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ABSTRACT 

Major incidents are characterised by a mismatch between the immediate needs of patients and the 

resources available to treat them.  In the UK, man-made major incidents comprising blast and 

penetrating trauma have occurred with increasing frequency in recent years and continue to 

constitute the greatest threat to national security (Chapter 1).  Triage tools have a crucial role in 

ensuring that finite healthcare resources are allocated to maximise overall survival.  Existing tools 

have largely been developed based on expert opinion and implemented without formal validation.  

A major challenge in furthering the science of major incident management is the lack of consensus 

and standardisation of end-points which best define Priority 1 (P1) status and other triage 

categories.   

In this thesis, the literature surrounding major incident triage was reviewed and modern, evidence-

based definitions of triage categories were validated amongst adults and children from the UK 

national trauma registry (Chapters 1 and 2).  This system developed by Lerner et al defined P1 

patients as those requiring any one of eight time-critical life-saving surgical and major resuscitative 

interventions, directly reflecting patient resource requirements, and correlates well with casualty 

distribution within UK regionalised systems of trauma care.  Hence it is recommended that Lerner’s 

criteria should become the gold standard in reporting triage tool performance in future UK major 

incidents. 

These intervention-based triage category definitions were compared with the triage category 

assignments of ten existing international triage tools.  This comparative analysis demonstrated that 

the current UK national triage tool, the NARU Triage Sieve, is poorly sensitive in identifying P1 

patients who require time-critical, life-saving interventions, and was surpassed in sensitivity by 

several tools, the best of which was the UK military’s BCD Triage Sieve (Chapter 2, publication 

number 1).  Similarly, in children from the national trauma registry, the current UK tools, the 

Paediatric Triage Sieve and JumpSTART, demonstrated suboptimal performance and were 



 
 

substantially outperformed by several tools, with the BCD Triage Sieve again demonstrating the 

greatest sensitivity (Chapter 2, publication number 2).  This has directly informed national policy, 

resulting in the removal of previous existing tools and a recommendation for the NHS Major Incident 

Triage Tool (MITT), the civilian adaptation of the BCD Triage Sieve, to become a single tool for NHS 

first responders to apply to all adults and children in future UK major incidents.   

Subsequently, using tree-based machine learning methodology, a novel primary triage tool, Quick 

Triage, as well as a secondary triage tool that is applicable via a portable device, have been 

developed (Chapter 3).  Both tools outperform the BCD Triage Sieve amongst TARN patients, with 

reduced associated over-triage rates.  The app-based secondary triage tool has withstood external 

validation amongst injured patients from the UK military’s Joint Theatre Trauma Registry (JTTR); 

however, a paucity of pre-hospital data precluded external validation of Quick Triage amongst JTTR 

patients, necessitating further work.  Quick Triage has balanced, favourable performance amongst 

adults, children and elders with blunt and penetrating trauma from the UK national trauma registry, 

with lower over-triage rates than the NHS MITT (Chapter 4).  This offers the possibility of a single 

tool for use amongst patients of all ages by all NHS and non-NHS first responders, allowing complete 

interchangeability, simplification of the prehospital triage process and likely more rapid and accurate 

triage of major incident casualties in future UK and international major incidents.   
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CHAPTER ONE: GENERAL INTRODUCTION 
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What is a major incident? 

 

A major incident can be defined as “an event or situation with a range of serious consequences 

which requires special arrangements to be implemented by one or more emergency responder 

agency1.”  The characteristic feature of a major incident is that resources are outstripped by the 

immediate needs of the community2.  The challenge to responders lies in how best to allocate finite 

resources.  From a healthcare perspective, the National Health Service (NHS) defines a major 

incident as any emergency that requires the implementation of special arrangements by one or 

more of the Emergency Services, the NHS or local Authority for the initial treatment, rescue and 

transport of a large number of casualties3.  Whilst the term “major incident” is commonly used in the 

UK, from a healthcare perspective, it is synonymous with the term “mass casualty,” which describes 

any situation in which emergency medical services resources, such as personnel and equipment, are 

overwhelmed by the number and/or severity of casualties2,4.   

The management of casualties is one important aspect of major incident management5.  According 

to the Major incident Medical Management and Support (MIMMS) paradigm, which has guided 

major incident practices across the UK and much of the Commonwealth for the last three decades, 

the management of a major incident involves several steps including detection of a major incident, 

incident command, ensuring scene security and safety, assessing hazards, support, triage and 

treatment of casualties, evacuation and recovery from the major incident5.  Prior preparation, 

recognition of risks at a community level and the coordination and interoperability of multiple 

agencies are crucial to the successful management of a major incident1,2,5.     

Triage is one aspect of major incident management.  The term triage refers to the assessment of 

casualties and the assignment of priority on the basis of clinical need.  This assignment of priority 

facilitates onward transfer and treatment of casualties in a manner that will provide the “greatest 

good to the greatest number5.”  This differs from the treatment of casualties outside of a major 
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incident, in which resources are not constrained and the best possible treatment and timely transfer 

can be offered to individual patients to maximise their chances of a favourable outcome following 

injury.  There are no simple means by which critically ill or injured patients can be identified at the 

scene of a disaster and this is where triage can make its greatest impact when faced with a large the 

number of victims6.  In fact, the outcome of victims assigned the highest triage category is 

considered to be a good indicator of the effectiveness of medical care following a major incident7.   

First responders are required to perform triage under challenging circumstances, including harsh 

environmental conditions and often, an ongoing threat, for example the risk of building collapse 

following fires or explosions, or the possibility of multiple or co-ordinated terrorist attacks8,9.  

Practitioners need to retain situational awareness to ensure their own safety as well as the safety of 

patients8,10.  As such, practical factors such as ease and simplicity, time taken to apply the tool and 

the degree to which the results are reproducible are important factors to consider in the design of 

triage tools11. 

The history of triage and contemporary major incident triage categories 

 

The concept of major incident triage, as with many aspects of trauma care, has largely evolved 

through wars12.  Historically, when multiple individuals were injured in a Western military setting, 

casualties were treated in the order of military rank and the order in which they arrived at a 

treatment facility, irrespective of the nature or severity of injuries.  During the Napoleonic Wars in 

the late 18th century, Baron Dominique Jean Larrey (1776-1852) served as French surgeon in 

Napoleon's Grande Armée12.  Larrey made some important observations which gave rise to the 

concept of triage as we know it now.  Larrey observed that military casualties could be divided into 

three broad categories, as summarised in the table below12. 

Table 1: Larrey’s classification of combat casualties  
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Larrey’s division of combat casualties into three categories (Napoleonic wars, 18th century) 

1.  Likely to survive, regardless of care 

2.  Likely to die, regardless of care 

3.  Immediate care would make a positive difference 

 

On this basis, he recommended that casualties should no longer be treated in the order of rank but 

instead, by clinical need.  Larrey ordered the adaptation of horse-drawn artillery carriages into 

ambulance volantes or “flying ambulances” for the immediate transfer of those patients in whom 

immediate care was likely to make a positive difference.  These “flying ambulances” were the 

predecessor of the modern field ambulance.  Prior to transfer, casualties were sorted to identify 

those in need of immediate care – hence the term “triage” was applied, from the French word 

“trier” (to sort).  Larrey is also famous for advocating early amputation following battlefield limb 

injuries, in order to prevent death from bleeding or sepsis, which occurred hours or weeks later12.  

He also pressed for hospitals to be located as close to the battlefield as possible, indeed in 

contemporary military practice this has translated into Field Hospitals with the delivery of Damage 

Control Resuscitation and Surgery prior to rearward evacuation for definitive care13,14.   

In the contemporary major incident setting, Larrey’s three triage categories have been adapted over 

time into five categories, to ensure that constrained medical resources are directed at achieving the 

greatest good for the most number of people5.  There are differences in the terminology used across 

different countries and organisation, however approximate equivalence is noted in line with Larrey’s 

observations, as summarised in the table below11: 

Table 2: Contemporary classification of casualties in a major incidents 

Terminology for each triage category (approximate 
equivalence) 

Description 

Priority 1,  Immediate/red, T1 Immediate transfer, immediate medical care 

Priority 2, Delayed/yellow, T2 Urgent or delayed transfer, urgent medical care 

Priority 3, Minor/green, T3 Non-urgent, “walking wounded” 

Priority 4/Expectant (blue) T-hold Casualty who is expected to die 

Dead, (white/black) Casualty with no signs of life 

Ledger:  Common UK, US-based (including coloured tags) and NATO terminology is shown, 
respectively.   The Australian CareFlight system assigns Minor, Immediate, Delayed and 
Unsalvageable categories.   
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In the context of a major incident, health care providers cannot deliver the highest standard of care 

to every injured individual and must instead use available resources to deliver the greatest good to 

the greatest number2.  As such, casualties are assigned triage categories which reflect the urgency 

with which they should be transferred to a medical treatment facility and receive treatment1.  

According to the Major Incident Medical Management and Support (MIMMS) employed in the UK 

civil and military environment, a Priority 1 (P1) casualty is one who requires “immediate life saving 

treatment5.”  Differentiation between P1 and P2 casualties remains the greatest challenge of major 

incident triage10.  The P3 or Minor category is often assigned to patients who are ambulatory (the so-

called “walking wounded” category11, however, evidence suggests that as many as one in five 

ambulatory patients in the major incident setting have significant underlying injuries15.  Assignment 

of the Priority 4 (P4), also known as Expectant, category is the most contentious and ethically 

challenging category for healthcare practitioners1,5.  This denotes a casualty who cannot survive 

despite treatment or for whom the degree of intervention required is such that in the current 

circumstances, their treatment would seriously compromise the provision of treatment for others.  

Several triage systems use the assignment “Dead” for those casualties who are not breathing despite 

manoeuvres to open their airway11.     

In measuring the accuracy of triage systems, studies may look at the overall accuracy of triage 

category assignments16,17.  However, more commonly, studies have focussed on measuring the 

ability of triage tools to detect the Priority 1 category, as it is these patients who are at greatest risk 

of adverse outcome if assigned an incorrect triage category18-21.  It is widely accepted that correct 

identification of Priority 1 casualties is the most critical function of triage tools, in order to maximise 

overall survival9.  Incorrect triage may fail to identify patients in need of urgent intervention (under-

triage): in the case of critically ill individuals, there is an absolute harm associated with delays in care 

or onward transfer to an inappropriate facility for definitive care2,9,22,23.  However, its inverse (over-

triage) risks overwhelming healthcare facilities with patients who do not require time-critical 

treatment.  Frykberg demonstrated a direct link between overtriage and mortality24.  Currently, no 
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national or international standards have been defined to guide or govern the performance of triage 

tools when applied in the major incident setting.  By comparison, the American College of Surgeons’ 

Committee on Trauma sets a standard for the pre-hospital triage of patients outside of a major 

incident setting, considering a 5% under-triage rate and 20% over-triage rate acceptable25.   

 

Recent UK major incidents: blast and penetrating trauma 

 

Planning for major incidents, including choice of triage tool, should cater for any eventuality i.e. have 

an “all-hazards” approach, however for any given region or nation, specific types of major incident 

occur with greater frequency2,5.  Elements of disaster planning for any region or nation, including 

choice of triage tool, must consider the prevalent mechanism of major incident during planning2.   

Historically in the UK, explosions have occurred accidentally, resulting from mining accidents and the 

storage of munitions or agricultural chemicals (e.g. ammonium nitrate)26.  In recent times, they have 

resulted from attacks using explosives27-29.  During the Troubles in Northern Ireland (1968-1998), 

violence spread to parts of mainland Britain from 1972 onwards, resulting in bomb attacks targeting 

British military personnel as well as civilian urban centres30.  Vehicle-borne bombs detonated by a 

timing device could carry a relatively large amount of explosives as a means to kill and injure people 

or incur significant economic and infrastructural damage, as seen in the 1973 Old Bailey bombing 

and in central Manchester in June 199631.  Bombs were also conveyed by parcel, or left in buildings, 

as seen in the 1974 Birmingham pub bombings, killing 21 people and leaving 182 injured30.   

However, more recently, the UK has encountered suicide bombings associated with extremist 

religious ideology29.  The first of these was the 7 July 2005 London Bombings, involving improvised 

explosive devices containing triacetone triperoxide (TATP) packed into backpacks28.  Four co-

ordinated attacks occurred targeting commuters on three underground trains, and later a bus.  This 
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left 56 dead, including the four perpetrators and injured 784 people.  The effects of these explosions 

were amplified by the enclosed nature of the underground tunnels.  The 2017 Manchester Arena 

bombing involved a single suicide bomber, who detonated a TATP-based improvised explosive 

device packed with almost 2,000 nuts as 14,000 people exited a concert venue27.  This left 23 dead 

(largely children) and over 400 injured, 116 of whom required hospitalisation.  Such events have the 

ability to rapidly overwhelm the entire trauma system and distribution of casualties must take into 

account the varying capabilities of hospitals (Major Trauma Centres, Trauma Units and Local 

Emergency Hospitals) within regionalised trauma networks29.  Emergency care providers remained 

vigilant to the threat from secondary devices and the possibility of multiple co-ordinated attacks.  In 

fact, the two blast events described account for the largest loss of life on UK soil since World War 2.   

Injuries involving firearms and mass shootings are fortunately infrequent in the UK, where access to 

firearms is strictly controlled, compared with countries such as the United States where private 

possession of automatic and semi-automatic assault weapons is permissible32.  Following the 

Hungerford massacre of 1987, in which 16 people were killed by a lone gunman armed with legally 

owned semi-automatic rifles, and the 1996 Dunblane primary school massacre in which 16 children 

and one teacher were killed, the Firearms (Amendment) Acts of 1988 and 1997 have banned the 

private possession of all cartridge ammunition handguns in the UK33.  Interpersonal violence 

involving firearms in the UK is thus fortunately infrequent, with 110 offences per 1 million 

population in 201934.  The most commonly implicated firearms are illegally owned handguns, 

imitation firearms (e.g. BB guns) and shotguns34.  Members of the public may own shotguns and 

sporting rifles, subject to licensing.   

Strong gun controls in the UK mean that bladed weapons are more commonly used than firearms in 

terror-related incidences and cases of interpersonal violence29,35.  Bladed instruments include 

anything that can be used to cut or puncture.  In recent major incidents, the use of bladed 

instruments have been combined with vehicular attacks on civilians in crowded, urban settings, as 
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seen in the 2017 Westminster attack and 2017 and 2019 London Bridge attacks29.  Attacks involving 

bladed weapons have formed a high proportion of UK major incidents in the last 15 years, however 

they are still relatively infrequent occurrences overall29.  In terms of major incident planning, 

particularly from a secondary care perspective, much can be learnt from the management of 

patients suffering knife injuries outside of a major incident.  For example, it is known that victims of 

penetrating trauma experience higher early mortality and a higher proportion of victims require 

operative intervention compared with blunt-injured patients, which has implications for major 

incident planning36.  A London-based study has demonstrated that terror-related bladed attacks 

tend to involve relatively older victims, affecting both genders equally, and victims demonstrate a 

higher injury severity with a greater likelihood of requiring surgical intervention owing to the lethal 

intent of perpetrators35. 

Less frequent mechanisms amongst UK major incidents have included burns and the use of a 

chemical nerve agent29,37.  A large residential fire in London involving the Grenfell tower block in 

2017 was responsible for claiming 72 lives (70 died at scene) and injuring a further 70 victims38.  The 

rapid spread of fire has been linked to the cladding material used, which has led to a thorough 

review of the use of building materials in new and existing residential buildings, to mitigate the risk 

of such ocurrences in future.  A major incident was declared following use of the nerve agent 

“Novichok” in Salisbury in 201837.  Major incidents relating to the use of Chemical, Biological, 

Radiological and Nuclear (CBRN) agents are fortunately a very rare occurrence in the UK and 

uncommon internationally, especially since such offences are illegal according to international 

humanitarian law, some of which are described in the Chemical Weapons Convention37.  As such, no 

official contemporary databases of healthcare data exist with which one may test the performance 

of existing triage tools amongst CBRN victims.  A recent example of the illegal use of chemical 

weapons includes the use of chlorine for hostile purposes in Syria, with an incident in 2017 

estimated to have affected several hundred individuals37.          
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Overall, in the last 15 years, man-made blast and bladed mechanisms have predominated amongst 

UK major incidents, accounting for significant mortality and morbidity29.  Hence, whilst major 

incident planning (including choice of triage tools) in the UK should cater for any eventuality, it is 

particularly important that any plans put in place are well suited to dealing with incidences involving 

blast and penetrating trauma.  As major incidents occur infrequently overall, several lessons may be 

learnt from penetrating trauma occurring outside of a major incident.   

 

Major incident triage in the UK: Current practice in the context of regionalised trauma 

systems of care 

 

With regards to major incident management in the UK, the National Ambulance Resilience Unit 

(NARU) is centrally responsible for providing a co-ordinated approach to emergency preparedness, 

resilience and enables NHS Ambulance Trusts to work together to provide a safe and reliable 

response to major, complex and potentially protracted incidents39.  NARU recommends the use of 

the NARU Triage Sieve for the primary triage of adults and the Triage Sort as the secondary triage 

tool of choice across the UK39.  The Paediatric Triage Tape (PTT) has been recommended for use 

amongst children (<12 years) for many decades, however hospital-based guidelines have recently 

recommended the use of JumpSTART for children arriving following a major incident3.  Each tool is 

described in depth, alongside other international tools, in the next section.  Overall, the Joint 

Emergency Services Interoperability Programme (JESIP) has a national role in ensuring 

interoperability between the practices and procedures of multiple agencies that may be involved in 

responding to major incidents1.   

In England, trauma remains the commonest cause of death in those under 40 years40.  Since the 

creation of a National Health Service (NHS) in 1948, emergency care has been based upon 
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ambulances transporting patients to the nearest Emergency Department, regardless of the hospital’s 

capability to provide trauma resuscitation and definitive care.  There was growing awareness that 

outcomes following trauma in England were lagging behind those achieved in other countries in 

which organised trauma systems including designated trauma centres existed23,40-42.  The NCEPOD 

2007 report “Trauma, who cares?” identified significant shortcomings in the organisation of trauma 

care in England40.  In response to this, the National Audit Office recommended the development of 

regional trauma networks in England.  In April 2012, a series of Regional Trauma Networks became 

operational, with 27 designated Major Trauma Centres (MTC) including dedicated paediatric MTCs.  

The London network started earlier in 2010.  Ambulance services are now trained and equipped with 

a trauma triage algorithm which facilitates the bypassing of local hospitals in favour of the regional 

MTC in the case of individual patients suffering severe injuries25.  MTCs receive additional 

government funding per patient by means of “Best Practice Tariff,” based on the severity of injury of 

patients43.  Other hospitals within these regions were designated Trauma Units (TU).   

In 1988, a working party at the Royal College of Surgeons recommended several changes in trauma 

management, including the need to audit and research injury and systems of care43.  This gave rise 

to the Trauma Audit and Research Network (TARN) registry, which has a central role in the quality 

assurance of care provided across regionalised trauma systems of care.  Based at the University of 

Manchester, TARN now receives clinical data from the point of injury until the rehabilitation phase 

of care from all 169 trauma receiving hospitals in the UK43.  TARN focusses heavily on patients with 

major trauma and as such, inclusion criteria are: length of stay of 72 hours or greater, the need for 

intensive care and/or death following injury43.  Notably, TARN does not include patients who die in 

the pre-hospital environment.  TARN does not include burns victims unless they have concurrent 

traumatic injuries.  TARN also excludes those with isolated pubic ramus and neck of femur fractures.  

Each trauma receiving hospital has a trained TARN co-ordinator who is responsible for the 

prospective identification of eligible patients and submission of specified data fields covering the 

incident, pre-hospital care, emergency department care, imaging, critical care, ward, discharge and 
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rehabilitation phases of care.  Analysis of TARN data has demonstrated that the regionalised, tiered 

system of trauma care, which has been in place for over ten years, has resulted in a 0.08% excess of 

survivors per quarter since inception and a 19% increase in the adjusted odds of survival from severe 

injury between 2008 to 201723.   

The major incident triage category assigned to a patient determines not only the order of treatment 

or transfer away from the scene, but also the location for the delivery of definitive care1,39.  Within 

these regionalised systems of trauma care, regional major incident casualty distribution plans 

recommend the transfer for Priority 1 casualties to Major Trauma Centres, Priority 2 casualties to 

Trauma Units and those with minor injuries (Priority 3) to minor injury units or emergency 

departments some distance from the scene of the major incident3,39.  The appropriateness of this 

pattern of casualty distribution, in terms of resource requirements, has not been formally assessed. 

The UK Defence Medical Services (DMS) delivers healthcare to deployed military personnel via the 

Operational Patient Care Pathway (OPCP), which is a coherent end-to-end healthcare system, from 

point of injury to the home base hospital14.   

Figure 1: The operational care pathway (UK military)   
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Ledger: DMS=Defence Medical Services.  MEDEVAC=medical evacuation to a place where medical 
care can be delivered.  Strategic evacuation (STRATEVAC) is the movement of patients from the 
operational theatre to a first world-standard medical facility, designated a role four (R4) facility, 
usually in the UK. That is – out of theater to definitive care).  Tactical evacuation (TACEVAC) 
encompasses both medical evacuation (MEDEVAC) and casualty evacuation within the operatational 
theatre.  DCR=Damage Control Resuscitation 

The diagram above illustrates this rearward chain of evacuation from a non-permissive environment 

to a more permissive environment where care delivered increases in complexity as a casualty move 

further away from the point of injury14.  Initial care is provided by the “buddy-buddy” system where 

a casualty is moved out of the line of fire by a colleague.  Following this, the casualty is tended to by 

a Combat Medical Technician, who can administer life saving interventions as per the Battlefield 

Advanced Trauma Life Support algorithm (BATLS) in a semi-permissive environment14.  The casualty 

is then extracted rearwards via a chain of facilities or including a casualty clearing station (Role 1), a 

forward deployed hospital (Role 2), a rearward deployed hospital (Role 3) and finally the Home base 

hospital, which is currently the Queen Elizabeth Hospital, Birmingham (Role 4).   

The Battlefield Casualty Drills (BCD) handbook is provided to all service personnel within the UK 

Armed Forces.  Included within this is the BCD Triage Sieve, an algorithm which ordinary soldiers are 

trained to use when faced with multiple casualties, including but not limited to situations in which a 

major incident is declared44.  The UK military’s Clinical Guidelines for Operations support the use of 

the Triage Sort as a secondary triage tool, however this appears to have fallen out of favour with no 

reports of recent use in practice45.  Evidence suggests that the Triage Sort performs poorly with a 

sensitivity of 15.7% in predicting Priority 1 status (defined as the need for life-saving interventions) 

amongst injured personnel45.   

A high-quality, prospective military trauma registry exists to capture clinical data from injured 

servicemen and women, as well as other patients eligible for care at deployed British military 

treatment facilities.  The Joint Theatre Trauma Registry (JTTR) includes all injured patients who 

triggered trauma team activation at a deployed Medical Treatment Facility, largely comprising 

combat casualties injured during military operations in Iraq and Afghanistan.  Inclusion criteria were 
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expanded in 2007 to include all patients evacuated to the Royal Centre for Defence Medicine, 

Birmingham following injury.  Patients from all services and nationalities are included, as well as 

children, pregnant women and detainees.  Studies have highlighted the challenges of collecting 

comprehensive pre-hospital data during combat, whilst at the same time highlighting its importance, 

since it is in this environment that most trauma deaths occur46.  A previous study seeking to model a 

novel major incident triage tool found that only 17% of JTTR patients had a complete set of core pre-

hospital physiological data with which to model a novel tool47.  Nonetheless, the JTTR has captured 

high-quality data that has formed the basis of important clinical research on military subjects, may 

findings of which have shaped aspects of contemporary trauma care, particularly with regard to 

transfusion practices and the role of damage control resuscitation48-50.   

 

Existing major incident triage tools and their performance  

 

Existing major incident triage tools 

The purpose of a major incident triage tool is to categorize patients for transfer and treatment such 

that finite resources are directed towards maximising overall survival.  Several such tools exist 

internationally, all of which are paper-based and many of which have been derived using expert 

opinion.  Major incident triage tools can be divided into primary and secondary triage tools.   

Primary triage occurs at the scene of a major incident, which may be a “semi-permissive” or 

physically dangerous environment.  Individuals with basic medical training such as a paramedic 

typically perform primary triage5.  In the United States, members of the fire service rather than 

paramedics routinely perform primary triage8.  Existing primary triage tools consist of simple, paper-

based algorithms, which can be applied rapidly, in a stepwise pattern11.  The purpose of primary 

triage is to stratify patients by how urgently they need treatment, how urgently they need to be 
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transferred from the scene, and importantly, triage category assignments also form the basis of the 

choice of medical treatment facility for definitive care (casualty distribution)6,10,39.  Primary triage 

tools may incorporate basic life-saving interventions such as airway manoeuvres, application of 

tourniquets and/or haemostatic dressings for catastrophic haemorrhage and the placement of 

unconscious casualties into the recovery position51.  Primary triage tools for use in adults include the 

US-based Simple Triage and Rapid Treatment (START)6 and modified version, MSTART11, the UK 

military’s Battlefield Casualty Drills (BCD) Triage Sieve44 and the National Ambulance and Resilience 

Unit (NARU) Triage Sieve39, which was adapted from the UK military’s former MIMMS Triage Sieve11.  

Novel tools include the Modified Physiological Triage Tool (MPTT)47, it’s derivative the MPTT-2452,53, 

and US-based Rapid Assessment of Mentation and Pulse (RAMP)54.  The Australian CareFlight, 

renowned for it’s simplicity, is applicable to both adults and children55.  Existing paediatric-specific 

primary triage tools include the UK-based Paediatric Triage Tape (PTT) applicable to children under 

12 years56, and the US-based JumpSTART, developed for use in children under eight years, alongside 

the adult START tool57.  Whilst elders constitute a growing proportion of the population of most 

countries including 17% of the UK population, there are no major incident triage tools specifically 

targeted at elders58.  Only one triage tool (Sacco Triage Method) considers advanced age as part of 

the triage process, despite recognition that they suffer worse outcomes following injury59,60,61.  The 

US-based Sacco Triage Method (STM) was designed to be applied at scene (primary triage), however 

its complexity including the calculation of points based on physiological measurements bears 

similarity to the UK-based secondary triage tool, the MIMMS Triage Sort45,60.   

Secondary triage often, but not always, follows primary triage10.  According to the MIMMS approach, 

secondary triage is performed within a permissive setting, such as a casualty clearing station or a 

hospital reception area39.  Here, triage is typically performed by a doctor in a place of relative safely, 

hence a more detailed evaluation of the casualty is often possible, including blood pressure 

measurement and calculation of Glasgow Coma Score (GCS)62.  Thus, it is expected that the 

secondary triage process will offer more accurate triage compared to primary triage tools, however 
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this is not always the case45.  The most widely described secondary triage tool is the points-based 

MIMMS Triage Sort11. 

Several studies highlight the important point that triage is not a static process51,63,64.  Casualties can 

improve following an intervention (e.g. application of a tourniquet for catastrophic haemorrhage) or 

deteriorate over time (e.g. splenic rupture, haemopneumothorax, transient response to fluid 

resuscitation)46,65.  Hence, the assignment of a triage category at one point in time is not definitive 

and casualties must be reassessed at various points in time as they transit through the system of 

care.  On reaching a hospital setting, it is common practice for a senior clinician to perform triage, 

such as a surgeon or emergency department doctor, in order to determine the order of treatment 

within the hospital setting.  The evidence for triage by senior clinicians has been anecdotal10.  Triage 

beyond the hospital reception stage has not been considered in this thesis.   

Below, adult and paediatric-specific triage tools are each described in more detail in chronological 

order of introduction into practice, including how the tool was developed (where this information is 

available), current use and geographical distribution, and tool performance as described in the 

existing body of scientific literature.  A diagram of each tool is included in Appendix 1 (Existing major 

incident triage tools).   

1. Simple triage and Rapid Treatment (START) Triage 

The START triage tool was formulated by Newport Beach Fire and Marine Department and Hoag 

Hospital in Newport Beach, California in 198351.  It is the earliest major incident triage tool described 

and the most extensively studied amongst existing triage tools.  It is a primary triage tool applicable 

to individuals aged over 8 years, used widely used in the USA as well as Canada and parts of 

Australia11. The algorithm quickly dismisses ambulatory patients into the Minor (green) category, 

followed by further categorization into Deceased (black), Immediate (red) and Delayed (yellow) 

categories on the basis of airway status, the presence and rate of breathing, perfusion status 
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(namely, capillary refill) as well as the ability to follow commands.  No anatomical criteria are used.  

The algorithm allows two interventions to be performed: airway positioning and control of bleeding.   

A post-event evaluation sought to determine the effectiveness of START when prospectively applied 

to 148 victims of a train crash in California in 2003 (blunt injury mechanism)6.  This is the only 

prospective study evaluating triage tool performance in actual victims of a major incident.  The end-

points measured included modified Baxt criteria (see later) to define Red (Priority 1) status and the 

need for hospital admission66.  It was found that START ensured acceptable levels of under-triage 

(100% red/Priority 1 sensitivity and 89% green/Priority 3 specificity) but incorporated a substantial 

amount of over-triage whereby 54.4% of patients across all triage categories were assigned a higher 

category than their outcomes-based designation6.  Notably, START proved useful in prioritizing 

transport of the most critical patients, with red category patients arriving in hospital a median of one 

hour before patients assigned other categories6.  This finding reiterates the value of triage tools in 

ensuring the prioritisation of the most critical patients.   

START has been criticised for lacking an evidence-base59.  Additional criticisms of the START system 

are that respiratory rate is difficult to measure accurately and that a high respiratory rate can be 

caused by anxiety rather than pathology following injury in a major incident, which may account for 

the high degree of over-triage seen with this system6.  Further criticism includes the use of capillary 

refill for field triage which may be inaccurate in a cold or dark environment, or in patients with dark 

skin.  Others have described START as being too complicated overall to apply under the “fear effect” 

that arises following man-made major incidents, which have become more prevalent in recent 

years10,67.  Indeed, its use during the 9/11 co-ordinated terrorist attacks on New York’s World Trade 

Centre illustrated this weakness8.  Measurement of capillary refill has been eliminated in the 

modified START tool, described below. 

2. The Major Incident Medical Management and Support (MIMMS) Triage Sieve and Sort  
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The MIMMS approach was developed by two British Army doctors following the bombing of their 

base hospital during the Irish troubles in the 1980s5,68.  As well as extensive guidance on how to 

approach and manage a multi-agency major incident, MIMMS included a primary triage tool (the 

MIMMS Triage Sieve) for adults (age 12 and above) that could be readily applied by minimally 

trained personnel without the need for specialist equipment5.  This tool involves four assessments in 

total: ambulatory status, ability to breathe spontaneously, calculation of respiratory rate and 

measurement of capillary refill time.  The only permitted intervention is to open the airway of a non-

breathing patient, following which a patient may be declared Priority 1 (if begins to breath) or Dead 

(non-breathing following airway manoeuvre).  This tool is the precursor for several UK-based tools 

including the BCD Triage Sieve, the NARU Triage Sieve and to some degree, the MPTT and MPTT-

2411,47.  The MIMMS “Sieve and Sort” approach, involving rapid primary triage at scene followed by a 

more complex secondary assessment involving medical equipment in a more permissive setting, 

dominated UK military and civilian practice for several decades.   

The MIMMS Triage Sort is a points-based secondary triage tool.  Three assessments are conducted 

for every patient (respiratory rate, systolic blood pressure and Glasgow Coma Score), and a score of 

zero to four is assigned for each parameter.  Scores are summated and those with a score of less 

than 10 are assigned Priority 1 status.  This tool was calibrated to correspond to the Revised Trauma 

Score, which predicts mortality11.  Hence, it works on the rationale that once patients arrive in a 

medical treatment facility alive, those that at greatest risk of mortality should be treated first, 

irrespective of whether their injuries are compatible with life.   

3. Battlefield Casualty Drills (BCD) Triage Sieve 

The Battlefield Casualty Drills (BCD) Triage Sieve is the UK Armed Forces’ current triage tool for use 

by ordinary soldiers when faced with multiple casualties, including but not limited to situations in 

which a major incident is declared44,68.  It appears within the BCD handbook, provided to all service 

personnel within the UK Armed Forces68.  It was first introduced in 1998, undergoing serial updates 



20 
 

by experts, in line with emerging evidence and changes in clinical practice68.  The most recent update 

in 2018 built upon the 2007 version by incorporating a revised respiratory rate threshold (adopted 

from MPTT-24)44, an assessment of mental status, a revised heart rate threshold and the rolling of 

unresponsive patients into the three-quarter prone position.  At the time of writing, there were no 

published evaluations of the BCD Triage Sieve present within the scientific body of literature.   

4. CareFlight  

The CareFlight triage algorithm was introduced into use in Australia in 2001 and is known to be one 

of the simplest and fastest triage methods to apply.  The authors claim that it takes only 15 seconds 

to triage a patient using this method11.  CareFlight results in the assignment of “immediate,” 

“delayed,” “minor” and “unsalvageable” categories, using background colours consistent with other 

common triage tools.  Like the SALT triage tool, it does not distinguish between expectant and dead 

casualties, labelling any casualties who do not breathe after an airway manoeuvre as 

“unsalvageable.”  This tool does not involve any counting or arithmetic calculations.   

CareFlight has been successfully applied to both adults and children, and demonstrated utility in the 

2003 Bali bombings, in which burns and shrapnel injuries predominated61.  After START, CareFlight is 

perhaps the most widely validated tool, having been applied to Australian, South African and UK 

civilian and military populations (see later)17-20,55,69,70.   

5. Sacco Triage Method (STM) 

The Sacco Triage Method (STM) is a points-based triage method first described in 2005 by Sacco et 

al66.  It was commercially developed in response to the 9/11 co-ordinated terrorist attacks on New 

York’s World Trade Centre.  STM involves the calculation of an “RPM” score, based on the sum of 

coded values for respiratory rate, pulse rate and motor response60.  The tool is designed to predict 

mortality, incorporating some adjustments to the points with age. 
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STM was developed using complex mathematical modelling to predict the probability of mortality in 

a time-dependent fashion, which the authors describe as being well suited to the resource-

constrained major incident setting60.  The authors have validated the STM’s ability to predict the 

probability of time-dependent victim survival amongst over 75,000 blunt injured civilian patients 

from Pennsylvania60, over 7,000 civilians with penetrating injuries71 and a further 99,369 military-age 

victims59, using complex modelling to demonstrate that STM’s RPM score predicted survivorship 

equivalent to the Revised Trauma Score and exceeded that of the Injury Severity Score.  The authors 

state that STM outperforms START in every respect60.  Unlike START, which is open-sourced and in 

the public domain, STM is proprietary and licensed for commercial use only60.   

One independent evaluation of STM included a prospective, observational study using virtual reality 

simulation technology based on actual major incident cases that resulted from a train accident in 

Chatsworth, Los Angeles, California in 200872.  26 advanced care paramedic students were 

randomised to use either the STM or START method: the mean total triage times were slightly longer 

amongst those individuals using STM, although the difference was not statistically significant.  The 

difference in triage ranking order between the two tools related to one patient’s ambulatory status.  

The absence of obvious advantages over START coupled with the proprietary status of STM have 

been a deterrent for more widespread use of the STM.   

6. The Modified START (MSTART) Triage 

Described in 2006, this is a modification of the START Algorithm with the elimination of capillary 

refill as a measure of circulation, instead only the presence of a radial pulse is used11.   

In a small study evaluating the prospective application of this tool by German EMS on 152 trauma 

patients outside of a major incident setting, the overall triage accuracy of the tool across all triage 

categories was 62%, with a very low over-triage rate amongst P2 and P3 casualties.  However one in 

two P1 casualties were missed, particularly those with head injuries73.  The authors acknowledged 

the need for a larger, multicentre study to examine the performance of MSTART more robustly73. 
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7. SALT (Sort, Assess, lifesaving intervention, treatment/transport) Triage Algorithm 

SALT is a primary triage method, developed using expert opinion, introduced in the United States in 

2008.  It was a product of a Centre for Diseases Control Sponsored working group, who sought to 

standardise triage practices across the USA74.   

It has the advantage of being applicable to adults as well as children74.  The first step involves a 

global assessment of how mobile and responsive the patient is, followed by a more detailed 

individual assessment at the scene, which differs from the MIMMS “Sieve and Sort” approach of a 

single assessment at scene followed by a second in a different location5.  Individual assessment 

notably involves several subjective assessments: determining whether a patient is in respiratory 

distress (no parameters are set to define this) and whether major haemorrhage is controlled.  

Another unique factor is reliance on the user to apply judgement in deciding whether the patient is 

likely to survive given current resources, which determines whether the patient will be evacuated 

immediately or not at all (expectant category).  This expectation of a high level of situational 

awareness amongst first responders has received criticism10, which may be particularly challenging 

in major incidents involving multi-site and coordinated terrorist attacks, and may result in inter-user 

variability in assigning triage categories.  The subjective judgements involved also make it very 

difficult to apply this tool retrospectively in order to determine its inherent ability to discriminate 

between triage categories.  

SALT allows several interventions as part of the triage process including controlling haemorrhage, 

opening the airway, chest decompression and the administration of auto injector antidotes.  It is 

unique in permitting the last two interventions as part of a primary triage algorithm.  Notably, SALT 

does not involve any physiological measurements that involve arithmetic, such as heart rate and 

respiratory rate; in fact, it was developed to avoid these in view of the recognition that such 

estimations are likely to be performed inaccurately under challenging circumstances74,75.   
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In a simulated, independent evaluation of SALT, the accuracy of SALT in assigning all triage 

categories was 78.8% and practitioners required a mean duration of 15 seconds to triage each 

patient (range 5-57 seconds)16,76.   

8. The National Ambulance Resilience Unit (NARU) Triage Sieve 

The NARU Triage Sieve is in current use in the UK as the preferred civilian major incident primary 

triage tool, as recommended by the National Ambulance Resilience Unit39.  It is derived from the UK 

military’s former MIMMS Triage Sieve11.  Introduction of the “big C” (“Catastrophic haemorrhage?”) 

assessment as the initial step was adapted from military practice into this tool in 2014, following the 

recognition that death from compressible haemorrhage could easily be prevented using 

tourniquets77.  Following this assessment, the tool allows for the early identification of uninjured 

ambulatory individuals to be directed to a survivor reception centre.  The NARU Sieve assesses 

ambulatory status, breathing, followed by measurement of the respiratory and heart rates, both of 

which involve manual counting and arithmetic calculation.  The only permissible interventions are 

opening of the airway and placement of the unconscious patient into the recovery position.  The 

colour codes of red, yellow and green are used in conjunction with the P1, P2 and P3 triage category 

assignments, as seen elsewhere.  No “expectant” category exists and patients who do not breath 

after an airway manoeuvre are declared “dead.”  The performance of the NARU Triage Sieve has 

been compared with the MPTT, Careflight and START primary triage tools in UK civilian and military 

trauma populations (see later)47,78.   

9. The Amberg-Schwandorf Algorithm for Primary Triage (ASAV) 

This tool is the German adaptation of the MSTART, first described in 201379,80.  It involves six 

qualitative assessments, avoiding the need for arithmetic estimations of physiological parameters. It 

begins with assessing ambulatory status followed by a judgement by the user of whether the patient 

appears to be “deadly injured,” in which case the category “Dead” is assigned.  The next step 

involves an assessment for “breathing difficulties” involving overall clinical judgement rather than 
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arithmetic calculation of respiratory rate.  An assessment for “spurting haemorrhage” constitutes 

the fourth step; this contrasts with several UK-based tools (e.g. BCD Triage Sieve, NARU Triage 

Sieve), which recommend assessment for external haemorrhage (referred to as “catastrophic 

haemorrhage”) as the opening step on the basis that preventable large-volume external 

haemorrhage may kill faster than a compromised airway11,65,77,79.  The final two steps are in common 

with CareFlight, with assignment of Red/Priority 1 status to patients with an absent radial pulse and 

those who are unable to follow a command (i.e. GCS Motor Score <6)11.   

ASAV permits interventions to open the airway and to stop external haemorrhage80.  The 

terminology utilised is assignment of Priority I, II or III (Roman numerals) which correspond with the 

colours red, yellow and green, as seen in several other tools.  The colour black corresponds with the 

“Dead” category.  Like the SALT tool, the subjective judgements involved make it very difficult to 

apply this tool retrospectively in order to determine its ability to discriminate between triage 

categories.  Currently, there are no published evaluations of the accuracy of this triage tool in real-

life patients.   

10. The Modified Physiological Triage Tool (MPTT) and its derivative, the MPTT-24 

Designed by Smith and Vassallo in 2015, the MPTT was derived using a military cohort of patients 

from the Joint Theatre Trauma Registry47.  The authors used logistic regression to predict the 

presence of any one of 24 life-saving interventions.  This outcome measure to define Priority 1 status 

was developed by the authors via a Delphi consensus exercise of their UK and South African-based 

colleagues, specifically for use in modelling a novel tool81).  The MPTT involves 5 steps including 

assessment of ambulatory status, ability to breathe spontaneously, respiratory and heart rates and 

estimation of a full GCS score47.  

In 2017, the MPTT underwent modification into the MPTT-2453.  The modification from an upper 

threshold respiratory rate of 20 to 24 was felt by the authors to be more easily applicable in practice, 

however this claim has not been substantiated by implementation studies82.  Three versions of the 
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MPTT-24 appear in the literature under the same name, with variations in the order of assessments 

and the choice of mental statement assessment (GCS<14 vs. Responds to voice?)3, 52,53.  For the 

purpose of this thesis, the version appearing alongside the tool’s validation has been considered as 

the definitive version53. 

The MPTT and MPTT-24 have yet to be used in a major incident setting.  In contrast to other existing 

primary triage tools, MPTT and the initial MPTT-24 involve calculation of a full Glasgow Coma Score 

at the scene of a major incident.  All iterations of the tools are unique in assigning the “dead” 

category to any non-breathing patients without permitting airway manoeuvres; this may raise 

ethical concerns since simple airway manoeuvres are quick to perform and may save the lives of 

several injured patients25.  As these tools are relatively new, there are no published studies to verify 

the ease and accuracy of their application in practice82.  The NHS Clinical Guidelines for Major 

Incidents state that the MPTT-24 can be performed in 30 seconds, however there are no published 

reports of how the authors determined this3.  The MPTT has been validated by retrospective 

application to the largest civilian trauma registry in Europe, the Trauma Audit and Research Network 

(see later)21.  At present, there are no independent evaluations of MPTT or any of the version of 

MPTT-24 in the existing body of scientific literature.  Further studies are required to examine the 

ease and accuracy of the application of this tool, which has yet to undergo implementation studies 

yet is more complex than its comparators.   

11. Rapid Assessment of Mentation and Pulse (RAMP) 

RAMP was introduced by the Rocky Mountain Fire Department, Colorado in 2018.  Described by 

Keating in 2016, this tool sought to simplify the triage process, recognising that the “fear effect” in 

responders was likely to result in a loss of critical thinking and fine motor skills10.  The tool is based 

around two qualitative assessments: ability to follow a command and presence of a radial pulse 

(assumed to represent a systolic blood pressure of 100mmHg); if the outcome of either one of these 

is negative, the patient is assigned the highest triage category “Urgent” (rather than “Delayed” or 
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“Expectant/Deceased”)10.  RAMP permits three interventions to be performed during primary triage: 

control of massive haemorrhage, maneouvres to open the airway and chest decompression.   

RAMP was developed by expert opinion, with the main outcome of interest being mortality; the 

scientific evidence in support of the tool arose from the care of combat casualties using the Field 

Triage Score77,83).  More specifically, the author noted that initial GCS correlates directly with 

hospital discharge in trauma, but since GCS is very difficult to score accurately under challenging 

circumstances, the ability to follow a command is the next best substitute in predicting survival90.  

Additionally, they observed that lack of a radial pulse and inability to follow commands is associated 

with a mortality rate of 92%84.   

Regarding the performance of RAMP, the authors undertook a simulation exercise involving 19 

patients and compared the performance of RAMP to the widely used and extensively studied START 

tool85.  They demonstrated that the time spent to triage a patient was shorter (45 vs. 60 seconds), 

overall triage accuracy was 84% versus 58% using START, and that all “Red” (Priority 1) patients were 

removed from the scene faster when RAMP was utilised (20 vs. 30 minutes, respectively)85.  The 

authors describe the benefits of RAMP as facilitating the rapid identification of the most severely 

wounded, ease of use, easy to teach, lacking in reliance on numbers or critical thinking and being 

based on scientific evidence.  At present, there are no publications describing the independent 

evaluation of RAMP in the scientific literature.   

12. Paediatric Triage Tape (PTT) 

The Paediatric Triage Tape is the paediatric modification of the MIMMS Triage Sieve, first introduced 

in 199886.  Since use of adult physiological parameters are likely to result in an artificially higher 

triage category assignment in children, PTT includes physiological parameters specific to the child’s 

height.  A “tape” is laid out next to the child, starting at their head end, and the algorithm closest to 

the child’s feet (one of four choices) is used to triage the child.  Children who are known to be 12 
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years or older, or those whose height exceeds that of the triage tape (>140cm), must be triaged 

using an adult tool86. 

In 2006, an independent validation of the PTT was performed using prospectively collected data 

from 3461 children who attended a South African trauma unit within 12 hours of injury56.  Amongst 

these, median age was 7 and 93% of patients were male; no breakdown of injury mechanism was 

provided.  The PTT was shown to be modestly sensitive (41.5%) in predicting the need for life-saving 

interventions according to Garner’s criteria, particularly in children of the 50-80cm height block (25% 

sensitivity) and 80-100cm height block (23.6%).  Specificity for Garner’s criteria was remarkably high 

at 99.6%; PTT is excellent at identifying children who are non-P1.  Additionally, PTT demonstrated 

poor sensitivity for predicting ISS of 16+ (37.8%) and NISS of 16+ (26.1%), when these alternative 

outcome measures were applied.     

13. JumpSTART 

JumpSTART is a US-based paediatric tool first introduced in 200111,57.  It is widely used amongst 

children aged under 8 years, alongside its parent tool, START (applicable to adults).  In 2018, 

JumpSTART was also incorporated into the UK’s NHS Clinical Guidelines for Major Incidents, where 

its use was recommended in the hospital triage of children3.   

JumpSTART uses identical triage category assignments to that used by START and the tools follow a 

very similar sequence of assessments, although the respiratory threshold is revised (<15 or >45 

breaths per minute consistutes P1 vs RR>30 in START) and neurological assessment involves the 

AVPU scale rather than ability to follow commands (cf.  START utilises the GCS Motor Component).  

In addition to an airway manoeuvre, it allows the administration of five rescue breaths to apnoeic 

patients, recognising that children may have a respiratory cause for cardiopulmonary arrest, 

although this observation has not been substantiated in paediatric trauma patients57.  

A summary of the characteristics of existing triage tools is presented in Table 3. 
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Historically, although not strictly a triage tool, the concept of “reverse triage” has been applied by 

military personnel, whereby triage has been used to identify those patients with minor injuries who 

could be treated and then returned to battle in order to maintain fighting power87.  This concept has 

also been employed to increase the capacity of hospitals during disasters in order to facilitate the 

rapid discharge of casualties with minor injuries87. 

Challenges in evaluating and comparing the performance of major incident triage tools 

There are several challenges in evaluating the performance of MI triage tools.  Firstly, major 

incidents are unpredictable and therefore planning prospective studies are logistically challenging 

and the randomization of patients in a resource-constrained major incident setting would be widely 

regarded as unethical.  Hence, in order to inform practice, policy makers and care providers must 

rely on assimilating the findings of other types of study design, each of which is prone to particular 

biases. 

Post-event evaluations of actual major incidents provide a real-world assessment of the triage 

method in use for a specific major incident28.  Here, triage is performed by actual emergency medical 

services providers, and the human factors that affect performance in this setting are fully 

assimilated, as noted in the evaluation of the use of START during the 9/11 co-ordinated terrorist 

attacks on New York8.  However, this means that it is difficult to differentiate between inaccurate 

triage resulting from a poor inherent capability of tools to differentiate between triage categories 

and their incorrect application by practitioners.  Other limitations are that one mechanism of injury 

often predominates in a single event; therefore, it is necessary to assimilate information from 

several events to draw meaningful conclusions in developing plans for an “all hazards” approach 29.  

An Utstein-style template to standardise the reporting of the acute medical response in disasters has 

been developed; however, this highlights that there are no common or standardised definitions of 

each triage categories7.  Each post-event evaluation uses author-selected end-points to define triage 

categories, ranging from ISS>15 to mortality or utilisation of hospital resources10,28.  The various end-
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points that have been used to measure triage tool performance are considered in greater detail in 

the next section.   

Since a post-event evaluation will only report on the triage of patients using the tool(s) in place in 

that system, some researchers have overcome this by retrospectively applying multiple tools to data 

from the victims of actual events.  For example, Chellen and Walter retrospectively applied multiple 

triage tools to the victims of the London 7/7 bombings69.  A key limitation of this approach is that 

there is often inadequate pre-hospital data available following actual events and that an individual 

event may involve a relatively small number of patients: any conclusions drawn from such studies 

must evaluate whether the demographics of the affected population are representative of the 

whole, in terms of implications for planning for major incidents69. 

Some studies evaluate tool performance by applying triage tools prospectively to patients attending 

hospitals following injuries incurred in regular day-to-day practice.  Ideally, prospective studies 

would facilitate accurate and contemporaneous application of the tool in question, however this is a 

resource-intense and time consuming approach88,89.  In some cases consecutive patients have been 

assessed20 and in others, convenience samples have been used94,95.  The advantages of this approach 

are that larger numbers of patients can be harnessed and a range of injury mechanisms can be 

covered20.  However, the relative proportion of patients injured day-to-day with each injury 

mechanism might not be reflective of major incidents (e.g. proportion with penetrating trauma may 

differ).  Furthermore, outcomes of regular hospital patients might be much better than those injured 

in a major incident, and triage is often “conducted” by a senior clinician in the safe and familiar 

hospital environment; these factors may limit the external validity of study findings88,89.  

Another means by which to measure major incident triage tool performance is by their retrospective 

application to patients captured by existing trauma registries.  This assumes that patient physiology 

in response to trauma will be similar whether they present individually or as a cohort of casualties 

injured in a major incident setting.  Since several trauma registries collect data prospectively, this 
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approach minimises information bias.  Studies that retrospectively apply tools to entire trauma 

registry populations at once allow more rapid procurement of results attained from very large 

numbers of patients and covering a broad range of injury mechanisms; this has proven particularly 

useful in children18,70,90.  The majority of recent published studies have adopted this approach18,45,47.  

Computed application of tools allows the innate discriminatory capability of triage tools to be 

assessed independently from human error, which invariably arises in the real-world setting18.  

However, interpretation of such studies must acknowledge that all existing trauma registries have 

specific inclusion criteria, which may bias results, for example, trauma registries in developed 

countries that use hospital length of stay as an inclusion criterion may be prone to over-

representation of elders compared with the general population45.  Additionally, submission to some 

trauma registries such as the US National Trauma Database (NTDB) is not mandatory, hence patients 

contained within this registry may not be nationally representative in terms of patient demographics 

and injury characteristics18.  Notably, following the 2017 Manchester Arena bombing, the UK’s 

Trauma Audit and Research Network (TARN) registry has introduced a data capture field to record 

when patients have been injured in a major incident setting43.  This will be of assistance in facilitating 

future studies examining triage, outcomes, transfer times and other aspects of patient care in a 

major incident setting and allow these patients to be assessed separately from those injured outside 

of a major incident setting.   

Simulation studies have a role in allowing the direct comparison of two or more triage tools with all 

other factors remaining equal16,91,92.  There is the possibility of mimicking, to some degree, the 

human factors at play in a major incident, as well as measuring the practical applicability of tools, 

including time taken to perform triage, and the inter- and intra-user reproducibility of results82.  It is 

important to note that it is often impractical to test more than two tools using this approach, and 

that most such studies utilise student paramedics rather than qualified practitioners of varying 

experience92.  Importantly, simulation studies allow the evaluation of the practical applicability of 

tools before subjecting actual patients to the proposed triage methods, providing a safe setting in 
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which to learn lessons and gain feedback prior to wider dissemination16,91,92.  Notably, several 

emergency responder agencies may chose not to publish the results of simulation or 

implementation studies as this may reveal aspects of their major incident response plans, which may 

compromise security in the context of man-made major incidents.   

Furthermore, when evaluating the performance of major incident triage tools, controversy exists on 

what constitutes a P1 casualty.  This is considered in more detail in the next section.  A lack of 

standardized, universally acceptable definitions for triage categories severely limits our ability to 

compare the findings of studies assessing triage tool performance, which limits the opportunities to 

improve practice in this area7.   

What endpoints have been used to measure triage tool performance? 

Studies measuring triage tool performance have largely focussed on correct identification of P1 

patients, as these patients are at greatest risk of adverse outcome if they are not correctly 

identified45,47, however other studies have looked at overall triage accuracy across all triage 

categories88,89.  When evaluating the performance of major incident triage tools, controversy exists 

on how best to define a P1 casualty.  A P1 casualty has been broadly defined as “one who is in need 

of immediate medical care.”  However, in academic terms, there is no consensus of how this is best 

measured.  Studies have generally defined the Priority 1 casualty using one or more of three distinct 

end-points: 

1. Those at greatest risk of mortality  

2. Those with the most severe injuries  

3. Those in need of life-saving interventions  

Mortality 
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This definition of the P1 casualty assumes that those who are most likely to die are in greatest need 

of care.  Mortality is the simplest outcome to measure.  However, this doesn’t take into account that 

a proportion of these patients cannot be saved and may die regardless of the care they receive 

(those who may be assigned P4/Expectant category), thus channelling resources on this basis might 

not be the most efficient practice.  Furthermore, those who were at significant risk of death but 

received timely interventions which averted death would not be readily identifiable.  Notably, the 

MIMMS Triage Sort tool was modelled upon the Revised Trauma Score, correlating with risk of 

mortality11.  The STM was also modelled to predict the probability of mortality in a time-dependent 

fashion60. 

That said, a thorough understanding of the timing and cause of deaths after trauma is crucial to 

developing systems of care which maximise survival.  In particular, understanding the degree to 

which death is preventable is crucially important.  Triage at scene involves coming into contact with 

patients who may have signs of life but may have unsurvivable injuries (P4, expectant) as well as all 

the other triage categories.   

In 1974, Trunkey described three temporal peaks in death after injury, referred to the “trimodal 

death distribution,” highlighting that the majority of deaths occur within the first 24 hours of injury 

93.  The first peak in the classic trimodal model of trauma mortality includes immediate deaths at the 

scene within minutes or the first hour of injury.  It is thought that these deaths occur due to 

unsurvivable injuries and can only be prevented using injury prevention strategies and not by 

advances in treatment93.  The second peak of early deaths is described as occuring within a few 

hours to 48 hours after injury.  This group of deaths are potentially preventable through high quality 

acute care in the pre-hospital and hospital settings, for which appropriate triage with timely transfer 

and treatment are most important.  The third peak in deaths occur between 1 to 4 weeks, from 

complications of trauma including multi-organ failure and sepsis.  It is felt that high quality early care 

coupled with critical care can help minimise deaths at this stage.  Indeed, this third peak is not 
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observed in contemporary civilian practice and may have been eliminated through advances in 

trauma care in the decades after it was first described93.    

Whilst variations in the proportions of deaths at each time period has evolved since with further 

variation by age group and setting (military vs. civilian trauma), an appreciation of the underlying 

concept of temporal distribution of deaths is crucial to major incident planning.  In contemporary 

studies, over 50% of trauma deaths occur within the first 24 hours, with no clear distinction between 

the first and second peaks77,93.  It is known that penetrating trauma is associated with a higher early 

mortality than blunt trauma, which is highly relevant to planning, particularly for terrorist-related 

major incidents10,65,77,94.  Deaths within a combat environment similarly occur within minutes to 

hours after injury, with haemorrhage cited as the leading cause of death (90.9%).  The site of lethal 

haemorrhage was truncal (67.3%), followed by junctional (19.2%) and peripheral-extremity (13.5%) 

haemorrhage in a study of nearly 5,000 deaths recorded by the American armed forces in a ten year 

period encompassing recent conflicts in Iraq and Afghanistan77.  In civilian studies, immediate deaths 

from trauma have most commonly been attributable to severe head injuries93.  In a German civilian 

trauma registry study, 76% of deaths following trauma had a head AIS score greater than 3195.  

Severe chest injuries are the second most common cause of early trauma deaths followed by 

abdominal injuries, as seen in several international studies77,94,96.  Overall, several studies highlight 

non-compressible haemorrhage as the leading cause of potentially preventable trauma deaths77,96.   

Overall, prediction of mortality is a crude but readily available outcome by which the performance of 

triage tools can be measured.  However, an understanding of the timing and common injury patterns 

associated with death following trauma is crucial to the development of trauma systems of care and 

in particular, in the development of triage systems for the major incident setting.  The most 

opportune time to save lives following trauma is in the first few hours following injury, hence the 

correct categorization of patients into immediate (Priority 1) and urgent (Priority 2) in order to 

facilitate timely transfer and treatment is of great importance.   



38 
 

Injury Severity Score >15 

A further method of defining the Priority 1 casualty is one who has an Injury Severity Score (ISS) of 

greater than 15, which is a widely used definition of “major trauma” outside of a major incident 

setting.  Brohi et al utilised this retrospective definition as equivalent to Priority 1 status when 

analysing casualty distribution and outcomes following the London 7/7 bombings28.  ISS is an 

anatomically based scoring system in which each injury in every body region is assigned a score 

(Abbreviated Injury Score) based on its severity using a six-point scale, ranging from minor (=1) to 

maximal (=6 i.e. currently untreatable); ISS is then calculated by taking the highest AIS severity code 

in each of the three most severely injured ISS body regions, squaring each of these AIS scores and 

then adding the three squared numbers43.  ISS>15 is also used as the justification for the 

requirement of Major Trauma Centre care in the UK, a key outcome measure considered by the UK’s 

Trauma Audit and Research Network (TARN) registry43.  This has been shown to correlate particularly 

well with mortality, and less so with morbidity and the length of hospital stay after trauma97.  

However, other studies have demonstrated that anatomical classification of injury correlates poorly 

with predicting the resource requirements (i.e. need for medical interventions) of patients, which is 

of critical importance in the resource-constrained major incident setting56,66.   

In one study, the New Injury Severity Score (NISS) has been used as an additional outcome measure 

of the performance of a triage tool on the basis that it may be a more accurate measure of injury 

severity56.  NISS measures the three worst injuries in any body region, rather than using the highest 

score in each of three different body regions, and a threshold of NISS of 16 or greater was utilised98.  

However, the authors highlighted the key limitation of this, in that NISS focusses on injury pattern 

and not the requirement for medical intervention, which many regard as the main priority behind 

triage in a major incident66.   

The need for life-saving interventions 
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The third outcome used to measure triage tool performance is the need for life-saving interventions.  

This concept has gained popularity as a definition of Priority 1 in the last two decades, as it relates 

directly to patients’ resource requirements in the major incident setting.  However, amongst 

researchers and practitioners in this field, there is a lack of consensus on what interventions 

constitute a life-saving intervention, with various definitions of these, based on a combination of 

indirect evidence and specialist opinion.    

Baxt and Upenieks outlined in 1990 that ISS was a poor predictor of the resource requirements of 

patients and should not be used to justify trauma centre care66.   They suggested that the 

requirement for trauma centre care should be defined by the need for any one of three criteria: a 

non-orthopaedic operative procedure with positive operative findings within the first 48 hours of 

admission, fluid resuscitation of more that 1L or transfusion of blood products to maintain a systolic 

blood pressure of more than 89mmHg or the need for invasive central nervous system monitoring 

with raised intra-cranial pressure, or a positive head CT scan.  Baxt et al also included death 

following injury amongst the criteria to define the need for trauma centre care66.  Subsequently, in 

2001, Garner et al modified Baxt and Upeniek’s criteria to make these more specific to the the major 

incident setting19.  They shortened the time to necessary surgery from 48 to 6 hours, included all 

other criteria described by Baxt and added in a fourth criterion: the requirement of a procedure to 

maintain a patent airway or requirement for assisted ventilation, either out of-hospital or on arrival 

in the ED19.  In 2006, Wallis and Carley used these “Garner criteria” to validate the Paediatric Triage 

Tool20.  The authors highlighted the relative merits; Garner’s criteria covered many of the common 

interventions that a patient may require following injury in a major incident and that the criteria may 

equally be applied to both adults and children.  They also acknowledged the weaknesses in that 

Garner’s criteria were developed using expert opinion, they have not been validated as an outcome 

measure for a triage tool, and importantly, these criteria could not be used to measure triage 

categories other than Priority 1/T120.  In 2007, Wallis and Carley replicated this methodology with a 

paediatric-specific modification (inclusion of a fluid bolus of greater than 20ml/kg, in addition to the 
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adult criteria of 1000ml) in a prospective, hospital-based study of the performance of multiple triage 

tools20.  Kahn et al further modified the criteria used by Garner et al in 2007 in their post-event 

evaluation of a Californian train crash disaster in 20036.   

In 2006, Wallis et al published a set of paediatric-specific criteria against which triage tools can be 

measured99.  These were derived by a Delphi consensus including 16 pre-hospital and hospital based 

experts from the UK and South Africa.  They defined T1, T2 and T3 (Priority 1, 2 and 3 equivalent) 

categories.  T1 was defined as patients requiring major resuscitative and haemostatic interventions 

and the need for torso or other surgery within one hour, a very stringent cut-off.  The definition of 

T2 included the need for DPL or FAST ultrasound in ED, both of which are uncommon interventions 

in contemporary practice.  Contrary to the more widely held definition of “walking wounded,” the 

definition of T3 included the need for theatre within 1 day of injury (not including those needing 

surgery within an hour, who would be assigned T1)99.  From a casualty distribution perspective, 

studies demonstrated that there is often little opportunity for inter-hospital transfer by EMS within 

the first 24 hours following a major incident and this definition would not align well with the 

transport of T3/P3 patients to minor injury units, for example10,22.  Burns and CBRN-related 

interventions were not included in the criteria.  Although proposed, these criteria have not been 

validated or applied in subsequent studies, with the authors themselves favouring the use of 

Garner’s criteria with paediatric modification in their study comparing the performance of multiple 

triage tools, published in the same year20.    

In 2013, Cross and Cicero undertook a large study involving over 500,000 patients from the US 

National Trauma Data Bank (NTDB), reporting in-hospital mortality as the primary outcome100.  

There were also a variety of author-selected secondary outcomes including time spent in ED, death 

in ED and overall hospital length of stay, which may not seem directly relevant to the choice of triage 

tool in the major incident setting (particularly, time spent in ED).  The authors included the need for 
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a ventilator as a secondary outcome: this reflects a particularly resource-intense subset of patients 

injured in the major incident setting and is therefore of value.   

Adopting a similar approach to that of Wallis et al in 2006, Vassallo et al conducted a Delphi 

consensus of South African and British specialists and formulated a list of 32 life-saving 

interventions, including the need for airway interventions not previously described by Baxt, which 

formed the basis of modelling a new tool, the Modified Physiological Triage Tool (MPTT) and its 

derivative, the MPTT-2447,81,97.  Relative strengths of this system include the use of commonly 

described medical interventions that are routinely recorded in patient medical records.  This system 

considers CBRN mechanisms but fails to consider burns-specific definitions of P1.  Potential 

disadvantages of this system are that it includes the administration of tranexamic acid (TXA) 

(regardless of haemodynamic status) and the application of a pelvic binder (regardless of the 

presence of underlying pelvic injury); practice around TXA administration and the application of 

pelvic binders are highly variable in practice, making these subjective surrogates for P1.  The system 

appears to have been designed for adults with no mention of children.  Vassallo’s system proposes 

that patients with cardiac arrest (including at-scene cardiac arrest) should be considered Priority 1 

patients, whereas many would consider these to be “Expectant” or “Dead11.”  Like the so-called 

Garner criteria, this system only defined the Priority 1 category and the criteria have not been 

validated as an outcome measure for a triage tool.  Crucially, the timing of interventions were not 

considered in defining P1 status, such that patients requiring delayed surgery or those intubated or 

undergoing intercostal drainage weeks following injury due to respiratory complications were also 

considered P1.   

In 2016, Lerner et al developed an objective system to define each mass casualty triage (Dead, 

Expectant, Immediate, Minimal, Delayed), incorporating the need for commonly described surgical 

and resuscitative interventions which would be routinely recorded in patient medical records, as 

well as the timing within which those interventions needed to be administered101.  This system was 
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developed based on an extensive review of the literature followed by a Delphi consensus of named 

US-based experts in adult and paediatric pre-hospital and hospital medicine with experience in 

disaster management.  Strengths of this system include definitions of all possible triage categories 

using a logical flowsheet, consideration of all mechanisms of injury that may be implicated in a major 

incident including CBRN and burns, and the definitions are applicable to adults as well as children.  

The authors used their system to conduct comparative analyses of the performance of multiple tools 

in small convenience samples of adults17 and children88 presenting to ED in a US Level 1 trauma 

centre (see later), however they did not comment on whether the patients assigned each category 

differed with regard to clinically important characteristics such as mortality, requirement for 

intensive care, injury severity or length of stay.   

None of the systems described have been internally or externally validated to determine whether P1 

patients differ clinically from non-P1 patients in terms of key characteristics such as mortality, 

hospital length of stay, need for intensive care and injury severity.  Several studies measuring triage 

tool performance use author-determined definitions and are therefore prone to bias, whereby 

definitions may have been based on the data available to investigators rather than scientifically 

objective criteria47.  Amongst the various end-points used to define the Priority 1 patient, Lerner’s 

criteria appeared to be the most objective and scientifically robust method to define triage 

categories101.   

 

Studies comparing the performance of multiple tools  

Over the last two decades, several studies have sought to compare the performance of multiple 

triage tools using selected patient populations, some of which have used patients actually injured in 

a major incident69 whereas most have used surrogates, such as trauma registry populations18 or 

patients attending ED in trauma-receiving hospitals19.  These studies have varied in the outcome 
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measures selected and in their geographical location, spanning multiple countries and healthcare 

systems.   

In an Australian study published in 2001, four tools (CareFlight, START, MSTART and the MIMMS 

Triage Sieve) were retrospectively applied to 1,144 consecutive adult patients (≥14 years, median 

age 33 years, 65% male) captured in 1994 by the trauma registries of two major trauma centres in 

New South Wales19.  Most patients suffered a motor vehicle collision (39.1%) or a fall <5m (21.3%), 

with 2.8% suffering penetrating trauma whilst 1.8% suffered burns.  Here, Garner modified the 

original Baxt criteria, as described (referred to as “Garner criteria” in subsequent literature) as the 

primary end-point measure.  The differences in sensitivity between CareFlight, START and MSTART 

were not dramatic, with sensitivities of 82% (95% confidence interval [CI] 75% to 88%), 85% (95% CI 

78% to 90%), and 84% (95% CI 76% to 89%), respectively.  However, CareFlight demonstrated the 

highest specificity of 96% (95% CI 94% to 97%), compared with START (specificity of 86%, 95% CI 84% 

to 88%), and MSTART (specificity of 91%, 95% CI 89% to 93%)19.  Notably, the lead author was 

employed by CareFlight.  The study also found that of the physiologic variables, the Motor 

Component of the Glasgow Coma Scale (<6) had the strongest association with predicting the need 

for life-saving interventions, followed by a systolic blood pressure of <80mmHg19.   

Regarding paediatric triage, in 2006 Wallis and Carley undertook an independent, prospective study 

comparing the performance of the PTT, CareFlight, START and JumpSTART amongst 3461 children 

(≤12 years) attending a South African trauma centre within 12 hours of an acute injury20.  They 

defined a Priority 1 (or T1) patient using Garner’s criteria, modifying this for paediatric use by 

including fluid resuscitation in excess of 20ml/kg20.  Additional end-points considered were ISS>15 

and NISS>15.  They found that CareFlight demonstrated the highest sensitivity (46%) for detecting 

the need for one of more of the modified Garner criteria, as well as ISS>15 (48.4%) and for NISS>15 

(31.5%).  PTT performed similarly (41.5%, 37.8% and 26.1% sensitivity, respectively).  Both CareFlight 

and and PTT demonstrated over 98% sensitivity for all three outcomes, with the authors 
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recommending either tool for use, stating that the differences in performance were unlikely to be 

clinically significant.  In contrast, JumpSTART and START demonstrated worrying low sensitivities 

(<40%) for all outcomes, with JumpSTART exhibiting sensitivities of under 4% for all outcomes.  A 

few years later, Price et al applied JumpSTART (≤8 years), START (>8 years), CareFlight, PTT and the 

Triage Sort to the data of 31,292 children (67.9% male, mean age 7.9 years, mortality 3.3%) taken 

from the UK TARN trauma registry in 2009, with imputation of missing pre-hospital physiology70.  

The authors reported tool sensitivity and specificity for in-hospital death and 1SS>15.  Contrary to 

the findings of Wallis and Carley, the PTT had the worst performance amongst the tools, with 

sensitivity of only 37.8% for mortality in all <16s (25% in those ≤8 years) and 36.4% for ISS>15 (17.6% 

in those ≤8 years).  Overall, there was great variation in tool performance across age subsets and for 

each outcome measured, and the authors were unable to recommend one tool as being superior the 

others.  Each study has utilised a different age cut-off for defining a child, different inclusion criteria 

(ED attenders versus those meeting trauma registry inclusion criteria) and neither study presented a 

breakdown of the injury mechanisms in their cohorts.  As such, it is still unclear which existing tool 

performs best amongst children.   

In an attempt to standardise triage practices and increase interoperability between emergency 

services across the various regions in 2006, the United States Centre for Diseases Control and 

Prevention (CDC) and the National Association of EMS Physicians convened a working group of 

national experts74.  They undertook an in-depth literature review, including the studies outlined 

above, followed by a Delphi consensus exercise involving several experts, taking into account lessons 

learnt from several international post-event evaluations74.  Following this extensive exercise, they 

acknowledged that there was insufficient evidence to recommend one method of triage over 

another for use in across the United States.  Instead, they compiled in a national guideline including 

a list of 24 recommended “Model Uniform Core Criteria” which regions should apply when selecting 

a triage tool.  They introduced the SALT tool, which is the only tool which complies with all of these 

recommendations80.  Notably, although MUCC represents the most comprehensive effort 
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undertaken in the United States to develop common uniform criteria for major incident triage 

systems, the Federal Interagency Committee on EMS acknowledge that there is a lack of evidence 

regarding the impact on patients outcomes of using a MUCC compliant triage method versus a non-

MUCC compliant tool102.   

Ahead of the 2012 UK Olympic games, Challen and Walter sought to retrospectively compared the 

performance of START, the Manchester Sieve (MIMMS Triage Sieve) and CareFlight using 166 

patients injured during the 7th July 2005 London bombings69.  The authors found that the tools 

performed identically, however they openly acknowledged that the amount of missing data seriously 

compromised their attempts to evaluate tool performance.    

The largest study to date comparing the performance of triage tools was undertaken by Cross an 

Cicero, using 530,695 paediatric, adult and geriatric trauma patients from the US National Trauma 

Data Bank (NTBD)100.  This compared the performance of six triage tools: START, Fire Department of 

New York (FDNY, a modification of START), CareFlight, Sacco Triage Method Score, and Unadjusted 

Sacco Score, as well as the ordinary Glasgow Coma Scale)18.  The authors compared tool-assigned 

outcomes to mortality on discharge, reporting area under the receiver operator curve (AUC) data.  

Secondary outcomes included death in the emergency department, ventilator use, and hospital 

length of stay.  The authors undertook subgroup analyses by age, trauma mechanism (blunt, 

penetrating and burns) and patient sex.  The patient population included 84.8% blunt-injured 

patients, 11% who suffered penetrating trauma and 0.9% who had burns; the bulk of patients had 

non-severe injury with only 24.4% having ISS>15.  Results demonstrated that the Sacco Triage 

Method predicted mortality most accurately (AUC 0.883, 95%CI 0.880-0.885) and that CareFlight 

was best amongst patients suffering burns (AUC 0.870, 95% CI 0.85-0.89), although CareFlight had a 

tendency to mistriage “salvageable” patients to the “Unsalvageable” (Dead/black) category (41% of 

these survived).  START performed particularly well among burn (AUC 0.86, 95%CI 0.84-0.88) and 

penetrating trauma patients (AUC 0.926, 95%CI 0.922-0.930) but less well among patients with blunt 
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trauma (AUC 0.826, 95%CI 0.822-0.829).  With regard to the elderly, all the triage methods were 

markedly less accurate than in other age groups, with the authors highlighting this as an area 

requiring further research.  The study was limited by the exclusion of a large proportion of patients 

due to missing data particularly in those aged 0-15 years; overall, only 29% of the eligible patients 

had complete data for analysis.  Additionally, the methodology used to assign “true” triage 

categories was subjective and based on ISS, and not resource requirements.  Not all trauma-

receiving hospitals submit data to the NTDB, so the dataset is not nationally representative.  Whilst 

the need for ventilation is particularly resource-heavy making this a useful outcome to report when 

considering major incidents, some of the secondary outcomes such as time spent in the Emergency 

Department may be less useful or relevant to inform major incident planning.  Despite the 

limitations, this study was able to highlight the strengths and weaknesses of individual tools, 

however it was unable to determine a clear winner amongst them.     

 

In a series of UK-based studies starting in 2017, Vassallo et al sought to compare the performance of 

their newly derived MPTT against the the MIMMS Triage Sieve and the NARU Triage Sieve, as well as 

START and Careflight47.  A single primary outcome measure was used: this was the need for a life-

saving intervention, determined by an author-led modified Delphi consensus of experts81.  This end-

point was used by the author to model their novel tool, the MPTT, and then used to compare the 

performance of their tool to others47.  Other outcome measures such as mortality and injury severity 

were not reported.  Comparative analyses were conducted amongst military and civilian patient 

populations21,47.  Amongst patients from the UK military’s Joint Trauma Theatre Registry, the MPTT 

and its derivative, the MPTT-24 demonstrated the highest sensitivity (66.3 and 69.5%) but lowest 

specificity (65.3 and 69.9%) amongst the triage tools tested47,52.  The Australian Careflight tool 

demonstrated the highest specificity (98.4%) and lowest over-triage rate (5%) although sensitivity 

was 32.9% with regards to the chosen outcome measure.  This study was limited by the application 
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of tools to patients’ first recorded hospital physiology, as the JTTR does not reliably capture pre-

hospital observations, hence results may have been influenced by treatments administered in the 

pre-hospital setting.  40% of patients in the JTTR database were excluded from the study due to 

missing data.  Another limitation is that the patients were injured servicemen and women cared for 

under combat conditions, which has limited generalisability to major incidents affecting civilians.  

Vassallo et al went on to conduct a similar comparative analysis in a civilian population from the UK’s 

TARN registry including over 100,000 patients81.  Here, again, tools were retrospectively applied to 

patients’ first hospital (rather than pre-hospital) physiological observations.  The results 

demonstrated that the MPTT had the highest sensitivity of 57.6% and the lowest level of under-

triage (42.4%) compared with other tools.  The NARU Triage Sieve and the START tool were very 

similar in performance, with a sensitivity of 28% and a positive predictive value above 50%.  Both 

these tools had a much lower over-triage rate of nearly half compared with 67% seen with the 

MPTT; the authors described this as an acceptable rate of over-triage47.  In 2019, the authors went 

on to compare the MPTT-24 and NARU Triage Sieve to the Triage Sort (MIMMS), a secondary triage 

tool by retrospective application to TARN registry data, using the need for life saving intervention 

(LSI) as the outcome measure 103.  The Triage Sort demonstrated the lowest accuracy of all triage 

tools at identifying the need for LSI (sensitivity 15.7% (95% CI 15.2 to 16.2) correlating with the 

highest rate of under-triage (84.3% (95% CI 83.8 to 84.8), but it had the greatest specificity (98.7% 

(95% CI 98.6 to 98.8).   

In 2020, the authors who developed the consensus-based triage category definitions101 (as well as 

the SALT tool) conducted a prospective study using a small convenience sample of 125 ED attenders 

at a US-based level 1 trauma centre, to test the triage accuracy of SALT, START, MIMMS Triage Sieve 

and CareFlight88.  The primary end-point measure was the accuracy of each tool in assigning all (not 

just P1) triage categories.  SALT was found to have the highest accuracy rate (52%; 95% CI 43–60) 

compared to START (36%; 95% CI 28–44), CareFlight (36%; 95% CI 28–44), and TriageSieve (37%; 

95% CI 28–45).  SALT also had the lowest under-triage rate (26%; 95% CI 19–34) compared to START 
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(57%; 95% CI 48–66), CareFlight (58%; 95% CI 49–66), and Triage Sieve (58%; 95% CI 49–66). SALT 

had the highest over-triage rate (22%; 95% CI 14–29) compared to START (7%; 95% CI 3–12), 

CareFlight (6%; 95% CI 2–11) and TriageSieve (6%; 95% CI 2–11).  This study had several limitations, 

the most significant ones being that it was based on a very small convenience sample of patients 

that contained only 5 patients who fulfilled criteria for Priority 1 status, and that it was conducted by 

the authors that developed the SALT tool.  The study highlighted that all four systems had relatively 

high rates of under-triage.  The same authors had previously used identical methodology to compare 

the performance of SALT, JumpSTART, Triage Sieve, and CareFlight amongst 115 children (<18 years), 

however results were inconclusive because the confidence intervals for both the accuracy and 

under-triage rates overlapped between all triage tools, with high rates of under-triage noted 

amongst all tools88. 

Studies comparing the performance of multiple tools vary in their choice of metrics used to report 

performance of tools.  Triage tools are essentially diagnostic tools which seek to assign the correct 

triage category to individual patients.  For reasons outlined previously, diagnosis of the P1 category 

is widely considered the most important and this is the focus of several studies outlined in the 

previous section.  Like any diagnostic tool, a number of measures of accuracy exist including 

sensitivity, specificity, under- and over-triage (1-sensitivity), area under the receiver operating curve 

(AUC) as well as both positive and negative predictive values (PPV, NPV).  Policymakers must be clear 

of the implications on likely patient outcomes as well as resource considerations when selecting 

triage tools, taking account both sensitivity and specificity, but also the resilience of the system in 

question and its ability to deal with over-triage. 

Sensitivity describes the ability of a diagnostic test to correctly identify patients who have a 

condition, also referred to as the true positive rate.  Mathematically, sensitivity is calculated as the 

number of true positive patients divided by the sum of the number of true positives and the number 

of false negatives.  However, sensitivity does not take into account the false positives.  If a test has a 
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high sensitivity for P1, then a negative result will be useful for “ruling out” the disease.  In the case of 

a triage tool, one with a high sensitivity is likely to assign a P1 label to a high proportion of patients 

who are truly P1, however this comes at the likely expense of a degree of over-triage, or assignment 

of P1 category to patients who are non-P1.  Specificity, on the other hand, describes a test’s ability 

to assign a negative result to patients who do not have a condition.  Mathematically, specificity is 

equal to the number of true negatives divided by the sum of the number of true negatives and the 

number of false positives.  A triage tool with a high specificity for P1 status will correctly assign non-

P1 status to nearly all the non-P1 patients, but this is not particularly useful for “ruling out” P1 

status.  Hence, a tool with high specificity might fail to assign P1 status to several true P1 patients, 

with a significant rate of under-triage.  The ideal diagnostic tool, or indeed triage tool, has a very 

high sensivity and high specificity, however in reality one often comes at the expense of the other.  A 

suitable balance must be sought between correctly identifying all high-acuity patients (under triage 

refers to those high-acuity patients who fail to be correctly identified) and inadvertently assigning 

high acuity status to less severely injured patients (over-triage).  No tools have been shown to 

eliminate under-triage or over-triage completely and notably, there are no national or international 

standards governing the performance of triage tools in the MI setting.  Several studies reporting the 

performance of triage tools have used trauma registry populations with specific inclusion criteria 

which give rise to a biased population with over-representation of severely injuried patients.  The 

“denominator” of non-P1 patients might not be representative of true MI populations, and the 

degree of false positives in practice may be greater than that reported by such studies.    

A receiver operating character curve (ROC curve) is a graphical plot in which the x axis consists of the 

false positive rate (1-specificity) and the y axis represents the true positive rate i.e. sensitivity.  The 

area under the curve (AUC) provides users with an appreciation of how well a model or diagnostic 

test can produce relative scores to discriminate between positive or negative instances across all 

classification thresholds.  This amalgamates the results of sensitivity and specificity at any given 

threshold in a visually appealing graphic and the AUC between different tools may be assessed and 
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compared in this way.  Notably, some studies such as Cicero et al report AUC values in isolation, 

which may limit policymakers in that individual tool sensitivity and specificity is not expressed, hence 

modelling and prediction of patient outcomes may prove challenging.   

In selecting tools for a particular setting, policy makers must also take into account the resources 

available to treat patients and the number of patients that are likely to be affected in major 

incidents.  There is a point at which healthcare facilities may be overwhelmed to the degree that 

individual patient care and therefore overall survival and outcomes are compromised.  In an analysis 

of terrorist bombings between 1969 and 2004, Frykberg demonstrated a direct linear correlation 

between over-triage and critical mortality.  The degree of over-triage that a system can deal with will 

also be affected by the setting, the number of victims arriving at healthcare facilities (which is also 

influenced by the inherent performance and correct practical application of pre-hospital triage tools) 

and the timing of major incidents.  For example, individual hospitals and regional ambulance services 

may be more easily overwhelmed outside of working hours (e.g. overnight, at the weekend) and the 

resilience of hospitals may vary with the time of year, for example summer months versus the height 

of the so-called “winter pressures” experienced within the NHS29.  Paediatric major trauma centres, 

which are geographically dispersed, are particularly vulnerable to being overwhelmed during major 

incidents, particularly when coupled with the human factors tendency to over-triage children, as 

observed in several post-event evaluations10,22.  In a high-resource setting and one in which a high 

level of scrutiny is likely to be cast upon triage decisions and outcomes, sensitivity appears be a 

higher priority.  The under-triage of children, for example, is likely to be heavily criticised by the 

general public and expectations of outcome following MI have never been so high.  This was 

exemplified by the Manchester Arena Enquiry27.   

Therefore, in the relatively well-resourced setting of the UK, it can be proposed that the most 

important aspect of triage tool performance is the correct identification of Priority 1 patients, i.e. 

sensitivity.  Inevitably, a considerable degree of over-triage is to be expected.  In a low-resource 
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setting where there is particular vulnerability to over-triage, specificity of a pre-hospital triage tool is 

likely to be the most important performance metric to consider, in order to maximise overall 

survival.  Lastly, it is challenging to determine whether underperformance of a triage tool in major 

incidents arises from poor discriminatory capability of the tool itself or whether the tools have been 

applied incorrectly.  Incorrect application can result from human error, or due to lack of simplicity of 

the tool e.g. those involving arithmetic are more likely to be abandoned or applied incorrectly8.  It is 

apparent that large, registry based studies are valuable in determining the inherent physiological 

discriminatory capability of tools, but real-life event evaluations as well as simulation studies can 

give an idea of whether the tools are practically applicable by humans under challenging conditions.  

Policy makers must take both aspects into account when selecting tools for use, since overall success 

requires a tool to possess both of these essential qualities.   

Summary of major incident triage tools and their performance as relevant to 

contemporary UK practice 

Multiple major incident triage tools exist, including several adult primary triage tools START, 

mSTART, MIMMS Triage Sieve, NARU Triage Sieve, MPTT, MPTT-24, SALT, ASAV, CareFlight, BCD 

Triage Sieve, two paediatric-specific primary triage tools (JumpSTART and PTT) as well as two points-

based triage tools, the MIMMS Triage Sort (a secondary triage tool) and the Sacco Triage 

Method11,47,52.  There are several challenges in comparing the performance of existing tools.  The 

unpredictable nature of major incidents makes it challenging to plan prospective studies in the major 

incident setting, with only a single study of this design performed to date6.  Retrospective studies 

using data gathered on actual major incident patients are often severely limited by a lack of pre-

hospital data75.  Other studies have used surrogate populations, such as ED attenders in trauma 

receiving hospitals, in which case triage is performed by a single or few hospital-based practitioners 

without the challenging atmosphere of a major incident setting56.   
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A key limiting factor in comparing the performance of tools is the variation in end-points used: 

controversies exist regarding the definition of a P1 casualty in academic terms.  Studies evaluating 

the performance of major incident triage tools have used mortality, injury severity scores (namely, 

ISS>15 and NISS>15) and the need for various, sometimes subjective, life-saving interventions as the 

primary end-point measure.  None of the end-points identified have been validated as outcome 

measures for triage tool performance and several are author-led81.  Variations in the end-points 

have limited the ability to directly compare the results of studies.  A validated, universally accepted 

endpoint would permit direct comparison between studies; this is an urgent research requirement.  

Such a standard may facilitate improvements in patient outcomes including overall survival.  

Garner’s criteria to define P1 status appear to have gained popularity in multiple international 

studies, however these include some outdated medical practices: intracranial pressure 

measurements are now known not to correlate as well with neurological outcome as previously 

thought19.  Additionally, large volume crystalloid resuscitation has given way to the preferential use 

of blood products and a growing tendency to hypotensive resuscitation, hence Garner’s criterion of 

large-volume crystalloid resuscitation is less applicable in the contemporary setting19.  Amongst the 

end-points in the existing literature, Lerner’s criteria, although not currently validated for use as an 

outcome measure, appear to be the most scientifically objective, defining not just P1 but all triage 

categories, they are applicable to patients of all ages and incorporate a comprehensive range of 

injury mechanisms including burns and CBRN101.   

Amongst the tools identified, START has been studied the most and is the only tool to have 

undergone prospective validation in an actual major incident setting6.  START has demonstrated 

sensitivity of 57% to 100% across various studies using a variety of primary endpoint measures, it has 

consistently demonstrated specificity of over 67%6,11,17,18,52.  The MSTART is very similar to START, 

although their triage accuracy relative to one another has yet to be assessed.  Lauded for its 

simplicity, CareFlight is the second most studied tool, and has demonstrated moderate performance 

in adults and children across a range of injury mechanisms, including blast and burns 
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trauma10,11,18,20,47,55.  The novel RAMP tool appears to be very similar to CareFlight and has only been 

evaluated by the authors, who found that it is much quicker and more accurate to apply than 

START10.  Further independent evaluation of RAMP is warranted.  The novel US SALT tool and 

German ASAV have yet to undergo independent evaluation, however the subjective nature of the 

assessments they include makes both tools very difficult to apply retrospectively67,80.  MPTT and 

MPTT-24 are novel tools evaluated using a single author-defined end-point, which was used as a 

basis for modelling these tools.  The authors recommend that the MPTT-24 replaces the NARU 

Triage Sieve in current UK civillian practice based on a modestly higher sensitivity for predicting the 

need for life-saving interventions52.  However, their results suggest that the MPTT-24’s rate of over-

triage is higher and specificity lower than most other tools, which has implications in practice, 

including the potential to overwhelm medical facilities with patients labelled P1 following a major 

incident24,47,52.  Independent evaluation of the performance of the MPTT-24 tools is warranted 

alongside the current UK NARU Triage Sieve, including the use of additional, objective outcome 

measures as relevant to the major incident setting.  To date, no published evaluations of the 

performance of the UK military’s Battlefield Casualty Drills Triage Sieve exist, although the tool has 

been used extensively during UK military operations68.   

The two point-based triage tools, Triage Sort and Sacco Triage Method, have both been modelled to 

predict mortality rather than resource requirements in the major incident setting39,60.  Vassallo et al 

demonstrated that Triage Sort, the only secondary triage tool identified in the literature, had the 

lowest accuracy of all triage tools at identifying the need for life-saving interventions with sensitivity 

of only 15.7% (95% CI 15.2 to 16.2) correlating with the highest rate of under-triage of 84.3% (95% CI 

83.8 to 84.8)45.  As such, there is an urgent requirement to develop a novel secondary triage tool 

that offers refinement in performance, namely an increase in sensitivity and a decrease in overtriage 

of the P1 category, compared with existing primary triage tools.  The proprietary nature of STM 

coupled with the limited improvements in performance relative to the widely utilised START tool in 

the US has limited its uptake into practice11,60,71.  STM is also more complex to apply in practice with 
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a heavy reliance on mathematical calculation by the care provider, making this a less attractive 

choice for the challenging major incident setting.  Whilst both points-based tools are paper-based, 

the popularity of hand-held devices and personal mobile phones creates the possibility of developing 

tools that take the form of a portable device application once patients have moved on from the 

often dangerous and unpredictable scene of a major incident (i.e. secondary triage).   

Regarding the performance of triage tools amongst children, two sizeable studies undertaken in 

paediatric populations have reported conflicting outcomes regarding the triage accuracy of the 

JumpSTART and PTT tools20,69,70.  CareFlight has been commended for its accuracy in children, and 

there are practical and logistic advantages of using a tool which is applicable to both adults and 

children; this also simplifies the training delivered to first responders55,74.  It is unclear which 

paediatric triage tool would perform best in the contemporary UK major incident setting, warranting 

further research in this area.  At the other extreme of age, only one US-based study has evaluated 

the performance of triage tools amongst elders, reporting that all tools performed less accurately 

amongst elders compared to their younger adult counterparts100.  Those aged 65 years and over 

form 18.3% of the current UK population and this proportion is likely to grow further58.  Major 

incident planning must cater for the unique needs of this subset of our population, including 

selection of triage tools which perform well in this age group.       

Several studies have been based outside of the UK and the degree to which their findings are 

generalizable to a UK setting are hampered by differences in population demographics and 

differences in the delivery of healthcare in those settings18,20.  Previous UK-based studies have 

utilised patient outcome data that preceded a major change in the delivery of trauma care in 2012, 

when care was reorganised into inclusive, regionalised trauma systems21,43,70.  Of the two UK (TARN) 

registry-based studies, one involved children cared for prior to 2009 and utilised only mortality and 

ISS>15 as outcome measures70.  The other was an author-led validation of a novel tool (MPTT-24) 

alongside others, using patients captured by TARN from 2006 to 2014, and utilised a single author-
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defined end-point; a study design which may be prone to author bias21.  Hence, the generalisability 

of their findings to the contemporary UK major incident setting is limited, warranting further 

research using a contemporary database of UK patients.  Furthermore, following the regionalisation 

of trauma care, casualty distribution plans stipulate that P1 casualties would be conveyed to a major 

trauma centre, P2 casualties to a Trauma Unit whilst P3 casualties may be conveyed to minor injury 

units or EDs at a distance from the major incident3,45.  However, there has been no evaluation of 

whether the patient resource requirements of each triage category align well with the capabilities of 

the corresponding tier of trauma care21,28,69.   

Given the existing evidence, it is difficult to determine superiority of one tool above the others, with 

reference to both UK-based and international settings11,80.    The use of trauma registry data has 

facilitated the retrospective application of triage tools in large numbers of patients, sometimes 

including valuable subgroup analyses by age and injury mechanism, as demonstrated by Cross and 

Cicero’s large, US-based registry study18.  Two high-quality trauma registries exist in the UK, namely 

TARN and JTTR, capturing large numbers of injured patients, with the potential to form the basis of a 

comparative analysis of the performance of multiple triage tools43,47.  Mandatory subscription to 

TARN by all trauma-receiving hospitals renders the resulting TARN population a nationally 

representative sample of injured patients, the largest of its kind in Europe43.  Although JTTR largely 

constitutes injured young, male soldiers cared for in military medical treatment facilities, the 

predominance of blast and penetrating trauma in this cohort offers the opportunity to examine the 

performance of any novel or existing tools in patients with these mechanisms of injury.  This is highly 

relevant since, in the last 15 years, man-made blast and bladed mechanisms have predominated 

amongst UK major incidents29.  Hence, whilst the choice of triage tools for use in the UK should cater 

for any eventuality, it is particularly important that they perform well amongst patients suffering 

blast and penetrating trauma, warranting evaluation of the performance of triage tools in UK 

patients with these mechanisms. 
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Machine learning and its potential to improve triage 
 

In the last fifty years, improvements in the power of computer processing and analytic ability has led 

to marked technological advances104.  Additionally, the amount of routinely collected data that is 

available for analysis has grown105.  This has been associated with the development of artificial 

intelligence (AI).  There has yet to be a widely accepted definition of AI within data science and 

computing, partly due to the rapidly evolving nature of AI.  However, from a clinician’s perspective, 

AI can be described as “human-like intelligence displayed by a machine, in terms of learning from 

experience or observations, then using this knowledge to recognise, interpret and make 

autonomous actions when faced with similar situations106.  AI is present in several aspects of 

everyday life, from entertainment suggestions on social media to email spam filters and even self-

driving vehicles106.  A natural expansion into healthcare is to be expected104.  Machine learning (ML) 

is commonly viewed as a subset of AI.  Alan Turing famously distinguished between the two by 

proposing that the cognitive question “Can machines think?” (AI) be replaced with the more 

operational question “Can machines do what we (as thinking entities) can do?”107.  In 1959, machine 

learning was described as a “field of study that gives computers the ability to learn without being 

specifically programmed.”  In practice, machine learning explores the construction and study of 

algorithms that can “learn” or make predictions on data to make predictions, without following 

strictly static computer programming instructions.  Machine learning can be broadly classified 

further based on the nature of the “feedback” available to the learning system.  In supervised 

learning, the computer is presented with example inputs and the desired outputs with the goal of 

learning a general rule that maps inputs to outputs.  In unsupervised learning, no labels are given to 

the learning algorithm, leaving it on its own to determine structure in its input.  Unsupervised 

learning can help to reveal hidden patterns in data or a means to an end.   

Machine learning has several advantages over traditional statistics, for example by using algorithms 

to identify previously unrecognised input variables that predict outcome, unlike the requirement for 
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human-determined variables in traditional statistics106.  Additionally, non-linear relationships 

between variables and outcomes can be harnessed, making machine learning particularly useful in 

identifying complex or unclear data inter-relationships.   Hence, machine learning models excel in 

exploratory predictive (regression or classification) modelling using large or computationally weighty 

datasets.  By comparison, traditional statistical methods are perhaps better suited to confirming 

specific hypotheses in smaller datasets. 

In healthcare, machine learning has the potential to impact and progress patient triage, diagnosis of 

disease, prediction of patient outcomes and estimation of prognosis.  This is made possible by the 

large amounts of data collected routinely by individual healthcare facilities and multicentre regional 

or national disease registries by regulatory bodies34,105,106.  These large databases often include 

patient variables and outcome data, lending themselves to the application of AI and ML.  However, 

despite the potential advantages outlined earlier, there have been barriers to adopting machine 

learning-based findings into healthcare, such as worries about unstructured reporting, unsuitable 

algorithm selection, concerns regarding data privacy and bias related to the use of proxy variables 

105,108,109.  The majority of studies utilise retrospective data, which were collected for reasons other 

than the AI/ML applications, and this also raises concerns about the use of data retrospectively 

without prior patient consent.  A further reason for hesitance amongst clinicians of embracing ML-

based studies and their findings is a lack of understanding of when AI/ML based models are likely to 

be superior to those derived from traditional statistical methods: ML has not always been shown to 

be superior to traditional logistic regression109.  Notably, it is not always the case that models 

undergo external validation, which is an essential step in their evaluation prior to considering their 

adoption into clinical practice106.  The confusing use of terminology, for example the interchangeable 

use of AI and ML, can also baffle clinicians, patients and regulators alike.  There has also been fear 

amongst clinicians of being replaced with AI and ML-based technologies, however comparison 

between clinicians and ML is not immediately relevant: AI/ML has the potential to reduce cognitive 

load, enable the efficient use of clinician time and supplement or improve clinical care by combining 



58 
 

the best of human and machine abilities106.  Additionally, ML clinical studies can involve deep neural 

networks or other complex algorithms and the way that the models arrive at their conclusion cannot 

easily be visualised by clinicians; this lack of transparency is a barrier to the acceptance of such 

models by clinicians as well as patients and regulators105,108.   

Tree-based machine learning models have demonstrated utility in clinical risk stratification, with the 

ability to capture non-linear interactions between input variables106.  In fact, the binary 

(present/absent or yes/no) nature of decision trees (also known as Recursive Partitioning and 

Regression Trees, RPART) closely resembles the “flowsheet” format of existing MI triage tools, 

making this ideally suited to developing paper-based primary triage tools.  Both random forest (RF) 

and gradient boosted tree (XGB) are popular machine learning algorithms with strong predictive 

power. RF is based on the concept of bagging, which lowers the prediction variance104.  Furthermore, 

instead of growing each tree using all variables, it randomly chooses a subset of variables at each 

split of the node in the tree, thereby forcing it to learn through all subsets of available variables. For 

XGB, the prediction target is estimated by sum-of-trees, and the model is built by successively fitting 

each tree to the residue of previously fitted trees, while regularizing the fit through multiplication by 

a scaling factor known as learning rate. In short, XGB estimates the target function by a sum of trees 

each of which explains a small and different portion of the target and no single tree dominates the 

prediction.  Both RF and XGB methods lend themselves to the development of an app-based MI 

triage tool, perhaps more suited to the secondary triage setting where reliance on a portable device 

is more feasible.   

Although there is a paucity of databases encompassing data from major incident victims, large 

trauma registry databases exist, encompassing a broad range of patient demographics and injury 

mechanisms.  There is potential for machine learning applied to these large databases to result in 

models which outperform existing tools in predicting the need for life-saving interventions in injured 

patients, particularly as previous triage tools are largely based on expert opinion.  Hence, there is 
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scope to develop machine-learning models that can be adapted into primary and secondary MI 

triage tools.  Crucially, any such models must be externally validated using an independent 

population of injured patients prior to recommending these for practical use in MIs.   

Hypothesis and aims of thesis 
 

Major incidents are characterised by the mismatch between the immediate needs of patients and 

the resources available to treat them.  Triage tools have a crucial role in ensuring that finite 

healthcare resources are allocated to maximise overall survival.  Existing tools are are largely paper-

based and have been developed based on expert opinion.  A major challenge in furthering the 

science of major incident management is the lack of consensus and standardisation of end-points 

which best define Priority 1 status and other triage categories.   

This thesis is focussed on the hypothesis that current methods of major incident triage in the UK 

civilian setting are suboptimal.   

In view of this hypothesis, the specific aims of this thesis are: 

1. To determine an objective, practically applicable and resource-based system to define 

major incident triage categories, and to validate this using a nationally representative 

sample of adults and children 

2. To compare the performance of existing international tools in adults, older adults and 

children across injuries of all mechanisms using a nationally representative sample of 

injured patients, in order to determine the best performing existing tool 

3. To identify the best performing existing triage tool for use in the most prevalent type of UK 

major incident, i.e. terrorist-related major incidents, which are characterised by blast and 

penetrating trauma 
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4. To use machine learning to develop novel primary and secondary triage tools for the UK 

civilian setting and to validate these externally using a geographically distinct population of 

injured patients 
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Introduction to Chapter 2 

 

Major incidents are characterised by a mismatch between the immediate needs of patients and the 

resources available to treat them.  A review of the existing literature has revealed that in the UK, 

man-made major incidents comprising blast and penetrating trauma have occurred with increasing 

frequency in recent years and continue to constitute the greatest threat to national security.  Triage 

tools have a crucial role in ensuring that finite healthcare resources are allocated to maximise overall 

survival.  Existing UK and international tools have largely been developed based on expert opinion 

and implemented without formal validation.  A major challenge in furthering the science of major 

incident management is the lack of consensus and standardisation of end-points which best define 

Priority 1 (P1) status and other triage categories.  A number of systems exist to define P1, including 

ISS>15, mortality and several intervention-based criteria, including objective and evidence-based 

definitions described by Lerner et al.   

 

Chapter 2 aims to validate an objective, practically applicable and resource-based system to define 

major incident triage categories using a nationally representative sample of adults and children.  A 

further aim is to compare the performance of existing international tools in adults, older adults and 

children across injuries of all mechanisms using a nationally representative sample of injured 

patients, in order to determine the best performing existing tool.   
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Publication number 1: The BCD Triage Sieve outperforms all existing major incident triage 

tools: Comparative analysis using the UK national trauma registry population 
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Publication number 2: Paediatric major incident triage: UK military tool offers best 

performance in predicting the need for time-critical major surgical and resuscitative 

intervention 
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Chapter 2 Conclusions 

 

Evidence-based triage category definitions have been validated amongst adults and children from 

the UK national trauma registry.  This system developed by Lerner et al defined P1 patients as those 

requiring any one of eight time-critical life-saving surgical and major resuscitative interventions, 

directly reflecting patient resource requirements, and is shown to correlate well with casualty 

distribution within UK regionalised systems of trauma care.  Hence, it is recommended that Lerner’s 

criteria should become the gold standard in reporting triage tool performance in future UK major 

incidents. 

 

In an effort to examine the performance of existing tools amongst adults and children, these 

intervention-based triage category definitions were compared with the triage category assignments 

of ten existing international triage tools.  A key limitation of this approach is the use of singly-injured 

TARN patients as surrogates for those injured in MIs, in whom injury characteristics and severity as 

well as outcome may differ.  However, use of this large and highly complete dataset of a nationally 

representative patient population has yielded valuable evidence which may inform national policy 

development.  This comparative analysis demonstrated that the current UK national triage tool, the 

NARU Triage Sieve, is poorly sensitive in identifying P1 patients who require time-critical, life-saving 

interventions, and was surpassed in sensitivity by several tools, the best of which was the UK 

military’s BCD Triage Sieve (Chapter 2, publication number 1).  Similarly, in children from the 

national trauma registry, the current UK tools, the Paediatric Triage Sieve and JumpSTART, 

demonstrated suboptimal performance and were substantially outperformed by several tools, with 

the BCD Triage Sieve again demonstrating the greatest sensitivity (Chapter 2, publication number 2).    
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Introduction to Chapter 3 

 

In Chapter 2, an objective and evidence-based system to define triage categories has been validated 

amongst adults and children from the UK national trauma registry (TARN).  This system developed by 

Lerner et al defined P1 patients as those requiring any one of eight time-critical life-saving surgical 

and major resuscitative interventions, directly reflecting patient resource requirements in the MI 

setting.  Existing international adult and paediatric MI triage tools have been evaluating using this 

proposed gold standard.  This comparative analysis identified the BCD Triage Sieve as the tool with 

the greatest sensitivity in predicting P1 status amongst both adults and children, surpassing the 

current UK adult (NARU Triage Sieve) and Paediatric (Paediatric Triage Tape) MI triage tools.  The 

BCD Triage Sieve can thus act as a useful comparator for the modelling of novel tools, however it is 

noted that this expert-derived tool has a considerably high over-triage rate of 68-72%, suggesting 

that there is room for improvement, where the sensitivity of BCD Triage Sieve is preserved or 

increased but with a more acceptable over-triage rate.  Additionally, many of the existing tools 

outlined in Chapter 2, including the BCD Triage Sieve, utilise arithmetic calculations as part of patient 

assessment.  This is in spite of several post-event evaluations of real-life major incidents reporting 

that counting is difficult to perform accurately in practice, and leads to the abandonment of the use 

of tools in situations where there is an ongoing threat to care providers.  

 

Machine learning (ML) explores the construction and study of algorithms that can “learn” or make 

predictions on data, without following strictly static computer programming instructions.  ML has 

several advantages over traditional statistics, for example by using algorithms to identify previously 

unrecognised input variables that predict outcome, unlike the requirement for human-determined 

variables in traditional statistics.  Additionally, non-linear relationships between variables and 

outcomes can be harnessed, making ML particularly useful in identifying complex or unclear data 



 
14 

  

inter-relationships.  In healthcare, ML has the potential to impact and progress patient triage, 

diagnosis of disease, prediction of patient outcomes and estimation of prognosis.  Tree-based 

machine learning models have demonstrated utility in clinical risk stratification and the development 

of decision support tools, with the ability to capture non-linear interactions between input variables.  

Although there is a paucity of databases encompassing data from major incident victims, large 

trauma registry databases exist, encompassing a broad range of patient demographics and injury 

mechanisms.  There is potential for machine learning applied to these large databases to result in 

models which outperform existing tools in predicting the need for life-saving interventions in injured 

patients, particularly as previous triage tools are largely based on expert opinion.  Hence, there is 

scope to develop machine-learning models that can be adapted into primary and secondary MI 

triage tools.  Crucially, any such models must be externally validated using an independent 

population of injured patients prior to recommending these for practical use in MIs.  The aim of 

Chapter 3 is to use machine learning to develop novel primary and secondary triage tools for the UK 

civilian setting and to validate these externally using a geographically distinct population of injured 

patients. 
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Chapter 3 Conclusions 

 

Using tree-based machine learning methodology, a novel primary triage tool as well as a secondary 

triage tool that is applicable via a portable device, have been developed.  Both tools outperform the 

BCD Triage Sieve amongst TARN patients, with reduced associated over-triage rates.  The app-based 

secondary triage tool has withstood external validation amongst injured patients from the UK 

military’s Joint Theatre Trauma Registry (JTTR); however, a paucity of pre-hospital data precluded 

external validation of Quick Triage amongst JTTR patients, necessitating further work.     
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Introduction to Chapter 4 

 

A review of the existing literature has revealed that in the UK, man-made major incidents comprising 

blast and penetrating trauma have occurred with increasing frequency in recent years and continue 

to constitute the greatest threat to national security.  In Chapter 2, an objective and evidence-based 

system to define triage categories has been validated amongst adults and children from the UK 

national trauma registry (TARN).  Existing international adult and paediatric MI triage tools have 

been evaluating using this proposed gold standard.  This comparative analysis identified the BCD 

Triage Sieve (now adapted for civilian use at the NHS MITT) as the tool with the greatest sensitivity in 

predicting P1 status amongst both adults and children, surpassing the current UK adult (NARU Triage 

Sieve) and Paediatric (Paediatric Triage Tape) MI triage tools.  However, this work assessed tool 

performance in the entire trauma registry population in which 97% of patients sustained blunt 

injury.  It is not known, therefore, how these existing tools, or indeed the novel ML-derived Quick 

Triage, performs in patients with penetrating trauma.  The aim of chapter 4 is to identify the best 

performing triage tool for use in the most prevalent types of UK major incident, i.e. terrorist-related 

major incidents, which are characterised by blast and penetrating trauma. 
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Triage in terror-related major incidents and the introduction of Quick Triage, a novel tool 

for UK major incidents  

Abstract: 

Introduction: 

With an ongoing threat from terror-related and other major incidents (MI), evidence-based selection 

of triage tools for the UK setting is imperative.  Triage tools must be highly sensitive in identifying 

patients in need of time-critical, life-saving interventions (Priority 1, or P1 casualties), whilst seeking 

to minimise over-triage.  We introduce Quick Triage, a novel machine learning-derived tool, and 

evaluate its performance in clinically important subgroups within the Trauma Audit and Research 

Network (TARN) registry.  NHS England has recommended use of Ten Second Triage (TST) by non-

NHS first responders and Major Incident Triage Tool (MITT) for NHS first responders from April 2024; 

these and other prominent tools are used as comparators.   

Methods: 

TARN patients of all ages (January 2008-December 2017) were included and divided into subgroups 

based on age (<16 years, 16-64 years and elders aged 65+ years) and injury mechanism (blunt or 

penetrating).  Quick Triage, TST, MITT, the UK’s current tool NARU Triage Sieve, Battlefield Casualty 

Drills Triage Sieve, CareFlight, Modified Simple Triage and Rapid Treatment (START), and the 

Modified Physiological Triage Tool (MPTT-24) were retrospectively applied to patients’ first recorded 

pre-hospital physiology.  True P1 patients were identified using pre-defined, intervention-based 

criteria.  Tool-assigned and intervention-based assignment of P1 status were compared.   

Results: 

195,709 adults (including 100,403 elders) were included with median injury severity score (ISS) of 9 

(IQR 9-17) and in-hospital mortality of 7.0% (n=13,601).  11.3% fulfilled criteria for P1 status.  97.1% 

(n=190,048) sustained blunt injuries, including all elders. Amongst 4,962 children, median ISS was 9 
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(9-17) with mortality of 1.1% (n=53); blunt injuries predominated (95.4%).  27.1% (1,343) of children 

fulfilled P1 criteria.   

In blunt-injured adults, Quick Triage was most sensitive (78.8%; elders 77.0%), followed by MITT 

(74.0%; elders 57.9%). TST attained sensitivity of just 50.5% (elders 37.9%).  TST, validated in real-life 

patients for the first time, demonstrated exceptionally high rates of under-triage in blunt-injured P1 

adults (43.5%), children (46.7%) and elders (62.1%).  MITT’s sensitivity for blunt-injured children was 

17% greater than Quick Triage, however Quick Triage outperformed MITT by a similar margin in 

children with penetrating injuries, with 30% reduction in over-triage.  Across the subgroups, Quick 

Triage had lower over-triage (0.5%-30.5%) relative to MITT, which demonstrated the highest over-

triage (46.7-88.3%) amongst the tools studied.  

Conclusion: 

Quick Triage offers the most balanced performance in predicting the need for life-saving 

interventions across adults and children with any injury mechanism and is associated with 

significantly lower over-triage rates than MITT: we recommend its use as a single tool for all first 

responders in UK MIs in place of TST and MITT.  Use of TST may be associated with significant harm 

due to substantial under-triage of blunt-injured adults, children and elders, a weakness not 

recognised prior to this study.   
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INTRODUCTION:  

In the wake of the 2017 Manchester Arena bombing, much consideration has been given to how the 

best possible outcomes can be delivered to victims of UK major incidents (MIs)1.  A key component 

of pre-hospital care is casualty triage using appropriate pre-determined triage tools2,3.  The triage 

process seeks to ensure that casualties with life-threatening injuries are treated at scene ahead of 

the less critically injured, and that casualties are transferred to the appropriate medical facility 

within regionalised trauma networks2 4.  A Priority 1 (P1) casualty is defined as one in need of time-

critical, life-saving intervention5-7.  It is vital that triage tools correctly identify P1 patients, since 

failure to do so (under-triage) is associated with direct harm and increased mortality resulting from 

delayed care or transfer to an inappropriate medical facility8-10.  Some over-triage, or assignment of 

P1 status to non-critical patients, is inevitable if tools are to remain simple, however this is 

associated with the potential harm of overwhelming healthcare facilities, thus impairing the care of 

individual patients10.  Whilst major incident tools must perform robustly across a range of injury 

mechanisms, the greatest loss of life on UK soil since World War 2 resulted from terrorist attacks 

during the London 7/7 bombings and 2017 Manchester Arena Bombing, making the validation of any 

potential triage tools amongst patients with blast and penetrating injuries a high priority1,11-13.  

Indeed, the 2023 National Risk Register highlights that the likeliest threat continues to be terrorist 

attacks, including those on public places and transport14.  Whilst blast and penetrating mechanisms 

have dominated, recent terrorist attacks have included combinations of mechanisms, such as vehicle 

drive-through (i.e. blunt trauma) followed by dismounted knife attacks, as seen during the 

Westminster and London Bridge Attacks, or blast associated with building collapse1,11,12,15.  Sadly, the 

Manchester Arena bombing illustrated the vulnerability of children to major incidents (17% of the 

UK population is aged <15 years) and planning must also take into account that 19.7% of UK adults 

are aged over 651,16.  With public expectations at their highest, coupled with a higher level of 

scrutiny than ever before, there is a need for robust evidence to inform national policymakers in 

their choice of triage tools1. 
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UK major incident triage has traditionally involved a two-stage “Sieve and Sort” approach with a 

primary triage “sieve” applied at the scene of injury followed by a more detailed assessment 

(secondary triage) conducted within the relative safety of a Casualty Clearing Station, prior to 

onward transfer of patients2,3,17.  This approach assumes that the secondary triage process offers 

additional triage accuracy, justifying the added time and complexity this entails.  However, evidence 

suggests that the existing UK secondary triage tool, the Triage Sort, is poorly sensitive (15%) in 

detecting the need for life-saving intervention2,18. This, coupled with its complexity, may explain why 

it has fallen out of use.  Until recently, it has been UK policy to use the NARU Triage Sieve as an adult 

(12+ years) primary tool followed by the Triage Sort, with use of the Paediatric Triage Tape (PTT) at 

scene in children under 12 years, followed by JumpSTART at hospital reception2,17.  Substantial 

evidence has emerged that these four tools have suboptimal performance in identifying casualties 

needing life-saving interventions, as well as other important clinical outcomes5,7,18,19.  Additionally, 

use of four tools during a single major incident is unnecessarily complex, adding to the cognitive 

burden of first responders, who must maintain situational awareness to ensure their safety and that 

of their patients3,11,20,21.  Simplification of the triage process may minimise delays and improve triage 

accuracy.  As such, NHS England has proposed that by June 2024, non-NHS first responders should 

use the ultra-simple, expert-derived Ten Second Triage (TST, Figure 1), alongside use of the NHS 

Major Incident Triage Tool (MITT, Figure 2) by NHS first responders, in patients of all ages22,23.  This 

empowers non-NHS first responders to begin the triage process and administer life-saving 

interventions ahead of the arrival of NHS first responders, addressing the so-called “care gap” 

highlighted in the Manchester Arena Inquiry1.  However there is no published evidence describing 

how effective TST is in discriminating P1 from non-P1 patients outside of a simulated setting22.  MITT 

represents the civilian adaptation of the UK Military’s BattleField Casualty Drills (BCD) Triage Sieve, 

following evidence that this has a relatively high sensitivity (56.7-75.7%) in predicting the need for 

life-saving interventions amongst adults, elders and children, as well as predicting in-patient 

mortality and injury severity amongst casualties of all ages7,19,23.  Additionally, there is indirect 
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evidence of its efficacy from the excellent trauma outcomes achieved when the BCD Triage Sieve has 

been used by soldiers during military operations in Afghanistan24.   

Quick Triage is a novel machine learning-derived major incident triage tool that was modelled to 

predict Priority 1 status within a UK-specific population of injured adults (Figure 3)25.  Uniquely for 

the major incident context, the modelling process incorporated assessment of injury mechanism as 

well as anatomical assessment of injuries25.  The resulting decision tree model included assessment 

of the ability to breathe spontaneously, followed by ability to obey commands (GCS Motor Score=6) 

and presence of a chest injury.  Additionally, presence of a torso, junctional or head and neck 

penetrating injury was found to be strongly associated with P1 status25.  In adapting this model into 

a practically applicable tool, assessment for and interventions to control catastrophic haemorrhage 

have been included: haemorrhage is a leading cause of death following injury and control of 

peripheral or junctional haemorrhage may be readily achieved using tourniquets and haemostatic 

dressings26,27.  To prevent early deaths, two further simple interventions have been included: 

opening of the airway and placement of patients with airway compromise or altered mental status in 

the recovery position4.  Additionally, in keeping with conventional tools, ability to walk has been 

included as a marker of non-severe injury, i.e. Priority 3 status2,4.  Quick Triage has yet to be 

employed in practice and its performance in clinically important subgroups of the population has yet 

to be demonstrated.  The aim of this study was to measure the performance of Quick Triage 

amongst paediatric, adult and elderly patients with blunt and penetrating injury from the UK 

national Trauma, Audit and Research Network (TARN) registry, in comparison with existing tools, to 

inform national policymakers. 
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Figure 1: Ten Second Triage (TST) 

 

Figure 2: NHS Major Incident Triage Tool (MITT) 
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Figure 3: Quick Triage  

 

METHODS: 

 

Overview of study design 

This study measures the performance of eight major incident triage tools in predicting P1 status 

using patients from the UK Trauma Audit and Research Network (TARN) registry as surrogates for 

those injured in a major incident.  Each triage tool was applied to patients’ pre-hospital physiology to 

determine whether the patient would have been designated P1 status.  Patient records were 

reviewed to determine whether they required time-critical, life-saving interventions from a 
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predefined list, allowing assignment of “actual” triage categories (P1, P2, P3, Expectant or Dead).  

Tool performance was assessed by comparing tool-predicted and intervention-based P1 status.  

Study population 

Prospectively recorded, anonymised data for TARN registry patients of all ages presenting to 

hospitals in England and Wales between 1 January 2008 and 31 December 2017 were included.  

Patients with incomplete pre-hospital physiological data required to apply the triage tools 

(respiratory rate, heart rate, capillary refill time, Glasgow Coma Score (GCS), and GCS Motor 

Component) were excluded.  TARN constitutes the largest trauma registry in Europe, receiving data 

from all UK Major Trauma Centres and Trauma Units28.  The registry includes injured patients 

fulfilling the following criteria: length of stay over 72 hours, intensive care (ICU) admission and/or in-

hospital death.  TARN does not include prehospital deaths19.  Trained TARN co-ordinators record 

pre-hospital and in-hospital physiological, demographic, and outcome data contemporaneously into 

a web-based proforma.   

Application of triage tools  

To test tool performance, patients were categorised by age into children (<16 years), adults (16-64 

years) and elders (65+ years), consistent with National Health Service configuration, and further 

divided into subgroups based on the presence of blunt and penetrating injuries.  Quick Triage (Figure 

1), TST (Figure 2), NHS MITT (Figure 3), its parent tool, the UK military’s BCD Triage Sieve7, and the 

current UK tool, the NARU Triage Sieve2, were transcribed into computer code and applied to first 

recorded pre-hospital physiology to determine whether patients were assigned P1 or non-P1.  As 

comparators, CareFlight, used widely in Australia4 and MSTART4, used in several parts of North 

America were applied, as well as the MPTT-2429, which was modelled in UK military casualties but 

has yet to be used in practice.  Several assumptions were made to facilitate retrospective tool 

application, as described previously7.  Since TARN does not record the pre-hospital suspected 

anatomical distribution of injuries, in the application of Quick Triage “presence of a chest injury” was 
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assumed if the patient had a retrospective assignment of Abbreviated Injury Score greater than 0 

(AIS Chest>0)25,28.  For QT and TST, presence of a central penetrating injury was coded as “Injury 

type: penetrating” and “AIS>0” in any body region other than limbs.  For TST, “Talking?” was 

denoted as a GCS Verbal score greater than or equal to 322.   

Outcome measures:  

The primary outcome measure was the ability of triage tools to predict P1 status, defined as the 

need for time-critical lifesaving intervention(s).  Each patient was assigned a triage category (Dead, 

Expectant, P1, P2 or P3) based on a pre-defined system utilising Emergency Medical Services and 

hospital-based interventions described by Lerner et al, using equivalent TARN terminology (see 

Supplementary data table 1)6.  This system was originally derived using literature review followed  by 

expert consensus, and has been validated amongst UK trauma registry patients, demonstrating 

clinically meaningful and statistically significant differences in mortality, intensive care use, length of 

stay and injury severity between the triage categories7.  TARN records the timing of hospital arrival 

and each intervention, allowing incorporation of this interval into the time-critical definitions 

constituting P1 status.   

To further evaluate tool strengths and weaknesses, secondary outcome measures included 

prediction of in-hospital mortality and ISS>15.  Although it does not directly correlate with resource 

requirements, which is of prime importance in the MI setting, ISS>15 is commonly used to define 

major trauma, to justify major trauma centre admission within UK regionalised inclusive trauma 

systems, and to assess the validity of field triage tools outside of the major incident context9,28,30.  

Data processing and analyses:  

TARN data were received in SPSS Version 24.0 (Armonk NY: IBM Corp 2015) and processed using R 

software (Version 3.6, R Core Team, New Zealand, 2000).  Non-parametric data are presented as 

median and interquartile range; categorical data as frequency and percent.  Performance 
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characteristics included sensitivity, specificity, under-triage (1-sensitivity), over-triage (1-positive 

predictive value), and Area Under the Receiver Operating Curve (AUROC).  95% confidence intervals 

were calculated using the Wilson Score with continuity correction for binomial proportions, and 

DeLongs Algorithm for comparing AUC curves.  Paediatric patients excluded due to missing data 

were compared to included patients (see Supplementary data table 3 for statistical tests and 

results).   

Ethical approval: The UK Health Research Authority Patient Information Advisory Group (Section 20) 

has granted ethical approval for research using anonymised TARN data. 

Role of funding source: The funding source had no role to play in study design, in the collection, 

analysis, and interpretation of data, in the writing of the report, or in the decision to submit the 

paper for publication. 

 

RESULTS: 

Characteristics of the study population and subgroups 

TARN captured 215,632 adult patients.  19,923 (9.2%) patients were excluded due to incomplete 

physiological data, hence, 195,709 patients were included.  Adult patient and injury characteristics 

are summarised in Table 1.  Median injury severity was 9 (IQR 9-17) and in-hospital mortality was 

7.0% (n=13,601).  Approximately half of adults were aged 65+ years (n=100,403).  The vast majority 

(97.1%) of adults sustained blunt injuries, including all those aged 65+ years.  Low-level falls 

constituted the commonest mechanism (n=113,319, 57.9%) followed by vehicle collisions (n=41,590, 

21.3%) and falls greater than 2m (n=25,194, 12.9%).   

 

  



64 
 

 

Table 1:  Patient and injury characteristics (Adults aged 16+ years, n=195,709) 

Characteristic n (%) 

Gender 

Male 104,019 (53.1%) 

Female 91,690 (46.9%) 

Missing data 0 (0.0%) 

Injury Severity Score (ISS) 

Median (IQR) 9 (9–17) 

ISS>15 62,402 (31.9%) 

Missing data 0 (0.0%) 

Age 

Median (IQR), years 66.2 (47.3–83.0) 

Patients aged 16–64 years 95,306 (48.7%) 

Patients aged 65+ years 100,403 (51.3%) 

Missing data 0 (0.0%) 

Discharge status 

Alive 182,107 (93.0%) 

Dead 13,601 (7.0%) 

Missing data 1 (0.0%) 

Mode of injury 

Blunt 190,048 (97.1%) 

Penetrating 5660 (2.9%) 

Missing data 1 (0.0%) 

Mechanism of injury 

Fall less than 2m 113,319 (57.9%) 

Vehicle Incident/Collision 41,590 (21.3%) 

Fall more than 2m 25,194 (12.9%) 

Blow(s) 6827 (3.5%) 

Stabbing 4105 (2.1%) 

Other 2609 (1.3%) 

Crush 1355 (0.7%) 

Shooting 440 (0.2%) 

Blast 142 (0.1%) 

Burn 128 (0.1%) 

Missing data 0 (0.0%) 

Triage category  

Priority 1 22,144 (11.3%) 

Priority 2 171,404 (87.6%) 

Dead 282 (0.1%) 

Expectant 1879 (1.0%) 
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2.9% (n=5660) of adults sustained penetrating injuries with a median age of 32.6 years (IQR 23-48) 

and a strong male preponderance (85.6%, n=4,845) (See Supplementary data table 2 for full results).  

In-hospital mortality was relatively low (3.1%, n=171) and median ISS was 9 (IQR 9-16).  Penetrating 

injuries were most frequently attributable to stabbing (n=4105, 2.1%) or other penetrating injuries 

(n=1,115).  A minority sustaining gunshot wounds (n=440, 0.2%).  

Over the 10 year period, 15,133 children were identified; 10,171 (67.2%) were excluded due to 

incomplete pre-hospital physiological data19.  Hence 4,962 children were included in the study.  

Included and excluded patients were compared (see Supplementary data table Table 4): excluded 

patients had comparable injury severity (median ISS 9 [IQR9-16] vs. median ISS 9 [IQR9-17], p<0.01 

respectively) but higher mortality (3.1% vs. 1.1%, p<0.01) compared to included patients. Excluded 

patients were more likely to have sustained burns and falls below 2m. 

Paediatric patient and injury characteristics are summarised in Table 2.  Male patients constituted 

two thirds of the cohort (n=3447).  Nearly half of the paediatric cohort were aged 12+ years, one 

quarter were aged 8 to 11 years (n=1281, 25.8%) and the remaining quarter were aged under 8 

years.  As seen in adults, median ISS was 9 (IQR 9-17).  In-hospital mortality was low at 1.1% (n=53).  

Blunt injuries predominated (95.4%), with nearly half of all children injured in vehicle collisions 

(n=2459) and over a third from falls (n=1832).  4.6% (n=229) of children sustained penetrating 

injuries, most commonly due to stabbings (n=130, 2.6%), other penetrating injuries (n=83, 1.7%) and 

a very small minority (n=16, 0.3%) sustained gunshot wounds. 
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Table 2:  Paediatric patient and injury characteristics (age <16 years, n=4,962) 

Characteristic n (%) 

Gender 

Male 3447 (69.5%) 

Female 1515 (30.5%) 

Missing data 0 (0.0%) 

Injury Severity Score (ISS) 

Median (IQR) 9 (9, 17) 

ISS>15 1,617 (32.6%) 

Missing data 0 (0.0%) 

Age 

Median (IQR), years 11.9 (8.0, 14.2) 

<16 years, n (%) 4962 (100.0%) 

 Of which, 12 to <16 2446 (49.3%) 

8 to <12 1281 (25.8%) 

4 to <8 768 (15.5%) 

0 to <4 467 (9.4%) 

Missing data 0 (0.0%) 

Discharge status 

Alive 4909 (98.9%) 

Dead 53 (1.1%) 

Missing data 1 (0.0%) 

Mode of injury 

Blunt 4733 (95.4%) 

Penetrating 229 (4.6%) 

Missing data 1 (0.0%) 

Mechanism of injury 

Vehicle Incident/Collision 2459 (49.6%) 

Fall less than 2m 1187 (23.9%) 

Fall more than 2m 645 (13.0%) 

Blow(s) 327 (6.6%) 

Other 147 (3.0%) 

Stabbing 130 (2.6%) 

Crush 42 (0.9%) 

Shooting 16 (0.3%) 

Blast 5 (0.1%) 

Burn 4 (0.1%) 

Missing data 0 (0.0%) 

Triage category 

Priority 1 1,343 (27.1%) 

Priority 2 3,588 (72.3%) 

Dead 2 (0.04%) 

Expectant 29 (0.58%) 
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Designation of intervention-based triage categories 

Amongst the adult (16+ years) population, 11.3% (n=22,144) of patients fulfilled criteria for P1 

status.  The majority of these required advanced airway intervention (n=18,890, 85.3%), and one 

fifth needed a chest drain within 2 hours (n=4,301).  15.5% (n=3,427) were designated P1 status 

based on requiring emergency lifesaving surgery.  A list of the eight criteria constituting P1 status, 

with a breakdown of patient designations is presented in Supplementary data table 1.  A minority of 

patients fulfilled criteria for the “Dead” category (n=282, 0.1%), with a further 1% (n=1,879) classed 

as “Expectant” based on the presence of non-survivable burns or catastrophic head injuries6.  The 

vast majority (87%, n=171,402) of patients were designated P2 status, forming the largest triage 

category.  In this TARN-eligible study population, no patients met criteria for Priority 3 (minimally 

injured) status28. 

In the subgroup of adults with penetrating injuries, and in contrast to their blunt-injured 

counterparts, nearly half of patients fulfilled criteria for P1 status (n=2,639), the largest portion of 

whom needed life-saving surgery (44.3%, n=1,170) (See Supplementary data table 4 for a breakdown 

of P1 designations).  A third (n=864) of P1 patients required chest drain placement within 2 hours 

and there was a relatively lower requirement for airway interventions (37.0%, n=976).  A similar 

proportion arrived in ED with uncontrolled haemorrhage (12.4% in penetrating subgroup compared 

with 8.9% amongst all adults).  In-hospital mortality amongst adults with penetrating trauma was 

relatively low (3.1%, n=171).   

In the paediatric study population, 1343 (27.1%) patients met criteria for P1 status: three quarters 

(n=808) required advanced airway intervention, nearly a third (n=310) arrived in ED with 

uncontrolled haemorrhage and 15.7% (n=169) required life-saving surgery within 4 hours (see 

Supplementary data table 5 for further details).  Less than 1% (n=31) of paediatric patients fulfilled 

criteria for “Dead” and “Expectant” categories and the vast majority (n=3588, 72·3%) of patients 

were designated P2.  No patients met criteria for the P3 (minor) category.   
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Triage tool performance 

(i) Prediction of P1 status (need for life-saving interventions) 

Amongst adults aged 16-64 years with blunt trauma (Table 3), Quick Triage had the highest 

sensitivity (78.8% 95CI 78.1-79.5) and the greatest overall discriminatory capability reflected by AUC 

of 0.758 (95CI 0.754-0.762).  Quick Triage offered a 6.3% sensitivity advantage over the next best 

performer, MITT, with an associated improvement in over-triage at 66.4% (95CI 65.9-66.9) 

compared with MITT’s 74.0% (95CI 73.5-74.4).  Both Quick Triage and MITT offer an improvement in 

sensitivity of 25% or greater compared with the currently utilised NARU Triage Sieve (Sensitivity 

46.8% 95CI 46.0-47.7), although at the expense of slightly higher (8.5 to 16.1%) over-triage rates.  

TST attained sensitivity of 50.5%, under-triaging nearly half of all blunt injured adults needing life-

saving interventions.  CareFlight, NARU Triage Sieve and TST all demonstrated very high specificity 

(88.8-95.8%) but all three tools exhibited under-triage rates of over 50%.  The highest over-triage 

rate was demonstrated by MPTT-24 (82.1% 95CI 81.7-82.5), which also had the lowest overall 

discriminatory capability (AUC 0.546 95CI 0.541-0.550).   

Table 3:  Tool performance in predicting the need for life-saving intervention (Priority 1 status) in 

adult patients (16-64 years) with blunt trauma (n=190,048) 

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 78.8 [78.1, 79.5] 72.8 [72.5, 73.1] 21.2 [20.5, 21.9] 66.4 [65.9, 66.9] 0.758 [0.754, 0.762] 

Tools proposed by NHS England 

TST 50.5 [49.6, 51.3] 95.8 [95.7, 96.0] 49.5 [48.7, 50.4] 32.0 [31.1, 32.9] 0.732 [0.727, 0.736] 

NHS MITT 72.5 [71.7, 73.2] 64.0 [63.7, 64.4] 27.5 [26.8, 28.3] 74.0 [73.5, 74.4] 0.683 [0.679, 0.687] 

Other tools 

BCD Triage Sieve 71.2 [70.4, 71.9] 66.3 [66.0, 66.6] 28.8 [28.1, 29.6] 73.0 [72.6, 73.5] 0.687 [0.683, 0.692] 

CareFlight 47.2 [46.4, 48.1] 93.0 [92.8, 93.1] 52.8 [51.9, 53.6] 46.1 [45.2, 47.0] 0.701 [0.696, 0.705] 

MPTT-24 45.6 [44.7, 46.4] 63.5 [63.2, 63.9] 54.4 [53.6, 55.3] 82.1 [81.7, 82.5] 0.546 [0.541, 0.550] 

MSTART 61.3 [60.4, 62.1] 89.2 [89.0, 89.4] 38.7 [37.9, 39.6] 50.2 [49.4, 50.9] 0.752 [0.748, 0.757] 

NARU Triage Sieve 46.8 [46.0, 47.7] 88.8 [88.5, 89.0] 53.2 [52.3, 54.0] 57.9 [57.1, 58.7] 0.678 [0.673, 0.682] 
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In adults aged 16-64 years with penetrating trauma (Table 4), very high sensitivities were exhibited 

by Quick Triage (90.3% 95CI 89.1-91.4) and TST (88.5% 95CI 87.2-89.8).  These were followed by 

MITT, with a moderate sensitivity of 68.4% (95CI 66.5-70.2).  All three aforementioned tools 

substantially outperformed NARU Triage Sieve’s sensitivity of 34.5% (95CI 32.7-36.4).  CareFlight had 

the lowest sensitivity (22.6% 95CI 21.0-24.3) but the highest specificity (89.8% 88.6-90.9).  Over-

triage rates across all tools in this penetrating subgroup of adults consistently fell below 50%, unlike 

those seen amongst blunt injured adults (range 32.0-82.1%).   

Table 4:  Tool performance in predicting the need for life-saving intervention (Priority 1 status) in 

adult patients (16-64 years) with penetrating trauma (n=5,660) 

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 90.3 [89.1, 91.4] 27.3 [25.6, 29.0] 9.7 [8.6, 10.9] 46.2 [44.7, 47.8] 0.588 [0.578, 0.598] 

Tools proposed by NHS England 

TST 88.5 [87.2, 89.8] 32.4 [30.6, 34.2] 11.5 [10.2, 12.8] 44.9 [43.4, 46.5] 0.605 [0.594, 0.616] 

NHS MITT 68.4 [66.5, 70.2] 43.8 [42.0, 45.8] 31.6 [29.8, 33.5] 46.7 [45.0, 48.5] 0.561 [0.548, 0.574] 

Other tools 

BCD Triage Sieve 66.2 [64.3, 68.1] 46.8 [44.9, 48.7] 33.8 [31.9, 35.7] 46.2 [44.4, 48.0] 0.565 [0.552, 0.578] 

CareFlight 22.6 [21.0, 24.3] 89.8 [88.6, 90.9] 77.4 [75.7, 79.0] 32.5 [29.3, 35.8] 0.562 [0.552, 0.572] 

MPTT-24 60.5 [58.6, 62.4] 44.6 [42.7, 46.5] 39.5 [37.6, 41.4] 49.4 [47.6, 51.2] 0.526 [0.512, 0.539] 

MSTART 35.6 [33.8, 37.6] 83.7 [82.2, 85.1] 64.4 [62.4, 66.2] 32.8 [30.3, 35.4] 0.597 [0.585, 0.608] 

NARU Triage Sieve 34.5 [32.7, 36.4] 77.5 [75.9, 79.1] 65.5 [63.6, 67.3] 41.0 [38.5, 43.6] 0.560 [0.548, 0.572] 

Note: all adults with penetrating injuries fell within the 16-64 year subgroup.   

Amongst elders (65+ years, see Table 5), all of whom sustained blunt injuries, Quick Triage 

demonstrated the greatest sensitivity of 77.0% (95CI 76.4-77.5), surpassing all other tools by a 

margin of 20%, with a relatively modest over-triage rate of 73.1% (95CI 72.7-73.4) and best overall 

AUC of 0.752 (95CI 0.749-0.755).  This was followed with a 20% margin by MITT (sensitivity 57.9% 

95CI 56.6-59.1), which had higher over-triage at 88.3% (95CI 87.9-88.6).  High over-triage rates were 

seen with all tools (62.8-91.3%) in the elders subgroup.  CareFlight, MPTT-24, MSTART, NARU Triage 

Sieve and TST all demonstrated sensitivity of less than 50%, with TST identifying little over one-third 

(sensitivity 37.9% 95CI 36.9-39.1) of elders needing life-saving interventions.   
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Table 5:  Tool performance in predicting the need for life-saving intervention (Priority 1 status) in 

elders (65+ years, n=100,403) 

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 77.0 [76.4, 77.5] 73.4 [73.2, 73.6] 23 [22.5, 23.6] 73.1 [72.7, 73.4] 0.752 [0.749, 0.755] 

Tools proposed by NHS England 

TST 37.9 [36.7, 39.1] 95.8 [95.6, 95.9] 62.1 [60.9, 63.3] 62.8 [61.6, 64.0] 0.668 [0.662, 0.674] 

NHS MITT 57.9 [56.6, 59.1] 71.1 [70.8, 71.4] 42.1 [40.9, 43.4] 88.3 [87.9, 88.6] 0.645 [0.639, 0.651] 

Other tools 

BCD Triage Sieve 56.7 [55.5, 57.9] 72.7 [72.4, 73.0] 43.3 [42.1, 44.5] 87.9 [87.5, 88.3] 0.647 [0.641, 0.653] 

CareFlight 33.5 [32.3, 34.7] 93.4 [93.3, 93.6] 66.5 [65.3, 67.7] 74.7 [73.7, 75.6] 0.635 [0.629, 0.641] 

MPTT-24 43.1 [41.9, 44.3] 69.9 [69.6, 70.2] 56.9 [55.7, 58.1] 91.3 [91.0, 91.6] 0.565 [0.559, 0.571] 

MSTART 48.6 [47.4, 49.9] 88.5 [88.3, 88.7] 51.4 [50.1, 52.6] 78.2 [77.5, 78.8] 0.686 [0.679, 0.692] 

NARU Triage Sieve 33.2 [32.1, 34.4] 89.6 [89.4, 89.8] 66.8 [65.6, 67.9] 82.5 [81.8, 83.1] 0.614 [0.609, 0.620] 

Note: there were no elders with penetrating trauma within the TARN database. 

In children with blunt injuries (Table 6), MITT had the greatest sensitivity at 84.7% (95CI 82.3-86.8), 

however this was associated with a relatively high over-triage rate of 73.2% (95CI 71.6-74.7) and 

AUC of 0.612 (95CI 0.599-0.626).  Quick Triage had the second highest sensitivity, identifying two 

thirds of children needing life-saving intervention (sensitivity 67.1% 95CI 64.1-69.9), with a 30% 

lower over-triage rate than MITT and the highest AUC of 0.768 (95CI 0.753-0.784).  As seen in blunt-

injured adults, TST identified approximately half of blunt-injured children requiring life-saving 

intervention (sensitivity 53.3% 95CI 48.7-55.0), with similar performance to CareFlight (sensitivity 

51.9% 95CI 48.7-55.0); both TST and CareFlight demonstrated high specificity above 94%.   

Table 6:  Tool performance in predicting the need for time-critical, life-saving intervention (Priority 

1 status) in children (<16 years) with blunt trauma (n=4,733)  

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 67.1 [64.1, 69.9] 86.6 [85.4, 87.6] 32.9 [30.1, 35.9] 42.7 [39.9, 45.6] 0.768 [0.753, 0.784] 

Tools proposed by NHS England 

TST 53.3 [50.1, 56.4] 95.6 [94.9, 96.2] 46.7 [43.6, 49.9] 23.5 [20.5, 26.9] 0.744 [0.729, 0.760] 

NHS MITT 84.7 [82.3, 86.8] 37.8 [36.2, 39.3] 15.3 [13.2, 17.7] 73.2 [71.6, 74.7] 0.612 [0.599, 0.626] 

Other tools 

BCD Triage Sieve 82.6 [80.1, 84.9] 41.9 [40.3, 43.5] 17.4 [15.1, 19.9] 72.3 [70.7, 73.9] 0.623 [0.609, 0.637] 

CareFlight 51.9 [48.7, 55.0] 94.1 [93.2, 94.8] 48.1 [45.0, 51.3] 29.9 [26.6, 33.3] 0.730 [0.714, 0.746] 

MPTT-24 53.8 [50.7, 56.9] 39.6 [38.0, 41.2] 46.2 [43.1, 49.3] 80.7 [79.1, 82.1] 0.467 [0.450, 0.484] 

MSTART 62.6 [59.6, 65.6] 87.1 [86.0, 88.1] 37.4 [34.4, 40.4] 43.4 [40.5, 46.4] 0.749 [0.733, 0.764] 

NARU Triage Sieve 57.8 [54.7, 60.8] 78.3 [77.0, 79.6] 42.2 [39.2, 45.3] 58.2 [55.6, 60.8] 0.681 [0.664, 0.697] 
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Tool performance in children with penetrating trauma closely mirrored that seen in adults (Table 7), 

with very high sensitivities demonstrated by Quick Triage (93.8%, 95CI 86.4-97.4) and TST (88.5%, 

95CI 80.0-93.3), followed with some distance by MITT at 75%, (95CI 64.9-83.0).  As in adults, over-

triage rates were much lower amongst children in penetrating trauma (44.4-54.9%) compared with 

blunt-injured children (23.3-80.7%), in which wider variation but generally higher over-triage rates 

were noted.   

Table 7:  Tool performance in predicting the need for life-saving intervention (Priority 1 status) in 

children (<16 years) with penetrating trauma (n=229)  

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 93.8 [86.4, 97.4] 35.0 [27.2, 43.7] 6.2 [2.6, 13.6] 49.7 [42.2, 57.2] 0.644 [0.597, 0.691] 

Tools proposed by NHS England 

TST 88.5 [80.0, 93.9] 46.0 [37.5, 54.7] 11.5 [6.1, 20.0] 46.5 [38.7, 54.6] 0.673 [0.620, 0.725] 

NHS MITT 75.0 [64.9, 83.0] 40.9 [32.7, 49.6] 25.0 [17.0, 35.1] 52.9 [44.7, 61.0] 0.579 [0.519, 0.639] 

Other tools 

BCD Triage Sieve 72.9 [62.7, 81.2] 44.5 [36.1, 53.2] 27.1 [18.8, 37.3] 52.1 [43.7, 60.3] 0.587 [0.526, 0.648] 

CareFlight 16.7 [10.1, 26.0] 89.1 [82.3, 93.5] 83.3 [74.0, 89.9] 48.4 [30.6, 66.6] 0.529 [0.483, 0.574] 

MPTT-24 66.7 [56.2, 75.8] 43.1 [34.7, 51.8] 33.3 [24.2, 43.8] 54.9 [46.4, 63.2] 0.549 [0.486, 0.612] 

MSTART 31.2 [22.4, 41.6] 82.5 [74.9, 88.2] 68.8 [58.4, 77.6] 44.4 [31.2, 58.5] 0.569 [0.512, 0.625] 

NARU Triage Sieve 38.5 [28.9, 49.1] 75.9 [67.7, 82.6] 61.5 [50.9, 71.1] 47.1 [35.2, 59.4] 0.572 [0.512, 0.633] 

 

In all subgroups, the BCD Triage Sieve has near-identical performance to its derivative, MITT.  

MSTART had moderate sensitivity for adults and children with blunt trauma (61.3 %and 62.6%, 

respectively) and low sensitivity amongst adults and children with penetrating trauma (35.6% and 

31.2%, respectively), although MSTART demonstrated high specificity of over 82% in all subgroups 

and relatively low over-triage rates (32.8-50.2%, with the exception of elders).  

(ii) Prediction of in-hospital mortality (see Supplementary data tables 7A-E) 

Amongst blunt-injured adults aged 16 to 64 years, MITT was most sensitive (85% 95CI 83.5-86.4) for 

in-patient mortality, followed closely by Quick Triage at 80.3% (95CI 78.7-81.9) and then MSTART at 

76.6% (95CI 74.9-78.3).  Amongst adults (16-64 years) with penetrating injuries, with the exception 
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of MPTT-24 (sensitivity 29.3% 95CI 21.9-37.9), all tools demonstrated sensitivity of 84% and above, 

with Quick Triage, TST and MITT achieving sensitivities above 95%.   

All tools demonstrated sensitivities of 85-100% for inpatient mortality amongst blunt-injured 

children, and sensitivities of 80-100% in children with penetrating injuries.  The exception to this was 

MPTT-24, with poor sensitivity (7.3%-36.4%) for in-patient mortality within all subgroups except for 

elders (sensitivity 45.9% 95CI 44.9-46.8).  Amongst elders, MITT achieved the highest sensitivity in 

predicting in-patient mortality at 50.8% (95CI 49.9-51.8), with all other tools performing worse: the 

lowest sensitivity was demonstrated by TST (24.5% 95CI 23.7-25.3) and CareFlight (26.9% 95CI 26.1-

27.8).   

(iii) Prediction of ISS greater than 15 (see Supplementary data tables 8A-E) 

Amongst all adults, 62,402 (31.9%) had ISS>15, of whom approximately a quarter (n=15,058) met 

criteria for intervention-based P1 status. A third (n=7,086) of intervention-based P1 patients had an 

ISS≤15.  In predicting ISS>15 amongst blunt injured adults (16-64 years), MITT demonstrated the 

greatest sensitivity of 85.0% (95CI 83.5-86.4) followed by Quick Triage at 80.3% (95CI 78.7-81.9).  

CareFlight, NARU Triage Sieve and START had similar sensitivity in the range of 69.1 to 76.6%.  TST’s 

sensitivity for ISS>15 was 51.0% (95%CI 49.0-53.1).   Amongst adults (16-64 years) with penetrating 

trauma Quick Triage, TST, MITT (as well as parent tool BCD) all exhibited sensitivities of over 95% for 

ISS>15, closely followed by MSTART (88.7%), NARU Triage Sieve (84.2%) and CareFlight (78.2%).  

MPTT-24 had the lowest sensitivity for ISS>15 amongst adults aged 16-64, in both blunt (33.7% 95CI 

31.8-35.6) and penetrating trauma (29.3% 95CI 21.9-37.9) subgroups.  Amongst elders, all tools 

performed poorly at predicting ISS >15, ranging in sensitivity from 41.4% (Quick Triage) to the lowest 

at 18.3% (CareFlight).  

Amongst children, one third of patients (n=1617) had ISS>15, half (n=849) of whom met criteria for 

intervention-based P1 status.  One third (n=494) of intervention-based P1 patients had an ISS≤15.   

The tools performed very differently in predicting ISS>15 as compared with adults and demonstrated 
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great variation between penetrating and blunt-injured paediatric subgroups.  In the blunt injured 

subgroup, MITT (similar to its parent tool, BCD) demonstrated the highest sensitivity of 77.2% (95CI 

75.1-79.3), followed at some distance by MPTT-24 (sensitivity 57.7% 95CI 55.2-60.1) and Quick 

Triage (sensitivity 57.4% 95CI 54.9-59.8).  TST had the lowest sensitivity for severe injuries at 36.5% 

(95%CI 34.2-39.0).  Amongst children with penetrating trauma, Quick Triage was very highly sensitive 

at 95.5% (95CI 86.4-98.8), followed with a 25% margin by MITT (sensitivity 69.7% (95CI 57.0-80.1) 

and then TST at 77.3% (95CI 65.0-86.3).    

 

DISCUSSION   

 

This study introduces Quick Triage, a novel machine-learning derived major incident triage tool, 

assessing its performance using national trauma registry data.  Quick Triage outperforms existing 

prominent tools in predicting the need for life-saving interventions across all clinically important 

subgroups, with a reduction in over-triage of 0.5% to 30.5% relative to MITT.  The exception to this is 

in blunt-injured children, where MITT has a 17% sensitivity advantage over Quick Triage, however, 

Quick Triage outperforms MITT by a similar margin in children with penetrating trauma.  MITT, 

proposed by NHS England for use by NHS first responders from April 2024, performs moderately well 

(sensitivity 68.4%- 84.7%; elders 57.9%) in predicting the need for life-saving interventions, although 

it is associated with the highest rates of over-triage (46.7-88.3%) amongst the tools studied.  Quick 

Triage and MITT have similarly strong performance in predicting in-patient mortality and ISS>15 

amongst adults; both offer drastic improvements in identifying P1 patients relative to the current UK 

tool, the NARU Triage Sieve.  TST, proposed by NHS England for use by non-NHS first responders 

from April 2024, has undergone its first validation using real patients, including children.  TST 

demonstrated excellent performance in penetrating trauma but identifies only half of blunt-injured 
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adults and children and approximately a third of elders requiring life-saving interventions: 

considerable limitations not recognised prior to this study.   

Although TST has been field-tested using simulated casualties, this is its first validation amongst real-

life casualties, permitting evaluation of its strengths and weaknesses22.  There are several practical 

implications of study findings.  The high sensitivity of TST for P1 status in penetrating trauma (88.5% 

in children, 88.1% in adults aged 16-65) suggests that TST-labelled P1 casualties can be transferred 

from scene without ill consequence or need for re-triage.  In blunt-injured patients assigned P1 

status by TST, a high specificity (>95%) suggests that these patients too may be transferred and that 

re-triage with an alternative tool is unlikely to change their tool-assigned triage category.  The 

danger lies with blunt-injured patients in whom TST assigns P2 status.  A significant proportion of 

these will be “true” P1s (TST under-triage rate of blunt-injured P1 adults is 43.5%,  46.7% in children 

and 62.1% in elders): these casualties may experience delayed care at scene, and transfer to an 

inappropriate hospital for definitive care if not re-triaged using a more sensitive tool.  If NHS 

England’s recommendation for non-medical first responders to use TST is implemented, it is 

imperative that all blunt-injured TST-labelled P2 patients undergo re-triage with a more sensitive 

tool prior to transfer; perhaps use of distinct tags highlighting the need for re-triage is warranted.  

This vulnerability associated with TST is compounded by several real-life reports that secondary 

triage is frequently omitted during MIs.  Delays in establishing a CCS, bypass of an existing CCS and 

immense pressure on first responders to clear the scene of casualties rapidly, sometimes at the 

expense of triage accuracy, are commonplace in UK and international MIs1,20,31.   

By contrast, study findings suggest that Quick Triage offers more balanced performance across the 

various subgroups (sensitivity of 77.0-92.1%, elders 67.1%) ensuring that over two thirds of P1s of 

any age with any injury mechanism are correctly identified, negating the need for secondary triage.  

Quick Triage’s lower over-triage rates relative to MITT may reduce the risk of overwhelming 

hospitals with non-critical patients10.  Hence, we recommend Quick Triage as a single tool for all first 
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responders at the scene of MIs.  Allowing complete interchangeability between triage conducted by 

NHS and non-NHS first responders, this simplification of the triage process will likely relieve the 

existing cognitive burden on all first responders, facilitate collaboration at scene to save lives, and 

allow the rapid onward transfer of casualties without compromising triage accuracy3,21.  Promotion 

of a shared mental model and minimising the duplication of efforts at scene by first responders 

across various organisations wholly embraces the principles outlined by the Joint Emergency Service 

Interoperability Programme (JESIP), addressing shortfalls identified repeatedly following the London 

7/7 bombings and 2017 Manchester Area reports1,3,13.  Quick Triage may be re-applied as required, 

for example during prolonged field care, at a CCS if desired or after the administration of a life-saving 

intervention (e.g. tourniquet application).   

Triage of children in MIs is particularly emotive and challenging1,11.  Often, uninjured children 

experience over-triage to paediatric trauma centres following MIs, which are more vulnerable to 

being overwhelmed than their more numerous adult counterparts20: removing the need to measure 

and calculate respiratory and heart rates (as demanded by PTT, JumpSTART and MITT) may reduce 

inter-user variability and promote objective triage.  In this computed, retrospective application of 

tools, it is unclear whether MITT’s advantage over Quick Triage in blunt-injured children (sensitivity 

84.7% vs 67.1%) would be sustained in practice, given that MITT is a more complex tool to apply.  

Quick Triage’s lower over-triage rates in both paediatric subgroups (3-30% reduction relative to 

MITT) has obvious practical advantages.  Although not measured in this study, PTT and JumpSTART’s 

performance has been evaluated in using the same trauma registry data and definition of P1, 

demonstrating inferior sensitivity to Quick Triage and MITT (PTT 44.8% and JumpSTART 35.6%)19.  At 

the other extreme of age, Quick Triage demonstrates strength in predicting the need for life-saving 

interventions amongst elders, perhaps reflecting that Quick Triage was modelled using a TARN 

population, in which elders are well represented.  Future work should determine how over-triage in 

elders can be reduced, and how other determinants of outcome including frailty and presence of co-

morbidities can be practically incorporated into the triage process.   



76 
 

 

Consistent with reports following real-life MIs32, we note a higher proportion of P1s overall amongst 

patients with penetrating compared with blunt trauma (46.6% vs 11.3% in adults), but additionally, 

there is a 2.5-fold higher requirement for life and limb-saving surgical interventions: this is 

particularly relevant for the hospital phase of planning for MIs11,12,33.  Our study findings confer with 

Cicero and Cross, who demonstrated only a moderate sensitivity of START (very similar to MSTART) 

and CareFlight for in-patient mortality amongst 500,000 patients from the US National Trauma Data 

Bank, mortality, as well as confirming that all tools have lesser discriminatory capability amongst 

elders relative to younger adults34.  In their retrospective application of tools to data collected on 

victims of the London 7/7 bombings, Challen et al also reported sensitivity of only 50% for both 

START and CareFlight in predicting P1 status, although their study was limited by a paucity of 

prehospital physiological data, as is often the case following MIs35.  CareFlight has widely been 

shown to have high specificity, but suboptimal sensitivity of approximately 50%, in several studies35-

37.  More recently, Jerome et al retrospectively evaluated multiple tools using over 8000 patients of 

all ages from the Alberta Trauma Registry, demonstrating similarly strong performance of MITT and 

BCD Triage Sieve (sensitivity of 70%), whilst START demonstrated sensitivity of below 50% in this 

study population5.  Jerome et al highlighted the limitations of using mortality as an outcome 

measure of MI tool performance, stating that resources must be directed to patients who are 

critically ill but highlighting that a proportion of patients may have unsurvivable injuries; this is 

particularly relevant amongst elders5.  In contrast to our findings, Jerome et al found that MPTT, 

from which MPTT-24 was derived, outperformed MITT5.  This may relate to the authors’ 

interpretation of MPTT’s treatment of the non-breathing patient (e.g. assuming that an airway 

manoeuvre was implicitly permitted; 61% of P1 patients required advanced airway intervention and 

MPTT was reported as having a sensitivity of 76%, despite the MPTT tool stipulating that non-

breathing patients should be assigned “Dead”)5.  Another possible explanation is that MPTT involves 

calculation of a full GCS score (MPTT-24 does not); this may convey triage accuracy on retrospective 

evaluation of MPTT, but is felt to be too complex and time consuming to apply accurately in the MI 
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setting6,38.  In our study, MPTT-24 has demonstrated modest sensitivity for the need for life-saving 

interventions yet poor sensitivity for predicting in-hospital mortality and ISS>15, despite an author-

led investigation demonstrating that patients under-triaged by MPTT had the lowest mortality when 

compared to the NARU and MIMMS Triage Sieve tools39.  A possible explanation for this is that the 

MPTT-24’s high over-triage rate of P1 casualties, not reported in that study, may have included 

those who died by chance, rather than due to diagnostic accuracy; another possible explanation is 

that a different, author-derived definition of P1 was utilised, limiting direct comparison of the 

results.  Based on the findings of this and a previous study, MPTT-24 cannot be recommended for 

use in UK MIs.  TST and CareFlight tools have a high specificity (93.7% and 92.8%, respectively) for 

predicting the need for life-saving intervention amongst blunt-injured adults aged 16-64 years.  

Coupled with the knowledge that both tools are highly simple to apply, these data suggest that they 

might be useful as primary triage tools, however their relatively high under-triage rates (43.5% and 

56.7%, respectively) make them less desirable as standalone tools, mandating the need for 

secondary triage prior to patient transfer.   

A key strength of this study is the evaluation of triage tool performance using a large number of 

injured UK casualties, including important injury mechanism and age subgroups, allowing a thorough 

evaluation not afforded by previous studies1,7,12.  Use of singly-injured trauma registry patients to 

measure triage tool performance affords a completeness of physiological data that cannot ordinarily 

be obtained in real MIs5,8,34,35,40.  Obvious limitations of this approach are that singly-injured patients 

are not wholly representative of MI casualties with regards to injury type, severity and outcome15,31.  

For example, in a London-based study, Olding et al illustrated that knife-injured MI patients tend to 

be older, more evenly spread across genders and may suffer more severe injuries than those injured 

singly outside of the MI setting, potentially reflecting the lethal intent of perpetrators during MIs15.  

Sadly, paediatric patients within the TARN registry appear to suffer from less complete data 

collection compared to adults, an important deficiency which must be addressed28.   
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Quick Triage fulfils the majority of the Model Uniform Core Criteria for Mass Casualty Triage (agreed 

by several US professional prehospital societies and the American College of Surgeons), making it an 

eligible candidate for use in the United States38,41.  To be fully compliant with MUCC criteria, it may 

preceded by “global sorting” (walking/waving/still) assessment6 prior to individual patient 

assessment and should include chest decompression as a life-saving intervention41.  Consideration of 

Quick Triage for use in the US is particularly relevant since MSTART appears to have suboptimal 

sensitivity, particularly in penetrating trauma, as seen in this and other studies34.  However prior 

validation of Quick Triage using mass-shooting or US civilian gunshot wound databases would be 

prudent since TARN contains only small proportions of low velocity GSW victims, limiting 

generalisability of study findings7,20.  More studies are required to assess validity of the ability to 

walk as a marker of the absence of significant injuries, with one air-crash evaluation suggesting that 

17% of ambulatory patients harboured significant P2 (but importantly, not P1) defining injuries40. 

A significant weakness of this study is that retrospective, computed application of triage tools does 

not take into account human factors: some tools are more difficult to apply in practice then others, 

affecting triage accuracy34.  Reports from previous international MIs (e.g. 9/11 terrorist attacks) 

highlight that tools involving arithmetic calculations (e.g. heart rate, respiratory rate) are rapidly 

abandoned by users in high-threat situations, with experts advising a move away from such 

tools20,31,38.  The practical applicability of tools can only be evaluated following real-life events or 

simulation studies involving humans31.  We propose that Quick Triage utilises qualitative input 

variables that can be reliably measured by any first responder under challenging circumstances25.  

However, the need to assess for presence of chest injuries, which forms a major component of pre-

hospital triage tools regularly applied by paramedics (e.g. ACS COT Field Triage Tool)30, may 

necessitate additional training amongst non-medical first responders.  Blast-injured patients are 

under-represented in the study population: use of available military trauma registries may prove 

useful for this purpose, but not without limited generalisability to the civilian setting27.  Patients with 

burns, who form a significant proportion of casualties following explosions42, and CBRN-related 
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injury are similarly underrepresented in TARN, warranting further academic inquiry, although the 

authors could not identify any CBRN-related databases in which tool performance may be assessed. 

In conclusion, this study describes a novel machine-learning derived MI triage tool, Quick Triage, and 

describes its superior performance to existing tools across a range of clinically significant age and 

mechanism subgroups, using a nationally representative patient population.  Strengths and 

weaknesses of TST and MITT have been evaluated, including relatively high over-triage rates 

associated with MITT, enabling care providers and policymakers to anticipate and therefore mitigate 

any potential harm associated with their use.  Whilst equipping non-medical responders to 

administer life-saving interventions, NHS England’s recommended use of TST is associated with a 

significant risk of under-triage in blunt injured adults, children and elders22.  Using Quick Triage as a 

single tool for all first responders may drastically simplify the triage process, promote better 

collaboration amongst first responders at scene and eliminate the aforementioned risk to blunt-

injured P1 patients, whilst reducing over-triage rates3.  This addresses several deficiencies raised 

during previous UK MIs, including the “care gap” highlighted in the Manchester Arena Inquiry and 

several human factors considerations raised following UK and international MIs3,21.  We therefore 

recommend that Quick Triage replaces NHS MITT immediately as the tool of choice for NHS first 

responders and recommend that field-testing amongst police and fire services is undertaken with a 

view to universal roll-out for all emergency services involved in UK major incidents.   
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SUPPLEMENTARY DATA 

Supplementary data table 1: Criteria defining Priority 1 status with a breakdown of adult Priority 1 

patients fulfilling each criterion  

Subcomponents of the Priority 1 triage category n (% of P1 patients) 

An advanced airway intervention (e.g. intubation, LMA, surgical airway) performed in the pre-hospital 

setting or within 4 hours of arrival at hospital 18,890 (85.3%) 

Chest tube placed within 2 hours of arrival at hospital 4,301 (19.4%) 

Neurologic, vascular, or haemorrhage-controlling surgery to the head, neck or torso performed within 

4 hours of arrival to hospital 3,427 (15.5%) 

Arrived in the ED with uncontrolled haemorrhage 1,979 (8.9%) 

Limb-conserving surgery performed within 4 hours of arrival at hospital on a limb that was found to be 

pulseless distal to the injury prior to surgery 606 (2.7%) 

IV vasopressors administered within 2 hours of arrival at hospital 361 (1.6%) 

Patient who required EMS initiation of CPR (i.e. had a cardiac arrest) during transport, in the ED, or 

within 4 hours of arrival at a hospital 182 (0.8%) 

Escharotomy performed on a patient with burns within 2 hours of arrival at a hospital 3 (0.0%) 

Total number of P1 patients 22,144 (100.0%) 

Note: There is overlap between life-saving interventions (LSI): 78.0% (n=17,272) of P1 patients 

required one LSI, 15.9% (n=3,520) required two LSI, and 6.0% (n=1,328) required 3 or more LSI. 
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Supplementary data table 2: Patient and injury characteristics of subgroup of adults with 

penetrating injuries (n=5,660)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary data table 3:  Comparison of the characteristics of included versus excluded 

patients 

 

Variable Included patients Excluded patients 

Male gender, n (%) 3447 (69.5%)* 6847 (67.3%) 

ISS, median (IQR) 9 (9, 17)* 9 (9, 16) 

Age (years), median (IQR) 11.9 (8.0, 14.2)* 3.9 (1.6, 10.1)  

Mortality, n (%) 53 (1.1%) 316 (3.1%)* 

Injury type  

Blunt 4733 (95.4%) 9935 (97.7%)* 

Penetrating 229 (4.6%)* 236 (2.3%) 

Injury mechanism  

Vehicle incident/collision 2459* (49.6%) 2262 (22.2%) 

Fall less than 2m 1187* (23.9%) 4827 (47.5%) 

Blow(s) 327 (6.6%) 943 (9.3%) 

Crush 42 (0.9%) 118 (1.1%) 

Fall more than 2m 645* (13.0%) 869 (8.5%) 

Other 147 (3.0%) 971* (9.6%) 

Burn 4 (0.1%) 40* (0.4%) 

Stabbing 130* (2.6%) 99 (1.0%) 

Shooting 16 (0.3%) 26 (0.3%) 

Blast 5 (0.1%) 16 (0.2%) 

Characteristic n (%) 

Gender 

Male 4,845 (85.6%) 

Female 815 (14.3%) 

Missing data 0 

Injury Severity Score (ISS)  

Median (IQR) 9 [9, 16] 

Missing data 0 

Age 

Median (IQR), years 32.6 [23, 48] 

Missing data 0 

Discharge status 

Alive 5,305 (93.7%) 

Dead 171 (3.1%) 

Missing data 184 (3.2%) 

Mechanism of Injury 

Penetrating 5,660 

Of which: 

Stabbing 4,066 (71.8%) 

Other* 1,159 (20.5%) 

Shooting 410 (7.2%) 

Blast 25 (0.44%) 

Missing data 0 

Triage Category 

Priority 1 2639 (46.6%) 

Priority 2 2971 (52.5%) 

Dead 21 (0.37%) 

Expectant 29 (0.51%) 
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Note:  Included patients were compared to those excluded with respect to clinical and demographic 

characteristics. Fisher’s exact test was used to compare categorical variables (gender, mortality and 

mode of injury (blunt and penetrating)). Continuous variables were compared using a Two-sample 

Kolmogorov-Smirnov Test. Differences in injury mechanism were estimated using the Chi-square 

test, where results were significant, post-hoc tests were performed to generate a p value. P values 

were adjusted using the Bonferroni correction. A value of p<0·05 was considered statistically 

significant. 

Patients were excluded on the basis of insufficient pre-hospital physiological data required to apply 

the tools (see Methods). OR=Odds ratio. Percentages represent the proportion of patients within the 

included (or excluded) group with the characteristic described (e.g. 69.5 % of all included patients 

were of male gender). * indicates the group that has higher number of incidents than expected, and 

is statistically significant (p<0.05).   

 

Supplementary data Table 4:  Breakdown of Priority 1 assignments amongst adults with 

penetrating trauma  

Subcomponents of the Priority 1 triage category n (% of P1 patients) 

Neurologic, vascular, or haemorrhage-controlling surgery to the head, neck or torso performed within 

4 hours of arrival to hospital 1,170 (44.3%) 

Limb-conserving surgery performed within 4 hours of arrival at hospital on a limb that was found to be 

pulseless distal to the injury prior to surgery 209 (7.9%) 

Escharotomy performed on a patient with burns within 2 hours of arrival at a hospital 2 (0.076%) 

Chest tube placed within 2 hours of arrival at hospital 864 (32.7%) 

An advanced airway intervention (e.g. intubation, LMA, surgical airway) performed in the pre-hospital 

setting or within 4 hours of arrival at hospital 976 (37.0%) 

IV vasopressors administered within 2 hours of arrival at hospital 9 (0.34%) 

Arrived in the ED with uncontrolled haemorrhage 326 (12.4%) 

Patient who required EMS initiation of CPR (i.e. had a cardiac arrest) during transport, in the ED, or 

within 4 hours of arrival at a hospital 10 (0.38%) 

Total number of P1 patients 2,639 (100%) 

Note:  All adults with penetrating trauma fell within the 16-64 years age group 
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Supplementary data Table 5:  Breakdown of paediatric Priority 1 patients according to Priority 1-

defining criteria  

Subcomponents of the Priority 1 triage category n (%) 

An advanced airway intervention (e.g. intubation, LMA, surgical airway) performed in the pre-hospital 

setting or within 4 hours of arrival at hospital 808 (75.2%) 

Arrived in the ED with uncontrolled haemorrhage 310 (28.9%) 

Neurologic, vascular, or haemorrhage-controlling surgery to the head, neck or torso performed within 

4 hours of arrival to hospital 

169 (15.7%) 

Chest tube placed within 2 hours of arrival at hospital 70 (6.5%) 

Limb-conserving surgery performed within 4 hours of arrival at hospital on a limb that was found to be 

pulseless distal to the injury prior to surgery 23 (2.1%) 

IV vasopressors administered within 2 hours of arrival at hospital 6 (0.6%) 

Patient who required EMS initiation of CPR (i.e. had a cardiac arrest) during transport, in the ED, or 

within 4 hours of arrival at a hospital 1 (0.1%) 

Escharotomy performed on a patient with burns within 2 hours of arrival at a hospital 1 (0.1%) 

Total number of P1 patients 1343 (100.0%) 

Note: There is overlap between life-saving interventions (LSI): 73.2% (n=1006) of P1 patients 

required one LSI, 21.8% (n=299) required two LSI, and 5.0% (n=69) required 3 or more LSI. 

 

Supplementary Data Table 7:  Tool performance in predicting in-patient mortality 

7A: Adults (16-64 years) with blunt trauma 

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 80.3 [78.7, 81.9] 66.4 [66.0, 66.7] 19.7 [18.1, 21.3] 93.9 [93.6, 94.1] 0.733 [0.725, 0.742] 

Tools proposed by NHS England 

TST 69.7 [67.8, 71.5] 90.6 [90.4, 90.8] 30.3 [28.5, 32.2] 83.2 [82.5, 83.9] 0.801 [0.792, 0.810] 

NHS MITT 85.0 [83.5, 86.4] 59.8 [59.5, 60.1] 15.0 [13.6, 16.5] 94.5 [94.3, 94.8] 0.724 [0.717, 0.732] 

Other tools 

BCD Triage Sieve 84.6 [83.1, 86.0] 62.0 [61.7, 62.3] 15.4 [14.0, 16.9] 94.3 [94.0, 94.5] 0.733 [0.726, 0.740] 

CareFlight 69.1 [67.2, 71.0] 88.5 [88.3, 88.7] 30.9 [29.0, 32.8] 85.9 [85.2, 86.5] 0.788 [0.779, 0.797] 

MPTT-24 33.7 [31.8, 35.6] 62.1 [61.8, 62.4] 66.3 [64.4, 68.2] 97.6 [97.5, 97.8] 0.479 [0.469, 0.488] 

MSTART 76.6 [74.9, 78.3] 83.3 [83.1, 83.6] 23.4 [21.7, 25.1] 88.8 [88.3, 89.3] 0.800 [0.791, 0.808] 

NARU Triage Sieve 72.0 [70.2, 73.8] 85.0 [84.7, 85.2] 28.0 [26.2, 29.8] 88.4 [87.9, 88.9] 0.785 [0.776, 0.794] 
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7B: Adults (16-64 years) with penetrating trauma 

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 97.7 [93.0, 99.4] 19.2 [18.1, 20.3] 2.3 [0.6, 7.0] 96.9 [96.3, 97.4] 0.585 [0.571, 0.599] 

Tools proposed by NHS England 

TST 95.5 [90.0, 98.2] 22.7 [21.6, 23.9] 4.5 [1.8, 10.0] 96.8 [96.2, 97.3] 0.591 [0.573, 0.610] 

NHS MITT 96.2 [91.0, 98.6] 38.8 [37.5, 40.2] 3.8 [1.4, 9.0] 96.0 [95.3, 96.6] 0.675 [0.658, 0.693] 

Other tools 

BCD Triage Sieve 96.2 [91.0, 98.6] 41.5 [40.1, 42.8] 3.8 [1.4, 9.0] 95.8 [95.1, 96.5] 0.688 [0.671, 0.706] 

CareFlight 78.2 [70.0, 84.7] 85.5 [84.5, 86.4] 21.8 [15.3, 30.0] 87.5 [85.1, 89.7] 0.818 [0.783, 0.854] 

MPTT-24 29.3 [21.9, 37.9] 41.4 [40.0, 42.7] 70.7 [62.1, 78.1] 98.7 [98.2, 99.1] 0.353 [0.314, 0.393] 

MSTART 88.7 [81.8, 93.3] 76.0 [74.8, 77.2] 11.3 [6.7, 18.2] 91.1 [89.4, 92.5] 0.824 [0.796, 0.851] 

NARU Triage Sieve 84.2 [76.6, 89.7] 73.2 [71.9, 74.4] 15.8 [10.3, 23.4] 92.3 [90.8, 93.6] 0.787 [0.755, 0.819] 

 

7C: Elders (65+ years) 

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 44.5 [43.6, 45.4] 74.6 [74.3, 74.9] 55.5 [54.6, 56.4] 82.2 [81.7, 82.6] 0.595 [0.591, 0.600] 

Tools proposed by NHS England 

TST 24.5 [23.7, 25.3] 95.9 [95.8, 96.1] 75.5 [74.7, 76.3] 57.3 [56.1, 58.5] 0.602 [0.598, 0.606] 

NHS MITT 50.8 [49.9, 51.8] 71.8 [71.5, 72.1] 49.2 [48.2, 50.1] 81.7 [81.3, 82.2] 0.613 [0.609, 0.618] 

Other tools 

BCD Triage Sieve 49.7 [48.8, 50.7] 73.4 [73.1, 73.7] 50.3 [49.3, 51.2] 81.2 [80.7, 81.6] 0.616 [0.611, 0.621] 

CareFlight 26.9 [26.1, 27.8] 94.1 [93.9, 94.2] 73.1 [72.2, 73.9] 63.9 [62.9, 65.0] 0.605 [0.601, 0.609] 

MPTT-24 45.9 [44.9, 46.8] 71.0 [70.7, 71.3] 54.1 [53.2, 55.1] 83.6 [83.2, 84.0] 0.584 [0.579, 0.589] 

MSTART 35.7 [34.8, 36.6] 88.9 [88.7, 89.1] 64.3 [63.4, 65.2] 71.6 [70.8, 72.3] 0.623 [0.618, 0.627] 

NARU Triage Sieve 29.4 [28.6, 30.3] 90.4 [90.2, 90.6] 70.6 [69.7, 71.4] 72.5 [71.6, 73.3] 0.599 [0.595, 0.604] 

 

7D: Paediatric patients (<16 years) with blunt trauma 

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 95.1 [87.3, 98.4] 76.4 [75.2, 77.6] 4.9 [1.6, 12.7] 93.4 [91.8, 94.7] 0.858 [0.834, 0.882] 

Tools proposed by NHS England 

TST 93.9 [85.7, 97.7] 86.6 [85.6, 87.6] 6.1 [2.3, 14.3] 89.1 [86.5, 91.2] 0.903 [0.876, 0.929] 

NHS MITT 100.0 
[94.4, 
100.0] 33.6 [32.2, 34.9] 0.0 [0.0, 0.06] 97.4 [96.8, 97.9] 0.668 [0.661, 0.675] 

Other tools 

BCD Triage Sieve 96.3 [88.9, 99.1] 37.3 [35.9, 38.7] 3.7 [0.9, 11.1] 97.4 [96.7, 97.9] 0.668 [0.647, 0.690] 

CareFlight 85.4 [75.4, 91.9] 85.5 [84.5, 86.5] 14.6 [8.1, 24.6] 90.7 [88.3, 92.6] 0.855 [0.816, 0.893] 

MPTT-24 7.3 [3.0, 15.8] 40.1 [38.7, 41.5] 92.7 [84.2, 97.0] 99.8 [99.5, 99.9] 0.237 [0.208, 0.266] 

MSTART 95.1 [87.3, 98.4] 77.8 [76.6, 79.0] 4.9 [1.6, 12.7] 93.0 [91.4, 94.4] 0.865 [0.840, 0.889] 

NARU Triage Sieve 92.7 [84.2, 97.0] 71.8 [70.5, 73.1] 7.3 [3.0, 15.8] 94.6 [93.2, 95.7] 0.822 [0.793, 0.851] 
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7E: Paediatric patients (<16 years) with penetrating trauma 

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 100 [67.9, 100.0] 24.3 [18.9, 30.6] 0 [0.0, 32.1] 93.9 [89.0, 96.7] 0.622 [0.593, 0.650] 

Tools proposed by NHS England 

TST 100.0 [67.9, 100.0] 33.3 [27.3, 40.0] 0.0 [0.0, 32.1] 93.1 [87.7, 96.3] 0.667 [0.636, 0.698] 

NHS MITT 100.0 [67.9, 100.0] 36.0 [29.8, 42.8] 0.0 [0.0, 32.1] 92.8 [87.2, 96.2] 0.680 [0.649, 0.712] 

Other tools 

BCD Triage Sieve 100.0 [67.9, 100.0] 39.2 [32.8, 46.0] 0.0 [0.0, 32.1] 92.5 [86.6, 96.0] 0.696 [0.664, 0.728] 

CareFlight 81.8 [47.8, 96.8] 90.1 [85.2, 93.5] 18.2 [3.2, 52.2] 71.0 [51.8, 85.1] 0.860 [0.738, 0.981] 

MPTT-24 36.4 [12.4, 68.4] 37.8 [31.5, 44.6] 63.6 [31.6, 87.6] 97.2 [92.5, 99.1] 0.371 [0.219, 0.523] 

MSTART 100.0 [67.9, 100.0] 80.6 [74.7, 85.5] 0.0 [0.0, 32.1] 79.6 [66.1, 88.9] 0.903 [0.877, 0.929] 

NARU Triage Sieve 81.8 [47.8, 96.8] 72.5 [66.1, 78.2] 18.2 [3.2, 52.2] 87.1 [76.5, 93.6] 0.772 [0.649, 0.895] 

 

Supplementary Data Table 8:  Tool performance in predicting in-patient mortality 

8A: Adults (16-64 years) with blunt trauma 

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 80.3 [78.7, 81.9] 66.4 [66.0, 66.7] 19.7 [18.1, 21.3] 93.9 [93.6, 94.1] 0.733 [0.725, 0.742] 

Tools proposed by NHS England 

TST 51.0 [49.0, 53.1] 95.4 [95.2, 95.5] 49.0 [46.9, 51.0] 76.8 [75.6, 77.9] 0.732 [0.722, 0.742] 

NHS MITT 85.0 [83.5, 86.4] 59.8 [59.5, 60.1] 15.0 [13.6, 16.5] 94.5 [94.3, 94.8] 0.724 [0.717, 0.732] 

Other tools 

BCD Triage Sieve 84.6 [83.1, 86.0] 62.0 [61.7, 62.3] 15.4 [14.0, 16.9] 94.3 [94.0, 94.5] 0.733 [0.726, 0.740] 

CareFlight 69.1 [67.2, 71.0] 88.5 [88.3, 88.7] 30.9 [29.0, 32.8] 85.9 [85.2, 86.5] 0.788 [0.779, 0.797] 

MPTT-24 33.7 [31.8, 35.6] 62.1 [61.8, 62.4] 66.3 [64.4, 68.2] 97.6 [97.5, 97.8] 0.479 [0.469, 0.488] 

MSTART 76.6 [74.9, 78.3] 83.3 [83.1, 83.6] 23.4 [21.7, 25.1] 88.8 [88.3, 89.3] 0.800 [0.791, 0.808] 

NARU Triage Sieve 72.0 [70.2, 73.8] 85.0 [84.7, 85.2] 28.0 [26.2, 29.8] 88.4 [87.9, 88.9] 0.785 [0.776, 0.794] 

 

8B: Adults (16-64 years) with penetrating trauma 

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 97.7 [93.0, 99.4] 19.2 [18.1, 20.3] 2.3 [0.6, 7.0] 96.9 [96.3, 97.4] 0.585 [0.571, 0.599] 

Tools proposed by NHS England 

TST 95.5 [90.0, 98.2] 22.7 [21.6, 23.9] 4.5 [1.8, 10.0] 96.8 [96.2, 97.3] 0.591 [0.573, 0.610] 

NHS MITT 96.2 [91.0, 98.6] 38.8 [37.5, 40.2] 3.8 [1.4, 9.0] 96.0 [95.3, 96.6] 0.675 [0.658, 0.693] 

Other tools 

BCD Triage Sieve 96.2 [91.0, 98.6] 41.5 [40.1, 42.8] 3.8 [1.4, 9.0] 95.8 [95.1, 96.5] 0.688 [0.671, 0.706] 

CareFlight 78.2 [70.0, 84.7] 85.5 [84.5, 86.4] 21.8 [15.3, 30.0] 87.5 [85.1, 89.7] 0.818 [0.783, 0.854] 

MPTT-24 29.3 [21.9, 37.9] 41.4 [40.0, 42.7] 70.7 [62.1, 78.1] 98.7 [98.2, 99.1] 0.353 [0.314, 0.393] 

MSTART 88.7 [81.8, 93.3] 76.0 [74.8, 77.2] 11.3 [6.7, 18.2] 91.1 [89.4, 92.5] 0.824 [0.796, 0.851] 

NARU Triage Sieve 84.2 [76.6, 89.7] 73.2 [71.9, 74.4] 15.8 [10.3, 23.4] 92.3 [90.8, 93.6] 0.787 [0.755, 0.819] 
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8C: Elders (65+ years) 

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 41.4 [40.8, 41.9] 78.3 [78.0, 78.6] 58.6 [58.1, 59.2] 55.3 [54.7, 55.9] 0.598 [0.595, 0.602] 

Tools proposed by NHS England 

TST 16.2 [15.8, 16.7] 97.9 [97.8, 98.0] 83.8 [83.3, 84.2] 23.7 [22.7, 24.8] 0.570 [0.568, 0.573] 

NHS MITT 39.7 [39.1, 40.2] 73.1 [72.8, 73.5] 60.3 [59.8, 60.9] 61.5 [61.0, 62.1] 0.564 [0.561, 0.567] 

Other tools 

BCD Triage Sieve 38.3 [37.8, 38.9] 74.8 [74.4, 75.1] 61.7 [61.1, 62.2] 60.9 [60.3, 61.4] 0.565 [0.562, 0.569] 

CareFlight 18.3 [17.9, 18.8] 96.0 [95.9, 96.2] 81.7 [81.2, 82.1] 33.8 [32.8, 34.8] 0.572 [0.570, 0.574] 

MPTT-24 39.3 [38.7, 39.8] 72.7 [72.3, 73.0] 60.7 [60.2, 61.3] 62.2 [61.6, 62.7] 0.560 [0.557, 0.563] 

MSTART 24.7 [24.2, 25.2] 90.7 [90.5, 91.0] 75.3 [74.8, 75.8] 47.0 [46.2, 47.8] 0.577 [0.574, 0.580] 

NARU Triage Sieve 19.0 [18.5, 19.4] 91.3 [91.0, 91.5] 81.0 [80.6, 81.5] 52.1 [51.2, 53.0] 0.551 [0.549, 0.554] 

 

8D: Paediatric patients (<16 years) with blunt trauma 

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 57.4 [54.9, 59.8] 91.6 [90.6, 92.5] 42.6 [40.2, 45.1] 22.5 [20.2, 25.0] 0.745 [0.732, 0.758] 

Tools proposed by NHS England 

TST 36.5 [34.2, 39.0] 96.2 [95.5, 96.9] 63.5 [61.0, 65.8] 17.0 [14.3, 20.0] 0.664 [0.652, 0.676] 

NHS MITT 77.2 [75.1, 79.3] 38.2 [36.5, 39.9] 22.8 [20.7, 24.9] 61.4 [59.7, 63.1] 0.577 [0.564, 0.590] 

Other tools 

BCD Triage Sieve 74.6 [72.4, 76.7] 42.4 [40.7, 44.2] 25.4 [23.3, 27.6] 60.5 [58.7, 62.2] 0.585 [0.572, 0.599] 

CareFlight 37.5 [35.1, 39.9] 95.3 [94.5, 96.0] 62.5 [60.1, 64.9] 19.9 [17.1, 22.9] 0.664 [0.652, 0.676] 

MPTT-24 57.7 [55.2, 60.1] 40.3 [38.6, 42.1] 42.3 [39.9, 44.8] 67.2 [65.5, 69.0] 0.490 [0.475, 0.505] 

MSTART 45.6 [43.2, 48.1] 87.7 [86.5, 88.9] 54.4 [51.9, 56.8] 34.8 [32.0, 37.6] 0.667 [0.653, 0.680] 

NARU Triage Sieve 45.4 [43.0, 47.9] 78.8 [77.3, 80.2] 54.6 [52.1, 57.0] 48.0 [45.4, 50.7] 0.621 [0.607, 0.635] 

 

8E: Paediatric patients (<16 years) with penetrating trauma 

  Sensitivity Specificity Undertriage Overtriage AUC 

Quick Triage 95.5 [86.4, 98.8] 30.5 [23.8, 38.2] 4.5 [1.2, 13.6] 64.8 [57.3, 71.7] 0.63 [0.587, 0.673] 

Tools proposed by NHS England 

TST 77.3 [65.0, 86.3] 35.3 [28.2, 43.1] 22.7 [13.7, 35.0] 67.9 [60.0, 75.0] 0.563 [0.500, 0.626] 

NHS MITT 69.7 [57.0, 80.1] 35.9 [28.8, 43.8] 30.3 [19.9, 43.0] 69.9 [61.9, 76.9] 0.528 [0.461, 0.595] 

Other tools 

BCD Triage Sieve 69.7 [57.0, 80.1] 40.1 [32.7, 48.0] 30.3 [19.9, 43.0] 68.5 [60.2, 75.8] 0.549 [0.482, 0.616] 

CareFlight 24.2 [14.9, 36.6] 91.0 [85.4, 94.7] 75.8 [63.4, 85.1] 48.4 [30.6, 66.6] 0.576 [0.520, 0.633] 

MPTT-24 57.6 [44.8, 69.4] 37.7 [30.4, 45.6] 42.4 [30.6, 55.2] 73.2 [65.0, 80.2] 0.477 [0.406, 0.547] 

MSTART 37.9 [26.5, 50.7] 82.6 [75.8, 87.9] 62.1 [49.3, 73.5] 53.7 [39.7, 67.2] 0.603 [0.537, 0.668] 

NARU Triage Sieve 31.8 [21.2, 44.6] 70.7 [63.0, 77.3] 68.2 [55.4, 78.8] 70.0 [57.7, 80.1] 0.512 [0.446, 0.579] 
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Chapter 4 Conclusions 

 

Quick Triage has balanced, favourable performance amongst adults, children and elders with blunt 

and penetrating trauma from the UK national trauma registry, with lower over-triage rates than the 

NHS MITT and BCD Triage Sieve.  This offers the possibility of a single tool for use amongst patients 

of all ages by all NHS and non-NHS first responders, allowing complete interchangeability, 

simplification of the prehospital triage process and likely more rapid and accurate triage of major 

incident casualties in future UK and international major incidents.   

 

A key limitation of Chapter 4 is the use of TARN patients with penetrating trauma as surrogates for 

those injured in UK MIs.  TARN patients with trauma consist largely of young men involved in 

interpersonal violence involving knives, which has limited generalisability to MI patients with bladed, 

blast or ballistic injuries.  However, this approach has enabled the examination of tool performance 

in a relatively large number of patients with pre-hospital and outcome data which has a high degree 

of completeness.  Another limitation is that Quick Triage has been developed using patients from the 

TARN database, and future work should include validation of this tool in a geographically and 

temporally distinct patient population, ideally using data from real and contemporary UK MIs.  

Simulation studies to determine inter- and intra-user variability in the application of Quick Triage, 

NHS MITT and TST would also be beneficial in informing policy-makers in their choice of triage tool 

for use in future MIs.   
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CHAPTER 5: DISCUSSION 
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Discussion 

 

Major incidents are characterised by a mismatch between the immediate needs of patients and the 

resources available to treat them.  In the UK, major incidents comprising blast and penetrating 

trauma continue to constitute the greatest threat to national security1-3.  Triage tools are crucial in 

ensuring that finite healthcare resources are allocated to maximise overall survival.  Existing tools 

have largely been developed based on expert opinion and implemented without formal validation.  

A major challenge in furthering the science of major incident management is lack of consensus and 

standardisation of end-points which best define Priority 1 (P1) status and other triage categories 

(Chapter 1).  In this thesis, the literature surrounding major incident triage was reviewed and 

modern, evidence-based definitions of triage categories (Lerner’s criteria) were selected.  A Priority 

1 patient is defined as one needing one of eight time-critical life-saving interventions, directly 

reflecting patient resource requirements.  When validated amongst adults and children from the UK 

national trauma registry, Lerner’s triage category definitions correlate well with casualty distribution 

within UK regionalised systems of trauma care (Chapter 2).  Hence it is recommended that Lerner’s 

criteria should become the gold standard in reporting triage tool performance in future UK major 

incidents.  These intervention-based triage category definitions were compared with the triage 

category assignments of ten existing international triage tools (Chapter 2, publications number 1 and 

2).  This comparative analysis demonstrated that the current UK national triage tool, the NARU 

Triage Sieve, is poorly sensitive in identifying P1 patients who require time-critical, life-saving 

interventions, and was surpassed in sensitivity by several tools, the best of which was the UK 

military’s BCD Triage Sieve (Chapter 2, publication number 1).  Similarly, in children from the 

national trauma registry, the current UK tools, the Paediatric Triage Sieve and JumpSTART, 

demonstrated suboptimal performance and were substantially outperformed by several tools, with 

the BCD Triage Sieve again demonstrating the greatest sensitivity (Chapter 2, publication number 2).  

This has directly informed national policy, resulting in the removal of previous existing tools and a 
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recommendation for the NHS Major Incident Triage Tool (MITT), the civilian adaptation of the BCD 

Triage Sieve, to become a single tool for NHS first responders to apply to all adults and children in 

future UK major incidents4.  Subsequently, tree-based machine learning methodology has been 

employed to develop a novel primary triage tool, Quick Triage, as well as a secondary triage tool that 

is applicable via a portable device, both of which outperform the BCD Triage Sieve amongst TARN 

patients, with reduced associated over-triage rates (Chapter 3, publication number 3).  The app-

based secondary triage tool has withstood external validation amongst injured patients from the UK 

military’s Joint Theatre Trauma Registry (JTTR); however, a paucity of pre-hospital data precluded 

external validation of Quick Triage amongst JTTR patients, necessitating further work.  Quick Triage 

has balanced, favourable performance amongst adults, children and elders with blunt and 

penetrating trauma from the UK national trauma registry, with lower over-triage rates than the NHS 

Major Incident Triage Tool (MITT) (Chapter 4).  This offers the possibility of a single tool for use 

amongst patients of all ages by all NHS and non-NHS first responders, allowing complete 

interchangeability, simplification of the prehospital triage process and likely more rapid and accurate 

triage of major incident casualties in future UK and international major incidents.   

With a paucity of literature regarding the performance of MI tools and a lack of standardisation of 

end-points used to measure the effectiveness of tools, coupled with limited generalisability of 

existing studies to the UK setting, this thesis had the broader aim of determining the optimal 

method of prehospital triage in UK major incidents.   

More specifically, the psrticular aims of this thesis were: 

1. To determine an objective, practically applicable and resource-based system to define major 

incident triage categories, and to validate this using a nationally representative sample of adults and 

children 
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2. To compare the performance of existing international tools in adults, older adults and 

children across injuries of all mechanisms using a nationally representative sample of injured 

patients, in order to determine the best performing existing tool 

3. To identify the best performing existing triage tool for use in the most prevalent type of UK 

major incident, i.e. terrorist-related major incidents, which are characterised by blast and 

penetrating trauma 

4. To use machine learning to develop novel primary and secondary triage tools for the UK 

civilian setting and to validate these externally using a geographically distinct population of injured 

patients 

Multiple existing major incident triage tools were identified (Chapter 1), including several adult 

primary triage tools START, mSTART, MIMMS Triage Sieve, NARU Triage Sieve, MPTT, MPTT-24, 

SALT, ASAV, CareFlight, BCD Triage Sieve, two paediatric-specific primary triage tools (JumpSTART 

and PTT) as well as two points-based triage tools, the MIMMS Triage Sort (a secondary triage tool) 

and the Sacco Triage Method5-10.  Several challenges in evaluating the performance of MI triage tools 

have been recognised.  It is clear that randomised controlled trials of triage tool performance in MIs 

are both impractical, given the unpredictable nature of MIs, but also unethical, with all those 

involved focussing on the provision of care whilst the resources available to treat patients.  As such, 

in order to inform practice, policy makers and care providers must rely on assimilating the findings of 

other types of study design, each of which is prone to particular biases (Chapter 1).  Post-event 

evaluations, which fully assimilate the human factors challenges of working in thi s setting, often 

have small numbers of patients involved and a single predominating injury mechanism11,12.  Often a 

single tool has been used, preventing the comparison of multiple tools.  Incomplete prehospital data 

collection in this setting limits meaningful retrospective application of triage tools as a means of 

assessing triage tool performance13.  Some studies evaluate tool performance by applying triage 

tools to patients attending hospitals following injuries incurred in regular day-to-day practice 
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allowing larger patient numbers encompassing different mechanisms of injury to be included14,15.  

However, the findings of such studies may have limited generalisability due to application of the 

tools within a hospital rather than pre-hospital setting and the type and severity of injuries amongst 

patient populations may not be representative of patients in real MIs.   

A method growing in popularity is the retrospective application of tools to high-quality prospectively 

maintained trauma registries, which eliminates information bias and allows very large numbers of 

patients, including injured children, to be included16-18.  The present work employed this method, 

utilising 195,000 adults and 4,962 children from the UK national trauma registry (Chapter 2, 

publications number 1 and 2).  The strengths of this approach were that computed application of 

tools can be assessed independently of human error, allowing the innate discriminatory capability of 

tools to be assessed16,19,20.  TARN is the largest trauma registry in Europe, and unlike its US-based 

counterpart the National Trauma Data Bank, submission of patient data is mandatory for all trauma-

receiving hospitals, giving rise to a nationally representative sample of patients16,21.  Even so, 

amongst the children studied, nearly two thirds of children lacked the complete physiological data 

required to apply triage tools; this highlights an important shortcoming which TARN must address21.  

Like all trauma registries, TARN has very specific inclusion criteria, including a length of stay of over 

72 hours following injury16,21.  This criterion in particular leads to an over-representation of elders in 

the study sample, the resulting bias was anticipated and has been mititgated by analysing tool 

performance separately in young (16-64 years) and older (65+ years) adults.  The subsequent use of 

this TARN database in the modelling of a novel triage tool (Quick Triage) has unsurprisingly resulted 

in a tool which demonstrated a 20% improvement in sensitivity in predicting the need for life-saving 

interventions amongst elders when compared with the best existing tool, the NHS MITT (Chapter 3, 

publication number 3 and Chapter 4).  

An obvious limitation of the retrospective application of tools to registry data is that some tools are 

more complex to apply in practice than others, and are more prone to inter-user variability in their 
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application.  Examination of this effect is best assessed by comparing one to two tools in a simulated 

setting, either virtually or using model patients, to assess how quickly and accurately tools can be 

applied in practice22,23.  Clearly, there is abundant evidence from real-world events that tools 

involving arithmetic calculation are readily abandoned by first responders in the face of an ongoing 

threat in terror-related major incidents, as described clearly following the 9/11 New York World 

Trade Centre events11.  However, it is not uncommon for identical “lessons learnt” to be noted in 

consecutive major incidents, without these lessons being fully implemented in practice1,2,24.  The 

development of our novel Quick Triage tool (Chapter 4) has taken into account several human 

factors considerations raised by previous post-incident reports and the US Centre for Disease 

control’s Model Uniform Core Criteria11,25.  However, as with any novel tool, there is a requirement 

to undertake simulated studies involving human users, particularly amongst non-medically trained 

first responders, to determine whether the favourable performance in a computed setting is also 

demonstrated in practice.   

Regarding the endpoints used to measure triage tool performance, much variation is seen between 

studies, which previously limited direct comparison between studies and meaningful assimilation of 

results (Chapter 1).  In keeping with the observations of Baxt and Upenieks in 1990 and several 

subsequent studies, we have again demonstrated the lack of full correlation between patients’ injury 

severity score and the resources required to treat them (Chapter 2, publications number 1 and 2).  In 

the context of MI triage, matching finite resources with those that need them the most is of the 

utmost priority.  In our adult study, only 24.1% (n=15,058) of patients met criteria for intervention-

based P1 status whilst 75.9% (n=47,344) were non-P1 (Chapter 2, publication number 1).  One third 

(n=7086) of intervention-based adult P1 patients had an ISS≤15.  Nevertheless, reporting prediction 

of ISS>15 allows direct comparison of MI triage tools to routinely used field triage tools and is a 

familiar end-point amongst trauma clinicians and policymakers, making it a useful secondary 

outcome measure of triage tool performance26,27.  Although mortality is the simplest outcome to 

measure, prediction of in-patient mortality as a measure of tool performance may be confounded by 
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the presence of patients with non-survivable injuries and again, is imperfect as a sole measure of 

trauma tool performance, particularly amongst elders17,26. However, the utility of tools which fail to 

assign P1 status to a large proportion of patients who go on to die must be questioned (Chapter 2, 

publication number 1 and Chapter 4).  The present work has demonstrated this to be true of the 

MPTT and MPTT-24 tools, which prior to the present work, had only been evaluated by its authors6,7.  

In this thesis, the literature surrounding major incident triage was reviewed (Chapter 1) and a 

modern, evidence-based system of defining triage categories was validated amongst UK national 

trauma registry patients (Chapter 2, publication number 1).  This revealed clinically and statistically 

meaningful differences in mortality, ICU usage, length of stay and injury severity, which correlated 

well with casualty distribution within UK regionalised systems of trauma care26.  For example, P1 

casualties were found to have a mortality of 12.5% and ICU requirement of over 50%, compared 

with 5% and 5% respectively, amongst P2 patients.  This aligns well with the tendency for P1 

casualties to be distributed to a major trauma centre, whereas the resource requirements of a P2 

patient are likely to be met within the trauma unit setting24,28.  An Utstein-style template to 

standardise the reporting of the acute medical response in disasters has previously highlighted that 

there were no common or standardised definitions of each triage category29.  We recommend 

Lerner’s criteria as the gold standard in measuring triage tool performance in subsequent UK and 

international major incidents (Chapter 2, publications number 1 and 2).  Standardisation of primary 

outcome measurement across multiple MIs will enable direct comparison to be made between 

studies, allowing continued refinement of policy, practice and service delivery29.  Following our use 

of Lerner’s criteria as a gold standard, our study design has been replicated in a Canadian trauma 

registry and it is anticipated that use of standard will grow elsewhere, facilitating refinements in 

practices internationally17.   

In Chapter 3, we describe the use of tree-based machine learning methods to model novel primary 

and secondary triage tools.  Machine learning has several advantages over traditional approaches in 

the modelling of novel triage tools.  In particular, tree-based machine learning models have 
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demonstrated utility in clinical risk stratification, with the ability to capture non-linear interactions 

between input variables, a key notable strength when compared with traditional statistical methods.  

Decision trees have the particular advantage of mirroring the binary (yes/no or present/absent) 

bifurcating format of contemporary triage tools, whilst more complex tree-based methods random 

forest and eXtreme Gradient Boosting (XGB) methods lend themselves to app development (Chapter 

3).  External validation of machine learning-derived clinical decision support tools is an essential step 

prior to clinical implementation.  For this purpose, patients from the UK military’s Joint Theatre 

Trauma Registry (JTTR) of combat casualties were utilised, with the advantage that blast and 

penetrating mechanisms of injury, which predominate in recent UK major incidents, are well 

represented.   We describe the development of a novel primary triage tool (Chapter 3, publication 

number 3), later adapted into the clinically applicable “Quick Triage.”  Unfortunately, due to lack of 

GCS subcomponent data within the JTTR databse, Quick Triage could not accurately be externally 

validated using JTTR.  We also describe the development of an XGB-based secondary tool applicable 

via a portable device, which demonstrated excellent external validity amongst JTTR patients.   

 

National policy regarding major incident triage falls within the remit of NHS England’s Emergency 

Preparedness, Resilience and Response Clinical Reference Group (NHS EPRR CRG).  This group 

created a “Major Incident Triage Task and Finish Group” into which Nabeela Malik was invited (2021-

present) as a subject matter expert and academic advisor.  Based on the findings of the adult and 

paediatric comparative analyses of triage tools (Chapter 2, publications 1 and 2), the NARU Triage 

Sieve, Paediatric Triage Tape and JumpSTART are no longer recommended for use.  In line with 

recommendations from these studies, the BCD Triage Sieve was identified as the most appropriate 

tool to take forward as a single tool for patients of all ages, with the UK Surgeon General granting 

permission for a civilian adaptation of this tool, now named the NHS Major Incident Triage Tool 

(MITT).  NHS England has recommended that from April 2024, all NHS first responders are to utilise 
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NHS MITT as the prehospital triage tool of choice.  Additionally, NHS England sought to address the 

“care gap” described in the report of the 2017 Manchester Arena bombing and equip non-NHS first 

responders with a triage tool, in order that the triage process may begin and basic life-saving 

interventions administered ahead of the arrival of trained healthcare providers, in line with JESIP 

principles2,4.  NHS England has recommended Ten Second Triage (TST), an ultra-simple, expert-

derived qualitative tool previously evaluated solely in a simulated setting, for use by non-NHS first 

responders (i.e. fire and police)4.  The findings of Chapter 4 have been disseminated amongst 

members of the NHS EPRR CRG, including TST’s potential to under-triage half of all blunt-injured P1 

adult, paediatric and elderly patients if re-triage with a more sensitive tool is not conducted prior to 

casualty transfer.  Quick Triage’s superiority to MITT across the majority of clinically important 

subgroups, with substantially lower associated over-triage, has also been conveyed to policymakers 

ahead of attaining peer-review.  External validation of Quick Triage has also been completed (not 

included here), with favourable results, and is undergoing peer review.  It is hoped that field-testing 

of Quick Triage will ensue, with the possibility of incorporation into national policy at a later stage as 

a single tool for use in patients of all ages and by all first responders (Chapter 4).  This may further 

simplify the triage process, allow full interchangeability and a shared mental model between first 

responders, and likely lead to more rapid and accurate patient triage with better clinical outcomes 

including survival following UK major incidents.  Within the context of an ongoing threat from terror-

related major incidents on public places, which often includes but is not limited to penetrating 

trauma, simplification and refinement of the triage process is of great relevance at present3.     

There are important limitations in generalising the findings obtained in a TARN dataset to MI patient 

populations.  The prevalent mechanisms of injury in recent UK MIs have been blast and penetrating 

trauma, which are markedly underrepresented in the TARN database.  Only 142 (0.1%) of the 

195,709 TARN patients were injured in blasts.  Penetrating injuries constitute only 3% of the entire 

TARN database.  Whilst this was mitigated by performing a subgroup analysis of the 5,660 patients 

with penetrating trauma (Chapter 4), it is clear that these patients, who are largely young males 
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injured with knives during interpersonal violence, differ qualitatively from patients injured in 

penetrating MIs, who are older, include both genders equally and seem to demonstrate an 

anatomical injury pattern consistent with lethal intent, such as a greater proportion of injuries to the 

neck30.  In future, any UK or Western European healthcare-related data captured on victims of MIs 

should be made available for analysis with regards to triage assignments and patient outcomes.  The 

paucity of data captured in such events, which limits analysis, may be augmented by the use of 

technology such as wearable sensors or live video footage of interventions performed and 

observations recorded.  The use of military databases are not without limitation, particularly as they 

consist of physically and medically fit young males, and are also limited in their generalisability to the 

UK civilian MI setting.     

Another potential source of bias in the study is the use of Lerner et al’s definitions of P1 and other 

triage categories, and the observation that these align well with casualty distribution plans within 

the UK.  Firstly, only 11% of the TARN population met P1 status according to the need for the eight 

time-critical life-saving interventions, including only 24.1% of the 62,402 patients with ISS>15 

(Chapter 1).  In regionalised systems of care, ISS>15 is seen as a justification to warrant MTC care, 

and these data suggest that a much greater proportion of the TARN population deserve MTC care.  

Hence, the elevated over-triage rates seen with our existing tools and Quick Triage may not be as 

alarming as they appear.  There is much heterogeneity amongst trauma units (TUs) within the UK.  

Assuming that all of these can adequately meet the needs of the sicker of the P2 patients, who may 

require major resuscitative and surgical interventions described by Lerner et al, but not within the 

two- and four-hour cutoffs suggested, cannot be ascertained.  There is a requirement for further 

work, ideally commissioned by policy-makers and specifically for the UK setting, to evaluate with 

formal modelling and MI casualty data, whether the time-frames employed by Lerner’s P1 criteria 

are appropriate for use in the UK MI setting.     
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Regarding future work in the field of major incident triage, there is a constant need to review and 

refine triage tools in line with changing population demographics and evolving threats resulting in 

variation in the types of major incidents which may arise, in line with government’s National Risk 

Register3.  Furthermore, It is not yet known which existing tool would perform best in a burns or 

CBRN-related major incident.  TARN does not specifically include burns patients unless they have 

concurrent injuries, hence this renders TARN an ineffective database with which to make this 

enquiry21.  Further work should include measurement of triage tools’ performance using a burns-

specific database, such as the UK National Burn Injury Database31.  Such work could, and should, 

utilise Lerner’s definitions of major incident categories in order to standardise practice and allow the 

direct comparison of results with those pertaining to other types of major incidents (Chapter 2).  

Lerner’s criteria include burns-specific procedures as part of triage category definitions, including 

assignment of P1 to patients needing escharotomy and assignment of the Expectant category to 

patients with 90% burns, as well as covering more general aspects such as the need for airway 

interventions and volume resuscitation32.  As mentioned previously, comparison of Quick Triage’s 

practical applicability to that of NHS MITT is an important consideration that is directly relevant to 

informing national policy: a simulation study comparing the two tools is an urgent research priority 

(Chapter 4).  Another area in which further work is urgently required is to develop trauma triage 

tools specific to elders, including practical incorporation of biological rather than chronological age 

and potentially involving frailty scoring.  Biomarkers, ideally those that utilise saliva (non-invasive 

measurement), may have a role in future triage, particularly if able to detect occult shock and 

traumatic brain injury33.  Lastly, further research is required to establish the practical role of 

technology to augment the triage process, such as the use of wearable sensors to take real-time 

physiological measurements and track patient movements34.  Whilst several potential techniques 

have been described theoretically, implementation studies to prove their safety and efficacy in the 

practical setting would prove beneficial34.   
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In conclusion, this final chapter draws together the key findings of this thesis, identifying the under-

performance of the current UK adult and paediatric major incident triage tools when evaluated in a 

nationally representative sample of patients, with a recommendation to change to the BCD Triage 

Sieve.  This has been incorporated into national policy as the NHS MITT4 from April 2024, 

superseding the underperforming NARU Triage Sieve, Paediatric Triage Tape and JumpSTART tools.  

Triage category definitions according to Lerner’s criteria have been validated using national trauma 

registry data and the resulting resource requirements are shown to align well with current casualty 

distribution plans in the UK.  These definitions are recommended as a gold standard for future UK 

and international major incidents; standardisation will facilitate advances in the field by allowing 

direct comparison between studies.  A simple, qualitative novel machine learning-derived triage 

tool, Quick Triage, has been developed using TARN data.  Internal validation results suggest a higher 

sensitivity and lower over-triage rates across clinically important subgroups (age and injury 

mechanism) compared with MITT.  This presents the possibility of a single tool for all age groups, for 

use by all emergency first responders in UK major incidents.  Future work should involve external 

validation of Quick Triage, particularly amongst non-NHS first responders, prior to consideration for 

more widespread use.  A significant limitation of computed, retrospective application of tools to 

trauma registry data is that it fails to encompass human factors and the speed and reliability with 

which tools can be applied; practical simulation studies are required to compare Quick Triage to 

MITT and TST, in order to fully inform practice and policymaking. 
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EXISTING MAJOR INCIDENT TRIAGE TOOLS 
This appendix includes, in chronological order of introduction, the images of various international 

major incident triage tools included (and fully referenced) throughout this thesis.    

1. Simple triage and Rapid Treatment (START) Triage (United States, 1983): 
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2. The MIMMS Adult Triage Sieve and Sort (UK, 1998) 

 

 

3. Paediatric Triage Tape (PTT) (UK, 1998) 

 

Ledger:  The tape is placed next to the child from the head end.  The child is then triaged using the 

algorithm next to the child’s feet. 

 

4. CareFlight (Australia, 2001) 
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5. JumpSTART (United States, 2001) 
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6. Sacco Triage Method (United States, 2005) 

 

 

7. The Modified START (MSTART) Triage (United States, 2006): 
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8. Sort, Assess, life-saving intervention, Treatment/Transport (SALT) (United States, 2008) 

 

9. The National Ambulance Resilience Unit (NARU) Triage Sieve (UK, 2013): 
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10. The Amberg-Schwandorf Algorithm for Primary Triage (ASAV) (Germany, 2013) 

 

 

11. Rapid Assessment of Mentation and Pulse (RAMP) (United States, 2016): 
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12. The Modified Physiological Triage Tool (MPTT) and MPTT-24 (UK, 2017-2018) 

MPTT (Vassallo, Injury 2017): 

 

MPTT-24 (Vassallo, EMJ 2017):  

 

Ledger: The use of “catastrophic haemorrhage?” has been incorporated as the opening step and the 

upper respiratory rate threshold has been revised to 24 (from 22 in the MPTT).  This version was first 

published alongside its external validation, hence it has been regarded as the definitive version for 

the purpose of this thesis.  Note that GCS is used to assess mental status, and this features as the 

last step in the tool.     
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The MPTT-27 (Vassallo, J RAMC 2017): 

 

Ledger:  In this version, mental status is assessed using the AVPU component “Responds to voice?” 

and its relative position within the tool has moved up, to precede the respiratory rate and heart rate 

estimations. 
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MPTT-24 (NHS Clinical guidelines for major incidents and mass casualty events) (UK, 2018) 

 

Ledger:  This version appears to be identical to the BattleField Casualty Drills Triage Sieve (2018), 

with the exception that it does not include an airway intervention in the case of a non-breathing 

patient.   
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13. The Battlefield Casualty Drills Triage Sieve (UK, 2018) 
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14. NHS Major Incident Triage Tool (MITT) (UK, 2022) 
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15.  Ten Second Triage (TST) (UK, 2022) 
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16. Quick Triage (UK, 2023) 

 


