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RECORD OF SPECIFIC RESERVATIONS

[nation] [detail of reservation]

FRA France considers that the risk-benefit ratio of pulmonary lavage is not
favourable and will not apply this measure to casualties that it manages.

GRC Hellenic Armed Forces medical capabilities are considered rather limited
for the nonce. Implementation cannot proceed prior to developments in
national medical CBRN funding/training policies for deployable formations.

SVK At present, the Medical Service of the Armed Forces of the Slovak Republic
is not equipped with the medical equipment required by this STANAG. The
Slovak Republic reserves the right of the future acquisition of the missing
equipment in accordance with the national acquisition programs.

USA (1) Paragraph 2.2. subpara 1. The US reserves the right to not use
“CBRNES3T” since it is not an approved US Joint or Army acronym.

(2) Paragraph 4.2.1. Replace “Levels of Care” with “Roles of Care” per
STANAG 2228 Ed.3, Allied Joint Doctrine for Medical Support, AJP-4.10,
paragraphs 1.2.6 through 1.2.10.

(3) Paragraph 4.7. Change “within an hour” to “as soon as practical.” Per
US ratification AJP-4.10(NB) with the following reservations statement “the
U.S. does not concur with, nor subscribe to, specific timeframes for the
indicated care.”

(4) Paragraph 4.8, subparal. Change to: “If casualty hazard management
is required, evacuation of the casualty to an MTF that delivers damage
control surgery should occur as soon as practical.” Per US ratification AJP-
4.10(NB) with the following reservations statement “the U.S. does not
concur with, nor subscribe to, specific timeframes for the indicated care.”

(5) Paragraph 6.3.1, subpara 1.a-1.d. The US uses three levels of casualty
decontamination; immediate, operational, and thorough.

(6) Paragraph 6.6, subpara 5. The US does not use the term “dress state.”

(7) Paragraph 24.2. In the US, National legal and political frameworks
determine whether or how RCA may be used in military operations.

Note: The reservations listed on this page include only those that were recorded at time of
promulgation and may not be complete. Refer to the NATO Standardization Document
Database for the complete list of existing reservations.
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CHAPTER 1: INTRODUCTION

1.1 AIM

The aim of this allied publication (AP) is to provide guidance to medical personnel on the
management of casualties in a CBRN environment.

1.2. SCOPE

1. Previous editions of AMedP-6 series, Handbooks on the Medical Aspects of NBC
Defensive Operations, have focused on CBRN defensive operations. This new edition applies
to any medical support operation and supports the NATO ‘defence against terrorism’ (DAT)
programme even if the CBRN threat is low.

2. This publication is intended to guide CBRN casualty management from point of exposure
(PoE) through to a role 3 Medical Treatment Facility (MTF). The guidance uses the 10-1-2 time
framework of MC 326/3! as a goal for optimal care while understanding the limitations of
operating in a CBRN environment. Role 4 care is likely to use home nation health resources
as well as international and civilian cooperation and networks and is therefore beyond the
scope of this publication.

3. AMedP-7.1 focuses on the delivery of medical countermeasures (MedCM) and casualty
care, post-incident response and, in the case of covert CBRN incidents, medical recognition,
health surveillance and operational epidemiology by deployed medical personnel.

4, This publication is not intended to provide specific treatment protocols as these remain
the responsibility of each member nation. During implementation, nations may customise the
treatment protocols shown for illustration by the custodian nation (GBR).

5. AMedP-7.1 is intended to be used as a template to support national CBRN medical
training programs in conjunction with AMedP-7.3: Training of Medical Personnel for CBRN
Defence.

6. Changes and revisions of this publication will reflect:

a. Scientific advice (=) from the NATO Science and Technology Organisation including
the Human Factors and Medicine Panels (HFM-041, HFM-099, HFM-186, HFM-222,
HFM-2532), as well as other expert organisations and panels.

b. Lessons identified or best practice () from national, NATO and international
operations and exercises including the NATO Exercise Clean Care 2016.

c. Peer-reviewed international guidelines and reviews including ‘Surviving Sepsis’ <.
1.3. RELATED DOCUMENTS

A list of related documents is provided at the end of the publication.

1 MC 326/3 NATO Medical Support Principles and Policies.
2 STO related documents are listed at the end of this publication.
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1.4. DEFINITIONS

CBRN and medical terminology is consistent with the NATO lexicons. Where there is no
recognised NATO medical terminology, Dorland’s Medical Dictionary (2008) has been used
unless otherwise referenced.

1.5. NEW CONCEPTS IN AMEDP-7.1

1. AMedP-7.1 is the re-codified version of the AMedP-6 series. It has been written as a
series of chapters divided into 5 parts rather than 3 independent volumes. These changes to
the structure of the AMedP-7.1 series reflect the change of threat from an obvious nuclear,
biological or chemical attack to a more generic all-hazards approach in the management of
any casualty in a CBRN environment, incident management and definitive CBRN management
(chemical, biological and radiological including nuclear). The changes also reflect a spectrum
of hazards from deliberate CBRN weapons through to environmental hazards and accidental
or natural exposures.

2. The publication remains a reference for operational planning and the medical logistic
support to the CBRN incident cycle described in AJMedP-7 and other publications in the
AMedP-7 series. There is a greater emphasis on the CBRN tactical response in Part 2 of this
publication for medical personnel deploying to an incident.

3. New concepts include:
a. Cycle of recognition (intelligence, detection, diagnosis, forensics).

b. Casualty hazard management including containment, decontamination, isolation and
guarantine.

c. Generic CBRN incident medical management paradigm.
d. Command guidance on the medical aspects of restriction of movement (RoM).
e. Management of paediatric CBRN casualties.

f. Incorporation of STANAG 2242: Policy for the Chemoprophylaxis and
Immunotherapy of NATO Personnel against Biological Warfare Agents.

g. Syndromic approach to the CBRN casualty assessment.

h. ‘Surviving sepsis’ international guidelines for the management of biological
casualties ().

4. Standardised documentation derived from this publication include:
a. CBRN casualty report form.
b. CBRN medical incident report form (METHANE).
c. CBRN casualty handover template (AT-MIST-D).
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1.6. THE STRUCTURE OF AMEDP-7.1

This publication consists of five parts:

Part 1 — Generic management of CBRN casualties.

Part 2 — Medical management of a CBRN incident.

Part 3 — Management of chemical casualties.

Part 4 — Management of biological casualties.

Part 5 — Management of radiological casualties including nuclear.
1.7. MEDICAL CONTRIBUTION TO CBRN DEFENCE

MedCM are one significant component of CBRN defence. However, CBRN medical support is
not limited to this and elements of medical support cross over into the other components. The
investigation of an incident or outbreak and the subsequent implementation of interventions as
a report of operational epidemiology demonstrates the link between CBRN Inform (Detect and
Information Management) and CBRN Protective Measures (Physical Protection, MedCM and
Hazard Management) — see Chapter 17. Figure 1-1 demonstrates these relationships and
interactions.

MEDICAL CONTRIBUTION TO
CBRN DEFENCE
]
I - ]
N\
CERN INFORM : OPERATIONAL EPIDEMIOLOGY 2| CERN PROTECTIVE MEASURES
v
]
r I d I A i I h ) [ I
MEDICAL
INFORMATION PHYSICAL HAZARD
DETECT COUNTERMEASURES
MANAGEMENT PROTECTION 2 CASUALTY CARE MANAGEMENT
| | | | I
e ™ 4 ™ e h
CASE DEFINITION MEDICAL = CASUALTY HAZARD
INTELLIGENCE MEDICAL PERSONNEL MANAGEMENT
PROTECTIVE .
 DIAGNOSE B e EQUIPMENT FIRST AID / Contain
Clinical assessment EMERGENCY Decontamination
inical investigati MEDICAL TREATMENT i i
Clinical investigation COMMAND, CONTROL, CASUALTY Isolation / Quarantine
COMMUNICATIONS, ER?JTIEP(;EWIE ADVANCED MEDICAL e
SCREENING COMPUTERS & d CARE Clinical waste
INTELLIGENCE (C4l)
DISEASE & HEALTH ISOLATION FACILITIES Supportive treatment
RESTRICTION OF
SURVEILLANCE MEDICAL Definitive treatment MOVEMENT
CONTRIBUTION TO PROTECTED MEDICAL Onerational RoM
ENVIRONMENTAL CASUALTY RATE TREATMENT FACILITY REHABILITATION perational ko
HEALTH ASSESSMENT ESTIMATION Strategic RoM
\, J \ J/ \. J \. J - /
*Fatality management is an executive/logistic function but linked closely to Medical Support

Figure 1-1: Medical contribution to CBRN defence (CBRN medical support).

1-3 Edition A Version 1



AMedP-7.1

1.8. CONSIDERATIONS FOR CBRN MEDICAL PLANNING AND DELIVERY

1. The medical planning process for CBRN defensive operations, as
well as CBRN casualty care and outbreak response, includes:

a. Threat and hazard assessment.

b.  Operational risk assessment.

C. Planning.

d. Force protection.

e. Incident (and outbreak) response.

f. Incident recovery.
2.  On CBRN defensive operations with an increased CBRN threat, a CBRN event is likely
to be recognised by detectors followed by warning and reporting. The event is recognised and
becomes an incident. On low CBRN threat operations, the most likely recognition will be those
first responding on the scene and through the medical chain.
3. For biological incidents or covert events, recognition is almost certainly through the
medical chain and includes the management of the unusual patient (see Annex 7A). Chapter
5 describes CBRN recognition in detail.
4. Some of the considerations that have a direct effect on CBRN casualty care are
described in this AP. Command guidance, casualty estimation and specialist medical
investigation and response teams can be found in other APs in the AMedP-7 series.
1.8.1. FORCE PROTECTION CONSIDERATIONS
The considerations for force protection during CBRN defensive operations include:

a. Vaccination programmes.

b. Pre-exposure MedCM.

(1) Pre-exposure prophylaxis.
(2) Pre-treatment.

C. Individual / personal protective equipment (IPE / PPE).

d. CBRN medical force generation.

e.  Medical treatment facility collective protection (MTF COLPRO).

f. Medical treatment facility isolation areas.

g. Disease surveillance including human, animal and plant.
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The considerations for the immediate post-event actions (incident response) cover the saving

of life and the continuation of the vital mission objectives, and include:
a. Post-exposure MedCM:
(1) Post-exposure prophylaxis.
(2) Immediate therapy.
b.  Casualty care in a CBRN-threat environment:
(1) First aid.
(2) Emergency medical treatment including decontamination.
(3) Advanced medical care.
C. Isolation and quarantine.
d. Implementing restriction of movement (operational and strategic).
e.  Outbreak investigation (and escalation to a NATO Bio-Response?).
f. Casualty and case reporting.
g. Medical evacuation (MEDEVAC).
h.  Accessing CBRN medical stockpiles.
i. Accessing reach back advice and support.

1.8.3. INCIDENT RECOVERY CONSIDERATIONS

The considerations for the later post-event actions (incident recovery) cover the restoration to

normality and support to the post-incident investigation, and include:
a.  Casualty rehabilitation.
b. Medical treatment facility and equipment hazard management.
C. Exploitation to support knowledge management and forensics.
d. Fatality management (although not a medical task).
e. Review and easing of restriction of movement.

f. Risk communication.

3 NATO Bio-Responsiveness is currently subject to a Smart Defence Project (SD 1.45).
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g. Medical logistics resupply.

h.  CBRN clinical waste management.

i. Preventive (occupational) medicine support.
J- Health surveillance.

k. After actions reporting.

l. Lesson learnt process.

1.9. CONTRIBUTIONS, ACKNOWLEDGEMENTS & POINTS OF CONTACT

1. Contributions for this Allied Publication were through the COMEDS CBRN Medical
Working Group and Biological Medical Expert Panel. Part Five: The Management of the
Radiological Casualty includes content provided by the US Armed Forces Radiobiology
Research Institute (US AFRRI).

2. The custodian and point of contact for this Allied Publication is:

Medical Director
Defence CBRN Centre
Winterbourne Gunner

Salisbury
SP4 0ES
United Kingdom

1.10. ADDITIONAL CONTENT
This AP is supported by Quick Response (QR) codes, and Augmented Reality (AR). AR uses

a free application that can be downloaded using the QR link below and provides additional
content, examples of best practice (M) and supports the training component of this document.*

Links to the AR additional content are identified by the ® symbol.

4 The additional content of this AP is not covered by the STANAG and should be considered as a vitual
standardisation related document (SRD).
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CHAPTER 2: CBRN THREATS AND HAZARDS

2.1. INTRODUCTION

1. Since the end of the Cold War, the threat to NATO nations of a state authorised CBRN
attack has reduced significantly. However, the threat of other CBRN incidents such as a non-
state deliberate release, accidents and legacy devices found on non-CBRN defensive
operations remains credible. In addition, the global deployment of NATO and allied forces
means that there may be an increasing number of environmental and industrial hazards (EIH)
as well as endemic diseases that may mask any CBRN incident or mimic one.

2. During CBRN defensive operations where the CBRN threat is significant, CBRN incident
interventions are focused on both pre-event preparedness (prevent and protect) and post-
event mitigation (recovery)!. During other operations where the CBRN threat is low, the CBRN
defensive posture is likely to be reduced. Any interventions are therefore likely to be a post-
CBRN incident response relying heavily on medical support to mitigate, treat and in some
cases initially recognise the event. CBRN threat and medical risk are therefore not the same
and where there are vulnerabilities the likelihood (or plausibility) and health consequences may
be increased.

2.2. ALL HAZARDS SPECTRUM

1. The traditional Nuclear, Biological and Chemical (NBC) threats of a state attack (Article
5 NBC Defensive Operation) has evolved into a CBRNE?®T all-hazard spectrum.? This concept
reflects the additional hazards presented by radiological material, explosives, environmental
(including industrial) hazards, and endemic disease (see Figure 2-1). All of these hazards
could generate CBRN casualties, or mimic CBRN, that may require a CBRN medical response.
For some hazards, a CBRN response may be an appropriate initial response due to safety and
forensic considerations.

2. The CBRN weapons end of the spectrum includes:

a. Chemical agent. A chemical substance which is intended for use in military
operations to kill, seriously injure, or incapacitate personnel through its physiological
effects. The term excludes riot control agents, herbicides and substances generating
smoke and flame.

b. Weaponised biological agent. A biological agent that is deliberately used to produce
disease or death in humans, animals, or plants, or which produces materiel
deterioration. The biological agent may be a live microorganisms (bacteria, virus or
fungus) or a toxin.

c. Radiological dispersal device (RDD). This is a device that causes the overt or covert
deliberate spread of radioactive material for the purpose of causing either irradiation,
contamination, psychological effect or combination. Some devices may also be
dispersed by an explosive device (‘dirty bomb’).

1 AJP-3.8: Allied Joint Doctrine for CBRN Defence.
2 For medical personnel an all-hazards approach includes chemical, biological, radiological, nuclear &
explosives threats and environmental and endemic hazards, and trauma (CBRNEST).
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d. Nuclear weapon. A complete assembly (i.e. implosion type, gun type or
thermonuclear type) in its intended ultimate configuration which, upon completion of the
prescribed arming, fusing and firing sequence, is capable of producing the intended
nuclear reaction and release of energy. In terms of casualty care, this will cause a
combination of trauma, due to thermal, blast, penetrating and blunt injuries, and radiation
casualties.

3. The non-CBRN weapon end of the spectrum includes:

a. Toxic industrial materials (TIM). TIM is a generic term for toxic or radioactive
substances in solid, liquid or gaseous form. These may be used, or stored for use, for
industrial, commercial, medical, military or domestic purposes. TIM may be chemical,
biological or radioactive and described as toxic industrial chemical (TIC), toxic industrial
biological (TIB) or toxic industrial radiological (TIR).2

b. Endemic diseases. Endemic disease is a significant environmental hazard and
includes a number of diseases that are present or usually prevalent in a population or
geographical area at all times. These diseases form part of a spectrum with weaponised
biological agents that can be referred to as biological agents of operational significance
as they may cause or have historically caused disease that degrades the operational
effectiveness of an individual or an organisation. As NATO operations move outside
continental Europe, endemic disease will have a greater impact on medical support
missions. In some regions, the presence of endemic pathogens (e.g. malaria) may delay
the recognition of a biological attack while the severity of some diseases may mimic an
attack. NATO nations may also be called upon to support international responses to
public health emergencies of international concern such as a viral haemorrhagic fever
outbreak or emerging disease (see Chapter 17). Some endemic diseases could also be
used as a biological weapon.*

c. Emerging disease. An emerging disease is one that has appeared in a population
for the first time, or that may have existed previously but is rapidly increasing in incidence
or geographic range [World Health Organisation (WHO)]. This remains a challenge to
any medical organisation as the characteristics of the agent will be unquantified until a
case series has been established. Laboratory diagnosis will also be difficult particularly
where there is a reliance on molecular biology and especially sequencing.

Note: Although some hazards are at the non-offensive end of the spectrum, it does not mean
that they are less of a hazard than agents intended for offensive use. In some cases, they may
have a greater impact on the deployed force than a limited CBRN attack, e.g. pandemic
influenza or viral haemorrhagic fever.

4. Explosives. Military explosives as well as homemade explosive (HME) substances are
an important component of the spectrum as their use, deliberate or accidental, may:

a. Be a method for the release of a CBRN agent or TIM.

8 The term Environmental and Industrial Hazards (EIH) is sometimes used to refer to this group as well
as endemic disease and other non-CBRN hazards such heat, cold and noise.
4 Toxins may also be considered as an endemic threat although they would be associated with a living
organism (e.g. infection, ingestion and envenomation) rather than isolated for weapons use.
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b. Allow for the opportunistic absorption of a CBRN agents through wounds with the
additional casualty hazard of wound contamination.

c. Compound the effects of attack or the release by masking the non-conventional (non-
trauma) effects or increasing the severity of the combined effects.

5. Trauma. As well as explosive (blast) injuries, medical personnel should be able to
manage any life-threatening trauma (deliberate or accidental) and perform life-saving
interventions (LSI) in a CBRN environment. This may be either in the presence of a CBRN
agent or in a high-threat environment where there is a requirement to wear protective
equipment.

CBRN and OTHER HAZARDS* SPECTRUM

ENVIRONMENT AND INDUSTRIAL HAZARDS (EIH)
(including physical hazards such as heat, cold, noise & altitude)
Natural, accidental release & collateral damage

Natural

CHEMICAL

BIOLOGICAL

Endemlc disease and toxins

RADIOLOGICAL

Background radiation (small contrik

NUCLEAR
CBRN RELATED (including

Psychologlcal effects

* including environmental and/or e

Figure 2-1 — All Hazards Spectrum.
2.3. HISTORICAL REVIEW OF CBRN EVENTS

1. The use of non-conventional weapons dates back to antiquity from the use of poisoned
arrows and sulphur. The mass use of chemical weapons was seen between 1915-18 with the
use of toxic industrial chemicals (TICs) such as chlorine and phosgene as chemical warfare
agents (CWA) and the development of agents with the sole purpose of offensive use (sulphur
mustard and lewisite). During the late 1930s and Second World War chemical, biological and
nuclear weapon research was conducted with regional offensive use of biological weapons.
1945 saw the use of the first nuclear weapons over Hiroshima and Nagasaki. During the Cold
War, CBRN offensive and defensive programs continued and ongoing demilitarisation and
disarmament operations continue to date. In the Middle East, the use of CBRN weapons has
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been seen in conflicts both between states (Iran-lraq War), as part of ethnic conflict (use of
CWAs against the Kurdish population in northern Irag, 1988) and internal war (Damascus,
2013).

2. CBRN proliferation may result in the non-state use of CBRN weapons that may be
targeted against military and civilian targets. Examples include the use of sarin in Matsumoto
(1994), Tokyo (1995), anthrax in the United States (2001), and the opportunistic use of chlorine
in Irag (2007). The use of CBRN agents by insurgents and terrorist organisations should be
considered in any medical planning with emphasis likely to be on post-event interventions.

“Terrorism poses a direct threat to the security of the citizens of NATO countries,
and to international stability and prosperity more broadly. Extremist groups
continue to spread to, and in, areas of strategic importance to the Alliance, and
modern technology increases the threat and potential impact of terrorist attacks,
in particular if terrorists were to acquire nuclear, chemical, biological or
radiological capabilities”

Quote from Active Engagement, Modern Defence: Strategic Concept for the
Defence and Security of the Members of the North Atlantic Treaty Organisation
(Nov 2010)

3. Non-conventional (CBRN) agents may also be used to target individuals or small groups
for assassination as well as trial runs for a larger attack. Examples of agents used for
assassination include the toxin ricin and the radioisotope Polonium-210. Water and food
security remain important for force protection, and assessment and management of the
unusual individual casualty will use many of the principles for any other CBRN casualty.

2.3.1. NATO OPERATIONS AND POSSIBLE THREATS

The type of NATO operation will determine the CBRN defence posture adopted for the medical
support mission. Military operations range from war with CBRN capable states including
“collective defence” under Article 5 through to Non-Article 5 Crisis Response Operations
(NA5CRO) which may include civil-military co-operation (CIMIC).

2.4. GENERAL CHARACTERISTICS OF CBRN AGENTS
241 NON CLINICAL CHARACTERISTICS

These characteristics determine the requirement and type of personal protective equipment,
including individual protective equipment, and decontamination.

a. Physical. Known chemical agent and radioisotopes cover the whole range of physical
properties: gaseous, liquid or solid. Biological agents are usually particulates although
they may contaminate a liquid. The volatility of a liquid will determine whether the liquid
evaporates in the ambient conditions to be an airborne vapour hazard, and therefore
become an inhalational hazard. Particulate solids and aerosolised liquids may be
suspended in the air depending on ambient conditions and be an airborne hazard. The
physical properties of an agent determine whether an agent is a persistent hazard and
whether direct contact with the agent (contamination) requires decontamination. Further
information on persistency and casualty hazard management is found in Chapter 6.

b. Chemical. The inherent reactivity and stability of chemical agents can vary widely.
Some chemically reactive agents denature rapidly, whereas other less reactive agents
require bleach solutions or other active skin and equipment decontaminants to inactivate
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them. Solid adsorbents e.g. fuller's earth can be used as a decontaminant but do not
chemically destroy the chemical agent and the potential for off-gassing should be
recognised. Chemical properties are not limited to chemical agents and can be applied
to toxins and radioisotopes. The chemical properties of radioisotopes can be exploited
to chemically remove an incorporated radioisotope (decorporation).

c. Microbiological properties. Biological agents have properties that are described in
more detail in Part 4. Common properties with other CBRN agents include persistency
in environment and requirement for decontamination. Other properties such as
transmissibility and risk from contagious illness are specific to biological agents alone.

d. Radiological properties. Radiological properties are specific to the radioisotope and
will be discussed in Part 5. The chemical properties of the stable and radioisotopes of
an element are the same and can therefore be exploited for treatment. For example, the
chemical properties of radioiodine (**!1), including its uptake by the thyroid gland, is the
same as stable iodine (*?’I). Radioisotopes cannot, therefore, be chemically destroyed
and will require external decontamination using physical methods, or removed internally
by decorporation.

Note: Exposure to ionising radiation (irradiation) without contamination does not require
decontamination.

PATHOPHYSIOLOGICAL (MEDICAL) CHARACTERISTICS
The medical effects of each agent depend on the a number of factors, these include:
a. Route of absorption.

b. The behaviour of the agent in the body including absorption, distribution, localisation
in tissues, biotransformation and excretion (kinetics).

c. The pathophysiological effect at the site of effect (dynamics).
d. Initial state or pre-existing conditions of the exposed person.
e. Concentration or dose.

f. Duration of exposure.

The medical effects of CBRN agent and trauma exposure will have different clinical

effects, although the effects are not exclusive. Clinical assessment of the casualty will look for
symptoms and signs specific to each hazard type — the ‘casualty effects’ (‘Four Is’):

a. Intoxication (chemical / toxins).

b. Infection (live biological agents).

13

Irradiation (radiation / nuclear).
d. Injuries (explosives / trauma).
The severity of the medical effects of CBRN agents can be defined as:

a. Lethal. Examples include nerve agents, cyanide, phosgene, inhalational anthrax,
pneumonic plague, toxins and high dose radiation. Lethality can be expressed as LDsy,
2-5 Edition A Version 1
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which is the lethal dose to kill 50% of the exposed population, or LCtso for inhaled
chemicals which is based on concentration and duration of exposure.

b. Damaging. These agents have a low mortality in those exposed to < 5% during
conflict, but will have a significant impact on medical support. Examples include sulphur
mustard and low dose radiation.®

c. Incapacitating. These agents cause a reversible mental or physical disability and
inability to function. An example of mental incapacitants are BZ and LSD, while
examples of physical incapacitants are adamsite (DM) (vomiting agent), Influenza virus
and C. burnetii (Q fever). For some agents, an incapacitating dose (IDso)® has been
calculated and includes sub-lethal doses of some agents described in 3a.

24.3. LATENCY OF EFFECTS

1. The onset of symptoms is important in the recognition and establishment of causation
of a CBRN or TIM release. However, delay in these symptoms due to a latency period will
confound any epidemiological investigation. For live biological agents, the latency period is
called the incubation period. A summary is shown in Figure 2-2.

2. The timeframe for the overt clinical effects to be expressed is categorised as:

a. Immediate onset. Symptoms and signs that occur during the exposure that may be
early enough to allow for protective measures to be taken such as evacuation, wearing
respiratory protection or medical countermeasure use.

b. Acute onset. Symptoms and signs that occur usually within six hours’ after the period
of initial exposure. Acute effects are likely to use the same response used for traumatic
injuries with a similar clinical timeline and evacuation chain.

c. Delayed onset. Symptoms and signs that occur usually after six hours. For these
cases, the initial event may not be associated with the delayed effects seen. Agents with
delayed onset may require special arrangements to be in place to observe and respond
to the delayed effects.

d. Long-term sequelae. Symptoms and signs that occur in period after the operational
employment window (such as six months) where immediate causation may not be
recognised but may be diagnosed as part of post-operational health surveillance
provided either by military or civilian primary healthcare systems.

3. The latency period is important as this is sometimes referred to as the ‘window of
opportunity (WOOQO)’ for the effective use of early post exposure prophylactic MedCM. The
WOO can also be applied to a window of effective medical therapy also. The WOO in both
scenarios depends on early detection of the initial release (‘detect to protect’) or medical

5 ATP-3.8 does not include damaging as a class, however for medical planning this is an important group
of casualties — chemical burns. The use of the term ‘lung-damaging agents’ to describe chemicals such
as phosgene and chlorine is ambiguous and therefore the preferred medical term for these agents is
‘pulmonary agents’.

6 The IDso for incapacitating effects should not be confused with the IDso describing the infecting dose
associated with live biological agents.

7 This period is set for guidance and planning including casualty estimation.
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personnel recognising symptoms and signs of the effects (‘diagnosis to treat’), direct or indirect
respectively.

CHEMICAL Chlorine INTOXICATION

Phosgene
Nerve agents
Cyanide Sulphur mustard

Botulinum toxin INTOXICATION

Ricin

BIOLOGICAL (TOXINS)

BIOLOGICAL (LIVE) Plague Tularemia INFECTION
Smallpox
Anthrax
Melioidosis

RADIOLOGICAL/NUCLEAR IRRADIATION
High Doses > 0.75Gy ARS Prodrome Acute Radiation Syndrome 1 Cancer risk

|
Low Doses 1 Cancer risk |
TRAUMA DEATHS (using tri-modal distribution) INJURIES

Catastrophic hemorrhage
Airway
Breathing
Circulation

Seconds Minutes Hours Days TIM Weeks Months Years

Figure 2-2 — lllustrative Summary of CBRN Onset of Symptoms.
2.5. METHODS OF DELIVERY

1. The characteristics of a CBRN agent, especially physical and stability characteristics
and vulnerable routes of absorption, will determine the delivery method used. The optimal
method will maximise the number of casualties and the effects of the exposure via the optimal
route of absorption and penetration of any physical protective measures. The delivery method
used may also cause additional medical effects such as trauma (injuries) or psychological
stress. The method of delivery may be:

a. Overt. This method may use of an obvious method of delivery such as munitions,
bombs, projectiles, spray tanks and warheads. A release of a large quantity of agent
may also be indicative of an attack, such as a cloud of chlorine.

b. Covert. Covert methods, including the use of insect vectors, mean that casualty
presentations have no obvious causation and investigations will require an effective
inform process using epidemiological methods as described in Chapter 17. Covert
methods may become detected if a real-time detection network is in place with a warning
time short enough to ‘detect to protect’ where protection may be physical or post-
exposure medical countermeasure.
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2. The increasing asymmetrical threat from insurgents and terrorists means that improvised
explosive devices (IED) may be used as well as CBRN only overt and covert releases. In cases
of explosive incidents, the release of a CBRN agent may be masked by the obvious injuries.
CBRN release should be suspected based upon intelligence, environmental assessment and
appropriate screening of casualties by detection equipment.

2.6. ROUTES OF EXPOSURE

There are a number of ways that CBRN agents can get into the body. Some routes are quicker
than others for the systemic absorption while some routes are easier to protect by physical
protection, or are less permissive to some types of agent. Routes of exposure include:

a. Inhalation. Agent (gas/vapour and aerosols) breathed in.
b. Ingestion. Agent (liquid, solid) eaten or drunk.
c. Skin (percutaneous) by three methods:

(1) Through intact skin (transcutaneous). Agent (liquid, gas, solid) is absorbed
through intact skin without initially breaking it although absorption may be slower by
this route and vary depending on blood flow and thickness. Unbroken skin is resistant
to most biological agents. Normal field hygiene should be used.

(2) Inoculation (or injection). Any penetration of the skin with minimal trauma in order
to introduce the agent (liquid, solid). This route includes vectors such as arthropods
transmitting biological agents and is also a common route for the administration of
vaccines and auto-injectors.

(3) Wound. Any contamination after significant breaking of the skin barrier following
a traumatic event.

d. Eye (ocular). Agents (gas/vapour and aerosol) may have a local effect on the eye,
such as miosis caused by nerve agent. Significant systemic absorption is less likely or
significantly delayed due to a poor corneal blood supply.

e. Mucosa. This route, including the conjunctiva, is susceptible to chemical agents such
as sulphur mustard, and live biological agents including blood borne and haemorrhagic
fever viruses.

2.7. TYPES OF CBRN CASUALTIES

1. The type of casualties that may be generated by a CBRN attack depends on the hazards
present, delivery method, persistency of the agent, presence of trauma and CBRN protective
measures used. The presence of a secondary exposure hazard to responders due to
persistency should also be noted in any casualty report, as well as the clinical state. The
descriptions used can also be applied to other incidents and casualties including exposure to
TIMs and endemic disease.

2. Casualty types may be defined by two criteria, the cause of the perceived clinical effects
(and probable or confirmed cause) and secondary hazard status (contaminated or contagious).
Each casualty type is therefore not exclusive.
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CLINICAL CASUALTY TYPES

Casualties® classified by the clinical effects are:

2.7.2.

a. Chemical casualty. A casualty caused by a chemical substance.
b. Biological casualty. A casualty caused by a biological agent (including toxins).

c. Radiological casualty. A casualty caused as a result of exposure solely to ionising
radiation either due to irradiation (acute radiation dose) or treatment for internal
contamination (decorporation). Nuclear casualties are excluded from this category (see
below) as are any potential long term effects of ionising radiation exposure.

d. Nuclear casualty. A casualty caused by a nuclear detonation. These casualties are
likely to also have concurrent trauma due to flash, thermal burns and blast (combined
injuries).

e. Combined casualty. A chemical, biological or radiological casualty with concurrent
traumatic injuries.

f. Psychological casualty (see section 2.8 and AMedP-8.6°).
CASUALTY TYPES DUE TO SECONDARY HAZARD RISK

Casualties (and personnel) classified by their secondary hazard status are:

2.8.

a. Exposed person. This is an asymptomatic person that falls within the population at
risk (PAR) following a suspected or confirmed release. Exposed persons may remain
unaffected or become casualties during the range of the latency period of the agent. Any
significant exposure (suspected or confirmed) should be recorded. Contaminated
personnel that have been exposed by a potentially transmissible biological agent or in
contact with a contagious patient may require quarantine and would be classified as a
casualty. Medical advice and follow-up may be required including initial screening or
long term health surveillance.

b. Contaminated casualty. A casualty that has been exposed to a persistent CBRN
agent, externally, internally or into a wound, that remains or may be a secondary hazard
to responders and is symptomatic. These casualties will require casualty
decontamination, and may require decorporation (removal of internal contamination)
and wound decontamination as part of casualty hazard management.

c. Contagious casualty. A biological casualty that has been infected with a
transmissible (person to person) microorganism. These casualties will require
assessment for isolation as part of casualty hazard management.

PSYCHOLOGICAL CASUALTIES

This casualty type is complex. Symptoms range from mild anxiety and acute stress reaction
through to mental incapacitation due to reduced level of consciousness, delirium or psychosis.
Symptoms may also be delayed or long-term and include post-traumatic stress disorder.

8 For the purposes of this medical allied publication - a casualty is described as “a person who is lost to
an organisation by reason of having been declared dead, wounded, injured, or diseased”.
% AMedP-8.6: Forward Mental Healthcare.
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Psychological effects due to CBRN agents may be direct or indirect. In most cases, symptoms
may be present without exposure to an agent and this is called psychogenic, or sociogenic if
presenting as multiple casualties with similar symptoms but no obvious cause.

2.8.1. DIRECT PSYCHOLOGICAL EFFECTS
The direct effects of CBRN agents include:

a. Delirium. This is an acute, transient disturbance of consciousness with reduced
ability to pay attention to external stimuli, and disorganised thinking with rambling or
incoherent speech caused directly by the agent. Some agents may cause hallucinations
and are described as psychoactive or psychotropic.

b. Sedation. This is a reduction of consciousness that is a form of mental incapacitation.
The mild form will lead to psychological impairment and the most severe form is coma
and potential death due to the suppression of vital brain functions such as respiratory
drive.

2.8.2. INDIRECT PSYCHOLOGICAL EFFECTS

The indirect effects of CBRN agents may be due to a psychological response or actions to
protect against their effects, such as wearing protective equipment. They include:

a. Reactive. These casualties range from an appropriate level of anxiety with low risk
(‘worried well’) to acute stress reaction, acute stress disorder and post-traumatic stress
disorder.

b. Degradation. These are the psychological effects of wearing IPE and may be caused
by claustrophobia, poor communications and isolation, or a delirium secondary to heat
illness (heat stroke).

2.8.3. PSYCHOGENIC (SOCIOGENIC)

These casualties have symptoms and possible signs of exposure but in the absence of any
CBRN exposure and are psychological in origin. The simultaneous presentation of a large
number of casualties with this phenomenon, mass psychogenic (sociogenic) illness is well
described and may present in a similar location to or soon after a confirmed or suspected
CBRN event.
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CHAPTER 3: MEDICAL COUNTERMEASURES

3.1. INTRODUCTION

MedCM are pharmaceutical products designed to diminish the susceptibility of personnel to
the lethal and damaging effects of chemical, biological and radiological hazards and to treat
the effects arising from exposure to such hazards. MedCM maintain commanders’ freedom of
action and combat effectiveness. While they may be used as a standalone CBRN protective
measure, they will usually be used as a part of the CBRN defence capability especially with
other components such as detection, warning and reporting, and individual protection.

3.2. TYPES OF MEDICAL COUNTERMEASURES

1. MedCM are generally pharmaceuticals that have protective properties against specific
CBRN agents or types of agents, or non-specific effects such as vomiting or convulsions.
Examples of pharmaceutical types include:

a. Antidotes. These are pharmaceutical agents that counteract a chemical agent.!
Antidotes may work in a number of ways. They may act to reverse the effect of the
chemical agent at the site of action (toxicodynamics) such as oximes, or may act to
antagonise the effects of the chemical agent toxicity (atropine and diazepam). Some
antidotes act to alter the distribution or increase the metabolism and elimination of the
chemical; examples include chelating agents.

b. Antibacterials (commonly called antibiotics). These pharmaceuticals provide inhibit
or kill sensitive bacteria. Their use may be either as self-administered pre- or post-
exposure prophylaxis, or by medical personnel for casualty care.

c. Antivirals. This group of anti-microbials is less well developed than antibacterials but
subject to continuing research and clinical trials.

d. Antitoxin. These are antibodies (immunoglobulins) raised against specific toxins.
Dosage may be based on toxin dose with multiple dosing required. There is a risk of
anaphylaxis and serum sickness using animal derived antitoxin. The use is limited to
probable or confirmed cases rather than routine empirical prophylaxis and there may be
a relatively short window of opportunity.

e. Passive immunisation. Immunoglobulins (antibodies other than antitoxin) or parts of
them are transferred to a person so that the body does not need to produce these
elements itself. This method of immunisation begins to work very quickly, but it is short
duration because the antibodies are naturally broken down and they are not further
reproduced by the recipients. Antibodies for passive immunisation continue to be
developed against certain biological agents and there are currently vaccinia and anthrax
immunoglobulin available in some countries.

f. Active immunisation (vaccination). This encourages the recipients to develop their
own immune response to a biological agent including toxins. Multiple doses may be
required before maximal protection over a long period (up to six months). This is usually
administered by medical personnel although authorised by the chain of command. Some

1 The term antidote is sometimes used to describe antitoxins including those for CBRN as well as drug
overdose and other poisons.
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vaccines (anthrax) may have a protective effect if given early post-exposure and
contribute to greater protection by other MedCM such as antibiotics.

g. Cytokine (stimulation) therapy. This treatment uses cytokines to stimulate the
casualties own immune system in order to fight the infection. Some of these treatments
are also used in the management of acute radiation syndrome.

There are four concepts of use for MedCM. A specific MedCM is not limited to one

concept type (i.e. antibiotics). The types are defined as:

3.

a. Pre-exposure prophylaxis. Pre-exposure prophylaxis (PrEP) describes the
administration of MedCM before detection of an exposure in order to prevent the effects
of a CBRN agent. These may be given days, weeks or even months in advance. An
example would be vaccines to protect against biological agents. Pre-exposure MedCM
do not rely on detection to trigger implementation as this is based upon the CBRN threat,
risk:benefit and acceptability.

b. Pre-treatment. Pre-treatments are therapy enhancers that are administered before
exposure to enhance the efficacy of subsequent post-exposure therapy. An example is
pyridostigmine for the enhancement of nerve agent immediate therapy.

c. Post-exposure prophylaxis. Post-exposure prophylaxis (PEP) is a medical
countermeasure used after an exposure has been detected in order to prevent the
effects of the CBRN agent. It requires a detect capability in order to take advantage of
the window of opportunity (WOO) between exposure to an agent and the development
of any irreversible consequences. Examples include antibiotics and vaccination after
potential exposure to biological agents. The WOO is maximised by early detection or
diagnosis and rapid MedCM administration and varies by agent and MedCM type e.g.
Longer WOO for live biological agents and antibiotic prophylaxis compared to a shorter
WOO for toxins and antitoxin use.

d. Immediate therapy. Immediate therapy is a medical countermeasure used to treat
the initial effects of a CBRN agent based upon symptoms and signs. Immediate
therapies may be administered by non-medical as well as medical personnel. These
may be given by the casualty themselves (self-administered) or as first aid by another
(buddy-administered). Some training is required in recognising early symptoms and
signs, as well as the actual method of MedCM administration (“diagnose to treat”).
Examples include self-administered medical products used when the effects of CBRN
agents are evident (e.g. nerve agent antidote auto-injectors).

e. Continuing medical therapy. This refers to pharmaceuticals that are given within the
medical chain. This group of MedCM is important to consider in order to ensure
interoperability, along the casualty chain and between MTFs, and prevent adverse drug
interactions with self-administered MedCM. Hospital care may be delivered by a
different nation to the patient’s nation or a nation providing pre-hospital emergency care.

The range of MedCM may be used at any time during the career of a military person

from new entry through to post exposure. Some MedCM such as vaccines may be part of the
wider Force Health Protection program. For a specific operation, the beginning of the force
generation period through to the end of the WOO is described as the MedCM employment
envelop. The key events within the envelopment are the time of exposure, detection and
diagnosis. The last two events of post exposure triggers for a command decision to be made
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on the use of a MedCM,; this is unless pre-authorisation has already been made for personnel

to self-administer on the appropriate trigger.

A summary of pharmaceutical types and concept of use is shown in Figure 3-1.
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Figure 3-1: Summary of CBRN MedCM types.
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3.3. IMPLEMENTATION OF MEDICAL COUNTERMEASURES

1. During any operation or in preparation, there are a number of decision points for the
implementation of MedCM. The decision to start MedCM will usually be a command decision
supported by medical advice. The exception is the use of immediate therapy for casualty
treatment. These decisions include whether and when to:

a. Implementation of a vaccination programme to a specific threat.

b. Training personnel in the use of self-administered MedCM.

c. Training medical personnel in the use of medically administered MedCM.
d. Issuing MedCM to personnel.

e. Starting pre-exposure MedCM.

f. Starting post-exposure MedCM.

g. Stopping MedCM.

2. Further guidance to command on the implementation of MedCM can be found in AMedP-
7.6.

3.3.1. VACCINATION

Vaccination policies will vary between nations due to issues such as concept of use, licensing
and regulatory constraints. Vaccination provides significant protection for specific biological
agents as well as endemic disease. Some vaccines require multiple doses over a period of
time that may exceed the time allocated for force generation. Where possible, vaccination
should be implemented in conjunction with the immunisation programme as part of wider force
health protection before deployment. Some vaccines may not provide 100% protection and
may require additional MedCM. For planning purposes including casualty rate estimation, an
efficacy of 90% is usually assumed unless supported by other scientific information.?

3.4. RECORDING THE USE OF MEDICAL COUNTERMEASURES

1.The use of any MedCM whether self-administered or by medical personnel should be
recorded in the person’s health record.

2. Any adverse drug reactions (not recognised side effects) should also be reported to the
relevant medical/drug regulatory authority in accordance with national legislation and licensing.

3.5. CBRN MEDICAL COUNTERMEASURES PLANNING

Further guidance on CBRN medical planning and the operational considerations for MedCM
deployment, issuing and use will be found in medical planning publications of the AMedP-7
series including AMedP-7.5 and 7.6.

2 AMedP-7.5 provides more specific estimated vaccine efficacy for casualty rate estimation.
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CHAPTER 4: PRINCIPLES OF CBRN CASUALTY MANAGEMENT

4.1. INTRODUCTION

1. The management of CBRN casualties requires a standardised framework. This
optimises medical response by supporting prioritisation, personal safety and interoperability
between units and nations. A common framework supports personnel with different casualty
management roles (command, clinical, detection, decontamination and logistics) and
capabilities.

2. The principles of CBRN casualty management are:
a. Recognition (Detect & Diagnose).
b. Safety (see Chapter 9).
c.  First-aid including self-administered and buddy-administered (see AMedP-7.2).
d. Triage (see Chapter 14).
e. Casualty assessment.
f. Life-saving interventions (LSI).

g. Casualty hazard management (contain, decontaminate, isolate & quarantine) (see
Chapter 6).

h.  Advanced Medical Care
(1) Supportive treatment, including critical care and replacement therapy.
(2) Definitive treatment, including antidotes and surgery.
i. Rehabilitation.
4.2. LEVELS AND PRIORITIES OF CBRN CASUALTY CARE

The level of care and the ability to provide safe and effective treatment will depend on:

a. The training and competency of the non-medical or medical responder individual
(see AMedP-7.2 and AMedP-7.3 respectively); and

b.  The presence of a CBRN hazard, described as CBRN functional zones?, with the
requirement to wear IPE/PPE.

1 The CBRN functional zones are described in detail in Chapter 10 but are summarised as:
Hot zone. This is a non-permissive area where there is a direct hazard (primary exposure and
contamination) to the responder from the environment.
Exclusion zone. This is a type of hot zone where despite protective measures a significant risk to the
responder remains that can only be reduced by avoidance (e.g. high dose radiation source or explosive
device).
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42.1. LEVELS OF CARE

The delivery of casualty care is a continuum of care starting at the point of exposure (PoE)
through to a Role 4 hospital and rehabilitation. The level of care able to be provided will vary.
It depends on the operational environment, availability of medical resources and the
requirement to wear personal protective equipment due to a CBRN hazard. The levels of care
are:

a. (Enhanced) First Aid.
b. Emergency Medical Treatment (EMT).
c. Advanced Medical Care (AMC).
d. Rehabilitation.
4.2.2. PRIORITIES FOR TREATMENT IN A CBRN ENVIRONMENT

1. A generic all-hazards approach adapted from the management of trauma is applied to
CBRN casualty management including the management of trauma in a CBRN environment.
The priorities for treatment through the continuum of care, although more limited in the hot
zone, are:

<C>atastrophic haemorrhage.

Airway and antidote (MedCM) administration.
Breathing and oxygen delivery, where appropriate.
Circulation.

Decontamination (and disability).

Evacuation to a more permissive environment.

2.  Thetimes to reach each level of care described follow a similar timeline as conventional
casualty management set by MC 326/3.2 These timings are for medical planning purposes and
it is accepted that they will be limited by a CBRN environment. For CBRN defensive operations,
medical planners should consider the forward deployment of medical personnel and equipment
although any damage control surgery within 2 hours will be a challenge where there is a
contamination hazard delaying medical evacuation.

4.3. RECOGNITION

This is the first indication of a CBRN event and may be initiated by any persons recognising
environmental signs or casualties, casualties themselves experiencing symptoms (self-aid) or

Warm zone. This is a semi-permissive buffer area where there is a secondary contamination hazard
due to contaminated equipment, personnel or casualties leaving the hot zone. The warm zone is
bounded by a cordon that is called the clean / dirty line (CDL).

Clean (Cold) zone. The clean zone is the area beyond the CDL with optimal access to casualties
following external decontamination. A residual risk from contaminated wounds and a contagious patient
still exists in this zone.

2 MC 326/3 NATO Medical Support Principles and Paolicies.
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medical personnel recognising the symptoms described by the casualty or observing the signs
seen during casualty (clinical) assessment. Once a CBRN event (release) has been
recognised, CBRN medical incident management may begin working with the chain of
command (see Part 2).

Note: For biological events, the first recognition is most likely to be through the medical chain
either by the diagnosis of an individual case or recognition of an outbreak due to an increase
casualty rate or disease pattern recognition.

4.4. TRIAGE

1. Although triage is generally used only for situations with multiple casualties, the use of
a triage category is useful for prioritisation of treatment, decontamination, and casualty
transport as well as reporting. The same triage categories (T1 (immediate), T2 (urgent), T3
(delayed), T4 (expectant) and Dead) used for conventional casualties are recommended,
especially when operations may have conventional, CBRN and combined casualties. The
triage criteria for each category and event may differ.

2. Further details of CBRN Triage and categories are in Chapter 14.

4.5. CASUALTY ASSESSMENT

1. Following the recognition and identification of T1 casualties during triage, assessment
of chemical and trauma casualties is critical to diagnose and treat any life threatening condition.
This early diagnosis of a chemical agent by casualty assessment focused on the assessment
of the casualty’s Conscious level, Respiratory pattern, Eyes, Secretions and Skin (CRESS)
and is called ‘Quick Look'.

2. Specific indicators will be given of each chemical agent type in Part 3 of this publication
but a short version is given in Table 4-1 highlighting agents (and MedCM side-effects) with
specific toxidromes and potential for MedCM and other interventions in the hot and warm zone.

Note. Symptoms and signs may vary with specific agents, doses and routes of exposure.

Table 4-1: Abbreviated ‘Quick Look’ Assessment (CRESS).

NERVE CYANIDE OPIATE ATROPINE SEPSIS HEAT STROKE
. . Unconscious / Reduced / Agitated / Normal, reduced
Conscious Convulsions Convulsions Unconscious Confused or agitated Altered
Aot Increased, reduced | Increased or Reduced /
Respiration or stopped stopped Stopped Increased Increased Increased
I _— Normal / I . Large pupils / Normal / Large
Eyes Pinpoint pupils Large pupils Pinpoint pupils Blurred vision Normal pupils
Secretions Increased Normal Normal Dry mouth ./ Normal / sputum Normal
Feeling of thirst

Skin Sweaty Pink then Blue | Normal / Blue Flushed Warm / Pale (cool) Varied
Other Vomiting Fast pulse High temperature
potential Incontinence Sudden onset Fever (>38.3°C) g (>3880)
features Slow pulse Bio-syndrome*

* Pinpoint pupils may not be present immediately if skin absorption or eye protection worn.
* Bio-syndromes include respiratory, cutaneous, lymphadenopathy, haemorrhagic, gastrointestinal & neurological syndromes.
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3. In the presence of trauma, a rapid trauma primary survey will also be carried out with
emphasis in the hot zone on catastrophic haemorrhage, airway and breathing difficulties, or
respiratory distress/respiration problem including respirator fault (when unable to assess
airway and differentiate from breathing difficulty or chest trauma). Both concepts are also part
of first aid assessment in a CBRN environment (see Figure 4-1).

4.6. FIRST AID IN A CBRN ENVIRONMENT

1. First aid is the provision of care to trauma and CBRN casualties to save life or sustain
an operation by non-medical or medical personnel. First aid should be delivered as soon as
safe to do so and ideally within the first 10 minutes of recognition. In a CBRN environment this
is likely to be in the most contaminated, high-risk or even non-permissive environment (hot
zone).

2. First aid interventions should focus on the control of catastrophic haemorrhage, basic
airway management, early MedCM (antidote) delivery including
oxygen (where available), basic chest (breathing) injury management
and evacuation to a more permissive environment. This can be
summarised as <C>AaB-Evac as part of the continuum of care
described above.

3. Additional first aid skills (enhanced first aid) may be considered
for CBRN specialists at greater risk of encountering a CBRN incident.
Further details of the requirement for first aid in a CBRN environment E
including training requirement and first aid materials can be found in
AMedP-7.2: CBRN First Aid Handbook and supporting Standardisation Related Document
(see QR code link).
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Figure 4-1: CBRN First Aid Assessment ‘Quick Look’ and Initial Management. ®

4.7. EMERGENCY MEDICAL TREATMENT

1. The provision of forward life-saving treatment to CBRN casualties including trauma,
before and during any decontamination, is described as Emergency Medical Treatment (EMT).
EMT provision to T1 casualties should start within an hour of recognition in a semi-permissive
(warm or decontamination zone) CBRN environment area. EMT includes:

a. Triage in order to identify T1 casualties.

b. Rapid casualty assessment (‘Quick Look’).
c.  Provision of LSI to trauma and CBRN casualties (see below).

d. Casualty hazard management; those providing EMT may also be required to
provide casualty decontamination as part of casualty hazard management or work with
those providing that capability (see Chapter 6).

2. EMT (care under fire) in a non-permissive (hot zone?) area is limited due to a significant
hazard including CBRN agent (primary exposure), explosive device, effective fire or
environmental hazard. Treatment may be restricted by personal protective equipment and
access to the casualty due to distance or the casualty wearing IPE and combat body armour.

3 In the context of a CBRN incident, a hot zone is defined as an area where there is a direct exposure
or contamination hazard from the environment (for further details see Chapter 10).
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Within the hot zone, EMT may be limited to first aid with the priority to evacuate to the warm
zone and a casualty collection point or Role 1 MTF. A summary of EMT is in Figure 4-2.

v RECOGNITION

v SAFETY

v SELF AID/FIRST AID

v TRIAGE Emergency Medical Treatment
v QUICK LOOK

v LIFE SAVING INTERVENTIONS (T1 casualties)

v CASUALTY HAZARD MANAGEMENT

v SUPPORTIVE MANAGEMENT  Advanced WMedical Care
v DEFINITIVE MANAGEMENT (including criical care)

v REHABILITATION

Figure 4-2: CBRN Emergency Medical Treatment and Advanced Medical Care Concepts.

4.7.1.

LIFE THREATENING CONDITIONS

Immediate life-threatening conditions that may require immediate treatment and be a challenge
in a CBRN environment include:

a.

b.

m.

n.

Catastrophic haemorrhage.

Airway obstruction.

Breathing difficulty.

Cyanosis.

Respiratory distress.

Tension pneumothorax.

Sucking chest wound.

Circulatory failure.

Shock due to fluid loss, cardiac toxicity, sepsis and vasodilatation.
Bradycardia (< 40 beats per minute) due to nerve agent.
Neurological disability

Unconsciousness.

Convulsions.

Other signs of severe chemical intoxication, where an effective MedCM exists and a

delay in administration may cause death.

0.

Severe sepsis or septic shock.
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p. Heat stroke.
4.7.2. LIFE-SAVING INTERVENTIONS

1. Life-saving Interventions (LSI) are actions that can be performed by any person
appropriately trained to reverse any life-threatening condition or prevent further deterioration
in a casualty due to a CBRN agent and/or trauma. In a CBRN environment, LSI should only
be performed on the most severe casualties (T1) with immediate life-threatening conditions
and include:

a. Removal from the hazard (self-extraction or rescue).

b. Application of pressure dressing (and haemostatic dressings®).

c. Application of tourniguet(s).

d. Basic airway management including suction.

e. Ventilation (as resources allow).

f. Early MedCM/antidote administration including anticonvulsant.

g. Application of oxygen.

h. Management of tension pneumothorax, such as needle decompression.

i. Management of sucking chest wound, such as application of dressing with valve.
j-  Fluid resuscitation (trauma, sepsis or combined injuries).

k. Management of severe sepsis and septic shock (fluids, oxygen and antibiotics).
I. Management of heat stroke.

Note. In the CBRN environment, a tension pneumothorax should be suspected in any
casualty with a penetrating chest injury (or suspected blast injury) AND respiratory
distress or circulatory shock.

2.  The levels of care including likely triage points and delivery of LSI are shown in Figure
4-3.

4.8. ADVANCED MEDICAL CARE

1. This is the provision of supportive and definitive care including critical care and surgery
by hospital personnel. Although the timeframe of 2 hours to reach a MTF that delivers damage
control surgery is set by MC 326/3, this timeframe may be a challenge if there is a requirement
for casualty hazard management. Advanced management consists of:

a. Supportive management. During CBRN casualty management, the causative agent
may not be known or suspected. Treatment may still be effective by adequate supportive
treatment focused on managing the observed clinical symptoms and signs. In some

4 The application of haemostatic dressings may be impractical in a CBRN environment and for
catastrophic limb injuries early use of a tourniquet is advised. For torso injuries, tourniquets are not an
option and pressure dressings should be the mainstay of treatment within national guidelines.
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cases even when the agent is known, there may be no definitive treatment such as an
antidote and treatment may remain supportive throughout the casualty continuum of
care including critical care with ventilation, circulatory and renal support.

b. Definitive management. Definitive treatment is the final level of comprehensive care
provided to return the patient to the highest degree of mental and physical capability
possible. After the definitive treatment period the individual may undergo rehabilitation
before being returned to duty or discharged from military service. For some casualties,
definitive care may only be available at Role 4 or in an allied nation. Types of definitive
treatment include further antidote treatment, replacement therapy, as well as surgery
and burns management.

3. Specific supportive and definitive treatments including critical care and paediatric
patients are discussed in Chapter 7.

4.9. REHABILITATION

Rehabilitation (physical, mental and social) for CBRN casualties is outside the scope of this
AP. However, medical services should give consideration to the long term impact of a CBRN
incident leading to chronic or long term disease such as burns (thermal, chemical and
radiation), eye injuries, psychological effects, increased risk of cancer and potentially
teratogenesis. These effects will require involvement with rehabilitation services and
specialities including plastic surgery, ophthalmology, mental health services, health (genetic)
counsellors, occupational physicians and veteran agencies. Social rehabilitation is also an
important consideration especially overcoming stigma and reintegration with family, work and
society. This may require risk communication provision not only to the patient but other parties.

4-8 Edition A Version 1



AMedP-7.1

(pa2ueyU3-ZY pue Jiseg-zy Buipnjoul) Aupe4 Jusuneal) [eJ1paj — 41N €/Z 810y

uonels Buues|o Ayensed — 292 aun Auig / ues|o — 1a@s Wiod uonaajod Aensed (premiod) — 429 (pmd)
afeyuowsaey aydonsele] — <waeH 180> (Buipunom apnou Aew) 2unsodx3 Jo juod — 304

41
m_.v ¢ /¢ 3704

ale) |evlpaj|] paoueApy

A ——

auoyZ ues|) / P10D

2B [E2IP2IN PRIUBADY — @
uawneal] eapap fousblewg — @

pIy 1114 (paoueyu3) — @

wod 26eu] — ®

A\
® .qmou " Sues €) ©

1 [e2dlpaw +) ealy do9
Uoneuiweuolag

® C——p fyensen s 0 (1)

I Juawieal] [eaipapy fousbiswg pIy 15114 (paoueyu3)

I
auo7 (uods(g) wiepy auo7z JoH
109 ajendeAy alenoeA3
ajeulweluoaag
uone|nall)
Buiyjeaig Buiyyeaig
(sejopnue) Aemury (sejopnue) Aeminy
<lWaeH e <WakeH jed>
ssasse-ay Moo ¥oInp,
3008ev<20> JBAZ-geVY<D>

Figure 4-3: Summary of Casualty Management Points and Levels of Care.
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CHAPTER 5: CBRN RECOGNITION

5.1. INTRODUCTION

1. Aresponse to a CBRN event requires an ability to recognise the event. While on a CBRN
Defensive Operation, the main element contributing to this will be detection either with
equipment carried by personnel or as a deployed sensor network. The priority for these
operations is “detect to protect” either by use of physical protection (individual (donning
respiratory) or collective protection (taking shelter)), and/or by administering MedCM. Medical
personnel may also recognise the effects of the CBRN agents as symptoms and signs and
therefore start specific treatments; this is “diagnose to treat”.

Note: For low CBRN threat operations, medical personnel may be the first to see the effects
of a CBRN release. In order to optimise recognition, all operational medical personnel that may
be involved in casualty management should be aware of the effects of CBRN agents and how
they may initially present. For biological agents, medical recognition either by clinical
assessment or clinical investigation may be the only method.

2. Indicators of an environmental or CBRN hazard include:
a. Any symptoms involving incident response personnel or Reconnaissance teams.

b. STEP 1-2-3 Rule. This is an escalated defensive response based on the number of
casualties presenting with similar symptoms and signs.

c. Unusual taste, smell or mist.
d. Unexplained dead animals.

e. Unexplained symptoms including altered vision, eye pain, headache, chest
tightness, difficulty in breathing, excessive secretions, non-thermal burns.

f. Anything unusual or unexplained symptoms and signs.
5.2. CYCLE OF CBRN RECOGNITION

1. A cycle of CBRN recognition is described as a cyclical relationship between the elements
of recognition (Figure 5-1). These elements are:

a. Intelligence, including medical.
b. Detection (scene assessment).
c. Diagnosis, consisting of:
(1) Casualty (clinical) assessment.
(2) Clinical investigations including diagnostic imaging and laboratory services.

d. Forensics.
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Medical intelligence
Military intelligence
Health Briefs

Intelligence

Reference laboratory W ﬁ
Post mortem

SIBCRA

Scene
Forensics assessment
(Detect)

J CBRN specialists
t Detection equipment

Environmental health

CBRN DIAGNOSIS

Septic screens Clinical Clinical

Toxicology assays - : :
investigations assessment .
Diagnostic imaging g Toxidromes

Near patient testing ‘Quick Lgok‘
Laboratory services _Sym_ptoms & Signs
Reference laboratory samples Biological syndromes

Figure 5-1: Cycle of Recognition. (SIBCRA: Sampling and Identification of Biological, Chemical and
Radiological Agents)

2. The initial CBRN defence posture of an operation or mission is based upon the
intelligence and subsequent risk assessment of the CBRN threat. This in turn contributes to
the decision to deploy a detection capability and what agents are specifically being looked for.
In addition, intelligence will inform the medical planners who will raise awareness of certain
CBRN agents as well as medical intelligence that will also inform medical personnel of
spectrum of hazards including environmental and endemic disease. If subsequent agents or
an event are recognised either through detection, the medical chain by diagnosis or forensic
analysis, the intelligence assessment will be updated and the risk assessment revised.

3. As part of a CBRN incident response, detection and clinical assessment will contribute
to the ‘assessment’ component' of the CBRN incident response paradigm, as scene
assessment and casualty assessment respectively. This is discussed further in Part 2 of this
publication.

5.3. CBRN DETECTION

1. CBRN detection is one of the five elements of CBRN Protection contributing to CBRN
Inform. It includes detection, identification and monitoring (DIM).

2. Detection may be carried out by any force trained and equipped with CBRN detection
equipment, CBRN specialist units or other technical units such as environmental health teams
depending on whether the principle hazard being assessed is CBRN or environmental. In some
cases, the type of agent may not be known and a multidiscipline approach to detection must

1 The components are safety, cordons, command, communication, assessment, triage, treatment,
transport, exploitation and recovery.

5-2 Edition A Version 1



AMedP-7.1

underpin CBRN recognition. Endemic disease is more likely to be recognised (diagnosed)
through the medical chain and for outbreaks among livestock veterinary personnel have a key
role.

3. The methods of detection and identification are subject to sensitivity and specificity
constraints that may generate ‘false negative’ and ‘false positive’ information respectively. The
threat state affects the pre-test probability of any detection method. As such, response to a
positive detection result will depend on the CBRN threat state as well as other information such
as situational awareness and medical reporting.

5.3.1. DISEASE SURVEILLANCE

Disease surveillance is the observation of patterns of disease in plants, animals and humans.
This is part of the medical contribution to a detection capability provided by environmental
health, public health, veterinarians and clinicians. Human health (health surveillance) is
monitored in the deployed population at risk (PAR) based on the reporting of specific conditions
or syndromes (syndromic surveillance). The ‘EpiNATO system’ is a NATO sponsored
monitoring system using multiple categories that include those that may be relevant to CBRN
incidents. Further details are found in AMedP-5.1: Deployed Health Surveillance.

5.4. CBRN DIAGNOSIS

1. Diagnosis contributes to the Detect element of CBRN defence and is delivered by
medical (or other medically trained) personnel. Diagnosis consists of two elements that are
part of the cycle of CBRN recognition:

a. Clinical assessment of a CBRN casualty.
b. Clinical investigations.

2. Diagnosis may be concurrent with Detect where that capability is deployed i.e. nerve
agent symptoms (described by casualty) and signs (seen by clinician) supported by chemical
agent detection.

5.4.1. CLINICAL (CASUALTY) ASSESSMENT

1. This element of CBRN Diagnosis is delivered by a clinician such as a doctor, nurse or
medic, who has direct access to the casualty. Clinical assessment includes history and
examination. Symptoms (i.e. described by the casualty) might suggest a possible CBRN
exposure or direct questioning may be required. Signs of potential CBRN exposure (i.e. seen
by the clinician) may suggest the agent used and possibly at exposures levels less than
detection (for example, miosis related to nerve agents and some biological agents). It may be
necessary to ask direct questions related to a CBRN exposure by the clinician, such as time
of onset and possible effects notimmediately attributable to the illness, based upon intelligence
or detection warnings that are earlier parts of the cycle of recognition.

2. Clinical assessment may be delivered from point of exposure through to rehabilitation
for diagnosis, monitoring treatment efficacy and long-term effects. At point of exposure, clinical
assessment will support first-aid management although provided by non-medical personnel
and very important for CBRN agents with a short latency (chemical agents) and trauma.

3. A focused clinical assessment described in Table 4-1 is part of recognition, first aid and
EMT in response to a CBRN incident. Certain chemical agents and some MedCM have a
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characteristic pattern of symptoms and signs (syndrome) and this is sometimes referred to as
a ‘toxidrome’ with a relatively high level of sensitivity and specificity; an extended Quick Look
is provided in Part 3 of the publication. Clinical assessment of a possible biological casualty is
also fundamental to the ‘syndromic approach’ to biological agent exposure and diagnosis (see

Chapter 27).
54.2. CLINICAL INVESTIGATIONS

1. Clinical investigations are the continuing evaluation of a symptomatic casualty after the
initial or repeated clinical assessment and include biochemical, haematological, radiographic,
microbiological, immunological, chromosomal and toxicological assays. Clinical investigations
are especially important for agents with a longer latency, where causation may not be
suspected, or agents with non-specific signs and symptoms (biological and radiological). As
well as recognition, these investigations may also be used for triage classification and monitor
treatment efficacy. The investigations may be ordered by the clinician based upon clinical
suspicion (possibly based upon medical intelligence) or as part of an investigation protocol
based upon general intelligence or epidemiological guidance.

2. Investigations are likely to require medical personnel to take clinical samples such as
blood and process them. However, some samples such as urine may not need specific medical
training. It is likely that more sophisticated sample handling and testing would require
laboratory facilities or a medical treatment facility (Role 2 and above). Some samples may
require specific laboratory facilities that are only available or appropriate at a recognised
reference laboratory either due to limitations or confidence in identification, biosafety, security,
legal and/or political issues.

5.4.3. LEVELS OF CERTAINTY OF DIAGNOSIS

1. Clinical investigation methods also contribute to formal agent identification
(confirmation), forensics, medical screening and health surveillance. The levels of certainty for
diagnosis are:

a. Suspected. A case in which a potentially exposed person is being evaluated by
medical personnel for CBRN medical effects, but no specific credible threat exists or
detection warning has been made.

b. Probable. A clinically compatible case (including biological syndromes and
toxidromes) in which a high index of suspicion (i.e. a credible threat or detection warning)
exists for exposure to a particular CBRN agent, or a case with an epidemiologic link to
a laboratory-confirmed case. (The latter may be based upon a case definition derived
from previous cases).

c. Confirmed. A clinically compatible case with laboratory confirmation by using clinical,
veterinary or environmental samples. In some instances, the case can be confirmed if
laboratory testing was not performed because either a predominant amount of clinical
and non-specific laboratory evidence of a particular CBRN agent was present or a 100%
certainty of the aetiology of the agent is known.

Note: Confirmation of some selective agents will require reporting to national, regional
and international governing bodies e.g. World Health Organization (WHO).

2. Specific information on clinical investigations is provided in each chapter for each agent.
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5.5. FORENSICS

1. CBRN forensic recognition (or exploitation) uses scientific methods and techniques as
part of the investigation of a CBRN event, to determine causation and possible criminal activity.
CBRN forensics draws upon a variety of scientific principles, including biology, physics,
chemistry and medicine. The level of confidence required must be irrefutable and therefore
requires a documented chain of evidence confirming origin, evidence handling, validated
analytical methods and that there has been no cross-contamination or tampering. As all CBRN
incidents will be treated as a scene of crime, forensic principles and internationally
standardised processes might also influence medical procedures and documentation.

2. Forensic assessment is unlikely to contribute directly to the initial CBRN event but will
influence further incidents through intelligence and subsequent CBRN recognition. Human,
veterinary and environmental sampling may provide samples for immediate or provisional
detection and identification, as well as forensic evidence as long as there is no cross-
contamination and the chain of evidence is maintained. All samples for clinical investigation
may become a forensic sample. Medical personnel may also be required to provide a legal
statement on the clinical assessment and investigation. All elements of the cycle of recognition
could therefore be used for legal proceedings and international security measures.

Note: The term bioforensics should not be confused with the taking of clinical samples to
investigate any CBRN incident. Bioforensics refers to the forensic investigation of a biological
incident which may include human, plant and animal sampling and analysis.

5.5.1. SAMPLING IDENTIFICATION OF BIOLOGICAL, CHEMICAL AND
RADIOLOGICAL AGENTS

Within NATO, a capability exists to collect and transport CBRN forensic evidence. This is called
Sampling and Identification of Biological, Chemical and Radiological Agents (SIBCRA). This is
provided by specialist teams from contributing nations. Further details are described in the AJP
3.8 CBRN defence series. Medical personnel may have a role but within the constraints of
national legal frameworks and the protected status of non-combatants under the Geneva
Convention.

5.6. POST-INCIDENT MEDICAL FOLLOW-UP
5.6.1. MEDICAL SCREENING

Medical screening is the active assessment at a specific time of a well person who may have
been exposed to a suspected hazard or have an epidemiological link to a probable or
confirmed case. Screening is vital so that MedCM that cannot be used empirically but have a
post-exposure WOO, and early treatment can be started as soon as possible. For biological
agents, this may be as simple as a rise in body temperature. The period of the medical
screening required will be influenced by the latency or incubation period of the agent, exposed
dose and the certainty of the time of exposure. For contagious biological agents, medical
screening will also be part of the quarantine process. Not all screening requires medical
personnel and it is not the sole responsibility of the medical chain of command.
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5.6.2. HEALTH SURVEILLANCE

Post-exposure health surveillance is the long-term monitoring of the health (physical and
mental) of an exposed population for predictable and unknown sequelae and may use tools
such as a health registry and screening.

5.7. CBRN INCIDENT ASSESSMENT

Elements of the CBRN Cycle of Recognition contribute to the assessment part of the generic
approach to a CBRN incident. Chapter 13 on CBRN Incident Assessment highlights the
importance of concurrent scene and casualty assessment.

5.8. CBRN MEDICAL SENSE CAPABILITY

Figure 5-2 summarises the components of the medical contribution to the overall CBRN inform
capability. Depending on the initial threat state, the actions in response to a warning or report
of an individual case or outbreak may vary and include automatic or pre-determined protective
measures or require further analysis to quantify the validity of the report and the plausibility of
an attack. This response to CBRN threats and medical sense with protective measures is
described further in AMedP-7.6.

CBRN THREAT ATTENUATION OF RESPONSE
PROTECTIVE MEASURES

.f‘ |
' |
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Figure 5-2: CBRN ‘Medical Sense’ Concept.
5.9. THE UNUSUAL PATIENT

During medical support operations, casualties may present with unusual illnesses to both
hospital and primary care facilities. For these cases where the illness does not match the
normal endemic pattern of illness or there is no obvious cause, an environmental or CBRN
exposure should be suspected. Further guidance on the management and investigation of the
unusual patient is covered in Annex 7A.
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CHAPTER 6: CASUALTY HAZARD MANAGEMENT

6.1. INTRODUCTION

1. Casualty hazard management is the decision making process for the handling of
casualties with a secondary exposure risk due to either contamination or a contagious illness
(Figure 6.1). Contamination may be classified as:

a. External contamination.
b. Internal contamination.
c. Wound contamination.

2. Personnel decontamination is the responsibility of the operational unit and casualty
hazard management is the responsibility of the medical chain of command, with support from
other units. The elements of casualty hazard management are:

a. Containment.

b. Decontamination.
(1) External.
(2) Internal (Decorporation).
(3) Wound.

c. Isolation.

d. Quarantine.

e. Restriction of Movement (RoM).
(1) ‘Medical RoM’ (isolation, quarantine).
(2) Operational RoM.

(3) Strategic RoM.
6.2. CONTAINMENT

1. Containment is the immediate on scene management of persons that may have been
exposed to a CBRN agent in order to prevent further spread. It should not however prevent
the clearance of persons away from a continuing hazard. For Improvised Explosive Devices
(IEDs), the four C’s approach (Confirm, Clear, Cordon, Control)! is used to describe the initial
actions on discovering a device. For those that may have a CBRN component to the device,
the approach is extended to include Communicate and Contain (the six Cs). This approach is
compatible with the CBRN incident management paradigm described in Part 2 of this
publication (see para 9.2. & Figure 9-1).

1 STANAG 2294Ed1
6-1 Edition A Version 1




AMedP-7.1

2. Containment of personnel on scene may be an early form of RoM and is controlled by
the Incident Commander under advisement from a CBRN advisor or reach back.

3. In some cases, the mission may need to carry on for operational reasons and
containment may therefore be delayed. All mission personnel must take appropriate measures
to limit any cross-contamination, spread or further exposures.

CBRN INCIDENT?

Safety considerations:
Consider personal protective
equipment & containment

4

CONTAINMENT
Establish cordons
(Hot / warm & cold zones)

7

PROVIDE EMT
Triage & identify T1 casualties
Life-saving interventions®

v

TYPE OF HAZARD?

Contaminated?
(CBRN)

{— % Contagious?

(Biological)

DECONTAMINATE ISOLATE
Remove clothing Consider quarantine /
Wet / dry decontamination restriction of movement

*includes remove from hazardous area

Figure 6-1: Casualty Hazard Management Algorithm. @
6.3. EXTERNAL CONTAMINATION

1. External contamination is the coating of an external surface such as the skin, hair or
clothing by a persistent agent. The agent may be liquid (including theoretically condensed
vapour) or dry particulate. Management of external contamination (decontamination) includes
the removal of clothing, gross physical removal of the contaminant and skin decontamination.
Owing to the possibility of hair contamination, appropriate management should be considered
including hair washing and potential shaving of the head.

2. Where a significant CBRN threat exists, pre-event CBRN defence against external
contamination will include individual protection equipment maximising skin coverage. For non-
CBRN defensive operations, the only external contamination protection may be conventional
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clothing and post-exposure interventions will therefore rely on clothing removal and skin
decontamination. The resources for decontamination should be prioritised for casualties,
responders and then medical infrastructure. The latter is especially important for the
decontamination of particulate contaminants such as contaminating CBRN particulates or
robust hazards such as spores. This is important due to the risk to other casualties that may
be vulnerable due to open wounds, respiratory sensitivity or other vulnerability.

3. Removal of chemical external contamination should be a priority as absorption through
the skin may continue increasing systemic toxicity and localised skin damage. High dose beta
and gamma radiological hazards should also be prioritised due to continuing local damage and
possible whole body irradiation; however life-saving interventions should take greater priority.
Biological external contamination is less of a priority for decontamination as the skin is
relatively impermeable to biological agents. During decontamination, respiratory protection for
responders and casualties should be risk assessed as volatile liquids will continue to evaporate
and particulate contaminants could be re-suspended during the procedure.

4, Decontamination methods for chemical agents include:

a. Physical removal. This is the mechanical method of removing a persistent
contaminant. The most common mechanical methods used individually or in
combination are:

(1) Removal of clothing.
(2) Irrigation with copious amounts of water at a recommended temperature of 35°C.

(3) Dry adsorbents. Adsorbents physically draw in liquid contaminants and examples
of adsorbents include fuller's earth and powdered resins. It should be noted that the
agent is not destroyed and an off-gassing hazard from the adsorbent material and
residual contamination remains after dry decontamination.

b. Chemical destruction. This method involves the deactivation of an agent by altering
its structure. This can be achieved by chemical reactions such as:

(1) Hydrolysis. Water has both a mechanical and chemical action. The chemical
action is slow but useful for deactivation of susceptible chemicals once in the wash
off decontamination solution. This mechanism is most effective in an alkali pH due to
the act of OH" on phosphorous containing agents.

(2) Oxidation. This method includes the use of active chlorine solutions on some
chemical agents including sulphur mustard and VX. Hypochlorite (-OCI) solutions
vary in strength and pH and depend on the chlorine forming product used. The
solutions should be fresh (daily) and alkaline. Active chlorine solutions also have a
disinfecting action on live biological agents.

(3) Active decontamination compounds. This form of decontaminant uses agents that
have a specific action against certain chemical agents.

5. Physical removal is also a significant method for the decontamination of biological and
radiological contamination either using water with soap, and can be enhanced by the use of
skin disinfectant (inactivation). Common biological skin disinfectants include chlorhexidine,
iodine and 0.5% bleach.
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6.3.1. LEVELS OF CASUALTY DECONTAMINATION

1. NATO publications refer to four levels of decontamination (immediate, operational,
thorough and clearance). However, these levels cannot be applied directly to casualty
decontamination and the following levels of casualty decontamination are used instead:

a. Immediate. This is the immediate application of adsorbent and/or removal of exposed
clothing from an unprotected individual to prevent further absorption and reduce
secondary contamination risk. This is considered a first aid measure.

b. ‘Expose to treat’ (clinical decontamination). This level of decontamination is applied
during EMT to T1 casualties only. It is the removal of clothing and protective equipment
in order to allow medical personnel to provide treatment to the upper end of the body.
The term ‘expose to treat’ is a medical order to another medic or decontamination team
member, potentially from another nation, to remove a respirator and expose the upper
torso, and arm or lower leg. This allows the assessment of the airway, respiration and
allows intravenous or intraosseous antidotes administration. This level of
decontamination will precede the complete removal of clothing and full casualty
decontamination. These may be delayed if there is a continuing risk of primary
contamination. For other non-T1 casualties the respiratory protection would be the last
item of clothing to be removed.

c. Removal of clothing (disrobing). This is the removal of IPE or standard clothing as
the first stage in full decontamination. This stage of decontamination is the most
important as it may remove most of the contaminant. In some circumstances, such as
exposure to a non-persistent agent or IPE use, this may be the only decontamination
stage required followed by the option of a superficial wiping of the skin.

d. Full decontamination. This may be a single or two stage method depending on the
agent and its physical properties. The requirement for full decontamination may be due
to no IPE being worn followed by exposure to a persistent agent. Even if IPE is worn,
any damage, such as following an explosion, may lead to external or wound
contamination. The precise method whether dry or wet will vary between nations. The
choice of dry or wet method following an incident may depend on the availability of water
and infrastructure, the presence of particulate or solid debris as contamination, and
contamination not amenable to chemical destruction or adsorption such as biological
and radiological.

2. Responders should also limit the risk of environmental injury such as hypothermia or
sunburn. Casualties during the decontamination process should be sheltered and then covered
(re-robe) after decontamination either with blankets or replacement clothing.

3. The decontamination of civilian populations may also need to consider cultural needs
such as language, religion and gender to minimise the distress and reluctance to
decontaminate. Additional decontamination techniques or resources may be required when
decontaminating vulnerable populations such as children, the elderly and casualties with
existing disabilities including prostheses and poor mobility.

6.3.2. CASUALTY DECONTAMINATION RISK ASSESSMENT

1. The requirement and level of casualty decontamination depends on the hazard, the
resources available as well as the medical state of the casualty. The presence of IPE while
protecting the individual may cause difficulty in casualty assessment and in the worst case
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cause life-threatening problems due to airway obstruction (especially if vomiting or airway
trauma) and increased airway resistance. Factors that affect the decision, level and method of
decontamination are:

2.

a. IPE worn by the casualty.

b. Persistency and cross-contamination risk of the agent.

c. Weather conditions (ambient temperature, humidity).

d. Effects of the agent (lethal or non-lethal).

e. Risk to responders.

f. Operational environment and mission.

g. Decontamination facilities available, including water supply and control of run-off.

Following exposure to a CBRN agent, the possible outcomes of the risk assessment

after assessing the agent, delivery method (if known) and scene are:

3.

a. No decontamination required. This is most likely after exposure to non-persistent
agents such as a gas that is lighter than air, or to an intact radiation source where there
is no contamination hazard. Removal of clothing may still be a requirement to allow
access to the casualty for treatment.

b. Limited decontamination / removal of clothing. This is likely if exposed to vapour as
removal of clothing (disrobing) will remove the majority of the any trapped vapour thus
removing any off-gassing hazard. Although there is little residual skin contamination, a
light skin wipe may be considered to reassure the casualty.

Note: A person exposed to condensed vapour in an open area is highly unlikely to
present an off-gassing hazard. Casualties being managed in a confined space must be
disrobed and managed in a well-ventilated area.

c. Full casualty decontamination. This is for persons contaminated with persistent
agents with symptoms or signs of intoxication, infection, irradiation or injuries. It consists
of two decontamination methods depending on whether the casualty can walk and/or is
compliant.

(1) Walking (ambulatory) decontamination. This method may be used for the walking
and compliant casualties and is similar to personnel decontamination. Casualties with
injuries or minor incapacitation may require assistance and all casualties should be
escorted and observed.

(2) Stretcher (non-ambulatory) decontamination. This method is used for non-
ambulatory casualties (T1 or T2) and may also be used for any other casualties,
including incapacitated, as a safer and easier method of casualty handling. T1
casualties may receive concurrent Emergency Medical Treatment (EMT) while
undergoing stretcher decontamination.

A summary of the various decontamination methods is in Figure 6-2 and may include

the use of active decontamination compounds also either in isolation or as an additive to water
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during wet decontamination. Following the use of active decontaminants or adsorbents, a brief
rinse may be required to remove the decontamination materiel.

| HAZARD TYPE | | PHASE 1 | PHASE 2 |
UNPROTECTED POPULATION (NO IPE WORN OR CIVILIANS)
N Y e
GAS/VAPOUR Removal of clothing [ Superficial wipe :
Application of adsorbent -
Removal of clothing Rjnes
LIQUID
Removal of clothing Full wet decontamination
PARTICULATE Removal of clothing Full wet decontamination,
/SOLID (apply face mask to casualty) unless localised
PROTECTED POPULATION (FULL IPE WORN)
ALL Application of adsorbent |l  If any IPE penetration, :
HAZARDS Removal of clothing : rinse skin (and wound) |
IPE = Individual Protective Equipment Dotted boxed = optional task

Figure 6-2: Example of Casualty Decontamination Methods.?
6.4. INTERNAL CONTAMINATION

1. Internal contamination occurs by inhalation, ingestion, transcutaneous (fat soluble
liquids only for the latter) or wound. Relatively small quantities of agent are internalised by
inoculation and are unlikely to represent a secondary hazard for responders. For chemical
agents, internal contamination is not a significant issue as most of them will be reacting with
biological molecules and water inside the body and will not be present in the original active
form. Skin reservoir, described with agents such as sulphur mustard, may produce off-gassing
even when no more agent is available to skin decontamination. Manage of these casualties is
recommended in a well-ventilated environment. Some agents including radiological will require
removal enhanced by medical intervention.

2. The removal of internal contamination is sometimes referred to as decorporation.
Methods used include:

a. The exploitation of the agent’s chemical properties and binding them using chelating
agents. These form either less toxic complexes or enhance the agent’s removal as a
complex from the body. Chelation is also applicable to radionuclides based on their
chemical properties.

b. Increasing elimination of the agent (reducing the biological half-life).

c. Increasing metabolism of the agent (reducing the biological half-life).

2 This figure is for guidance and each nation will have its own methodology. Following exposure to
gases, full decontamination is not required but disrobing should be performed. Active decontaminants
may also be used instead of adsorbents with a Phase 2 rinse requirement dependent upon the
manufacturers’ recommendations.
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d. Blocking the target site of the agent (i.e. stable iodine preventing absorption of
radioactive iodine in the thyroid).

e. Physical removal of the agent from the respiratory or gastrointestinal tract.

3. Specific MedCM and other antidotes are described in the relevant chapter for each
specific agent and in Chapter 35 for radiological agents.

6.5. WOUND CONTAMINATION AND MANAGEMENT

1. Wound contamination is the introduction of an agent into an area of traumatised tissue.
A secondary hazard to responders including surgical teams may be present, however the
greater the potency of the agent the less likely the casualty is to survive before surgery and
therefore the risk tends to be self-limiting. Devitalised tissue may also act as a buffer to limit
systemic absorption of an agent.

2. Pre-hospital management of wounds. The management of wounds and the use of
tourniquets and dressings mean that the potential for external contamination exists and all
dressings and tourniquets must be either replaced or covered in a clear protective dressing or
wrap.® Wound irrigation fluid ranges from copious amounts of water or saline to weak
hypochlorite (bleach; 0.3%) solution. The low concentration may only have limited or delayed
effect on chemical agents and be disinfection only. Wound decontamination may occur at point
of exposure (wounding), during full casualty decontamination or at the receiving MTF.
However, where, when and the specific decontamination process, is the responsibility of
individual nations.

Note: Other skin decontaminants such as adsorbent powders (e.g. fuller's earth) and some
active decontaminant compounds are not recommended and may complicate wound healing.

3. Secondary exposure risk. There is a theoretical risk that contaminated wounds
(munitions fragment or impregnated clothing) may pose a threat to a surgical (2.5-10%) team.
For simple clean wounds such as an incision, this is very unlikely. All dressings may be
contaminated and should be removed and disposed of in concentrated hypochlorite solution
or a vapour-proof container. Standard surgical procedures including the use of aseptic
techniques and surgical instruments, such as forceps, will minimise any risk. A single pair of
latex surgical gloves may not provide adequate protection from some chemical agents where
there is direct contact e.g. wound probing, and double nitrile gloves are the minimum
recommendation.

4, Radiological wounds. Solid radiological shrapnel may present a potential but quantifiable
hazard and can be managed by early removal or shielding until haemostasis or proximal
vascular control is achieved. Significant exposures to gamma radiation can be quantified by
dosimetry and the dose rate to the clinician assessed. Any exposure can be mitigated by time,
distance and shielding supported by dose rate monitoring. Any radiological shrapnel should be
removed as soon as possible and safely disposed of in a shielded container. Casualties
exposed to a high enough dose rate that presents a significant hazard to the surgeon are likely
to have been already exposed to a severe localised dose as well as potential lethal dose.
Surgery should be limited to damage control surgery and where necessary the surgeon rotated

3 [ Lesson Learnt. Observations during the Exercise Clean Care series noted that decontamination
teams were reluctant to change dressings. Medical or first aid trained personnel should be available to
assist non-medical decontamination teams with this task.
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to limit radiation exposure. An early wound reassessment (‘relook’) is suggested after local
irradiation due to a high risk of tissue necrosis and wound failure.

5. Surgical guidance. Surgical management of any battle injury should include a
debridement extensive enough to remove any residual contamination. Wide debridement is
recommended for all contaminated wounds, whether CBRN or conventional. Irrigation with low
concentration decontamination solution has been suggested but remains controversial;
bicarbonate solution causing alkaline hydrolysis of some agents has been suggested. There
is a potential vapour risk from impregnated clothing that has entered the wound. However for
lethal agents such as the nerve agents, contamination levels enough to be a threat to the
surgeon will already be fatal to the casualty. Sulphur mustard in a wound will bind rapidly to
the surrounding tissue. Clothing impregnated with mustard may still off-gas when removed
from the wound and should be transferred rapidly from the wound to a decontamination liquid
such as hypochlorite solution. Tissue should also be placed in 2.5-5% hypochlorite solution
and radiological shrapnel should be shielded, marked and removed to a safe distance in
accordance with local ionising radiation regulations.

6.6. CASUALTY DECONTAMINATION FACILITIES

1. All MTFs should have a casualty decontamination capability and a capacity that is
appropriate to the CBRN threat analysis, and reflect the increased or decreased capability in
other areas of CBRN defence.

2. Casualty decontamination facilities should operate in such a way as to optimise
interoperability with personnel decontamination, other nations’ casualty and personnel
decontamination facilities and MTFs. In order to achieve a common capability, a casualty
decontamination facility should:

a. Be rapidly deployable depending on the CBRN threat analysis.
b. Provide Emergency Medical Treatment to T1 casualties.

c. Provide appropriate decontamination within the constraints of available resources,
including water.

d. Manage any hazardous waste generated by casualty decontamination.*

e. Operate and mitigate the effects of the climates of the operational area.

f. Operate at night.

g. Prevent secondary injuries due to environmental exposure e.g. heat and cold.

3. Types of casualty decontamination facilities include:®

4 See Chapter 16 — Exploitation and Recovery, and STANAG 2150: Management of Clinical Waste.

5 M Lesson Learnt. Variation in the naming of casualty decontamination facilities exists. It is
recommended for operational planning that there is consistency between contributing nations during the
planning process. The responsibility and delivery of casualty decontamination may vary between nations
but may include the CBRN Decontamination Platoon and an enhancement to a MTF such as R2E.
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a. Casualty Decontamination Area (CDA). This is a generic overarching term that
describes a location in the warm zone of varying complexity for the decontamination of
any casualties including CBRN and trauma and the provision of EMT.

b. Casualty Decontamination Centre. This is a standalone casualty decontamination
facility with its own logistic support.

c. Casualty Decontamination Unit (Cell). This is a casualty decontamination facility that
operates within a larger personnel decontamination unit or a MTF and relies on logistic
support from the larger unit. A unit may be forward deployed in order to enable casualty
evacuation using ground and air assets (see Chapter 15 — Transport) but would have
limited capacity.

d. Decontamination Team. This is a team trained in personnel and casualty
decontamination that may be medical or non-medical. Some CBRN and trauma first-aid
training should be provided, and the team should be interoperable with the EMT team
for stretcher (non-ambulatory) casualty decontamination.

< Wind ‘ | Casualty flow >

N I I N N N S . ‘

|F H_l _ ° _

| Casualty Holding 1 Walking (T3) i
Area : decontamination lane(s)

o O ]
5L & Phase 1 (dry) Phase 2 (wef) I%
a. - 8 E decontamination bay & decontamination —
:_g g =4 i,—’ casualty stabilisation bay (as required) g

o S=< T 3 =

.
- 2
Stretcher Dump Medical Stretcher (T1/2) I'E%‘
| equipment decontamination lane(s) Ig
S
g

.. | Body Holding 1
Logistic support area 1 B Area A |

Figure 6-3: Basic Layout (1 walking and 1 stretcher) of a Casualty Decontamination Area.®

4, Elements of a CDA include:
a. Casualty Collection Point’ & Triage.

b. Ambulatory (walking) lanes(s) (optional — varies between nations).

6 Capability is described by the number of stretcher lanes and number of walking lanes i.e. 1 + 0 (light),
1+ 1 (basic) and 2 + 3 (standard).
7 M Lesson Learnt. A Forward CCP is an initial ad hoc area where casualties will be taken after
evacuation from the hot zone, most likely in the hot / warm zone interface where EMT can be started.
This is based on previous incident responses, both military and civilian counter-terrorism.
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Stretcher lanes(s) with provision for EMT.

Body handling area (temporary mortuary).

Casualty holding area providing first aid, as required.

Equipment decontamination either within logistic support area or stretcher dump.
Logistic support area, as required.

Miscellaneous, including scribes (clerks) and runners.

5. The foremost personnel element of the CDA is the identification of a Commander (Officer
or NCO in charge), which may be secondary role. Where possible, personnel should be
identifiable especially those in a command, safety or medical role. An example basic layout is
shown in Figure 6-3 while a suggestion of roles and identification is described in Table 6-1.
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Table 6-1 — Examples of CDA Roles and Identification Colours.
(Command - yellow, Medical — blue, Safety — red and Logistic support —white)

ROLE

RESPONSIBLE FOR

CDA
Commander

Personnel safety & dynamic risk assessment

Selecting appropriate IPE dress state or PPE

Establishing and maintaining cordons

Establishing work / rest regime and rehydration regime

Selecting appropriate decontamination technique

Maintaining casualty flow including casualty reports and MEDEVAC requests
Organising resupply

Triage

Medical Team Leader

(MO, NO or Senior Medic)

Triage of casualties for prioritising treatment & decontamination
If delay in casualty flow and no more triage required, providing first aid in
casualty holding area

Sanitising casualty for weapons or ordnance
Checking for contamination
Reporting contaminant type to CDA commander

Controlling CDL
Security within CDA
Implementing new CDL upon breach

Performing CBRN emergency medical treatment
Performing conventional treatment
Confirming death

Medic

Dry stretcher
decontamination

Wet stretcher
decontamination

Decontamination
operative

Walking
decontamination

Logistic support

Assisting EMT Team Leader
Treating and escorting T1 casualties

Transporting casualties within CDA to wet stage
Removing contamination

Transferring casualty over CDL, if required
Preparing decontamination solutions

Transporting casualties from wet to CDL

Removing residual contamination and decontaminant
Decontaminating equipment, as required
Transferring casualty over CDL

Escort casualties along walking decontamination lane
Monitor and support T3 decontamination, incl. wet if wound
Prepare decontamination solutions

Storage and safety of weapons

Removing and bagging of equipment

Issuing of equipment

Preparing decontamination solutions

Arranging decontamination/disposal of equipment

Scribe / Communications
(optional)

Time keeping
Completing medical documentation for handover at CDL

Casualty reports and MEDEVAC requests (for CDA Commander)
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6.7. ISOLATION

1. Isolation is the separation of ill or contaminated persons in such a manner as to prevent
the spread of infection or contamination [adapted from IHR, 2005]. In the context of CBRN
casualty hazard management, this refers to casualties with an illness from a suspected
transmissible biological agent. Early isolation of personnel during any CBRN incident is
referred to as containment.

2. The principles of isolation include protective measures such as physical protection and
hazard management. These overlap with some CBRN defence capabilities as shown in Figure
1-1. Collective protective measures including negative-pressure isolation differ from those that
protect from an external CBRN threat (positive-pressure). Barrier nursing methods will also be
used and are the same as those used for infection control and prevention (ICP).

3.  The implementation of isolation is a clinical decision and remains a medical
responsibility, although the operational commander may need to be informed as this is the first
stage of a wider operational RoM that is followed by quarantine.

6.7.1. TYPES OF ISOLATION PRECAUTIONS

The requirement and types of isolation are determined by transmissibility, infectivity and
consequence of the disease. They are detailed in Table 6.2 and are based on WHO guidance.

Table 6-2 — Isolation Requirement and Precautions.

Isolation Contagiousness | Route of Type of protective Examples of diseases
requirement of case transmission measures (also see (deliberate and natural)
Chapter 4 for
infrastructure and
PPE requirements)
Standard Moderate Direct or indirect Hand-washing, safe Most infectious diseases
precautions contact with faeces, disposal of except those in the
urine, blood, body contaminated articles categories below. Also
fluids and used for toxin only
contaminated particles exposures
Enteric isolation | High Direct contact with Isolation room*, contact | Cholera, E.coli, rotavirus,
(contact patients and with precautions shigellosis, typhoid fever
precautions) faeces and oral
secretions
Respiratory High Direct contact with Isolation room*, masks, | Influenza
(droplet) patients or oral / contact precautions
isolation respiratory secretions
and droplets
Airborne High Direct contact with Negative-pressure Smallpox
isolation patients or oral / isolation room®, high-
respiratory secretions | specification masks,
and droplets contact precautions
Strict isolation Direct contact with Isolation room*, clean/ | Contagious viral
infected bloods, dirty entry & exit routes, | haemorrhagic fevers (e.g.
secretions, organs or strict precautions (see Lassa, Ebola, Marburg)
semen Table 9-1)
Disease associated with high mortality and/or no effective or limited treatment

* Isolation room may be extended to be an isolation (cohort) ward for multiple patients with the same infectious disease.

6-12
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6.7.2. DEPLOYED ISOLATION AREAS

The type of isolation areas within an MTF depends on the index of suspicion for a contagious
disease, level of isolation required, type of PPE to be used and clinical interventions required.
The types of isolation areas are:

a. Infectious disease assessment unit (IDAU). This is an assessment area with a
separate entry to the MTF. It is usually co-located with the PHC facility or deployed
Emergency Department. It is for the initial assessment and emergency medical treatment
of patients that may require fluid resuscitation and early management of sepsis including
investigation. The IDAU is required on all operations and is most likely to be used for
gastrointestinal diseases with standard and contact (enteric) precautions. The use of
additional respiratory PPE will also allow droplet precautions to be taken.

b. Isolation room. An isolation room is a single-occupancy patient-care room used to
isolate persons with a suspected or confirmed contagious (transmissible) disease. The
room should have an anteroom for donning and doffing PPE and its own ablutions. For
strict isolation, required for highly infectious disease such as VHFs, a one way system
for entry (donning) and exit (doffing) is recommended.

C. Airborne isolation room. A negative pressure patient-care room used to isolate
persons with a suspected or confirmed airborne infectious disease. The room should
have an anteroom to act as an airlock for donning and doffing PPE, and its own ablutions.

d.  Cohort isolation ward. An isolation ward for multiple casualties with the same
(usually confirmed) infectious disease. For strict isolation, required for highly infectious
disease such as VHFs, a one way system for entry (donning) and exit (doffing) is
recommended. Bed separation should also be maintained to reduce cross-infection with
secondary and opportunistic infections.

e. Infectious disease cohort treatment unit. This is a disease-specific MTF to manage
an outbreak of an infectious (and usually) contagious disease. The outbreak is usually
on a scale that is beyond the capacity of a conventional field hospital or requires
specialist isolation facilities or waste management. The requirements for an infectious
disease cohort treatment unit include:

(1) Reception area(s) — patient, staff and/or visitors.

(2) Patient circuit, including reception and triage, suspect area, confirmed area
and recovery area.

(3) Staff circuit, including PPE storage and issuing, PPE donning area, PPE
doffing and PPE disposal.

(4) Diagnostic laboratory facility with direct access to clinical area and sample
reception, if supporting other MTF.

(5) Clinical waste management.
(6) Medical equipment waste including hazardous waste such as batteries.
(7) Incinerator.

(8) Mortuary.
6-13 Edition A Version 1



AMedP-7.1

6.8. QUARANTINE

1. Quarantine is only required for contagious diseases with a risk of person-to-person
transmission. Quarantine is the restriction of activities and/or separation from others of suspect
persons who are not ill in such a manner as to prevent the possible spread of infection or
contamination [adapted from IHR, 2005]. In the context of CBRN casualty hazard
management, this refers to the separation and assessment over a period time (usually the
latency period) of a well person who may have been exposed to a suspected hazard or have
an epidemiological link to a probable or confirmed case.

2. Quarantine is a medical decision but with increasing Command involvement on
operations and is closely linked to medical screening. Depending on the type of agent, severity,
transmissibility and numbers exposed, the quarantined person may be under the care of
medical personnel or the operational unit with medical support or augmentation. Any
gquarantine area must have medical cover appropriate to the severity of the disease ranging
from remote advice to full resuscitation facilities.

ISOLATION

Symptomatic casualties

vV

QUARANTINE

Same exposure risk or close
contacts (asymptomatic)

L 2

OPERATIONAL
RESTRICTION OF
MOVEMENT

— § .

STRATEGIC
RESTRICTION OF
MOVEMENT

aANVININOD

| International Health Regulations 2005, including |
I Public Health Emergencies of International Concern I

Figure 6-4: Summary of Restriction of Movement. ®
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6.9. RESTRICTION OF MOVEMENT (RoM)?

RoM is a hazard management intervention for controlling the spread of a contagious disease
by restricting contact with effected personnel and units. This separation may be geographical
or operational and is implemented in order to maintain the mission. Figure 6-4 shows the
escalation from medical restrictions (isolation and quarantine) through to formal RoM
(operational and strategic RoM) as well as the medical and Command relationship.

6.9.1. OPERATIONAL ROM

A commander will need to consider formal RoM following credible evidence that there has
been biological weapon use or indications from health surveillance or medical reporting that
personnel have been exposed to a contagious disease with significant mortality or morbidity,
or operational impact. This is a Command decision supported by advice from the Medical and
Scientific Advisers as well as reach back. The decision will take into account situational
awareness of the likely biological threats and hazards, severity of the illness and impact on the
military mission as well as transmission into the local (host nation) and allied populations.
Operational RoM can also be applied to non-biological incidents in order to control the spread
of any hazard.

6.9.2. STRATEGIC ROM

For large outbreaks with a high morbidity or mortality, and person to person spread,
international restrictions may be required to prevent the disease from being carried out of the
operational theatre and across international borders. This is likely to involve civil health
departments, regional health organisations and the World Health Organisation (WHO) as
required under the International Health Regulations (IHR 2005) as a Public Health Emergency
of International Concern (PHEIC). PHEIC, as defined in IHR 2005, means an extraordinary
event which is determined:

a. to constitute a public health risk to other States through the international spread of
disease, and

b.  to potentially require a coordinated international response.

6.9.3. COMMAND GUIDANCE FOR ROM

Further information and Command guidance on the implementation and easing of RoM can be
found in AMedP-7.6.

8 RoM is the recommended abbreviation for Restriction of Movement as RM may be confused with Risk
Management.
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CHAPTER 7: ADVANCED MEDICAL CARE

7.1. INTRODUCTION

1. There are a number of scenarios that would require a CBRN critical care response both
for CBRN defensive operations, DAT and other CBRN incidents. These examples include:

a. Presentation of a single casualty with multi-organ failure (ricin, sepsis or radiation).

b. Presentation of multiple casualties with respiratory support requirements (pulmonary
and nerve agents).

c. Presentation of a single casualty (botulin) or multiple casualties (chemical burns) with
long term critical care or specialist needs.

d. Presentation of casualties with high bio-security needs including negative-pressure
barrier nursing (contagious casualties).

2. CBRN incidents are sometimes referred to as ‘special incidents’ and are likely to be
resource intense. However, the principles of incident and casualty management reflect
conventional best practice but with additional safety issues and treatment regimens depending
upon the specific CBRN agent (all-hazards approach). In many cases, treatment is supportive
or follows guidelines that can be applied to scenarios irrespective of whether they are in a
military or deliberate release context. An example of this is the application of the ‘Surviving
Sepsis’ guidelines to a biological agent such as anthrax.!

3. Critical care patients are likely to have received a greater dose of a CBRN agent and
present earlier than other casualties. Early diagnosis of these critical care patients may allow
for more timely treatment of latent cases. This is also important for potential contagious or long
latency illnesses where the critical care patient may be the index case or first confirmed
diagnosis in the early stages of an outbreak.

7.2. AIRWAY CONSIDERATIONS

1. The management of the airway is critical following a chemical attack as well as trauma
and is a priority. Airway compromise is likely for a number of reasons. Most of the lethal
chemical agents may affect airway patency and protection due to:

a. Reduced level of consciousness (nerve agents, cyanide and some incapacitating
agents)

b. Direct mucosal injury (sulphur mustard)
c. Increased secretions and vomiting (nerve agent)

2. The goals of initial airway management should therefore be:
a. Removal of any airway secretions or vomitus

b. Adequate oxygenation

1 www.survivingsepsis.org
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c. Adequate ventilation

3. Management of the airway depends on the environment (permissive or non-permissive),
level of protective equipment worn and responder skills. While endotracheal intubation is the
gold standard for a compromised airway, lessons identified from previous chemical incidents
have demonstrated a shortfall in basic airway management including suction and simple
airway manoeuvres during the pre-hospital response. In order to establish a definitive airway,
anaesthetic drugs are likely to be required. When dealing with chemical casualties, medical
staff should be aware that there are potential drug interactions. These are not only for CBRN
casualties but also military personnel taking the nerve agent pre-treatment, pyridostigmine. If
resources allow, casualties in respiratory arrest should be considered for resuscitation and
would tolerate intubation without drugs. The benefits of a secured airway are:

a. Airway patency and protection;
b. Adequate suctioning;

c. High ventilation pressures and feedback on the adequacy of atropinisation for nerve
agent bronchospasm; and

d. Capnography.

4, Some response organisations and recent papers highlight the benefits of laryngeal mask
airways (LMA) for hot/warm zone management. These airway adjuncts should be used with
caution as an LMA is not a definitive airway. Cases with bronchospasm and airway secretions
(nerve agent) may not be able to be ventilated with high enough positive pressures or cases
with pulmonary oedema (chlorine) be delivered positive end-expiratory pressure (PEEP). The
LMA may also increase the risk and mask any aspiration of gastric contents as it sits over the
larynx and upper oesophagus while limiting effective airway suction. The device however has
a role as a rescue airway especially if there is a single clinical provider as it is easier to insert
in PPE, relatively well tolerated by an unconscious patient without drugs and can be easily
removed and reinserted.

7.3. BREATHING (RESPIRATORY) CONSIDERATIONS

1. Exposure to CBRN agents has specific effects on the respiratory system. These effects
can be categorised based upon the mechanism of action:

a. Direct
b. Indirect
c. Non-specific

2. Direct respiratory effects are localised and include bronchospasm, acute lung injury (ALI)
and infection; examples being nerve agent, chlorine and pneumonic plague respectively. The
level of the respiratory tree affected by the agent depends on its nature, particle size and water
solubility. The respiratory tract can be divided into central and peripheral. The central part of
the respiratory tree includes the upper airway and bronchial tree. Central respiratory
dysfunction tends to lead to a ventilatory (type Il respiratory) failure and CO; retention. The
peripheral part consists of the lung parenchymal including the alveoli where gas exchange
occurs. Damage to this part of the respiratory tract will lead to Type | respiratory failure leading
to oxygen desaturation.
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3. Chlorine is water soluble and has significant effects in the upper airway as well as lung,
while phosgene is less water soluble and has little effect on the upper airway but severe effects
in the lower respiratory tract. Indirect effects on the respiratory system and therefore gaseous
exchange can be due to systemic toxicity such as the paralysis of the diaphragm (nerve
agent/botulin exposure) or pulmonary fibrosis by some TIC. The final non-specific effects on
the respiratory system do not necessarily have a dose-response relationship. The effects may
be due to systemic inflammatory response syndrome (SIRS) or sepsis causing adult
respiratory distress syndrome (ARDS). Some agents may have a combined effect on the
respiratory system; sulphur mustard and inhaled ricin both exert their effect by local damage
and a systemic inflammatory response.

4, The effects of some pulmonary agents are still not widely understood. Chlorine appears
to have a local effect that is dependent upon both concentration and duration of exposure.
Local effects include direct damage to the intercellular junction and contraction of the
intracellular cytoskeleton. Either mechanism will cause greater permeability of the alveolar-
endothelial membrane leading to non-cardiogenic pulmonary oedema, alveolar collapse and
a type | respiratory failure pattern with desaturation. Specific respiratory management includes
reducing the closing capacity and recruiting more alveoli either with continuous airway positive
pressure (CPAP) or positive pressure ventilation with PEEP. If there is also circulatory
compromise, both should be used with caution due to the potential of reducing cardiac preload.
Patients should therefore be optimally filled to maintain venous return. The mechanism of
phosgene toxicity appears to be inflammatory and free radical mediated and may account for
the relatively longer latency period (up to 24 hours). The degree of respiratory compromise is
also greater reflected by a lower lethal concentration time when compared to chlorine.
Phosgene accounted for the majority of the chemical fatalities during WW!I, while mustard
accounted for the greater number of casualties. Chronic effects of chemical exposure include
reactive airways dysfunction syndrome (RADS) and fibrosis.

5. The role of inflammatory mediators following pulmonary agent exposure raises the
question of anti-inflammatory prophylaxis such as inhaled steroids. The role of systemic
corticosteroids is more controversial due to potential immunosuppression especially following
chemical agents that may also cause bone marrow suppression such as sulphur mustard. The
role and benefits of acetylcysteine is less clear and further research is required.

6. Ventilation strategies for CBRN exposures depend on the respiratory manifestations and
the type of respiratory failure (type I, type Il or mixed). Surrogate ventilation strategies based
on those used for more common disease processes could be used as many of the CBRN agent
manifestations mimic these conditions.

a. Asthma. The initial ventilation requirements for nerve agent are similar to an
asthmatic with features of bronchospasm and high airway pressures. Capnography will
assist in the titration of atropine as will the reduction in peak airway pressures.
Ventilation may require lower respiratory rate to prevent air trapping and auto-PEEP.
The mainstay for nerve agent treatment however is aggressive antidote management
with a standard dose of oxime and rapid atropinisation titrated to the end-points of
reversal of any bradycardia, drying of secretions and breaking of the bronchospasm.

b. Low tidal volume (permissive hypercapnia). This ventilation strategy is
recommended for ARDS. ARDS is likely to be a complication of any toxic insult that may
lead to SIRS, this includes sulphur mustard and some of the toxins (ricin), as well as
sepsis. The strategy uses low tidal volumes at the expense of retaining off carbon
dioxide in order to reduce barotrauma and alveolar damage.
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c. Positive end-expiratory pressures. For cases of type | respiratory failure, increasing
PEEP while reducing inspired oxygen may optimise gaseous exchange while reducing
further lung damage from oxygen toxicity. The role of CPAP in a mass casualty event
remains unclear but may buy time and assist triage during the initial surge. Effectiveness
may also depend on the agent used and pre-existing respiratory and cardiac disease.

7. Some toxins such as botulin and saxitoxin cause an uncomplicated type Il respiratory
failure (similar to neurotoxic snake venoms) and require standard adult ventilation strategies
unless a complication occurs. Any ventilated patient should be monitored for conventional
complications of mechanical ventilation including pneumothorax and secondary infections.

7.4. CARDIOVASCULAR CONSIDERATIONS

Most CBRN agents do not cause a direct or immediate effect on the cardiovascular system.
Nerve agent may cause a bradycardia that is responsive to atropinisation as well as other
dysrhythmias. Concurrent trauma may be present and normal guidelines on fluid resuscitation
apply and take precedence after the airway and breathing have been secured. Biological
agents may cause septic shock and this is discussed later. Patients requiring CPAP or PEEP
should be adequately filled. There is no specific guidance on the choice of resuscitation fluid
and crystalloid would seem to be appropriate. Fluid resuscitation for chemical burns may not
need to be as aggressive as for thermal burns as the presentation of blisters is slower and
therefore timed fluid replacement regimes such as the Parklands formula are not validated.
Strict fluid balance and the monitoring of urine output is recommended. Some antidotes rely
on renal function for the elimination of some agents as well as their antidote complexes
(thiocyanate, cyanocobalt and radioisotope chelation). Urine output (0.5-1ml/kg/h) is therefore
a useful guide to circulatory status.

7.5. DRUG INTERACTIONS WITH CHEMICAL AGENTS

Although the evidence base for chemical agent and pharmaceutical drug interactions is limited,
there are some important interactions that need to be considered. Most of the data comes from
animal models. Clinicians should also be aware of interactions between some MedCM and
other pharmaceuticals i.e. pyridostigmine and some anaesthetic agents. Further details are
found in Chapter 18 and agent-specific chapters in Part 3.

7.6. BIOLOGICAL AGENTS AND SURVIVING SEPSIS

1. Biological agents used maliciously may be associated with high mortality and potential
person-to-person spread. However, the management of resulting sepsis should still follow the
surviving sepsis guidelines. Although these guidelines apply specifically to live agents, the
early management of a systemic inflammatory response associated with a toxin such as ricin
would be beneficial. In many cases, the causative agent may not be known and the source
identification guidance within the guidelines is all the more important for deliberate release
contributing not only to the clinical investigation but also to the forensic investigation. Early
treatment of sepsis and specialist support is vital in order to prevent patient deterioration and
the development of multi-organ failure (MOF). The presence of at least three-system failure is
associated with at least 50% mortality in the intensive care population.

2. Further details for the management of the septic casualty are covered in Part 4 of this
publication.
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1.7. CLINICAL INVESTIGATIONS

1. Assessment of a casualty will start with clinical examination following a history either
provided by the casualty or pre-hospital team. Initial investigation will include normal
biochemistry and haematology as for trauma. Early signs of chemical agent exposure may be
an abnormal lactate level; this would be especially high for cyanide. Chest radiographs may
be useful for respiratory syndromes (chlorine, pneumonia and pulmonary anthrax), however
there may be a lag period between clinical and radiograph signs. Clinicians should be cautious
at excluding one type of CBRN agent too early and previous case reports have demonstrated
that there can be overlaps in syndromes during the early stages of illness. Examples include
the presentation of paralysis (neurotoxins/Guillain-Barre syndrome), sepsis (live agent,
biotoxin and heavy metal poisoning) and radiation both, systemic and local manifestations
(thallium/gastroenteritis and dermatitis/vesicant/ cutaneous anthrax & leishmaniasis).

2. Point-of-care testing is still subject to research but may help guide antidote treatment
while the mainstay of treatment is supportive management. Nerve agent intoxication is likely
to be a clinical diagnosis and the severity assessed using clinical parameters. Diagnosis is
likely to be supported by investigations such as red cell AChE activity levels and normal levels
may be useful as a discharge criterion although lack of pin-point pupils is also a useful
indicator.

3. Recommended investigations include baseline and specialised (focused) depending on
the scenarios. Full details are given below.

4, For a CBRN incident, where there may be a violation of the Chemical or Biological
Warfare Conventions or other criminal investigation, any sample may also be used for
forensics and a chain of custody should be supported with at minimum appropriate
documentation or witness statements.

7.8. COMBINED INJURIES - CRITICAL CARE CONSIDERATIONS

1. In cases of combined injury, the mortality and morbidity will be significantly increased.
During a mass casualty incident, triage should be modified to reflect the effects of CBRN
exposure (see Chapter 14). This is especially true for irradiation, where triage for surgery may
be required. This will allow cases to be managed within a window of surgical opportunity before
the risk of infection and clotting disorders increases.

2. Wound contamination. There is the potential for casualties with contaminated wounds
to be admitted to a critical care unit to await surgery and debridement. Although there is a
theoretical risk of secondary exposure, it is very low. Any lethal agent, such as VX, that is in
significant quantity to cause harm to staff will have killed the casualty. Biological toxins do not
present a significant risk if standard precautions are adhered to. Sulphur mustard is absorbed
by tissue rapidly and would only be a hazard if a large wad of sulphur mustard saturated
material remained in the wound. The blister fluid from sulphur mustard exposure does not pose
a chemical hazard to staff although it remains a biohazard. Lewisite (another blister agent
based on arsenic) blister fluid may be toxic, but standard precautions will also reduce the risk.
Radiological shrapnel may be present but the dose rate from the wound is quantifiable and by
reducing time, increasing distance and shielding where possible, the risk to staff can be
mitigated and quantified.
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3. Combined chemical casualties. Where there is concurrent trauma and chemical agent
exposure clinicians should be aware of potential interaction and synergistic effects. Some of
these are listed in Table 7-1.

Table 7-1: Examples of Chemical Agent and MedCM Effects on the Traumatised Casualty.

CHEMICAL AGENT

POTENTIAL COMPLICATIONS DURING COMBINED INJURY

Nerve agents (acute)

Excessive airway secretions and bronchospasm may further compromise airway
obstruction and failure to ventilate lungs.

Increased airway pressures due to bronchospasm may mimic tension pneumothorax after
positive pressure ventilation.

The pupillary effects of NA (miosis) and its treatment with atropine (mydriasis) will affect
head injury assessment.

NA effects on the autonomic nervous system (including bradycardia) may cause
cardiovascular compromise in a compensating casualty.

Nerve agent (late)

Intermediate effects of NAs may lengthen time required in intensive care because of
muscle weakness.

Sulphur mustard (late)

Acting as an alkylating agent, systemic toxicity may include bone marrow suppression and
increase the likelihood of infection.

Pulmonary agents (choking
agents)

Pulmonary agents, such as chlorine and phosgene, intoxication may present as pulmonary
oedema. When encountered with chest trauma, type | respiratory failure will be
exacerbated. Radiological investigations and cardiovascular monitoring may assist in
differentiating non-cardiogenic pulmonary oedema from pulmonary contusion, adult
respiratory distress syndrome (ARDS) and cardiogenic pulmonary oedema. Phosgene
should be noted for its delayed onset and potential for misdiagnosis.

Cyanide

Severe cyanide casualties are unlikely to present beyond Role 1, as they are likely to self-
select. Moderate casualties that survive beyond the pre-hospital environment may have a
significant metabolic (lactic) acidosis. This may be misleading when assessing shock and
oxygen delivery. Specific antidote treatment is unlikely to be required at this stage and may
be contraindicated. Supportive management with high flow oxygen is recommended.

MEDCM

POTENTIAL COMPLICATIONS WITH TRAUMA

Atropine

Inadvertent use of atropine may lead to anticholinergic toxicity. This typically includes dry
mucosa, mydriasis, tachycardia and confusion. The last three signs may confuse clinical
assessment in the presence of trauma, especially when assessing shock and head
injuries. Thermoregulation may also be disturbed because of reduced sweating, leading to
hyperthermia especially in a warm environment.

4, Management of non-thermal burns. Most non-thermal burns should be treated using the
same principles as thermal burns. However, there are a few caveats:

a. Sulphur mustard burns. Cooling the skin for several hours following initial exposure
may reduce the initial damage. The requirement for fluid replacement should follow the
Parkland formula, although the speed of the infusion will not be as rapid due to the
latency of the blister formation. Re-epithelialisation of skin damaged by sulphur mustard
is enhanced by treatments such as dermabrasion and laser ablation.

b. Arsenical burns (Lewisite). Unlike sulphur mustard burns, vesicants containing
arsenic have significant systemic toxicity with burns of < 5% BSA being potentially fatal.
All casualties with rapid onset chemical burns and systemic features should be assessed
for potential topical and systemic antidotes.

c. Hydrofluoric Acid (HF) burns. HF burns also have systemic toxicity due to
hypocalcaemia. Treatment includes topical and intravenous calcium solutions.
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d. Phosphorous burns. These burns are a combination of chemical and thermal. Any
residual agent may continue to self-ignite and should be managed with wet dressings,
irrigation and debridement as required followed by conventional burns management.

e. Radiation burns including beta irradiation. These will be discussed in Part 5.

Trauma and nuclear detonation. Following the detonation of a nuclear device, the
ng “conventional” traumatic injuries will be seen:

a. Flash — causing afterimages, retinal damage and blindness.

b. Blast injuries — caused by the initial positive and negative overpressures, and blast
winds. In addition, further injuries will occur due to flying debris and crush injuries due
to falling masonry. Treatment will follow conventional guidelines.

c. Thermal injuries — these are due to the initial intense flash and fireball with further
injuries secondary to any fires ignited. These thermal injuries are different to burns
caused by ionising radiation.
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ANNEX 7A — MANAGEMENT OF THE UNUSUAL PATIENT

1. The presentation of a casualty or multiple casualties with unexplained symptoms and
signs, especially in the context of high morbidity or mortality, should be investigated in safe
and standardised way. In all cases, standard precautions should be taken and where a
contamination or contagious hazard is suspected, casualty hazard management should be
carried out. Most of the assessment of an unusual casualty will be made at a Role 3 MTF
although a strategic medical evacuation to a specialist unit may be required.

2. For multiple casualties over a period of time (emerging scenario), epidemiological study
is recommended. This is initially supported by Operational Epidemiology (see Chapter 17).
Consideration should also be given to requesting a Rapid Deployable Outbreak Investigation
Team (RDOIT) or Medical Radiological Incident Investigation Team (MRIIIT). Guidance on
both specialist teams is found in AMedP-7.7 and AMedP-7.4 respectively, and.

3. Baseline clinical investigations. All casualties should have baseline investigations at
Role 2 Enhanced or Role 3. These will provide information to assess the critical care needs of
the casualty as well as suggest possible cause. Recommended baseline investigations are
listed in Table 7A-1 and should then be repeated at six hours so that a trend and serial
assessment can be made. All samples should be appropriately marked if a significant hazard
is suspected. Certain results from the baseline might suggest a possible cause for the disease
and these are listed in Table 7A-2. However, diagnosis should not be based on a single non-
specific test and correlation with clinical assessment, intelligence and other information should
be carried out.

Table 7A-1: Recommended Baseline Samples for Clinical Investigations.

BASELINE CLINICAL INVESTIGATIONS

(Repeated at 6 hours)

Full (complete) blood count and differential white cell count
Arterial or venous blood gas measurement including lactate
Blood glucose level

Renal function

Liver function (includes clotting)

Bone profile (includes calcium)

Inflammatory markers (vary with nations but include C-reactive Protein)
Clotting screen (includes International Normalised Ratio (INR))
Chest radiography

Consider brain imaging, if reduced level of consciousness

4. Specialised (hazard specific) clinical investigations. Table 7A-3 provides a list of
recommended samples to be taken in the event of a suspect illness or unusual illness. Where
a type of agent is suspected, a focused series of clinical investigations can be taken. For a
casualty with no clues to the type of agent, all of these investigations should be considered
although there will be some overlap. The following should be considered with regard to sample
handling:

a. Samples taken should be clearly documented in the casualty documentation.

b. A chain of evidence for samples should be maintained, as appropriate, so that they
remain suitable for forensic examination and contribute to any subsequent security or
legal investigation.
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c. Hazard markings should also be used to warn the receiving laboratory.

d. Some of the investigations will be beyond the capability of the deployed medical
treatment facility and require reach back and transportation to a specialist or reference
laboratory.

5. Any sample should appropriately be labelled and packaged to meet international
regulations such as UN3373 for Category B samples (including patient specimens) for Class
6.2 Infectious Substances (International Air Transport Association).

Table 7A-2: Baseline Clinical Investigations and Possible Causes.

BASELINE CLINICAL INVESTIGATION FINDING POSSIBLE CAUSE
Haemolytic anaemia Heavy metals such as arsenic
Full Low white cell and platelets Significant radiation exposure
(Complete)
Blood Count Low platelets (and pyrexia) Malaria (included for differential diagnosis)
Low platelets (and coagulopathy) Disseminated Intravascular Coagulopathy (DIC)
Unilateral pulmonary infiltrates Pneumonia
Chest Pulmonary oedema due to pulmonary agents
d?s h Bilateral pulmonary infiltrates Viral pneumonitis
radiograp Inhaled toxin (such as ricin, SEB)
Widened mediastinum Inhalational anthrax
Encephalitis

Brain imaging | Localised lesion (and pyrexia) Cerebral abscess
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Table 7A-3: Agent Type Clinical Investigations.

SPECIALIZED CLINICAL INVESTIGATIONS (CHEMICAL)

10ml blood in plastic (lithium anticoagulant) heparin tube

5ml blood in glass (lithium anticoagulant) heparin tube (plastic to be used if glass not available)

10ml blood in plastic (EDTA anticoagulant) tube

30ml urine without preservative

SPECIALIZED CLINICAL INVESTIGATIONS (BIOLOGICAL)

Blood cultures for aerobic and anaerobic organisms

Serum sample for serology and toxin assays (repeated serology (convalescent))

Whole blood (EDTA anticoagulant) for molecular-biological investigations

Urine (microscopy, culture and sensitivities, and storage)

Source sampling including respiratory tract, skin, wound, nose and throat swabs, pus or vesicular fluid,
faeces, cerebrospinal and pulmonary effusion fluid, and tissue biopsy material.

SPECIALIZED CLINICAL INVESTIGATIONS (RADIOLOGICAL)

Serial full (complete) blood counts

Serum amylase

Serum citrulline (where available)

Nasal swabs (within first hour following potential internal contamination)

Urine

Faeces (if gastrointestinal route)

Whole blood (storage for HLA cross-matching) recommended within 12 hour

Whole blood (for cytogenetics/dicentric assay) recommended at 24 hours

EDTA - Ethylenediaminetetraacetic acid
Specific assays will be discussed in relevant chapters
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ANNEX 7B — MANAGEMENT OF PAEDIATRIC CBRN PATIENTS

1. During NATO operations and in accordance with the Geneva Convention, medical
personnel may be expected to treat paediatric casualties, including CBRN casualties.
Historically, children have become casualties either accidentally or by deliberate targeting by
both conventional and CBRN weapons. Medical personnel involved in NATO operations,
where there is a significant CBRN threat and a requirement to treat the civilian population,
should be prepared to manage paediatric CBRN casualties.

2. Children differ from adults in a number of ways which make them particularly vulnerable
to attack, especially to an attack employing CBRN agents:

a. Anatomical differences:

(1) Body weight. Body weight among children varies greatly with age and nutritional
status; this influences the calculation of drugs, including antidote doses based upon
weight.

Note: Care should be taken using estimated weight calculations based on data from
other regions, cultural and economic populations.

(2) Body-surface area (BSA). Children possess a greater BSA to volume ratio than
do adults. This provides relatively greater absorptive surface area for the action of
dermally-active agents (such as vesicants), system absorption (such as percutaneous
nerve agents (VX)) and also dictates that fluid losses will have a proportionally greater
impact on children. Similarly, children are more susceptible to heat loss during
decontamination.

(3) Skin immaturity. Children possess a thinner and less well keratinised epidermis,
leading to an increased susceptibility to dermally-active agents and absorption.

(4) Airway calibre. Children possess a smaller airway calibre such that any small
reduction in airway diameter, due to bronchospasm or secretions, has a
disproportionately greater impact on airway resistance (in accordance with
Poiseuille’s Law).

(5) Body water. Children have a greater proportion of body water compared to adults
leading to altered toxicokinetics.

b. Physiological differences:

(1) Ventilation. Children have greater minute ventilation than adults, leading to a
proportionally increased vulnerability to the effects of gases, vapours and aerosolised
agents.

(2) Cardiac output. The ability to increase cardiac output among children relies
predominantly on heart rate and on a limited ability to increase stroke volume. Fluid
loss and bradycardia are thus more dangerous in children and can rapidly lead to
shock.

(3) Functional residual capacity (FRC). A reduced pulmonary FRC predisposes
children to early oxygen saturation.
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(4) Renal function. Immature renal function in children results in compromised
elimination of toxic substances.

(5) Liver function. Immature hepatic function in children results in reduced ability to
detoxify toxic substances.

(6) Glycogen stores. A lower capacity for glycogen storage within the liver
predisposes to early hypoglycaemia during physiological stress including fitting and
sepsis.

(7) Plasma proteins. Fewer plasma proteins diminish the capacity for the binding of
some toxic substances.

(8) Blood brain barrier. Greater blood brain barrier permeability heightens the
potential for agents to gain access to the central nervous system.

(9) Central nervous system. The developing central nervous system of children may
be more susceptible to certain exposures or to secondary brain injury resulting from
hypoxia or hypovolemia.

Developmental considerations:

(1) Height. Children, being shorter, ‘live closer to the ground’ than do adults,
increasing their exposure to radioactive fallout, heavier than air gases and re-
aerosolised particles.

(2) Mobility. Children are often unable to flee the incident scene.

(3) Compliance. Children often lack the developmental ability to follow the instructions
from responders and other on scene personnel.

(4) Comprehension. Children often cannot distinguish reality from fantasy and are
thus prone to consider each repeated media portrayal of a disaster as a new event.
Similarly, children are more likely to be frightened at the appearance of responders in
PPE.

(5) Psychological impact. Children may be more vulnerable to PTSD than adults.

Relative therapeutic contraindications. Although the benefits of therapy would readily

outweigh the risks in the event of a CBRN incident, providers of healthcare to children
are nonetheless often unfamiliar with the use of certain therapeutic agents:

e.

(1) Fluoroquinolones are often recommended as drugs of choice in the prevention
and treatment of anthrax and plague, yet experience with their use in children is
limited.

(2) Tetracyclines are also recommended for a number of biological agents including
anthrax, plague, tularaemia, brucellosis and Q-fever; their use in children is often
avoided.

Immunisation considerations. Immunisation against various biological agents is

especially problematic in children:
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(1) Anthrax vaccines in most nations are not licensed for persons less than 18 years
of age.

(2) Smallpox historical vaccines may produce more frequent and serious
complications in children compared to adults.

(3) Yellow Fever vaccine similarly produces serious complications more frequently in
children.

f. Chemical agent specific vulnerabilities:

(1) Nerve agents (NAs). Most NAs are absorbed through the skin. The thinner, less
keratinised, more abundant (in terms of BSA to volume ration) skin of children makes
them significantly more susceptible to the effects of such agents. Moreover, NAs
cause bradycardia, bronchospasm and copious airway secretions, all of which are
less well tolerated in children. Children may also have a lower seizure threshold and
thus a greater risk of convulsions following NA exposure.

(2) Pulmonary agents. These substances are generally heavier than air and thus may
disproportionately affect children who ‘live closer to the ground’. The reduced FRC of
children exacerbates the risk from these agents.

(3) Vesicants. The greater BSA to volume ratio of children dictates that systemic
absorption of vesicants will be greater in children than in adults. Moreover, the fluid
losses associated with these agents will likely have more immediate cardiovascular
consequences.

g. Biological agent specific vulnerabilities. Sepsis is less well tolerated in children for
multiple reasons as noted above. Moreover, an immature immune system hampers
children’s abilities to ward off infection with biological agents and potential vaccination
efficacy. In addition, several potential biological agents have specific effects on children:

(1) Venezuelan Equine Encephalitis (VEE). VEE is temporarily incapacitating in
adults, but can be fatal in young children.

(2) Smallpox. Smallpox potentially presents an increase risk to children compared to
older generations owing to residual immunity among older adults due to the
discontinuing of childhood smallpox vaccination programme.

(3) Melioidosis. In some regions, children infected with melioidosis develop a peculiar
parotiditis not seen in adults.

h. Radiological specific vulnerabilities. Children are more susceptible to the medical
effects of ionising radiation, with a greater incidence of cancer including haematological
malignancies, as well as thyroid cancers following exposure to radioiodine. Furthermore,
radiation can be assumed to have disproportionate adverse effects on all growing
tissues.

i. Miscellaneous considerations:

(1) Drugs and antidotes against CBRN agents are often unavailable in liquid
paediatric preparations.

(2) Rescue equipment is often unavailable in paediatric sizes.
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(3) Many hospital systems have limited numbers of paediatric acute and critical care
beds.

(4) Many emergency responders, especially military, are unfamiliar or uncomfortable
with the care of children.

(5) Paediatric disaster response doctrine is scarce.

3. Paediatric CBRN medical support. A number of conventional paediatric emergency care
paradigms exist within NATO nations. Most of these systems cover the management of a
seriously ill child and include trauma, toxic exposures and sepsis. Where there is significant
CBRN involvement, supportive management and the use of MedCM would be appropriate for
these challenging situations.

4, MedCM. Appropriate MedCM use in children should ideally be formulated as liquid oral
preparations and prescribed based on weight (i.e. on a mg/kg basis). Recommended
paediatric dosing regimens for the treatment of certain CBRN exposures are listed in the
relevant chapters but are subject to national licensing and/or endorsement. Administration of
MedCM in the context of a military operation for paediatric casualties will be for emergencies
only and ideally should be reflected in any regulating requirements. The dosing of some
MedCM may be difficult (auto-injectors) and instead of reducing the dose, the frequency of
administration could be reduced.

5. Psychological. Management of the psychological consequences of trauma is a key
component of paediatric disaster response and applicable to CBRN incidents. Children should
be:!

a. Informed about an event as soon as possible.

b. Helped to understand the event by stating the basic facts in simple, direct and clear
terms.

c. Sheltered from detailed information and graphic media images when
developmentally unable to process such information properly.

d. Reassured they should feel safe in their schools, homes and communities.
e. Reassured regarding their lack of responsibility.
f. Observed for signs of guilt and anger.

g. Included in conversations involving the sharing of feelings of fear, sadness and
empathy.

h. Offered the opportunity to discuss terrorist events (older children and adolescents),
but not forced into such conversations.

i. Provided counselling in anticipation delayed and anniversary reactions (sadness or
fear on the anniversary of a tragic event).

j. Provided concrete advice on how to make participation in commemorative events
meaningful.

1 Based on Schonfeld DJ. Supporting children after terrorism events: potential roles for paediatricians.
Pediatr Ann. 2003;32(3):182-87.
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CHAPTER 8: INTRODUCTION TO THE MEDICAL RESPONSE TO A
CBRN INCIDENT

8.1. INTRODUCTION

1. A CBRN incident has specific security and intelligence significance. For medical
personnel, incident management in the presence of a CBRN agent or TIM is simply another
hazard that requires mitigation. During a combined (explosive and CBRN) incident, the
presence of the CBRN agent may not be initially recognised. A conventional incident response,
at the tactical level, includes safety considerations and a standardised ‘METHANE report™ with
a hazard assessment. CBRN and TIM incident management including the medical response
should use the same paradigm but optimised to provide the best medical care for conventional
and CBRN casualties.

2. This part of AMedP-7.1 focuses on the tactical element to the response part of the CBRN
incident cycle and post-event interventions, both for CBRN defensive operations and in
response to the asymmetric threat from insurgents and terrorists on any NATO operation and
as part of the NATO Defence Against Terrorism (DAT) program. The CBRN response
described is also compatible with most civil response organisations and where there are
operational, regional and national incident command structures.

| COMMAND (and Pre-hospital / Hospital Organisation)
| SAFETY | > SAFETY
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HAZARD REPORT
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' TRIAGE | TRIAGE
' TREATMENT | TREATMENT
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EXPLOITATION (Forensics)
RECOVERY

Figure 8-1: The Interface between Conventional & CBRN Medical Incident Management.

3. AMedP-1.10: Medical Aspects in the Management of a Major Incident/Mass Casualty
Incident provides information on the standardised response to a conventional incident.
Conventional major incident management uses Command, Safety, Communications,
Assessment, Triage, Treatment and Transport (CSCATTT), to prioritise response and

1 METHANE is a standardised incident report used by NATO and some member and other nations (see
Section 12.2.).
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resources. During a CBRN incident, this response is adapted with specific attention to safety,
including physical protection and hazard management including establishing cordons and
containing the scene. The METHANE report used for conventional events and any standard
CBRN report will trigger the move from a conventional response to the modified CBRN
response (see Figure 8-1).

8.2.

TYPE OF CBRN MAJOR INCIDENTS

CBRN incidents, as for other medical major incidents, can be classified by the onset and
timeframe of the incident and the adequacy of the response, using a combination of the
following definitions:

8.3.

a. Sudden onset. This type of incident is immediately apparent due to either the cause
of the incident (explosive incident or release of an agent with immediate or acute onset
effects), or where there is a detection capability. The incident response is likely to be
concentric around the incident site or follow a plume if there is a downwind hazard.

b. Slowly evolving. This type of incident develops over a period of time so that the time
of exposure or cause is not immediately apparent. Incident response is more likely to
include operational epidemiology and specialist investigation teams.

c. Simple. The organisations and infrastructure involved in the incident response are
not compromised by the event.

d. Compound. The organisation and infrastructure involved in the incident response is
compromised by the event resulting in a degraded response or requiring extra resources
to compensate. For a CBRN event, this might include critical infrastructure such as the
HQ or MTF being in the downwind plume. The CBRN operational risk may require
COLPRO for these mission-critical infrastructure sites.

e. Mass Casualty (MASCAL). A mass casualty incident is one in which there is an
overwhelming number of casualties relative to the medical capabilities locally available.
Depending on the available resources, the exact number is scalable. The senior medical
commander (Comd Med) may authorise the use of the T4 (expectant) triage category or
a ceiling of therapy. For CBRN incidents, this may be a relatively small number of
critically ill casualties or a significant number of resource dependent casualties with
specialist requirements including burns or radiation MedCM, critical care or renal
support. During an outbreak, the number of casualties may be catastrophic or require
finite resources or capabilities such as critical care, ventilation and renal replacement
therapy. Further details on conventional MASCAL management may be found in
STANAG 2879.

PRIORITIES FOR THE MEDICAL RESPONSE TO A CBRN INCIDENT

The priorities for the medical response, within the constraints of the mission, to a CBRN
incident are:

a. Safety. CBRN is an additional on-scene hazard with the potential for contaminated
and contagious casualties. Initial safety considerations are adapted from C-IED drills as
the six Cs: confirm, clear, cordon, control, communicate and contain. If IPE is carried,
part of the confirm drill will be to don IPE. Communicate and contain are additional to
the conventional four Cs and reinforce the requirement to inform other units and HQ and
contain any potential secondary hazards on-scene. For all incidents, personal and
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collective safety is of paramount importance and safety assessments should be
dynamic.

b. Cordons. This includes establishing hot, warm and clean zones, decontamination
areas and a CDL (see Chapter 10). For a significant biological incident with risk of
person to person spread, cordons may be supported by RoM but with significant tactical
and operational, and potentially strategic resource implications.?

d. Control & Communications. Each zone and area will require a vertical and
horizontal command structure, with control of each cordon, to support interoperability
between specialist units and the chain of command. The chain of communication
parallels the chain of command and the same principles of CBRN warning and reporting
apply to the medical management of an incident. Similar or adapted formats used for
conventional incidents are recommended (see AMedP-1.10).

d. Assessment. Assessment supports the cycle of recognition described. It highlights
the importance of a joint scene and casualty assessment, using detect and diagnostic
capabilities respectively. Any report of a CBRN agent must include the source of the
information (environmental sampling, diagnosis) and the confidence of the assessment
(suspected, probable or confirmed).

e. Triage. Any incident with multiple casualties requires triage. Conventional triage
is adequate for broad casualty discrimination. However as resources and casualty care
differ for CBRN, a modified CBRN triage will optimise the provision of casualty care. In
extreme situations, such as MASCAL, triage will also support decision making including
the use of the expectant (T4) triage category (see Chapter 14).

f. Treatment. At the individual level, casualty care follows the principles described in
Part 1. The specific treatment for each chemical, biological and radiological casualty is
given in Parts 3, 4 and 5 for this publication respectively.

g. Transport. The presence of a CBRN agent and risk of secondary contamination or
infection has significant implications for MEDEVAC especially by air. Some transport
methods may also be limited by aviation and international regulations and require
specialist equipment such as casualty protective equipment (CPE) including an air
transportable isolator (ATI).

h.  Exploitation. Once the scene is clear of live casualties, the next phase is a
transition to incident recovery. Before this can take place, the incident scene should be
secured for forensics in order to investigate the circumstances of the incident (forensics)
as well as to gain insight into the agent and/or delivery system used.

i. Recovery. Another implication of a CBRN event is the potential loss or compromise
of a MTF. Incident recovery will require an assessment of the impact of the incident on
the medical support capability for both CBRN and conventional incidents. This is
discussed in more detail in Chapter 17.

2 Conventional major incident response structure uses a colour coded system based on bronze within
an inner cordon, silver (prioritising on scene management) and gold (headquarters level).
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8.4. TYPES OF CBRN INCIDENTS AND RESPONSES

The type of incident response will depend on the type of incident and to some degree the
timeframe. Not all incidents will require a major incident response even if CBRN or hazardous
materials are present. A summary of the various types of contingency plans is provided in

Figure 8.2. The use of colour coding of plans is recommended.
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Figure 8-2: Incident Types by Scenario with lllustrative Examples including an Example of
Colour-coded Contingency Plans.

8.5. CBRN INCIDENT RESPONSE & FORCE PROTECTION

1. For CBRN defensive operations, CBRN defence and the traditional five components will
underpin both pre-event preparations, and post-event interventions including the response
phase. For other operations, the conventional incident response and the CBRN modified
paradigm will be used for post-event interventions including mitigation. The CBRN medical
incident response should therefore be consistent with both a conventional incident response
and the five components, described in the Section 1.7 and the medical support of CBRN
defence; these are shown in Figure 8-3. Further command guidance can be found in AMedP-
7.6.

2. The mission and tactical priorities for on scene commanders include:
a. Mission-critical objectives (level of risk depends on Command priorities).
b.  Safety of personnel.
C. Saving of life (casualty care).
d. Exploitation by the collection of forensic evidence.

e. Recovery to the pre-event state to continue the Mission.
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8.6. SMALL SCALE INCIDENTS

As well as multiple casualty incidents, CBRN agents may be used to target individuals
(poisonings and assassinations). These events may not require a full major incident response
although some aspects such as safety, cordons and treatment may still be required. These
events will still be managed as a criminal act and care should be taken to maintain a chain of
evidence. Treatment options however will be the same as larger CBRN incidents.
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Figure 8-3: CBRN Medical Incident Response and CBRN Defence Capabilities.
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CHAPTER 9: SAFETY

9.1. INTRODUCTION

1. For any major incident, safety is paramount and should be the first priority for all
commanders. An all-hazards approach applies to both conventional and CBRN incidents and
these incidents are not mutually exclusive. Particular attention should be paid to the potential
for secondary devices targeting responders using an alternative type of device.

2. Incident safety is an extension of force protection and for CBRN this includes physical
protection and hazard management appropriate to the scene and hazard. For the initial
management of a CBRN scene, collective protection and thorough decontamination is unlikely
to be available. Incident safety will therefore rely on containment, cordon control, individual
protection and minimising the spread of contamination.

3. Safety is considered throughout the collective response through to individual casualty
management and includes:

a. Donning individual (personnel) protective equipment (IPE) or protective equipment
to enable a safe escape (where available).

b. Withdrawing from the immediate hazardous area (‘confirm and clear’).
c. Incident management (‘cordon and control’).
d. Reporting the incident and any associated hazards (‘communicate’).
e. Casualty hazard management (initially ‘contain’).
9.2. INITIAL ACTIONS
The initial actions, based on those for C-IED and shown in Figure 9-1, are the 6C’s:

(1) Confirm. Where possible, a CBRN incident should be confirmed using visual
assessment or appropriate detection equipment. Respiratory protection if available
should be worn immediately followed by a warning to others such as “gas, gas, gas”. If
the incident was recognised due to casualties, where possible, the route of exposure
(food, water, air or skin) should be identified and reported.

(2) Clear. All personnel should clear the immediate area until a formal assessment has
been made. The distance and safe direction will be determined by the incident type, type
of hazard and wind direction. Where there may be an airborne hazard, the scene should
be cleared either in an upwind direction if moving away from the hazard, or perpendicular
to the wind direction if in or under a plume.

(3) and (4) Cordon and Control. Once the immediate area has been cleared, cordons
should be established (physically, virtually or conceptually) to control entry and exit into
the hazardous zone. A series of cordons around the scene will be used based upon
hazard and security constraints. Each zone within a cordon will have a commander under
the overall command of the Incident Commander (see Chapter 10 and 11 respectively).

(5) Communicate. Command will be informed of the type of incident (explosive,
chemical, biological, radiological and nuclear) and where possible the specific agent. Any
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incident update should include location, wind direction and casualty numbers. The report
format will be appropriate to the role of the person making the report (first responder,
commander, medical personnel) and line of communication. It is vital that an initial report
is made as an initial action to ensure the safety of other responders and the integrity of
other units including the Headquarters and MTFs (see Chapter 12).

(6) Contain. In order to prevent secondary contamination and identify any early medical
effects, a containment area should be established for personnel and equipment after
clearing the immediate area. All personnel involved in the initial incident should be
assessed by an appropriate person for potential exposure and contamination risk before
being allowed to leave the scene. During the initial response to a sudden onset incident,
there will be no risk of a contagious illness in those personnel exposed to a biological
agent. Depending on the incident, the assessment does not need to be medical. Further
guidance for casualties is provided in Chapter 6 - Casualty Hazard Management.

CONFIRM | CONFIRM |
\__ CONFIRM_ _ |
| CLEAR | | _CLEAR |
| CORDON | |__ CORDON__ |
CONTROL ' CONTROL |

| |

| ) | COMMUNICATE

CONTAIN

Figure 9-1: The six Cs — CBRN IED and CBRN Incident Initial Actions.
9.3. INDIVIDUAL / PERSONAL PHYSICAL PROTECTION

IPE is a form of physical protection and is a CBRN protective measure. It includes respiratory,
eye, hand (gloves) and skin protection and is considered a military form of personal protective
equipment (PPE). The selection of IPE / PPE should be based upon a risk assessment. The
risk of physical degradation exists in all IPE / PPE. All personnel should be trained to work in
the IPE / PPE provided and to monitor for the effects of degradation including physical (heat
illness) and psychological stress. ATP-65: The Effect of Wearing CBRN IPE on Individual and
Unit Performance during Military Operations provides more details specific to IPE use.

9.3.1. RESPIRATORY PROTECTION

The selection of respiratory protection depends on the type of hazard (gas/vapour, liquid and
solid aerosol, droplets and large dry particulate). Most forms of respiratory protection require
training and in some cases fit testing to ensure an adequate seal and protection; specific
attention will be required for personnel with facial hair. The types of respiratory protection
include the following and with exception of the first may be a combination:

a. Self-contained breathing apparatus (SCBA). This is the highest level of protection
and delivers breathable air for environments with a non-breathable atmosphere.

b. Vapour filters using activated charcoal.
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c. Chemical specific filters including those used to protect against toxic industrial
chemicals.

d. Particulate filters, protecting against droplets and particulate material including
biological agents and radiological particulate material.

9.3.2. PROTECTIVE SUIT (ENSEMBLE)

The selection of suit depends on the type of hazard, concentration, wet or dry contamination
risk and risk of physical degradation especially heat illness. Suits include:

a. Surgical gowns.
b. Chemical resistant clothing, optional splash protection or have a splash-proof apron.
c. Splash proof suits with SCBA.
d. Gastight suits with SCBA.
e. For a significant radiological hazard, lead aprons should be considered.
9.3.3. GLOVES

The selection of gloves depends on the degree of manual (medical) dexterity, degree of
protection based upon type of agent and concentration and any decontamination role.
Examples include:

a. Butyl gloves. These are suitable for work in the hot zone and decontamination. When
of appropriate size, they can be used for medical procedures.

b. Double/triple nitrile gloves. For contact with decontaminated or protected skin within
the warm zone, double nitrile gloves provide a balance between chemical resistance
and medical dexterity. It is recommended that the outer (sacrificial) layer is changed at
least every 15 minutes and between casualties whichever is more frequent. Latex gloves
should be avoided. These may also be used when caring for contagious patients with
the use of sacrificial layer being important during doffing procedures (strict precautions).

Note: The use of a different coloured inner glove assists in the rapid identification of the
inner layer, and any penetration or tearing of the outer layer. Responders should
maintain their hands in a surgeon-like sterile stance with hands held forward at 90°.

c. Single nitrile gloves. These are suitable for general use (standard precautions).

d. Barrier lotions may be used in addition to the above to provide better protection
against penetrating persistent chemical agents such as sulphur mustard and VX nerve
agent.

9.3.4. EYE PROTECTION

For respiratory protection that does not come with integral eye protection, this will be an
additional protective equipment requirement and is particularly important against biological
agents including viral haemorrhagic disease and blood borne viruses.
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9.3.5. PERSONAL PROTECTIVE EQUIPMENT FOR MEDICAL PERSONNEL

1. IPE describes the issued personal protective equipment for use in an operational
environment. PPE is a more general term and can apply to IPE and other equipment used to
protect medical personnel as well as other occupations. The choice of PPE for medical
personnel should also include benefits such as human factors, non-verbal communication,
visual fields and direct visual contact with casualties. The latter is an important contribution to
reducing casualty psychological stress especially when dealing with vulnerable casualties
including children.

2. The warfare canisters of military respirators provide protection from traditional chemical
warfare agents such as pulmonary agents, either by adsorption or chemical reaction. Some
models will also have toxic industrial chemical (TIC) variants. However only limited or
temporary protection against high concentrations of TICs and products of combustion can be
assumed, and are not to be used in oxygen-depleted or carbon monoxide environments. Self-
contained breathing apparatus should therefore be worn by emergency responders. This
additional PPE requirement makes medical management more difficult due to a loss of medical
dexterity and limited to casualty assessment and very basic interventions (first aid) such as
tourniquet application, administration of auto-injectors and basic airway management. For this
reason and depending on casevac timelines, medical personnel may be better positioned to
receive casualties at the hot-warm zone interface (fwd CPP) in a more permissible PPE for
effective medical management.

9.3.6. CBRN HYGIENE AND DRILLS

The same requirement for CBRN hygiene is required by responders and includes restricting
eating, drinking and smoking. Responders must decontaminate, remove IPE before entering
the clean area or shelter in collective protection before resting, eating and drinking according
to the demand and resources available to the response.

9.3.7. LEVELS OF INDIVIDUAL (PERSONAL) PROTECTIVE EQUIPMENT
A standardised classification for IPE (PPE) is recommended and is summarised in Table 9-1:

a. Level A. This level provides the greatest level of skin and respiratory protection, and
includes SCBA. It is intended for use in a non-breathable or unknown enclosed
environment. Disadvantages include limited effective time on scene, increased logistic
resources (provision of air supply) and increased physical degradation.

b. Level B. This level provides the greatest level of respiratory protection (SCBA) but
with a reduced (chemical resistant or splash-proof) skin protection.

c. Level C. This level is worn when the type and concentration of the airborne hazard
is known and the criteria for using filtered (air-purifying) respirators are met. Respirators
may be powered (PR) or unpowered |. Powered respirators will reduce the work of
breathing but have time constraints and logistical implications. This level of protection is
also applicable to casualty bags and may be powered or unpowered filter protection.

d. Level D. This is the lowest level of protection and includes standard precautions.
This PPE has respiratory, eye and glove protection and will provide significant protection
against droplet and aerosolised biological hazards as well as dry particulate radiological
material. The type of respiratory hazard (droplet or airborne/aerosolised) will determine
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the level of respiratory particulate protection i.e. surgical mask or N95/EN:FFP2 or 3)*.
Any level D protection should therefore be caveated by the level of respiratory protection
required (none, standard / droplet precautions (surgical mask), airborne hazard (high
specification mask)).

Table 9-1: Summary and Examples of Individual (Personal) Protection Equipment.

PROTECTION
LEVEL
RESPIRATORY SKIN GLOVES EYE
A SCBA Gas-tight suit Integral Integral

B SCBA Chenical resistant or Integral Integral
splash proof

IPE Respirator Chemical resistant Butyl Integral
c EL TIERES 7 Respirator Chemical resistant Tnplt_a/QoE ble Integral
warm zone nitrile
Decon.tammatlon Respirator Chemical / splash resistant Butyl Integral
operative
Standard , . . .
precautions (optional) Physical barrier only Nitrile -
» |Droplet
& |respiratory Surgical mask
g ?\Siisrd Physical barrier only Nitrile Risk assess
s . High specification
> | aerosolising
g mask
£ | procedure)
3 | Airborne High specification . . - .
b & |hazard mask Physical barrier only Nitrile Risk assess
Strict precautions . o
- High risk| High specification . N Full face
biological agent| Mask, or full face Splash resistant Double nitrile coverade / visor
(e.g. Ebola, respirator g
Marburg, or blood
borne virus and | Strict precautions require strict adherence to donning and doffing drills including the use of
trauma) sacrificial layers and clinical waste management
Radiological . . . -
particulate hazard Surgical mask Physical barrier only Double nitrile Yes

Adapted from WHO Infection Control Guidance and US Occupational Safety
and Health Administration (OSHA) criteria.

*Triple/double nitrile gloves are used with the outer glove being changed
between casualties or every 15 minutes whichever is shortest.

1 N95 and EN:FFP1-3 are US and EU regulatory classifications of respiratory protection respectively based upon
efficacy i.e. N95 (95%) and FFP3 (99%). EU legislation requires fit testing for FFP2 and FFP3 respiratory protection.
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9.3.8. HIGH DOSE RADIOLOGICAL PERSONAL PROTECTION

It should be noted that the individual physical protection described above does not provide
adequate protection against high dose point source gamma radiation. The mainstay of
protection will be based upon reducing time on scene and maintaining distance (exclusion
zone).

9.4. COLLECTIVE PHYSICAL PROTECTION

1. Collective Protection (COLPRO) during the initial response to a CBRN incident is
unlikely unless a CBRN defensive operation and the pre-event threat was significant. However,
some COLPRO or ad hoc shelter may be available depending on the responding unit and
vehicles, and nearby infrastructure. Shelters may be hardened against CBRN hazards by
enhancing and/or filtering building ventilation with positive pressure, avoiding downwind
structures and posting sentries with appropriate monitoring equipment.

2. Where limited COLPRO exists, priority should be given to the Incident Command Post
including communications. While an ad hoc medical treatment facility such as a casualty
clearing station may benefit from COLPRO, limited casualty decontamination may limit its
effectiveness and integrity. MTF COLPRO may therefore not be required if there is an
adequate method for casualty transportation to an established MTF with casualty
decontamination facilities in a suitable medical timeframe.

3. For CBRN defence operations COLPRO may be deployed for key infrastructure and its
requirement is set in STANAG 4639: Collective Protection in the CBRN Environment.

9.4.1. REVERSE COLLECTIVE PROTECTION

Isolation facilities or biocontainment are required to keep the hazard inside especially for the
management of contagious patients. Ventilation may be under negative pressure, as well as
barrier nursing, and support areas providing either a patient care or laboratory function.
Laboratories may make use of negative pressure glove boxes or be entirely enclosed, with
supporting control measures. The size of a patient care area may either be at:

a. Anindividual level (barrier nursing/isolation room);
b. A cohort within a MTP (isolation ward); or
c. A separate infectious disease cohort MTF.
9.5. BIOSAFETY LEVEL LABORATORY FACILITIES

Laboratory facilities are classified into four levels of biosafety from BSL-1 being the lowest and
BSL-4 being the highest. The core standard is BSL 1-2. But a bioresponse may require more
secure facilities on site. BSL-4 facilities are generally used for lethal agents with airborne
transmissibility, and/or limited or no effective vaccination or treatment; agents include smallpox
and VHF including Ebola, Lassa and Marburg.?

2 CDC HHS (CDC) 21-1112, and EU Council Directive 90/679/EEC.
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CHAPTER 10: CORDONS

10.1. INTRODUCTION

1. For any incident involving a conventional or CBRN hazard, cordons are established to
control and monitor entry and exit. The presence of a CBRN agent requires additional on scene
hazard management to minimise the risk to responders and mitigate the effects of the hazard
on casualties and exposed persons. The shape of the zones and surrounding cordons will
depend on the type and quantity of hazard, and wind direction and speed. For CBRN defensive
operations, ambient data such as wind direction and speed as well as detection equipment will
inform the incident commander’s decisions while non-CBRN defensive operations will require
a risk assessment with a greater margin of error.

2. For each cordon and zone, priorities for casualty management are set (see Chapter 4)
but the ultimate aim is the evacuation of the casualty to a more permissive environment and
one with the optimal medical capability. Medical planning should ensure that each transfer is
to a medical facility or unit with at least the same or greater capability including those used for
medical evacuation.

10.2. CBRN ZONES

Some NATO nations use incident command systems although the terminology may vary. Most
use concentric incident geometry around an incident site and use hierarchy such as bronze,
silver and gold. The bronze zone is often associated with on scene hazards contained inside
an inner cordon. For CBRN incidents, the bronze zone may be further split by an additional
boundary (hazard threshold) generating a buffer zone acting as a decontamination zone (see
Figure 10-1).

Gold

Silver

Bronze

Hot Zone
Warm Zone

Clean Zone

mmm = QOuter Cordon
== == == INner Cordon/ Clean Dirty Line

Figure 10-1: Zone Comparison for CBRN Incident Response (Example: MIMMS! system).

10.2.1. HOT (EXCLUSION) ZONE

This is a non-permissive area where there is a direct hazard (primary exposure and
contamination) to the responder from the environment. This will be mitigated by appropriate

1 AMedP-1.10: Medical Management of a Major Incident and Mass Casualty Situation.
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protective measures including individual protective equipment and time management.
Casualty management in this zone will be limited to:

a. Life sign assessment.
b. First aid — Trauma and CBRN.
c. Triage.
d. Casualty assessment (‘Quick Look’) — T1 only.
e. Life-saving interventions (CAaB) — T1 only.
f. Analgesia to facilitate extrication — entrapped casualties only.
g. Evacuation.
10.2.2. EXCLUSION ZONE

1. An exclusion zone is a hot zone where despite protective measures a significant risk
remains to the responder that can only be mitigated by clearing the area. Examples of the use
of an exclusion zone would be an area around an explosive device, high dose rate radiation
source or nuclear weapon. Chemical incidents may require an exclusion zone depending on
concentration of an agent, lack of oxygen and potential explosive chemical reactions. The use
of an exclusion zone around a biological hazard is unlikely.

2. The criteria for the radii(r) of the cordon from the incident site depends on a number of
factors such as type of hazard, size (yield) of an explosive or nuclear device and dose rate
from a radiological point source. Common default cordons include:

a. Large (car-sized) explosive device 400m

b. Radiological point source 100pGy/hr

c. Explosive radiological dispersal device a. or b. whichever the greater

d. Chemical spill See Downwind (Plume) Hazard below.

3. Any work within the exclusion zone that carries a health risk such as radiation exposure
must be recorded and appropriate medical screening or health surveillance must be arranged.

10.2.3. WARM ZONE

This is a semi-permissive or buffer area beyond a primary hazard threshold, where there is an
indirect hazard to responders due to secondary cross-contamination from equipment,
personnel and casualties transiting from the hot zone. Casualty management in this zone will
include:

a. Triage and prioritisation for decontamination, if required.
b. Casualty assessment (‘Quick Look’ and primary survey).
c. Life-saving interventions (CAaBC) — T1 only.

d. MedCM administration to prevent deterioration depending on agent.
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e. Management of T4 (Expectant) casualties.
f. External decontamination, as required.
g. Wound decontamination and dressing change, as required.
h. Evacuation.
10.2.4. COLD (CLEAN) ZONE

This zone allows for supportive and definitive care to be undertaken. Casualties may still have
residual contamination (wound and internal) and depending on timescale may have the
potential to be contagious. For the latter, isolation may still be required.

| WIND DIRECTION >

Incident site

Evacuation

route <@.

Warm Zone

Hot (exclusion) zone entry/exit point &
potential site of forward casualty collection point

Inner cordon (clean/dirty line)

ris the radius of the exclusion (hot) zone

Figure 10-2: Incident Management and Downwind Plume.

10.3. DOWNWIND (PLUME) HAZARD

1. Where the wind speed is greater than 10km/h a downwind hazard will be assumed. For
CBRN defensive operations or where the force protection has access to a cell controller, plume
modelling will be based on ATP-45: Warning and Reporting and Hazard Prediction of CBRN
and 2012 Emergency Response Guidebook (ERG) — see Table 10-1.

2. Where hazard prediction (plume modelling) is not available a downwind hazard with a
wider safety margin and 90° arc is recommended. An approximate wind direction can be
estimated by the use of signal smoke. All medical personnel are recommended to approach
the scene from upwind. Evacuation from in or under the plume should be perpendicular to the
wind direction, away from the midline and at least the radius of any exclusion or hot zone
(+400m) (see Error! Reference source not found.10-2).
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10.4. WARM ZONE INFRASTRUCTURE
Within the warm zone the following elements are required:
a. Forward Casualty Collection Point (Fwd CCP) at the hot/warm interface.
b. Casualty decontamination area (centre or unit) with:
(1) Casualty Collection Point (CCP)
(2) Triage point.
(3) Walking (ambulatory) channel.
(4) Stretcher (non-ambulatory) channel with EMT provision as required.
(5) Body handling area.
c. Personnel decontamination area
d. Equipment decontamination area.
e. Personnel entry point(s).
10.5. CLEAN DIRTY LINE

1. The clean / dirty line (CDL) is the cordon after casualty decontamination (and personnel
/ equipment) has taken place. The CDL is effectively the edge of the hazardous zone,
sometimes referred to as the bronze zone and the inner cordon.?

2. Although crossing the CDL implies that full casualty decontamination has taken place,
this should also be formally declared for each casualty. In some cases, residual hazards may
exist and include:

a. Wound or dressing contamination.

b. Radiological contamination in the T1 surgical casualty requiring damage control
surgery before full casualty decontamination.

c. Contagious casualty.

3. For casualty management, the CDL may be the first point that casualty documentation
may have been generated and a formal handover of care should take place. The handover
should include as much information as possible and the minimum of an AT-MIST report (see
Chapter 12 - Communications).

10.6. RESTRICTION OF MOVEMENT AND CORDONS

Implementation of restriction of movement is unlikely to require a specific cordon to be raised
as it will use established boundaries such as a perimeter fence or geographic feature. Strategic

2 Lesson Learnt. The CDL should be well marked and delineated by suitable CBRN warning symbols
(e.g. orange or specific hazard tape) to prevent accident crossing.
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RoM is likely to use national borders and ports of entry. Sentries to control and monitor
operational RoM will be required and the requirements are listed in Chapter 6.

Table 10-1 — Chemical Downwind Plumes.

Small spills* Large spills*
Chemical agent Hot zone Hot zone
Day (m) Night (m) Day (m) Night (m)
Tabun 200 200 500 600
Sarin 400 1100 2100 4900
Soman 400 700 1800 2700
VX 100 100 400 300
Sulphur mustard 100 100 300 400
Lewisite 100 300 500 1000
Chlorine 400 1500 3000 7900
Phosgene 800 3200 7500 11000+
Hydrogen cyanide 300 1000 3700 8400
Cyanogen chloride 1000 3800 5700 11000+
BZ 400 1700 2200 8100

* Small spills are considered as coming from a single small package (e.g. a drum up to 208 litres), a small
cylinder, or a small leak from a larger package. For nerve agents, vesciants and BZ, small spills are
considered up to 2kg.

* Large spills are considered as coming from a large package, or multiple spills from small packages. For
nerve agents, vescicants and BZ, large spills are considered up to 25kg.

The QR code provides a link to the ERG guidance in accordance with ATP-45.
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CHAPTER 11: COMMAND AND CONTROL

11.1. INTRODUCTION

Command is an important enabler for any incident response after scene safety and appropriate
cordon(s) have been established to ensure the safety of the personnel and optimal casualty
care. Once cordons have been established, control of the entry and exit of personnel is vital to
maintaining safety and overall command of the scene. Lines of command and control include
vertical command within unit and chain of command, and horizontal control to support joint or
multi-agency response and maintain the integrity of the scene management and safety.

11.2. ON SCENE COMMAND AND CONTROL

The on scene command structure for a CBRN incident should follow that for any other major
incident with a commander responsible for each zone or element within the zone. Control is
deferred to each of the cordons established with particular emphasis on safe entry and exit as
well as the control of any contamination hazard at the CDL or movement of a contagious
patient.

11.3. STRATEGIC COMMAND

1. For CBRN incidents, there will be significant interest that may be disproportionate to the
incident, especially if it is a release of a contagious biological agent or nuclear incident. These
interests include:

a. International health regulations.

b. International travel regulations.

c. Media interest.

d. Potential contravention of CBRN related arms control.
e. Post incident recovery including decontamination.

2. The strategic command of a CBRN incident is likely to include representation from
organisations including:

a. Host nation.
b. NATO.
c. Allied National Commands and Governments.

d. International bodies such as the World Health Organisation, United Nations and
International Atomic Energy Agency.

e. Governments of neighbouring and regional nations.

3. The actual composition and organisation of the strategic command structure in response
to a large CBRN incident will depend on the type of incident, NATO operation and pre-planning,
as well as political context and regional stability.
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11.4. CBRN MEDICAL DECISION POINTS

During any operation a number of scenarios may occur. Pre-event, response and recovery
planning will identify significant key decision points (DP) that may require a command or
medical decision to be made. Examples of these CBRN medical related DP are:

a. Implementation of a vaccination program to a specific threat, if available.
b. Mobilisation of a CBRN capable (COLPRO) MTF.

c. Mobilisation of CBRN Medical personnel.

d. Mobilisation of CBRN Support personnel — decontamination teams.
e. lIssuing of MedCM to personnel.

f. Starting pre-event MedCM.

g. Starting post-event MedCM.

h. Closing an MTF due to contamination, if required.

i. Requesting mutual aid from Host Nation, other partners or networks.
j-  Implementation of quarantine.

k. Implementation of RoM.

I. Requesting an RDOIT, MRIIT, other deployed specialised team or reach back
support.

m. Easing RoM.
n. Re-opening an MTF after decontamination, if required.
11.5. MEDICAL AND CBRN ADVISORS TO THE COMMAND CHAIN

1. Each level of Command requires incident specific advice and this is especially important
for CBRN. During NATO CBRN defensive operations, CBRN and medical advisors will be
appointed to the CBRN and medical chain of commands as well as CBRN specialist units such
as the Joint Assessment Team, CBRN Battalion, RDOIT and MRIIT.

2. For conventional operations, the role of CBRN Advisor is unlikely to be an individual role
and will be incorporated into a force protection role and medical operations role for Command
and Medical CBRN advisors respectively.

11.5.1. AD HOC CBRN MEDICAL ADVISORY GROUP ON OPERATIONS!?

1. During a CBRN event, there is potential for conflicting medical advice between the
medical support to the NATO CBRN Task Force and Joint Medical Support (JMED). Any

1 ¥ Lesson Learnt. During operations, there is a potential for multiple sources of medical advice outide
of the JMed chain, which may be conflicting, being presented to Command. In order to avoid this, all
medical advice including casualty care, and CBRN & outbreak response must be channelled through
the Medical Advisor.
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medical advice to the Joint Combined Force Commander is directed through the Medical
Advisor (MEDAD) to ensure consistent advice and coherent risk communication. The MEDAD
must also ensure that any decision or advice is based on appropriate specialist advice
including the use of CBRN medical SMEs and reach back. During a CBRN incident, the
MEDAD may chair an ad hoc Medical Advisory Group on Operations (MAGO) with
membership including the representatives from the medical support organisation, RDOIT or
MRIIT commanders, JAT medical advisor(s) and potentially host nation or regional medical
organisations including public health, and scientific advisor (SCIAD) (see Fig 11-1).

2. Host Nation health organisations will have public health primacy for the health of the
local population.

3. The Chair of the MAGO (i.e. MEDAD) should consider the invitation of other
organisations for incidents which may have a wider publich health impact. They include:

a. Host Nation Public Health;
b. Regional Public Health;
c. WHO local representative; and.

d. Potentially representatives or liaisons for opposing force(s), especially for operations
with an active PHEIC.

Joint Force Commander
|

|
Joint CBRN Defence Task Force
|

Medical Advisor (MEDAD)

+

Joint CBRN Joint Assessment Specialist Teams CBRN Medical
Defence Battalion Team (JAT) (RDOIT / MRIIT)* Advisor
[ . [ . —.
Unit Medical JAT Medical I Host Nation Public I 1 Regional Public |
Officer Specialists : Heath Lead : : Heath Lead :

RDOIT - Rapid Deployable Outbreak Investigation Team; MRIIT — Medical Radiation Incident Investigation Team

Figure 11.1: CBRN Medical Advisory Group on Operations (MAGO) (shown within grey
background).
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CHAPTER 12: COMMUNICATIONS

12.1. INTRODUCTION

1. The lines of communication will follow the vertical chain of command. Local
communication horizontally will allow for liaison between units and agencies at the same
command level such as on scene and at the headquarters. It is vital that the presence and type
of CBRN agent is reported between the various medical and decontamination facilities
including the CDA Commander and MTF operations room.

2. Most of the report formats for any major incident include some form of hazard
assessment. Specialised reports may be specific to CBRN incidents and are more likely to be
used during CBRN defensive operations between CBRN specialists. A modified conventional
report may provide information that is specific to a CBRN incident but using a familiar format.

3. Due to the risks of cross-contamination, non-contact methods of information
management including verbal and technological solutions should be considered. This is
especially important at handover points such as the CCP, CDL and other points in the
conventional medical evacuation chain.

12.2. CBRN METHANE REPORT

1. The initial major incident report will be made using the standard METHANE report as
described in operation specific standard operating procedures and NATO MIMMS. Once a
CBRN incident has been recognised, subsequent reports can be made using the modified
CBRN METHANE report. The CBRN METHANE report is a medical report using the template
from a conventional METHANE report but with minor amendments reflecting CBRN specific
issue. The use of the conventional report will not significantly impair the response but the
CBRN format will optimise the response and support Command decision making and risk
assessment. The report consist of:

a. My call sign and frequency.

b. Exact location, timing and wind directions.

c. Type of incident (explosive, CBRN and whether deliberate, accidental or unknown)
d. Hazards identified (C, B, R, Ex and type of agent if known, or unknown)

e. Assessment (Scene and Casualty) (see Chapter 13) / Access.

f. Numbers of casualties and population at risk or exposed.

g. Emergency resources on scene and required.

2. The CBRN METHANE report may be repeated to provide an update including a revised
casualty estimation and resources required.

12.3. CBRN WARNING AND REPORTING

In addition to conventional medical incident reporting systems, CBRN incidents have specific
reporting requirements directed by ATP-45: CBRN Warning and Reporting. A CBRN 1 Report
Form is to be completed.
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Table 12-1: CBRN METHANE Report.

Subject Subject
1 | My call sign My call sign & frequency
> Exact location and Location of incident include approximate wind direction (use smoke
wind direction as indicator)
A: Deliberate release (Attack)
3 | Type of incident B: Accident release (ROTA)
U: Unknown
U: Unknown or:
C: Chemical - Nil (0) / Suspect (1) / Probable (2) / Confirmed (3)
4 | Hazards identified B: Biological - Nil (0) / Suspect (1) / Probable (2) / Confirmed (3)
R: Radiological - Nil (0) / Suspect (1) / Probable (2) / Confirmed (3)
E: Explosives - Nil (0) / Suspect (1) / Probable (2) / Confirmed (3)
A: Scene Assessment including DIM (Detect)
5 | CBRN Assessment B: Casualty Assessment including signs & symptoms (Diagnose)
T1: Requiring life-saving interventions | X: Exposed person (well)
T2: Litter (Stretcher) or Incapacitated | C: Contamination hazard
6 | Number of casualties | T3: Ambulatory (Walking)
D: Dead
(T4: Expectant (if authorised))
Free text: Description of resources on scene and those required
7 | Emergency resources | (including decontamination and access to stockpiles), and treatment
given.

12.4. AT-MIST-D REPORT

1. At handover points, the time and ability to handover casualty information may be limited.
It must include any residual risk from contamination or contagious disease. The AT-MIST
format (see Annex 12D) is:

a. Age.

b. Time of injury or exposure.

c. Mechanism of injury or exposure (explosive incident, CBRN device, unknown).
d. Injuries, Intoxication, Infection, Irradiation.

e. Symptoms and signs.

f. Treatment (MedCM, supportive / definitive treatment & hazard management).

g. Decontamination status (No contamination, residual including wound,
decontaminated)

2. Any residual risk of contamination or contagious disease should also be handed over or
indicated on the casualty.*

1 M Lesson Learnt. During exercises, it was noted that the casualty decontamination status may be
overlooked both on receiving and handing over casualties between responders, facilities and nations.
The AT-MIST report has been adapted to prompt responders in a CBRN-threat environment to consider
and handover the decontamination status at AT-MIST-D.
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12.5. CBRN CASUALTY REPORT FORM

1. The reporting and documentation of CBRN casualties is important. The consistency of
the report is vital for both surveillance and casualty reporting through the chain of command.
Medical documentation can also be used to act as an aide-memoir to prompt clinical to look
for the right signs based on the reported symptoms. The CBRN Casualty Report Form provides
an initial structured format for casualties presenting after a CBRN or combined incident. The
form uses a standardised approach that can be used by member nations.

2. It is likely that the CBRN Casualty Medical Form will be
completed either at the clean/dirty line following a verbal AT-MIST
report or at the receiving MTF. Additional CBRN medical
documentation can be included to support agent specific
management and assessment including radiation and sepsis
management.

3. Some MedCM differ between nations and this is reflected in
a nation specific part of the form, while the generic approach will
be the same. Annex 12A-2 provides a template for the CBRN
Medical Report Form and the QR code provides a downloadable
version.

12.6. NATO REQUEST FOR MEDICAL EVACUATION (NATO 9-LINER
MEDEVAC)

The 9-liner is used to request medical evacuation. While this format is intended for
conventional casualties, priority and triage categories are consistent for both types of incidents.
Line 4 is used to request specialist equipment and can be used for decontamination equipment
or MedCM, while line 9 highlights features of the pick-up zone and could be used to report
CBRN specific features or exclusion zone.

12.7. INFORMATION MANAGEMENT AND COMMUNICATION

1. Historically during any major incident or military operation, communication has often
been found to be inadequate or overwhelmed. The flow of information is even more likely to
be compromised by a CBRN event due to operational security, contamination of paper reports
including the casualty record, loss of information technology (IT) systems due to a nuclear
event or speculation over the cause and implications of a CBRN-type event.

2. A well-managed flow of information with a joint communication strategy and contingency
plan will help maintain situational awareness, warning and reporting systems, flow of casualty
information and improve risk communication.

3. Medical planning for any CBRN incident should consider the requirements for
information management and communication for medical support including:

a. Disease and health surveillance.

b. Optimisation of casualty information between forward responders and MTFs as well
as across the clean / dirty line.

c. Use of computer tools to support complex casualty and incident management issues,
including triage and casualty reporting.
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d. Clinical investigation and reporting including the use of reach back or host nation
support.

e. IT back up.

f. Warning and reporting systems with interoperability to non-medical systems.
g. Casualty registries and follow-up.

h. Outbreak investigation and epidemiology case reporting.

i. Recording of MedCM use and any adverse events.

j- Interaction with the media.

k. Strategic communication with regional and international health organisations.
I. Strategic communication with non-government organisations.

m. Medical messaging of restriction of movement requirements.

n. Risk communication to patients and exposed populations.
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ANNEX 12A — CBRN MEDICAL REPORT FORMS

Identification:

(If known)

A Age of casualty
(adult / child (+ age))

of onset of symptoms

T Time of wound / exposure or time

M Mechanism of injury or type of

incident
Injuries Intoxication Infection
| Irradiation
(including injury pattern & observed|(type, route of exposure, & contamination
injuries) risk)
. her:
Symptoms and signs (including toxidromes) Othe
<C>at haem: Consciousness
A Resp
S B Eyes
Circ Secretions
D Skin

Treatment given:

NA antidotes

/Auto-injector

Other MedCM:

/Atropine

Oxime

Benz

Decontamination status:

(no contamination; fully decontamination; wound contamination; internal hazard)

Fig 12A-1: AT-MIST Report Form.

*(<C>at haem = catastrophic haemorrhage)

12A-1
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RESTRICTED — MEDICAL (when completed)

CERN Med Form 1

CEBRN MEDICAL REPORT FORM

Name: Date: ! ! | Sex: Male / Female | Age: or | DOB: ! !
Nationality: Rank: Service No: Service: Unit:
Location: Incident time (if overt): Time of symptom onset: Arrival time:
O Chemical [suspectsd agent ] QA Biological [suspect=d agent ] 0 Radiological 2 Nuclear
Type of ]
= Q Explosive 3 Other
Incident: P Lyee ! [ ]
O Suspected 2 Prohable 3 Confirmed 2 DIM equipment used [ 1 Reading [ ]
Physical Protection: Respiratory [CBRN Q / Particulate O 1 Other, 3 Gloves O Protective suit O Other [ ]
Pre-Exposure MedCM: O Chem[ ] QBio[ ] ORad[ ]
INJURIES & CONTAMINATION: CBRN QUICK LOOK
c ] 3 Alert 3 Verbal Q Pain
Sl 3 Unconscious O Fitting
- 3 Normal Q1 Abnormal
Respiratory | 5 Asymmetrical O Absent Jmin
Eyes * e .
3 Pinpoint 2 Normal O Wide
Secretions 2 Normal O Secretions O Dry
3 Normal O Sweaty BURNS
Skin 3 Cyanosed QO Pink 3 Chemical
3 Purpuric rash 3 Thermal
Temp:
Pulse D Rad QO Fem Q2 Carotid
ECG O Sinus Rate  /min Q Abnormal
Other
# Fracture +++Wound I/ Contaminated area Radiation:
3 Vomiting or 3 Diarrhoea onset | ]

EMERGENCY MEDICAL TREATMENT AND HAZARD MANAGEMENT

INITIAL T HAZARD: Q Gas/Vapour O Liguid QO Dry/particulate Q'Wound O Unknown 1 Contagious (suspected)

TRIAGE MANAGEMENT: O Removal of clothing O Dry contamination 23 Rinse O Full wet contamination O Isolation

Catastrophic Site(s): [ 110 11 11 1

Haemorrhage: 3 CAT Applied Time] ] 3 Haemostatic Time[ 1 QO FFD Site(s): [ 11 1

Airway: d OPAJNPA Size:[ ] dLMA Size: [ ] OETT Size:[ at ] ARSI Timel[ 3 Surgical Airway
3 ComboPens Number given [ 1 O Oxime [ ] total [ 1 O Atropine total [ 1

2 Benzodiazepine [ ] total [ O Naloxone t

2 Amyl nitrite  Dicobalt edetate O 300mg Q3 600mg & O Glucose 3 Sodium nitrite

3 Sodium thiosulphate

otal [

]

Antidotes / MedCMs
& other therapeutics:

ANTIBIOTIC{S): [1: ] dose [ 1[2: ]dose [ 103

]dose [

]

OTHERS: O Morphine total [ ] O Fentanyl total [ 10 Ketamine total [ ]

O Ondansetron dose[

[1: Jdose[ 102 ]dose| 113: ]dose [ 1
Breathing: 3 Oxygen o BvM Meedle decompression L OR Thoracostomy O /Chestdrain 2: L RQ
O IVNo Site: [ ] Size: [ ] QIO Site: [ ] Size: [ ] QO CPR duration [ mins]
Circulation: . S . . . .
FLUIDS: 0O Crystalloid: [ 1 Volume: [ ] QBlood: [ 1 Volume: [ 1
Other interventions
and comments:
COLD ZONE OUTCOME 0O Casualty Clearing Station 2 Survivor Reception Centre O RTU/Home
TRIAGE CAT O MTF/Hospital Mame: [ 1 O Mortuary QO Other: [ 1

CDL Handover Time

Completed by:

FOR RAD / NUC INCIDENTS: REFER TO RADIATION WORKSHEETS WITH CONTAMINATION CHARTS AND BIODOSIMETRY ASSESSMENT

RESTRICTED — MEDICAL (when completed)

Wersion 1.2 (Jan 13)

Fig 12A-2: CBRN Medical Report Form. (Red section for nation specific
12A-2

antidotes)
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CHAPTER 13: ASSESSMENT

13.1. INTRODUCTION

In order to optimise CBRN incident response it is necessary to make an assessment of the
incident requirements. CBRN incident assessment contributes to the cycle of recognition (see
Chapter 5) as well as defining resource requirements. The most obvious indicator of a CBRN
incident is the presence of casualties without obvious traumatic injuries. The assessment
elements are:

a. Scene (environmental) assessment — detect.
b. Casualty (clinical) assessment — diagnose.
c. Resource assessment.
13.2. SCENE ASSESSMENT
1. The scene assessment includes:
a. Visual assessment.
b. Reports of smells (see Table 13-1).
c. Detection, Identification and Monitoring (DIM, see Chapter 5).

2. Visual assessment is the first assessment made by responders in appropriate personal
protective equipment. Particular attention should be made of visual CBRN combat indicators
such as obvious downwind plume (including size, height, direction, colour and in some cases
smell reported by personnel), dead animals or vegetation and warning indicators including
hazard diamonds (Figure 13-1).

13.3. CASUALTY ASSESSMENT (4 Is)
1. Casualty assessment is required for several reasons:
a. Contribution to the cycle of recognition.
b. ldentification of exposed persons that have signs of exposure (4 Is):
(1) Intoxication.
(2) Infection.
(3) Irradiation.
(4) Injuries.

c. ldentification of casualties with contamination and therefore requiring
decontamination.

2. The findings of the assessment will then be reported and appropriate resources
assigned.
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13.4. RESOURCE ASSESSMENT

The assessment of the scene for the purposes of resources is based upon resources available
and demand. The initial incident reports will inform Command of the number of casualties. This
assessment will inform the HQ of specific requirements. As the incident evolves addition
reports using the METHANE report can be made. Resource assessment should be structured
and assess:

a. Force Protection requirements.
b. Casualty numbers and breakdown.
c. Resources available on scene, including local health facilities.
d. Medical personnel required.
e. Medical equipment required.
f. MedCM required.
g. Method of casualty evacuation.
13.5. REPORTING OF ASSESSMENT RESULTS

It is vital that any positive assessment findings or any important negatives are reported through
the chain of command and between MTFs. Any receiving or local MTFs should be notified of
any hazard that may be responsible for the incident and clinical effects as well as any
continuing contamination or contagious risk to the facility and personnel. Where detection
capability is limited on scene any positive or important negative result should be reported back
to the scene especially where there is continuing casualty management taking place.

Table-13-1 — Smells Associated with Some Chemical Agents.

Chemical agent Possible smells

Chlorine Swimming pool, household bleach
Hydrogen cyanide Bitter almonds

Hydrogen sulphide Bad eggs

Lewisite Geraniums

Phosgene Freshly mown hay

Sulphur mustard Garlic, horseradish

Some agents that are odourless in pure form; sarin, VX

Smells may vary due to concentration, olfactory toxicity and the presence of
impurities such as solvents and precursors.
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CLASS

SYMBOL

DEFINITION

EXPLOSIVE

Subgroups 1.1 - 1.6

1.1 — Mass explozion hazard
1.4 — Mo =ignificant hazard

GASES

Subgroup 2.1-2.3
2.1 — Flammalile
2.2 — Hon-flammakis
2.2 — Taxic

FLAMMABLE LIQUIDS

©
\ 4

FLAMMABLE SOLIDS

Subgroups 4.1 —-4.2

4.1 — Flammatkle solid

4.2 — Spontansous combustion risk

4.2 — Relzase of lammatle gas on contact with
water

ol s

OXIDIZER

OXIDISERS (5.1)
ORGANIC PEROXIDES (5.2)

TOXIC (6.1)
INFECTIOUS SUBSTANCES (6.2)

RADIOACTIVE SUBSTAMCES

CORROSIVE SUBSTANCES
{includes chlorne, sodium hydroxide, sulphuric
acid)

MISCELLANEOUS
Includes asbestos, CS =pray

Figure 13-1: International Hazard Warning Diamonds.
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CHAPTER 14: TRIAGE

14.1. INTRODUCTION

1. For any major incident including CBRN with casualties, there is a requirement to allocate
resources on a priority basis as resources are outweighed by demand. The allocation of
resources is based on the sorting of casualties so that the greatest good is provided to the
greatest number of casualties. There are a number of triage methods both for conventional
and CBRN triage.

2. Triage is a continuous and dynamic process used at key chokepoints either for a medical
intervention or transport. Triage may be repeated if there is a delay in medical evacuation as
casualties may improve or deteriorate.

3. During the initial stage of a CBRN incident with multiple casualties, a simple and generic
system such as an algorithm is likely to be used. As the incident develops and the type of
exposure and resource requirements are identified a more sophisticated system including the
use of computer based triage tool or the development of incident specific criteria can be
implemented.

14.2. TRIAGE CATEGORIES

1. CBRN incidents use the same categories as conventional incident to ensure
interoperability and ensure trauma, CBRN and combined casualties have the same casualty
flow priorities. The categories as summaries in Table 14-1 are:

a. T1 (highest category) — immediate

b. T2 —delayed

c. T3 —minimal

d. T4 — expectant (used during mass casualty (MASCAL) incidents only)
e. Dead

Table 14-1: Guidance and Comparison on CBRN Triage Categories.

CATEGORY | TRAUMA | CHEMICAL RADIATION* BIOLOGICAL COMMENTS
T1 Immediate Severe Severe (>2 Gy & combined with Severg sepsis or Red label
other factors e.g. trauma) septic shock
Moderate Moderate
T2 Delayed Moderate (>2 Gy or 0.75-2 Gy combined) (Sepsis) Yellow label
T3 Minimal Mild Mild (<0.75 Gy) Mild Green label
(Infection)
T4 Expectant Expectant Expectant Expectant Blue !abel
(varies)

Chemical criteria for triage will either be generic in the initial stages of triage or agent specific once the agent is identified.
*The assessment of radiation dose will be based upon multiple parametric assessment including physical dosimetry and

biodosimetry such as presence and onset of prodromal symptoms and biomarkers (see Chapters 33 and 35).

1 Depending on the response zone and nation, the term delayed is sometimes applied to T2 and T3
triage categories.

14-1

Edition A Version 1




AMedP-7.1

14.2.1. T1 CATEGORY

1. This is the highest priority and identifies a casualty that requires immediate life-saving
intervention or continuing care. The criteria vary depending on the triage system used and can
be based on physiological parameters, specific indication or the requirement or application of
a specific intervention such as a tourniquet. Criteria include:

a. Catastrophic haemorrhage (or tourniquet applied).?

b. Respiratory rate > 30 per minute.

c. Bradycardia < 40 beats per minute.

d. Tachycardia.

e. Revised Trauma Score (RTS) of 1-10°.

f. Seizures.

g. Airway obstruction, reversed by airway manoeuvre
14.2.2. T2 CATEGORY

1. This is a priority used to define casualties that are not T1 but are usually not walking.
Mentally incapacitated casualty may in certain circumstances also be classified as T2, this is
appropriate for casualty decontamination where the safest option would be stretcher
decontamination.

2. Criteria include:
a. Not walking but not requiring immediate life-saving treatment.
b. Walking but incapacitated (not obeying commands, loss of vision).
c. RTS of 11.

d. CBRN or clinical features that suggest early deterioration such as biological signs of
sepsis or predicted radiation dose.

3. Although life-saving interventions may not be required before or during decontamination,
treatment that may prevent deterioration such as antidote administration or antibiotics would
be reasonable as part of EMT, especially if there is a delay in transport and not to the detriment
of T1 casualties.

14.2.3. T3 CATEGORY

This is lowest triage priority and is generally used for ambulatory (walking) casualties that are
not incapacitated (i.e. obeying command and not requiring escort due to impaired vision).

2 ¥ Lesson learnt. On exercises, it has been observed that once casualties have a tourniquet in place
and bleeding has stopped the triage category T2 is sometimes incorrectly applied. The application of
tourniquet requires urgent reassessment at a medical facilities and the casualty should remain T1.
8 This is a score derived from Glasgow Coma Score (GCS), respiratory rate and systolic blood pressure
(BP).

14-2 Edition A Version 1



AMedP-7.1

14.2.4. T4 EXPECTANT CATEGORY

1. Even with additional resources, some incidents may remain uncompensated. If the
supporting infrastructure is also compromised (compound incident) or extreme numbers of
casualties, these incidents are often described as catastrophic or MASCAL (mass casualties)*.
Where there are inadequate resources, the expectant (T4) triage category may be authorised
by the Senior Medical Commander. Casualties that require a disproportionate amount of
resources that may be futile or to the detriment of other casualties will be treated palliatively
(‘comfort measures’). Expectant criteria may be difficult to define for some incidents and
require a consensus by senior clinicians and in some cases an ethicist or legal advisor.
Examples of cases where the expected criteria may be considered:

a. Injury severity score of 75 (or 6 in any region).®

b. Severe head injury.

c. Extensive and severe burns.

d. Severe sepsis with multiple organ failure.

e. Combined injury (severe torso trauma and concurrent CBRN exposure).
2. In some incidents, the expectant criteria may be more definable; for severe radiation
exposures > 8Gy with medical care have less than a 50% probability of survival. Treatment is
also less likely to be successful in the presence of combined injury.
3. The T4 category should not be used as an alternative for announcing a death.®
14.3. PROPERTIES OF A TRIAGE SYSTEM
Any triage system should be:

a. Rapid — Assessment takes less than one minute.

b. Dynamic — Assessment should be repeated to identify deterioration or improvement.

c. Consistent — The same category, if applied to different casualties with the same
criteria.

d. Reproducible — The same category for the same casualty but different assessor.
e. Used to prioritise for treatment.

f. Used to prioritise for transport.

4 Caution is advised with military and civilian definitions of mass casualties. A civilian mass casualty
incident may not require the use of T4 due to the surge capacity of other MTF within the region.
5 The injury severity score (ISS) is an anatomical scoring system for trauma and is used to assess
survivability retrospectively.
6 ] Lesson Learnt. The use of T4 by on scene responders has been seen on deployed operations and
also on exercises (Exercise Clean Care 16). The latter resulted in extra resources allocated to respond
to a casualty that had already died.
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g. Used to prioritise for decontamination, as required. This final criterion is important as
a separate triage system may be used for the choke point before decontamination and
gross or liquid contamination may be an additional triage criteria used to upgrade to the
category to a more urgent one.

14.4.

TYPES OF TRIAGE SYSTEM

1. Triage systems vary between CBRN incident zones, types of CBRN agents and nations.

However,

most systems are based on algorithms, scoring systems using physiological

parameters or agent specific criteria. All systems have advantages and disadvantages and
they are listed in Table 14-2.

2. For certain types of CBRN agents there are specific triage criteria, each of these will be
given in Parts 3-5 of this publication in the relevant chapter.

Table 14-2: Triage Systems Advantages and Disadvantages.

TRIAGE METHOD

ADVANTAGE

DISADVANTAGES

Algorithm

Easy to use

Generic for all hazard including trauma
Rapid

No diagnostic equipment usually required

Non-specific
Increased risk of over-triage

Scoring system

More specific to vital signs

Graded due to scores (reduced over- | Risk of  cross-contamination  from
triage) equipment

Minimal amendments for chemical criteria | Calculations required

Easy to use with aide-memoir or | Not rapid (BP measurement and
documentation calculations)

Diagnostic equipment required if using BP

Agent specific Very specific with indications for MedCM | Requires correct diagnosis
Optimised treatment based on diagnosis, | Training required
prioritisation and treatment Difficult to remember
Comprehensive list required
Documentation required as aide-memoir
14.5. RECOGNITION OF DEATH IN A CBRN ENVIRONMENT

1. The level of recognition of death depends on the responder and national legal

frameworks.

In a CBRN environment, death may be:

a. Declared by any responder based on injuries incompatible with life and stigmata of
death such as rigor mortis;

b. Diagnosed by any trained medical personnel based on the absence of life-signed
and may include diagnostic equipment such as heart monitor; or

c. Confirmed by any registered medical practitioner / doctor (or other regulated person
depending on nation).

2. For trauma triage it is generally accepted that death is defined as respiratory arrest
implying cardiac arrest. For CBRN incidents, and in particular chemical incidents the
recognition of death is more difficult due to individual protective equipment reducing medical

14-4
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dexterity and casualty assessment, reduced signs of life in the presence of viability, and a
respiratory arrest preceding cardiac arrest, this differs from the usual model of trauma death.’

3. For chemical casualties where resources allow and in the absence of the confirmation
of cardiac arrest, resuscitation should initially be attempted but limited to basic airway
management, ventilation and immediate MedCM administration.

4, For CBRN incidents, where resources are finite an unwitnessed respiratory arrest may
be the only appropriate criteria for declaring a casualty dead, if further resuscitation would be
detrimental to other casualties. Where available, this may be augmented by an objective
assessment of cardiac electrical activity with diagnostic equipment such as simple heart
monitoring confirming the absence of electrical activity (asystole).

5. Deaths, as for conventional casualties, should be labelled as part of the recognition
process. The minimum recommended information is time, location and individual recognising
death.® Further details of the management of fatalities can be found in Chapter 16 and the
supporting Annex 16A, as well as AMedP-7.2.

HOT WARM L CLEAN/COLD
cDL

| LIFE SIGN ASSESSMENT | ;
| TRIAGE SIEVE K
| TRIAGE FORDECON \i

| TRIAGE SORT |

H TRIAGE FORSURGERY |

i\ TRIAGE FOR GRITICAL GARE |

I TRIAGEFORROLE4 |

Figure 14-1: Triage Systems and CBRN Zones.
14.6. CBRN TRIAGE POINTS IN THE MEDICAL EVACUATION CHAIN

1. The method of triage system used will depend on the CBRN incident zone, accessibility
to the casualty and safety factors. For NATO operations, a standardised approach with similar
triage systems is recommended from point of exposure through to transport to Role 4, but
especially at choke points such as decontamination, admission to intensive care and surgery.
2. The levels of triage are:

a. Life sign assessment.

b. Triage sieve (algorithm based) — see Figure 14-2.

c. Triage for decontamination (algorithm based plus contamination burden).

7 M Lesson learnt. 25% of simulated casualties with shallow breathing were assessment as dead while
responders were wearing IPE.

8 M Lesson learnt. The labelling of dead by the first person to triage the casualty has been a lesson
identified following a number of conventional incidents and exercises.

14-5 Edition A Version 1



AMedP-7.1

d. Triage sort (scoring system using physiological parameters).
e. Triage for surgery (extended triage sort, clinical investigations and surgical opinion).
f. Triage for critical care (extended triage sort and end organ function).
g. Triage for Role 4 management, including replacement therapy.
3. Following a CBRN incident with multiple casualties, triage criteria will need to be defined
across the medical support infrastructure and between MTF to ensure standardisation and
consistency, and ensures a uniform distribution of casualties with the same medical status.
4, During an incident triage may also be applied to non-incident patients. This is because

all patients use the same finite medical resources and therefore triage criteria for common care
pathways such as critical care may need to reflect this®.

YES
WALKING? | > T3 - Minimal SICNS OF TOXCITY? 5| T2 — Moderate
NO
NA SIGNS OF TOXICITY
S oy e RTT  | corse
> ontusion
BREATHING? AIRWAY MANOEUVRE Cyanosis
YES 1. Where resources permit, resuscitation maybe Excessive secretions
attempted on cases of witnessed respiratory arrest . .
with early use of antidotes (atropine for nerve agent Heart rate < 40‘ if monitored
v toxicity) Non-thermal burns (>3%)
2. The application of a tourniquet mandates T1 . .
CATASTROPHIC | Ciicgory remains in place Biological
HAEMORRHAGE?2 ves Temp > 39°C
NO Purpuric rash
i TRIAGE, TREAT & Confusion / Reduced GCS
RESPIRATORY YES, REASSESS Radiation/Nuclear
DISTRESS? “or RR<100r >30 . Dose > 2Gy
Vomiting (x diarrhoea)
1Nt?: :?4; YES Erythema
v
UNCONSCIOUS > T2 _ Delaved SIGNS OF TOXICITY? ..__
OR FITTING? NO T1 CRITERIA - y YES 7

Figure 14-2: Example of a Combined CBRN Triage Sieve.?

9 For critical care admissions the use of organ function scoring has been suggested such as the SOFA
or APACHE scoring. These are most likely to be used for biological incidents either deliberate, endemic
or emerging, including pandemic influenza.

10 1 Lesson learnt. In austere environments with limited medical resources, the triage of a T1 casualty
should be followed by initial treatment (‘triage and treat’) including basic life-saving interventions and

excluding other life-threatening conditions, as shown in the algorithm, before moving to the next
casualty.
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CHAPTER 15: TRANSPORT

15.1. INTRODUCTION

1. A CBRN incident will be a challenge for transportation of casualties and in particular
elements of the casualty (CASEVAC) and medical evacuation (MEDEVAC) chain. Factors
include:

a. Large number of casualties requiring transport to a CDA and/or MTF.
b. Obvious presence of gross contamination and requirement to prevent further spread.

c. Short clinical timelines, similar to trauma casualties, for acute chemical and septic
casualties.

d. Restricted patient access during transport due to PPE and isolation.
e. Specialist MEDEVAC equipment and training requirements.

f. Presence of contaminated personnel including casualties and responders, and
equipment.

g. Finite transportation resources.

h. Decontamination requirements of the vehicle after the transportation of any
contaminated casualties.

i. Restricted access to incident scene due to contamination, including downwind
hazards.

j.  Transportation of contagious casualties, including maintenance of negative pressure
isolation.

k. Maintaining logistical support to the scene and forward assets including resupply of
medical equipment and MedCM.

I. Implications of local, national and international health and travel regulations.

2. There are a number of key documents that influence the transportation of CBRN
casualties. These are:

a. AJMedP-2: Allied Joint Doctrine for Medical Evacuation.

b. AAMedP-1.1: Chapter 7: Management of chemically contaminated or highly
infectious casualties provides some guidance on the movement of contaminated or
contagious casualties.

c. International Health Regulations (IHR) 2005.

3. MEDEVAC describes the planned movement of casualties by medical assets including
the Immediate Response Team (IRT) and Blue-Light Matrix (BLM)!. Casualty Evacuation
describes the unplanned movements of casualties without medical support or opportunistic

1 This term is sometimes used to refer to on-site / base emergency services.
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movements by medical personnel available. AJMedP-2 describes the three main categories of
MEDEVAC:

a. Forward (FWD) MEDEVAC — Point of wounding (exposure) to the initial MTF, using
by ground or rotary wing assets.

b. Tactical (TAC) MEDEVAC — Between MTFs within the Joint Operational Area (JOA),
using ground, rotary or fixed wing assets.

c. Strategic (STRAT) MEDEVAC — JOA to home or allied nation, often using military
fixed wing or civilian charter aircratft.

15.2. CBRN ZONES AND TRANSPORT

1. The same categories of MEDEVAC described above apply to a CBRN incident; the type
of CBRN zone (hot, warm and clean) will restrict some of conventional transportation methods,
or require COLPRO capable vehicles or for crew to wear IPE.

2. A summary of the transportation of CBRN casualties is in Figure 15-1.
15.2.1. TRANSPORTATION IN THE HOT ZONE

1. Transportinthe hot zone will be limited by the risk of primary contamination of the vehicle
and/or the crew, and the physical protection requirements. Walking casualties (T3) will be
expected to self-extricate from the point of exposure and should go to a safe location using the
6Cs principles (see Chapter 9). The main medical transport priority within this zone is the rapid
evacuation or rescue of non-ambulatory casualties to a more permissive Forward Casualty
Collection Point (Fwd CCP) at the hot and warm zone interface. Medical management is limited
to casualty assessment (Quick Look), first aid of non-ambulatory casualties (T1/T2) and the
administration of LSI (T1 casualties only).

2.  Casualty movement in this zone is most likely to be on foot, by stretcher or ground
transportation with appropriate physical protection. The initial transportation of CBRN
casualties will rely on CASEVAC resources by non-medical personnel. FWD MEDEVAC
assets including responders should be assembled at the Fwd CCP with the following roles:

a. Deploy medical personnel forward into the hot zone as required and appropriate to
do so.

b. Triage and treat casualties at the Fwd CCP.
c. MEDEVAC non-contaminated casualties direct to Role 1 MTF.

d. In extreme circumstances, MEDEVAC contaminated casualties to a CDA, Role 1 or
deployed hospital with CDA. As a minimum, immediate decontamination and removal of
clothing should reduce the contamination burden until full casualty decontamination can
be undertaken.

e. Some casualties may be intolerant of IPE due to airway or breathing compromise,
and the provision of casualty protective equipment (CPE) should be provided (see
AMedP-7.2 for more details).
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15.2.2. TRANSPORT IN THE WARM ZONE
1.  Transport in the warm zone up to the CDL will take place after:

a. Stabilisation or administration of any LSI to T1 casualties at the Fwd CCP, CDA and
Role 1 MTF.

b. IV or IO access has been established for any LSI treatment during transit such as
antidotes or fluid boluses.

c. Decontamination of all stabilised T1 casualties (minimum of clothing removal)
including wounds, if possible.

d. Decontamination of all T2 and T3 casualties including wounds, if possible.

e. Wounds should be decontaminated at an appropriate location with medical
personnel present and ensuring haemostasis e.g. CDA. After wound decontamination,
wounds should be dressed and marked as either contaminated, partially
decontaminated or fully decontaminated.

2. Ground MEDEVAC of a T1 casualty may be considered before decontamination if there
is no decontamination facility available or a significant delay is likely to occur. The ground asset
used will be designated as a ‘dirty ambulance’ and may be used to ferry other contaminated
casualties and medical personnel thereafter.

15.2.3.  TRANSPORT BEYOND THE CDL (CLEAN ZONE).

Full casualty decontamination will allow TAC MEDEVAC by ground or air assets, but with the
following constraints:

a. Casualties may still produce biological hazards due to body fluids including blood,
vomit, urine and faeces.

b. Wound contamination may still be present and require surgical debridement.
Wounds should be dressed and identified as a continuing hazard. If radiological shrapnel
is present, any significant dose rate should be quantified and mitigated by shielding or
time/distance limitations.

c. Casualties exposed to sulphur mustard may still continue to off-gas after
decontamination. Casualties should be managed in well-ventilated areas or use vapour
scavenging systems, where available.

d. Casualties with contagious disease will be a continuing hazard to MEDEVAC
personnel and appropriate PPE must be worn.

15.3. CBRN CASUALTY PROTECTIVE EQUIPMENT

1. CBRN casualty protective equipment (CPE) is a suite of materiel to provide physical
protection against CBRN agents for casualties insufficiently protected by IPE or COLPRO
which permits the continued provision of casualty care in a CBRN contaminated environment
or to a CBRN contaminated or contagious casualty in a clean environment. Futher details are
found in Annex 15A.
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15.4. AEROMEDICAL EVACUATION OF CBRN CASUALTIES

1. AAMedP-1.1? Chapter 7 provides guidance for the management of chemically
contaminated or highly infectious casualties during AEROMED where there is a known or
suspected hazard. For radiological incidents, casualties that have been solely irradiated and
have not been contaminated do not require a specific casualty hazard management. For
biological incidents where the suspected or confirmed agent is non-transmissible, only
standard precautions that are generic to all patient interactions are required.

2. The final decision to fly an aeromed mission with potential CBRN casualties on board is
made by the captain of the flight (pilot in command).

3. For some exposures with delayed effects, the CBRN presentation may only be
recognised by medical personnel during MEDEVAC. In these circumstances, the following
guidance is suggested:

a. Don a respirator, or if there is a particulate or biological hazard then a high
specification face mask and eye protection.

b. Use single use gloves. Change the outer pair of gloves at least every 15 minutes or
between patients whichever is sooner. Use of two layers allows for sacrificial layer during
doffing procedure.

c. If non chemical hazard, wrap casualty in blanket to reduce aerosolisation of hazard.
For chemical agents, there is a risk that a blanket may increase skin absorption and the
use of a blanket should be risk assessed against the availability and use of a respirator
by crew and medical personnel.

d. For casualties suspected of having a contagious illness with a droplet or airborne
hazard, place a surgical or non-valved filter mask on the casualty as tolerated. Septic
casualties or those with significant respiratory compromise (hypoxia) should be treated
with supplemental oxygen which will restrict the use of a protective mask.

e. For ground and open cabin air assets such as helicopters, move casualties to the aft
end of the compartment or cabin and maintain forward motion in order to maintain a flow
of air, with open windows and doors as appropriate, to reduce cockpit and cabin
concentration levels.

f. For ground and open cabin air assets such as helicopters, assume a droplet hazard
is now an aerosol (airborne) hazard.

g. Notify the receiving medical facilities as soon as possible so that they can determine
their CBRN response and resource requirement.

15.4.1. AEROMED OF CONTAGIOUS CASUALTIES

1. AEROMED of contagious biological casualties whether known, suspected or discovered
post-flight have a number of specific considerations. During fixed wing flights within a
pressurised cabin there is an increased risk of secondary transmission within the recycled air
unless isolation is maintained, usually using negative pressure. For low risk agents (low

2 AAMedP-1.1 (STANAG 3204): Aeromedical Evacuation.
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virulence, crew immunity) standard precautions and appropriate respiratory precautions may
be used.

2. Where a transmissible biological agent is suspected or known the following should be
considered:

a. Number of casualties and severity.

b. Medical personnel requirement, specialisation (infection prevention and control,
infectious disease, intensive care) and seniority.

c. Risk to other patients, aircrew and medical crew (consider immune status and
suitability of MedCM for the tasked crew).

d. Physical protective measures such as isolation while maintaining access to the
patient to safely provide clinical care.

e. Risk to planned and emergency en route and destination populations (disease
suspected and population immunity).

f. International health and travel regulations.
g. Notifying nation states overflown by AEROMED.

h. Impact on overall mission and further AEROMED capability (dedication of significant
and finite resources that detract from other medical mission considerations).

i. Notification, suitability, and capacity of the receiving facility.
j- Risk of contamination of the aircraft and effect of any decontamination process.

3. On notification of a communicable disease following an AEROMED, the following
recommendations are suggested:

a. Number of patients suspected of being infected.
b. Flight manifesto of passengers and crew as well as stopovers.
c. Notification of the Port Authorities of any stopovers.

d. Contact tracing depending on the incubation period of the agent and the time since
the flight.

e. Implementation of post-exposure prophylaxis including vaccination and antibiotics,
where available.

f. Risk communication.
15.4.2. AIR TRANSPORTABLE ISOLATOR

1. The air transportable isolator (ATI) is a specialised HEPA filtered negative-pressure
isolator, usually for the transportation of a single casualty. However, the use of the ATI is
resource intensive requiring a large number of aeromedical personnel and equipment.
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Note. For a critically ill patient, ‘treat in place’ may be a safer option with the deployment of
infectious disease specialists to the patient rather than a high-risk transfer of an unstable
patient and risk of a death in transit.

2. During a CBRN incident or outbreak, the use of an ATl is unlikely for the mass evacuation
of casualties from the JOA and the establishment of a cohort infectious disease facility is
recommended. In some circumstances, the ATl may have a significant role in the support of
outbreak investigation by transporting an index case to a reach back medical facility with a
high level of biosafety and security with diagnostic laboratories (biosafety level 4 (BSL-4)) able
to work with high risk pathogens.

3. In some circumstances, casualties who are immunocompromised such as following a
significant irradiation may require reverse barrier nursing and a transportable isolator may be
used in a positive-pressure mode to protect the patient from the environment.

15.5. MEDICAL EQUIPMENT TO SUPPORT CBRN MEDICAL EVACUATION

Medical equipment is mandatory for any ground or air MEDEVAC mission. MEDEVAC during
a CBRN incident will have general and specific equipment requirements. Key equipment for
MEDEVAC include:

a. Spare tourniguet and pressure dressings.

b. Suction.

c. Airway management equipment appropriate to CBRN zone, skills and resources.
d. Oxygen.

e. MedCM and antidotes to maintain treatment for twice the duration of the MEDEVAC
mission. Drugs are recommended to be diluted and larger syringes used to improve
medical dexterity.

f. Crystalloid fluids.
g. Monitoring appropriate to CBRN zone and access to the casualty.
h. Wound dressings, in case of intravenous access being compromised and bleeding.

Note: Any medical equipment will usually need to be placed inside the MEDEVAC equipment
before sealing unless it has an airlock portal.

15.6. FORWARD DEPLOYED LOGISTIC MOVEMENTS

1. Logistic resources and infrastructure may be forward deployed either as pre-event
preparation or as a rapid response to an incident. Forward deployment may mitigate any delay
in FWD and TAC MEDEVAC. Forward assets include:

a. Medical personnel.
b. Reconnaissance or monitoring teams.
c. Medical equipment and MedCM.

d. Infrastructure such as decontamination units and cohort wards.
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e. COLPRO capable MTF.

2. In some situations, resources from Role 4 or other home nation capabilities may be
deployed into the JOA due to either a large number of casualties overwhelming the STRAT
MEDEVAC capability or regulatory restrictions preventing the movement of casualties with
infectious disease. Resources include:

a. Infectious disease cohort unit.
b. Advanced laboratory facilities with enhanced diagnostics and biosafety.

c. Deployed triage unit for radiological casualties.
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Figure 15-1: Transportation of CBRN Casualties.
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ANNEX 15A — CBRN CASUALTY PROTECTIVE EQUIPMENT
15A.1. CBRN CASUALTY PROTECTIVE EQUIPMENT

1. CBRN casualty protective equipment (CPE) is a suite of materiel to provide physical
protection against CBRN agents for casualties insufficiently protected by IPE or COLPRO
which permits the continued provision of casualty care in a CBRN contaminated environment
or to a CBRN contaminated or contagious casualty in a clean environment.

2. The main function of CBRN CPE is to either:
a. Protect a casualty from a CBRN environment.
b. Protect the responder and/or environment from the CBRN casualty.
c. Protect the casualty from themselves i.e. off-gassing and carbon dioxide.
d. A combination of the above.

3. The CBRN CPE suite includes protective equipment to support casualty care throughout
the casualty evacuation chain including end of life. STRAT MEDEVAC equipment as
described earlier and in other publications is used for non-CBRN medical evacuation.

15A.1.1. CBRN CASUALTY EVACUATION EQUIPMENT

1. CBRN casualty evacuation equipment provides a non-medical user the ability to provide
respiratory protection for casualties for whom it is impossible or impractical to wear a respirator
due to injury or illness but who require protection from inhalational CBR hazard for sufficient
time to evacuate from the hazard area.

2. This equipment describes materiel for use by a non-medical user in the hot zone as part
of enhanced CBRN first aid. The specific equipment capabilities may vary between nations.

3. The minimum requirement is respiratory protection with or without whole body
protection. The equipment should be simple to apply over the head of a casualty with
significant head or facial injury without causing further damage or pain. It should also be
possible to place onto an unconscious casualty.

4, Once fitted it should be possible to continue basic first aid:
a. Observe the casualty.
b. Manage catastrophic haemorrhage.

c. Perform basic airway opening procedures and removal of obstruction including
suction.

d. Administer MedCM.
5. More details are found in AMedP-7.2.
15A.1.2. CBRN WOUND DRESSING

1. CBRN wound dressing provides any user with the ability to protect wounds from CBRN
agents and control haemorrhage.
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2. The dressing is similar in capability and function as a standard field dressing with
haemostatic control and protection of conventional wounds.

3. Following operational decontamination, some residual contamination of wounds may
remain until thorough surgical debridement (removal of wound contamination and dead tissue)
is undertaken.

4, The function of the CBRN wound dressing should include:
a. Control haemorrhage.
b. Protect responders from any secondary contamination hazard or off-gassing.
c. Adsorb or destroy any wound contamination.

d. Annotation to clearly identify the status of the wound: CLEAN, CHEM, BIO, RAD. If
the agent and timing of exposure is known, this should also be annotated.

5. A CBRN wound dressing could also be used as IPE repair materiel.
6. More details are found in AMedP-7.2.
15A.1.3. CBRN MEDEVAC EQUIPMENT

1. CBRN medical evacuation equipment provides medical personnel with the ability to
protect non-ambulatory casualties and patients for whom it is impossible or impractical to wear
IPE, during transit within a CBRN environment and protects medical personnel and equipment
from CBRN casualties whilst allowing the provision of emergency medical treatment.

2. CBRN MEDEVAC equipment is likely to be disposable but should allow for external
decontamination after placing a patient into it. The equipment would also be medical logistic
items as part of MEDEVAC capability.

3. The key capabilities include:

a. Provide protection against chemical liquid and vapour hazards, aerosolised
biological agents and radiological contamination on the operational threat list to the
same standard as IPE for a minimum of 6 hours.!

b. Provide containment of chemical ‘off-gas’ from a contaminated casualty
c. Provide bio-isolation of a contagious casualty.

d. Provide adequate air changes to mitigate any off-gassing from the casualty and
maintain low CO; levels.

e. Enable easy and safe insertion and removal of a casualty by handlers wearing full
IPE.

f. Enable the provision of emergency medical treatment, including observation, without
breach of protective environment.

1 This allows for loading, transport and off-loading for a 4 hour TACT MEDEVAC scenario although the
specific requirements may vary between nations.
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g. Enable the safe transit of a restrained casualty using in-Service stretcher, MEDEVAC
platform (including rotary and fixed wing aircraft) or by using the integral properties of
the system.

h. Provide filtered air at variable pressure enabling an over-pressure (positive-
pressure) for CB protection and negative-pressure for containment.

i. Be man-portable by one person in packaged state and man-portable by two people
unpacked.

J.  Be suitably robust and resilient for operation in all climatic operations conditions.

k. Be suitable for full user and maintenance functions to be performed wearing standard
and specialist IPE.

I.  Allow external decontamination after a contaminated or contagious patient has been
loaded into it.

15A.1.4. MOBILE ISOLATION POD

The mobile isolation pod (MIP) is a variant of CBRN MEDEVAC equipment used for FWD and
TACT MEDEVAC, including rotary and fixed wing, of contagious patients. It may be CBRN
MEDEVAC equipment configured for negative pressure operation and be operated within a
national concept of use. The use of the MIP while possible in a CBRN incident may also be
used during non-CBRN biological outbreaks where the biological agent is suspected or
confirmed as being contagious with the risk of person-to-person transmission.

15A.1.5. CBRN FATALITY PROTECTIVE EQUIPMENT

This equipment type is described in Annex 16A — Management of CBRN Fatalities, although
fatality management remains in most nations an executive and logistic capability.
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CHAPTER 16: EXPLOITATION AND RECOVERY

16.1. INTRODUCTION

1. During the response and especially as part of the recovery phase, the CBRN incident
scene will need to be secured so that it can be exploited for evidence and information to inform
the intelligence and forensic process. Response and recovery, both form part of the CBRN
incident cycle as described in AJMedP-7 and incident recovery is a final phase in consequence
management.

2. The main considerations during the incident recovery phase include:
a.  Casualty rehabilitation (see Chapter 4).
b. Medical treatment facility and equipment hazard management.
C. Exploitation to support intelligence and forensics.
d. CBRN fatality management.
e. Review and easing of restriction of movement (see Chapter 6).
f. Risk communication especially where there is a residual hazard or risk.
g. Medical logistics resupply.
h. CBRN clinical waste management.
i. Preventive (occupational) medicine support.
j- Health surveillance (see Chapter 5 and below).
k. After actions reporting and lesson learnt process (see below).

16.2. MEDICAL PRIORTIES FOR THE CBRN INCIDENT RECOVERY PHASE

1. Once live casualties have been cleared from the incident scene, the medical mission
makes the transition from a rescue to a recovery operation. Although there may be no further
primary casualties, medical services will still be required to support the recovery operation.
These requirements include:

a. The provision of advice to Command on the management and public health aspects
of mass fatalities.

b. The provision of occupational health support to responders and recovery workers.
c. The establishment of post-incident registries and health surveillance.

2. During the recovery phase, responders should be encouraged to provide feedback in
order to identify lessons and learn from them with debriefings and post-action reports. In
addition, some responders may need to reflect on their own actions and the wider response
as part of normal post-operational stress management. In other cases, responders and
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casualties may require more formal psychological support and the recovery operation should
try to identify these persons.

16.3. SCENE EXPLOITATION

Any CBRN incident especially if there are fatalities is likely to be treated as a crime scene and
in some cases a war crime. From the start of the incident response, care should be taken to
maintain the integrity of potential forensic evidence. Preserving the scene should not however
be to the detriment of casualty care. Once the recovery operation has started, medical
equipment not being used for casualty care but involved in the incident may be secured and
treated as evidence; this may include personnel protective equipment, medical infrastructure
and vehicles. For essential items of medical equipment and/or infrastructure such as a MTF, a
risk assessment should be made by the investigating officer and a decision made by Command
to release the equipment or authorise immediate replacement, as well as re-opening the MTF.

16.4. FORENSIC INVESTIGATION SUPPORT BY MEDICAL PERSONNEL

1. Medical personnel will be required to support any investigation of the incident. However,
this is a complex issue and is constrained by a number of considerations including medical
confidentiality, consent, Law of Armed Conflict / Geneva Convention, cultural and religious
beliefs, and ethics. Potential medical-related populations and sources of evidence may
include:

a. Exposed military personnel,
b. Exposed adult and paediatric civilians;

c. Casualties treated in NATO MTF (military and/or civilian), but within the contraints of
medical confidentiality;

d. Fatalities; or

e. Exposed and detained opposing forces, but within the constaints of the Laws of
Armed Conflict and Geneva Convention.

2. Key areas of medical involvement include:

a. Documentation of fatalities including timings and, in some circumstances, location
and brief external examination before the body is moved.*

b. Documentation of clinical samples such as blood tests that may be required for
forensic investigation or confirmation of CBRN exposure such as:

(1) Detectable agents.
(2) Biomarkers, such as red blood cell AChE levels following nerve agent exposure.

(3) Metabolites.

1 The use of medical person for more invasive examinations either sampling or autopsy is on a case-
by-case basis and must be within a legal, ethical and cultural framework, and with a formal agreement
of the nation of the practitioner, nation of the casualty and, where required, the Host Nation. In some
nations, it is illegal for non-registered medical personnel to undertake an autopsy or take post-mortem
samples.
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(4) Hydrolysis products.
(5) Protein and DNA adducts.

c. Documentation of medical interventions undertaken on the casualty especially if a
post mortem is to take place. This allows the pathologist or medical examiner to exclude
iatrogenic wounds or drug exposures.

3. Medical responders will also be required to make statements recording their actions as
well as providing a narrative and scene description.?

16.5. MANAGEMENT OF CBRN FATALITIES

1. The management of fatalities is a Command responsibility. Medical personnel will be
expected to support this task with advice and occupational medical support. CBRN incident
recovery should?:

a. Ensure an organised multi-agency response for CBRN fatalities.

b. Identify the decedents.

o

Identify the agent causing the fatalities.

d. Ensure safe management of the fatality to minimise harm to those involved in
responding to the incident.

e. ldentify the best methods for transportation, storage, and disposal of the fatality so
that there is little or no impact on others and the environment.

f. Ensure that the religious and cultural beliefs appropriate to the fatality are
considered, where possible.

2. ATP-92: Emergency Burial Procedures provides guidance for the emergency temporary
burial of other nations’ fatalities including CBRN contaminated fatalities. However, this
guidance is unlikely to be used on most NATO operations. Despite the presence of CBRN
hazards, there is still likely to be a requirement for repatriation.

3. More details on the handling, transportation and final disposal of CBRN fatalities are
given in Annex 16A.

16.6. PREVENTIVE (OCCUPATIONAL) MEDICINE SUPPORT

Following a CBRN incident, medical personnel will need to advise Command on Force
Protection measures to be implemented to prevent or mitigate any potential exposures. This
will include discussion with environmental health and occupational physicians especially if long
term consequences are possible and to be avoided. These measures include:

2 M Lesson learnt. Following an incident it is recommended that notes or a statement are written as
soon as possible after the event to support any statement being requested at a later date. In some
cases, the statement or account of the incident may be required months or even years later.

3 Baker D et al. Safe management of mass fatalities following chemical, biological and radiological
incidents. Pre-hospital and Disaster Medicine. 2009.
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a. Post-exposure prophylaxis of responders that may have been exposed during the
incident. MedCM include vaccination, antibiotics or anti-radiation countermeasures.

b. PPE to limit exposure of recovery workers.

c. Monitoring of the health aspects of working in a hazardous environment and PPE
including heat illness.

d. Advice and monitoring hazard management measures such as limiting working
times.

e. Pre-exposure prophylaxis of recovery workers to CBRN and other occupational
exposures including hepatitis A and B.

f. Recording any MedCM use and potential exposures.
16.7. HEALTH SURVEILLANCE AND REGISTERS

1. Following any potential hazard exposure, appropriate health surveillance should be
started in order to:

a. ldentify any delayed or long term health effects including mental health.
b. Communicate rapidly between exposed persons and health organisations.
c. If there are no observed health effects, reassure the exposed population.

d. Mitigate any delay health effects as they are identified in other members of the
cohort.

e. Comply with potential health and occupational regulations.
f. Record any confirmed or potential exposure for both casualties and responders.

2. The establishment of a health register may be based upon a cohort of the population
that share the same potential or confirmed exposure to a hazard substance or environment, or
the same symptoms, syndromes or specific illness. Members of the register are either
casualties that have been entered onto the register by the receiving MTF or other potentially
exposed persons that may need to volunteer to the added to the register. Commanders may
also be obliged to add personnel to the register but this will be dependent upon confidentiality
issues and date protection. The recommended minimum dataset for a health register is:

a. Unique register entry number.

b. Name.

c. Date of birth.

d. Unique personal identifying number?.

e. Date, time and duration of potential exposure.

4 This may be a military service number, social security number or identity card number. For operations
or incidents that involve multiple nations, a prefix identifying the nation should be used.
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f. Location of potential exposure.

g. Any PPE worn.

h. Any pre-exposure MedCM used.
i. Any post-exposure MedCM used.

j- Any personal detection information such as local concentrations, radiation dose rate
or accumulated dose.

k. Any initial (immediate or acute) symptoms or signs, using the syndromic approach.
[.  Any clinical investigations taken and results where known.
m. Contact details.

3. During any casualty management, consent should be sought from the casualty for basic
details, anonymised appropriately, to be used to establish the register and allow follow-up.
Depending upon the circumstance this may be voluntary; while in others it will be a legislative
requirement such as occupational or radiological exposures.

16.8. DEBRIEFING AND LESSONS IDENTIFIED

1. Immediate after the response, it is important to conduct an operational debrief. This is a
short practical session to record issues that may be missed or forgotten after the event.
Debriefing should not be focused on individual actions but is not a forum for attributing blame
if shortfalls in the response are identified. The objectives for the debrief are:

a. Check that all personnel are safe and their location is known.

b. Establish a narrative of events.

c. Check all critical equipment has been returned or is being recovered.

d. ldentify any key deficiencies preventing recovery to full operational capability.

e. ldentify any resupply requirements.

f. ldentify examples of good practice (“What went well?”).

g. ldentify any areas forimprovement or capability gaps (“What could be done better?”).

2. All personnel should be encouraged to maintain records and write statements. An after-
action report (AAR) should be written using the same format as for conventional incidents.

3. Lessons should be identified and submitted so that they can be learnt from and any
subsequent response improved upon based on best practice.

16.9. AFTERCARE OF RESPONDERS

1. As soon as possible as being stood down, all responders including medical personnel
should be checked to ensure there are no injuries or acute effects to any potential hazardous
exposure. In addition, all responders’ details should be logged and kept in case of health follow-
up and any likely investigations into the incident and its response. Where there is a known
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hazard, responders should be given advice on health features to look out for and where
necessary primary or preventive health care informed.

2. Following any significant incident and especially where there may have been multiple
casualties and/or CBRN exposure, stress is likely to have a number of effects on individual
and this is to be expected. The management of psychological stress should be managed by
the team in a supportive way that initially is independent of any medical interventions. Many
post incident stress management systems use a series of escalating interventions.

a. Voluntary team debriefings.

b. Unit commander risk assessment of individual.

c. Unit level counselling.

d. Referral for formal counselling.

e. Formal medical referral and interventions.
16.10. MENTAL HEALTH SUPPORT

1. Any CBRN event is likely to have a psychological impact and described in Part One of
this publication. AMedP-1.10: Forward Mental Support provides guidance on any post-incident
event follow-up. This may be for casualties, exposed persons and responders. Psychological
support may be delivered at a unit level, by an intervention team or more formal medical
intervention.

2. Throughout the recovery stage, it is vital that those involved in post-incident risk
communication and counselling are informed and provide a coherent message. This includes:

a. Exposure risk.
b. Initial and appropriate psychological response.

c. Direct (due to agent) and indirect (psychological response) long term effects.
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ANNEX 16A — MANAGEMENT OF CBRN FATALITIES
16A.1. HAZARDS FROM CBRN CONTAMINATED OR CONTAGIOUS BODIES

Conventional mass fatalities do not themselves cause epidemics but do require appropriate
management to limit disease as well as support the legal, cultural and religious process, as
appropriate.! CBRN casualties do have some specific hazard management issues including:

a. Contamination of bodies or body bags.
b. Contamination of personal possessions.
c. Presence of transmissible biological agent and aerosolisation during putrefaction.

d. Potential infection from non-transmissible biological agents such as anthrax due to
spore formation.

e. Presence and non-destruction of radioisotopes by conventional body handling
methods.

f. Presence of toxic metal compounds such as arsenic.
g. Management of a body contained in a chemical resistant bag or casket.
h. Risk assessment for requirement for post-mortem examination.
i. PPE requirement for post-mortem examination.
16A.2. PRIORITIES FOR THE MANAGEMENT OF CBRN FATALITIES
1. The priorities for CBRN fatality management are:

a. Safety of personnel handing contaminated or infected bodies within safe
occupational limits, including those performing any post mortem examination.

b. Identification of the decedent(s) and determination of the cause of death.

c. Collection of evidence to support the forensic process in accordance with specific
national regulations.

d. Safe and dignified disposal (e.g. burial or cremation) of contaminated or infected
remains. This may include the requirement for repatriation of the decedent to their home
nation under media scrutiny.

e. Preventing or minimising the spread of any contamination or infectious material.

2. The general process for the management of CBRN fatalities is in Figure 16A-1 but may
vary between nations.

3. The responsibilities and process for the management of CBRN fatalities remain the
same as conventional fatalities with the additional requirement of reporting and mitigation of
the CBRN risk. For areas of legal uncertainty, advice through the Legal Advisor (LEGAD)

1 Pan American Health Organisation/World Health Organisation. Management of dead bodies after
disasters: A field manual for first responders (2006).
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should be sought in conjunction with the responsible legal authority of the nation(s) of the
decedent, and the host nation.?

CBRN Incident
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Figure 16A-1: Summary of CBRN Fatality Management.3
16A.3. SAFE HANDLING OF CBRN FATALITIES

1. The safe handling of decedents of a CBRN incident requires an understanding of the
type of hazard. This hazards include:

a. External contamination.

b. Internal contamination.

2 This depends on the Status of Forces Agreement (SOFA) between the host nation and an allied nation
with military personnel deployed to that nation.

3 On scene sampling and forensic investigations will be in accordance with specific national regulations.
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c. Infectious materials including the underlying disease with high bacterial or viral load,
spore formation and effluent due to early putrefaction.

d. Off-gassing.
e. Radiological shrapnel.
f. Retained ordnance.

g. Conventional hazards associated with body handling including blood borne viruses
and psychological stress.

2. The management of these hazards can be in a number of ways and depends on the
hazard type, number of bodies, immediate management including the requirement for a post
mortem, temporary storage or burial, repatriation capability, and religious or cultural beliefs.

3. The initial safe management is focused on decontamination and containment.
Considerations include:*

a. ldentification of any hazard present.
b. External hazard labelling.
c. Removal of contaminated clothing.
d. External decontamination of the body.
e. Dose rate assessment of any radioactive shrapnel and, where possible, removal.
f. Individual safe containment (fatality protective equipment e.g. human remains bag).
g. Collective safe temporary storage (temporary or adapted mortuary).
h. Temporary burial.
16A.4. TEMPORARY HOLDING / MORTUARY FOR CBRN FATALITIES

1. The temporary holding for CBRN fatalities required a specialist holding capability to
manage any CBRN hazard and surge capacity. The holding capability includes:

a. On scene. This time should be minimised as much as possible but may be delayed
due to risk assessment, priority given to the rescue of live casualties and continuing
enemy action.

b. Body holding area. This is a basic area to hold bodies before decontamination or
any formal processing. The area should be discrete and limit any potential public or
media viewing.

c. Temporary CBRN mortuary. This is a temporary facility to allow safe storage and
processing of CBRN casualties. The processing at a temporary mortuary includes

4 Baker D et al. Safe management of mass fatalities following chemical, biological and radiological
incidents. Pre-hospital and Disaster Medicine. 2009.
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processes associated with conventional management including fingerprinting, forensic
odontology, DNA sampling and, where available, CT post mortem.

2. The temporary mortuary is a scalable capability depending upon casualty estimation or
initial reported numbers. The capacity may either allow the mortuary to be co-located with a
MTF or may be a standalone site, self-sustained with staff accommodation and logistic support.

3. In some circumstances a number of temporary mortuaries may be established but must
report through a single casualty reporting chain and accountable to a single investigative
authority.

4, A temporary mortuary should have the following facilities:
a. Secure and private.
b. Discrete parking or ambulance circuit for body movement.
c. Maintain temperature between 1 to 4°C.
d. Appropriate ‘clinical’ flooring.

e. Appropriate ventilation or scavenging to prevent build-up of off-gassing supported by
appropriate monitoring.

f. Appropriate location of storage to prevent significant radiological exposures
supported by appropriate monitoring.

g. Appropriate facility to perform full post mortem and safety package samples.

h. Drainage and waste disposal.

i. Maintain a safe distance in cases of high dose rate radiological fatalities.

j. Suitable staff working environment to support administration and accommaodation.

5. The processes either on scene, at the body holding area or temporary mortuary include
the following:

a. On scene:
(1) Assess CBRN risk.
(2) Assess PPE and other protective measures for recovery operations.
(3) Locating bodies and human remains.
(4) Numbering and photographing, as safe to do so.

(5) Recovery of bodies and human remains using CBRN fatality protective
equipment, where available, and documenting any risks and evidential requirements.

(6) Transfer to body holding area.
b. Body handling area.

(1) Maintain log of bodies and other remains.
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(2) Maintain forensic standards as well as privacy.

(3) If not already contained, place body or remains into protective equipment i.e.
human remains pouch,

(4) Consider location of any external decontamination balanced against maintaining
forensic integrity. This is a senior decision and can only be made after taking legal
and medical advice on the risks and benefits and impact on the forensic process.
Consider hair, skin and nail sampling.

(5) Document any moves and thereby the chain of custody (evidence).
c. Temporary mortuary.

(1) Reception of bodies and human remains, including numbering, tagging and
photography.

(2) Radiography — plain and/or CT.

(3) If not done before, formal removal of clothing, formal external assessment,
additional photography, hair, skin and nail sampling (as appropriate) and external
decontamination.

(4) Finger printing.

(5) Post mortem examination — subject to risk assessment.

(6) Odontology.

(7) Re-packaging — containment.

(8) Reconstruction and embalming — see above re: embalming risks.

(9) Operational disposal considerations: temporary / war burial, in-theatre cremation
or repatriation.

16A.5. CBRN FATALITY PROTECTIVE EQUIPMENT

1. For the management of bodies following a CBRN incident, the use of chemical resistant
bags may reduce potential exposure. It is unlikely that for mass CBRN casualties, repatriation
back to the home nation would be allowed immediately or without appropriate hazard
management of the bodies and compliance with travel and aviation regulations. Initial
transportation is therefore likely to a temporary storage / mortuary area, or temporary burial
subject to legal advice on the requirement for a post mortem examination.

2. The requirements for fatality protective equipment such as a human remains pouch for
deaths in a CBRN environment will depend on the specific type of incident and agent involved.
The generic properties of the pouch include:

a. Containment of any hazard (chemical, biological or radiological). This may require
triple containers including leak-proof and potentially hermetically-sealed. Zips should be
on the top.

b. Conforms to transportation regulations including air transport. This may require the
use of zinc-lined coffins in order to allow security screening and provide a gas-tight seal.
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c. Allowing diagnostic and security imaging including computed tomography (CT). This
may be for the purposes of security screening to exclude ordnance as well as supporting
any post-mortem examination.®

16A.6. REQUIRMENT FOR A POST MORTEM EXAMINATION

1. The requirement for post mortem examination depends on the certainty of the cause of
death given the known fact of the incident. The presence of a CBRN hazard and risk to the
pathologist should be considered. Post mortem investigations are not limited to an invasive
and potentially hazardous procedure. Cause of death investigations include:

a. On scene information including detection, identification and monitoring information.
b. A confirmed diagnosis before death including laboratory confirmation.

c. CT post mortem — useful in the presence of trauma and to exclude retained
ordnance.

d. External visual examination and photography.
e. Extremal sampling including hair, skin and nails.
f. Invasive post mortem sampling including blood and urine.

2. Any risk or exposures to the pathologist are within occupational regulatory limits. The
only exception may be the removal of radiological shrapnel as a dose reduction intervention
but only after a formal dose reduction justification has been made and authorised by the chain
of command, and practitioner(s) consent given.

3. Specific hazard considerations are described below. The final decision on the
requirement for a post mortem will be made by the decedent’s national legal authority usually
the coroner and in some cases in discussion with the next of kin.

16A.7. REPATRIATION OF CBRN FATALITIES

1. While Emergency War Burial guidance describes the temporary burial of casualties in
the operational theatre, it is highly likely that public opinion and political direction will require
the repatriation of the dead despite a residual CBRN hazard.

2. Repatriation is most likely using strategic airframes although other means such as
ground and sea exist. Ground and sea repatriation may be options if there are mass fatalities
or over-flying restrictions. However, they may be more costly both financially and emotionally
for family having to wait for the return of loved one, while also not mitigating all risks.

3. Specific hazard considerations are described below.
16A.8. FINAL DISPOSITION OF CBRN FATALITIES

1. There are two main options for the disposal of bodies within the JOA, whether permanent
or temporary.

5 CT may provide vital information to support or exclude a likely cause of death in a CBRN casualty
especially where there may be combined injuries. This will inform the ultimate decision to conduct a full
post-mortem either in theatre or home nation.
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a. Burial. The first option is burial and this is the most likely option for mass casualties.
The advantage of burial is the ability to use mass graves especially for incidents of mass
fatalities, significant risk of contamination or biological agent infection. The disadvantage
of burial is the potential contamination of groundwater as the body decomposes, and
potential accessibility of biological agents by further use.®

b. Cremation. The second option is cremation using an industry standard facility of
>600°C. The advantage of this method is the destruction of all biological agents and
most chemical agents although the toxic metals and radioisotopes will not be destroyed.
Crematoria are not usually deployable but may be available locally within the host nation.
Disadvantages of crematoria are a slow turnover and the destruction of future forensic
evidence.” Improvised crematoria and pyres must not be used due to incomplete
destruction and potential aerosolisation of hazardous material.

2. Specific hazard considerations are described below.
16A.9. AGENT SPECIFIC CONSIDERATIONS - CHEMICAL

1. After a chemical incident, the major residual hazard is external and can be removed.
Most military chemical agents, especially if vapour, will evaporate or bind and be deactivated
once absorbed by the body. Some persistent agents such as sulphur mustard may continue
to be a hazard especially if absorbed as a concentrated liquid. Off-gassing may occur if there
remains a reservoir of a volatile agent in subcutaneous tissues. Residual amounts may also
remain in the nails and hair.

2. Industrial incidents. Following a major industrial accident, gross contamination and
saturation by a toxic industrial chemical may be possible and present a significant residual
hazard.

3. Decontamination and containment. Any clothing should be removed and the victim
decontaminated externally. The body should be stored in a refrigerated unit and any collective
storage area should be filtered or well-ventilated depending on the location of the mortuary.

4, Transportation. Ground transport is possible using appropriate chemical-resistant
human remains bags in both liquid and vapour form. Air transportation must comply with
international health and aviation regulations.

5. Post mortem considerations. Following a chemical incident, on scene assessment may
have identified the causative agent especially if sampling is carried out during the event or a
residue or breakdown product is left. In some cases, the body may be the only evidence
especially if death is not immediate or in cases of poisoning. A full post-mortem may be
required in order to assess the action of the agent on tissues and organs. In some cases,
toxicology can be carried out on blood and other biological media taken during treatment or
immediately post mortem. Limited sampling of the body and the transport of these samples to
a reach back facility may provide sufficient information to identify the cause of death without
the requirement for a hazardous full post mortem examination. This is important if there
remains an off-gassing hazard although this can be mitigated by the use of PPE during the
procedure but with additional risks due to PPE use. A post-mortem may still be required if

6 For some biological agents, the use of 10% bleach has been recommended for the body and
surrounding area with a minimum contact time of 10 minutes.
7 Baker D et al (2009). Prehospital and disaster medicine.
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there is uncertainty as to the actual cause of death either due to a combined injury or other
circumstances.

6. Disposal. Both cremation and burial are options.

a. Cremation. The cremation process will destroy all chemical agents. However, toxic
elements such as arsenic may still be present in the residue, although the quantity is
insufficient for there to be a significant concentration in the crematorium exhaust.

b. Burial. Chemical agents will breakdown following burial due to hydrolysis and
oxidation. Toxic elements will also remain following burial and where there is concern,
any ground water should be restricted from entry by use of a metal casket.

16A.10. AGENT SPECIFIC CONSIDERATIONS - BIOLOGICAL

1. Following a biological incident, the risk depends on the type of biological hazard — live
biological agent or toxin. A toxin will be managed in the same way as a chemical agent.

2. Body handling. In general, most bodies can be handled in the same way as other dead
bodies with the exception for agents requiring strict precautions such as viral haemorrhagic
fevers. In such cases, especially where there already is a diagnosis, a post mortem is not
recommended.

3. Spore formation. Although anthrax is non-transmissible, following death the bacteria will
go into a refractory state as spores. Anthrax spores present a persistent external hazard.

4, Transportation. Ground transport is possible using appropriate specialised human
remains bags. Air transportation will have to comply with international health and aviation
regulations. The body will be required to be sealed in three layers. This may include a gas-
tight, hermitically sealed container with zinc or lead lining. Post mortem diagnostic samples
will be treated as per other diagnostic biological samples in accordance with IATA regulations
for the air transportation of dangerous goods, in this case Class B infectious materials. This
requires triple packaging.

5. Post mortem considerations. In many biological cases, a laboratory diagnosis will have
already been made before the time of death. A full post-mortem is not recommended in cases
of high-risk infections (BSL 3-4) including viral haemorrhagic fevers. For biological fatalities, a
post-mortem may still be required if there is uncertainty to the actual cause of death either due
to a combined injury or other circumstances.

6. Disposal. Both cremation and burial are possible.

a. Cremation. All biological agents including spores will be destroyed by the cremation
process, although any exhaust should go through an appropriate filter.

b. Burial. Burial is the most likely option during an outbreak due to numbers. While
mass burials are required, mass graves should be avoided due to cultural and religious
beliefs.® Following burial, most live biological agents are usually non-viable within weeks

8 A lesson learnt from the West African Ebola Crisis is that a policy of ‘safe and dignified’ burials made
a significant contribution to fatality hazard management and community engagement, thereby reducing
further cases in those managing both patients and bodies. Simple marked individual graves are more
time consuming than mass graves but the social benefit cannot be under-estimated.
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with the exception of spore forming agents such as B.anthracis. Genetic material may
still be recoverable for many years.

c. Embalming. Where there is a significant infection hazard, embalming should not be
performed due to the infection risk and requirement for waste management of blood run-
off.

16A.11. AGENT SPECIFIC CONSIDERATIONS — RADIOLOGICAL

1. Following a radiological incident, the risk of any contamination or fragment can be
guantified. Contamination can be assessed by use of an appropriate contamination monitor
and mitigated by removal of clothing and external decontamination. Any significant dose rate
can be monitored and appropriate protective measures applied by use of time, distance and
shielding.

2. Irradiation only. Anybody that has been irradiated only and not contaminated is not a
radiological hazard to recovery and mortuary personnel.

3. Dose rate restrictions. The following rules apply for radiation fatality management:

a. During recovery operations, radiation protection dose limits will be based on
occupational exposure levels and not emergency levels. Any deviation from these limits
requires a formal justification, legal advice and command authorisation.

b. A body with a dose rate of 1 Gy (100 millirad) per hour at 25mm (one inch) from the
skin should be placed in a controlled area. This should ideally be in a refrigeration unit
with a minimum of ten metres (30 feet) and dose rate monitoring.

c. Where there is a high dose rate, any viewing of the body should be restricted.
d. Early burial should be considered within a religious and cultural context.

4, Radiological fragments. Where possible, any high dose rate fragment should be
removed from the body. However the decision will be based on a dose reduction calculation
compared to leaving in situ.

5. Transportation. Any ground transport is possible using appropriate specialised human
remains bags. Air transportation will have to comply with international health and aviation
regulations and dose rate reading will be required as part of the consignment documentation.
Any high dose rate fragments must be removed.

6. Post mortem considerations. Unless there is a pure irradiation exposure with consistent
acute radiation syndrome (ARS) history, a post mortem may be required due to other possible
causes of death e.g. trauma following detonation of a dirty bomb, or sepsis and haemorrhage
as part of ARS. Where there is a significant radiation risk to the pathologist and a probable
cause, the legal authority of the decedent’s nation may waiver a formal post mortem.

7. Disposal. Cremation is not permitted for fatalities with radiological contamination. If the
contamination and/or fragments are removed, this can be reassessed but subject to
authorisation by the national environmental regulatory body. Any burial will require additional
environmental considerations to prevent ingress and contamination of ground water. This may
be mitigated by use of metal caskets and a concrete vault. Where the dose rate exceeds twice
background, burial in the ground is preferred to interment above the ground as is custom in
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some cultures. A discrete radiation warning label should also be left in case of exhumation or
future movement.
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CHAPTER 17: OPERATIONAL EPIDEMIOLOGY

17.1. INTRODUCTION

1. For slowly evolving scenarios, such as biological incidents, chronic chemical or acute
radiological exposures, an epidemiological approach is required to establish cause and identify
appropriate control measures. Epidemiology is the study of the factors determining and
influencing the frequency and distribution of disease, injury, and other health-related events
and their causes in a defined human population for the purpose of establishing programs to
prevent and control their development and spread. In the context of CBRN agents, there are
the additional requirements of determining any deliberate intention possibly with a background
of endemic disease.

2. For any outbreak or cohort of unexplained presentations, there must be three elements:
agent, host and environment. Descriptive epidemiology studies the relationship between the
three elements to help determine a causal link so that the relationship may be disrupted.
Breaking the relationship may be by vaccination of the host, eradication of the agent or
ensuring the agent and host are in different environments. Operational epidemiology provides
a link between the descriptive (inform) components of CBRN protection (detect and information
management) and the application of effective control (protective) measures (physical
protection, MedCM and hazard management). This is summarised in the Figure 17-1 below.

OUTBREAK RESPONSE
]
[ - - ]
N
C..':B_RN INI_’ORIV_1 | OPERATIONAL EPIDEMIOLOGY CERN PR(IJTEC'IjIVE IfJIEASURES
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Figure 17-1: Operational Epidemiology including the Investigation Role of RDOIT.

3. The goals of the management of an outbreak or an incident with unknown cause are:
a. ldentify the source of the disease.
b. ldentify cases, treat and report.
c. ldentify control measures to prevent further cases.
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d. Reducing the basic reproduction number or reproductive ratio (Ro) to less than one
(see below).

17.2. OUTBREAK RECOGNITION

1. Unlike explosive and most chemical incidents with immediate or acute onset effects,
biological and covert radiological incidents may not be obvious. Recognition of an event may
be based on an individual diagnosis by an astute clinician or by the pattern of disease. Even if
an outbreak or spike in disease is detected, the unnatural origins could be missed and
deliberate intent undiscovered.

2. The recognition of a slowly evolving CBRN incident may come from a number of sources
and include clinicians, infection prevention and control staff, laboratory staff and pharmacists.
Veterinaries will have an important role in the identification of human diseases that involve
animal vectors or suspect an unnatural cause for the human disease by the absence of the
disease in the animal population. Irrespective of any malicious or deliberate intent, all medical
personnel should be aware of significant diseases that present a secondary hazard to
themselves including endemic disease and other occupational hazards

3. Mechanisms involved in the recognition of a slowly evolving event include:
a. Clinical diagnosis.

b. Laboratory diagnosis by microscopy with confirmatory testing (biochemistry and
agglutination), serology and molecular biology.

c. Toxicology testing.

d. Forensics including post mortem and gross pathology findings.
e. Public health reporting.

f. Health surveillance.

g. Veterinary reporting of animal borne human diseases.

4, As well as specific cases, medical personnel should be aware of features that determine
the epidemiological pattern of an outbreak. These include:

a. Specific agents.

b. Occurrence (incidence or prevalence) of endemic diseases.
c. Reservoir such as animal hosts.

d. Method of transmission including any vectors.

e. Transmissibility (person to person) i.e. contagious.

f. Incubation period (or latency period if toxin).

g. Susceptible population.

h. Abandoned toxic industrial hazards.
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5. Basic Reproduction Number or Reproductive Ratio (Ro). The severity of the effect of
transmissibility is demonstrated by the initial Ro. This is the number of secondary cases a
contagious patient will cause on average in an uninfected population over the infective period.
Ro is a function of the infectivity of the agent, agent stability, and its mode of transmission (e.g.
contact compared to airborne) and the length of the infectivity period. Subsequent ratios will
also be a function of the effective protective measures. A non-transmissible agent will have an
Ro of zero. For an outbreak to be sustained Ro must be greater than one. Examples of Rg
include Ebola (2014) Ro = 1.5-2.5; influenza (1918) Ro = 2-3; smallpox Ro = 5-7 and measles
Ro = 12-18.

17.3. PRINCIPLES OF OUTBREAK INVESTIGATION

1. During the early stages of an incident, the investigation including initial outbreak
confirmation may have to be conducted by unit medical personnel. Significant outbreaks will
require additional resources including public health, communicable disease specialists, and
even a RDOIT with reach-back facilities. If radiation is suspected then a MRIT may be
deployed. Operational epidemiology will also be supported by other information from other
information sources including environmental health surveys and animal health information.

2. The principles of outbreak investigation are:
a. Verify the initial diagnosis; this may be a probable or confirmed diagnosis.
b. Confirm there is an outbreak based upon current and background rates.
c. Establish a case definition for reporting and generation of epidemiological curves.
d. Collect case information on person, place, time, and activities.
e. Develop the hypothesis.
f. Implement control measures.
g. Evaluate control measures.
h. Collect data and evaluate the hypothesis (analytical epidemiology).
i. Formulate conclusions.
j-  Communicate findings and risks.

3. It is important to ensure the validity of the data collected including correct timings,
avoiding duplication of information and standardisation starting with an objective and clear
case definition. Examples of potential errors include the use of the date of case presentation,
laboratory confirmation date or date of death rather than onset date, and double reporting of
clinical case and laboratory confirmation as different cases.

4, With regards to an epidemiological confirmed case this will be based on a positive case
definition plus a positive laboratory test. In the context of a CBRN incident and investigation, a
confirmed case requires positive laboratory results by two independent laboratories and/or
methods in the presence of a positive control.
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17.3.1. CASE DEFINITION

The case definition may initially be quite broad and include both clinical and laboratory criteria.
Criteria should be objective and this is especially important for clinical criteria such as
symptoms and signs. As more information is collected, more specific criteria including
laboratory testing may be identified and the case definition refined. However, altering of the
case definition should be limited as subsequent data interpretation is more complex.

17.3.2. CASE REPORTING
Once cases have been identified, addition information should be collected including:
a. Date of onset of illness.
b. Symptoms and signs, including those that are not part of the case definition.
c. Travel history.
d. Occupational history.
e. MedCM taken including full vaccination history.
f.  Unwell contacts.
g. Contact with animals.
h. Treatment received.
17.4. EPIDEMIOLOGICAL CURVES

1. The presentation of cases in the form of an epidemiological curve will provide
investigators with information about the characteristics of the causative agent, risk of
transmission and potential method(s) of release. The curve as shown in Figure 17-2 consists
of 3 main parts:

a. Incubation (latency) period.
b. Primary case peak.
c. Second case peak(s).

2. Incubation (latency) period. For most toxins, the latency period may be relatively short
and are usually measured in hours. In general, live agents have a longer incubation period as
an infection is established by live agent reproduction and overcoming the host's immune
system.
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Figure 17-2: Factors Influencing the Epidemiological Curve.

Primary case peak. This is the initial peak usually starting with an index case. For some

transmissible outbreaks, the first peak may be a single case followed by a larger secondary
peak and in rare cases the index case may not be identified. The peak is around the mean
incubation period and the variation is described as the range either side of the peak. While the
height and slope of the peak indicates casualty surge, the size and area under the curve
indicates the total number of cases. The total number of cases is a function of a number of
factors including:

a. The total size of the exposed population (population at risk).

b. The infectivity of the agent (IDsg) or the toxicity of the toxin (LDsg), the smaller the
value the greater the effect an agent will have on the same population.

c. The susceptibility of the exposed population (host) to the agent. This is a
predisposing factor that may include lack of exposure to the agent before and no
immunity, or a reduced immunity due to extremes of age. Population susceptibility may
be an important factor for civilian populations. This may also be a reason of late
presentation (outliers) that may appear to be secondary cases but are due to the primary
exposure and a prolonged incubation period. Delayed primary cases may also be due
to reintroduction of a stable or persistent agent such as anthrax spores back into the
environment.

d. The vulnerabilities of the exposed populations (host). These are variable factors that
alter the likelihood (plausibility) or consequence of an exposure. Examples of
vulnerabilities include the lack of physical protection, non-vaccination and non-
compliance with MedCM.
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e. Increased awareness or recognition of the effects of exposure. While this factor does
not affect the absolute number of cases, an increased reporting rate may be seen and
even a surge due to casualties, clinicians and laboratories having increased knowledge
of the effects of the exposure and actively looking and reporting cases.

f. Continuous exposure to the agent. This factor gives a specific epidemiological curve
which is a plateau and with a sustained presentation of new cases. An example may be
a contaminated food or water source. An endemic disease is a condition which has a
sustained annual incidence although there maybe seasonal variation, and is said to be

prevalent.
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Figure 17-3: Epidemiological Curves. ®

4. Secondary case peak(s). If there is person to person spread, further peaks following an
incubation period(s) will be seen. The size of the secondary peaks depends on the factors
described above for the primary peak as well as the Ro. For Ro>1, the secondary peak will be
larger until effective control measures have been introduced or the disease has ‘burnt out’ due
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to no further hosts being available (herd immunity) or high virulence/lethality with long
incubation period preventing further transmission.

5. There are three types of epidemiological curves and examples are shown in Figure 17-
3. The three curves are:

a. Point source.
b. Continuous source.
c. Person to person spread.

Note: Early recognition of the person to person pattern of disease is vital for the early
implementation of control measures including mass vaccination and RoM.

17.5. INDICATORS FOR A DELIBERATE RELEASE

1. There are a number of indicators that a disease, outbreak or incident may be deliberate.
These can be categorised into:

a. Event/incident indicators.
(1) A highly unusual event with large numbers of casualties.

(2) Non-endemic disease including: suspicion of smallpox-like illness, plague,
tularaemia or inhalational anthrax.

(3) Uncommon disease, geographical, time or age.

(4) Event/incident includes a mass gathering event or significant persons such as
military or political persons.

b. Alert and surveillance signals.
(1) Medical intelligence.
(2) Overt threat.
(3) Direct evidence.
(4) Sudden unexplained death in a previously well person.
(5) Multi-focal outbreaks without a direct link.
c. Clinical findings.
(1) Higher morbidity or mortality than expected.
(2) Unusual route of exposure.
(3) Unusual disease manifestation.

(4) Cluster of 2 or more cases of the following: neurological syndrome, respiratory
syndrome, acute fulminating septicaemia or shock, fulminant hepatitis or hepatic
failure, or multi-organ failure.
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d. Laboratory findings.

(1) Laboratory confirmed case/cluster of specific agent with no known risk factors for
natural infection.

(2) Same strain/characteristics of agent but in temporally or spatial distinct sources.
(3) Confirmed atypical, genetically engineered or antiquated strain of an agent.
e. Epidemiological findings.
(1) Point source outbreak.
(2) Downwind plume pattern.
(3) Lower attack rates in protected individuals (vaccination, IPE, MedCM).

(4) Reverse or simultaneous spread, human disease preceding or at the same time
as animal disease.

17.6. NATO SPECIALIST INVESTIGATION AND RESPONSE TEAMS

As part of a NATO CBRN capability, specialist response teams may be pre-deployed or rapidly
deployed to support the investigation of an outbreak or possible CBRN event. These teams
may be medical or CBRN specialists. They include:

a. RDOIT (see AMedP-7.7).

b. MRIIT (see AMedP-7.4).

c. SIBCRA (see AEP-66).

d. Environmental health monitoring teams.
e. Deployable diagnostic laboratories.

2. The activation of a team will be initiated upon request by the Theatre Commander or
higher-level authority through the chain of command, following medical advice. Command
guidance on activation or access to specialist teams will be provided in AMedP-7.6.

3. In addition to deployable teams, NATO has a network of reach back laboratories as well
as providing expert advice. This will be accessed either through the medical or CBRN chain,
or via the scientific advisor (SCIAD).

17.7. INTERNATIONAL HEALTH REGULATIONS

1. Annex 5 of the IHR 2005 provides guidance on the reporting of PHEIC. While many of
the likely diseases may be of natural origins, the regulations also consider unknown and
unnatural disease outbreaks. The criteria for reporting any PHEIC include:

a. Any case of the following diseases:
(1) Smallpox
(2) Poliomyelitis due to wild-type poliovirus
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(3) Human influenza caused by a new subtype
(4) Severe acute respiratory syndrome (SARS)

Any event involving the following diseases and after following the algorithm in Figure

17-4, because they have demonstrated the ability to cause serious public health impact
or to spread rapidly internationally:

C.

(1) Cholera.

(2) Pneumonic plague.

(3) Yellow fever.

(4) Viral haemorrhagic fevers (Ebola, Lassa, and Marburg).
(5) West Nile fever.

(6) Other diseases that are of special national or regional concern, e.g. dengue fever,
Rift Valley fever, and meningococcal disease OR

Any event of potential international public health concern, including those of

unknown causes or involving other events or diseases not listed above after following
the algorithm in Annex 17A.

For the algorithm in Annex 17A each question has further supporting questions:

a.

Is the public health impact of the event serious?

(1) Is the number of cases and/or number of deaths for this type of event large for
the given place, time or population?

(2) Has the event the potential to have a high public health impact?

(3) Is external assistance needed to detect, investigate, respond and control the
current event, or prevent new cases?

Is the event unusual or unexpected?

(1) Is the event unusual?

(2) Is the event unexpected from a public health perspective?

Is there a significant risk of international spread?

(1) Is there evidence of an epidemiological link to similar events in other States?

(2) Is there any factor that should alert us to the potential for cross border movement
of the agent, vehicle or host?

Is there a significant risk of international travel or trade restrictions?

(1) Have similar events in the past resulted in international restriction on trade and/or
travel?
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(2) Is the source suspected or known to be a food product, water or any other goods
that might be contaminated that has been exported/imported to/from other States?

(3) Has the event occurred in association with an international gathering or in an
area of intense international tourism?

(4) Has the event caused requests for more information by foreign officials or
international media?

3. Any reporting of a PHEIC under the IHR 2005 must be made through the strategic chain
of command with notice given to each appropriate member nations’ defence medical service
and civil health service.

17.8. NON-BIOLOGICAL CAUSES FOR SLOWLY EVOLVING INCIDENTS

1. While slowly evolving events are most likely to be due to a biological agent either live or
toxin, some scenarios may mimic a biological incident either by the delayed onset or
associated pattern of disease or syndrome. In some cases there may be additional clues such
as detection or intelligence, but in others the diagnosis is clinical. Chapter 7 provides guidance
on the investigation of unusual illnesses and potential clues to the cause from initial clinical
investigations.

2. Deliberate exposures that may mimic a biological incident include:

a. Acute high dose radiological exposure (>2 Gy). Initial symptoms due to the
prodromal phase of acute radiation syndrome will include nausea, vomiting and, for very
high doses (>LDsp), diarrhoea.! The gastrointestinal syndrome will rapidly resolve and
will mimic an acute gastroenteritis possible due to an enterotoxin. Later cases of the
manifest iliness following the latent phase will present as a neutropenic sepsis or appear
to be a haemorrhagic biological syndrome due to a radiation-induced fall in leucocytes
and coagulopathy. Cytogenetics will demonstrate radiological damage to the DNA (see
Part 5).

b. Heavy metal toxicity. Heavy metal compounds that may be used deliberately include
arsenic, thallium, mercury and lead. Some of these chemical may cause unusual
symptoms and signs that include peripheral neuropathies, haematological disturbances,
renal toxicity, pulmonary effects especially if inhaled, encephalopathies, transient
pyrexias and in severe cases multi-organ failure. Some of these cases may look like
severe sepsis but without an obvious source. It should be noted that some biological
toxins, such as ricin, will also appear as multi-organ failure. Toxicological testing using
urine or in some cases hair will demonstrate elevated heavy metal levels.

c. Low level chemical exposure. Exposures to non-lethal doses of nerve agents,
cyanides and pulmonary agents may cause delayed onset or chronic effects. Low dose
cyanide may be mistaken for a respiratory sepsis with raised respiratory rate and
transient lactic acidosis. Phosgene-induced pulmonary oedema may also initially look
like a respiratory biological syndrome especially due to the delayed onset and potential
undetected exposure. For nerve agents, reduced red cell AChE levels may be
demonstrated.

1 Lethal dose for radiation exposures are often caveated with a time also i.e. LDsoso — over a 60 day
period.
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ANNEX 17A — PUBLIC HEALTH EMERGENCY DECISION TOOL

DECISION INSTRUMENT FOR THE ASSESSMENT AND NOTIFICATION
OF EVENTS THAT MAY CONSTITUTE A PUBLIC HEALTH EMERGENCY
OF INTERNATIONAL CONCERN

Events detected by national surveillance system (see Annex 1)
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CHAPTER 18: INTRODUCTION TO CHEMICAL AGENTS

18.1. INTRODUCTION

1. The effectiveness of chemical agents as tactical weapons was clearly demonstrated in
World War | and in the Iran-Iraq conflict. They can equally affect both forward and rear areas.
In addition, CW agents could be used against military or civilian targets in terrorist actions, as
demonstrated in the Tokyo subway sarin incident of 1995. In 1997 the Chemical Weapons
Convention (CWC) came into force. This convention prohibits the development, stock pile
and use of CW agents. Despite this convention the possibility of use of CW against NATO
forces cannot be ruled out by nation states, insurgents and terrorists. CW exposure may also
occur accidentally due to damaged legacy device or a demilitarisation accident.

2. Some of the characteristics shared with other CBRN agents are described in Chapter 2.
The effective use of any chemical agent is dependent on its physical, chemical and
toxicological properties as well as meteorological conditions at the time of and after the release.

18.2. TYPES OF CHEMICAL AGENTS

Chemical agents may be classified based on the severity of the effects, persistency, chemical
group or similar mechanism or site of action.

18.2.1. SEVERITY

As described in Chapter 2, the severity of the effects of chemical agents can be classified as
lethal, damaging and incapacitating. In addition, the effects of some MedCM may be significant
and iatrogenic is also included as a fourth category.

18.2.2. CHEMICAL AGENT CLASSES

1. Chemical agents can be grouped into a number of classes based upon a similar
toxicology and antidotes, site of action, type of presentation or legal status. Some traditional
CBRN chemical classes based upon WW1 descriptions are listed in italics, however in some
cases, the descriptions describe incorrect mechanisms i.e. cyanides (‘blood agents’) do not
directly affect the blood. The classes are:

a. Nerve agents (organophosphorus) — see Chapter 19.
b. Vesicants (‘blistering agents’) — see Chapter 20.

c. Pulmonary agents (‘choking agent’) — see Chapter 21.

d. Cyanides (‘blood agents’) — see Chapter 22.

e. Incapacitating agents — see Chapter 23.

f. Riot control agents (RCA) — see Chapter 24.

g. Pharmaceutical based agents (PBA) — see Chapter 24.

h. Military smokes and incendiaries — see Chapter 25.

2. Toxic Industrial Chemical (TIC). TIC are often considered in a class of their own in
isolation of the traditional chemical agent classes. However many TIC, including chlorine, have
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been used on the battlefield. They are not banned by the Chemical Warfare Convention due
to their civil industrial use. Some other TIC are operationally important as they may also be
precursors used in the manufacture of chemical agents or breakdown products, or mimic the
effects.

18.3. PHYSICAL CHARACTERISTICS OF CHEMICAL AGENTS

The physical properties affect the agent’s state in the environment. They also influence the
route of exposure (absorption) and method of weaponisation as well as persistency and the
requirement for decontamination. Chemical agents cover a wide range of physical properties.
Under ambient conditions, their physical state may be gaseous, liquid or solid. Their vapour
pressures vary from high to negligible and their vapour densities vary from slightly lighter than
air to considerably heavier. The range of odours varies from none to highly pungent or
characteristic. Agents may be soluble or insoluble in water and this has a direct impact of their
effect on the moist mucosa and early signs and symptoms. In the following chapters the
physical properties of various agents are given in tables in the appropriate chapter. These may
give an indication of the behaviour of the agents in the field with regard to routes of exposure
e.g. inhalational or skin, effectiveness, persistency and potential methods of casualty
decontamination.
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Figure 18-1: Persistency Comparison Chart with Illustrative Examples to Compare
Decontamination Requirements.

18.3.1. PERSISTENCY

The duration that a chemical agent remains a hazard is called its persistency. Agents with a
high boiling point and low vapour pressure tend to be persistent while agents with a low boiling
point and high vapour pressure tend to be non-persistent or volatile. Persistency is defined as
the length of time for which the agent will present an inhalation or contact hazard and in some
literature water is used as a reference with a persistency factor of one. Agents with a factor
less than one are more volatile and will evaporate quicker. Non-persistent agents disperse
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rapidly after release and present an immediate, short duration and usually inhalational hazard.
Persistent agents continue to present a hazard for considerable periods after delivery by
remaining as a contact hazard or by evaporating over a longer period or in a warmer
temperature (such as daytime or spring time) to produce a hazard by inhalation. Non-persistent
agents may be made persistent by thickening. Figure 18-1 provides some examples of
persistent and non-persistent agents.

18.3.2. METEOROLOGICAL FACTORS

The following meteorological factors will influence the duration of persistence of chemical
agents:

a. Winds. The effect of wind is to disperse agents rapidly in open country. However,
dangerous concentrations may remain longer in woods, trenches, dug-outs and built-up
areas.

b. Temperature. High temperatures decrease the persistency of agents and cause
higher vapour concentrations. Low temperatures increase the persistency of agents.
Some agents may freeze thus reducing the immediate vapour hazard while remaining a
potential contact hazard. There is a danger of carrying such frozen agents on clothing
and equipment into a warm building with the subsequent risk of toxic vapour being given
off.

c. Rain. Rain disposes, dilutes and promotes hydrolysis of agents. This reduces their
effectiveness but does not make them impossible to use.

d. Atmospheric Stability. When the air temperature is higher than that at ground level
(a state of inversion), agents in the vapour state will persist for longer periods than when
the air temperature is lower than that at ground level (a state of lapse).

18.4. TOXICOLOGICAL PROPERTIES

It should be realised that not all individuals and species react in the same way to a given
amount of agent. Also, toxicological studies estimate the biological effects of potential agents
by different routes of exposure. The physical properties of such materials may affect the
toxicological studies since the response of the biological system concerned may vary
depending on the physical state of the material. Studies of the mode of action are related to
the development of MedCM and physical protection. The terminology used in this manual is
as follows:

a. Dose. The dose is the quantity of the compound received by the subject. This may
either be expressed as an absolute dose based on a standard 70kg adult or as a relative
dose based on weight i.e. mg/kg.

b. Lethal Dose 50 (LDsg). The LDsg is the dose which statistically would kill 50% of the
exposed population. A list of agents and their comparative LDso is in Table 18-1.

c. Incapacitating Dose 50 (IDsp). The IDso is the dose which statistically would
incapacitate 50% of the exposed population.

d. Concentration Time (Ct). The Ct is a measure of exposure to a vapour or aerosol.
The concentration in the air and the duration of exposure govern the dose received, as
does the rate of respiration. It is assumed that, when the product of concentration and
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time is constant, so is the biological effect over a limited range of concentration and time.
For very short or long exposures the biological effect may vary. Concentration is
expressed as mg.m? and time as minutes, so that the concentration time (Ct) is
expressed as mg.min.m=,

e. Lethal Concentration Time 50 (LCtsp). The LCtso is the Ct which statistically would
kill 50% of the exposed population. A list of agents and their comparative LCtso is in
Table 18-1.

f. Incapacitating Concentration Time 50 (LCtso). The Ictso is the Ct which statistically
would incapacitate 50% of the exposed population.

g. Therapeutic (safety) index. This is the comparison or ratio of the dose to cause a
therapeutic or effect (effective dose in the case of non-therapeutics) and the dose to
cause adverse or lethal effects (see Chapter 24).

Table 18-1: Comparison of LDsp and LCtspincluding Some Toxins for Comparison.!

AGENT LDso (mg) LCtso (mg.min.m-3)
Botulinum toxin 0.0008 -
Chlorine (CL) - 13500
Cyanogen chloride (CK) - 4700
Hydrogen cyanide (AC) 7000 (skin) 2600
Phosgene (CG) - 1500
Ricin 0.34 (mglkg) -

Sarin (GB) 1700 (skin) 33
Soman (GD) 350 (skin) 33
Sulphur mustard (HD) 1400 (skin) 150?8883"2?;:2;‘)
Tabun (GA) 1500 (skin) 70
VX 3 (skin) 12

*LCtso reduces with rising ambient temperature (i.e. >29°C)

18.5. MEDICAL COUNTERMEASURES FOR CHEMICAL CASUALTIES

1. The medical management of chemical casualties follows the same principles described
in Part 1 of this AP. Treatment is focused on the initial management of T1 casualties. For
chemical casualties, the early use of antidotes is important as a LSI. Early use of antidotes
such as oximes (see Chapter 19) may reduce other medical logistic requirements including
other antidotes such as atropine. Casualty decontamination as part of casualty hazard
management is usually concurrent. The early removal of clothing and external contamination
for lethal liquid/solid agents that are absorbed through the skin is also considered a LSI.

2. The use of chemical MedCM depends on a number of factors including the lethality of
the agent, side effects of the MedCM, onset, certainty of diagnosis such as clinical
investigations and efficacy.

1 Based upon a 70kg person and 2 minutes vapour exposure time.
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a. Pre-exposure prophylaxis. There are very few pre-exposure prophylaxis MedCM for
chemical agents. Therefore, protection is provided by a deployed detection capability
and physical protection such as IPE.

b. Pre-treatment. This type of MedCM is used to enhance post exposure MedCM such
as antidotes. This type of MedCM will be specific to a class of chemical agent and an
example is pyridostigmine for the pre-treatment of nerve agent exposure where ageing
and reduced therapy efficacy is a concern (see Chapter 19).

c. Post-exposure prophylaxis. This type of MedCM has some limitations as the window
of opportunity can be very short for acute intoxications such as inhaled nerve agent and
cyanides. In addition, the side effects should be less than the effects of the agent and
should not interfere with the assessment of any exposed person. Post-exposure
prophylaxis is therefore likely to be limited to a detected exposure to a delayed onset
chemical agent with limited side-effects.

d. Immediate therapy. This type of MedCM can be divided into symptomatic and agent
specific therapy, however, there will be some overlap. This differentiation will be
important for those developing first aid and treatment guidelines. Examples of each type
of therapy are:

(1) Symptomatic treatment: Bronchodilators (for bronchoconstriction), atropine (for
bradycardia & secretions), benzodiazepine (for seizures) and oxygen (for cyanosis).

(2) Agent specific: Oximes and atropine (for nerve agents), naloxone (for opiates),
cyanide antidotes, and oxygen (for cyanide and CO).

e. Continuing medical therapy. Some MedCM will also be used in either the same or
different forumulations for management within the medical chain. The agent-specific
MedCM and continuing medical treatment along the casualty chain should ideally be
interoperable and synergistic, while adverse drug interactions must be avoided.

Note. The issue of MedCM interoperability requires allied nations to declare deployed
MedCM to each others’ medical organisations.

18.6. DRUG INTERACTIONS WITH CHEMICAL AGENTS AND MEDCM

1. During any CBRN defensive operation, and especially where MedCM are used, medical
personnel should be aware and anticipate potential drug interactions. The interactions may
occur in a number of ways and either be:

a. Synergistic with an increased effect on an organ or system.
b. Antagonistic with a decreased or opposing effect on an organ or system.
c. New effect.

2. The interactions are either due to pharmacodynamics, the alteration of drug action on
the target organ or system, or pharmacokinetics, the altered absorption, distribution,
metabolism or elimination of the drug, MedCM or chemical agent. In the case of chemical
agents, the most likely cause is due to altered pharmacodynamics due to the potent action of
both the agents and some of the prescribed medications, in particular those used for
anaesthesia.

3. The interactions described (Table 18-2) may be either theoretical or based on animal
studies. In some cases, the experimental observations may differ from theoretical hypothesis
of action.
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Table 18-2: Potential Drug, MedCM and Chemical Agent Interactions.

Drug

Nerve agents

Succinylcholine

Inhibition of the acetylcholinesterases, including pseudo-acetylcholinesterase may prolong the effect
of the drug. There may also be an increase in parasympathetic side effects such as bradycardia. The
period of relaxation may be prolonged; a significant disadvantage for this drug during a rapid
sequence induction (RSI). A non-depolarising agent such as rocuronium should be considered
although an increased dose may be required.

Non-depolarising
muscle relaxants

Non-depolarising muscle relaxants would expect to have competitive pharmacodynamics with excess
ACh competing for the ACh receptor sites due to the effect of NAs. The period of paralysis may be
less predictable. Use of clinical assessment including a peripheral nerve stimulator is recommended.
In the case of rocuronium, an antidote (Sugammadex) is available in some nations.

Thiopentone

Thiopentone is an induction agent, sometimes used in trauma. Itis also used as one of the induction
drugs of choice in status epilepticus. It may cause cardiovascular depression and this may restrict
its use in trauma. Thiopentone may also precipitate bronchospasm, especially in the presence of
cholinergics.

Ketamine

Ketamine is widely used in pre-hospital scenarios due to its dissociative anaesthesia effects. In many
nations, it is the drug of choice for the induction of anaesthesia for trauma and asthma as it has
positive cardiovascular effects and acts as a bronchodilator. Research results are mixed with both
positive and negative findings potentially in the presence of other anaesthetic agents. It would
theoretically be the drug of choice in NA poisoning as it may reduce bronchospasm and be
neuroprotective; it is also associated with increased airway secretions that could be reduced by
atropine.

Propofol

Propofol appears to have protective properties in animal models with an increase in the LD50
required for the same toxic effects. Caution should however be exercised in the presence of trauma
due to propofol's cardiovascular depressant effects.

Etomidate

There is no experimental data on the effect of etomidate in the presence of NA. Etomidate is often
the drug of choice in the induction of anaesthesia in trauma patients due to its relative cardiovascular
stability although adrenal corticosteroid suppression is documented.

Volatile agents

Inhalational agents are generally thought to have no significant interactions alone in NA casualties.
These agents are used to maintain anaesthesia during animal research. Newer volatile agents may
need further investigation. Note: Volatile agents may activate some chemical agent monitors.

Drug

Sulphur mustard (HD)

Succinylcholine

Succinylcholine appears to cause prolonged apnoea in mildly toxic animal models. Sulphur mustard
has weak cholinergic properties. Its use in HD poisoning is not recommended and a non-depolarising
agent such as rocuronium is advised.

Drug

Pyridostigmine (PYR)

There is concern that

prolonged pyridostigmine exposure may cause down regulation of acetylcholine receptors as a result

of excess acetylcholine. Caution should be applied in the interpretation of animal data using a short exposure time to PYR.

Succinylcholine

PYR will inhibit plasma acetylcholinesterase, this may prolong the effects of succinylcholine. An
increase in Ach may enhance the effect of succinylcholine and so a reduced dose may be required.
In the 1991 Gulf War, there was no evidence to suggest that there was a prolonged apnoea as a
result of PYR. Because of two potential interactions, non-depolarising muscle relaxants should be
considered.

Non-depolarising
muscle relaxants

Non-depolarising muscle relaxants may be antagonised by PYR (PYR acting similar to neostigmine)
by increasing Ach levels. This has been seen in animal models. Larger doses of agents may be
required and there is a theoretical risk of a reduction in the length of action. This effect can be
monitored by a peripheral nerve stimulator, with appropriate titration of relaxant. An increase in the
requirement of vecuronium was not noticed during the 1991 Gulf War.

Ketamine

There is no experimental evidence to suggest any specific interaction. However, both PYR and
ketamine may increase airway secretions and this may precipitate respiratory problems.

Antimuscarinics

PYR will increase upper airway secretions. Antimuscarinics, such as atropine, may be required in
higher doses to antagonise this effect.
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CHAPTER 19: NERVE AGENTS

19.1. INTRODUCTION

The nerve agents (NA) are a group of particularly toxic organophosphorus esters classed as
chemical agents. They were first developed in the late 1930s and were used by Iraqg and the
Aum Shinrikyo sect in Matsumoto and Tokyo. Recent use has been confirmed in 2013 in the
suburbs of Damascus, Syria. Although chemically related to the organophosphorus
insecticides, their clinical presentation and medical management may differ due to toxicity and
different routes of exposure. The principle nerve agents known to have been weaponised are
tabun (GA), sarin (GB), soman (GD), cyclosarin (GF) and the V-agents such as VX and VR. In
addition, organophosphorus pesticides are toxic industrial chemicals that are still
commonplace in some regions of the world and may be used opportunistically.

19.2. PHYSICAL AND CHEMICAL PROPERTIES

The “G” agents tend to be non-persistent, whereas the “V” agents are persistent. Some agents
may be thickened with various substances in order to increase their persistence, and therefore
the total amount penetrating intact skin. It can be seen that at room temperature GB is a
comparatively volatile liquid and therefore non-persistent. GD is also significantly volatile, as
is GA though to a lesser extent. VX is a relatively non-volatile liquid and therefore persistent.
In the pure state nerve agents are colourless and mobile liquids. In an impure state, nerve
agents may be encountered as yellowish to brown liquids. Some nerve agents such as GD
have a faint fruity odour. In general, nerve agents are moderately soluble in water with slow
hydrolysis, highly soluble in lipids and rapidly inactivated by strong alkalis and chlorinating
compounds.

19.3. ROUTES OF EXPOSURE

Nerve agents may be absorbed through any body surface. When dispersed as a spray or an
aerosol, agents can be absorbed through the skin, eyes and respiratory tract. When dispersed
as a vapour, the vapour is primarily absorbed through the respiratory tract with a local effect
on the respiratory tree; it also has a local effect on the eye. If enough agent is absorbed, local
effects are followed by generalised systemic effects. The rapidity with which effects occur is
directly related to the amount of agent absorbed in a given period of time and the route of
absorption. The respiratory tract is the most rapid route for systemic absorption. After dermal
exposure, there will be a latency period before local and systemic effects will appear.

19.4. MECHANISM OF ACTION

The effects of the nerve agents are mainly due to their ability to inhibit the enzyme
acetylcholinesterase (AChE) throughout the body. Since the normal function of this enzyme is
to hydrolyse acetylcholine wherever it is released, such inhibition results in the accumulation
of excessive concentrations of acetylcholine at its various sites of action. Acetylcholine
interacts with both muscarinic and nicotinic receptors resulting in different medical effects
during acetylcholine overload. These sites are summarised in Table 19-1 and include:

a. Parasympathetic. The accumulation of acetylcholine at the endings of the
parasympathetic nerves to the smooth muscle of the iris, ciliary body, bronchial tree,
gastrointestinal tract and bladder; to the salivary glands and secretory glands of the
gastrointestinal tract and respiratory tract; and to the cardiac muscle via the vagus nerve
(muscarinic).
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b. Motor end plate (heuromuscular junction). The accumulation of acetylcholine at the
endings of motor nerves to voluntary muscles (nicotinic).

c. Autonomic ganglia. The accumulation of excessive acetylcholine at some autonomic
ganglia resulting in nicotinic signs and symptoms leading to increase parasympathetic
tone and some limited sympathetic effects.

d. Sweat glands. The accumulation of excessive acetylcholine at the endings of
sympathetic nerves to the sweat glands (muscarinic).

e. Central nervous system. The accumulation of excessive acetylcholine in the brain
and spinal cord results in characteristic central nervous system symptoms.

Table 19-1: Medical Effects of Nerve Agent intoxication.

Mechanism Site of Action Signs and symptoms *
Muscarinic Pupils Miosis — marked, usually maximal (pin-pointed), sometimes unequal.
following local Ciliary body Frontal headache, eye pain on focusing, blurring of vision
absorption Nasal mucous Rhinorrhoea, hyperaemia
(depending on membranes
dose) Bronchial tree Tightness of chest, bronchoconstriction, increased secretion, cough

Gastrointestinal Occasional nausea and vomiting
Muscarinic Bronchial tree Tightness in chest, with prolonged wheezing expiration suggestive of
following bronchoconstriction or increased secretion, dyspnoea, pain in chest,
systemic increased bronchial secretion, cough, cyanosis
absorption Gastrointestinal Anorexia, nausea, vomiting, abdominal cramps, epigastric and substernal
(depending on tightness with “heartburn” and eructation, diarrhoea, tenesmus, involuntary
dose) defecation

Sweat glands Increased sweating

Salivary glands Increased salivation

Lachrymal glands Increased lachrymation

Heart Bradycardia **

Pupils Miosis, occasionally unequal, later maximal miosis (pin-point)

Ciliary body Blurring of vision, headache

Bladder Frequency, involuntary micturition
Nicotinic Striated muscle Easy fatigue, mild weakness, muscular twitching, fasciculations, cramps,
following local generalised weakness/flaccid paralysis (including muscles of respiration)
or systemic with dyspnoea and cyanosis
absorption Sympathetic ganglia | Pallor, transitory elevation of blood pressure followed by hypertension

Central nervous system (muscarinic
and nicotinic effects)

Acute effects: Generalised weakness, depression of respiratory and
circulatory centres with dyspnoea, cyanosis and hypertension; convulsions,
loss of consciousness and coma

Delayed effects: Giddiness, tension, anxiety, jitteriness, restlessness,
emotional lability, excessive dreaming, insomnia, nightmares, headaches,
tremor, withdrawal and depression, bursts of slow waves of elevated voltage
in EEG (especially on hyperventilation), drowsiness, difficulty concentrating,
slowness of recall, confusion, slurred speech, ataxia, memory and learning
impairments

* These are the common sign and symptoms — presentations may vary depending on site of action.

** Cardiovascular — The heart rate may be decreased because of stimulation by the vagus nerve, but it is often increased
because of other factors such as stress, hypoxia and adrenergic stimulation due to ganglionic stimulation. Thus, the heart
rate may be high, low or in the normal range. Bradyarrhythmias such as first, second or third degree heart block may
occur. The blood pressure may be elevated due to increased sympathetic vascular tone.
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19.5. MEDICAL EFFECTS

The order in which signs and symptoms appear and their relative severity depends on the dose
and route of exposure. The route of exposure often being determined by whether the agent is
a liquid or vapour. The signs and symptoms following exposure to nerve agents are given in
Table 19-1. The local effects of vapour and liquid exposure are described followed by a
description of the systemic effects which occur after significant absorption of agent via any
route (Table 19-2).

19.5.1. LETHAL EFFECTS

In the absence of treatment, death is caused by asphyxia resulting from airway obstruction,
paralysis of the muscles of respiration and central depression of respiration. Airway obstruction
is due to pharyngeal muscular collapse, upper airway and bronchial secretions, bronchial
constriction and occasionally laryngospasm and paralysis of the respiratory muscles.
Respiration is shallow, laboured, and rapid and the casualty may gasp. Cyanosis increases.
Finally, respiration becomes slow and then ceases. Unconsciousness ensues. The blood
pressure (which may have been transitorily elevated) falls. Cardiac rhythm may become
irregular and death may ensue. If assisted ventilation is initiated and airway secretions are
removed by postural drainage and suction and diminished by the administration of atropine,
the individual may survive several lethal doses of a nerve agent albeit with a potential for
severe irreversible brain damage. However, if the exposure has been overwhelming,
amounting to many times the lethal dose, death may occur despite treatment as a result of
respiratory arrest and cardiac arrhythmia. When overwhelming doses of the agent are
absorbed quickly, death occurs rapidly without orderly progression of symptoms.

19.5.2. CUMULATIVE EFFECTS

Repeated exposure to concentrations of a nerve agent insufficient to produce symptoms
following a single exposure may result symptoms over time. Continued exposure, possibly
over several days, may be followed by increasingly severe effects. After symptomatic
exposure, increased susceptibility to cholinergic effects may persist for up to 3 months (the
body synthesises AChE at varying rates). During this period the effects of repeated exposures
to any cholinergic agent are cumulative.

19.5.3. LONG TERM EFFECTS

Minor EEG changes have been noted more than a year after a clinically relevant, symptomatic
nerve agent exposure when averaged EEGs in a group of people who had been exposed to a
nerve agent were compared to a control group. Since changes could not be identified in
individual EEGs, the clinical relevance is unknown. Neuropsychiatric changes have been
noted in individuals for weeks to months after insecticide poisoning including poor
concentration, memory problems and sleep disturbance. Organophosphorus-induced delayed
neuropathy (OPIDN) has been reported after poisoning, although it has not been reported in
humans exposed to nerve agents. OPIDN has been produced in animals only at doses of
nerve agents so high that survival would be unlikely. Clinical signs or symptoms of the
intermediate syndrome, including weakness and pain, has not been reported in humans after
nerve agent exposure, nor has it been produced in animals by nerve agent administration, but
might occur if the cholinergic crisis is prolonged.
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When effects Duration of effects after
Nerve | Types of | Route of -
. Description of effects appear after .
agent | effects | absorption M Mild Severe
exposure
exposure exposure
Rhinorrhoea, nasal One to several
Vapour Local Lungs hyperaemia, tightness in . A few hours 1-2days
. minutes
chest, wheezing
Miosis, conjunctival -
Vapour Local Eyes hyperaemia, eye pain, One t.o several Miosis 24 2 -3 days
minutes hours
frontal headache
Less than one Acute effects
Muscarinic, nicotinic and minute to a few Several hours 2 - 3 days.
Vapour | Systemic Lungs central nervous system minutes after CNS effects
to a day
effects moderate or severe days to
exposure weeks
Similar to
Liquid Local Eyes Same as vapour effects Instantly effects of
vapour
Liquid Local Ingestion Gastrointestinal About :.30 mmutes Several hours 2 -5days
after ingestion to a day
Liquid Local Skin Local fasciculation at site 3 minutes — 2 hours 3 days 5 days
Liquid ]| Systemic Lungs Same as for vapour Several minutes 1-5days
Liquid ]| Systemic Eyes Same as for vapour Several minutes 2 -4 days
Liquid | Systemic SKin Generalised fasc;lculatlon 15 minutes - 2 25 days
and sweating hours
Liquid | Systemic Ingestion Early gastrointestinal 15 minutes - 2 35 days
symptoms hours
19.6. NERVE AGENT PRE-TREATMENT

The binding of a nerve agent to AChE is essentially irreversible in the absence of an enzyme
reactivator such as an oxime (see below). Through ageing the binding of the agent to the AChE
becomes absolutely irreversible and reactivators become ineffective. The time frame between
the binding of an agent and its ageing depends on the agent. The window for the efficacy of
an oxime to reactivate the inhibited AChE (enzyme-reactivation) may be very short for some
nerve agents e.g. Soman (GD) is 2 minutes. These difficulties have been mitigated, in part, by
the use of carbamates (reversible AChE binding) as pre-treatment (treatment enhancers).

Note. The function of pre-treatment and pre-exposure prophylaxis are different. Pre-treatment
is the administration of drugs in advance of poisoning in order to enhance the efficacy of post-
exposure treatment i.e. pre-treatment MedCM may not have any preventative properties
before post-exposure therapy is given.

19.6.1. CARBAMATES

1. Mechanism of action. Current pre-treatment uses carbamate anticholinesterases e.g.
pyridostigmine, by virtue of their capacity to bind to cholinesterases reversibly and preventing
the organophosphorus (OP) binding to the enzyme. Carbamates are intended to be used in
combination with post-exposure immediate therapy i.e. nerve agent antidote auto-injectors.
The term reversible is used here comparatively: the carbamate-AChE complex breaks down
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more rapidly than the organophosphorus-AChE complexes as pyridostigmine is in equilibrium
and present in a free and bound form. In comparison the aged organophosphorus-AChE
complex is stable. When carbamates are used as pre-treatments, carbamoylation of AChE
prevents phosphorylation, but later the carbamate-AChE complex dissociates, freeing active
enzyme. Current pre-treatment regimes using pyridostigmine are designed to give between 20
- 40% binding of peripheral AChE. This allows the carbamate to protect a significant proportion
of the AChE against nerve agent binding. There are no significant acute cholinergic signs and
symptoms associated with this level of inhibition as the inhibition of the enzyme is slower than
that due to nerve agent and there is negligible inhibition of central AChE. In conjunction with
immediate therapy, good protection against lethality is obtained within 2 hours of the first dose,
but is enhanced by continued intake of pyridostigmine pre-treatment, according to the
accepted dosage regimes. Pre-treatment must be in a formulation that can be used by non-
medical personnel.

2. Cessation of pre-treatment. Pyridostigmine is only intended for short term use usually
14-28 days although this varies between nations and is also dependent on the nerve agent
threat state. Pre-treatment must be stopped upon developing symptoms of nerve agent
poisoning following a chemical warfare attack and post-exposure therapy started.
Pyridostigmine is not a prophylaxis or immediate therapy, and it should not be taken after nerve
agent exposure because it will block all the AChE and as a result may well enhance the effects
of nerve agent poisoning. It is ineffective unless standard therapy is also used in the
appropriate manner.

3. Side effects. The recognised side effects of pyridostigmine use include gastrointestinal
symptoms including increased flatus, loose stools, abdominal cramps and nausea. Other
reported effects are urinary urgency, headache, rhinorrhoea, diaphoresis and tingling of the
extremities. However, several studies have concluded that these side effects are tolerable by
most and lead to negligible degradation of military performance. Symptoms due to
pyridostigmine may be ameliorated by taking the tablets with food and/or combined with
anticholinergic drugs such as hyoscine. Pyridostigmine pre-treatment may be discontinued on
medical advice in less than 0.1% of individuals, generally because of intolerable nausea and
diarrhoea. When taken in excess of the recommended dosage, symptoms of carbamate
poisoning will occur including diarrhoea, gastrointestinal cramps, tight chest, nausea,
rhinorrhoea, headache and miosis.

Note: Contra-indications: Due to the possibility of bronchospasm, personnel with reversible
airway disease such as asthma should not take carbamates and this may result in the loss of
these personnel to the generated force.

4, Compliance. Good compliance is required if optimal protection is to be obtained. The
importance of pyridostigmine pre-treatment should therefore be stressed during training and
issuing of the MedCM to personnel. Medical officers must be aware of potential drug
interactions and contraindications when dealing with personnel on pre-treatment. This is of
particular relevance with respect to some muscle relaxants used in anaesthesia.
Pyridostigmine has been used in clinical situations for up to 50 years. At this time there is no
evidence of long term side effects.

5. National policies use of pre-treatment. The national policy for the use and formulation of
pre-treatment varies. It cannot be assumed that casualties from an allied nation will have
received pre-treatment. Pre-treatment is only likely to be deployed where there is a significant
threat to exposure to a nerve agent with a short ageing time.
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CASUALTY ASSESSMENT AND CLINICAL INVESTIGATIONS

A summary of the management of nerve agent casualties is given in the factsheet at the end
of this chapter, although specific regimens will vary between nations.

Table 19-3: Likely Signs and Symptoms and Approximate Red Blood Cell Acetylcholinesterase
(RBC-AChE) Depression Following GB vapour Exposure

RBC-AChE Symptoms and signs*
Short term Ct C i . . . .
(mg.min.m?) inhibition Vapour exposure (including local eye Systemic features (excluding local
approx) and respiratory effects) eye and respiratory effects)
Incipient miosis (miosis produced at Ct=2, .
0,
<2 <S% 230 min), slight headache il
Increased miosis, headache, eye pain,
5 20% + 10% rhinorrhoea, conjunctival injection, tightness | Tightness in chest
in chest
5.15 20-50% +10% Eye signs maximal, Bronphospasm and all | Symptoms beginning to appear.
the effects already described Bronchospasm
Wheezing, salivation, eye effects,
15 50% +10% Bronghospasm and all the effects already nausea, .vomltllng.. (chgl sweating
described and fasciculation in liquid
contamination of the skin).
40 80% + 10% Symptoms and signs as for systemic Weakngss, defecqt|on, urination.
Paralysis, convulsions
100 100% Respiratory failure, death Respiratory failure, death

* All symptoms and signs will be subject to considerable inter-subject variation especially following mild vapour exposures.
>80% depression is associated with life-threatening conditions and death. RBC-AChE is a surrogate marker for central
AChE activitiy.

19.7.1 SYMPTOMS

1. Nerve agent poisoning may be identified from the characteristic signs and symptoms. If
exposure to vapour has occurred, the pupils will be very small, usually pin-pointed. If exposure
has been cutaneous or has followed ingestion of a nerve agent in contaminated food or water,
the pupils may be normal or, in the presence of severe systemic symptoms, slightly to
moderately reduced in size. In this event, the other manifestations of nerve agent poisoning
must be relied on to establish the diagnosis. No other known chemical agent produces
muscular twitching and fasciculations, rapidly developing pin-point pupils, or the characteristic
train of muscarinic, nicotinic and central nervous system manifestations. A summary is in Table
19-1.

2.  Triage. Triage criteria are found in the nerve agent factsheet.

3.  Clinical Investigations. While measurement of tissue AChE levels is difficult, red blood
cell AChE depression may used as a surrogate to confirm diagnosis and monitor treatment
and further oxime therapy. Near-patient and laboratory testing is now available. Table 19-3
gives a summary of likely clinical effects and associated AChE depression.

Note. Caution should be used in the interpretation of RBC-AChE for clinical decision making
and further treatment. This is due to a reported wide individual variation and limited correlation.
Treatment should therefore be guided by clinical endpoints rather than biochemical surrogate
markers. RBC-AChE remains an important forensic investigation in order to confirm exposure
to nerve agent or other organophosphorus compound.
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4, Differential Diagnosis. The effects caused by a mild vapour exposure, namely
rhinorrhoea and tightness in the chest, may easily be confused with an upper respiratory
illness, an allergy or, in the context of an explosive incident, blast. Miosis, if present, will help
to distinguish these, but the eyes must be examined in very dim light to detect this and may be
confused with opiates. Similarly, Gl symptoms from other illnesses may be confused with
those from nerve agent effects, and in this instance there will be no useful physical signs.
History of possible exposure will be helpful, and laboratory evidence (decreased RBC-AChE
activity), if available, will be useful to distinguish the two. The diagnosis is easier in the severely
intoxicated patient. The combination of miosis, excessive secretions and generalised
muscular fasciculations in a gasping, cyanotic and convulsing patient is diagnostic.

19.8. NERVE AGENT TREATMENT

1. Nerve agent casualty management consists of pre-treatment, diagnosis and treatment
with a combination of pharmacological, basic airway, breathing and other general supportive
measures, as guided by the condition of the casualty. The treatment of life-threatening nerve
agent poisoning is largely based on clinical experience of OP pesticide poisoning. However,
the life-threatening effects of acute nerve agent poisoning occur much more rapidly than those
produced by OP pesticides with the exception of percutaneous nerve agent absorption. OP
pesticide poisoning may also be combined with other constituents such as solvents.

2. Following pre-treatment, successful post-exposure treatment relies on the rapid
recognition of effects and timely administration of the appropriate therapeutic measures.
Urgent skin decontamination and continued respiratory protection must be applied alongside
the administration of auto-injectors for self and buddy aid, all of which must be maintained
during rapid evacuation to medical care. Triage priorities must be reviewed frequently, with
subsequent delivery of appropriate drug therapy and continued respiratory support, where
necessary, administered in a timely and confident manner if emergency medical management
is to be successful and the ultimate prognosis favourable. Field medical management may
have to be conducted initially in a contaminated environment, requiring practised procedures
to avoid cross-contamination and unnecessary exposure of the already compromised casualty.

3. Casualty decontamination. The method of decontamination will depend on the physical
properties of the agent (persistent or non-persistent) and type of exposure (direct contact with
a liquid or to a vapour). If the uniform is contaminated, it should be removed as soon as
possible. In the case of thickened mustard, the bulk of the agent may have to be scraped off
with a knife or similar object.

4, Nerve agent treatment. The main principles of immediate therapy for nerve agent
poisoning are based on early drug therapy in combination where necessary with measures to
support respiration and provide general supportive care. The pharmacological treatment of
nerve agent poisoning involves the use of:

a. Anticholinergics (antimuscarinics) to antagonise the muscarinic effects.!

b. Oximes to reactivate inhibited enzyme and thereby correct both muscarinic and
nicotinic effects.

c. Anticonvulsants to prevent seizure activity and protect against subsequent CNS
damage.

1 Anti-nicotinic antagonists are also under investigation as potential nerve agent MedCM.
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19.8.1. ANTICHOLINERGICS

1.  Atropine is the most widely used anticholinergic for nerve agent intoxication, although
scopolamine (hyoscine) can also be used. Immediate treatment with atropine in cases of
systemic nerve agent poisoning is essential, and the absolute requirement will depend on both
the severity of effects and whether pre-treatment has been used.

2. Mechanism of action — antimuscarinic. Atropine and scopolamine (hyoscine) act by
blocking the effects of acetylcholine at muscarinic receptors and so produce relief from many
of the parasympathetic symptoms including excessive secretions, bronchospasm and
bradycardia. Some therapeutic effects are also produced within the central nervous system.
At high doses (> 6 mg) atropine may reduce central respiratory depression, and if administered
early (5-10 minutes after poisoning), it may have some anticonvulsant action. There is no direct
effect at the nicotinic acetylcholine receptors at the neuromuscular junction although the action
of the weakened diaphragm may be enhanced by the reversal of the parasympathetic effects
on the respiratory tract such as bronchospasm and secretions.

3. Signs of treatment efficacy. Signs of successful atropinisation include decreased
bronchospasm, reduced airways resistance, the drying up of bronchial and salivary secretions,
reduced sweating and a stabilisation in the heart rate to approximately 90 beats per minute.
The effect of atropine in drying bronchial secretions may make the removal of mucus more
difficult so suction is likely to be necessary. After emergency medical treatment, atropinisation
may be required to be maintained for 24 hours or longer either by intramuscular injection,
repeated intravenous boluses or infusion of atropine adjusted as required or until AChE
reactivation has taken effect. The reversal of miosis should not be used as an end-point as the
nerve agent may have a local effect on the eye.

4, Dose regime (atropine). The dose of atropine given depends on the user (non-medical
or medical), route of administration and severity of the casualty. The following routes most
likely to be used are:

a. Intramuscular auto-injection. For first aid auto-injector therapy by non-medical
personnel, doses are usually small (2mg) and given regularly every 15 minutes until
signs of successful atropinisation are noted or up to a dose of 6mg. This prevents high
doses being given inadvertently if the recognition of nerve agent is incorrect. With
enhanced chemical first aid training, some personnel may be authorised to give a severe
case (T1) all three auto-injectors at the same time and thereby delivering 6mg as an
initial dose. This must only be for cases where nerve agent poisoning is a definite
diagnosis based on the syndrome and ideally supported by nerve agent detection.

b. Intravenous / intraosseous route. The intravenous (or intraosseous) routes is
preferred in cases of severe poisoning. Both achieve rapid circulation times although
the intraosseous route may require flushing after being given. Higher doses may be
given by medical personnel and starting doses vary between nations ranging from 2mg
to 10mg, either as a bolus or an infusion. These route allow rapid action and allows for
titrating the dose to effect monitoring the reversal of parasympathetic effect such as
secretions (bronchorrhoea), bronchospasm and bradycardia — the ‘3 Bs’. Some
guidelines recommend avoiding the intravenous route until significant hypoxia is
corrected, as in such cases intravenous administration of atropine may precipitate life-
threatening ventricular arrhythmias. Paradoxically, aggressive atropine therapy may be
the only way to reverse hypoxia. In the Iran-lraq War, larger atropine doses were used
in the absence of oxime therapy (20-200mg) and can be implied for cases of oxime-
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insensitiviety.? Early and effective oxime therapy may significantly reduce atropine
requirements and help to preserve stockpiles.

c.  Serial doubling. One atropine dosing regimen suggested for the management of
OP poisoning is serial doubling. This starts with an initial starting dose but after no action
the dose is then rapidly increased to reach full atropinisation e.g. 2mg + 2mg+ 2mg +
4mg + 8mg + 16mg.® Higher doses may be expected for OP poisoning because of a
large reservoir of pesticide remaining in the gastrointestinal tract causing a prolonged
pharmacokinetic profile compared to the bolus effect of inhaled nerve agent vapour. This
dosing regimen may be applicable to percutaneous nerve agent or where oxime therapy
appears to be ineffective.

5. Complications. Atropine, especially in the presence of hypoxia, may render the
myocardium more susceptible to arrhythmias. Correction of hypoxia, and ECG monitoring if
available, is recommended during atropinisation. Atropine overdosage may produce euphoria,
hallucinations, anxiety, and delirium. Close observation is necessary and sedation of
casualties may be required. Urinary retention may necessitate catheterisation. By the
reduction in sweating, atropine increases the risk of heat stress.

6.  Atropine for eye effects. Atropine given systemically has comparatively little effect
on nerve agent induced miosis. The reversal of miosis should not be used as a clinical end-
point for atropinisation in the case of nerve agent vapour exposure. The local application of
cycloplegic/ mydriatics (such as cyclopentolate, homatropine, tropicamine) to the eye reduces
both the degree of miosis, eye pain and associated nausea, vomiting and headache. Patients
should be warned of the effect on accommodation and discomfort due to bright light.

7.  Other anticholinergics. Other anticholinergic drugs are considered to be beneficial in the
treatment of nerve agent poisoning, based on experimental data. Anticholinergics with
pronounced central antimuscarinic effects (e.g. scopolamine, benactyzine, biperiden,
trihexyphenidyl) have the potential to suppress seizure activity without further anticonvulsant
therapy, if administered early after poisoning. Drug combinations with atropine (e.g.
benactyzine and atropine) have been introduced by some nations in specific clinical situations,
but caution must be exercised when using these regimes due different pharmacokinetics and
risk of over-atropinisation. Glycopyrrolate, a quaternary amine, is an antimuscarinic that does
not cross the blood-brain barrier but will have a peripheral action and has a longer half-life than
atropine. Some anticholinergics have also been suggested for use in combination with
carbamates for pre-treatment.

19.8.2. ACETYLCHOLINESTERASE REACTIVATORS - OXIMES

1. Oximes are available in auto-injectors for self/buddy/first aid and injectable form for
medical administration. The three most common oximes are listed are:

a. Pralidoxime (as chloride (2-PAM), methylsulphate or mesilate (P2S) salts).

b. Obidoxime (chloride (toxogonin)).

2 In severe cases previously receiving carbamate pre-treatment, it is estimated that between 30-50 mg
of atropine in total may be required to achieve atropinisation.

3 Eddleston M et al. Management of acute organophosphorus pesticide poisoning. Lancet. 2008 Feb
16; 371(9612): 597-607.
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c. HI-6 (dichloride or dimethanesulfonate (DMS)).

2. Mode of action. Oximes react chemically with the NA-AChE complex to remove the NA
(enzyme reactivation). While atropine blocks the cholinergic effects of nerve agent poisoning
at muscarinic sites (antimuscarinic), it has little effect upon the nicotinic effects at skeletal
neuromuscular junctions and the autonomic ganglia. The reactivation of AChE will reverse the
effects of the nerve agent, if given in a timely manner, and mitigate the effects of nerve agents
at these sites and at muscarinic sites.

3. Efficacy and choice of oxime. The administration of atropine and oximes are synergistic
in their effects. The relative potency of the different oximes in reactivating inhibited AChE varies
according to the specific nerve agent. A rough guide to relative reactivation capacity (based
on in vitro data) is presented in Table 19-4.

Table 19-4: In Vitro Comparison of Oxime Effectiveness.*

Pralidoxime Obidoxime HI-6

Tabun (GA) - +- -

Sarin (GB) + + +

Soman (GD) - - -

Cyclosarin (GF) +- +/- +

VX + + +

Key: + effective - ineffective +/- partially effective

AGEING TIMES
GA 46 hours GB 5 hours GD 2 minutes VX > 48 hours
4, Immediate therapy. In the field, immediate post-exposure therapy consisting of atropine,

oxime and benzodiazepine, if available, will be given by intramuscular injection from an auto-
injector device on the appearance of the first significant signs of nerve agent poisoning.
Following the use of the auto-injector, casualties if they remain symptomatic will require a
therapeutic dose of oxime (and atropine titrated to effect) to reactivate the inhibited enzyme.
The therapeutic dose should be given as soon as possible and this may be a combination of
auto-injector and intravenous (or intraosseous) injection. Where there is doubt as to the dose
given by auto-injector, the full dose should be given by medical personnel by the most effective
route and under observation.

5. Dosing. The dosing schedules of the currently available oximes for intravenous use
(based on data derived from human cases of organophosphorus insecticide poisoning) are
shown in Table 19-5. Under field conditions, similar doses can also be given by intramuscular
injection.

Note: Rapid bolus intravenous (or intraosseous) injections of oximes should be avoided due
to possible respiratory arrest. A slower infusion over 5-10 minutes is recommended and
manufacturers’ guidance should be followed.

6. Monitoring oxime therapy. Oxime reactivation and efficacy can be monitored by a
reduction in atropine use, return of muscle (nicotinic) function and increased RBC-AChE level,
where AChE monitoring point of care testing is available. The monitoring of oxime therapy is

4 &z Consensus from previous edition AMedP-6(C) and recommendation from HFM-253.
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vital in order to confirm the efficacy of the chosen oxime, identify therapy failure including
potential oxime-insensitivity and/or ageing of the nerve agent — AChE complex.

Table 19-5: Current Oxime Dosing.

Oxime Route of administration Initial dose Continuing dose
Pralidoxime chloride | Individual auto-injector dose | 600mg Repeat initial dose every 10-12
(2-PAM) Total adult loading dose 2g (30mglkg) hours as required
Pralidoxime mesilate | Individual auto-injector dose | 500mg Repeat initial dose every 10-12
(P2S) Total adult loading dose 2g (30mglkg) hours as required

S . Individual auto-injector dose | 220mg 750mg/day as continuous
Obidoxime chloride Total adult loading dose 250mg infusion

7. Failure of oxime therapy. Failure of oxime therapy is possible due to poor oxime efficacy
for the nerve agent used e.g. pralidoxime and GA exposure, or ageing in the case of GD
exposure. As well as nerve agent detection it is vital that the nerve agent is identified to enable
the correct oxime to be used if there is a choice. Signs of oxime therapy failure include a
continuing requirement of high dose atropine, nicotinic stimulation including fasciculation,
continuing voluntary muscle paralysis and respiratory failure. Further management will require
the use of an alternative oxime, or if none is available or ageing occurred increased atropine
dosing using serial doubling should be started.

8.  Continuing oxime therapy. It is generally accepted that nerve agent is rapidly cleared
from the blood or hydrolysed following an acute exposure. However prolonged absorption
following percutaneous exposure could result in the persistence of clinical relevant amounts of
nerve agent in the body. Continued oxime therapy may therefore be required, either given at
intervals or as a continuous infusion, supported by AChE monitoring. As a result of the ageing
of the inhibited AChE, it is suggested that in the absence of clinical or monitored improvement,
administration of oxime for periods in excess of 24-48 hours is unlikely to achieve further
reactivation. For percutaneous poisoning, prolonged oxime treatment may be beneficial until
nerve agent absorption and distribution has ceased.

9. Side Effects. The rapid intravenous injection of pralidoxime can produce drowsiness,
headache, visual disturbance, nausea, dizziness, tachycardia, increased blood pressure,
hyperventilation and muscular weakness. Obidoxime produces hypotension, a menthol-like
sensation, a warm feeling in the face and hepatic dysfunction has been observed. On
intramuscular injection, it can produce a dull pain at the site of infection; after multiple dosing.

19.8.3. ANTICONVULSANT THERAPY

1. In the absence of anticonvulsant therapy, irreversible brain damage may result; this is
exacerbated by periods of hypoxia. Atropine protects only partially against seizure activity and
the resulting brain damage in severe poisoning; other anticholinergics vary in this ability. Early
administration of anticonvulsants is vital for the saving of life and reducing long term brain
damage and disability. Experimental evidence shows that the early administration (5-10
minutes) of a benzodiazepine antagonises the seizure activity of nerve agent. The addition of
this class of drugs to the basic treatment regimens greatly improves morbidity and mortality, in
addition to its anti-seizure effect. Currently diazepam (or its prodrug avizafone in auto-
injectors) is the most widely fielded and should be administered as a 5-10 mg dose initially and
further doses should be given frequently enough to control seizures. This may require
additional injections at intervals ranging from a few minutes to several hours. Other
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benzodiazepines such as midazolam and lorazepam may available and can be also be
effectively used.

2. The management of status epilepticus will be challenging. Large doses of
benzodiazepines may be required and result in further airway and ventilatory compromise.
Advanced airway management and critical care may be required once in hospital and
resources allow. Further treatment may require formal muscle paralysis and ventilation, while
the brain is monitored for further seizures by electroencephalogram monitoring, if available, or
non-specific signs such as hypercapnia and hyperpyrexia. Other agents with potential
anticonvulsant properties, especially in refractory epilepsy include ketamine. Cardiotoxic
anticonvulsants such as phenytoin should be used with caution due the potential interactions.

19.8.4. BIOSCAVENGERS

Bioscavengers are a relatively new concept using biological proteins such as
butyrylcholinesterase (BChE). The proteins act as an alternative target site for nerve agent to
bind to and become deactivated.

19.9. CASUALTY DECONTAMINATION

The importance of early skin decontamination cannot be over-emphasised. Decontamination
of the skin should be accomplished immediately after exposure to liquid agent if it is to be fully
effective. However, a low degree of protection is provided by late decontamination. Liquid
agent may be removed by an adsorbent, such as fullers’ earth, or chemically inactivated by
the use of active decontaminants such as Reactive Skin Decontamination Lotion (RSDL).
Decontamination personnel should use a respirator and full protective equipment whilst
decontamination is performed. If battle dress is contaminated, it should be removed as soon
as possible. Once a casualty has been decontaminated or the agent is fully absorbed, no
further risk of contamination exists. The casualty’s body fluids, urine or faeces do not present
a CW hazard.

19.10. ATROPINE TOXICITY

If atropine is administered in the absence of nerve agent poisoning, the following effects may
be noted: dryness of the mouth and pharynx, decreased sweating, slight flushing and
tachycardia, urinary retention, dilated pupils, mild drowsiness, impaired memory and recall and
blurring of near vision. This can be remembered as the saying “Mad as a hatter, blind as a
bat, dry as a bone, red as a beet, hot as hell”. After one 2 mg injection, these symptoms should
not interfere with ordinary activity except in the occasional person, in hot environments or at
high work rates especially if wearing IPE. Mydriasis may cause problems with focusing and
the aiming of weapon systems. Higher doses, or repeated doses, will produce more marked
symptoms which may become totally incapacitating, particularly in warm environments or high
work rates. The effects of atropine are fairly prolonged, lasting 3 to 5 hours after one or two
injections of 2 mg and 12 to 24 hours after significant over-atropinisation. Management of an
atropine overdose is by:

a. Supportive management. This consists of simple measures such as removing any
personal weapons, reassuring the casualty and reducing external stimulation, prevent
and treat any heat illness and avoid physical restraint. If unwell, including severe
confusion, heat stroke and chest pain, seek medical advice. The antidote for simple
anticholinergic intoxication is physostigmine.
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b. Physostigmine. The traditional antidote for atropine overdose is physostigmine 1-
2mg intravenous injection, repeated as required. This is a carbamate anticholinesterase,
like pyridostigmine, but it crosses the blood brain barrier. The administration of
physostigmine is also for use in the treatment of BZ intoxication (incapacitation), as
detailed in Chapter 23 (Incapacitants). However, as physostigmine acts by inhibiting
anticholinesterase, it must be used with caution in treating over-atropinisation following
nerve agent poisoning, where the levels of enzyme may be reduced below normal. In
such cases, the risk of repeated cholinergic effects is greater. Its use should therefore
be reserved only for those cases with severe symptoms of atropine overdose, refractive
to general supportive measures.
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NERVE AGENTS

Tabun (GA) Sarin (GB) Soman (GD) Cyclosarin (GF) V-agents incl. VX
Colourless to brown |  Colourless liquid. Colourless liquid. Colourless liquid. | Colourless or straw
liquid. Fruity smell. Odourless. Fruity, camphor. Odourless. liquid. Odourless.
MECHANISM OF ACTION

Inhibition of the enzyme acetylcholinesterase that breaks down the neurotransmitter acetylcholine. This results
in over stimulation of the following parts of the nervous system:

Parasympathetic: Miosis, secretions (tears, bronchorrhoea, salivation), vomiting, incontinence, bradycardia.
Central nervous system: Confusion, coma, seizures and central respiratory failure.

Sympathetic ganglia: Tachycardia, hypertension. Sweat glands: Sweating.

Neuromuscular junction: Fasciculation (systemic and local), depolarising paralysis, respiratory failure.

QUICK LOOK (CRESS)

Conscious Respiration Eyes Secretions Skin Other

Convulsions Increased — Pinoint oupils Increased
Unconscious | Reduced / Stopped point pup Vomiting

CASUALTY MANAGEMENT

SELF / FIRST AID CASUALTY DECONTAMINATION
Remove from scene GB - Vapour hazard
Immediate decontamination GA, GD, GF - Liquid/Vapour hazard
Clear secretions / vomit (suction airway, if equipment available) | VX - Liquid hazard
Nerve Agent Antidote as auto-injector or equivalent Some agents may be thickened and require
Place in recovery (semi-prone) position debulking before formal decontamination.
TRIAGE CATEGORIES
T1 (Severe) T2 (Moderate) T3 (Mild)

Unconscious, convulsions, respiratory | Not walking. Excessive secretions, Walking. Pinpoint pupils, dimmed
distress, respiratory paralysis / arrest, | confusion, not obeying commands, vision, eye pain.

very slow heart rate < 40, cyanosis. | wheezing, vomiting, diarrhoea.

EMERGENCY MEDICAL TREATMENT
Supportive management: MedCM / Antidotes:
Airway:. Airway manoeuvres, suction (Pre-treatment: Pyridostigmine)
Breathing: Ventilatory support, oxygen, Antimuscarinic: Atropine titrated to effect (see 3B below)
reverse secretions and bronchospasm, Atropine 2mg IM every 5-15 minutes
Circulation: Reverse bradycardia. Atropine 2-10mg IV/IO over 5 minutes; titrated to effect
Disability: Treat convulsions. Oxime: Pralidoxime, obidoxime or HI-6 (auto-injector, IV, 10)
Anticonvulsant: Benzodiazepines (auto-injector, 1V, 10)

Sweating Bradycardia

Clinical Red blood cell acetylcholinesterase level (limited correlation with clinical severity)
Investigations: | Blood and urine toxicology analysis

ADDITIONAL INFORMATION
For skin exposure — localised muscle twitching, delayed pinpoint pupils
DUMBELS (diaphoresis (sweating), urination, miosis (pinpoint pupils), bradycardia, emesis (vomiting),
lachrymation (tears), sweating)
Treatment: High doses of atropine are expected to be reduced by the early use of an effective oxime. Where the
oxime does not show efficacy due to ageing or poor NA selectivity, an alternative oxime should be considered
and/or the atropine dose should be increased by serial doubling titrated to the clinical endpoints reversal of the
3B’s (bradycardia, bronchospasm, bronchorrhoea (secretions)).
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ATROPINE OVERDOSE / BZ (ANTI-MUSCARINICS)

Atropine ‘ 3-Quinuclidinyl benzilate (BZ)

MECHANISM OF ACTION

Both atropine and BZ are peripherally and centrally acting anti-cholinergic (anti-muscarinic) antagonists. They
cause:

Parasympathetic: Blurred vision, dilated pupils, dry mucosa, urinary retention, and tachycardia.

Central nervous system: Confusion, delirium & coma.

Sympathetic ganglia: Dry skin and risk of heat illness.

Hazard: Atropine (ingestion, injectable), BZ (solid aerosol).

QUICK LOOK (CRESS)

Conscious Respiration Eyes Secretions Skin Other
Agitated / Large pupils / Dry mouth / . Agitated /
Confused Increased Blurred vision Feeling of thirst Flushed / Dry skin Confused

|Differential diagnosis: Heat stroke, acute stress reaction, mass psychogenic illness.

CASUALTY MANAGEMENT

Remove any weapons from casualty

SELF / FIRST AID

Remove from scene, if chemical agent

Immediate decontamination, if chemical agent
Reassure casualty, & avoid physical restraint due to risk of heat iliness
Manage in a cool, calm and sheltered environment

CASUALTY DECONTAMINATION
Decontamination not required for
atropine.

Remove clothing, avoid inhaling any
re-aerosolised particulates and rinse.

violent behaviour, convulsions, chest

Confusion, not obeying command,

TRIAGE CATEGORIES
T1 (Severe) T2 (Moderate) T3 (Mild)
Unconscious, extreme agitation or Not walking. Walking.

Dry mouth, blurred vision, mild agitation.

pain. hallucinations.
Temp >40°C. Temp > 39°C.

EMERGENCY MEDICAL TREATMENT
Supportive management: MedCM / Antidotes:

Physostigmine injection (1-2mg intravenous injection, repeated
as required).

Consider sedation — benzodiazepines.
Prevent and treat heat illness.
Manage any urinary retention.

Clinical Urinalysis.

Investigations:

ADDITIONAL INFORMATION
Symptoms may continue for several hours.
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CHAPTER 20: VESICANTS (BLISTERING AGENTYS)

20.1. INTRODUCTION

1. Blister or vesicant agents are likely to be used both to produce casualties and to force
opposing troops to wear full IPE thus degrading fighting efficiency. The effect of vesicant
ranges from mild incapacitation through the systemic toxicity and death. They can be thickened
in order to enhance persistency and contaminate terrain, ships, aircraft, vehicles or equipment.
Additionally, the loading of sulphur mustard on particulate matter is known as dusty mustard.

2. The vesicant agents include:
a. Sulphur mustard (H) (HD refers to distilled mustard).
b. Nitrogen mustard (HN).
c. Arsenical vesicants such as Lewisite (L).
d. Halogenated oximes, such as phosgene oxime (CX).!

3. Vesicants cause chemical burns with skin and any other part of the body that they come
into contact with. All of the mustards are alkylating agent and some of the nitrogen mustards
have been used as chemotherapeutic agents. As well as the local contact effects, vesicants
may also have systemic effects either due to direct effects as in the case of the arsenicals and
to some degree the mustards, or indirectly through secondary mechanisms such as SIRS and
ARDS.

4. In addition there are a number of toxic industrial chemical that can cause chemical burns
that may be used opportunistically or may mimic the effects of vesicants.

20.2. PHYSICAL AND CHEMICAL PROPERTIES

1. Most of the vesicants are persistent agents and remain in the environment for some time
and up to several months. The hazard from the agent (liquid or vapour) will also be determined
by the environmental conditions such as ambient temperature and humidity. Each type of
vesicant will be described in its relevant section.

2. Understanding the physicial and chemical properties for this group of agent is vital in
order to understand the best risk reduction and decontamination methods. Mustard agent that
comes into contact will bind to tissues within minutes. For contact hazard, 80% is thought to
evaporate while 20% is absorbed. The situation is complicated by the fact that mustard
compounds do not cause any immediate skin discomfort and are therefore initially
asymptomatic. Lewisite and phosgene oxime however cause immediate pain, providing an
indication for immediate decontamination.

20.3. ROUTES OF EXPOSURE

While the agent is in a liquid state, the main target organ will be skin. Once the agent starts to
evaporate and becomes airborne the routes of exposure and organs exposed include:

1 Although phosgene oxime is a corrosive and an urticant (producing wheals) rather than a vesicant. It
is usually group with the true vesicants.
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a. Skin.
b. Eyes.
c. Upper airway.
d. Lungs — associated with more severe cases (and with warmer climates).
e. Gastrointestinal tract (less likely).
20.4. MUSTARD AGENTS

1. Sulphur mustard was used extensively in World War |, during the Iran / Iraqg War and
used against the Kurdish population in Iraq in 1985. Protection against these agents can only
be achieved by a full protective ensemble. The respirator alone will protect against eye and
lung damage, but does not give sufficient full body protection. Extensive, slow healing skin
lesions and other effects will place a heavy burden on the medical services.

2. Sulphur mustard (bis (2-chloroethyl) sulphide) is the best known of these agents.
Synthesised in 1822, its vesicant properties were discovered in the middle of the nineteenth
century. As a chemical agent it was used for the first time in 1917 near Ypres, Belgium leading
to the French name (Yperite). It is also known by the name”’LOST” in German. In the US the
symbol HD has been given to the distilled product. In 1935 it was discovered that the vesicant
properties remained when the sulphur atom was substituted by a nitrogen atom leading to the
nitrogen mustard series.

3. Physical Properties. Sulphur mustard is denser than water, but small droplets remain
on the water surface and present a special hazard in contaminated areas. Spreading can also
occur when decontaminating the skin with aqueous solutions. This effect can be minimised by
the use of adsorbents such as fullers’ earth (FE), emulsifying or reactive decontamination
agents and rinsing with copious amounts of water. The mustards are able to penetrate most
tissues they come into contact with and many other materials such as woods, leather and
rubber. Due to their physical properties, mustards are very persistent in cold and temperate
climates. In warmer climates the persistence of mustards is reduced but the hazard from
vapour increases with an increase in respiratory cases. It is possible to increase the
persistency by thickening mustard with finely powdered material. These thickened mustards
are more difficult to remove by decontaminating processes, and highlight the importance of
IPE.

4, Chemical properties. Mustards are instable in normal water and inactivated by
hydrolysis although mixing is required for this to be achieved. Alkalinity and higher
temperatures increase the rate of hydrolysis. In running water the contact surfaces are
frequently changed and persistency is only a few days; in stagnant water, the persistency can
be several months while salt water increases persistency.

5. Detection. Mustard agents can be detected by a variety of means including vapour
ionisation and immunological assays. Single and three colour detector papers will detect liquid
agent and monitoring devices for vapour hazard and water testing kits are also available.

6. Clinical investigation. Clinical samples including blister fluid, blood, tissue and urine may
be used to detect either mustard, protein and DNA adducts, and hydrolysis products (e.qg.
thioglycol) for some time after exposure.
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Note. Some vapour detectors if used in hospital may misinterpret volatile anaesthetic agents
as nerve agent or sulphur mustard and should be interpreted in the clinical context.

20.4.1. MECHANISM OF ACTION

1. The exact mechanism of action is not fully understood, however several mechanisms
are thought to be in action. Sulphur and nitrogen mustards are alkylating agents and affect a
very wide range of biologically important molecules. One important molecular interaction is
with DNA leading to the formation of cross-links leading to cell death or mutation, similar to the
effects of ionising radiation. Alkylation of ribonucleic acid (RNA), proteins, cellular membrane
components, and cross-links between DNA, and proteins / enzymes can be the cause of
cellular damage, necrosis and programmed cell death (apoptosis) (see Figure 20.1).

2. The main mechanisms of action are:
a. Cytotoxic; and
b. Mutagenic.

3. There may be other effects due to reactions with cellular membranes or critical enzymes.
Due to the resemblance to ionising radiation, the mustards are sometimes referred to as
‘radiomimetic compounds’. As with radiation the cells exposed to the greatest dose with the
highest turnover appear to be more affected including the basal epidermal cells, and those of
the haematopoietic system and mucosa.

SULPHUR MUSTARD

ACh Receptors Woak Choli -
[ BIOCHEMICAL TARGETS R
Alkylation
Cell Membrane Proteins | Enzymes RNA Glutathione DNA —
v v
NECROSIS APOPTOSIS
(Enzymatic Cell {Programmed Cell c{gzs;r:sgs::isgs -+
Death) Death) 9
LOCAL EFFECTS SYSTEMIC EFFECTS
Skin Damage Eye Damage Airway [ Lung Acute Respiratory Systemic Bone Marrow
Damage Distress Syndrome Inflammatory Suppression

Response Syndome

Erythema / Hching
Blistering
Ulceration

Eye pain / photophobia
Temporary blindness
Corneal ulceration

Airway obstruction

Respiratory failure
Respiratory failure

Infection

Pulmonary fibrosis
Bronchiolitis obliterans

Figure 20-1 - Mechanisms of Action for Sulphur Mustard.
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20.4.2. MEDICAL EFFECTS

1. Skin. The hallmark of sulphur mustard exposure is a latency period of 6-24 hours post
exposure before blister formation. The duration of this period and the severity of the lesions
are dependent upon the level and type of exposure, environmental temperature and probably
on the individual susceptibility. High temperature, moist, thin or delicate and occluded skin are
associated with more severe lesions and shorter latent periods for a given dose. The sensitivity
of the skin depends on its thickness and upon the density of sweat and sebaceous glands.
Apart from mucous membranes the most sensitive areas are the face, axilla, genitalia, neck,
skin between the fingers and the nail beds. The palm of the hand, sole of the foot and the skin
of the scalp are very resistant. Some people are markedly more sensitive to sulphur mustard
than others. Burns may be the result of either vapour or liquid exposure. The sequence of skin
changes normally seen is as follows:

a. Erythema (6-12 hours post exposure). Generalised redness is seen initially. Itching
is also common and may be intense (this sequence is reminiscent of that seen in
sunburn).

b. Blistering (12-24 hours post exposure). Erythema is followed by the development of
numerous small vesicles which may coalesce to form larger blisters. Blisters at points of
flexure, anterior aspects of elbows and posterior aspects of knees can seriously restrict
movement. Sulphur mustard blisters are delicate and may be easily ruptured by contact
with bed linen, bandages or during transport of casualties. Crops of new blisters may
appear as late as the second week post exposure.

Note. Blister fluid is not a vesicant and does not produce secondary blistering or form a
chemical hazard to medical personnel although it remains a biological hazard.

c. Deep burning with pigmentation and scarring. This is particularly likely to occur on
the eyelids, penis and scrotum since the epidermis in these sites is particularly thin,
naturally moist and often occluded. Lesions tend to be more painful and some patients
complain of very severe pain. Healing of skin lesions is slow. The areas which were
markedly erythematous may darken and become hyperpigmented. Brownish-purple to
black discolouration of some areas may occur. These changes tend to disappear over
a period of several weeks with desquamation leading to the appearance of areas of
hypopigmentation. The appearance of such areas alongside those of hyperpigmentation
may be striking.

2. If only a small dose is applied to the skin the effect is limited to erythema and after
several days the colour changes from red to brown. The itch diminishes progressively and the
epidermis desquamates. At higher doses, the blistering can go on for several days before
reaching its maximum. They are often more than 1 cm? and may be very large forming bulla.
Their domes, which are thin and yellowish, contain a relatively clear or slightly yellow liquid.
The blisters are fragile and usually rupture spontaneously giving way to a suppurating and
necrotic wound. The necrosis of the epidermal cells may be extended to the underlying tissues,
especially to the dermis. The damaged tissues are covered with necrotic debris and are
extremely susceptible to infection.

3. The systemic fluid derangement seen as a consequence of these injuries is appreciably
less than for thermal burns, and, therefore the overall outcome is better for equally large
affected areas.
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4, Eyes. The eyes are more susceptible to sulphur mustard than either the respiratory tract
or the skin. Mild effects may follow exposure durations of about 1 hour to concentrations barely
perceptible by odour or monitoring. This exposure does not affect the respiratory tract
significantly. A latency period is 4 to 12 hours, after which there is lachrymation and a sensation
of gritin the eyes. The conjunctivae and the lids become red and oedematous. Heavy exposure
irritates the eyes after 1 to 3 hours and produces severe lesions. Sulphur mustard burns of the
eyes may be divided as follows:

a. Mild conjunctivitis (75% of cases in WW1) with recovery in 1-2 weeks.

b. Severe conjunctivitis with minimal corneal involvement (15% of cases in WW1).
Blepharospasm, oedema of the lids and conjunctivae occur, as may an orange-peel
roughening of the cornea. Recovery takes 2-5 weeks.

c. Mild corneal involvement (10% of cases in WW1). Areas of corneal erosion stain
green with fluorescein dyes. Superficial corneal scarring and vascularisation occurs as
does an iritis. Temporary relapses occur and convalescence may take 2-3 months.
Hospital care or close ambulatory monitoring should be considered for casualties of this

type.

d. Severe corneal involvement (about 0.1% of WW1 sulphur mustard casualties).
Ischaemic necrosis of the conjunctivae may be seen. Dense corneal opacification with
deep ulceration and vascularisation occurs. Convalescence may take several months
and patients are predisposed to late relapses even after many years. Late relapses
have a bad prognosis and are refractory to therapy.

5. Airway and Lungs. Sulphur mustard attacks all the mucous membranes of the
respiratory tract. After an average latent period of 4 to 8 hours (range 2 to 48 hours depending
on dose), it irritates and congests the mucous membranes of the nasal cavity and the throat,
as well as the epithelium of the trachea and large bronchi. Symptoms start with rhinorrhoea,
burning pain in the throat and hoarseness of the voice. This pain may make the patient
reluctant to cough. A dry cough gives way to copious expectoration. The vocal cords often
become damaged, resulting in aphonia. Airway secretions and fragments of necrotic
epithelium may obstruct the airways; rales and reduced air entry can be detected by
auscultation. There is pronounced dyspnoea. The damaged lower airways become infected
easily, predisposing to bronchopneumonia after approximately 48 hours. If the inhaled dose
has been sufficiently high the victim dies in a few days, either from pulmonary oedema or
mechanical asphyxia due to fragments of necrotic tissue obstructing the trachea or bronchi, or
from superimposed bacterial infection, facilitated by an impaired immune response. Significant
BSA of burns may also lead to secondary injury through SIRS and a resulting ARDS.

6. Gastrointestinal tract. Ingestion of contaminated food or water may cause destruction of
mucous membranes although this route is the least likely. The perforation of the
gastrointestinal tract with subsequent mediastinitis or peritonitis may even occur in the case of
severe ingestion. Symptoms include nausea, vomiting, pain, diarrhoea and prostration. These
features may make casualties reluctant to eat. Vomit and faeces may be bloodstained.
Hypovolaemic shock may occur from the loss of fluids and electrolytes from prolonged vomiting
and diarrhoea.

7. Systemic effects. Systemically absorbed sulphur mustards by any route, including
severe skin exposure, may cause signs similar to those of irradiation and chemotherapy, such
as headache, gastrointestinal pain, nausea, vomiting, leucopenia and anaemia. As with
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traumatic insults, a large surface area of chemical burns may cause a SIRS and associated
ARDS. Both will require hospital monitoring and the later may require critical care and possible
long term ventilation, although treatment will be similar to ARDS due to conventional causes.

8. Immunosuppression. Mustard agents may cause a general depletion of all elements of
the bone marrow. The cells of the granulocyte series and megakaryocytes appear more
susceptible to damage than those of the erythropoietic system. A reactive leucocytosis may
occur during the first three days, followed by a decrease in the peripheral white cell count (10
days post exposure). The development of a severe leucopenia or an aplastic anaemia is
associated with a poor prognosis.

0. Cholinergic effects. Absorption of high doses may result in CNS excitation leading to
convulsions, followed by CNS depression. Weak cholinergic effects have also be suggested
following sulphur mustard exposure.

10. Cardiac effects. Cardiac irregularities may occur with atrio-ventricular block and cardiac
arrest may follow. Hypotension, refractory to standard resuscitation, has been described on a
number of occasions following massive exposure. These rare hypotensive cases have a poor
prognosis although the underlying mechanism is not universally accepted.

11. Overall prognosis. Sulphur mustard agents are associated with high casualty rates and
a significant demand on medical resources. However, overall the fatality is still relatively low
with an estimated fatality rate during WW1 of 3-4% compared to a higher conventional fatality
rate in a pre-antibiotic era. However, long term effects including pruritus, dry skin, corneal
abnormalities and chronic lung disorders such as bronchiolitis obliterans are described.

Note. Exposures in warmer climates may be associated with higher fatality rates or morbity
due to higher vapour exposures and respiratory effects.

20.4.3. FIRST AID

First aid consists of:

a. Immediate decontamination of any liquid contamination, as tissue binding and
absorption is extremely rapid.

b. Immediate removal, ideally upwind, from the contaminated area as the hazard is
persistent.

c. Remove any clothing that may still have any agent on it.

d. During the early stages, there may be no significant skin lesions. However care
should be taken not to rub erythematous areas or expose the patient to vibration such
as vehicle movement as this may cause a sheering effect and increase blistering
(Nikolsky’s sign).

e. Blisters should either be left untouched until assessed by medical personnel or
dressed where there has been trauma or there is a risk of the blister breaking.

f. Supportive management of any airway problems and seek urgent medical help.
g. Support any breathing difficulty (refer to pulmonary agent first aid).

h. There is no immediate therapy MedCM for first aid providers.
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20.4.4. EMERGENCY MEDICAL TREATMENT

1. EMT in the early stages following exposure is unlikely to be required unless casualties
are presenting late. Resources should be focused on casualty decontamination and the
monitoring for any airway or breathing problems as well as managing any life-threatening
trauma. Life-threating conditions related to sulphur mustard exposure may include airway
compromise, bronchospasm as well as respiratory and circulatory compromise.

2. Symptomatic treatment may be also required for severe skin and eye pain.
20.4.5. CASUALTY DECONTAMINATION

Exposure to mustard may not be noticed immediately because of the lack of immediate effects
and latent period. This may result in delayed decontamination or failure to decontaminate at
all and tissue binding occurs within minutes. Specific considerations are:

a. Decontamination of mucous membranes and eyes. The substances used for skin
decontamination are generally too strong or irritating to be used on mucous membranes
and the eyes. In this case the affected tissues should be flushed immediately with water
from the water bottle (canteen). The eyes can be flushed with copious amounts of water,
or, if available, isotonic sodium bicarbonate (1.26%) or saline (0.9%).

b. Decontamination of the skin. Each service person is given the means for immediate
decontamination of the skin. The method is usually using physical removal by adsorption
or a combination of adsorption and chemical inactivation. Physical adsorption by
powders is highly effectively for immediate decontamination. Chemical inactivation may
also be achieved by reactive decontaminants. The addition of detergent may make water
more effective, but liquid mustard should not be decontaminated with water alone,
except for the eyes, as this may spread the agent and increase skin exposure, local
effects and systemic absorption.

Note. While chlorine deactivates sulphur mustard at high concentrations, these
concentrations are contraindicated for skin.

c. Additional procedures. Early decontamination is vital and if within 2 minutes of
contact may prevent or greatly reduce clinical effects of sulphur mustard exposure.
However, some protection may be provided by late decontamination. Chemical
inactivation using chlorination is effective against sulphur mustard but only at levels that
are incompatible with skin.

d. Thickened agents. In the case of thickened mustard, where the usual procedure is
inadequate, the bulk of the agent may have to be scraped off with a knife or similar
object. This may be followed by wetting the surface with a cloth drenched in an organic
solvent, e.g., petrol (unleaded gasoline) and subsequent application of the usual
decontaminating procedure. If water is available in abundant amounts these procedures
should be followed by copious rinsing. If the uniform is contaminated it should be
removed as soon as possible.

e. Skin cooling. Research has shown that skin cooling can reduce the severity of the
skin lesions. However, this requires the skin temperature to be reduced to 18°C for
several hours and may not be tolerated or achieved operational and for mass casualties.
However, this may be achievable for exposed limbs.
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20.4.6. TREATMENT OF SKIN LESIONS

1. Due to the lack of definitive treatment, the general principles of medical management
are:

a. Symptomatic relief.
b. Blister management.
c. Infection prevention.
d. Healing promotion.

2. Symptomatic relief. It is important to ensure that no remaining contamination is present
before commencing treatment. The skin turns red and itches intensely. This itching can be
diminished by local applications of cooling preparations, e.g., calamine lotion, corticosteroid
preparations or silver sulphadiazine cream. Severe erythema around the genitalia may
become quite painful and associated weeping and maceration may occur. Often, treatment
with exposure of the damaged area is desirable but care must be taken to prevent secondary
infection. Analgesics should be given as required.

3. Blister management and infection prevention. Infection is the most important
complicating factor in the healing of sulphur mustard burns. Under aseptic conditions, de-
roofing of the blisters is preferred enabling the evaluation of the wound bed. However, in the
event of a mass casualty incident blisters may be left covered to prevent secondary infections
until resources allow definitive treatment. Routine wound inspection aids in the early detection
and start of appropriate therapy for any infections.

4, Healing promotion. The regeneration of these tissues is very slow, taking from several
weeks to several months, much longer than the time required for the restoration of skin
destroyed by physical means or by caustic compounds.? Healing may result in scarring and
fragile skin which may be easily damaged by trauma. Severe long term problems have been
reported. More rapid healing has been demonstrated following laser ablation of necrotic tissue,
and skin grafting may be required following a period of observation.

20.4.7. TREATMENT OF EYE EFFECTS
1. The main principles for the management of the sulphur mustard eye effects are:
a. Symptomatic relief.
b. Infection prevention.
c. Healing promotion.
d. Psychological support.

2. Symptomatic relief. The effects of mustard on the eyes are very painful. Use of local
analgesics may increase corneal damage and are not recommended. Systemic analgesics
may therefore be required. The use of cycloplegics can provide significant symptomatic relief

2 In a review of casualties from the Iran-Iraq conflict, it appeared that the healing process and the final
outcome were more dependent on the severity of the initial lesion than on the treatment applied. Overall,
superficial lesions heal in 14-21 days while deep lesions may be expected to heal in up to 60 days.
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due to ciliary muscle relaxation and pupil dilation. However, care should be taken to prevent
sudden exposure to bright lights including sunshine due to the lack of a pupillary response.
Topical eye ointment may also provide relief as well as being part of ongoing treatment and
prevents the eyelids from sticking together. Do not cover the eyes with a bandage, but if
necessary protect them with dark or opaque goggles especially in bright light, and dusty or
windy conditions.

3. Infection prevention. Secondary infection is a serious complication and increases the
amount of corneal scarring. In order to prevent infection, treat with an appropriate broad-
spectrum topical antibiotics. When the lesion proves more serious (e.g. blistering of the eyelids,
blepharospasm) continuing antibiotic application will be required usually as an ointment (i.e.
chloramphenicol eye ointment) and also provides symptom relief and promotes healing.

4, Healing promotion. If the eyelids can be separated without too much pain, examine the
cornea for possible lesions with fluorescein followed by lavage. Uptake of fluorescein as a
green spot indicates a lesion, which, when severe should be referred or discussed with an
ophthalmologist as soon as possible. Patients with corneal lesions should receive mydriatics
to prevent adhesions between the iris and cornea. In the case of secretions accumulating, the
eyes may be irrigated gently with a sterile saline solution and antibiotic ointment may be
reapplied.

5. Psychological support. Special mention should be made of the psychological effects of
eye lesions, even of a mild degree. Severe injuries will cause oedema of the lids, photophobia
and blepharospasm which obstruct vision. This will alarm patients and to reassure them, the
lids may be gently forced open to assure them that they are not blind.

6. Prognosis. Most eye lesions are resolved within 14 days of exposure.
20.4.8. TREATMENT OF RESPIRATORY TRACT LESIONS

1. The main principles for the management of the sulphur mustard respiratory tract effects
are:

a. Symptomatic relief.

b. Infection prevention and management.
c. Airway management.

d. Ventilatory support.

2. Symptomatic relief. For mild respiratory tract injury, including hoarseness and sore
throat, no specific treatment is required other than symptomatic. A persistent cough may also
require symptomatic relief including bronchodilators and cough suppressants, and
consideration of anti-reflux treatment. Cough suppressents, such as codeine or equivalent,
should however be used with caution. Upper airway symptoms from laryngitis and tracheitis
may be managed symptomatically with topical medication, steam or humidified air / nebulisers.

3. Infection prevention and management. Following a suspected moderate or severe
respiratory tract injury, admission to hospital is recommended and the patient monitored for
any airway or respiratory compromise including infection. If a bacterial pneumonia is
suspected, isolation of the specific organisms followed by antibiotic sensitivity assays should
be performed. Appropriate antibiotic therapy should be based on clinical features, suspected
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pathogens as well as taking into consideration any additional features such as
immunosuppression.

4, Airway management. In cases of severe inhalational exposure, effects on the airway
should be suspected. Sulphur mustard can cause pseudomembrane formation that may
require repetitive broncho-alveolar lavage. Early symptoms may require further investigation
including visualisation of the respiratory tract and where there is a high suspection of airway
compromise pre-emptive airway management that includes intubation or surgical airway.® Due
to further swelling, any airway equipment such as an endotracheal tude should remain uncut.

5. Ventilatory support. Follow a severe skin or inhalational sulphur mustard exposure,
respiratory compromise should be anticipated. This may be due to the direct or indirect effects
on the respiratory tract and lungs due to pulmonary oedema and ARDS. Chest imaging as well
as other assessment of respiratory function should be considered. In deteriorating cares,
ventilatior support will be required and ventilatory strategies are described in Chapter 7.

6. Prognosis. The time course for complete recovery is difficult to define and some of the
complications are described below.

20.4.9. TREATMENT OF SYSTEMIC EFFECTS

Every effort should be made to maintain adequate metabolic status and to replace loss of fluids
and electrolytes. Infection should be treated promptly and vigorously. The use of colony
stimulating factors should be considered to shorten the duration of leucopenia.

20.4.10. LONG TERM EFFECTS AND FOLLOW UP
1. The long term effects of sulphur mustard may be divided into three groups:

a. Personnel exposed to mustard agents may experience prolonged psychological
manifestations including chronic depression, loss of libido and anxiety. This may be a
direct effect of the agent or a reactive disorder associated with PTSD.

b. Local effects of sulphur mustard exposure may include:
(1) Visual impairment (permanent blindness is extremely rare).
(2) Scarring of the skin with hyper/hypopigmentation.

(3) Chronic obstructive airways disease, including bronchiolitis obliterans, chronic
bronchitis, emphysema and reactive airways disease.

(4) Bronchial stenosis.
(5) Gastrointestinal stenosis with dyspepsia after ingestion of agent.
(6) Increased sensitivity to sulphur mustard.

c. Sulphur mustard is a known carcinogen. A follow up study of American soldiers
exposed to sulphur mustard during WW1 revealed an increased incidence of lung
cancer (and chronic bronchitis) as compared with soldiers who had sustained other

3 A surgical airway should be considered early before severe ulceration and pseudomembrane formation
due to the risk of false tracts and failure.
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injuries. A study of British workers involved in the production of sulphur mustard during
WW?2 revealed no increase in deaths due to cancer amongst those who had died since
1945, but an increase in the prevalence of laryngeal carcinoma amongst those still alive.
As some solid tumours take 20 years or more to develop, recent uses of mustard may
not have disclosed their long term sequelae yet.

20.5. ARSENICALS - LEWISITE

1. The arsines possessing the —AsCl, group have both local vesicant and lethal systemic
properties. Lewisite (2-chlorovinyl-dichloroarsine) is the best known but also includes
ethyldichlorarsine. Lewisite was initially developed in the US during the final stages of WW1,
but was not used on the battlefield.

2. Physical properties. In a pure form, Lewisite is a colourless and odourless liquid, but
usually contains small amounts of impurities that give it a brownish colour and an odour
resembling geranium oil. It is heavier than sulphur mustard, poorly soluble in water but soluble
in organic solvents.

3. Chemical properties. Lewsite in contact with water is hydrolysed at an appreciable rate,
forming an oxide that is also a vesicant. In contact with strong alkalis Lewisite is decomposed
to non-vesicant products. Oxidizing agents (e.g., hypochlorite, peroxide and nitric oxide)
oxidise Lewisite to 2-chloroethenylarsonic acid which is physiologically inactive.

4, Detection. The detection of Lewisite is facilitated by the fact that it forms coloured
products with many reagents. Colorimetric gas detector tubes are available which react with
organic arsenicals.

20.5.1. MECHANISM OF ACTION

Due to its physical and chemical properties, Lewisite can easily penetrate the skin, where it
exerts its vesicant action. It can spread through the whole body and act as an arsenical poison.
It has been shown that Lewisite inhibits a great number of enzymes rich in SH-groups. Lipoic
acid is an essential part of the pyruvate dehydrogenase system, acting as a co-enzyme in the
formation of acetyl-CoA from pyruvate. Lewisite is thought to interact with lipoic acid to form a
cyclic compound, thereby interfering with energy production within the cells. Inhibition of the
pyruvate dehydrogenase system is a property common to all trivalent arsenic compounds
causing multiple systemic effects.

20.5.2. MEDICAL EFFECTS

1. Eyes. Liquid arsenical vesicants cause severe damage to the eye. On contact, pain and
blepharospasm occurs instantly. Oedema of the conjunctivae and lids follow rapidly and close
the eye within an hour. Inflammation of the iris usually is evident by this time. After a few hours,
the oedema of the lids begins to subside, while haziness of the cornea develops and iritis
increases. The corneal injury, which varies with the severity of the exposure, may heal without
residual effects, induce pannus formation or progress to massive necrosis. The iritis may
subside without permanent impairment of vision, if the exposure was mild. After heavy
exposure, hypopyon may ensue, terminating in necrosis, depigmentation of the iris and
synechia formation. Liquid arsenical vesicants instantly produce a grey scarring of the cornea,
like an acid burn, at the point of contact. Necrosis and separation of both bulbar and palpebral
conjunctivae may follow very heavy exposure. All injured eyes are susceptible to secondary
infection. Mild conjunctivitis due to arsenical vesicants heals in a few days without specific
treatment. Severe exposure may cause permanent injury or blindness.
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2. Skin. Liquid arsenical vesicants produce more severe lesions of the skin than liquid
mustard. There is full thickness injury to the skin and burns may penetrate to connective tissue
and muscle and cause greater vascular damage and more severe inflammatory reaction than
in sulphur mustard burns. In large, deep, arsenical vesicant burns, there may be considerable
necrosis of tissue and gangrene. Despite the overall severity of these skin lesions the
spontaneous rate of healing is considerably faster than that of comparable sulphur mustard
burns. Exposure of the skin is followed shortly by erythema, then by blistering which tends to
cover the entire area of erythema. The surrounding halo of erythema is less noticeable than
with sulphur mustard blisters, although the two are often indistinguishable. The yellowish blister
fluid is slightly more opaque due to the presence of more inflammatory cells.

Note. It has been shown that blister fluid contains hydrolysis products which may present a
further vesicant risk to the patient if this blister fluid remains in contact with normal skin.
Standard clinical protective measures should prevent injury to health care providers when
dealing with these patients.

3. Pain. Stinging pain may be felt in 10 to 20 seconds after contact with liquid arsenical
vesicants. The pain increases in severity with penetration and in a few minutes becomes a
deep, aching pain. Pain on contact with liquid arsenical vesicants usually gives sufficient
warning so that decontamination may be begun promptly and deep burns thus avoided in
conscious victims. After about 5 minutes of contact, there appears a grey area of dead
epithelium resembling that seen in corrosive burns. Erythema is like that caused by sulphur
mustard but is accompanied by more pain. ltching and irritation persist for only about 24 hours
whether or not a blister develops. Blisters are often well developed in 12 hours and are painful
at first, in contrast to the relatively painless sulphur mustard blister. After 48 to 72 hours, the
pain lessens.

4, Respiratory tract. The vapours of arsenical vesicants are so irritating to the respiratory
tract that conscious casualties will immediately put on a respirator to avoid the vapour. No
severe respiratory injuries are likely to occur except among the wounded who cannot put on
their respirator and those without respiratory protection. The respiratory lesions are similar to
those produced by sulphur mustard except that in the most severe cases, pulmonary oedema
may be accompanied by pleural effusion.

5. Systemic effects. Liquid arsenical vesicants on the skin, as well as inhaled vapour, are
absorbed and may cause systemic poisoning. A manifestation of this is a change in capillary
permeability, which permits loss of sufficient fluid from the bloodstream to cause
haemoconcentration, shock and death. In non-fatal cases, haemolysis has occurred with a
resultant haemolytic anaemia. The excretion of oxidised products into the bile by the liver
produces focal necrosis of that organ, necrosis of the mucosa of the biliary passages with peri-
biliary haemorrhages and some injury of the intestinal mucosa. Acute systemic poisoning from
large skin burns causes pulmonary oedema, diarrhoea, restlessness, weakness, subnormal
temperature and hypotension. Some symptoms associated with arsenic poisoning, such as
nephritis with proteinuria and neuropathy may occur.

20.5.3. FIRST AID

First aid is the same as for sulphur mustard agent although decontamination of skin will be
precipitated by immediate symptoms. There is ho immediate systemic therapy for first aid
providers. Topical eye ointment should ideally be applied as soon as possible to reduce the
effects of exposure. Because of the shorter latent period, airway and breathing symptoms
including hoarse voice, difficulty in swallowing and shortness of breath may present more early.
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20.5.4. TRIAGE

The triage of Lewisite casualties include criteria for early antidote treatment or serious local
effects to the eyes as well as the supportive criteria used for sulphur mustard.

20.5.5. EMERGENCY MEDICAL TREATMENT

1. EMT in the early stages following arsenical exposure may require treatment due to the
short onset and potentially lethal effects. Systemic effects may include airway, breathing and
circulatory complications requiring fluid replacement, early advanced airway management and
respiratory support at hospital due to pulmonary effects.

2. The skin lesions may be very painful and analgesia may allow more rapid
decontamination and medical evacuation. Symptomatic treatment may be required for eye pain
including the application of dimercaprol eye ointment (see below), where available.

3. Casualties with early systemic features associated with local effects including
hypotension (unresponsive to fluid resuscitation) or peripheral oedema should be considered
for early chelation therapy. In the pre-hospital environment, this may require intramuscular
dimercaprol (see below).

20.5.6. CASUALTY DECONTAMINATION

Casualty decontamination follows the same principles as for sulphur mustard with the
exception of the availability of topical antidote for the eyes (see below).

20.5.7. TREATMENT OF LEWISITE EXPOSURE

1. Supportive therapy. The systemic effects of Lewisite will cause severe and life-
threatening organ dysfunction and failure. These include hypotension due to distributive shock
and fluid loss and respiratory failure due to local and systemic effects. The airway may also be
compromised if Lewisite was inhaled. Maintenance of metabolic status and replacement of
fluids and electrolytes is important, particularly in the case of hypovolaemic shock complicating
severe exposure. The specific haematological hepatic and renal effects arising from systemic
poisoning by arsenical compounds such as Lewisite may require specialist and, possibly
intensive, medical management. Renal failure should be anticipated and will require renal
replacement therapy, this is unlikely to be immediately available in a deployed field hospital
and may require STRAT MEDEVAC or a deployed renal capability. The following indications
are given as a guide for the use of systemic antidote treatment:

a. Cough with dyspnoea and frothy sputum, which may be blood tinged and other signs
of pulmonary oedema.

b. Skin burn the size of the palm of the hand or larger, caused by a liquid arsenical
blister agent which was not decontaminated within the first 15 minutes.

c. Skin contamination by a liquid arsenical vesicant covering 5% or more of the body
surface, in which there is evidence of immediate skin damage (grey or dead-white
blanching of the skin), or in which erythema develops over the area within 30 minutes.

2.  Antidote therapy. The toxicity of Lewisite and other arsenicals is due to the heavy metal
arsenic. The chemical properties of this element can be exploited and elimination from the
body can be achieved by the use of chelating agents. Chelating agents available include:
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a. Dimercaprol (also known as British Anti-Lewisite (BAL)).
b. Dimercaptosuccinic acid (DMSA) (also known as Succimer, ‘Chemet’).
c. 2,3-Dimercapto-1-propanesulfonic acid (DMPS) (also known as Unithiol, DIMAVAL).

3. While dimercaprol is the traditional antidote in many nations. The latter two antidotes
have fewer side effects than BAL without loss in efficacy. DMSA is available as an oral
preparation. DMPS is available in injectable and oral formulations. Where BAL may be given
during the initial stages of therapy, the patient should then be converted to oral therapy.

Note. DMPS and BAL should not be used for acute arsine poisoning.
20.5.8. DIMERCAPROL (BAL)

1. Mechanism of action. Dimercaprol is a yellow viscous liquid usually in peanut oil. It can
combine with arsenic forming a water soluble complex that can be excreted. With arsenicals,
the complex formed possesses a pentagon with two carbon atoms, two sulphur atoms and one
arsenic atom at the corners. This is the same mechanism by which Lewisite blocks two
adjacent SH groups of pyruvate dehydrogenase system. The therapeutic action of dimercaprol
can thus be explained by the law of mass action. Dimercaprol provides a great nhumber of
adjacent SH groups that displace the arsenic bound to the target enzymes. The enzymes are
reactivated and can resume their normal biological activity.

Note: Dimercaprol is formulated in peanut oil and as such should not be given to patients with
nut allergies.

2. Dosage. The usual dosage of BAL is as follows. 3 mg/kg intramuscularly repeated every
4 hours for 2 days and then every 12 hours for 7-10 days. Administration must be by deep
intramuscular injection with special attention being given to aseptic technique. In the most
severe and life-threatening cases, an initial dose of 5mg/kg could be considered but with a
higher association with side effects.*

3.  Side effects. BAL injections are painful and may result in tissue necrosis at the injection
site. Dimercaprol when given by injection may produce significant reactions especially above
3mg/kg. The effects usually last less than one hour and include:

a. Increased systolic and diastolic pressure.
b. Tachycardia.

c. Nausea and vomiting.

d. Headache.

e. Burning sensation of lips.

f. Feeling of constriction of the chest.

g. Conjunctivitis.

4 Dosing regimens will vary between nations. Early transfer to other intravenous agents or oral
medication (DMSA) is recommended once the patient is able to swallow and gastrointestinal effects
have settled.
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h. Lachrymation.

i. Rhinorrhoea.

j.  Sweating.

k. Anxiety and unrest.

4, Dimercaprol eye ointment. Dimercaprol eye ointment may diminish the effects of Lewisite
if applied within 2-5 minutes of exposure. In severe cases, the systemic use of morphine may
be necessary for control of pain. When the conjunctival oedema subsides enough to permit
ophthalmic examination, the cornea should be stained with fluorescein to detect erosions and
the iris should be examined for iritis. Mydriatics should be instilled in all cases with corneal
erosions, iritis or with marked photophobia or painful miosis. Antibiotics may be used to combat
infection. Sterile petroleum jelly applied to the lid margins will help prevent their sticking
together. Irrigations of the eye should be copious, employing isotonic solutions. Occlusive
dressings or pressure on the globe must be avoided.

5.  Skin treatment. Dimercaprol ointment may be applied to skin exposed to Lewisite before
actual blistering has begun, but application after this time may be of little use. BAL ointment is
spread on the skin in a thin film and allowed to remain at least 5 minutes. Occasionally, BAL
ointment causes stinging, itching or urticarial wheals. This condition lasts about an hour and
should not cause alarm. Mild dermatitis may occur if BAL ointment is frequently applied on the
same area of skin; hence, this property precludes its use as a protective ointment. Dimercaprol
is chemically incompatible with silver sulphadiazine and the two should not be used together.

20.5.9. DIMERCAPTOSUCCINIC ACID (DMSA / SUCCIMER)

1. Mechanism of action. DMSA is an oral chelating agent and analogue of dimercaprol and
is usually used for lead chelation especially in children.

Note: The use for arsenic poisoning has not been confirmed due to lack of data.

2. Dosage. The administration is based on a daily dose of 10mg/kg (or 500mg) usually
administered as 100mg tablets given every eight hours for the first 5 days followed by every
twelve hours for two weeks.

3. Side effects. Side effects include nausea, vomiting, decreased appetite, diarrhoea,
metallic taste in the mouth, drowsiness, dizziness, watering eyes, or headache as well as
allergic reaction, skin rash and mouth sores.

20.5.10. 2.3-DIMERCAPTO-1-PROPANESULFONIC ACID (DMPS / UNITHIOL)

DMPS is a chelating agent available in intravenous and oral form. It is a water soluble analogue
of BAL and similar pharmacokinetics and side effects profile as DMSA. There are a number of
dosing regimens and national guidelines should be consulted.

20.5.11. PROGNOSIS

The long term effects of exposure to Lewisite are unknown but systemic effects can be
extrapolated from acute arsenic poisoning. Even if the patient survives the acute effects, the
prognosis must be guarded for several weeks and may need critical care and organ support.
The treatment of the erythema, blisters and denuded areas is identical with that for similar
sulphur mustard lesions. A severe full thickness burn involving a large surface area is similar
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to a thermal injury and must be managed by intravenous fluid replacement to correct potential
hypovolaemic shock. Morphine and splinting of the affected parts may be necessary to relieve
pain. Lewisite burns may be deeper and more severe than those seen with sulphur mustard
and may require long term plastic surgery follow up. Eye injuries may lead to permanent
blindness and urgent ophthalmology follow-up is highly recommended.

20.6. HALOGENATED OXIMES - PHOSGENE OXIME

1. The urticarial properties of the halogenated oximes were discovered long before WW2.
The most commonly known in this series is phosgene oxime (CX) (CCl.-NOH).

Note: Phosgene oxime should not be confused with either the pulmonary agent phosgene or
the oxime group of AChE-reactivators.

2. Physical properties. Phosgene oxime is a white crystalline powder. It melts between 39-
40°C, and boils at 129°C. By the addition of certain compounds it is possible to liquefy
phosgene oxime at room temperature. It is fairly soluble in water and in organic solvents. In
agueous solution phosgene oxime is hydrolysed fairly rapidly, especially in the presence of
alkali. It has a high vapour pressure, and its odour is very unpleasant and irritating. Even as a
dry solid, phosgene oxime decomposes spontaneously and has to be stored at low
temperatures.

3. Mechanism of action. The exact mode of action is not known.

4, Clinical effects. The characteristic sighs and symptoms of phosgene oxime exposure
may suggest its use. There is no clinical experience with casualties arising from this agent
and hence accurate prognosis is uncertain.

a. Low concentration exposure. Phosgene oxime severely irritates the eyes and
respiratory tract possible due to interaction with moist tissues.

b. High concentration exposure:

(1) Skin. Skin effects are seen with high concentrations. The action on the skin is
immediate: phosgene oxime provokes irritation resembling that caused by a stinging
nettle. A few milligrams cause intense pain which radiates from the point of
application, within a minute the affected area turns white and is surrounded by a zone
of erythema which resembles a wagon wheel in appearance. In 1 hour, the area
becomes swollen and within 24 hours the lesion turns yellow and blisters appear.
Some days later the area shows desquamation with necrosis of the skin followed by
crust formation and a purulent discharge or necrotising wound.

(2) Eyes. At high concentrations, phosgene oxime causes corneal lesions and
blindness.

(3) Lungs. Phosgene oxime may also act as a pulmonary agent.
c. Systemic toxicity has been described from parenteral absorption.
20.6.1. CASUALTY DECONTAMINATION

Chemical inactivation using alkalis is effective, whereas chlorination is ineffective against
phosgene oxime. The eyes should be flushed immediately using water or isotonic sodium
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bicarbonate solution if available. Physical removal of the agent should be carried out as soon
as possible.

20.6.2. GENERAL TREATMENT

There is no antidote available. Treat as any other ulcerated necrotic skin lesion (e.g., thermal
burn) with due consideration of other supportive measures as well as anti-urticarials. Systemic
analgesia may be required. Pulmonary oedema should be treated appropriately.
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SULPHUR MUSTARD AGENTS

Yellow to brown liquid. Smell of garlic or horseradish.
MECHANISM OF ACTION

Sulphur mustard and the nitrogen mustards are alkylating blistering agents causing damage to DNA and other
biological molecules resulting in cell damage and death. The effects of sulphur mustard is most prominent at the
point of exposure with rapid absorption. Symptoms are delayed (12-24 hours) but the onset time is related to the
concentration, duration of exposure and type of skin and moisture.
Progression of symptoms:

Eye irritation (3-6 hours) » Skin erythema (6-24 hours) » Blistering (12-48 hours)

QUICK LOOK (CRESS)
Conscious Respiration Eyes Secretions Skin Other
. Inflamed
Normal Normal odr Inflamed Nor.mal or md|IdIy (reddened) — Ill)e!aytlad 0ns|e L
increase increase Blisters relatively painless

SELF / FIRST AID CASUALTY DECONTAMINATION
Immediate pain - consider Lewisite or caustic agent (acid / alkali) Liquid and vapour hazard.
Delayed redness (6-12 hours) — consider sulphur mustard Decontamination as soon as possible.
Remove from scene and immediate decontamination drills Use of adsorbents and/or active

Monitor exposed area for redness / irritation, especially eyes / airway | decontaminants.
Report any difficulty with breathing or swallowing, incl hoarse voice or

cough
TRIAGE CATEGORIES
T1 (Severe) T2 (Moderate) T3 (Mild)
Airway compromise, Not walking. Burn surface area Walking.
respiratory distress, hypotension, (sulphur mustard 10-25%), airway Erythema. Eye pain.
> 25% BSA. irritation, hoarse voice, cough; eye pain
AND reddening.
EMERGENCY MEDICAL TREATMENT

Supportive management: MedCM / Antidotes:
Airway: Airway manoeuvres, suction (late indication). There are no specific MedCM for sulphur /

Breathing: Oxygen, if hypoxia (late indication). Bronchodilators.  nitrogen mustard.

Circulation: Consider fluid therapy, if fluid loss due to blisters

(unlikely in first 24 hours).

General: Analgesia

Eyes: Consider cycloplegics or mydriatics if eye pain or

blepharospasm. Avoid bright light.

Clinical Blister fluid, blood, tissue and urine for sulphur / nitrogen mustard, hydrolysis products and
Investigations: | DNA/protein adducts.

ADDITIONAL INFORMATION
Eye symptoms and especially temporary blindness will have a significant psychological impact and patients
should be reassured of a good prognosis in most cases.
The management of blisters and bullae is controversial and early de-roofing under aseptic conditions should be
considered if risk of trauma to blister. The blister fluid is not toxic but is a biohazard.
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LEWISITE (ARSENICALS)

Yellow to brown liquid. Smell of geraniums.
MECHANISM OF ACTION

Toxic effects are due to the presence of —AsCl, group including systemic arsenic poisoning. The mechanism is
due to the interference of pyruvate dehydrogenase and cellular energy production. This leads to multiple systemic
effects including local tissue necrosis (skin, eye, mucosa and respiratory tract), increase in capillary permeability,
distributive hypovolemic shock, haemolysis, pulmonary oedema, nephritic and polyneuropathy.

Skin effects are immediate with pain followed by erythema and tissue necrosis.

QUICK LOOK (CRESS)
Conscious Respiration Eyes Secretions Skin Other

Early pain and
erythema, silvery,
grey lesions

Increase . , Normal or mildly
Normal (if inspired) Painful, inflamed increased

Systemic features
(see above)

SELF / FIRST AID CASUALTY DECONTAMINATION
Immediate decontamination Liquid and vapour hazard.
Remove from scene Decontamination as soon as
Remove any clothing with gross liquid decontamination possible.
Monitor for local lesions and suggestion of systemic absorption Use of adsorbents and/or active
No immediate first aid treatment decontaminants.
Seek immediate medical care

TRIAGE CATEGORIES

T1 (Severe) T2 (Moderate) T3 (Mild)
Respiratory distress. Not walking. Airway irritation, hoarse | Walking.
Cough (zblood). Blistering. voice, cough; eye pain AND reddening. | Reddened skin, eye pain.
Signs of systemic toxicity or organ
failure. Erythema > 5%

EMERGENCY MEDICAL TREATMENT
Supportive management: MedCM / Antidotes:
Airway: Airway manoeuvres, suction (late Dimercaprol (British Anti-Lewisite). 3mg/kg i.m. every 4
indication). hours for first 2 days, then 12 hours for next 10 days.
Breathing: Oxygen, if hypoxia. Bronchodilators. Note. Beware of allergies as in peanut oil.
Circulation: Consider fluid therapy, if fluid loss due ~ Alternatives: Succimer (DMSA) 10mg/kg initially, Unithiol
to blisters (unlikely in first 24 hours). (DMPS) may also be available.
Analgesia. Indications:
Eyes: Consider topical BAL, cycloplegics or Cough, pulmonary oedema, respiratory distress.
mydriatics if eye pain or blepharospasm. Avoid Skin burn or erythema >5%. Systemic features.
bright light.
Clinical Blister fluid (may contain arsenic); blood arsenic levels; urine. Full blood count.
Investigations: | Chest radiograph, venous (arterial) blood gas, lactate, renal and liver baseline.

ADDITIONAL INFORMATION
Initial management should not be delayed and may require parenteral administration.
Seek early toxicological advice due to complex chelating therapy and adverse drug reactions with dimercaprol.
Early conversion to safer oral agents is recommended, although limited evidence for oral administration.
Warning: Blister fluid may contain arsenic.
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~ PHOSGENE OXIME (HALO