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ABSTRACT

Triage, derived from the French word for sorting, aims to assess and priori-
tize injured patients, regardless of whether the injuries are sustained from eve-
ryday road traffic accident with few injured or a mass casualty incident. Triage
seeks to provide the greatest benefit to the largest number of casualties in order
to minimize morbidity and mortality. Triage in a pre-hospital setting entails
management and sorting of patients according to an assessment of medical need,
prioritization, and evacuation. In-hospital triage aims to rapidly identify the
most injured and ensure timely and appropriate treatment according to the pa-
tient’s clinical urgency. A number of different systems for performing triage
have been established and implemented globally. The methodology is recog-
nized and utilized but there is still a need for an evidence-based strategy to op-
timize training and the efficacy of the different systems.

The main aim of this thesis was to determine triage performance among pre-
hospital personnel and investigate the potential advantage of a triage system for
trauma patients. The papers included in this thesis evaluated the triage skills of
physicians, pre-hospital personnel, and rescue services personnel by testing their
performance before and after an educational intervention. The last paper evalu-
ated potential benefits of using a triage system for trauma patients admitted to
the emergency department at MOI Teaching and Referral Hospital in Eldoret,
Kenya.

The results presented in this thesis illustrate that triage skills are lacking
among physicians. Experienced pre-hospital personnel are more skilled in per-
forming triage than physicians. The triage skills of the rescue services personnel
improved significantly after the educational intervention. Moreover, the poten-
tial benefit to trauma patients of implementing an in-hospital triage system in a
resource-poor environment was shown. In conclusion, health care personnel, es-
pecially physicians without experience but highly involved in trauma patient
management, seem to be in need of triage training. How to train, how to imple-
ment, and how to evaluate triage skills must be considered in order to develop
effective training.



POPULARVETENSKAPLIG SAMMANFATTNING

Ordet triage kommer fran franskans “’sortera” och ér ett av det forsta stegen
1 omhéndertagandet av skadade nir det rader resursbrist. Fran 1800-talets blo-
diga slagfilt, till dagens skadeplats och akutmottagningar har sattet att triagera
patienter utvecklats. Men dé, som nu, dr grundtanken den samma, att sortera och
prioritera de skadade utifran tillgdngliga resurser och patienternas vardbehov.
Foljaktligen har begreppet kommit att bli centralt inom dmnet katastrofmedicin.
Att avlida till f6ljd av skador i samband med allvarliga héndelser men ocksa
skador 1 till exempel vardagstrafiken dr ett globalt hilsoproblem. Tiden frén
olycka till sjukhusbehandling 4r en viktig och ofta avgdrande dverlevnadsfaktor
for en patient. I det har sammanhanget talas det om ’den gyllene timmen”, som
pavisar vikten av att fa adekvat behandling direkt efter olyckstillfillet.

Arbetssittet att sortera och prioritera patienter ér etablerat bade pa skade-
plats och inne pa sjukhus, men utférs med skiftande metoder nationellt och in-
ternationellt. Detta har medfort svarigheter att pa ett vetenskapligt sétt kunna
jdmfora och utvirdera vilket system som genererar bast resultat for patienterna.
Utvérdering av triagesystem genomfors till stor del i simuleringsmiljé. Forsok
att utvirdera triagesystem har gjorts i samband med allvarliga hiandelser, men
bristen pa4 dokumentation leder till svarigheter att pa ett vetenskapligt sitt kunna
pavisa onskad effekt. For att kunna anvéinda ett triagesystem krivs utbildning
och aterkommande 6vning.

Denna doktorsavhandling soker klargora effekten av triagesystem och ut-
vérdera formagan hos lékare, prehospital personal och rdddningstjénst att sor-
tera och prioritera manga svért skadade fore och efter olika triageutbildningar.
Tre av de fyra i avhandlingen ingéende studierna fokuserar pé sortering och pri-
oritering pa skadeplats, och dr genomforda i Sverige. Den fjérde studien &r ge-
nomford i Kenya, dér fokus &r sortering av skadade pa en akutmottagning dar
de dagliga behoven vida overstiger de befintliga sjukvéardsresurserna.

Studierna visar att battre utbildningar i triage behdvs, speciellt hos den per-
sonal som har bristande vana att sortera och prioritera skadade patienter i sam-
band med en stor skadehindelse. Vidare demonstreras att skadade patienter pa
en akutmottagning i Kenya skulle & behandling av lékare betydligt snabbare om
ett etablerat triagesystem implementeras.

Sammanfattningsvis belyser denna avhandling vikten av att och hur tria-
getraning genomfors, implementeras och utvérderas.
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Introduction

INTRODUCTION

1t has been said that triage in a disaster situation cannot be “taught
it, must be lived”. In some sense, this is probably true. Triage is a complex
process requiring medical experience and understanding of the dynamic
changes in the medical condition of the casualty. The nature of the inci-
dent, number of affected patients, transportation needs, distances, hospi-
tal capabilities and resource availabilities are all factors to be considered

in triage management.

We as medical personnel are required to learn and improve our triage
skills. This knowledge comes not only from those who have experienced
real incidents and performed triage but also from the scientific investiga-
tions performed by experienced researchers in their attempts to move the
triage research area forward. This will enable us to "do the greatest good

for the greatest number of patients”.
Triage

The definition of triage used in the context of this thesis is management and
sorting of patients according to an assessment of medical need, prioritization,
and evacuation, by the use of a sorting system or algorithm. In a disaster, triage
seeks to provide the greatest benefit to the largest number of casualties in order
to minimize morbidity and mortality [1]. Triage has been described as one of
the key factors in patient management in disaster situations [2,3]. Triage dis-
cussed within this thesis focuses on pre-hospital and in-hospital settings.

The word triage is derived from the French verb trier, which means “to sort”.
The first documented triage system leads us back to the 18th century and to
military medicine. Baron Dominique-Jean Larrey, chief surgeon of Napoleon’s
Imperial Guard established a system to treat and evacuate the wounded soldiers
during combat, instead of postponing care of the injured patients until the war
was over [4]. Triage evolved, perhaps even in Napoleon’s time, into a method
for assigning priorities for treatment of the injured when resources were limited.

Prioritizing patients in a mass casualty incident (MCI) setting can be a de-
manding task for health care personnel [5,6]. The situation is often combined
with limited resources, lack of information, and work under extreme pressure
and severely injured patients. The decision-making process changes from field
triage, which is a procedure based on guidelines to apply routine triage in the

1
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pre-hospital setting [7], to disaster triage. Field triage prioritizes casualties ac-
cording to severity of injuries and the need for immediate lifesaving care,
whereas disaster triage aims at doing “the greatest good for the greatest number”
of casualties. Disaster triage may be demanding for medical providers from a
moral and ethical perspective [3]. To be able to handle these situations, triage
systems have been developed and implemented around the world. The goal of
such systems, protocols and algorithms is to ensure the best possible opportunity
for survival of all the victims involved [8]. The methodology and performance
of triage has been recognized and utilized; however, there is still a need for an
evidence-based strategy [8].

Studies have attempted to assess the validity and reliability of various triage
systems [9—12]. Reliability refers to the degree to which repeated assessment of
the same patient with a triage instrument will deliver the same acuity level. Va-
lidity refers to the degree with which the measured acuity level reflects the pa-
tient’s true acuity at the time of triage [13]. Validity can be determined by meas-
uring how well the triage system can predict the outcome of the patients (predict
validity). Predicting validity is a method frequently used in triage studies [11].
Unfortunately, it may not be possible to measure the truth for patient acuity, as
many factors have an impact on the care of the patient. “Surrogate” outcome
markers have been used as criteria to assess validity [13]. The most important
surrogate outcome measures include mortality, resource utilization and hospital
length of stay [11].

Under and over triage

The accuracy of triage can be classified and evaluated using the terms under
and over triage [14—16]. An under triaged patient has life-threatening injuries
but is assessed as non-critical, which may lead to delayed medical interventions
and/or evacuation to hospital [17]. This inaccurate triage decision may delay the
patient’s immediate care, especially when resources are limited or strained [18].
An over triaged patient, on the other hand, is triaged as severally injured, thus
resulting in rapid evacuation to hospital. The American College of Surgeons
Committee on Trauma stipulates a goal of <5% under triage and 25-50% over
triage [14]. Both under and over triage errors can generate risk for increased
morbidity and/or mortality [3,18].
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Anatomic and physiologic triage

Triage used in the pre-hospital setting is mainly based on anatomic or phys-
iologic data, separately or in combination. Guidelines published in 2010 recom-
mend that triage should be based on a combination of physiologic and anatomic
parameters, along with the mechanism of injury, comorbidities, and de-
mographics [19]. By only using anatomic triage decisions based on the patient’s
visible injuries, there is a risk of failing to identify severe injuries such as cavity
hemorrhage [7,20]. On the other hand, a trauma patient may display normal
physiologic parameters but have visible signs (i.e., soot in the nostrils after ex-
posure to fire) and be at potential risk of developing later complications [7].

Triage systems based on physiologic parameters include factors such as res-
piratory rate, palpable radial pulse, capillary refill, and Glasgow Coma Scale
(GCS), among others [21]. Some physiologic triage systems have been reviewed
with regard to which physiologic variable has the strongest association with the
severity of injury [22]. Registered physiologic parameters are inserted into an
algorithm and generate a priority and color code. This has been shown to be
advantageous for personnel with limited clinical experience and knowledge
[23]. A disadvantage with this method is that the physiologic parameters are
assessed at the time of triage, not taking into account the patient’s dynamic con-
dition.

Triage is and has to be a dynamic process, which means that the triage de-
cision must be re-evaluated and adjusted with regard to the patient’s condition
and effects of interventions [24]. The triage decision can be subject to change,
even when originally made by experienced medical personnel [25] and must be
evaluated as the patient undergoes transport and treatment. Even though the tri-
age system is structured, experienced personal make their decisions based on
immediately available resources, which is experience and knowledge. Their per-
sonal judgment may even take precedence over the use of triage instruments and
a combination of structured triage systems and judgment seems to be efficient
[25]. “Gut-feeling” can also be a primary criteria that can be practiced and used
as an informal triage methodology, together with a structured triage approach
[26].
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Pre-hospital triage

A large number of pre-hospital triage systems exists worldwide. The main
differences between these systems rest in how patients are triaged to each level,
as well as the number of levels used, the colors used to categorize, or classifica-
tion to further stratify casualties [21]. However, triage systems have several
structures in common. Most have a “walking filter” to identify and rapidly dis-
criminate the most severely injured patients and evacuate them from the imme-
diate hazard zone [21]. The use of color codes, generally red, yellow, green, and
black, to identify severity levels are common in most triage systems. Tags, a
practical device used for triage by ambulance personnel, are attached to each
patient and follow this color code [27]. The following paragraphs describe some
of the most commonly used pre-hospital triage systems.

Triage Sieve/Triage Sort

“Triage Sieve” and “Triage Sort” is a two-step triage model described and
used in the Major Incident Medical Management and Support course (MIMMS)
[28]. The methodology has been widely advocated in the United Kingdom, parts
of Australia, and in several regions in Sweden [22]. The first step, Triage Sieve,
is intended to be used at the incident site for primary sorting with a walking
filter. This stage represent a very rapid form of triage, entirely conducted ac-
cording to respiratory rate and capillary refill time or heart rate, in order to clas-
sify the patient into triage categories [21,28]. A scientific evaluation of Triage
Sieve was conducted retrospectively after the London bombings [29]. In that
study, Triage Sieve was compared with START and CareFlight Triage to
demonstrate their relative efficiency. The systems performed identically in iden-
tifying the most severely injured. However, missing data compromised the at-
tempt to evaluate the systems.

The second stage, Triage Sort, is based on a combination of anatomic and
physiologic parameters. Triage Sort is based on the Revised Trauma Score
(RTS) [30], an injury scoring system aimed at classifying trauma patients and
assisting in clinical decision making for adults and pediatric trauma patients
[31]. RTS assesses three parameters: neurologic evaluation by the GCS, hemo-
dynamic evaluation by systolic blood pressure, and respiratory rate [30].
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Simple Triage and Rapid Transport

Simple Triage and Rapid Transport (START) was developed in the 1980s
as one of the first civilian triage systems used in MClIs (figure 1). The START
model has been described as one of the most commonly used triage systems for
handling MCIs in the United States, and is also used in Canada, Saudi-Arabia,
parts of Australia and Israel [21]. The system uses a qualitative, fixed-priority
method [32]. The triage categorization is based on whether the patient can walk,
respiratory rate, perfusion, and mental status. It is designed so that the provider
can complete an assessment within 60 seconds [21], based on strict medical cri-
teria, and thereby identify the patients’ medical needs. Thereafter, the provider
follows a fixed-priority policy in terms of one of four triage classes ending in a
color code [32]. START is designed for adults. JumpSTART is based on
START and is designed to account for the unique physiology of children [33].
Despite its widespread use, START has not been validated. The system has been
studied in correlation with clinical outcome as a post-event review of an actual
disaster [34-36].

Able to Walk? Yes.4>-

No

Y

breathing?
Spontaneous
breathing
Resplratory
rate \

Radial pulse absent
Caplllary refill < 2sec™ ™

Radial pulse present
Capillary refill > 2 sec

'

Doesn’t obey
commands

Obeys commands

Figure 1. START algorithm (adapted from START Triage [37]).
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Sort, Assess, Lifesaving intervention, and Treatment/transport

The Sort, Assess, Lifesaving intervention, and Treatment/transport (SALT)
system combines sorting and basic lifesaving interventions and is designed for
both adult and pediatric patients [33]; it incorporates operational considerations
in a qualitative way (figure 2). The model breaks triage down into two steps.
The first step divides patients into three categories: walking, cannot walk but
can wave/purposefully respond, and still/unresponsive. The next step, assess-
ment and lifesaving treatment includes controlling hemorrhage, opening air-
way/rescue breaths, auto injector antidotes, and chest compressions. Thereafter,
the provider gives the injured a color code based on the physical response of the
assessment [37]. Experts have developed the SALT model by combining struc-
tures of the existing triage systems and best available evidence. It has been sug-
gested as a US national guideline for mass casualty triage [38]. The SALT prin-
ciples are also the basis for the national guidelines for mass casualty triage in
Norway [39].

Step 1:
SORT

Wave/Purposeful
movement life treat
Step 2:

ASSESSMENT AND LIFESAVING INTERVENTIONS

Breathing? No —»@

Yes

¥

Obeys commands or
makes purpouseful movements?

Peripheral pulse?
Not in respiratory distress?

Yes’.

All Yes - <Minor injuries only?

NO\

Major hemorrhage is controlled?

Any No

-

current resources? > Yes—
LIFESAVING INTERVENTIONS:
Control major hemmorhage
Open airway
Chest decmopression
Autoinjector antidotes

Figure 2. The SALT algorithm (adapted from [38]).
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Neither SALT nor START takes the number of resources or casualties into
account. Today, there is evidence indicating that SALT and START can lead to
over triage [35,40], and neither are sensitive or specific enough to predict clini-
cal outcome [37].

There is extensive research published on triage in an MCI scenario, yet few
studies address the validation of triage tools [41-44]. The lack of standardized
mass casualty triage algorithms has the potential to cause significant confusion.
The absence of guidelines has resulted in variability in the triage process, as well
as in the tags and the nomenclature used. Still, no international guideline for
mass casualty triage exists. Moreover, few countries have national standards for
triage assessment.

In-hospital triage

Triage is an essential function in the emergency department (ED), where
many patients may present simultaneously. The aim of an in-hospital triage sys-
tem is to rapidly identify patients with life-threatening conditions, ensure treat-
ment in order of clinical urgency, and that treatment is appropriate and timely
[9,45,46]. Worldwide, there are four well-recognized triage systems in use in
the ED, all with an established five-level triage algorithm. This five-level algo-
rithm has been shown to be superior to three-level systems with regard to valid-
ity and reliability [11,47]: the Australian Triage Scale (ATS), the Canadian Tri-
age and Acute Scale (CATS), the Manchester Triage System (MTS) and the
American Emergency Severity Index (ESI) [9,11,48,49]. In Sweden, Rapid
Emergency Triage and Treatment System (RETTS) is the most frequently im-
plemented system (table 1). During an initial period, RETTS changed its name
to the Medical and Emergency Triage and Treatment System (METTS) [50],
and thereafter changed the name again to RETTS.
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Table 1. Triage algorithm for vital signs according to RETTS [50].

Step  Method _ Orange Yellow Green _

A Inspection Airway Not used Not used Not used Not in need
compromised of triage
B RR and RR>300r<8 RR>25 RR <25 RR 9-25
POx POx <90 % POx <90% POx91-95%  POx> 95%
w/ oxygen w/0 oxygen w/0 oxygen w/0 oxygen
C HR and HR >130 HR >120 HR>110 HR 51-109
SBP SBP <90 or <40 or <50
D RLS >3 or 2-3 Confusion Alert
ongoing
seizure
E Body Not used >41 or <35 38.541 35.1-38.4
temperature

RR = respiratory rate (breaths/min), POx = pulse oximetry, HR = heart rate (beats/min), SBP =
systolic blood pressure, RLS = reaction level scale.

Since 2010, most EDs in Sweden use RETTS, which is a process-oriented
triage scale based on physiologic parameters [46]. RETTS has two main assess-
ment variables: vital signs and chief complaints, which describe the symptoms
and incident that caused the patient to seek care. These two variables are evalu-
ated and result in a color-coded 5-level scale. Each level of priority has a defined
time limit, which dictates the maximum time to evaluation and treatment by a
physician.

The process of triage described above seem to function well in developed
countries, but have been described as unsuited and difficult to implement in de-
veloping countries [51]. In resource-poor settings, there is a need for a triage
system that does not require extensive training, can handle a large number of
severely injured patients, and is applicable in situations with medical staff short-
ages and limited resources [52]. The South African Triage Score (SATS) was
developed in 2006 in South Africa and has been proposed for urban and rural
hospitals in developing countries [53]. SATS uses a scoring system based on
physiologic parameters, the Triage Early Warning Score (TEWS), and a list of
identifiable clinical conditions (table 2).
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Table 2. SATS comprising TEWS and discriminator score [53].

TEWS 3 2 1 0 1 2 3
Mobility Walking With help  Stretcher/
immobile
RR <9 9-14 15-20 21-29 >30
HR <40 41-50 51-100 101-110 11-129 >130
SBP <70 71-80 81-100 101-199 >200
Temperature Cold or 35.0- Hot or
<35°C 38.4°C >38.5°C
AVPU Confused Alert Voice Pain Unresponsive
Trauma No Yes

RR = respiratory rate (breaths/min), HR = heart rate (beats/min), SBP = systolic blood pressure,
AVPU = Alert Voice Pain Unresponsive.

LOOK FOR

‘@ EMERGENCY

SIGNS AND ASK FOR
PRESENTING COMPLAINT

RSUs Like RETTS, SATS is designed to triage pa-

vgégol'j({(o;kem tients into five color-coded categories for medical
- assessment (figure 3, table 3) [54]. SATS has been
successfully implemented in countries outside
South Africa such as Pakistan and Somaliland
[54,55]. The outcome of the implementation of
SATS has been correlated with a reduction of mor-
MERGENCY tality, shorter waiting times, and improvement of

TEWS

70R patient flow [55].

ADDITIONAL
INVESTIGATION

URGENT
TEWS
30R4

SENIOR HEALTHCARE
PROFESSIONAL'S DISCRETION

DECEASED

Figure 3. SATS algorithm.
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Table 3. Target time to treatment according to SATS categorization based on TEWS
score [53].

TEWS 7 or more 5-6 3-4 <2 Dead

Target time to treat Immediate <10 min <60 min <4 h

Training and education

Adequate preparation and training is essential for successful management
of patients during an MCI. The relatively rare incidence of such an event can be
a demanding problem when designing a training system. Retaining knowledge
over time is a significant challenge in response training, and requires repeated
training sessions. Consequently, extensive training and education to prepare for
an event with a low probability of occurring is difficult to justify. Moreover, the
nature of an MCI makes proper follow-up and evaluation demanding, because
all available resources are focused on treating patients. This leads to difficulties
in evaluating the positive effects of the training. Another significant problem
related to developing training for MCI management, is the design of exercises
in which medical personnel have the opportunity to practice skills interde-
pendently of each other and simulate a high work load and severe time pressure
[56].

Triage has been identified as one of the areas in disaster medicine for which
training is especially important [1,57]. Triage is rarely used in the daily man-
agement of injured patients, and in combination with the rare occurrence of
MClIs, practice and exercise is essential [3,58]. Lessons learned from real inci-
dents illustrate the need for triage training [59].

Research in disaster medicine indicates that no training in triage can entirely
prepare health care personal for a real mass casualty event. However, familiarity
with the process helps their efficiency and performance comfort [60]. Teaching
and assessing abilities in performing mass casualty triage is inherently challeng-
ing due to the inability to accurately replicate a disaster or mass casualty incident
environment in a comprehensive way. Therefore, mock drills are one principal
form of applied mass casualty training with mock patients or dummies [61].
Moreover, exercises and simulations have been shown to be an effective way to
assess different areas of disaster management to test and evaluate performance
in, for example, decision making, triage, and patient management [62,63]. One
simulation tool, Emergo Train System® (ETS) [64], was developed in Sweden

10
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[65] but is currently adapted for international use in several parts of the world
[64]. The core of the ETS is the patient bank together with staff and resources
involved in disaster management [66]. All victims belong to an injury category,
and each victim has a defined medical need, which has to be assessed within a
stipulated time. Otherwise the casualty is at risk of preventable complications
or death. As an exercise evaluation, it is possible to measure patient outcome
and relate that to the treatment and to other decisions taken by the participants.
In concordance with ETS, an interactive teamwork concept for pre-hospital per-
sonnel has been developed, tailored for triage training, utilizing specific trauma
cards (figures 3, 4) [64].

Patient 4 Emergo Train Systom  PAlIENL Emergo Train Systeni
132 £ 132 £
B (A | / Visbleinuries » Figure 4. Front (left) and back
) Snoring . .
’Y: st (right) of EmergoTrain Sys-
B . -

tem Trauma card [64]. The
front of the card contains the
initial information given to the
participants at first glance. The
- back of the card contains infor-
= . . .
Laceration| _ mation obtained after primary
to face ( .
assessment of the “patient”.

Blood
on face

< 4

down

Moaning ‘ Ly og—o‘

Other interactive models such as table-top exercises and computerized sim-
ulation models are frequently used in MCI triage training [67-69].

Evaluation is part of an effective training system and indicates if the training
objectives have been achieved and whether accomplishment of the objectives
have resulted in enhanced performance [70]. Historically, training researchers
have relied on an evaluation model, proposed by Kirkpatrick [71]. Kirkpatrick’s
framework has limitations but still remains as a base for evaluation of trainees
[72,73]. Within this model, learning skills can be assessed by using multiple-
choice tests [70]. Training evaluation with pre-tests and post-tests is a way to
measure change and level of achievement [74].

11
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Teaching models and environments

Adult learning diverges from how young children learn because adults are
usually voluntary learners. Medical personnel come to training with experience,
knowledge and skills, and the trainer needs to make the training relevant to the
learners. Studies have shown that one way of learning is when the trainee can
relate new material to what is already known and needs new knowledge to build
up logically with clear objectives [75,76].

Adult learning theory highlights the important role of learners as active par-
ticipants in their learning process. Activation can facilitate “in action learning”
by methods such as simulated emergency scenarios [56,75].

In the mid-1980s, David Kolb proposed that adult learning is more effective
when learners are more directly involved instead of receiving knowledge com-
municated by the teacher [77]. Kolb developed “the experiential learning cycle”
in which there are four distinct stages of learning [78]. While the cycle can start
at any stage, all stages are required to learn effectively:

o Concrete experience — active learning as opposed to passive. Learn
about something by being directly involved with the material rather than
learning about it.

e Reflective observation — refers to thinking critically about experience.

e Abstract conceptualization — linking the experience to the theory or con-
cepts underlying it.

e Active experimentation — testing out one’s learning in new situations.

Experiential learning theory defines learning as “the process whereby
knowledge is created through the transformation of experience” [77] and has
become to be known as “learning by doing” or “hands-on learning”. This does
not express its complexity. However, this type of learning is far beyond simple.
It is a matter of being more engaged in one’s learning cognitively, which is a
deep level processing of knowledge/skills through experience, reflection, exper-
imentation, and application [79].

It has been demonstrated that adults have different learning styles. Adults
improve their learning if the material is reinforced with visual aids, and hands-
on activities enhance some learners. When medical personnel are involved and
in charge of their own training, they are more engaged, and improvement of
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their knowledge increases. It is important that the environment is non-competi-
tive, which encourages the learners to share information with each other and
thereby increasing the knowledge and making it more valuable [76,80,81].

Adult learners need goal-oriented, relevant, practical experiences in order
to get the most from teaching [82]. To learn as an adult, a didactic approach is
relatively ineffective and physicians, like other adults, learns far better with ex-
periential learning, for example, participatory training such as simulation, which
provides greater realism than a didactic approach and enables the level of diffi-
culty to be individualized with immediate feedback [83].

To summarize, education and training in triage and MCI management is a
demanding challenge for teachers and learners alike, and needs further develop-
ment with the goal of enhancing effective emergency preparedness and response
[84]. Decisions on what to train, how to train and how to implement and evaluate
training with evidence-based best practice is important to ensure training effec-
tiveness [73].

ATLS/PHTLS

Several courses and education programs that include elements of triage
training have been developed. The Advanced Trauma Life Support (ATLS)
course was developed by the American College of Surgeons and is often a re-
quirement for a resident degree in anesthesia, orthopedics, surgery and emer-
gency medicine in northern Europe [85]. The course is highly recommended for
all doctors who are involved in the management of trauma patients [86], and it
has been accepted worldwide as a training concept for medical doctors [87,88].
The ATLS program is implemented in more than 60 countries worldwide and
more than 1.5 million physicians have graduated and received the ATLS di-
ploma. During the course, trauma triage principles are introduced by applying
the mnemonic ABCDE in a group discussion according to the ATLS curriculum
[89]. Physicians involved in initial patient treatment in a disaster situation could
play a key role if they have been trained within the ATLS program [90,91].

Pre-hospital Trauma Life Support (PHTLS) was developed by the American
College of Surgeons and is accepted worldwide; it provides the opportunity to
standardize pre-hospital trauma management [92]. The PHTLS course contains
no triage lecture, but the PHTLS manual includes a chapter on triage and initial
stabilization.

The PHTLS and ATLS courses are designed to teach providers a standard-

ized approach to trauma assessment, and the sequences combine the educational
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formats of lectures and practical lifesaving skills. Both concept courses empha-
size that injury kills within certain time frames, and evaluation and interventions
should follow the structured examination from A to E. The mnemonic ABCDE
prompts the specific order to be followed [7].

Trauma

Trauma is defined as an injury resulting from a physical force making con-
tact with the body. This force can be blunt or penetrating. Blunt or non-pene-
trating trauma occurs mainly in motor vehicle accidents and falls, while pene-
trating trauma includes gunshot and stab wounds [89]. Thermal trauma is when
the patient has been exposed to fire, electrical injuries, hypothermia, and frost-
bite. The severity of the injury is related to the force and duration of impact, the
body part involved, and the injuring agent [92]. Pre-existing influences such as
age, medications, and co-morbidity factors may also affect the degree of trauma
[89]. In a physiologic sense, trauma is not a single insult; it is a combination of
hemorrhage, tissue injury, pain, and fear. To understand the physiology of
trauma, all these components have to be considered.

A systematic review published in 2016 summarizes trauma studies per-
formed over 30 years, and identifies that brain injury, exsanguination, and a
combination of brain injury and severe bleeding were the leading causes of death
after trauma [93]. Bleeding has been shown to be the leading cause of prevent-
able deaths among trauma patients [94]. In this context, identification and timely
management of hemorrhage to minimize the time between injury and interven-
tion is essential [95]. A classification of estimated blood loss based on clinical
signs is used in the ATLS curriculum [89]. This classification can be used as a
practical guideline. Clinical symptoms such as heart rate above 100 bpm, tach-
ypnea, and decreased pulse pressure occur when a 70-kg man is subjected to a
blood loss of 750—1500 ml (15% to 30% of total blood volume). This is defined
as class II hemorrhage. A class III hemorrhage involves the loss of approxi-
mately 1500-2000 ml of blood, which leads to marked tachycardia and tachyp-
nea, significant changes in mental status, and a measurable decrease in systolic
pressure.

The survival time, which is the time from injury until death, has a “trimodal
distribution” (figure 5).
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Immediately Hours Days/Weeks

Figure 5. Schematic visualization of the concept of trimodal mortality. The three dis-
tinct peaks represent immediate, early, and late deaths occurring after traumatic injury.
The golden rectangle illustrates “the golden hour”. The red dashed rectangle illustrates
the main target of possible improvement by using a triage system.

This distribution shows an initial peak of “immediate deaths” followed by a
second peak of “early deaths” in the first hours, and finally a third peak of “late
deaths” days or weeks later. This classification was first described by Trunkey
[96], and has been a focus of debate because trauma deaths are not always
demonstrated in these time frames [97,98]. However, the concept of trimodal
distribution is still used by the American College of Surgeons to teach physi-
cians around the world about the golden hour of care, the different causes of
early and late mortality, and different potential interventions [89,98]. The sec-
ond peak in the trimodal distribution, early deaths, is defined as deaths within
hours of arrival at the hospital. Deaths that occur during this period usually re-
sult from brain injury, hemo-/pneumothorax, lacerations on the spleen and liver,
pelvic fractures and/or multiple other injuries associated with significant blood
loss [89].

The global epidemiologic characteristics, studying the mechanism of injury
due to an MCI with mortality as an outcome, are related to road traffic accidents
[99,100]. Brain injuries and fractures are also common in other incident types,
for example, earthquakes [101].

Despite the type of incident, a single trauma patient or an MCI, the patient
has the same physiology due to the mechanism of injury. To identify hemor-

rhagic shock in a trauma patient only assessing vital signs is demanding, and the
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associated difficulties have been discussed [95]. When an MCI occurs and sev-
eral patients are traumatized with similar conditions, in combination with a gen-
eral lack of resources, the situation becomes even more demanding. To be able
to make a difference to the patient outcome, the triage system that we use must
support and guide us to sort and prioritize patients according to injury severity.
By utilizing knowledge of the physiologic response of the casualty, in combina-
tion with understanding the trimodal mortality model described above, the sec-
ond peak has been identified as the main target to improve management of the
greatest number of patients (figure 5) [97].

Mass casualty incident

A bus crash in a small rural community with 20 casualties with minor inju-
ries has occurred. Is this an MCI? Or, is a bus crash with five severe injuries an
MCI? The first example might not necessarily require a full major incident re-
sponse, while five casualties with critical injures may. Definitions of MCls vary,
and attempts to define a specific number of casualties for an incident to be con-
sidered an MCI have been made. The World Health Organization (WHO) de-
fines an MCI as “an event, which generates more patients at one time than lo-
cally available resources can manage using routine procedures. It requires ex-
ceptional emergency arrangements and additional or extraordinariness assis-
tance” [102]. This definition is based on available resources, number of casual-
ties, and the severity of injuries. Sometimes the word “disaster” is used as a
synonym for MCI [1,57]. A disaster, classified from a medical point of view, is
disproportion resulting from an increased demand for medical response and the
actual medical resources available in order to manage the causalities [1]. In the
Swedish context, the term major incident is used and defined where available
resources are insufficient for the immediate need of medical care” and the situ-
ation require a specific health care organization [24]. In the United Kingdom,
an MCI is defined as “an emergency that requires the implementation of special
arrangements by one or more of the emergency services and will generally in-
clude the involvement, either directly or indirectly, of large numbers of people”
[103,104]. These definitions emphasize the initial balance between immediate
medical response and access to resources, regardless of the type of incident or
the number of casualties [24]. To summarize, the definitions of MClIs vary be-
tween countries but the content is similar. Medical needs exceed, at least tem-
porarily, the response capacities in the affected area, mainly due to a large num-
ber of victims and/or severity of injuries.
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Swedish MCI organization

In Sweden, all emergency agencies, including the rescue service, police, and
health care, have mutual responsibility for emergency and MCI management
despite being governed by different legislations. The Swedish Civil Contingen-
cies Agency (Myndigheten for Samhillsskydd och Beredskap, MSB) supports
and coordinates civil emergency planning and crisis management together with
local, regional and national authorities [105]. MSB has the responsibility to sup-
port and evaluate civil society’s joint crisis management capability. Health care
services and agencies need to evaluate and self-assess their own capability to
manage MCls by conducting exercises on a regular basis [105,106].

In the Swedish medical response organization, regional and national duty
officers (DO) available 24/7 act as gatekeepers of the health care services com-
bined resources. Each county council has their own criteria for when to declare
a situation a major incident, depending on the time of day, resources available,
and the geographic setting. DOs also take into account the current situation at
the receiving hospitals. The DO has the authority to instantly activate the re-
gional preparedness plan at the appropriate level, and to act as initial commander
over all regional health care resources. The DO normally alerts, receives, and
shares information together with other agencies such as police, rescue services,
and health care [106,107].

In most European countries, physicians and nurses are part of the pre-hos-
pital organization [108]. Although the education level of personnel is standard-
ized in some cases, large differences do exist. There is an ongoing debate as to
which combination of practitioners and their education level will yield the best
results in pre-hospital care [109-111]. In Sweden, firemen usually arrive at the
scene of an incident first and are able to access victims before paramedics and
other medical staff. The rescue services arrive before the ambulance service in
64% of incidents according to incidents reports from 2004 to 2013 provided by
MSB. According to the Swedish emergency response system, in the case of an
MCI, the first ambulance on scene is typically crewed by one emergency medi-
cal technician and one specialist registered nurse. The registered nurse will be
appointed medical incident commander and will normally retain this position
for the duration of the incident. If a physician arrives at the incident site, he or
she focuses on acute medical assessment and acts as an advisor on medical de-
cisions. The Rescue Services Incident Commander is responsible for rescue and
safety [112].
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Trauma care and triage in low- and middle-income countries

Every year more people die from traumatic injuries than from infections
such as malaria, tuberculosis, and HIV/AIDS [113]. A certain number of lives
could be saved every year in low- and middle-income countries if health care
was improved to the level of high-income countries [114]. Beyond communica-
ble and chronic diseases, the mortality caused by injuries in Africa is 116 per
100,000 population, compared with Europe with 49 per 100,000 population
[115].

The use of epidemiologic analyses to assess the gains in prevention of injury
has been advocated, reflecting the changing view of injuries as preventable
events [116]. The burden of diseases and summary measures such as disability-
adjusted life years (DALY's) have been considered as useful indicators for health
policy and planning purposes [117]. Globally, since 1990, there has been a re-
markable declining trend in the rates of DALY due to injury, but this decrease
is largely present in high-income regions. There is a reverse trend in low- and
middle-income countries such West and South sub-Saharan Africa. A reason for
this trend may be the increase in motorization and traffic density, without com-
prehensive urban speed limit laws, seat belt laws and/or drink-drive laws, or
poor enforcement if laws exist [116,118].

In Kenya, which is a low-income country in East Africa, the mortality
caused by injuries is 101 per 100,000 population [115]. It is well known and
described that injuries, particularly those sustained through road traffic acci-
dents, are a major cause of death in the African region [113,115,119]. Statistics
from the WHO reveal that, in 2015, 26.6 per 100,000 died in road traffic acci-
dents in Africa. The corresponding numbers for Europe were 9.3 per 100,000
population [119]. Between 3000 and 13,000 people are killed annually on Ken-
yan roads, with an estimated road fatality rate of 29.1 per 100,000 population
[119]. From a global perspective, injuries in general result in permanent disabil-
ity among an economically productive young adult population [120].

One part in this thesis focuses on evaluating the possible benefit of in-hos-
pital triage for trauma patients admitted to the ED at the Moi Teaching and Re-
ferral Hospital (MTRH) in Eldoret, Kenya (figure 6). MTRH is the second na-
tional referral hospital in Kenya after Kenyatta National Hospital in Nairobi.
The hospital is located 310 km north west of Nairobi, Uasin Gishu County, in
the North Rift region of Western Kenya. MTRH receives casualties from the
whole western region of Kenya, parts of eastern Uganda, and the south part of
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Sudan with a catchment of over 16 million people. The bed capacity at the time
of the study was 700, of which six were intensive care unit beds.

Although receiving increased atten-
tion, implementing strategies to im-
prove trauma care in developing coun-
tries to address the health burden on the
emergency care service is still war-
ranted [121]. Improved road safety leg-
islation, reducing drunk driving
[119,122], development of pre-hospital
care systems [123], and strengthened
hospital trauma care have been sug-
gested as interventions to mitigate this
problem in the health care system [124].

The WHO defines an outcome
measure as a “change in the health of an ~ Figure 6. Geographic location of
individual, group of people, or popula- Eldoret, Kenya. Thc? red dashed circle
tion that is attributed to an intervention represents app rommat? catchment
. . . area of the MTRH hospital.
or series of interventions” [125]. In the
health care system, performance indica-
tors are used in order to determine standards and measure quality to improve
patient management. Performance indicators are addressed and implemented in
the field of disaster medicine [63,126,127]. Preventable death is a performance
indicator, defined as the proportion of all deaths judged to have been preventable
if optimal care had been given. Preventable death has become a standard tool
when measuring and comparing the quality of trauma care and is essential in
trauma research [128,129].

Several scoring systems to assess injury severity with the aim of improving
trauma care quality have been developed [130]. The Abbreviated Injury Scale
(AIS) was the first comprehensive system [131]. Since then, other scoring sys-
tems use the AIS and other components in an attempt to describe an individual’s
overall injury severity. These systems includes the Injury Severity Score (ISS),
which is commonly used [132], New Injury Severity Score (NISS), and Trauma
and Injury Severity Score (TRISS). TRISS utilizes patient age, type of injury,
RTS, and ISS to estimate the probability of survival. International Classification
(ICD) codes are routinely collected in administrative databases. The ICD-based
Injury Severity Score (ICISS) uses survival risk ratios (SRRs) to calculate the
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probability of survival for patients [133,134]. The Kampala Trauma Score
(KTS) is a simplified combination of the RTS and ISS and evaluates injury pri-
marily on the basis of physiologic, rather than anatomic, parameters. KTS has
been validated for its ability to predict outcome in developing countries [135—
137].

Many hospitals in low-income countries lack a structured trauma system,
including a formal triage system [138]. As an example, a study from Pakistan
showed that 86% of pre-hospital personnel did not have a system for prioritizing
patients and information to the hospital prior to arrival [139]. When a pre-hos-
pital organization is limited or absent, patients are rarely prioritized and as-
sessed, and treatment will not be performed until arrival at the hospital. Several
hospitals in low-income countries have a large number of patients and the staff
lack specific training, resulting in excessive waiting times before assessment of
the patients. This may lead to deterioration of the injured patient’s condition. A
multicenter study from Tanzania showed that only 20% of the staff had proper
training in triage [140].

Scientific approach

The science of disaster medicine is often observational or subjective, and
much of the literature concerning disasters is based on reporting “lessons
learned” [141]. It is demanding to evaluate the performance of the medical
health care during a disaster. However, qualitative research by using perfor-
mance indicators is available and can be used to determine standards and meas-
ure quality to improve patient management. Performance indicators are ad-
dressed and implemented in the field of disaster medicine [63,126,127]. How-
ever, a significant limitation in research studies in the disaster medicine area is
related to the lack of standards for collecting and reporting data [1]. The research
tools are not validated [142], or available to use or utilizable during a disaster
[138].

Mass casualty research is not suitable for randomized, controlled, experi-
mental studies because of the nature of the incidents. In an MCI, triage is an area
that has been recognized as an essential part of patient management. Currently,
a standardized methodology of triage is lacking, and this area is in need of a
more evidence-based approach [143].

The perfect MCI triage system would be easy to learn, be adoptable, and
accurately identify and categorize each casualty by severity and type of injury,
to ensure that every casualty receives appropriate intervention and treatment.
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During a real incident, time and effort cannot be spent on education and training.
In the meantime, we have to rely on the second best option, which is educational
drills and exercises, as the basis for gaining new knowledge in the disaster med-
icine area [84].

The question arises whether exercises and training can be used to evaluate
triage interventions, and thereby play a role in the development of a scientific
analysis focusing on medical personnel performance in the pre-hospital setting.
Furthermore, studies to evaluate if in-hospital triage systems can have an impact
for the trauma patient are needed.
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STUDY OBJECTIVES

The research presented in this thesis aims to determine triage performance
among pre-hospital personnel and investigate if there are any advantages with
triage for the trauma patient. In this setting, the study objectives were to:

e Evaluate the triage component of globally used standardized trauma
courses.

e Determine the ability of Swedish medical personnel who have attended
the PHTLS course and physicians attending the ATLS course to per-
form triage for casualties in a simulated major incident using the mne-
monic ABCDE.

e Investigate the benefit of a short educational intervention in triage skill
training of rescue services personnel, and the retention of these triage

skills six months later.

e Determine if an in-hospital triage system has the potential to improve
management of trauma patients in an ED in a resource-poor setting.
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MATERIAL AND METHODS

A detailed description of the material and methods used can be reviewed in
the respective papers, which are appended. A brief overview of the study design
is presented below.

Papers I and 11

Two multicenter cross-sectional studies were conducted. Data were col-
lected from ATLS and PHTLS participants from different course sites in Swe-
den. The participants were evaluated with regard to triage skills using a triage
skill questionnaire based on a previously validated instrument [144]. The triage
questionnaire was handed out to the participants, together with an information
letter, just before and after the course. The participant’s assignment was to deal
with three components of triage of victims in a simulated MCI: decision making;
prioritization of 15 hypothetical casualties involved in a bus crash; and prioriti-
zation for evacuation. The time allowed to complete the triage skills question-
naire in both settings was 15 minutes, and the participants were asked to answer
the questions in accordance with the ABCDE and SALT triage algorithms. In
paper I, the results were analyzed using a paired t test and ANOVA and Tukey
post hoc tests. In paper II, significant differences between groups in the first and
second section of the questionnaire were tested using Kruskal-Wallis tests cou-
pled with Dunn’s multiple comparisons tests. The results from the last section
of the questionnaire were compared using chi-squared tests.

Paper I11

This study was designed as a prospective randomized controlled trial.
Eighty-six firemen were randomly assigned into two groups: one group used the
ETS trauma cards, and the other group received an additional instructional lec-
ture. Both groups received the same 30 minutes long lecture on how to perform
triage according to the SALT algorithm. In the trauma card group, the partici-
pants were divided into subgroups and instructed to triage ten trauma victims
according to the descriptions on the trauma cards. In the other group, written
forms describing the same ten victims were used and discussed as a continuation
of the lecture. Total training time was 60 minutes for both groups. A triage skill
questionnaire, the same as used in papers I and I, was distributed before and
after the educational intervention to measure individual triage skills. The ques-
tionnaire was applied again 6 months later. The groups’ scores at baseline and
after the intervention, as well as the post-test scores and the follow-up scores,
were compared using the Wilcoxon signed rank test. The Mann—Whitney U test
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was used to investigate if previous experience of multi-casualty incidents, years
in service, level of education, age, or educational model was related to improve-
ment or retention. Due to the exploratory nature of the subgroup analyses, no
correction for multiplicity was done.

Paper IV

The study was a prospective exploratory cohort study conducted on adult
trauma patients admitted to the ED at MTRH, the second national referral hos-
pital in Kenya. Trauma patient data included respiratory rate, pulse, blood pres-
sure, GCS, Sa0,, body temperature, type and mechanism of injury. Descriptive
data included time of accident and arrival at the ED, gender, age, and interven-
tions performed at the ED. The patients were retrospectively categorized accord-
ing to RETTS from patient records. Variables included in the analyses were ISS,
waiting time before physician assessment, length of hospital stay, and mortality.
The patient data were compared using non-parametric Kruskal-Wallis tests with
Dunn’s multiple comparisons post-tests.

Ethical Considerations

The regional ethics board was consulted regarding papers I, II, and III and
agreed that the studies were not subject to ethical board regulation.

In paper 1V, the research team included investigators from both Sweden and
Kenya. Informed consent from the patients was not possible due to their medical
condition and was not required according to the Institutional Research and Eth-
ics Committee (IREC) and MTRH (FAN: IREC 1263). All data obtained in the
study that could be traced to individual patients were removed before the final
analysis and reporting. Patients involved in the study were taken care of within
the present protocols and only monitored physical findings were registered. This
study was registered in Clinicaltrials.gov (no. NCT02303613).
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RESULTS

A detailed description of all results obtained can be reviewed in the respec-
tive papers, which are appended. Some of the findings from the papers are sum-
marized below.

Papers I and 11

Two groups, ATLS participants (physicians) and PHTLS participants (pre-
hospital personnel), were evaluated with regard to triage skills after completing
the course. The ATLS group results were analyzed in paper I and compared with
the PHTLS group in paper II. Neither ATLS nor PHTLS participants showed
significant general improvement in their triage skills when tested. PHTLS par-
ticipants with previous experience of MCI drills or real events significantly in-
creased their score from pre-test to post-test (table 4).

Table 4. Section one in the questionnaire: decision making

n Pre-test score Post-test score Mean rank P H(df)
Mean + SD Mean + SD difference
ATLS
whole group 153 2.58 £0.55 2.65+0.55 -26.35 0.64 18.92(3)
MClI experience 62 2.5+0.59 2.66 +0.57 -49.44 0.37 23.05(3)
PHTLS
whole group 175 2.34+0.74 2.57+0.61 -54.05 0.008 18.92(3)
MCI experience 130 24+0.68 2.60 +0.59 -51.77 0.04 23.05(3)

n = number of samples, SD = standard deviation, H = Kruskal-Wallis statistic, df = degrees of
freedom.

No significant improvements in triage skills of any of the groups were found
in the second (table 5) or third sections of the questionnaire.
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Table 5. Section two in the questionnaire: points

n Pre-test score Post-test score Mean rank P H(df)
Mean £+ SD Mean + SD difference
ATLS
whole group 153 9.46 £ 1.48 9.19+1.68 23.12 >0.999  3.22(3)
MCI experience 62 9.44+1.50 9.26+1.70 9.82 >0.999  7.18(3)
PHTLS
whole group 174 9.51+1.78 948 +1.62 1.22 >0.999  3.22(3)
MCl experience 130 9.62+1.74 9.56 + 1.54 2.58 >0.999  7.18(3)

n = number of samples, SD = standard deviation, H = Kruskal-Wallis statistic, df = degrees of
freedom.

Paper 111

The results in paper III illustrate that the rescue services personnel signifi-
cantly improved their triage skills, regardless of education group, and that this
improvement was sustained 6 months later. The median pre-test score was 9 out
of 15; the corresponding score for the post-test was 10. This score was retained
at the time of follow-up. Moreover, the accuracy in triage of the hypothetical
patients was analyzed with regard to over and under triage. The rates of over
triage were 23% before and 14% after the training session. At the time of follow-
up, the rate of over triage had increased to 17%. The rates of under triage were
virtually unchanged at 18% and 17% before and after the training, respectively.
Under triage rates decreased to 15% at the time of follow-up.

Paper IV

A total of 569 trauma patients presented at the ED at MTRH were included
in the analyses. Most of the patients were male (85%) and the mean age of all
patients was 34 years. The average length of stay at the hospital was 12 days,
with an average ISS of 12. Road traffic accident (RTA) was the most common
incident type reported, accounting for 48.4% of admissions, followed by assault
(31.4%) (figure 7).

RTA 48.4%
Assault 31.4%
Accident fall 11.4%
Burn 1.1%

Other 6.6 %
Unknown 0.9%

Figure 7. Chart depicting the fre-
quency of incident types among the
patients included in the study.
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Almost 70% of the patients arrived at the ED by taxi, private car or police
car; 17.6% of the patients were transported in an ambulance (figure 8).

ERORODN

Taxi/Private car 63.8%
Ambulance 17.6%
Police car 6%
Motorbike 3.2%
Walking 1.8%

Other 1.1%

Unknown 6.2%

Figure 8. Chart depicting the frequency of modes of transportation to the hospital used

by the patients included in the study.

The time period from admission to assessment by a physician was recorded
for each patient, and the ISS was calculated for all patients. Retrospectively, all
patients were color coded according to RETTS based on recorded vital param-

eters (table 6).

Table 6. Time to assessment and ISS for patients categorized according to RETTS

Color codes Time to assessment Maximum time to ISS n
According to (min) assessment as Mean + SD

RETTS Mean £ 95% CI defined by RETTS

Red 46 (29-62) immediate attention 17+11 77 (14 %)
Orange 92 (55-129) within 20 min 11+£6 83 (15 %)
Yellow 79 (52-106) within 120 min 12+7 114 (20 %)
Green 68 (53-82) not life threatening 11+7 295 (51 %)
Total 71 (60-82) 12+8 569
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The retrospective categorization of patients according to the RETTS algo-
rithm was compared with the ISS for each patient. This revealed a significantly
higher average ISS in the red category compared with the other categories (fig-
ure 9). No significant differences with regard to ISS were observed when com-
paring the orange, yellow, and green categories.
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Figure 9. Graph illustrating the ISS of patients in relation to RETTS categories.
**p <0.01, ****p <0.001.
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DISCUSSION

The concept of triage has existed for centuries and is no less important today
than it was during Napoleon’s time. The problem remains the same — a number
of casualties that overwhelms the health care system in a short period of time.
In order to provide the greatest good to the greatest number of patients after a
disaster or other major event, a simple system must be in place to prioritize
treatment and management. This becomes even more apparent when time and
resources are limited.

The perfect MCI triage system should ensure that every casualty receives
the correct intervention and treatment, followed by accurate prioritization and
transport to an appropriate definitive care facility. Moreover, the triage system
should be easy to learn, simple to use, and be based on vital parameters. Vital
parameters as part of the physiologic response to the injury function as a surro-
gate marker for the severity/acuity of the patient. Unfortunately, this ideal triage
system has yet to be developed. Both trauma and triage are dynamic processes.
The clinical condition of any given traumatically injured patient can change rap-
idly. External factors, such as resource availability, experience of the personnel
involved, geographic locations, heavily influence triage decision-making.

As referred to earlier, a variety of triage methods are currently used, often
without a strict consensus. Triage in the area of disaster management has been
highlighted as a key factor in patient outcome. As a step toward comparing the
accuracy of different triage systems, a consensus-based functional gold standard
definition has been proposed [145]. No consensus regarding which patient
should be classified to which category make it impossible to compare sensitiv-
ity, specificity, or accuracy between triage systems. A gold standard definition
for each category was developed but without taking resources limitations into
account [145]. However, this standard was indented to be used in quality im-
provement or research, not in clinical practice. There is evidence that systematic
triage of MCI casualties is effective, but firm conclusions cannot be drawn in
the absence of appropriate documentation [29]. Lessons learned from interna-
tional emergency incidents illustrate that health care professionals do not feel
sufficiently competent in the area in combination with unfamiliarity with the
most common triage protocols [59,146].

Moreover, there is a discrepancy between education/exercise and reality re-
garding practical application of triage skills [27,147]. For example, the widely
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taught use of triage tags has, to a large extent, not been used in real-life situa-
tions. Several reasons for not using triage tags have been identified, most relat-
ing to actual practical use [27].

A lot of effort has gone into creating effective triage teaching and training
methods [65,72,148,149]. Courses such as ATLS and PHTLS have had an im-
pact on trauma care education, and take place worldwide. The results presented
in this thesis indicate that triage training does not necessarily increase the skills
relevant to performing triage. Improving triage skills is not a specific objective
for the ATLS and PHTLS courses. This was the case for the study presented in
paper III, where the main focus of the education was triage. When comparing
the outcome of the studies presented in papers I and II with the study in paper
I11, it is apparent that training should be specifically aimed at triage, and that the
educational intervention can be of a relatively short duration. Moreover, under
and over triage were evaluated in paper 111, but not in papers I and II. Because
this parameter has been shown to be an effective outcome measure to assess
accurate triage, this would be interesting to study in the setting of papers I and
II.

Evaluating training is essential for further improvement and development of
the training itself, and to answer the question of whether the learning objectives
have been reached. Learning is multidimensional and therefore requires multi-
ple measures of different types of outcomes [73]. A good assessment method
should be simple and flexible, but also based on theory [72]. One method of
evaluation often used in triage training is to test learners before and after an
intervention [84]. However, pre- and post-test designs must consider the prim-
ing effect of the material presented in a pre-test that might stimulate and/or im-
prove memory of similar information in a post-test. Furthermore, the influence
of other stimuli during the study period with no association with the education
intervention, might affect changes in the learners’ knowledge. Thus, it is diffi-
cult to evaluate if the improvement in knowledge is related to the training inter-
vention or other competing influences [84]. So far, no conclusive evidence is
present to determine the effectiveness of skills and knowledge in disaster man-
agement after training interventions [84].

Working in groups can be a particularly effective method of learning, par-
ticularly for professionals in a multidisciplinary environment [82]. It is also rec-
ognized that group activity can be extremely useful in assessing adults’ ability
to apply theoretical knowledge in practice [82]. During a group discussion in
the ATLS course, triage is taught according to the mnemonic ABCDE, This is
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purely an anatomic triage, which has been shown to be inadequate to correctly
assess the medical needs of patients. However, in the study presented in papers
I and II, the participants were presented with physiologic parameters according
to SALT, as well as information regarding the mechanisms of injury. Still, the
ability to perform triage accurately did not improve significantly. Reasons for
this lack of improvement may be poor course design, inadequate instruction,
non-focused course objective, or unfamiliarity with the triage instruments pro-
vided. Further studies should focus on improving the triage training within the
ATLS course, or providing separate triage-specific training for personnel poten-
tially responding to an MCI.

Many considerations are important when aiming to deliver an effective
training intervention to enhance performance in complex situations [150].
Training for difficult scenarios is about more than providing knowledge and
skills to the learners. A broader view of training is needed. Therefore, educated
instructors should be involved in the design and methods to be used in disaster
education and training to enhance performance in complex and dynamic situa-
tions [150].

The distribution of victims and dilution of pre-hospital resources may affect
the ability to perform accurate primary triage and make decisions regarding
transport. Consequently, patients may or may be not be appropriately triaged
when arriving at the ED. Initially after an incident, patients may also be arriving
in private cars [151]. This is often the case when an MCI occurs in the vicinity
of a hospital [152], but also when there is no pre-hospital organization. Medical
personnel must have the knowledge and skills to be able to perform triage for
all levels of care. The increased availability of resources, technical aids, and
trained personnel at the hospital compared with the incident site, may have an
impact on triage performance.

In Sweden, the predominant in-hospital triage system used is RETTS. Ac-
cording to RETTS, two variables are assessed: vital signs and chief complaints.
After evaluation, a color-coded scale is applied to these two results. In paper IV,
a retrospective classification of patients was performed according to RETTS.
However, only the vital signs were used. For the information pertaining to the
chief complaints to reach the ED, an alert patient, a person accompanying the
injured to the ED, or a report from pre-hospital personnel is necessary.
Knowledge of the mechanism of injury and the patient’s medical condition is
usually available in a well-structured emergency organization, as is the case in
developed countries. In developing countries, where most trauma patients arrive
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at the ED in a taxi or private car, this information is not as obvious. The SATS
has been designed with these circumstances in mind, and is suitable for use in
resource-poor environments.

Because of the current absence of emergency medical training programs in
Kenya, the implementation of a triage system is cumbersome. Moreover, the
low numbers of EDs in the hospitals are generally staffed by clinical officers
and recently graduated medical officers with minimal training in the care of
acute, critical, or traumatic conditions. These EDs have no or very limited spe-
cialist coverage. In Kenya, triage is not taught as a specific subject, but is men-
tioned during emergency training. There is a need to improve emergency ser-
vices in Kenya. Ultimately, residency-trained emergency providers should lead
Kenyan referral centers and county hospital emergency services. This process,
however, will take time. An intermediate solution is to train medical officers to
better manage the initial triage and stabilization of patients with a wide variety
of medical, surgical, and traumatic conditions at all times of day and night, and
provide supervision and direction for Emergency Medical Services to be able
coordinate disaster and emergency situations.

MOI University/MTRH, Kenya, has a long-standing relationship with Lin-
koping University. Paper IV was conducted in collaboration between the Inter-
national Medical Program, the universities, and the hospitals. This work may
strengthen the long-term relationship and teamwork, which aim to build
knowledge and educational exchange between the hospitals, and in the end, ben-
efit the patients. This study also resulted in the creation of a trauma database
containing ICD codes and specific patient parameters. This will enable future
evaluation of interventions related to trauma care.
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For the Future

The science of disaster medicine is often observational or subjective and
illustrated using a “lessons learned” terminology. Because knowledge derived
from research on disaster medicine can have a tremendous influence on patients’
health and subsequent treatment outcomes, an evidence-based assessment of the
subject is essential in order for the field to move forward.

During an MCI, the focus is, and should be, to save as many victims as
possible. Paperwork and documentation is of minor importance. But without
reliable data or reports from MCls, it is difficult to evaluate triage systems and
their efficacy with the intention of continuous improvement. Therefore, it is time
to change our mindset regarding documentation and collection of mass casualty
triage data.

The challenge for the future is to implement a simple and effective triage
system that is able to rapidly identify those who require lifesaving medical care,
focus the response in order to use limited resources most effectively, and deliver
the injured to hospitals where definitive care can be given. While efficient triage
may be of great benefit, several other measures need to be taken in order to
improve the care of traumatically injured patients, especially in developing
countries. This includes preventive measures to minimize the occurrence and
severity of traumatic injuries, establishing a well-functioning pre-hospital or-
ganization, and general improvement of the health care system as a whole.

As the complexity of the patient management and health care systems in-
creases, triage, as during Napoleons time, will still be a vital tool in the first step
of management for the trauma patient.
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