & palerd and aasidy
flushea ard nof o1 dide of B off
(v Gulf dosn)

Orip not aut in oy you may never
hoves bapn in o oy have Heitad

Avords patisl or mon deiveny of
druga, minintlaak characs of faliod
Intubation

Crnmk drugs and dodes o be ghan. | Exdous geon though Avode nypatenmoe, 1C7 spekes or
Criook oponte {ariler with tw | riscommunicnon [ses sadaien falnd brivbates Hrcigh Macoquaia
dosde 1 by gen ot anaigadle 80P} paralyss.
Cihpck aparator can Vot ambulnnco SEMt e noc know | Botter slew m lanrgansony
porform of cnid pressure, Foa o pedonm either sorectly. Mrimiste chancaa of Analnadine
s on bell of pukies Opervlor wewaly wy paliwns righl
undankbarida ALRP vl makes viaw worsa with BULP
Ghack aryngoscopa ¥ioac batiey, dornaged oule Squprnent preesncs
{unrtons and waking Suiprmant falury
WG ib prosent
Chack suctian 15 prasa Tt Slat peosent o1 soene Equiprnen! presance
and working Woak battoy with aoor funclinr Equiomar: failen
WG susi oY devina
Chack bougie in eumar tha saugia can bac q y
oy Equipmer Taibins

Chuck lubw le conwd ol apd
hallann doma ot laak

Tubak At beliocn has b nall Gan

At raid fol b change

Craeck presanca al maihobor maurt.
Caniap. fiter and capnograpty

Ensures Tacheal panbon of wiae

Chech valess 1 o8if Inflaling beg
ihat reserair ane axygan sugely am
nitachod

Equipman procorea
Equipma failure

Chack tie

Equipranl prasarca

Page T at 7
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Appendix 3
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Appendix 4
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Appendix 5

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
CLEARANCE CERTIFICATE NO. M131145

NAME: Dr Daniel Nevin
{Principal Investigator)
DEPARTMENT: Crosrpe oy Mediine
Londgon's A Arnbulance, The Royal London Hospital,
PROJECT TITLE: - Pre Hospiial Paediatic intubation
DATE CONSIDERED ERYVIOLE
DECISION: Approvae unconditionsily
LONDITIONS:
SUPERVISOR: Prof Ehigir Kpame:

[Zf&’ Hidte

“rofessor PE Cleatos-donel Cha r;~ez&af}ééiﬁ?&{&w“?’ﬂm

APPROVED BY:

DATE OF APPROVAL; 540112014
This clearance certificate Is valid for § years from date of approval. Extension may be applied for.
DECLARATION OF INVESTIGATORS

To o9& completed ir cuglicate ard ONE COPY refurred ic “he Sagretary n Roorr 10004, 10th floor Banate House,
JEversity
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Appendix 6

London's &jr Ambulence

A A The Helipad

j».*...‘ R W m . &J’»

Rayal Londoe | lospitat

LONDON’S AIR AMBULANCE S
Londors
g% 18R
16 January 2017
Deaxr Dt Nevin

Thix correspongdence Serves as vaften testimony that you ere o be granted
unifesdreted access 1o the database belong ng to the London Air Ambulsnce for the
pupmmes o parkemeg 8 rabrspedive audd on pasdistic intubation. Access to the
satanase vai be swpedited fyough the resesrch sasistant M Efimbeth Foatar
Pieare iame with har Zitectly i oedar 1 facinete the projact

YOuurs sinceyeiy

Bt Wf e
Dr Annc Ycaver
Sureaud sl 0 amigency Medico and e Bosg b (ine

Lead Cirician - London's &ir Ambuisnce

70



	Nevin Daniel Gavin_001
	Nevin Daniel Gavin_002
	Nevin Daniel Gavin_003
	Nevin Daniel Gavin_004
	Nevin Daniel Gavin_005
	Nevin Daniel Gavin_006
	Nevin Daniel Gavin_007
	Nevin Daniel Gavin_008
	Nevin Daniel Gavin_009
	Nevin Daniel Gavin_010
	Nevin Daniel Gavin_011
	Nevin Daniel Gavin_012
	Nevin Daniel Gavin_013
	Nevin Daniel Gavin_014
	Nevin Daniel Gavin_015
	Nevin Daniel Gavin_016
	Nevin Daniel Gavin_017
	Nevin Daniel Gavin_018
	Nevin Daniel Gavin_019
	Nevin Daniel Gavin_020
	Nevin Daniel Gavin_021
	Nevin Daniel Gavin_022
	Nevin Daniel Gavin_023
	Nevin Daniel Gavin_024
	Nevin Daniel Gavin_025
	Nevin Daniel Gavin_026
	Nevin Daniel Gavin_027
	Nevin Daniel Gavin_028
	Nevin Daniel Gavin_029
	Nevin Daniel Gavin_030
	Nevin Daniel Gavin_031
	Nevin Daniel Gavin_032
	Nevin Daniel Gavin_033
	Nevin Daniel Gavin_034
	Nevin Daniel Gavin_035
	Nevin Daniel Gavin_036
	Nevin Daniel Gavin_037
	Nevin Daniel Gavin_038
	Nevin Daniel Gavin_039
	Nevin Daniel Gavin_040
	Nevin Daniel Gavin_041
	Nevin Daniel Gavin_042
	Nevin Daniel Gavin_043
	Nevin Daniel Gavin_044
	Nevin Daniel Gavin_045
	Nevin Daniel Gavin_046
	Nevin Daniel Gavin_047
	Nevin Daniel Gavin_048
	Nevin Daniel Gavin_049
	Nevin Daniel Gavin_050
	Nevin Daniel Gavin_051
	Nevin Daniel Gavin_052
	Nevin Daniel Gavin_053
	Nevin Daniel Gavin_054
	Nevin Daniel Gavin_055
	Nevin Daniel Gavin_056
	Nevin Daniel Gavin_057
	Nevin Daniel Gavin_058
	Nevin Daniel Gavin_059
	Nevin Daniel Gavin_060
	Nevin Daniel Gavin_061
	Nevin Daniel Gavin_062
	Nevin Daniel Gavin_063
	Nevin Daniel Gavin_064
	Nevin Daniel Gavin_065
	Nevin Daniel Gavin_066
	Nevin Daniel Gavin_067
	Nevin Daniel Gavin_068
	Nevin Daniel Gavin_069
	Nevin Daniel Gavin_070
	Nevin Daniel Gavin_071
	Nevin Daniel Gavin_072
	Nevin Daniel Gavin_073
	Nevin Daniel Gavin_074
	Nevin Daniel Gavin_075
	Nevin Daniel Gavin_076
	Nevin Daniel Gavin_077
	Nevin Daniel Gavin_078
	Nevin Daniel Gavin_079
	Nevin Daniel Gavin_080
	Nevin Daniel Gavin_081
	Nevin Daniel Gavin_082
	Nevin Daniel Gavin_083
	Nevin Daniel Gavin_084
	Nevin Daniel Gavin_085

