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Gas! Gas! Quick, boys! — An ecstasy of fumbling,
Fitting the clumsy helmets just in time;

But someone still was yelling out and stumbling
and flound’ring like a man in fire or lime...
Dim, through the misty panes and thick green light.
As under a green sea, | saw him drowning
In all my dreams, before my helpless sight.

He plunges at me, guttering, choking, drowning.

If in some smothering dream you too could pace
Behind the wagon that we flung him in,
And watch the white eyes writhing in his face,
His hanging face, like a devil’s sick of sin;

If you could hear, at every jolt, the blood
Come gargling from the froth-corrupted lungs,
Obscene as cancer, bitter as the cud

Of vile, incurable sores on innocent tongues,

Wilfred Owen, Dulce et Decorum Est’
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Abstract

The introduction of chemical, biological, radiation and nuclear personal protective equipment
(CBRN-PPE) across the National Health Service (NHS), in 2007, represented an increase in
the capacity to treat patients following a CBRN incident. However, little was known on what
impact the NHS CBRN-PPE would have on skill performance.

To date a number of studies have evaluated various skills performed whilst wearing a range
of CBRN-PPE, none of which resembles the NHS CBRN-PPE. This gap in the evidence
prompted a series of research studies addressing the following research question, ‘What
airway and vascular access skKills can be performed whilst wearing the NHS issued
chemical, biological, radiation, and nuclear personal protective equipment? The resulting
nine published peer-reviewed papers are presented with a critical commentary in three
chapters: Chapter 3 (Papers 1 to 4) assesses what clinical skills can be performed using the
NHS CBRN-PPE; Chapter 4 (Papers 5 & 6) explores clinicians’ views on the preferences
and experiences of airway management whilst wearing CBRN-PPE; and Chapter 5 (Papers
7 to 9) evaluates the optimal strategies of airway management whilst wearing the NHS
CBRN-PPE. Chapter 6 is a summary of the findings presented in this thesis and presents a
number of new research questions to further expand our knowledge-base, regarding skill
performance whilst wearing NHS CBRN-PPE, reflecting the developmental nature of this
area of research.

The research contained in this thesis utilises a combination of randomised controlled trials,
interviews and questionnaires, to ascertain the impact of the NHS CBRN-PPE on skill
completion. Papers 1 to 4 recruited a group of mixed clinicians allowing subgroup analysis
observing for inter-professional differences regarding skill performance. Whereas, Papers 7
to 9 recruited student paramedics ensuring similar levels of airway management skills,

thereby isolating prior expertise as a variable.

The research presented in this thesis has been used during simulation training as part
preparations for the 2012 Olympics, in the development of a CBRN training DVD and
incorporated into a textbook. The results have also been shared with NHS England working
party on CBRN-PPE and, are being incorporated into CBRN treatment protocols by an

overseas ambulance service.
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Preface

In 2007, Frimley Park Hospital, along with all United Kingdom (UK) ambulance services and
Emergency Departments, received its supply of National Health Service (NHS) procured
chemical, biological, radiation and nuclear personal protective equipment (CBRN-PPE).
Emergency Departments also received inflatable decontamination shower units.?

t3—7

Prior to 2007, the NHS was poorly equipped to deal with any size of CBRN incident”" and

the issuing of CBRN-PPE, plus decontamination equipment across the NHS represented an

attempt to improve capacity to respond to a chemical incident.?®

At that time, there were
increasing concerns regarding potential CBRN terrorism®, which was heightened further by
the 2005 announcement that the 2012 Olympic Games would be held in London.'®'* At the
present time, risk of a CBRN incident remains high as chemical weapons have recently been

15-17

used in Syria and there is also ongoing risk from industrial related chemical accidents.'®

19

The unique requirements of NHS personnel precluded the wholesale introduction of military
CBRN-PPE. More specifically military respirators are not suitable for people with respiratory

conditions (e.g. asthma) as they increase the workload of breathing® '

, require adaptation
for individuals wearing glasses, have reduced effectiveness in the presences of facial hair,
and require a minimum level of physical fitness to wear.? Military respirators, improperly
worn, also present a risk to the wearer.?®** The resulting NHS CBRN-PPE is a fully
encapsulating suit with integral butyl rubber gloves and chemical resistant boots. It
incorporates a small motor that supplies filtered air making it suitable for staff with chronic
respiratory conditions to wear (see Appendix 1). In addition the PPE has a wide panoramic

visor allowing staff to wear their own glasses®®?

and provides a high level of protection to
instil confidence in the wearer.??*?°*” Yet despite these adaptations the CBRN-PPE
remained bulky, hot, claustrophobic and clumsy? to wear with the integral chemical gloves

reducing sensation and dexterity.
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Preface, continued

In 2007, the arrival of standardised NHS CBRN-PPE heralded my involvement in the issues
surrounding CBRN-PPE as the hospital’s Director of Nursing instructed me to instigate a
hospital-wide CBRN-PPE training programme. | was selected to lead this project due to my
day-to-day responsibilities of managing resuscitation training, ongoing involvement in major
incident planning, and my close working relationship with the ambulance service and the
Royal Army Medical Corp. It quickly became apparent that my experience of providing
resuscitation training would equip me to deliver CBRN-based simulation training.

To prepare myself for this new role, | liaised with the local ambulance service, the Health
Protection Agency (HPA), military experts and attended a workshop on CBRN-PPE. The
workshop emphasised the importance of removing casualties from immediate danger and
commencing decontamination, highlighting the importance of CBRN-PPE to prevent rescuer
contamination 2% but made no reference to patient treatment. Treatment guidelines from the

3031 recommended

Department of Health %, the HPA 22 and consensus-based expert opinion
limiting interventions to basic life support until after decontamination. Complying with these
recommendations would result in definitive care, such as intubation, being delayed for a
minimum of 12 minutes per casualty representing the time required to complete
decontamination.? '® | felt that this represented an unacceptable delay in the treatment of

critically injured casualties, a concern shared by Byers et al ® and Baker.*?

My concerns over delaying treatment were based on my observation of differing mortality

rates following the release of sarin gas in Japan **%

compared with the use of an
incapacitating gas to end the Moscow theatre siege.®”*° Both of these incidents resulted in
multiple casualties and yet the death rate was much higher in the latter incident. " %" The
use of an incapacitating gas by Russian special forces soldiers, in 2002, to end the Moscow
siege resulted in 670 hostages requiring hospital admission with 127 dying.*” Despite this
being a planned rescue attempt casualty treatment was substandard with limited attempts at
maintaining patent airways or instigating assisted ventilation resulting in potentially avoidable
deaths.®”*° Conversely, despite over 5000 casualties attending various Tokyo hospitals only
12 patients died.®® This is despite the fact that at least five patients were in respiratory and/or
cardiac arrest on, or shortly after, arrival at hospital, with the instigation of basic (simple
airway interventions) as well as advanced life support interventions (e.g. intubation) saving a

number of patient’s lives.% %4142
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Despite these incidents, and the evidence from Tokyo that advanced life support intervention
(on contaminated casualties) was life-saving, there was a lack of guidance regarding what
skills could be performed whilst wearing the NHS CBRN-PPE, which resulted in the start of
the research journey presented in this thesis. The resulting research was intended to
address locally generated questions as to what clinical skills were feasible whilst wearing the
NHS CBRN-PPE, to develop a simulation-based CBRN training programme, and inform a
local major incident policy. The nine Papers presented within this thesis have concentrated
on airway management and vascular access skills. The research underpinning Papers 1 to
3 *% was undertaken in a UK hospital, recruiting clinicians who would be required to treat
patients following a CBRN incident. These studies were subsequently used by the HPA as
part of preparations for the 2012 Olympics *, in development of a CBRN training DVD *’ and

were incorporated in a textbook.*®

Papers 5 and 6 were designed to further develop the research question, by identifying a
range of different supraglottic airway devices and intubation aids for further evaluation.
These papers also examined the issue of what the NHS CBRN-PPE felt like to wear. Papers
7 to 9 concentrate on airway management expanding on Papers 1 and 3 and utilise the
findings of Papers 5 and 6 in their design. Data collection for Papers 7 to 9 was collected in
South Africa, where the research was of interest to universities offering degree level course

in paramedical care.*?*

The resulting thesis thus follows a non-traditional PhD route, as the research was
commenced in response to an urgent clinical need, with the resulting nine peer-reviewed
Papers reflecting the growth of the research story. These results are of particular interest to
UK emergency planners and clinicians as some of the identified problems are unique to the

NHS PPE, whereas the generic findings are of interest to a wider audience.

Throughout this thesis the peer-reviewed studies are referred to as Papers 1 to 9 #3421,

and as they are integral to the thesis they are not continuously cross-referenced to the
reference list at the end of this thesis. In addition, the term CBRN is used as a cover-all term
for accidental or intentional release of a chemical, biological, radiological or nuclear agent.
The primary focus of this thesis is on a chemical incident because this represents the
greatest immediate threat to life, requiring healthcare personnel to react immediately whilst
wearing CBRN-PPE."®? The potential for a chemical incident to occur in the UK is an
established risk'®, primarily due to the UK’s status as a mass producer of chemical agents

for national and international use.'® *® Furthermore, even though biological, radiation and

18



Preface, continued

nuclear incidents equally present risk to life, chemical incidents occur with greater

frequency.'®®
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Chapter 1:

Setting the scene

1.1 Introduction

The 2001 attack on the World Trade Centre focused the UK government’s attention on the
risk of mass casualties following the use of a CBRN agent, resulting in the UK wide provision
of CBRN-PPE and decontamination equipment.?**®' This was in no way a new problem, as

Clarke et al'®

noted that in 2005 there were over 1,000 chemical incidents in England and
Wales affecting upwards of 4 patients per incident. The correct number is likely to be higher
due to under-reporting.>” However, prior to 2007 the NHS lacked the capacity to deal with a

t 3-6

chemical incident *®, with casualty rescue ” and decontamination being regarded as the

responsibilities of the fire service.” *°°°
This lack of preparation for a CBRN incident was not solely limited to the UK, occurring also
in America®®', Canada®, Australia®®*, Belgium® and most of Europe.®® However, France®’

and Israel®

have both had longstanding CBRN response plans that facilitate early treatment
of casualties by healthcare professionals wearing CBRN-PPE. Therefore the resulting
provision of mass CBRN-PPE across the UK represented a step-wise change in patient

management requiring clinicians to develop new approaches to early casualty treatment.

1.2 The need for CBRN-PPE and decontamination

Biological agents including anthrax, salmonella, ricin and botulinum toxin (Table 1) have all
been used in recent history.®*"! Biological agents represent a unique problem to healthcare
providers as the symptoms will occur over days and are not as instantaneous as following
exposure to a chemical agent, such as chlorine.”*”* Patients and clinicians are at risk of
biological contamination via a number of routes; for example anthrax, ricin and botulinum

toxin can be spread by aerosol”" "

, Whereas, botulinum toxin and salmonella can be spread
by ingestion.®® "' 7 Biologically contaminated patients can be treated by clinicians wearing
Level-D PPE (Appendix 1) supplemented by goggles and masks*, reflecting the level of
PPE worn when responding to pandemic influenza.” ” Level-D PPE, supplemented with a

dust-filtering mask’’, is also adequate for responding to most radiation incidents.
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Table 1:

Post World War Il use of Chemical and Biological agents

Who When Agent used

Egyptian forces 1963-1967 Mustard gas and irritants used in Yemen.

America during Vietnam war 1961-1970 Various agents including tear gas and chemical defoliants.

Bulgarian assassination 1978 Ricin used to assassinate exile in the UK.

Peoples Temple ‘Jamestown 1978 Mass suicide and assassination of an American Congressman with cyanide.

massacre’

Russia during Afghanistan war | 1979-89 Various agents reportedly used but limited published proof with in peer-reviewed publications.

Iran-Iragq war 1980-1988 Mustard, lewisite, tabun & sarin gas used by both Irag and Iranian forces.

Rajneeshee sect 1984 Salmonella used on indiscriminate civilian targets. 751 contaminated patients with no deaths
reported.

Iraq 1987-88 Mustard and sarin gas used against Kurdish villages.

Aum Shinrikyo (Tokyo) 1990-1995 Numerous attempts to disseminate botulinum toxin, anthrax spores, and cyanide. In addition use
of sarin gas in Matsumoto & Tokyo and isolated attempts to use VX nerve agent.

Postal anthrax attack 2001 Targeted anthrax letters at media/political leaders 5 deaths and 17 contaminated casualties
requiring treatment. Significant infrastructure damage as a number of buildings could never be
properly cleaned.

Insurgents in lraq 2002 Chlorine tanker ‘gas bombs’ used by insurgents as part of improvised lorry bombs.

Russian defence forces Oct 2002 Use of an incapacitating gas by Russian special forces to end the Moscow theatre siege.

Ricin contaminated letters Oct 2003 Package containing ricin and a note threatening to poison water supplies discovered in an
American postal facility.

Syria 2013- Sarin, chlorine and military grade tear gas used.

ongoing

Adapted from Loyd'®, Baker'’, Clarke'®, Wax®’, Szinicz*®, Schier’', Coleman’®, Lee’”, Nozaki®, Kaplan®', Kadivar and Adams® — Table
presents selected examples and is not inclusive of all incidents
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Decontamination procedures are not routinely required for biological contamination although
following exposure to anthrax washing with soap and water is recommended.”' ”® Whereas
exposure to radiation will only require decontamination if actual contamination occurs,

however, the clinical priority remains the immediate treatment of critical injuries.? * %

An industrial accident'®

represents the greatest risk of a chemical incident potentially
resulting in many thousands of patients'®, although in the UK chemical incidents tend to
involve only small numbers of patients.’® However, the use of CBRN agents as weapons of
warfare remains a part of humankind’s immediate and distant history.'” ® Chlorine gas was

%978 and continues to be used as a chemical

the first modern day mass chemical weapon
weapon'® in the modern era (Table 1). Chlorine also represents a common cause of
industrial related chemical incidents.'® 8 However, the impact of chlorine and other gases
(e.g. phosgene), during World War 1, was rapidly blunted by the introduction of chemical
warfare training and respirators.'” 788687

The introduction of mustard gas in 1917 represented a significant escalation in gas warfare,
as prior to the use of mustard gas soldiers received an acceptable level of protection from
respirators, with gas casualties only requiring supportive medical treatment. 728788 Not only
does mustard gas cause significant lung injury it also attacks skin and eyes, which are not

protected by respirators. Normal uniform provides no protection from skin contamination. " %

87-89

Mustard gas is also highly persistent, with a prolonged latency period introducing the need
for decontamination.'” %87 Decontamination is required both as a treatment to protect
patients from further injury® and as a means of protecting uncontaminated personnel from
cross-contamination. *° %% Cross-contamination is a particular risk for medical personnel, as
documented by Cook®® who described how World War 1 surgeons had to wear respirators
and leather gloves when performing surgery on mustard gas casualties, which complicated

surgical procedures.

The need to further refine CBRN-PPE and decontamination procedures continued with the
development of nerve gases by Germany in 1938.%° % Since their development nerve gases
have been extensively used (Table 1). This has included the use of sarin gas by a Japanese

religious cult, in 1994 and again 19953

, with the 1995 release of sarin gas on the Tokyo
underground resulting in thousands of casualties. ***® The development of increasingly
potent nerve agents throughout the Cold War set the tone for modern-day CBRN response.®

7490 Therefore clinicians may be faced with the need to balance immediate treatment of
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casualties with the associated need to perform decontamination even though the treatment

of airway, breathing and circulation emergencies remains time-critical.® *

1.3  The United Kingdom’s response to a CBRN incident

The UK response to a CBRN incident is based on an ‘all hazard response’ ***° ¢ with the
incident divided into hot, warm and cold zones (lllustration 1). This response is further
supported by centrally held mobile treatment pods (Appendix 1) and emergency equipment
vehicles containing additional equipment for use at the incident site or emergency

department.®"

The main role of the hot, warm and cold zones is to control entry into the incident, with each
zone identifying a particular degree of risk to unprotected personnel and indicating the level
of CBRN-PPE required (Appendix 1).”® Entry into the hot zone is traditionally restricted to
the fire service’®'” ®”, but recently UK ambulance personnel have undergone training to
operate in heavily contaminated areas.” % ** % These specialist teams are limited in number
and are spread across the UK making it unlikely that they will arrive during the initial phase
of an incident.** The same procedure is followed regardless of the number of casualties

involved.® 189

The UK’s approach to a CBRN incident is consequently based around delaying treatment

until after extrication from the hot zone, with limited treatment *°

occurring during the
decontamination phase. The time needed to set-up decontamination equipment has been

estimated as requiring a minimum of 1 hour®” with decontamination requiring 12 minutes per
quiring

898 99 832

casualty.® The resulting treatment delays will potentially result in avoidable deaths.

The UK approach significantly differs from the practices adopted by other countries such as
France %, Israel ® and Taiwan.'® These countries operate systems which enable rapid on-
site treatment in the hot zone by clinicians wearing CBRN-PPE, which is then supported by

d 832 and has

prompt evacuation. The slowness of the UK response has been criticise
resulted in recommendations for the introduction of rapid on-site treatment. 8 % The
introduction of CBRN-PPE across the NHS will facilitate earlier treatment of contaminated
casualties; however, the impact that the NHS CBRN-PPE has on skill performance is as yet
unknown. The intended purpose of this thesis is to ascertain what skills can be instigated

whilst wearing the NHS issued CBRN-PPE.
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lllustration 1: Traditional casualty patient flow from hot to cold zone
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Adapted from Baker®
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1.4  The use of a chemical, biological, radiation and nuclear agents on civilians

As illustrated by Table 1, CBRN agents have been widely used since the end of World War

2. However, the use of sarin gas in Japan (1994 and 1995) and the use of an incapacitating
gas to end the 2002 Moscow theatre siege, provide useful insight into civilian mass casualty
CBRN incidents.

1.4.1 The Tokyo sarin gas and Moscow theatre siege incidents

The release of the nerve agent sarin by a Japanese religious group in Matsumoto*? and
34-36

Tokyo is particularly pertinent to this thesis as it demonstrates the impact of CBRN

agents when used against unprotected civilians. The casualty numbers in the two Japanese

sarin incidents differ, and despite the use of less sarin'®'®' 1% (

1.8kg verses 30kg) with a
lower purity'® %" 192 (35% versus 70%) the Tokyo incident resulted in significantly more
casualties than the Matsumoto incident. 3**® This was due to the sarin being released in the
enclosed confines of an underground train, demonstrating the impact of chemical agents in
confined spaces. From a UK perspective, the act of releasing chlorine gas, or any similar

chemical agent, into the London underground could result in many thousands of deaths.

Following the Tokyo sarin incident, the majority of the 5000 casualties had only minor
symptoms of either sarin exposure or symptoms of mass hysteria.*> However, Okumura et
al®* described the treatment of 640 patients who attended a single emergency department in
the first hours after the release of the sarin gas. Out of a total of 640 patients, 111 patients
had signs of severe to moderate poisoning.** One hundred and seven patients required
atropine to treat symptoms of sarin exposure, with a further eight patients requiring
diazepam to control nerve agent induced seizures. Four severely poisoned patients required
intubation, with two of these patients also requiring cardiopulmonary resuscitation (CPR).
One of the patients, who developed cardiac arrest, was contaminated after performing
mouth-to-mouth resuscitation on a fellow casualty, thereby highlighting the risk to the

unprotected rescuer.

101

The Tokyo sarin incident™ resulted in a total of 12 deaths out of over 5000 casualties

compared to the 127 deaths® ™ (

minimum) reported in the Moscow theatre siege.
Information surrounding the Moscow incident is limited, but it has been postulated that
earlier basic airway management and assisted ventilation would have prevented many of the
deaths.®**° 7*1% Thjs can be determined by viewing media photographs that show

unconscious patients being transported to hospital with obstructed airways and without
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medical escorts. '* The lack of published, peer-reviewed accounts of the treatment received
by the casualties of the Moscow incident impedes our ability to compare these two incidents.
Despite this, the benefit of prompt treatment, following exposure to a CBRN agent is clear.

Notably during both incidents rescue personnel were affected by the chemical agents used.
Whereas the incidences of rescuers being affected following the Moscow theatre siege are

d'"®8 clear documentation exists for the incidences of rescuer contamination

unvalidate
following the Tokyo sarin attack.'” ** % The two main avenues for cross-contamination,
during the Tokyo incident, were contaminated clothing and expired breath from the patients,
a process termed ‘off gassing’. '®® Staff contamination was further facilitated by poor
ventilation in the ambulances'®' and emergency departments.® Furthermore, doctors
performing endotracheal intubation were noted to be at particular risk of developing
symptoms of sarin poisoning due to exposure from the expired air of their patients.'® This is
an important observation, as external decontamination procedures will not remove the risk

from off gassing'’, thus highlighting that even after decontamination an ongoing risk exists.

The main symptoms affecting healthcare professionals were dimming of vision due to
miosis, blurred vision and eye pain, as well as headaches, coughing and shortness of
breath.*’ "' It is noteworthy that although these effects were mild they impacted on the
clinician’s vision, which in turn affects clinical skills such as intubation, drug administration or
gaining intravenous access. The use of CBRN-PPE is therefore important for staff protection
and for ensuring effective patient treatment.

Similar incidents of medical personnel contamination have also recently been reported in
Syria following the reported use of sarin.'” Whilst the use of chemical weapons in Syria
remains under investigation, these additional reports of cross-contamination further support

the incidents described above.

1.5 The impact of mass self-evacuation following a chemical incident

The purpose of CBRN weapons is to create confusion and panic.®® The mere mention of a
CBRN incident evokes images of the mass gas casualties of World War One "8, the Tokyo

k323 or the modern day Syrian conflict.”"” As is well known, a CBRN incident has

sarin attac
the potential to generate large numbers of casualties with physical and psychological injuries
that can overwhelm medical facilities.'” "8 8 88 1% Qne characteristic feature of a CBRN

incident is the potential for patients to leave the incident and make their own way to hospital,
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a process referred to as self-evacuation.”” Self-evacuation, from incident site to the closest
hospital, is a commonly occurring feature of any mass casualty incident. 107110

It is this potential for high casualty numbers and associated panic that makes chemical
weapons so attractive to terrorists but challenging for emergency services.'® Panic following
a CBRN incident can generate more casualties than the actual CBRN agent used. 224"
This panic is further fuelled by a lack of public awareness®” about what to do during a CBRN
incident. The combination of fear of the unknown, coupled with knowledge of historical
precedent can result in mass casualties arriving at an unprepared hospital with a majority of
these casualties presenting with symptoms of hysteria.?® ''® Anxiety and fear of CBRN
agents equally affects healthcare professionals, who highlight risk of contamination as a
reason for not responding to a CBRN incident.?” ''® Staff anxiety can be mitigated by
providing clinicians with CBRN-PPE 2" ''*'® sypported by education'’, thus counteracting

fear of the unknown with reality.

The Tokyo incident clearly demonstrates the sort of mass panic situations described in the

101 35 36

preceding paragraph as only 7% "' of the 5000 patients who sought medical assistance
arrived at hospital by ambulance.®**® This unannounced and uncontrolled arrival of large
numbers of patients resulted in the Tokyo hospitals becoming overwhelmed, with no patients
undergoing any on-site decontamination.®**® The lack of on-site decontamination was due to
multiple factors including; initially confusing reports that the incident was due to an explosion
and subsequent carbon monoxide exposure (which does not require decontamination), large
numbers of patients self-evacuating to hospital, and the lack of a chemical incident plan.®*3¢
So what does this mean for UK preparations for a CBRN incident, which is currently based
on the premise that members of the public will wait at the incident site for decontamination,
treatment and triage before being transported to hospital (lllustration 1)? 8 ''® Hildebrand and
Bleetman®’ challenge this orderly scenario stating that a high percentage of potentially
contaminated casualties will self-evacuate to hospital. This hypothesis was confirmed by
Higginson® who describes how 23 patients affected by a chemical spill in a UK nightclub
self-presented to the nearest emergency department. Higginson®™ emphasises that it took
two hours to decontaminate the casualties using the NHS issued decontamination
equipment; thus reaffirming my concerns about delaying treatment until after
decontamination has been completed.
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Although the incident described by Higginson® placed only a limited burden on the receiving
hospital, the same is not true of the Tokyo sarin incident, where in the same two hour period
a single hospital received over 500 casualties including 3 patients in cardiac arrest.* This
process of self-evacuation makes a fallacy of the concept of on-scene triage,
decontamination and orderly patient transfer to hospital, and thereby highlights the need for
emergency departments to be able to respond to either a single or multiple contaminated

patient with minimal warning.?*°

1.6 Triage and withholding resuscitation following a mass casualty CBRN incident

Triage is a key element of mass casualty management; as it directs treatment resources
according to treatment priorities.”? % 1% 2 Traditionally, triage is done prior to undertaking
any treatment'®' and yet this practice was criticised by the public following the 2005 London
bombing, resulting in changes to ambulance service triage protocols.® '? The inclusion of
treatment has recently been included in British military version of triage sieve, which now
incorporates control of major haemorrhage, positioning of patients to optimise airway
management and the instigation of CPR."® The changes to the military version of triage
sieve represents a significant change in military doctrine '** and was based on
advancements in military medicine.'®®

The recommended UK CBRN triage tool is the CBRN triage sieve ® (lllustration 2), a
consensus-based adaption of triage sieve. ?'?' CBRN triage sieve places patients into four
categories T1, T2, T3 and the dead. The allocated triage category is based on an
assessment of the patient’s ability to walk, his/her respiratory and heart rate, and is further

supported by the presences of toxic signs and symptoms.’? 7483

If the patient is not
breathing, they are triaged as dead. However, the accuracy of assessing for signs of
breathing is hampered by the wearing of CBRN-PPE, making this aspect of CBRN triage
sieve difficult to perform. 2" This is particularly true of the NHS CBRN-PPE, as the fully
encapsulating design of the hood/visor (Appendix 1) significantly impairs the wearer’s ability

to assess for signs of shallow breathing.'?®
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lllustration 2: Chemical, biological, radiation and nuclear triage sieve
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The CBRN triage sieve algorithm allows for resuscitation of lifeless casualties “.. where
resources permit [sic]’ thus acknowledging the potential reversibility of respiratory arrest
following exposure to a CBRN agent *, but simultaneously identifies a lack of resources as a
reason for withholding resuscitation. Resuscitation measures are also recommended
following other mass casualty incidents, such as incidents following a lightning strike where
patients in cardiac arrest are triaged as T1 and not as dead.'®*"*'

During an over-whelming mass casualty incident, where the number of casualties outstrips
medical resources, a fifth triage category, ‘expectant’, can be instigated.” ' The expectant
category is applied to a T1 casualty who has a high probability of dying or who will require
significant time and resources to treat.'” %' 12! 132133 patients placed in the expectant
category may still survive their injuries, and therefore these patients are treated after all the
T1 casualties have been tended too but before T2 casualties. The importance of repeat
triage can be demonstrated by Lieutenant Lawrence MC, a Falklands conflict casualty, who
was triaged into the expectant category and who survives to this day.'®*

Non-CBRN triage sieve has been validated for use following traumatic injuries''¥

, with a
sensitivity of 46% and a specificity of 88% for detecting major trauma. Although following the
2005 London bombing Challen and Walter '*® noted that triage sieve actually identified 75%
of T1 casualties and all of the T3 patents treated at a single hospital. The risk of over- and
under-triage is an accepted aspect of major incident triage, and therefore triage is continually
reviewed and represents a dynamic process.'?' '3° 1% The effectiveness of CBRN triage
sieve, however, remains unvalidated.'®* '*® Despite its limitations triage sieve, and by
extrapolation CBRN triage sieve, offers a reproducible system that can be used by

119136 140

healthcare professionals and non-medical emergency personnel'*! when faced with

large numbers of patients.

The decision to withhold CPR following a major incident is based on the principle of offering
the ‘most for the most’ ' "33 this principle encapsulates the established maxim that it is
futile to provide CPR to patients suffering cardiac arrest following a major traumatic injury.'**
' This maxim has recently been challenged '#* *°'*® due to the successful resuscitation of
a number of patients following the London bombing in 2005'*¢ and advances in military
medicine.'® ' Nevertheless, the use of apnoea as a criterion to indicate the presence of

d 7283119

unsurvivable trauma is well establishe , and was defended by the coroner following

the 2005 London bombing.'? Notably, though, had CBRN triage sieve been used following

34 41

the Tokyo incident, the death toll would have been higher as at least 5 patients were
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apnoeic on arrival at hospital, with 3 of these patients being successfully resuscitated.
Underpinning these observations is the generally held assumption that respiratory and/or
cardiac arrest following exposure to a CBRN incident is directly or the indirectly due to the
effects of the chemical involved'’ '*8 although combined traumatic and chemical injuries
remain a possibility.”* *°

The issuing of CBRN-PPE across the NHS was aimed at improving the care of mass
casualties following a CBRN incident, and yet the typical UK chemical incident involves
fewer than four patients.'® Whereas the size of a chemical incident does not eliminate the
need to consider decontamination, or the wearing of CBRN-PPE, it does negate the need to

perform triage. Consequently, there are numerous case reports''®

which have highlighted
the importance of prompt treatment of critically ill patients following exposure to various
chemical agents (Table 2). A particularly interesting group of patients are those who have
survived near-fatal organophosphate toxicity. '°° %2 154156159 Since organophosphate-
poisoning produces similar symptoms as nerve gas exposure '*° and the survival amongst
these near-fatal episodes of organophosphate-poisoning provides an insight into the benefits

of early treatment.

Organophosphate-poisoning is a common mode of suicide in the developing world'**'®', but
prompt treatment of airway, breathing, and circulation, as well as the administration of
atropine, can be life-saving.'® '°#"%¢ 159 |n contrast delayed treatment can result in mortality

rates as high as 25% in patients initially found with signs of life on first medical contact.’®

For example, in a case series by Sungur and Giiven'**

, three patients were deemed to have
died directly due to delays in intubation. Although atropine is integral to the effective
treatment of organophosphate and/or nerve gas poisoning it remains secondary to ensuring

a patent airway, effective ventilation and the treatment of associated hypoxia.

| % and Stacey et al'® further demonstrate the importance of

Case reports by Geller et a
early treatment by describing how their patients survived cardiac arrests following
organophosphate-poisoning. However, in both cases it occurred at the expense of attending
medical personnel developing symptoms of organophosphate exposure.™ '*® Geller et al '*°
reported that all attending clinical staff required atropine to treat the symptoms of
organophosphate-poisoning with one member of staff requiring ventilation for respiratory

failure. Rescuer contamination has equally occurred following the treatment of casualties

151 162 163

exposed to cyanide ™' and hydrogen sulfide poisoning (Table 2).
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Table 2: Patient and rescuer mortality and morbidity following chemical incident

Agent Country | Total Staff symptoms Patient outcome Comments
staff
contaminated

Organophosphate | UK 7 Minor: respiratory, Patient was successfully Attempted to use NHS issued CBRN-PPE to treat

pesticide. " hyper-salivation and resuscitated from cardiac patient but had difficulty with skill performance.

chest tightness. arrest after attempted
suicide.
Cyanide ™" Hong 5 Mild symptoms of Two patients. Patient1 Four of the firemen were wearing standard fire
Kong dizziness, headaches, | critically ill, unconscious fighting PPE that included breathing apparatus.
irritation of eyes/throat | admitted to intensive care, Authors highlighted the need to wear chemical
and chest pain. One but discharged home. specific gloves as absorption occurred via skin
fireman required contact. The fifth fireman inhaled fumes whilst
hospital admission. Patient 2 symptomatic of standing in a corridor and did not enter the
cyanide poisoning contaminated building.
recovering fully with medical
management.

Organophosphate | America | 4 Major symptoms. All Patient was successfully No PPE worn by attending emergency department

pesticide' three staff members resuscitated from cardiac personnel. All staff members and patient

required atropine and arrest after attempted recovered.
one patient required suicide.
over-night ventilation.

Incagacitating Russia 2 military personnel 150-200 deaths (lack of Only limited co-ordinated medical care prior to

gas® affected by gas."” *® reliable validated sources).  arrival at hospital.

Sarin gas™ Japan Eight rescue | Mainly minor Two hundred and fifty three No PPE worn by attending ambulance staff who
personnel symptoms. One patients treated, 53 patients initially though the incident was due to mass food
developed rescuer required admitted over-night to poisoning.
mild hospital admission. hospital including a number
symptoms of critically ill patients. The last death occurred in 2008 in a patient who
and an Seven deaths. had been in a coma since suffering a cardiac
unknown arrest.
number of
hospital staff.

Sarin gas™ Japan 1 (good Cardiac arrest. Successfully resuscitated. Bystander who performed mouth-to-mouth on
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Samaritan)

another victim of the Tokyo subway sarin gas
attack.

Sarin gas™ Japan One hundred | Minor symptoms Ambulance crews No PPE worn and majority of ambulance
and thirty-five | requiring treatment at | transported 688 patients to personnel become symptomatic during drive to
ambulance hospital. hospital only 12% of patients hospital due to off gassing in enclosed space. The
crews. required overnight number of ambulance service casualties equated
admission. to 10% of responding personnel.
Sarin gas™*' Japan 110 staffat | Minor symptoms Five Hundred and twenty- Surgical gloves and theatre masks worn. Off-
St Luke’s although one nurse eight mild, 107 moderate gassing from patients’ clothes was the main source
hospital was admitted. and 5 severe casualties of staff contamination, equating to nearly 1 in 4 of
(23%). including 3 patients in those involved in patient care being affected. Data
cardiac arrest and 2 patients based on a post-incident staff questionnaire (return
fitting with respiratory arrest.  rate = 44%).
Two patients died.
Sarin gas'> Japan 11 out of 15 Dimming of vision, Two cardiac arrests and 83 Five doctors required atropine and 1 received
doctors. chest pain, hyper- mild exposure walking atropine and Pralidoxime. Paper did not report
salivation, difficulty in casualties. contamination of non-doctors. Worst affected were
breathing and chest doctors performing CPR and handling clothes. No
pain. further symptoms occurred once windows were
opened and contaminated clothing removed.
Hydrogen Japan Suicide of a 14 year old girl with child’s mother requiring hospital admission due to secondary contamination. Ninety local
sulfide'® residents had to be evacuated due to the risk of secondary exposure.
Hydrogen America | Between 2008-2010 thirty episodes of suicide with the use of hydrogen sulfide with six episodes of emergency service
sulfide'® personnel becoming contaminated. Three required assessment in hospital.
Accidental America | Between1993-2000 a total of 43,133 incidents of accidental hazardous material release were reported causing 16,594
release'® casualties, including 730 rescue personnel. Firemen were the main casualties.
Accidental America | Between 1995-2001, across 13 health districts, a total of 44,045 incidents of accidental hazardous material release occurred
release'® resulting in 13,173 casualties including1298 rescue personnel. Thirty two of the rescue personnel were hospital staff.
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The Tokyo sarin incident® and numerous case reports™'® highlight that survival from
poisoning appears to be strongly dependent on prompt treatment'?, including CPR3* 120 1%¢,
intubation and the early administration of selected antidotes. This does not mean that all
apnoeic patients following a CBRN incident should be resuscitated, although, it does
highlight that patients in respiratory arrest, and in certain circumstances cardiac arrest, can
survive with prompt treatment. Considering the complexities of triage following a CBRN
incident especially, as accurately assessing for signs of breathing is hampered by the
wearing CBRN-PPE'®"'?" the role of prompt treatment appears valid.

1.7 Summary

The Tokyo sarin incident® *® and the incident described by Higginson® highlight that
emergency department personnel need to be able to care for patients following a chemical
incident, even when these patients present without prior warning. Part of this response may
involve the instigation decontamination. However, overemphasis on decontamination can
distract from the need to provide prompt treatment 2%, thereby jeopardising early
opportunities to save life.® %% |t remains important to remember that decontamination is
implemented to prevent ongoing harm to the patient whilst minimising the risk of cross-

contamination to responding medical personnel.

As detailed in the previous section, much of the emphasis surrounding a CBRN incident is
targeted on mass casualties, and yet the incident may involve numerous casualties with
minor symptoms of poisoning and a small number of critically ill patients. This was clearly
demonstrated following the release of sarin gas in Tokyo where the majority of patients had
minor symptoms of nerve gas toxicity and only a small number of patients were critically ill.
However, the identification and treatment of these critically ill patients saved many patients
that CBRN triage sieve would have triaged as dead? Thankfully, mass chemical incidents
are rare but as highlighted in this chapter the risk to staff from a single contaminated
casualty exists, and yet these patients can even survive cardiac arrest with prompt

treatment.

In consideration of the issues raised above the key elements for responding to a CBRN
incident are, therefore, training® 2%, the provision of appropriate CBRN-PPE?” 13116 gnd
prompt medical treatment. 832 However, while prompt treatment of the chemically
contaminated patient is potentially life-saving, it would require UK clinicians to perform
clinical skills whilst wearing NHS CBRN-PPE. Therefore ascertaining what skills can feasibly
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be performed whilst wearing the NHS CBRN-PPE is an important area of research enquiry.
The research presented in this thesis, was designed to address this issue and represents
the most detailed body of work to date that examines skill performance whilst wearing the
NHS CBRN-PPE.
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Chapter 2:

Literature review

2.1 Introduction

Following the arrival of standardised NHS CBRN equipment 2 at my employing hospital, |
was directed to instigate CBRN training. My immediate impression was that the delays in
patient treatment, secondary to decontamination, were unacceptable and that the centrally
held mobile mass casualty equipment pods (Appendix 1) were inappropriately stocked. More
specifically, the pods retained equipment for intravenous cannulation and intubation skills
that require the retention of fine motor skills and unimpaired vision to successfully complete,
whilst also lacking any equipment for difficult intubation or devices for confirming correct
endotracheal tube (ETT) placement.’’ This situation existed despite published evidence
indicating that CBRN-PPE impedes both vision'®® '®” and dexterity'®®'"°, making skill
performance more difficult. My concerns were further compounded by a lack of available
guidance on how to treat casualties whilst wearing CBRN-PPE. These observations resulted
in the research presented in this thesis, which is largely based on a series of prior
publications.

2.2 Generating the research question

The initial approach chosen to identify a solution to this clinical dilemma was inductive logic
(Nlustration 3), where the data drives the hypothesis, reflecting a ‘bottom up approach’ to
clinical problem solving."”" "2 Hypothesis generation was further based on my reflective

practice'® "4

, as during each decontamination training session | would observe and discuss
with colleagues the potential impact of CBRN-PPE on skill performance. These discussions
were subsequently followed by me personally donning NHS CBRN-PPE and attempting to
perform a range of clinical and non-clinical skills. Schdn'”® describes this process as
‘improvisation, inventing and testing’ and by using Rolfe’s reflective model'” (lllustration 4),
a formal research question was thereby generated: ‘What airway and vascular access skKills
can be performed whilst wearing the NHS issued chemical, biological, radiation, and nuclear

personal protective equipment?’
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lllustration 3: Inductive logic a ‘bottom up approach’

Tentative J

Hypothesis

Paten R
Observtion EH

Adapted from Trochim and Donnelly

106

Rolfe’s reflective model was chosen as it allowed the clinical problem to be deconstructed
into three distinct questions'”®'"*, an approach ideally suited to problem-solving. The
generation of a research hypothesis utilising reflective practice and inductive logic is an
example of action research'’®, which is about solving an immediate problem and is ideally
suited for guiding clinicians attempting to improve clinical practice. The utilisation of action

43-45 51

research and reflective practice is at the heart of the initial four Papers contained in

this thesis.
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lllustration 4: Applying Rolfe Reflective Model to the research question

What - is the
problem?

174

Adapted from Rolfe

2.3 Literature review

As this thesis is being submitted for consideration of the award of a PhD via Prior Publication
a summary of the literature is presented in Chapter 2. Whereas the methods employed to
undertake the literature search, the critical appraisal along with excluded studies is
presented in Appendix 2.

2.3.1 Search strategy, identified papers, inclusion and exclusion criteria

The purpose of the literature review was to systematically identify gaps in our knowledge
regarding skill performance whilst wearing CBRN-PPE, thus placing this thesis into a wider
context. Following the application of an inclusion criteria and a critical appraisal tool '’

appropriate to the study design, a total of 35 papers were selected for review.
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Eight of these studies were excluded as participants did not wear a complete set of CBRN-

PPE 78184 "and a further six studies were excluded through critical appraisal. Attempts to

limit the literature search solely to skills performed whilst either wearing NHS CBRN-PPE or
gloves with the same gauge as the NHS CBRN-PPE were abandoned as it would have

1% was identified

excluded all identified studies. This was because only a single case study
that used the NHS CBRN-PPE, whereas, the majority of remaining studies failed to indicate

the gauge of the gloves used.

A total of 14 Papers were included in the final literature review with an overview of these
papers presented in Appendix 2. With the exception of the cuffed oropharyngeal airway
(COPA)'™® all the identified clinical interventions (or variations of devices) are used in the
NHS.

2.4  What is the impact of CBRN-PPE on skill performance?

A range of medical interventions were identified, all of which require various levels of
dexterity and the retention of unobscured vision to perform. All authors, with the exception of

|186

Suyama et al'**, commented on the negative impact that CBRN gloves had on dexterity and

sensation. For example, King and Frelin'"

recruited nine medically trained soldiers
demonstrating the gauge of the gloves worn significantly impaired skill performance. More
specifically, they reported that butyl rubber gloves prolonged the time to complete medical
skills by 53% as compared to wearing lower-gauge tactile preserving gloves, which
maintained fine motor skills and sensation. Unfortunately, the tactile preserving gloves were
easily damaged, which caused soldiers to lose confidence in the protective properties of the

|167

lower-gauge gloves. Similarly, Ben-Abraham et al ™’ also noted that butyl rubber gloves

impeded finger-thumb dexterity.

Further confirmation of these findings comes from both Krueger ?' and Bensel.'® Krueger '
reported that butyl rubber gloves reduced two-handed dexterity by between 35 to 40%, and
single-handed dexterity by 30% resulting in a significant reduction in the performance of a
range of non-medical military skills. Similarly, Bensel'®’, reported the negative impact of
high-gauge gloves on dexterity and sensation in comparison to lower-gauge gloves. As a
consequence of these studies butyl rubber gloves have been replaced by narrower gauge

tactile preserving gloves in a number of subsequent CBRN-PPE based research studies.®
178 179
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The impact of loss of dexterity associated with a higher-gauge of glove is an important factor
when wearing NHS CBRN-PPE. The NHS CBRN-PPE incorporates gloves with a 0.9mm
gauge at the fingertips that are integral to the PPE (Appendix 1), thus preventing clinicians
from electing to wear narrower gauge gloves.?# Furthermore, as the gloves are integral to
the PPE, a ‘one size fits all’ policy had to be adopted which means gloves are quite often
poorly fitting further reducing finger-thumb dexterity and sensation.'®

The impact of respirators on skill performance is multi-factorial, with studies demonstrating

1% affect hand-eye co-ordination '®’, and impair the ability

2082 190

that respirator visors can mist-up

to communicate. '®° These issues are well known to the military and are further

supported by a number of studies that did not meet the criteria for the literature review.'”® 9"

193

Although two studies identified during this literature review used the NHS CBRN-PPE none
of the studies looked at clinical skill performance whilst wearing the NHS CBRN-PPE. For
example, while Al-Damouk and Bleetman 2 observed NHS clinicians performing
decontamination procedures noting similar issues with poor communication, restricted
movement and visual difficulties they did not observe the performance of any clinical skills.
Therefore this study was excluded from the literature review. A second example where NHS
CBRN-PPE has been reported in the literature occurred in a case report by Stacey et al '*°
which demonstrated that resuscitation-based skills were complicated by wearing CBRN-
PPE. This case study fails to identify what skills were attempted with the patient having been
intubated, prior to arrival in hospital, by paramedics wearing standard ambulance uniform.
Although Stacey et al'®, failed to state the make and type of CBRN-PPE used during the
treatment of their patient, the description they give appears to resembles the NHS CBRN-
PPE and for this reason this case study was incorporated into the literature review. Attempts
to contact the lead author for this study were unsuccessful. Overall, the absence of data
regarding the impact of NHS CBRN-PPE on the performance of a range of clinical skills

demonstrates that this remains an important unanswered area of research.

2.5 Can clinicians learn to adapt skills whilst wearing CBRN-PPE?

King and Frelin'”® demonstrated a generic learning effect occurring across a range of basic
medical skills, when these skills were performed over a six day period by medically trained
soldiers wearing CBRN-PPE butyl rubber gloves, low-gauge gloves that preserve fine motor
skills or no gloves. Improvement occurred independent of the gauge of gloves worn,
although CBRN-PPE gloves continued to have a negative impact on skill performance.
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Flaishon et al '®® similarly noted a learning effect, reporting that novices became faster at
laryngeal mask airway (LMA) insertion and faster at securing the LMA in situ with repetition.
However, the noted learning effect was specific to the individual, occurring between the third
and seventh repetition with no obvious plateau in learning detected.

Although the performance of novice clinicians improved with practice, Flaishon et al'® ¢

noted that experienced clinicians were still able to complete all skills more rapidly, thus
demonstrating that prior experience of performing a skill is also an important factor when
determining the effect of wearing CBRN-PPE. In non-CBRN studies the rate at which
clinicians learn to perform different skills (i.e. the learning effect) varies'*'%, with different
professional groups appearing to require different levels of exposure to achieve competence
in performing interventions such as intubation.'**2% These finding raises a number of
questions such as ‘is there a point at which no further improvement is made?’ and ‘is there
an inter-professional difference when performing similar skills whilst wearing CBRN-PPE?

2.6 Vascular access and drug administration

The treatment of CBRN casualties may include the administration of a limited number of
antidotes.*®** To date seven studies'®’ '8 189204208 haye evaluated the impact of CBRN-PPE

on obtaining intravascular access or techniques for drug administration.

2.6.1 Drug administration via the intramuscular, intravenous or intraosseous route
whilst wearing CBRN-PPE

MacDonald et al®® compared subcutaneous injection with intravenous cannulation (Table 3)
and reported that subcutaneous drug administration was on average 133 seconds faster to
complete than intravenous cannulation. More specifically, MacDonald et al®® estimated that
CBRN-PPE slowed skill performance by 30%. These findings differed from those reported by
King and Frelin'”® who estimated it took 53% longer to complete a skill whilst wearing CBRN-
PPE. However, this is reflective of varying levels of proficiency between the clinicians

recruited into the different studies as well as the different studies assessing different skills.

Accepting that subcutaneous drugs are absorbed slower than intramuscular drugs, the
process of administering drugs via either route is the same. Therefore for the purpose of this
thesis the timings reported by MacDonald et al®®, for subcutaneous drug administration,

have been used as a surrogate for intramuscular injection.
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Rebmann et al®® evaluated three different techniques for administering intramuscular drugs
(Table 3), noting that a dual drug CBRN auto-injector was the fastest device. The CBRN
auto-injector is a spring-loaded syringe that delivers a fixed dose of antidote (typically for
nerve gas exposure).”* The authors postulated that the dual drug auto-injector would allow
the treatment of four times more casualties per hour compared with the needle and syringe
technique. This prediction is based on simply doubling the time required to administer a
single drug via a needle/syringe, and is both simplistic and unrealistic as it fails to consider
numerous confounding variables such as fatigue or the development of a learning effect.

Participants in the study by Rebmann et al ?® all had varying levels of experience using the
auto-injectors but were all experienced at using the needle/syringe technique, thus
introducing a bias in favour of the needle/syringe group. Despite recruiting 56 participants a
maximum of 10 participants were allocated to each arm of the study with participants only
performing a skill once while either wearing a normal uniform or CBRN-PPE. The use of a
RCT crossover design would have improved this study by increasing the number of
participants per study arm (with 56 participants per arm instead of 9-10) and would have
controlled for the varying experiences of the participants by allowing each participant to act
as his/her own control. Despite a number of design flaws, the Rebmann et al 2*° study
reaffirms that CBRN auto-injectors are easy to use and appears to offer clear benefits over
the needle/syringe technique.

Direct comparison between the studies undertaken by MacDonald et al®®*

, referenced at the
beginning of this section, and Rebmann et al*® is not meaningful because of variation in the
research design, a commonly encountered problem when reviewing CBRN-PPE research.
These differences can be highlighted by examining the needle and syringe data. McDonald
et al ** reported skill completion took 87 seconds (95% Cl 78-96 seconds) compared to
Rebmann et al ?®® who reported a shorter completion time of 31.2 seconds (SD 7.6
seconds). The difference is due to MacDonald et al ?** incorporating time to clean the skin
prior to drug administration. The times reported by Rebmann et al ®* are therefore more
reflective of a clinical response to an emergency, but the difference in skill completion times
due to performing an ancillary skill (skin cleaning) demonstrates the impact that varying

research designs can have on results.
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Table 3:

Intramuscular administered drug whilst wearing CBRN-PPE

Author

Mean time (seconds)

95% confidence
interval (seconds)

Comments

MacDonald et
a|204

No PPE IV access 158
PPE IV access 220

No PPE SQ 60
PPE SQ 87
p-value <0.01

140-176
193-247

54-66
78-96
p-value <0.01

Skin preparation time included in the drug administration
technique.

SQ drug administration was 2.5 times faster than IV access. For
the purpose of this thesis the times reported for completion
(subcutaneous drug administration) have been used as a
surrogate for intramuscular drug administration.

Author Mean time (seconds) Standard deviation | Comments
Rebmann et Single injector 16.9 8.7 (range 5-41) No skin preparation time included in the drug administration
al® (two drugs in 1) technique.

Dual-injector 27.1 (two
separate cartridges for
drug administration)
Needle/syringe 31.2

All p-values <0.05

6.9 (range 13-43)

7.6 (range 18-51)

Only times whilst wearing CBRN-PPE were reported.

Only a single drug administered in the needle & syringe arm of the
study.

All skill performed with participants wearing American Military CBRN-PPE and in both studies respirator had a bi-focal visor.
SQ = subcutaneous, IV = Intravenous, PPE = Personal Protective Equipment.
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Five studies (Table 4) have investigated the impact of CBRN-PPE on obtaining intracsseous
or intravenous access. Completion times vary across these studies due to variations in study
design, which includes the inclusion or exclusion of ancillary skills (e.g. skin cleaning).

However, the different types of intraosseous device are also possible confounding variables.

Ben-Abraham et al '®” observed the impact of CBRN-PPE on intraosseous placement by
recruiting twenty doctors into an RCT, and instructing them to gain intraosseous access,
using the bone injection gun (BIG), whilst wearing CBRN-PPE or military uniform. The
authors noted that CBRN-PPE slowed intraosseous insertion by 10 seconds (22 seconds vs.
32 seconds; p-value <0.05). Failure was defined as incorrect placement or the skill taking
longer than 45-seconds to complete. Failure rate (on first attempt) occurred once in the non-
CBRN-PPE group and twice in the CBRN-PPE group, however, the reason for skill failure
was not stated in the results. All of the insertions were successful by the second attempt and
ancillary skills were excluded.

Within this study, the CBRN-PPE was noted to affect skill completion due to the loss of
dexterity associated with wearing butyl rubber gloves and loss of hand-eye coordination
secondary to visual disturbances associated with the respirator’s visor. Ben-Abraham et al'®’
estimated that wearing CBRN-PPE increased the time to secure intraosseous by 50%

despite this, the resulting 10 second difference is not clinically significant.

172 I 206

Utilising a convenience sample of participants "*“ attending CBRN training, Vardi et a
calculated the effectiveness of drugs administered via the intraosseous route, using the BIG,
compared with the intramuscular route during simulated CBRN emergencies (Table 4). All
participants wore CBRN-PPE and there was no non-CBRN PPE control. The intended
purpose of the study was to monitor time to complete either skill, and to compare the speed

of predicted onset of therapeutic benefit of drugs administered via the two different routes.
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Table 4:

Intravascular access whilst wearing CBRN-PPE

Author Intraosseous (mean IV (mean presented Ancillary Comments
presented in seconds in seconds) skills
unless stated
otherwise)
Ben- No PPE 22 +/- 2 (SD) Not included No IO device = BIG. Twenty doctors who had NO previous experience of
Abraham et PPE 32 +/- 3 (SD) performing intraosseous access. The report of 20% 1° time failure rate
al'® p-value < 0.05 is higher than similar studies using the EZ-10 intraosseous device. The
authors noted that loss of finger/thumb dexterity and impaired vision
1% time success = 80% impacted on the use of the BIG.
Suyama et Needle to skin time Needle to skin time Yes IO device used = EZ-IO. Ancillary skill times were reported separately
al’ No PPE 12.8 No PPE 36.28 with their own associated 95% ClI reported and was not included in the
(95% Cl 11.3-13.13.3)  (95% CI 30.3-42.3) time required to complete vascular access. Needle to skin time
Range 6.6-19.10 Range 24.3-88.1 equates to picking-up and preparing the device.
PPE 14.03 (95% Cl PPE 45.65 (95% Cl Vascular access time equates to needle to skin time PLUS time to
12.5-15.5) Range 9.2-  40.1-52.5) Range place the 10/1V device into the manikin.
22.8 27.1-82.30
Skill completion Skill completion
PPE 52.76 PPE 104.64
MacDonald Not included No PPE 158 (95% ClI Yes CBRN-PPE appears to add approximately 60 seconds to intravenous
et al®® 140-176)* cannulation.
PPE 220 (95% CI 193-
247)*
*p <0.01
Lamhautel No PPE 50 (SD +/- 9) No PPE 70 (SD +/- 30) Yes IO device used = EZ-10. Author states ‘no complications were noted’,
al®’ 1% success rate = implying no failed insertions. This finding was confirmed following an

100%

PPE 65 (SD +/- 17)
1% success rate =
100%

PPE 104 (SD +/- 30)

email from the lead author.

The times reported by Lamhaut el al for skill completion (PPE 104 (SD
+/- 30) times directly reflect the total skill completion times reported by
Suyama et al (PPE 104.64).
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Time-saved by using 10 instead of IV when wearing no CBRN-PPE 20
(+/-24 p <0.001).

Time-saved by using 10 instead of IV wearing CBRN-PPE 39 (+/-20 p
<0.001).

Berkenstadt Times not reported
et al'®

Not included Yes

IO device used = BIG. No times reported — authors state gloves were
the main limiting factor.

Vardi et Mean 207 (SD 106)
al*®® seconds — range 1-9
minutes

1 time success rate
89%

p-value = <0.001

64 recruits —
Unbalanced as quasi
randomisation used
based on days of week
= 3 for IO group 2 days
for IM group.

Mean 590 (SD 54) seconds. Range
not stated but all but 1 simulation
took longer than 10 minutes to
complete.

p-value = <0.001

IO device used = BIG. IO group had an estimated survival of 74%
compared to 3.3% in the intramuscular group. Survival benefit was
unaffected by age of simulated patient (p-value 0.74) or
training/seniority of the treating doctor (p-value 0.64).

Predicted survival is based on how long seizure activity is known to last
following the administration of intravenous verses intramuscular drugs.

10 = intraosseous, IV = intravenous, PPE = Personal Protective Equipment, IQR = Interquartile range, SD = Standard Deviation.
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Based on published data regarding the response rates for controlling seizures with
intravenous or intramuscular benzodiazepines 2°¢?%°, Vardi et al ?°® estimated a 74% survival
rate for drugs administered via the intraosseous route compared to a 3.3% survival rate for
the same drugs administered via the intramuscular route. It is notable that the onset of
therapeutic benefit of drugs administrated via the intraosseous route is equivalent to

intravenous drug administration.?'? 2"

Whilst the timing for termination of seizures used by Vardi et al ?*® are based a non-CBRN
population the results reflect the time to control seizures following exposure to CBRN agents

in animal-based studies. Eisenkraft et al '

reported faster control of seizures in piglets
poisoned by organophosphates when midazolam was administered via the intraosseous
route compared with intramuscular midazolam. This was due to higher plasma levels of
midazolam following intraosseous administration (peak plasma level of 717 ng/ml at 2
minutes) compared to intramuscular midazolam (550 ng/ml at 70 minutes). Similar clinical
benefit has been reported following intraosseous administration of atropine, pralidoxime and

hydroxocobalamin 2'* during the treatment of acute poisoning.

An important limitation of animal studies is whether the results can be applied to human
subjects. Use of animal models is inevitable, given the ethical objections of deliberately
administering toxins to human volunteers. The results reported by Eisenkraft et al ?'2 are
representative of a literature review by Towne and DeLorenzo®'* who looked at the use of
intramuscular midazolam to control seizures in human subjects. Furthermore, separate
studies by Grob '® and Ketchum et al ?'® have confirmed, in human volunteers, that patients
will respond more quickly to intravenous atropine than intramuscular atropine. Therefore

whilst intramuscular drug administration is faster to complete 2**

, it is slower at reversing the
effects of poisoning since the speed of skill completion does not reflect the onset of

therapeutic benefit, as outlined in Table 5.
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Table 5: Predicted onset of therapeutic action of drugs administered via the

intramuscular or intravenous route.

Time to intramuscular drug administered 78-96 seconds (95% CI) resulting in time to therapeutic
levels of benzodiazepine = 600 seconds following intramuscular injection.

Therefore by combining 78 seconds with 600 seconds the minimum time to onset of therapeutic
action following an intramuscular injection would_be 678 seconds (>11 minutes) from start of
procedure (e.g. picking-up syringe).

Time to intravenous access obtained 193-247 seconds (95% CI). Time to therapeutic levels of
benzodiazepine 200 seconds following intravenous injection.

Therefore by combining 193 seconds to 100 seconds the minimum time to onset of therapeutic
action following an intravenous injection would_be 293 seconds (<5 minutes) from start of

procedure.

Therefore intravenous, and therefore by extrapolation intraosseous, drugs would achieve
therapeutic levels at least 6 minutes faster than the same drug administered intramuscularly.

204 212

and Eisenkraft et al.

Data based on timings presented by MacDonald et al

However, as earlier stated drug administration is faster via a CBRN auto-injector when
compared to the use of a needle and syringe technique. Furthermore, absorption of drugs
administered via the CBRN auto-injector is also faster than when drugs are administration
via a needle and syringe.?'"2'® Conversely, not all drugs used to treat poisoning are suitable

102 220 221

for intramuscular injection , Whereas, any drug administered via the intramuscular

route is affected by tissue perfusion which is prolonged during shock.'*? 2?2223
Despite these issues the CBRN auto-injectors still have a role when responding to a mass

CBRN casualty incident or for self-treatment following rescuer contamination.?®® This is due

68 102 190 68 74

to their ease of use and fixed dosing schedule contained within the auto-injector.
Therefore if intramuscular drugs are to be used to deliver antidotes, a special designed auto-
injector should be selected, especially, as these devices continue to be developed and

refined.

[ 186 [ 207

Suyama et al "*® and Lamhaut el al = compared intraosseous access using the EZ-10 drill
against intravenous cannulation. Any study comparing intravenous cannulation with
intraosseous access will by default favour intravenous cannulation which is performed more
frequently than intraosseous access.? This is an impossible bias to avoid and should be

considered when reviewing the results. Lamhaut el al utilised an RCT, whereas Suyama et
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al ' utilised a quasi-experimental design based on a case control study. Both studies
incorporated a non-CBRN-PPE control arm but neither study presented a power calculation
in the method section of their papers. Nevertheless but both papers appear adequately
powered (Appendix 1).

Participants in the study by Suyama et al %

initially performed intraosseous access or the
placement of an intravenous cannula whilst wearing normal clothing, then whilst wearing
CBRN-PPE and finally with both the participant and the manikin wearing CBRN-PPE. The
study design did not control for the development of either a learning effect or fatigue.
Moreover the recruitment of qualified and student paramedics introduces the risk of varying
clinical expertise, which may account for the outliers in the intravenous group (minimum
24.30 vs. Maximum 88.10). However, by reporting times for skill completion at various
stages of the intraosseous and intravenous process, this study allows the reader to monitor

the impact of CBRN-PPE on different aspects of intravascular access.

[ 186 [ 207

Comparison of Suyama et al " with Lamhaut el al <" is complicated by the fact that different

methodologies were used by the research teams, but by combining the reported mean times

from Suyama et al '®

207
al %

and comparing these to the completion times reported by Lamhaut et

, we observe that intravenous cannulation time is similar in both studies (104 + 30s vs.
104.6s) with a 13 seconds difference (52.76 vs. 65) in the intraosseous group. Lamhaut et al
7 also estimated a timesaving of 20 + 24 seconds when using the EZ-10 drill, and by
calculating the differences between the intravenous and intraosseous arms reported by

| 186

Suyama et al "*°, a maximum timesaving of 50 seconds is noted, reflecting the upper limit of

timesaving identified by Lamhaut el al.?*’

A factor not considered in the research of these two studies is the complexity of obtaining

226 which can take between 2.5-

intravenous access when treating clinically shocked patient
13 2 minutes extending to upwards of 30 minutes in patients with difficult vascular
access.”’ Such failed and prolonged intravenous access attempts delay drug
administration. #'°2?® Similar issues are not noted with the intraosseous route, as drugs are
injected into the bone marrow cavity, which does not collapse during circulatory failure. #°2%°
Therefore the speed of intraosseous access coupled with the ease of obtaining vascular

access, makes it the ideal route for the administration of drugs whilst wearing CBRN-PPE.

The optimal intraosseous device for use during a CBRN incident remains unknown. To date,
only the BIG ' 2 and the EZ-10 '"* % have been evaluated for use in the context of a
CBRN incident. One consideration favouring the use of the EZ-10 drill is that the reported

| 87189 and safely issues that occurred when using the BIG '®” 2% have not occurred
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with the EZ-10."% 2% Moreover, in non-CBRN studies the EZ-1O has proven to be the
superior device. #'2% The issue of whether any particular intraosseous device is superior to
another following a CBRN incident remains unsettled given the lack of a data comparing the
use of various makes of intraosseous device whilst wearing CBRN-PPE.

2.7 Airway management whilst wearing CBRN-PPE

Following exposure to a CBRN agent, a common mode of death is airway obstruction, with
respiratory failure leading to hypoxia and ultimately cardiopulmonary arrest "2, therefore
early airway management is a clinical priority.? *2*® Five studies (Table 6) have assessed
the impact of CBRN-PPE on different airway techniques. Direct comparison between these
studies is hampered, however, by the mixture of human, animal and manikin-based

simulations that have been used in the different studies.

MacDonald et al 2*

observed the impact of CBRN-PPE on intubation in a manikin-based
RCT, incorporating all aspects of the intubation process, including preparation of intubation
equipment and confirmation of correct endotracheal tube (ETT) placement. The authors
reported that CBRN-PPE had no effect on intubation. However, the CBRN-PPE intubation
times exceeded 60 seconds (95% Cl 65-93 seconds), which in the case of a hypoxic patient
represents a clinically significant extended period of apnoea that will result in worsening
hypoxemia.?®2%°

The intubation times reported by MacDonald et al ?** are the slowest of the intubation-based
studies (Table 6). This is probably due to their study design as, unlike other CBRN intubation
studies'® "% MacDonald et al *** incorporated the time required to prepare intubation
equipment and the time required to confirm ETT placement in their overall intubation
performance parameters. These aspects of the intubation process were excluded by other
studies.®® '®® As a consequence, the MacDonald et al ?** study is likely to be more
representative of the time required to perform intubation whilst wearing CBRN-PPE than

other studies. The findings reported by MacDonald et al 2°*

are not directly applicable to UK
CBRN intubation practice as ETT placement was confirmed using a stethoscope, which is
not feasible whilst wearing NHS CBRN-PPE due to its fully encapsulating design (Appendix

240 241
t

1). Furthermore, all participants used an intubating style which is infrequently used in

the UK as UK intubation guidelines #*°2* favour the gum elastic bougie (bougie).
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Table 6:

Airway interventions whilst wearing CBRN-PPE: Laryngeal mask airway and intubation

Author Laryngeal mask airway — Time in  Intubation — Time in seconds Comments

seconds
Goldik et Anaesthetists (CBRN-PPE) Anaesthetists (CBRN-PPE) No control group. Skills only performed whilst wearing CBRN-PPE.
al'® Mean 3.6 ( SD+/-1.2) Mean 25.3 (SD+/-10.1)p P-values reported for the differences between intubation and LMA

Median 3 <0.0001 insertion.

Failure 0% Median 26

Failure 35%

Non-anaesthetists (CBRN-PPE) Non-anaesthetists (CBRN-PPE)

Mean 3.7 ( SD+/- 0.8) Mean 32 ( SD+/- 10.3) p <0.0001

Median 3 Median 32

Failure 0% Failure 55%
Flaishon et Anaesthetists Anaesthetists Time difference between LMA insertions in/out of CBRN-PPE not
al'® CBRN-PPE mean 44 (SD +/- 20) CBRN-PPE mean 54 (SD +/- 24)  significant.

No PPE mean 39 (SD +/- 11) No PPE mean 31 (SD +/- 7)
Flaishon et Anaesthetists Not included Anaesthetist 100% first attempt success compared to 55% first
al'® CBRN-PPE mean 40 (SD +/- 12) attempt success by non-anaesthetists. Novice group demonstrated

Failed attempts 0 rapid improvement, achieving the same performance as anaesthetists

No PPE mean 39 (SD +/- 14) with between 4 and 7 attempts.

Failed attempts 0

Non-anaesthetists

CBRN-PPE mean 102 (SD +/- 40)

p-0.0001

Failed attempts 17

No PPE  mean 64 (SD +/- 40)

Failed attempts 6
MacDonald Not included No PPE 69 (95% CI 55-83) Confirmation of ET-tube placement by stethoscope not transferable to
et al®® CBRN PPE 79 (95% Cl 65-93) NHS CBRN-PPE.
Cuffed Oropharyngeal airway (COPA)
Ben- No PPE Mean 28 (+/- 10) Twice as slow to insert whilst wearing CBRN-PPE.
Abraham'® 100% 1° time insertion success

This airway device is not widely used in the UK.
CBRN-PPE 56 (+/- 34)

84% 1% time insertion success
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The use of an intubating aid (stylet) to support intubation in the MacDonald et al 2** study is
also a key difference in research design as compared to other CBRN-PPE intubation
studies.'® '® The only other CBRN-PPE based intubation study to incorporate an intubating
aid was Garner et al > who allowed the use of either a stylet or a bougie. Neither study
elected to evaluate the benefit of using an intubation aid whilst wearing CBRN-PPE. Despite
this oversight the use of intubating aids is an interesting aspect of the intubation process that
to date has not been fully evaluated in CBRN-PPE research.

The stylet and the bougie are both established intubation aids (lllustration 5) 24224224 pyt the
two devices differ in design and how they are used. The stylet resembles a pipe cleaner that
is inserted into the ETT to shape it into the ideal intubating shape, similar to a hockey stick,
thereby improving intubation success.?*® The bougie, in contrast, is a long flexible tube that
is placed into the trachea and the ETT is then inserted along its length into the trachea. 2*02*2
%5 The bougie can also be inserted into the ETT with the tip protruding through the end to
guide the ETT into the trachea.?*® The use of intubation aids to improve intubation success

I 242

during a difficult intubation reflects national 2** and international guidelines.?** 2*® Currently

there are no guidelines informing clinicians how best to attempt intubation whilst wearing
CBRN-PPE.

Goldik et al '®® and Flaishon et al '®® compared intubation against LMA insertion in a

crossover RCT. Goldik et al °®

[ 168

recruited anaesthetic trainees and airway novices, whereas
Flaishon et a only recruited anaesthetic trainees. Anaesthetists in both studies had
between two-to-five years’ experience, thus ensuring a good level of intubation skill. Neither
study employed a power calculation but both studies were adequately powered (Appendix

2).

The absence of a non-CBRN-PPE control arm in Goldik et al ®

weakens their results by
preventing a comparison of the impact of CBRN-PPE on skill performance. This is an
unfortunate over-sight as LMA insertion is already known to be faster than intubation and
has a higher success rate.?®?*” However, their methodology did facilitate an assessment of
the impact of experience on skill performance as anaesthetists were faster than the non-

anaesthetists.
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lllustration 5:  Stylet and bougie

- Bougie is either placed into the trachea or
Stylet placed into an endotracheal tube to . :
y:e'p placed into the endotracheal tube with the

facilitate shaping the tube to facilitate : : . o
: : tip protruding to allow manipulation into
intubation.

the trachea

Gum Elastic Bougie loaded om an ETT

53



Direct comparison of the two studies is difficult as Flaishon et al ' recruited human
volunteers, whereas Goldik et al '® used Maccacca Fasciclaris, arguing that the airways of
simians and human are similar. Goldik et al'® reported the highest intubation failure rate,
affecting both anaesthetists and novices, of any CBRN intubation-based study.'®® 192204248
The selection of simians is potentially the cause of this disparity as, in an attempt to prevent
individual animal variability a weight range of 3.5 to 4kg was set; this resulted in an
intubation technique more reflective of paediatric intubation than adult intubation and thus

introduced a variation in skill difficulty between the different studies.

Flaishon et al '®® also undertook an LMA-only study using human volunteers. This study
compared anaesthetists (two-to-five year's anaesthetics experience) with trainee surgeons
(manikin-based training) and novices (limited training) in a crossover RCT. This study was
designed to observe the impact of CBRN-PPE on LMA placement and determine whether
experience influenced the rate of skill completion. The anaesthetists were the fastest at LMA
insertion, recording a 100% first-time success rate. The surgical trainees demonstrated a
mean LMA insertion time which was slower than endotracheal intubation performed by

anaesthetists wearing CBRN-PPE, as previously observed by Flaishon et al.’®

The slow insertion speed of the LMA by non-anaesthetists resulted in a statistically
significant (p-value 0.005) reduction in measured oxygen levels in comparison to when the
LMA was inserted by anaesthetists. The drop in measured oxygen levels was most
noticeable in the novice group, resulting in a single episode where the measured oxygen
levels dropped below the safety point of 92%. This is an important observation, as despite all
patients undergoing pre-oxygenation 2*, a process that would be suboptimal following
exposure to a chemical agent '*2*°, transient drops in measured oxygen-levels were still
detected. Considering that LMA insertion, or other supraglottic airways, are increasingly
recommended for use during airway emergencies by non-anaesthetists®® the impact of
CBRN-PPE on LMA insertion by non-anaesthetists is an interesting observation. Especially,
when, considering, as noted above, that Flaishon et al *®® had previously demonstrated that
anaesthetists could insert an ETT faster than non-anaesthetist can insert a LMA when both
groups were wearing CBRN-PPE.

As well as intubation and LMA insertion the cuffed oropharyngeal airway (COPA), has been
evaluated in a crossover RCT that recruited human volunteers (Table 6).'® Noting that the
COPA was slower to insert than they had previously noted with the LMA."% '®° The results of
this study have limited applicability to the UK as the COPA is not widely used in UK.
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2.7.1 Securing the endotracheal tube in situ post-intubation

The final aspect of airway management is to secure the LMA or ETT in situ, thus minimising
the risk of ETT accidental extubation or migration of the ETT into the right bronchus.??® Four
studies ' 691820 have monitored the impact of CBRN-PPE on ‘tying-in’ either an ETT or
LMA in their findings (Table 7). Berkenstadt et al '®® observed, during simulation-training,
that securing the ETT in situ prolonged overall skill completion, with all studies?® 168 169185189
concluding that securing an ETT/LMA in situ was time-consuming and identified the loss of
dexterity due to wearing butyl gloves as the main reason. Flaishon et al '®, did, however,
noted that pre-enrolment experience improved the time to secure an ETT in situ, and that

[ 250

novices improved with skill repetition. However, with the exception of Luria et al <*, none of

these studies describe the tying-in technique used, thus preventing inter-study comparisons.

Luria et al ®° evaluated four different techniques for securing an ETT in situ using a
crossover RCT supported by qualitative data. Three of the techniques evaluated involved
commercially available securing devices, whereas the ‘Israeli technique’ was an elaborate
technique for tying in an ETT using a cotton tie. Each participant completed each of the
securing techniques five times, but only the final time for each participant was reported. This
study demonstrated that the Thomas™ Tube Holder was the superior device with regards to
speed of application and the degree of security of holding the ETT in situ. The lead author
was contacted (via email) to see if the original datum was still available or if the authors had
considered monitoring for a learning effect. Regrettably, the data were no longer available
and so it is not possible to compare the authors findings with Flaishon et al **° to confirm or
refute the presence of the learning effect.
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Table 7:

Securing airway devices in situ whilst wearing CBRN-PPE

Author Results Comments
Flaishon et  Anaesthetic trainees No PPE 0.9 minutes (SD +/- 0.1 minute) Technique not described.
al'® CBRN-PPE 2.3 minutes (SD +/- 0.6 minutes) p-value <0.001
Flaishon et  Anaesthetic trainees No PPE 23 seconds (SD +/- 7) Technique not described.
al'® CBRN-PPE 39 seconds (SD +/- 9) p-value <0.01 Novices improved with practice
reaching similar performance
Surgical trainees No PPE 37 seconds (SD +/- 13) as surgical trainees between
CBRN-PPE 57 seconds (SD +/- 13) p-value <0.01 the 4™ and 6" attempt.
Airway novices No PPE 55 seconds (SD +/- 28)
CBRN-PPE 82 seconds (SD +/- 27) p-value <0.01
Luria et al®™ NO PPE This is the only study that
Bite block (VBM) 27.1 sec (SD +/- 6.0) quality of securing 3.2* (SD +/- 0.4) compared quality of securing
Elastic band 30.0 sec (SD +/- 11.5) quality of securing 2.9* (SD +/- 0.6) an ETT in situ obtained with
Thomas™ Tube Holder  21.9 sec (SD +/- 4.0) quality of securing 4.9* (SD +/- 0.1) evaluated techniques as part of
Israeli (technique) 81.0 sec (SD +/- 17.5) quality of securing 4.6 (SD +/- 0.7) its results.
PPE *Securing quality and ease of
Bite block (VBM) 39.9 sec (SD +/- 124), quallty of SeCUfing 3.3* (SD +/- 07) and |earning to use is based on a
ease of learning to use 3.1 score of 1 (poor) to 5 (best).
Elastic band 36.6 sec (SD +/- 14.4), quality of securing 2.9* (SD +/- 0.5) and
ease of learning to use 2.4
Thomas™ Tube Holder  26.6 sec (SD +/- 6.5), quality of securing 4.9* (SD +/- 0.1) and ease
of learning to use 5
Israeli (technique) 97.7 sec (SD +/- 21.8), quality of securing 4.6* (SD +/- 0.3) ease of
learning to use 1.7
Ben- Anaesthetic trainees No PPE 19 (SD 14) seconds p-value <0.05 Technique not described.
Al1)8r5aham et CBRN-PPE 34 (SD 16) seconds p-value <0.05
al
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2.8 Patient simulators and environmental factors

The studies in this literature review have used various simulators as surrogates for CBRN
casualties, including human volunteers undergoing anaesthesia during routine surgery,
simians, intraosseous training bones, turkey legs (for intraosseous use), intravenous
cannulation pads, and different models of manikins. This wide variation of simulated
casualties impairs our ability to make comparisons between the different studies, as the
variation in simulated casualties introduces an independent variable that could potentially
change the outcome of the studies.

2.8.1 The potential impact of patient simulators

Human studies are considered the gold standard when evaluating clinical skills as they
confer a high degree of external validity and the findings can be extended to the general

population. Three studies have recruited human volunteers'®® 169 18°

, allowing for the
monitoring of patient-specific variables such as the development of hypoxia '*, and thus
strengthening the validity of the data. Due to safety constraints, these human-based studies
lack consistency as each skill has to be performed on a different volunteer. The variation of
volunteers prevents the performance of each skill, such as intubation, from being truly
identical as each volunteer will be different. Furthermore, none of these human-based
studies controlled for volunteer height, body mass index or gender, resulting in participants

being exposed to a wide range of patients types (Table 8).

This variation in human volunteers and the potential impact it can have on data validity can
be demonstrated by looking at the recruitment protocol used by Flaishon et al.'® For safety
reasons, Flaishon et al '®® excluded any patient who was deemed as being difficult to
intubate. This assessment was based on the modified Mallampati score %', which assesses
potential intubation difficulty based on a number of patient physical characteristics and
allocates a score between zero (very easy) to four (difficult). Flaishon et al '® excluded all
patients with modified a Mallampati score of four. Whilst this approach ensured the safety of
the volunteers, it added a volunteer-specific variable as it was not possible to ensure that
each participant intubated a patient with the same Mallampati score. Therefore the resulting
study design allowed that a participant could be expected to intubate a 42kg female with a
Mallampati score of 0, whilst wearing standard theatre clothing, before repeating the same
skill on a 105kg male with a Mallampati score of three whilst wearing CBRN-PPE (Table 8).
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Goldik et al '®® minimised the impact of their surrogate patients by selecting Maccacca
Fasciclaris, stating that simians have similar airway anatomy to humans. They reported the
highest failed intubation rate of any CBRN-PPE intubation study and as discussed in section
2.7 this is potentially due to the size of the simians, which ranged only from 3.5 to 4.5 kg,
resulting in an intubation attempt more representative of paediatric intubation.

Table 8: Total number of volunteers per study
Author Participants Number of volunteers
Flaishon et al'* Anaesthetic trainees n = 15 n = 60. There are 4 arms to the study:

intubation in/out of CBRN-PPE and LMA

34 male and 26 females. Average in/out of CBRN-PPE.
weight 74kg (range 42-105kQ)

Flaishon et al™® Anaesthetic trainees n = 20 n=40
Surgical trainees n = 22 n=44
Novices n = 6 n = 57 (assessment of learning effect)

60 male and 81 female. Average
weight 72kg (range 48-98)

185

Ben-Abraham et el Anaesthetic trainees n = 12 n=24

I 166 [ 168 169 |204

In contrast to Goldik et a and Flaishon et a , MacDonald et al*** and Berkenstadt et

al '® used intubation manikins. Berkenstadt et al '®°

also used questionnaires to
demonstrate the effectiveness of manikins for CBRN training. Whilst human-based studies
provide optimal external validity and allow for the measurement of patient-specific data, the
need to ensure patient safety simultaneously introduces patient-to-patient variability, thus
reducing internal validity. These issues do not occur with manikin-based research as each
participant is presented with the same manikin, which successfully isolates the simulated

patient as a variable and thereby increases internal validity.'”

2.8.2 The role of verisimilitude during data collection and training

Taylor and Orlansky %, in their literature review of military CBRN training, highlight the
importance of realism during CBRN simulation. However, to date only studies by Vardi et al
206 Berkenstadt et al '®° and Rissanen et al ®2 have performed data collection outside of a
controlled environment. Vardi et al °® and Berkenstadt et al '® research involved simulation-

training and did not include any randomisation with all participants being exposed to the
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same environment. Whereas, Rissanen et al > randomised their participants to different
environments, based on ambient temperature, noting that cold further impacted skill
performance whilst wearing CBRN-PPE. Despite the study by Rissanen et al *** being
excluded from this literature review, due to methodological flaws (Appendix 2), it serves to
highlight the potential impact of environmental factors on skill completion.

Therefore, with the notable exception of Rissanen et al 2, none of the CBRN-PPE studies
identified in this literature review have considered the impact of realism on their data
collection. Realism is potentially a key factor in skill performance, particularly when
considering environmental factors such as patient position or ambient light. This lack of
realism could affect the validity of results, as emergencies do not occur under control
conditions and skills that are successfully performed in optimal conditions typically have

higher failure rates when performed in the real world.?>*2%

Medical education based simulation, has drawn heavily on the development of simulation in
the aviation industry, where pilots are expected to demonstrate key responses to a host of
emergencies, typically performed in complex flight simulators.®®” As a consequence, the key
aim of simulation-training is to recreate, as realistically as possible, the situations in which
clinicians are expected to provide care.”® However, there will always be limitations to the
degree of realism that can be generated during a simulation, as the need to ensure student
safety is paramount. Nevertheless as highlighted by Taylor and Orlansky®, the provision of
realistic training is the cornerstone of ensuring an effective CBRN response.

2.9 Addressing the gap in our knowledge regarding skill performance whilst
wearing the NHS CBRN-PPE?

2 156

Only two papers were identified that incorporated NHS CBRN-PPE in their methodology
, however, despite the lack of studies looking at the NHS CBRN-PPE, a number of issues
were identified from the literature search that is pertinent to skill performance whilst wearing
the NHS CBRN-PPE. The nine Papers presented in this thesis attempt to address these

issues as well as identifying future avenues of research enquiry.

Paper 1 addresses the impact of the NHS CBRN-PPE on the ability to perform low-dexterity
and high-dexterity skills. Additionally the paper investigates whether there is any benefit from
having previously worn NHS CBRN-PPE during familiarisation training, the influence of
professional background, and the impact of skill repetition. Similarly, Papers 3 and 4 also
address the impact of the different skill levels of different professional groups and the impact
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of skill repetition. Participants’ perceptions of the importance of training and skill repetition
were highlighted during face-to-face interviews reported in Paper 5 and 6.

Paper 2 evaluates the impact of CBRN-PPE on securing an ETT in situ by comparing the
hospitals established approach of tying-in an ETT with the Thomas™ Tube Holder. Paper 2
also utilises face-to-face interviews to gain a better understanding of the difficulties that
participants experience whilst attempting to use either device.

Paper 3 addresses the impact of patient position on airway management, with Paper 7
expanding on Paper 3 findings by attempting to identify the optimal ‘on floor’ intubating
position. Paper 4 is designed to monitor the impact of CBRN-PPE on aspirating drugs from a
range of drug presentations. To date, the impact of CBRN-PPE on this phase of drug

administration has been poorly evaluated.'”® 20424

Papers 5 and 6 were designed to develop the research methods later employed in Papers 7
to 9 by gauging the opinions and experiences of the participants who had been recruited into
the studies reported in Papers 1 to 3. Papers 5 and 6 are the only studies to date employing
face-to-face interviews to ascertain what skills clinicians believe to be feasible whilst wearing
NHS CBRN-PPE. This is an area of research ideally suited to qualitative research
techniques, such as face-to-face interviews. ®° The completion of Papers 5 and 6 also
required an examination of the published literature regarding a range of supraglottic airways
devices and intubating aids that had been identified for further evaluation. This exercise was
essential preparation to undertake the research reported in Papers 8 and 9.

Paper 8 evaluates six different supraglottic airway devices in an attempt to ascertain which
device was the fastest and easiest to insert whilst wearing CBRN-PPE. The importance of
overall speed of supraglottic airway insertion was demonstrated by Flaishon et al '*°, who
noted that the time taken to complete LMA insertion whilst wearing CBRN-PPE resulted in a
drop in measured oxygen levels in number of healthy patients who had been pre-
oxygenated. This finding is particularly pertinent to those who become critically ill following
exposure to a CBRN agent, such as the use of sarin in Tokyo * or exposed to the
incapacitating gas used to end the Moscow siege.*” As in these situations any attempts at
pre-oxygenation, before performing airway interventions, will be sub-optimal.'*®2*° The
impact of established hypoxia, prior to performing emergency airway management, has been
confirmed by Davies et al #*? highlighting the importance of speed in the performance of

airway management skills.
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Paper 9 is the only RCT to investigate the potential benefit of using intubation aids whilst
wearing NHS CBRN-PPE, which is a clinically relevance question when we consider the
adverse impact that wearing CBRN-PPE, has on intubation. This is particularly noteworthy
when considering the increased mortality and morbidity in critical ill patients following
multiple intubation attempts.??*26?

Papers 1, 3 and 9 retain intubation as a clinical skill as intubation remains an important
treatment option for patients who require airway support and ventilation after exposure to a
CBRN agent.” 822 However, ETT incorrectly placed in the oesophagus is rapidly fatal %
%63 and correct confirmation of ETT placement in the trachea is a vital aspect of patient
safety.?2432%% Therefore, Papers 1, 3 and 9 adopted the 2005 European Resuscitation
Council Guidelines (ERC) ?** for confirming correct ETT placement.

Neither the 2005 2** nor the 2010 ERC guidelines #*® are able to recommend a single ETT
placement technique that provides 100% assurance of correct ETT placement. As a
consequence the current recommendation is that two independent evaluation techniques
should be used. This recommendation is further supported by pre-hospital intubation
guidelines.?**#*° The use of two different techniques for confirming ETT placement is a key
methodological difference between the intubation-based studies presented in this thesis and
other intubation-based studies. ' 168 197 192204248 Although MacDonald et al ?°* confirm ETT
placement by using lung auscultation, the reliance on a single confirmation technique does
not comply with best practise guidelines.??®%* 2 Furthermore, Baker ?°® highlights that
CBRN-PPE may prevent the use of a stethoscope due to the design of respirators. This is
particularly pertinent to the NHS CBRN-PPE as its fully encapsulating design (Appendix 1)
precludes the use of a stethoscope to confirm ETT positioning.

%4 the Positube™ and a colorimetric end-tidal C0, detector

Following the ERC guidelines
were used to simulate the process of confirming ETT placement throughout this thesis. Both
devices were in clinical use at the UK and South African research sites. The Positube™
resembles a 50 ml syringe which is attached to the ETT; the syringe’s plunger is rapidly
pulled, aspirating air from in the patient’s lungs. If the ETT is correctly placed in the trachea,
50 ml of air is easily withdrawn, whereas if the ETT is placed in the oesophagus, the
increased pressure caused by rapidly withdrawing air causes the oesophagus to collapse.?*
The colorimetric end-tidal C0O, detector sits between the ETT and the bag-valve-mask or

ventilator and changes colour in the presence of expired C0,.2%
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2.10 Conclusion

The foregoing literature review supports the premise that LMA insertion is faster than
intubation but indicates that only three supraglottic airways have been evaluated for use in a
CBRN incident. This is despite the availability of a wide range of supraglottic airway
devices.?®” The literature also supports the role of intramuscular drugs, when delivered via a
CBRN auto-injector, in the management of patients exposed to a CBRN agent but highlights
that the onset of therapeutic benefit will be delayed compared with either intravenous or
intraosseous drug administration. And whilst intraosseous access appears superior to

intravenous cannulation, the optimal intraosseous device is as yet unknown.

Although this literature review identified two studies that reported on wearing the NHS
CBRN-PPE, neither study evaluated clinical skill performance whilst wearing PPE.?'*®
Whereas a number of identified studies indicate that CBRN-PPE interferes with skill
performance, the lack of any study directly examining the NHS CBRN-PPE means that it is
only possible to infer, but not confirm difficulties with skill performance associated with the
NHS CBRN-PPE. This is a serious omission, and therefore the identification of what skills
can be successfully performed whilst wearing the NHS CBRN-PPE, as well as the
confirmation of the presence of a learning effect associated with repeating skills whilst

wearing PPE, remains an important research question.
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Chapter 3

What airway and vascular access skills can be performed whilst wearing the NHS
CBRN-PPE?

3.1 Introduction

The first four Papers reported in this thesis represent my initial attempts to ascertain what
skills could be performed whilst wearing the NHS CBRN-PPE. The selected clinical
interventions represent those skills commonly performed at the research site, and all the

recruited clinicians had proven competencies in using the selected techniques.

Data for the first three Papers discussed in this chapter, were obtained during CBRN-PPE
skills training, with Papers 2 and 3 presenting additional data drawn from face-to-face
interviews, which were conducted to more fully interpret the impact of the NHS CBRN-PPE
on performing specific clinical skills. The research presented in Paper 4 was conducted in
collaboration with a UK based university that has experience of training emergency nurses
and paramedics, which provided access to a large pool of potential participants.
Furthermore, the universities allowed access to a large skills laboratory to enable data
collection, provided assistance with data collection and also provided the support of a
statistician.
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3.2 It’s all about dexterity and experience

Paper 1: Castle N, Owen R, Hann M, Clarke S, Reeves D and Gurney I. Impact of
Chemical, Biological, Radiation, and Nuclear Personal Protective Equipment on the
performance of low- and high-dexterity airway and vascular skills. Resuscitation 2009; 80:
1290-1295.

Paper 1 was designed to assess the impact of low-dexterity (LMA and intraosseous access)
and high-dexterity (intubation and intravenous cannulation) skills performed whilst wearing
NHS CBRN-PPE. This study was also designed to detect the presence of a learning effect
gained from repeating the skills and/or from having previously worn NHS CBRN-PPE. The

chosen interventions were commonly performed emergency skills 22

, and one of the main
reasons for undertaking the study was to facilitate the development of a local CBRN training

programme.

3.3 Method

A crossover RCT design ensured that each participant acted as their own control and
facilitated comparison between professional subgroups. Randomisation was based on a
Latin square, which ensured that a low-dexterity or high-dexterity skill was always followed
by an opposite dexterity skill, thus minimising any crossover learning effect. This particular
study was manikin-based, with all airway interventions being performed on a Laerdal®
Advanced Airway Trainer, with intravenous cannulation or intraosseous placement occurring

on cannulation pads or simulated bone. No intubation aids #*?

were provided in order to
accurately reflect the contents of the mass casualty treatment pod contents °', even though

a number of candidates requested either a bougie or a stylet.?*° 2%

A power calculation indicated 64 candidates were required and participants attending CBRN
training were recruited using a convenience sampling method. '"? Participants were from
varying clinical backgrounds but all were expected to provide clinical skills during
resuscitation attempts, and their roles indicated that they could be called upon to treat
patients following a CBRN incident. All participants were competent in intubation, LMA

insertion, placement of an intraosseous needle and intravenous cannulation.
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34 Data analysis - airway skills

The time to complete intubation reported in Paper 1 is consistent with intubation times
reported in other CBRN studies (Table 9), although as previously noted, the variation in
intubations times was affected by numerous factors; such as including the time required to
confirm correct ETT placement. Paper 1 identified an 11% first-time intubation failure rate
whilst wearing CBRN-PPE, which is in keeping with non-CBRN-PPE data 2°®**° but is lower
than the intubation failure rate reported by Goldik et al'®® (non-anaesthetists 55% vs.
anaesthetists 35%) whilst wearing CBRN-PPE. It is, however, higher than the 0% reported

'8 and MacDonald et al.?®* Sub-group analysis of Paper 1 demonstrates

by Flaishon et a
that intubation failure was associated with the participant’s clinical background, with trainee
emergency department (ED) physicians having the highest intubation failure rate (17.6%)
and the slowest intubation times (median 82.4 seconds), as compared to consultant
anaesthetists, who had a 100% intubation success rate and were the fastest intubators

(median 48.6 seconds).

The intubation failure rate of the trainee ED physicians coupled with the associated
prolonged intubation times would represent a clinical risk to a patient exposed to a CBRN
agent who is likely be hypoxic prior to any intubation attempt.?** Whilst Paper 1 was not
powered to measure differences between professional groups the results are, however,
intuitive indicating the importance of intubation experience when attempting advanced
airway management whilst wearing CBRN-PPE. The failure rate noted in Paper 1 reinforces

the importance of adhering to guidelines for confirming correct ETT placement.?*®

Eleven intubation attempts, undertaken whilst wearing CBRN-PPE, resulted in a right
bronchus intubation with none occurring whilst wearing normal clothes. This represents 7%
of all the intubation attempts whilst wearing CBRN-PPE and is significantly higher than the
1.5% (6 out of 381) incidence of right bronchus intubation recently reported for emergency
department intubations.?”® This increased risk of right bronchus intubation, associated with
wearing CBRN-PPE, has not previously been reported and occurred with all participants

except the consultant anaesthetists and consultant emergency physicians.

For the purposes of Paper 1, right bronchus intubation was regarded as a successful
intubation attempt. However, right bronchus intubation is less than ideal as it is associated
with an increased risk of barotrauma leading to a higher risk of pneumothorax, as well as
causing hypoventilation leading to worsening hypoxia and increased mortality.?”' % The risk
of barotrauma is particularly pertinent to the treatment of casualties following a CBRN

incident, as numerous chemical agents cause pulmonary oedema, bronchospasm and
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increased airway secretion, requiring high-ventilation pressures to ensure effective
ventilation.®? 112147148220 Diagnosing right bronchus intubation, whilst wearing CBRN-PPE,
will be challenging as neither the Positube™ nor the colorimetric end-tidal CO, devices are
designed to detect right bronchus intubation. Typically, confirmation that an ETT has not be
inserted into the right bronchus involves chest auscultation and observing how the patient
chest rises.??® However, the design of the NHS CBRN-PPE prevents chest auscultation and
observational techniques are subjective and prone to misdiagnosing misplaced ETT.?62°
Nonetheless it would appear, that increasing clinicians awareness through training, can
reduce the incidence of right bronchus intubation®”' and therefore the risk of misplaced ETT
should be incorporated into CBRN simulation-training.

Another findings reported in Paper 1 was that the LMA insertion was consistently faster and
easier to perform in comparison with intubation, with 100% of LMA’s inserted in 60 seconds
(Figure 1). Whilst LMA insertion differed across professional groups even the slowest
reported mean of 31.6 seconds is clinically acceptable in comparison to the fastest mean
intubation time of 54.3 seconds.*

Table 9: Comparison of time to complete intubation as reported in Paper 1 compared
with previously published studies

Study Time (mean) to complete = Time (mean) to Comments
intubation; no CBRN-PPE complete intubation
(in seconds) wearing CBRN-PPE
(in seconds)
Paper 1% 36.1 (95% Cl 34.2-38) 67.5 (95% Cl 63.3- Includes time to confirm ETT
71.7) position but not time to
prepare equipment
Flaishon 31(x7) 54 (£ 24) Excludes time required to
etal'® confirm ETT position or to

prepare equipment

MacDonald 69 (95% CI 55-83) 79 (95% CI 65-93) Includes time to confirm ETT
et al®® position and time to prepare
equipment

Times reported in Paper 1 are for the first attempt whilst wearing CBRN-PPE as neither Flaishon et
al'®® nor MacDonald et al*®* recorded times for skills being repeated.
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The data presented in Table 10 is of particular interest, as by comparing LMA insertion times
in Paper 1 and Flaishon et al'®® we can demonstrate that the non-anaesthetists in Paper 1
were at least three times faster at LMA insertion than the non-anaesthetists recruited by
Flaishon et al. ' More specifically, even the fastest non-anaesthetists recruited by Flaishon
et al ' took, on average, over 100 seconds to complete LMA insertion, which resulted in a
prolonged period of apnoea and a statistically significant reduction in oxygen saturation.
While it is possible these differences could be attributed to the use of human subjects versus
manikins they are just as likely due to varying clinical skills, as all of the participants in Paper
1 were experienced at LMA insertion.

Figure 1: The percentage of successfully completed airway management skills in a
given time.
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Table 10: Time difference for LMA insertion between professional groups

Author 1 Attempt CBRN PPE 2" Attempt CBRN PPE
(Mean seconds) (Mean seconds)

Castle et al data™

Anaesthetists [a] 16.1 20.7
Emergency physicians & 28.6 20.6
Prehospital doctors [a]

Paramedics and Resuscitation 31.6 24.5
Officers [a]

Flaishon et al data'>

Anaesthetists [b] 40 N/A
Surgeons [b] 102 N/A
Novices [b] 120 Times improved with practise

A] In Paper 1 all participants had received anaesthetic room LMA insertion training and
frequently responded to cardiac arrests and other airway-related emergencies.

169
I

B] In Flaishon et al ™ only the anaesthetist had any documented anaesthetic room experience.

3.5 Data analysis - Vascular access skills

Paper 1 was designed to compare the impact of the NHS CBRN-PPE on the placement of
an intravenous cannula (high-dexterity skill) with intraosseous access (low-dexterity skill).
The EZ-10 drill was selected as it was the standard intraosseous device used at the
participating research site, and all participants received training in its use during annual

resuscitation training.

As previously discussed, comparison between intravenous cannulation and intraosseous
placement theoretically favours the intravenous cannula as intravenous cannulation is a
more frequently performed skill.?*> %25 To minimise this bias, all participants acted as their
own control and were familiar with using the EZ-1O drill. Furthermore, a Latin square
randomisation schedule was used that minimised any crossover learning effect between

devices.

Paper 1 confirms the superiority of intraosseous access (Figure 1) reporting a 90 second
timesaving for intraosseous insertion, with a 100% first attempt success rate compared to an
intravenous cannulation success rate of 90% by the second attempt. Comparison between
Paper 1 and previous studies is complicated by varying study designs, but Suyama et al '®
reported the same 100% first-time insertion rate when using the EZ-1O as reported in Paper

1.
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Figure 2: The percentage of successfully completed vascular access skills in a given

time.
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3.6  What is the impact of prior exposure of wearing CBRN-PPE?

In an attempt to detect whether prior exposure to wearing CBRN-PPE improved skill
performance, half of the recruited participants in Paper 1 had previously worn NHS CBRN-
PPE during familiarisation training but not skill-based training. No benefit was detected from
having previously worn the NHS CBRN-PPE (p-value 0.28).The wide 95% Cl indicated that
this aspect of the study was underpowered (-18.6-4.5) but regression analysis using the
application of 10,000 bootstrap samples confirmed that there was no correlation between
prior wearing of CBRN-PPE and skill performance.

This arm of the study was not matched to professional background, with only one of the
consultant anaesthetists having previously worn NHS CBRN-PPE; this situation thus
presented a potential confounding variable. The failure to balance the recruitment of
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clinicians with or without experience of wearing NHS CBRN-PPE into groups from similar
clinical backgrounds is an over-sight, but to have done so would have required a more
complex recruitment strategy and a larger study. However, as previous experience of having
worn NHS CBRN-PPE was restricted to familiarisation and not skill-based training it is
unlikely that this level of exposure would have resulted in skill improvement. This criterion,
however, did result in a self-selecting group, as those clinicians who had previously worn
NHS CBRN-PPE and had disliked the experience would have been unlikely to volunteer as
study participants.

3.7 Is there a learning effect?

Paper 1 confirms that skill repetition results in the development of a learning effect (Figures
1, 2 and Table 11), thus confirming the results reported in previous studies. '*° '"° This is an
important element of Paper 1, as it will assist with future CBRN simulation-training
programmes. The greatest improvement was noted for the high-dexterity skills of intubation
and intravenous access, but was less marked for low-dexterity skills (Figures 1, 2 and Table
11).

From a clinical stand-point, LMA and intraosseous insertion were completed faster and with
a higher success rate than either intubation or intravenous access across all attempts.
Intraosseous access attempts were typically completed in less than 60 seconds, with a
100% success rate (Table 11) and were approaching three times faster than intravenous
access at the upper end of the maximum range of skill completion (89 v. 251 seconds).
Laryngeal mask airway insertion, by comparison, was completed (Table 11) on average 45s
faster than intubation, which means an overall shorter apnoea #*® compared with intubation.
It is also noteworthy that even on the second intubation attempt oesophageal intubation
occurred on 4.5% of occasions and the time to complete the second intubation attempt was

slower than the first attempt at inserting the LMA whilst wearing CBRN-PPE.

Paper 1 reports a wide range of skill completion times between the different professional
groups (Table 12). Anaesthetists performed all the skills more quickly and demonstrated the
least amount of improvement between the first and second attempts whilst wearing CBRN-
PPE. However, all clinicians achieved similar times for their second attempt when performing
the low-dexterity skills (Table 12), regardless of their professional background. This
narrowing of skill completion times was not noted for higher-dexterity skills.
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Table 11:

Performance of low- and high-dexterity skills whilst wearing CBRN-PPE

SKill Number of Mean successful 95% Cl Range Failures to
successful completion time (Min —Max) | successfully complete
completions

LMA placement | Unsuited 64 (100%) 17.7 (17.0; 18.4) 10-33

(low dexterity) Suited attempt 1 64 (100%) 26.6 (25.6; 27.6) 13-51

Suited attempt 2 64 (100%) 21.8 (21.1; 22.6) 6-35

Endotracheal Unsuited 64 (100%) 36.1 (34.2; 38.0) 18-99

intubation Suited attempt 1 57 (89%) 67.5 (63.3; 71.7) 28-210 2 abandoned (3%)

(high dexterity) 5 oesophageal (7%)

Suited attempt 2 61 (95%) 59.4 (56.0; 62.7) 26—161 3 oesophageal (4.5%)

Intra-osseous Unsuited 4 (100%) 19.4 (18.8; 20.1) 11-37

cannulation Suited attempt 1 4 (100%) 36.0 (33.5; 38.4) 18-100

(low dexterity) Suited attempt 2 4 (100%) 29.8 (28.4; 31.2) 18-89

Intra-venous Unsuited 4 (100%) 40.8 (38.9; 42.7) 19-110

cannulation Suited attempt 1 5 (85%) 129.6 (119.7; 48-488 9 abandoned

(high dexterity) 139.6)

Suited attempt 2 58 (90%) 95.8 (90.0; 101.7) 42-251 6 abandoned

Data is based on the combined means of the results from ALL participants to include failed as well as abandoned attempts.

Adapted from Castle e t al. *
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A possible explanation for both the higher skill performance and limited learning effect noted
by the anaesthetists is their greater experience at performing the selected skills in routine
clinical practise. This hypothesis is supported by two different studies by Flaishon et al'® '®°
who noted that anaesthetists demonstrated consistent LMA insertion times (40 £ 12 vs. 39 +
11 seconds) despite the data being obtained from different groups of anaesthetists.

| 198

Similarly, during a non-CBRN study by Wahlen et al ™*°, anaesthetists inserted a range of
supraglottic airway devices more quickly than other professional groups, with improvements
peaking between the first and second insertion, as compared with non-anaesthetists who

demonstrated ongoing learning.

Not all CBRN studies have identified the presence of a learning effect. Hendler et al %, for
example, demonstrated no learning effect amongst anaesthetists performing intubation but
did note that the experience level of the anaesthetists improved performance (p-value
<0.01). Similarly, Berkenstadt et al '”® demonstrated no learning effect amongst medically

trained soldiers performing intravenous cannulation. There are key differences between

|90 [ 179

Paper 1, Hendler et al ™ and Berkenstadt et al '**, as the two latter studies used tactile
preserving gloves rather than butyl rubber gloves. This is an important variable as the gauge
of the glove adversely affects skill performance.'”® '®” Hendler et al*® also provided each

anaesthetist with an assistant.

A possible reason for no improvement occurring in Berkenstadt et al '®

study is that their
participants were inexperienced at performing intravenous cannulation. This can be
demonstrated by the high failure rate, which occurred in both arms of their study (65% vs.
56%) as well as similar completion times (303 +/- 115 and 351 +/- 113 seconds). However,
all the participants in Paper 1 were skilled at all the evaluated skills. The poor performance
of the medically trained soldiers resulted in Berkenstadt et al '”® recommending that
intramuscular drugs, administered via a CBRN auto-injectors, should replace attempts at

gaining intravenous access.

In Paper 1, the speed and ease of LMA insertion noted whilst wearing CBRN-PPE 3166168169
in comparison with intubation may have occurred because the LMA is viewed as being an
easier skill to complete, consistent with the recommendations for its use during CPR in the
2005 #* and the 2010 ERC resuscitation guidelines.?®® The easier insertion of the LMA is
highlighted in Table 11, where the insertion times for the LMA second attempt compares
favourably with the control group, thus demonstrating a rapid learning effect. By comparison,
although the second attempt at intubation shows improvement over the first attempt, the time
need to complete intubation is still nearly three times slower than the control group.
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Table 12:

Mean times to complete skills by professional grouping whilst wearing CBRN-PPE

Professional grouping

Low-dexterity

High-dexterity

Low-dexterity

High-dexterity

LMA Placement Intubation Intra-osseous cannulation Intra-venous cannulation
Suited Suited Suited Suited Suited Suited Suited Suited attempt
attempt 1 | attempt2 | attempt 1 attempt2 | attempt 1 attempt 2 attempt1 |2

Anaesthetist (n=15) 16.1 20.7 58.8 53.9 (0) 28.0 31.2 110.6 85.6

Emergency Physicians 28.6 20.6 88.0 70.5[3] 38.1 28.7 133.7 96.1

(n=25)

Paramedic/Resus 31.6 24.5 76.1 59.6 (0) 38.9 30.4 161.2 124.6

Officer/prehosp doctor

(n=24)

Adapted from Castle et al.
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The degree of difficulty required to complete a skill is an important factor in its performance,
but it would be overly simplistic to believe this is the only factor affecting time needed to
perform a skill whilst wearing CBRN-PPE. Especially as all the participants, in Paper 1, were
deemed competent in completing all the evaluated skills. It is noteworthy that all participants
were observed to adapt the manner in which they subsequently performed skills between the
first and the second attempt. This process of learning to adapt an established skill in a
different environment highlights that skill improvement is multifactorial and goes beyond one
technique being easier to perform than another.

3.8 Participants’ perceptions of ease of skill performance whilst wearing
CBRN-PPE

A questionnaire was used to measures participants’ perceptions of the difficulties of
performing intravenous cannulation, intraosseous access, LMA insertion and intubation
(Table 13). The questionnaire was based on a five-point Likert scale which allowed
participants to award a neutral score ?”*, and was adapted from a questionnaire previously
used to assess student paramedics’ preferences regarding airway devices in a non-CBRN-
PPE based study.?”* Participants’ graded the high-dexterity skills as being more difficult to
complete than the low-dexterity skills. This finding reflects the prolonged completion times
and minimal learning effect noted for high-dexterity skills. Intravenous cannulation, the most
frequently undertaken skill by all of the participants in daily clinical practise, was regarded as
being the most difficult to achieve whilst wearing CBRN-PPE due to the loss of finger-thumb

dexterity and loss of sensation due to wearing CBRN gloves.'®” 170 1¥
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Table 13: Clinicians’ assessment of the difficulty to complete skills whilst wearing

CBRN-PPE
LMA Placement | Intubation Intra-osseous Intra-venous

cannulation cannulation

Clinician Rep.1 | Rep.2 Rep.1 | Rep.2 | Rep.1 | Rep.2 | Rep.1 | Rep.2

Assessment

1 (very easy) 17 25 0 1 14 34 0 0

2 26 34 7 9 39 26 2 5

3 (neither easy 20 5 13 24 7 3 12 22

nor hard)

4 1 0 26 26 4 1 17 20

5 (very difficult) 0 0 18 4 0 0 33 17

median (IQR) 2(1,3)|2(1,2) |4(3,5)|3(3,4) 222 |1(1,2)|5(4,5)|4(3,5)

Castle et al.”

3.9 Study limitations

The differing professional background of the participants in Paper 1 and their varying
personal experiences introduces the potential for variation in skill completion due to varying
professional competencies. However, as a key outcome of Paper 1 was to inform the design
of a local CBRN-PPE skill-based simulation course, an understanding of the training needs
across a range of clinicians, whose professional role involves responding to emergencies,
was desired. Nevertheless, the impact of different professional groups and their abilities to
perform clinical skills is an important consideration in future research design. For example,
the selected skills in Paper 1 favoured the anaesthetists, whereas had different skills been
selected a different professional group might have outperformed the anaesthetists. Whilst
the variation in experience of skill performance, and its subsequent effect on skill completion

times, may have affected the internal validity "2

172

of Paper 1, it simultaneously helped to
improve the external validity '*“ of the data we collected as, following a genuine CBRN

incident, the ‘ideal’ clinician might not be immediately available.

Paper 1 was also designed to identify whether low-dexterity skills were easier to complete
than high-dexterity skills whilst monitoring for any impact associated with skill repetition. The
wide range of clinicians recruited into the research reported in Paper 1 facilitated subgroup
analysis and allowed meaningful comparison between professional groups, which increased
the generalisation of the results presented in Paper 1. Subgroup analysis indicated that daily
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experience of performing a particular skill resulted in improved performance when

performing the same skills whilst wearing CBRN-PPE.

For ethical, as well as practical reasons Paper 1 was a manikin-based simulation study using
the Laerdal® Advanced Airway Trainer which has been identified as providing realistic
airway simulation.?”>?”® However, study participants had varying experience of performing
skills on manikins. Three of the consultant anaesthetists, for example, had never intubated a
manikin, whereas the resuscitation officers were frequent manikin intubators, thus
introducing a possible source of bias. Yet, despite the fact that the consultant anaesthetists
had the least amount of experience in performing skills on manikins they were nevertheless
consistently found to be faster at performing all skills on manikins.

One missed opportunity in Paper 1 was the lack of a pre-recruitment questionnaire that
could have been used to evaluate perception of individual skill level and how difficult skills
might be to perform whilst wearing CBRN-PPE. The results of such a questionnaire would
have provided useful comparison data between pre-recruitment and post-recruitment

perceptions of skill difficulties associated with wearing CBRN-PPE.

3.10 Clinical implications of results

Paper 1 confirms the negative impact of the NHS-CBRN-PPE on skill performance and
demonstrates the presence of a learning effect, which is independent of any benefit to be
gained from having previously worn CBRN-PPE during familiarisation training. Although
anaesthetists performed all skills faster than non-anaesthetists, the fact that repetition
improved skill performance for all participants indicates that clinicians can learn to perform
skills whilst wearing CBRN-PPE. This is a reassuring finding as the availability of specialist
clinicians may be limited during a mass casualty event.?”” However, the lack of benefit to be
gained from just wearing CBRN-PPE as part of familiarisation training, without actually
practicing skill performance highlights the importance of including skills performance in
CBRN simulation-training.

Considering that all study participants were deemed as competent at performing intubation,
the high failure rate, whilst wearing CBRN-PPE, is of clinical concern. However, Paper 1
does indicate that both the Positube™ and a colorimetric end-tidal CO, detector can be used
whilst wearing CBRN-PPE to detect an oesophageal intubation. However, no device for
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confirming correct ETT placement is 100% accurate“”® and neither the Positube™ nor a

colorimetric end-tidal C0, detector will detect a right bronchus intubation.??2”® Whereas the
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potentially high airway pressures, following exposure to a chemical agent, may result in the
Positube™ indicating an oesophagus intubation has occurred when the ETT is actually
placed in the trachea. #® Therefore, the intubating clinician needs to be aware that wearing
CBRN-PPE increases the risk of a either a right bronchus or oesophageal intubation.

The overall incidence of right bronchus intubation was too small to analyse through
subgroup analysis; however, it only occurred during intubation attempts made by

non-consultants. McCoy et al #”*

noted that haste in completing a skill and the inexperience
of the intubator were common factors resulting in right bronchus intubation. Coupled with the
results reported in Paper 1, this is clear indication that, wherever possible, intubation should
be performed by the most experienced clinician and that this clinician should have had prior

experience of performing intubation whilst wearing the NHS issued CBRN-PPE.

The EZ-10 was more effective at achieving vascular access than intravenous cannulation,
but it was still affected by wearing CBRN-PPE. On observing participants using the EZ-10
this was primarily due to loss of dexterity associated with wearing butyl rubber gloves and
not due to reduced vision secondary to the visor. This differs from the findings of Ben-

Abraham et al ¢’

who reported that the gloves and the visor were both independent
contributing factors when utilising the bone injection gun (BIG). The difference is likely to be
due to the panoramic visor contained in NHS CBRN-PPE, which optimises vision %,
compared to the binocular design evaluated by Ben-Abraham et al.’®” Although the
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techniques to operate the BIG and the EZ-IO differ , and so this may have also had an

impact on skill completion.

The evidence regarding vascular access confirms my belief that if emergency intravascular
access is required during a CBRN incident, intraosseous access is the preferred route. On a
practical basis an intraosseous device also provides more secure access to the intravascular
circulation as accidental removal occurs less frequently than with intravenous cannulation
20 as the intraosseous device ‘self-secures’ by going through the periosteum and into the
cortex of the bone. Whereas an intravenous cannula has to be secured in place with tape,
resulting in possible cannula removal during wet decontamination, as tape poorly adheres to
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wet, clammy skin“®" and is not very effective at preventing accidental dislodgement during

patient movement.?®2%® Furthermore ‘pealing’ adhesive tape from a roll requires finger-
thumb dexterity '®° 2°2

PPE.

which, as confirmed by Paper 1, is impaired by wearing NHS CBRN-

77



Whilst the benefits of using intraosseous access are clear the issue surrounding airway
management is more complex as CBRN agents can cause pulmonary oedema,
bronchospasm and increase upper airway secretions.® " %824 Thys there are additional

74222 agpecially as LMA insertion, when performed

advantages to be gained from intubation
by inexperienced clinicians '*°, was found to be slower than intubation performed by more
skilled clinicians in Paper 1. Since the publication of Paper 1, the mass treatment pods and
emergency equipment vehicles have been re-equipped and now contain supraglottic
airways, intubation aids and end tidal CO, monitors for confirming correct ETT placement.*

These changes were based on consensus opinion. %%
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3.11  The negative impact of loss of dexterity

Paper 2: Castle N, Owen R, Clark S, Hann M, Reeves D, Gurney |. Comparison of
technique for securing the endotracheal tube while wearing chemical, biological,
radiological, or nuclear protection: A manikin study. Prehospital Disaster Medicine 2010; 25
(6): 589-594.

Paper 2 investigates the impact of NHS CBRN-PPE on securing the ETT in situ following
successful intubation, which is the final phase of airway management and represents an
essential aspect of patient safety.?*® Currently there are no standardised securing
techniques and practice varies between clinicians.??®?® Paper 2 evaluates two different
techniques that maybe used to secure an ETT; the Thomas™ Tube Holder (TTH) and a
cotton tie.

Although both techniques are used at the research site, the cotton tie is the preferred
technique as it is the one used most commonly during elective anaesthesia. However, the
technique for tying-in an ETT with a cotton tie differs between clinicians. The most common
tying-in technique involves using a knot which is more secure than using a bow. ?®° The type
of knot used appears to make little difference®®, but any knot-tying technique will require the
retention of finger-thumb dexterity and fingertip sensation.

3.12 Method

A crossover RCT design supported by semi-structured focused face-to-face interviews was
adopted. The order in which the ETT was tied-in place and by what device was randomised,

287 of clinicians

with a total of 75 participants being recruited using a convenience sample
undergoing CBRN training. Participants were instructed to secure an ETT in situ using either
the TTH or a cotton tie. No instruction in how to use the cotton tie was given reflecting the
lack of a standardised technique. The frequency in which the cotton tie is used at the
research site, in preference to the TTH, created a bias in favour of the cotton tie. However,

all clinicians had experience of using the TTH. No non-CBRN-PPE control arm was utilised.

Following data collection participants were invited, via email, to attend interviews to discuss
their experiences of wearing NHS CBRN-PPE and attempting to secure an ETT in situ whilst
wearing PPE. All interviews were completed within three months of initial recruitment into the
study. These interviews formed part of an additional study intended to facilitate future
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research design.>?°® A reflective purposive sampling technique was used® '"?, with a
minimum of two anaesthetists, emergency physicians, paramedics, resuscitation officers,
and prehospital care doctors being interviewed. The qualitative data was analysed by
content.'?282%° The maximum number of interviewees was flexible with data collection

continuing until no new themes were identified.

3.13 Data analysis

To date, only Paper 2 and Luria et al *° have used an RCT to evaluate ETT securing
techniques whilst wearing CBRN-PPE. Both studies demonstrated the superiority of the TTH
and reported similar times for skill completion (Luria et al **° 26.64 vs. Paper 2 29.0
seconds). The time reported by Luria et al *° for using a cotton tie were slower (97.78 +
21.85 seconds) than those reported in Paper 2 (58 seconds 95% CI 52.0-148.2), but this is
likely to be due to the elaborate prescribed tying-in method used by Luria et al.?*°

Paper 2 did not consider whether clinicians from different professional groups differed in how
fast they secured ETT in situ, as all the clinicians were deemed competent at securing an
ETT in situ with either device. The reported times in Paper 2 for securing an ETT in situ with
a cotton tie (58s 95% CIl 52.0-148.2 seconds) are reflective of the data presented by
Flaishon et al '®° for their surgical trainees (57 seconds + 13), who were faster than the
novice group (82 seconds * 27) but slower than the anaesthetists (39 seconds + 9). This
indicates that having prior experience of securing an ETT in situ may improve performance.
Regardless of this observation, the time reported in Paper 2 to secure an ETT in situ with the
TTH, was still 10 seconds faster to complete than Flaishon et al'®® reported for anaesthetists
when using a cotton tie (29.0 vs. 39 seconds). Furthermore, Flaishon et al '® did not
comment on the degree of security obtained with their tying-in method which is the primary
function of tying-in an ETT.

Whilst the quantitative data supports the use of the TTH with regards to speed of skill
completion and degree of security obtained, it cannot reveal why a particular technique is
more effective. This is best achieved by recording the experiences and opinions of the

clinician, which is best achieved through participant interviews.'”2 %929

A total of 25 participants were interviewed to determine their experiences of wearing the
NHS CBRN-PPE and attempting to secure an ETT in situ with both devices. Interviewees
consistently identified that the loss of sensation and finger-thumb dexterity, due to the gauge
of the gloves, impaired their ability to use the cotton tie (Table 14). A similar loss of dexterity
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and sensation did not affect use of the TTH. A number of participants stated that the design
of the TTH appeared to reduce their reliance on dexterity for skill completion, allowing them
to more effectively secure the ETT in situ.

Table 14: The impact of CBRN-PPE on securing an endotracheal tube in situ

Question Reply
What did the suit feel like to wear? Clumsy.

Warm... a little bit claustrophobic.

Big gloves.

No finesse in the suit... it’s all big movements.
How did you find securing the ETT Impossible.
with a cotton tie? Tying knots was absolutely impossible.

Things got easier the second time... but not tying-in the
tube with the cotton tie that was just impossible.

How did you find securing the ETT It was much easier.
with the Thomas™ Tube Holder? On the whole | found the mechanical device [TTH] very
easy.

It has a big screw you can grab hold off and turn... It's

much easier to use than a cotton tie.

Adapted from Castle et al.**

Although the quantitative data did not take into account whether different professional
groups were better able to secure the ETT in situ, the qualitative data revealed that all
professional groups found securing the ETT in situ using the cotton tie as being difficult. For
example, an experienced anaesthetic trainee (over 5 years anaesthetic experience) stated
that he found it difficult to secure the ETT with the cotton tie and much easier with the TTH,
while, an ED consultant, with over 2 years anaesthetic experience, stated “.. That’s the best |
can do [when applying a cotton tie]... but | wouldn’t accept it in my resuscitation room’**
demonstrating that the cotton tie inadequately secured the ETT. The inclusion of face-to-face
interviews enabled the researcher behind Paper 2 to gain valuable insight into the

complexities of skill performance whilst wearing NHS CBRN-PPE.

3.14 Limitation

The lack of a non-CBRN-PPE arm within Paper 2 prevents any comparison between
wearing and not wearing NHS CBRN-PPE. Whilst it could be argued that such a comparison
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may have been potentially useful, a recently published non-CBRN-PPE based RCT?* by two
of the researchers from Paper 2 demonstrated a clinically non-significant difference in the
time to apply a cotton tie (mean 33.1 seconds standard deviation 8.6) over the TTH (mean
28.1 seconds standard deviation 8.2). Therefore, it is reasonable to conclude that the
absence of a control arm did not affect the relevance of Paper 2.

The presence of a learning effect was not investigated in Paper 2, which represents a
missed opportunity. However, considering that the times reported by Luria et al*° (25.6
seconds * 6.5) and by the authors of Paper 2** (29 seconds + 6.5) for securing an ETT with
the TTH are similar to the times reported by Owen et al 22, in which no CBRN-PPE was
worn (mean 28.1 seconds standard deviation 8.2), a study containing at least 442
participants would be required to detect a 10 second improvement gained via skill repetition.
While the demonstration of a 10 second improvement in skill performance would no doubt be
statistically significant the clinical significance of this finding would be debatable.

Paper 2 did not consider varying skill performance by the different professional subgroups
recruited into the study. It is possible that some participants may have been more skilled at
securing an ETT in situ than others, but considering all participants in Paper 2 were
experienced at tying-in an ETT, any inter-professional difference is likely to have been

minimal and of questionable clinical significance.

3.15 Clinical Implications of the results

By combining both qualitative and quantitative data, Paper 2 demonstrates that the TTH
successfully achieves two fundamental elements of securing an ETT in situ, namely speed
of skill completion and degree of security obtained. In contrast, the use of cotton ties was
time-consuming and provided poor security from accidental ETT migration, thus proving to
be a suboptimal securing technique. Nevertheless, the use of a cotton tie is a frequently
taught technique®?, reflecting the absence of any international guidance on how to secure
an ETT once intubation is completed.?® Thus while Paper 2 supports the use of TTH, the

established ‘custom and practise’ of using a cotton tie®*

is likely to be difficult to change.
Consequently, any CBRN-PPE training programme, that incorporates intubation as a skill
will need to highlight the difficulties associated with trying to secure an ETT in situ if clinical

practice is to change.
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3.16 What is the impact of patient position on intubation performance?

Paper 3: Castle N, Owen R, Clarke S, Hann M, Reeves D, Gurney |. Does position of the
patient adversely affect successful intubation whilst wearing CBRN-PPE? Resuscitation 81
(2010) 1166-1171.

All the published studies to date, that have looked at airway management have ensured that
the manikin, human volunteer or simian was positioned at the optimal height for performing
intubation, thereby failing to consider the impact of the patient’s position on airway
management whilst the clinician is wearing CBRN-PPE. This omission is despite a number
of non-CBRN studies highlighting the negative impact of patient position on intubation
performance.?**# This situation therefore reflects a gap in the literature as following a
CBRN incident the most critically ill patients will be unconscious, in need of airway
management and positioned on the floor.

3.17 Method

This was a manikin-based simulation study using a convenience '"? sample of 75 clinicians
attending CBRN training. Paper 3 utilised a crossover RCT supported by semi-structured,
focused face-to-face interviews designed to investigate any adverse effect of manikin
position on skill performance. Paper 3 was also designed to monitor for any benefit from
having previously worn NHS C