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Abstract

Emergency medical services (EMS) are designed to provide prompt response, on-scene treatment
and transport for definitive care in patients with acute illness or injury. In recent years, the growing
number of missions for non-urgent matters has challenged emergency care to design risk
assessment protocols and tools to support decision-making and resource management at both
dispatch and on-scene.

The present study was designed to examine the efficacy of a criteria based dispatch protocol
and National Early Warning Score (NEWS) in the Finnish EMS system. In addition, the aim of
the research was to obtain data on patient allocation and mortality in the Northern Finnish
population.

The study data included 13,354 EMS missions from a six-month cohort (1.1.2014 - 30.6.2014)
of prehospital emergency patients in two hospital districts — Kainuu and Lansi-Pohja — in Northern
Finland, using a retrospective, observational design. Prehospital data including patient clinical
physiological variables were combined with the national Finnish registries (Care Registry for
Health Care, Intensive Care Consortium Database and Cause of Death Registry) in order to
examine risk assessment in EMS and prehospital patient outcomes.

Based on the result, the risk assessment at the dispatch was correct in 67.5% of the cases and
four out of ten EMS missions did not lead to transportation by an ambulance. The use of the
Finnish dispatch protocol resulted in an overall rate of 23% of over-triage and a 9% rate of under-
triage. The highest NEWS category showed a good sensitivity for 1-day mortality but failed to
adequately discriminate patients in need of intensive care or who died within 30-days in a large,
unselected, typical EMS population.

In conclusion, the criteria based dispatch protocol resulted in over-triage of a quarter of
missions and in a significant rate of EMS missions without ambulance transportation. In addition,
the predictive value of prehospital NEWS regarding the patient’s risk of death and need for
intensive care was low.

Keywords: Causes of Death, Diagnostic Test, Early Warning Score, Emergency Medical
Dispatch, Emergency Medical Services, Hospital Admission, Triage
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Tiivistelmd

Ensihoitopalvelu on suunniteltu tarjoamaan nopeaa vastetta, paikalla tapahtuvaa hoitoa ja kulje-
tusta lopulliseen hoitopaikkaan potilaille, joilla on akuutti sairaus tai vamma. Viime vuosien
lisddntyneet yhteydenotot ei-kiireellisissd asioissa on johtanut riskinarviotydkalujen kehittdmi-
seen tukemaan péaatdksentekoa ja resurssienhallintaa héatdpuhelun aikana ja tapahtumapaikalla.

Tassé tutkimuksessa tarkasteltiin kriteeripohjaista hatdpuhelun kisittelyd sekd varhaisen
varoituspistejarjestelmén (NEWS) tehokkuutta suomalaisessa ensihoitojdrjestelmissa. Lisdksi
tutkimuksen tavoitteena oli saada tietoa ensihoitopotilaiden hoitotuloksista ja kuolleisuudesta
Pohjois-Suomessa.

Tutkimukseen siséltyi 13 354 ensihoitotehtdvdd kuuden kuukauden kohortista (1.1.2014 —
30.6.2014) kahden sairaanhoitopiirin alueelta — Kainuu ja Lansi-Pohja — Pohjois-Suomessa kayt-
tdmalld retrospektiivistd havainnoivaa tutkimusmenetelmdi. Ensihoidon aikana kerétty tieto,
mukaan lukien potilaan kliiniset fysiologiset arvot, yhdistettiin kansallisiin rekistereihin (hoitoil-
moitusrekisteri, tehohoitokonsortion laatutietokanta seké kuolinsyyrekisteri) jotta ensihoitopoti-
laiden riskinarviota ja hoitotuloksia voitiin tutkia.

Tutkimustulosten mukaan 67.5 prosentissa tapauksista riskinarvio hitikeskuksessa oli oikea
ja nelja kymmenesté ensihoitotehtévésti ei johtanut kuljetukseen ambulanssilla. Suomalaisen
hélytysprotokollan kéyttd johti yliarviointiin 23 prosentissa tapauksista ja aliarviointiin 9 pro-
sentissa tapauksista. Korkeariskin NEWS-luokan herkkyys 1-pdivén kuolleisuudelle oli hyva,
mutta se ei kyennyt erottelemaan riittdvin hyvin potilaita, jotka tarvitsivat tehohoitoa tai kuoli-
vat 30 pdivin sisélld suuressa ei-valikoidussa tyypillisessd ensihoitopotilasviestossa.

Yhteenvetona todettiin, ettd kriteeripohjaisen riskinarvion kdytto johti yliarvioon neljannek-
sestd tapauksista sekd huomattavaan ensihoitotehtdviméaérddn ilman ambulanssikuljetusta.
Liséksi ensihoidon aikana kéytetyn varhaisen varoituspistejdrjestelmén ennusteellinen arvo poti-
laan kuolemanriskin ja tehohoidon tarpeeseen oli matala.

Asiasanat: diagnostinen testi, ensihoitopalvelu, hatikeskusjirjestelma, kuolinsyyt,
sairaala-admissio, triage, varhaisen varoituksen pisteet
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1 Introduction

The emergency medical services (EMS) has developed from a system of diverse
providers of transportation in the 1960’s into an integrated system delivered by the
healthcare professionals of today (Shah, 2006; Sasser, Varghese, Kellermann &
Lormand, 2005). The primary purpose of modern EMS is to provide early response,
on-scene treatment and transport to definitive care for acute illnesses and injuries
to prevent early deaths (Roudsari et al., 2007). The operative emergency care con-
sists of both an emergency medical dispatch system and tiered ambulance network.
There is significant variation, however, with regards dispatch systems and organi-
zation of EMS between different countries (Lyon, Bohm, Christensen, Olasveengen,
& Castren, 2013).

The key elements of a successful EMS system are prompt emergency patient
identification, correct risk assessment and feasible management of available re-
sources (Ornato, 2009). Over-triaging and merely sending ambulances leads to an
inappropriate use of EMS resources and prolonged delays with patient encounters,
whereas under-triage negatively impacts on patient survival (Jacobs, 2011). An ef-
ficient dispatch system guides the patient, if necessary, to other health care services
than the EMS and thus reduces unnecessary non-transportation missions.

New challenges have emerged in the EMS systems around the world in recent
decades as the number of missions has increased considerably (Lowthian et al.,
2011; Pittet, Burnand, Yersin, & Carron, 2014). In particular, increased contacts in
non-urgent matter, even in minor illnesses, minor injuries or social problems, have
increased the EMS workload (Booker, Shaw, & Purdy, 2015). This has caused chal-
lenges in identifying true life-threatening situations from a large number of calls.
Each year in Finland, Emergency Medical Communication Centres (EMCCs) re-
ceive about 2.7 million emergency calls and dispatch about 750,000 missions to
EMS providers. In addition, the health and social services have undergone a reform
in Finland, which has centralised urgent and emergency specialized healthcare
(Ministry of Social Affairs and Health, 2016). In the sparsely populated area of
Northern Finland this has resulted in travelling prolonged distances, up to hundreds
of kilometres, for patients with acute illnesses to receive professional medical con-
sultation.

To address this global problem, several risk assessment tools have been devel-
oped to support decision-making during both call handling in emergency medical
communication centre (EMCC) and in patient evaluation on-scene. The Finnish
dispatch system is based on the criteria based dispatch (CBD) protocol, which is

17



also used widely in other Nordic Countries. Since the Royal College of Physicians’
recommendation in 2012 to use National Early Warning Score (NEWS) throughout
the entire chain of care, several hospitals and EMSs have implemented it’s use in
Finland (Royal College of Physicians, 2012). In the near future, NEWS will be
integrated into the national electronic patient care record (¢ePCR) for prehospital
EMS.

Despite promising results, the generalizability of these risk assessment tools
has been questioned (Lindstrom, Pappinen, Falk, & Castren, 2011; Williams,
Tohira, Finn, Perkins, & Ho, 2016). A validation of risk assessment tools in the
prehospital environment is also lacking. However, an effective risk assessment has
the potential to reduce adverse patient outcomes — intensive care admission, cardiac
arrest and death — through the rapid identification of critical illness and earlier ac-
cess to definite care.

The present study was designed to examine the efficacy of a criteria based dis-
patch protocol and National Early Warning Score in the Finnish EMS system. In
addition, the aim of the research was to obtain data on patient allocation and out-
come in the Northern Finnish population.

18



2 Review of the literature

21 EMS system in Northern Finland

In Finland, the common European emergency phone number 112 is used for all
emergencies, whether the need be for police, medical care, fire and rescue or social
services. The emergency calls are connected to the closest of the six regional emer-
gency medical communication centres (EMCCs) administered by the national dis-
patch authority. EMCC personnel undergo an authorized 18-month training without
the status of a health care professional. Dispatchers seek to identify the most ap-
propriate keyword to describe the reason for contact for all incoming calls. Medical
emergencies are handled according to a national criteria based dispatch (CBD) pro-
tocol, which includes predetermined questions to guide in risk assessment. Based
on the criteria of the patient’s main complaint, clinical condition or the mechanism
of injury, calls are prioritized into four categories from A (highest priority) to D
(lowest priority) (Table 1).

Table 1. Priority definitions and responses in Finnish EMS system (I, published by per-
mission of BMC).

Priority code A B C D

Definitions Serious disturbance of Suspicion of failure  Minor symptoms No disturbance of
vital functions of vital functions vital functions
High-energy Mechanism of injury Low-energy

mechanism of injury  is suspected to lead mechanism of injury
on failure of vital

functions
Dispatch priority Immediately Immediately Patient reached Patient reached
within 30 minutes within 120 minutes
EMS unit FRU + ALS + (HEMS) ALS (+ FRU if BLS or ALS BLS
response quicker on scene)
Lights and sirens Lights and sirens Normal driving Normal driving

FRU, first responding unit; ALS, advanced life support unit; BLS, basic life support unit; HEMS, Physician
helicopter unit.

19



The hospital districts are responsible for organizing EMS, either independently, in
collaboration with rescue services or by purchasing services from a private EMS
provider. The EMS is three-tiered, with the first tier consisting of basic life support
(BLS) ambulances and first responding units (FRU). The second tier consists of
advanced life support (ALS) ambulances operated by paramedics. The third tier of
EMS are physician-manned helicopter units.

The tasks of the EMS system, response times for highest priority calls, as well
as education required by the EMS providers are highly regulated legislatively (De-
cree by the ministry of social affairs and health on the emergency medical services
(585/2017)). In addition, prehospital patient care and decision-making are largely
controlled by predetermined guidelines.

2.2 The role of emergency medical dispatch

The important role of the emergency medical dispatch in the patient’s chain of care
has been recognized since the 1970s (Zachariah & Pepe, 1995). The key compo-
nents of emergency medical dispatching include emergency patient identification,
correct risk assessment, management of available EMS resources, and maintaining
an appropriate call processing time in life-threatening emergencies (Jacobs, 2011;
Ornato, 2009). Over-triage of emergency calls leads to inappropriate use and over-
load of EMS units, whereas under-triage may negatively impact patient survival
(Jacobs, 2011).

There is a substantial variation between countries with regard to dispatch plat-
forms and organization of emergency medical dispatch systems (Lyon et al., 2013).
The main difference between the most widely used dispatch platforms, Criteria
Based Dispatch (CBD) and Medical Priority Dispatch (MPD), is the handling of
emergency calls. CBD system uses a protocol with keywords based on the caller’s
descriptions of signs and symptoms and the EMS missions are prioritized according
to predetermined criteria in every keyword (Culley, Henwood, Clark, Eisenberg, &
Horton, 1994). MPD system uses a scripted caller interrogation protocol with a
series of structured questions and algorithms to determine the urgency of the call
(Clawson, Cady, Martin, & Sinclair, 1998; Deakin, Sherwood, Smith, & Cassidy,
2006). The MPD system is mainly used in North America and in the United King-
dom, whereas the CBD system is used in European countries (e.g. Finland, Den-
mark, Norway, Belgium and Switzerland).

20



2.2.1 Efficacy of criteria based dispatch

The use of the criteria based dispatch has a beneficial impact on the efficiency of
the EMS system as the ambulance resources are targeted to the correct patients
(Culley et al., 1994). The CBD system has been demonstrated to adequately iden-
tify patients with critical emergency situations, such as cardiac arrest and stroke
(Dami, Heymann et al., 2015; Ellensen, Naess, Wisborg, Hunskaar, & Zakariassen,
2018; Hardeland et al., 2014). In addition, the Danish CBD protocol seems to iden-
tify patients with a high risk of hospital admission and death (Andersen et al., 2013).

There is no consensus of quality indicators for medical dispatch system or op-
timum platform for handling emergency calls, and dispatching emergency medical
resources also remains undefined (Lyon et al., 2013). One study examining the ac-
curacy of CBD according to the National Advisory Committee for Aeronautics
(NACA) score at the scene showed over- and under-triage of 78% and 4.6%, re-
spectively (Dami, Golay et al., 2015).

In 2006, the Finnish criteria based dispatch protocol was nationally standard-
ized in every EMCC. This implementation increased the number of high priority
EMS calls but had some controversial results regarding the correct recognition of
patients with life-threatening conditions, such as cardiac arrest, stroke and ST-ele-
vation myocardial infarct (Lindstrom et al., 2011; Méiétti et al., 2010).

2.3 Non-transportation EMS missions

In recent years, EMS systems have been under pressure due to increasing demands
for services, especially in non-urgent situations (Booker et al., 2015; Lowthian et
al., 2011; Pittet et al., 2014). In order to avoid unnecessary patient transfers and
prevent overcrowding of the emergency departments, guidelines for non-transpor-
tation situations have been implemented in EMS systems (Gray & Wardrope, 2007).

A recent systematic review of the literature showed a significant variation in
non-transportation rates (3.7-93.7%) between different patient populations (Ebben
et al., 2017). One study carried out in the Oulu-Koillismaa region in Northern Fin-
land reported a 37.7% non-transportation rate (Pekanoja, Hoikka, Kyngés, & Elo,
2018).

The factors causing non-transportation are affected by the availability of other
healthcare services and by risk assessment at the dispatch (Ebben et al., 2017) .
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2.4 Early warning scores

Interest in the development of early warning score (EWS) systems to facilitate early
recognition of deteriorating in-patients began in the 1990s (Morgan, Williams, &
Wright, 1997). EWSs are based on vital parameters measured and weighted by the
deviation from the normal physiological variables but may also include laboratory
findings and therapeutic treatments (Rhee, Fisher Jr., & Willitis, 1987; Smith,
Prytherch, Schmidt, & Featherstone, 2008).

An increase in research led to a variety of different EWS tools developed for
in-hospital and prehospital use (Table 2). However, a recent systematic review
showed that despite promising results, clinical evidence supporting the use on EWS
in prehospital is scarce (Williams et al., 2016) .

2.4.1 National early warning score

The National Early Warning Score (NEWS) is based on six physiological parame-
ters (respiratory rate, oxygen saturation, systolic blood pressure, pulse rate, level of
consciousness and temperature). Each measurement is allocated a score of 0-3 de-
termined by how much the parameter varies from normal. The score is aggregated
and added by 2 points if supplemental oxygen is required to maintain recommended
oxygen saturation. According to the score, medical risk can be categorized in three
groups: low (NEWS 0-4), medium (NEWS 5-6, or individual parameter score of
3), and high (NEWS > 7). Each group should be used as a trigger for appropriate
urgency and quality of the clinical response.

In the hospital setting, the National Early Warning Score (NEWS) has shown
better performance in discriminating adverse outcomes (ICU admission, cardiac
arrest and death within 24 hours) than 33 other EWSs (Prytherch, Smith, Schmidt,
& Featherstone, 2010; Smith, Prytherch, Meredith, Schmidt, & Featherstone, 2013)
and the Royal College of Physicians recommends the use of NEWS in order to
standardize the risk assessment of acutely ill patients throughout the entire chain of
medical care, including in the prehospital phase (Royal College of Physicians,
2012). The recommendation was updated in 2017 to also consider patients with
acute confusion or chronic hypercapnic respiratory failure (Royal College of Phy-
sicians, 2017)
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Table 2. Examples of different early warning score tools.

Early Warning Score tool Score

Vital parameters Other variables

Use in patient

range assessment
The Rapid Acute 0-16 Heart rate, mean arterial blood ED
Physiology Score pressure, respiratory rate,
(RAPS) Glasgow Coma Scale (0-4)
Rapid Emergency 0-26 Heart rate, mean arterial blood  Age (0-6) EMS, ED

Medicine Score (REMS)

Modified Early Warning

Score (MEWS)

VitalPAC Early Warning

Score (VIEWS)

Physiological-social
Early Warning Score

(PMEWS)

National Early Warning

Score (NEWS)

National Early Warning
Score 2 (NEWS2)

pressure, respiratory rate,
Glasgow Coma Scale, oxygen
saturation (0-4)

0-15 Respiratory rate, heart rate,
systolic blood pressure, level of
consciousness (AVPU),
temperature (0-3)

0-21 Heart rate, systolic blood Supplemental

pressure, respiratory rate, oxygen used (0-
temperature, oxygen saturation, 3)
level of consciousness (AVPU)
(0-3)

0-21 Respiratory rate, heart rate, Age, social

systolic blood pressure, oxygen isolation, chronic

saturation, level of diseases,
consciousness (AVPU), performance

temperature (0-3) status (0-1)

0-20 Heart rate, systolic blood Supplemental

pressure, respiratory rate, oxygen used (0-
temperature, oxygen saturation, 2)
level of consciousness (AVPU)
(0-3)

0-20 Heart rate, systolic blood Supplemental

pressure, respiratory rate, oxygen used (0-

temperature, oxygen saturation  2)

(scale for use in patients with

hypercapnic respiratory failure),

level of consciousness (ACVPU)

(0-3)

Hospital Wards

ED, Hospital
wards

EMS, ED

EMS, ED,
Hospital wards

EMS, ED,
Hospital wards
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The applicability of the NEWS in the prehospital setting is somewhat uncertain as
the validation of this score has been performed with in-patients. The results of two
studies with small cohorts (n=287 and 1684) suggest that prehospital NEWS could
predict patients most likely to deteriorate (Shaw, Fothergill, Clark, & Moore, 2017;
Silcock, Corfield, Gowens, & Rooney, 2015).

2.5 Emergency patient outcomes

There is only scarce information on the outcomes of a heterogenous prehospital
population. Several studies consist of particular patient groups and their outcomes.

The proportion of transported EMS patients discharged from Emergency De-
partment is reported to vary between 52.8 and 71.0% (Clesham, Mason, Gray, Wal-
ters, & Cooke, 2008; Levine et al., 2006), whereas those admitted to intensive care
is between 0.75 and 6.1% (Levine et al., 2006; Williams et al., 2015).

A Finnish study showed that 0.7% of EMS missions resulted in prehospital
death (Kuisma et al., 2004). One study in United Kingdom showed a mortality rate
of 6.2% at hospital discharge (Nicholl, West, Goodacre, & Turner, 2007). Further-
more, a large population-based Danish study with almost 150 000 EMS patients
showed an overall 1-day mortality of 1.8% and a 30-day mortality of 4.7% (Chris-
tensen et al., 2016).

2.6 Summary of the literature

The review of literature showed that there are gaps in our knowledge on whether
the use of a National Early Warning Score in the prehospital setting is beneficial
for evaluating the severity of illness and outcomes of prehospital patients.
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3 Aims and hypothesis of the study

The present study was designed to examine the efficacy of the criteria based dis-
patch protocol and the National Early Warning Score in the Finnish EMS system.
Additionally, the aim of the research was to obtain data on patient allocation and
mortality in the Northern Finnish population.

This study consists of four sub studies (I-IV) and addresses the following research
questions

1. By how much does the use of Finnish criteria based dispatch protocol cause
over- and under-triage? (I)

2. What is the proportion of non-transportation missions in the Finnish EMS sys-
tem and what are the reasons for these missions? (II)

3.  Whatis the allocation of transported emergency patients and does the prehospi-
tal National Early Warning Score differentiate patients requiring intensive care?
(111)

4. Does the prehospital National Early Warning Score predict short-term mortal-
ity in unselected emergency patients? (IV)
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4 Materials and methods

4.1 Setting and design

All studies (I-IV) were retrospective observational studies based on a six-month
cohort (1.1.2014 — 30.6.2014) of prehospital emergency patients in two hospital
districts — Kainuu and Linsi-Pohja — in Northern Finland (Fig. 1). All data were
gathered from registries, and no clinical interventions or patient interviews were
made.

4.1.1 Study area

The study areas comprised mostly scarcely habituated suburban and rural settings
with long distances. These areas are home to a total of 140,000 inhabitants, repre-
senting 2.6% of the Finnish population, with a population density of 4.7 inhabitants
per square kilometre. The age-standardized morbidity indexes were 118.3 in the
Kainuu district and 128.5 in Linsi-Pohja during the study period (Finnish average
100) (The National Institute for Health and Welfare, 2015).

There are 6-8 municipal health care centres and one regional hospital in both
districts. Health care centres are open during office hours on working days (Mon-
Fri: 8am-4pm) providing most day-to-day medical services. Urgent care outside
office hours is provided in the regional hospitals.

4.1.2 Study permissions

Permission to perform these studies was obtained from both hospital districts
(12Mar2014 & 8Apr2014) and the Office of Data Protection Ombudsman
(719/4225/2014). Additionally, to obtain access for the national in-patient and
death registry data, the study protocol was approved by the Northern Ostrobothnia
Hospital ethics committee (15/2015).
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Northern Finland
+ Hospital

Lansi-Pohja
Hospital District

Kainuu Hospital
District

Fig. 1. Map of Northern Finland and study areas (ll, published by permission of Wiley).

4.2 Registries and databases

4.2.1 EMS database (I-1V)

All prehospital data were gathered for the study from the study areas and named as
EMS database. In the Kainuu region, the data was transferred manually from the
paper EMS data sheets. In the Lansi-Pohja region, the data was transferred from
the electronic EMS system (Merlot Medi®, CGI). Secondary inter-facility trans-
ports, homecare assistance missions and missions aborted by the EMCC were ex-
cluded from the data.

Collected data included the date and time of the EMS mission, response time,
the patient’s social security number, age, sex, dispatch code and priority, non-trans-
portation code and first clinical variables (pulse rate, systolic blood pressure, res-
piration rate, oxygen saturation, Glasgow coma score and temperature) recorded at
the scene, and whether supplemental oxygen for inspired air was used.
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The statistical programme automatically calculated NEWS from the variables
obtained in the database. In the Finnish emergency care services, a Glasgow Coma
Scale (GCS) is used to evaluate the level of consciousness instead of AVPU-scale
(Alert, response to Voice, response to Pain, Unresponsive) used in NEWS. In this
study, a GCS of 14-15 was considered equivalent to A (Alert), and GCS < 14 as
equivalent to VPU (Voice, Pain, Unresponsive).

4.2.2 Finnish Care Registry for Health Care (HILMO) (ill)

The Finnish National Institute for Health and Welfare (THL) administrates the
HILMO-register containing a range of data on the activities of health care centres,
hospitals and other institutions providing inpatient care and, on the patients, treated
in these facilities. The health care units are required to annually submit data to the
register.

Data collected included the definitive care facility, length of hospital stay and
primary diagnosis according to the ICD-10.

4.2.3 Finnish Intensive Care Consortium Database (Ill)

The Finnish Intensive Care Consortium is a benchmarked national quality database
maintained by Tieto Healthcare & Welfare® including all the intensive care depart-
ments in Finnish hospitals. Core data on the severity of disease, given treatments
and outcome are recorded in the database for each ICU admission. The comprehen-
siveness of the data in this database is good (Mussalo & Tenhunen, 2007).

The data collected included the length of ICU stay and primary diagnosis ac-
cording to the ICD-10.

4.2.4 Finnish Cause of Death Registry (1V)

The Finnish Cause of Death Registry, with 100 per cent coverage, is maintained by
Statistic Finland (Statistic Finland, 2015) . According the Finnish law and the Act
on Determining of the Cause of Death (1973/459) an investigation of the cause of
death is compulsory for deceased persons who were domiciled in Finland at the
time of death.
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Based on the data in death certificates, the registry contains data on deaths and
mortality by cause of death, age, gender and other demographic variables. The sta-
tistics have been compiled since 1996 according to the 10th revision of the Inter-
national Classification of Diseases (ICD-10).

Collected data included the time and cause of death.

4.3 Summary of study design and main outcome variables

The summary of study designs and outcomes are presented in the Table 3. The flow
chart describing step-by-step inclusion criteria of the 16,177 EMS missions in-
cluded in the study data registry is presented in Figure 2.

4.3.1 Study |

All EMS missions resulting in a patient encounter were included. Because NEWS
has not been validated in children, missions involving patients less than 16 years
of age were excluded. The EMS data gathered included demographic data, dispatch
priority and NEW-score.

To evaluate the accuracy of the dispatch protocol, the determined priority at
the dispatch was compared with the NEWS at the scene. The high NEWS risk group
was considered equal to highest priority A, the medium NEWS risk group as prior-
ity B and the low NEWS risk group as priority C and D (Table 4).

4.3.2 Study Il

All missions from the EMS database were included in the study. Prehospital data
consisted of the following: priority and dispatch code, demographic data, non-
transportation code and distances to the hospital. In addition, regional information
on health care use was collected from the national statistical database (The National
Institute for Health and Welfare, 2015).
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Total EMS missions during the 6-month study
period

n=16,177

Excluded missions, n=2823
Interfacility secondary transports , n=2220
Home care missions, n=408
Aborted missions, n=195

Missions included in study Il
n=13354

Excluded missions, n=625
<16 years of age, n=509
Patient not found, n=91

Identified as interfacility transports in further analysis, n =25

Missions included in study |
n=12,729

Excluded missions, n=303
L

Patient was not identified, n=303

Missions included in study IV
n=12,426

Excluded missions, n=5073

Non-transported missions, n = 5073

Missions included in study Il
n=7353

Fig. 2. Flowchart of study inclusion criteria for the 16,177 EMS missions included in the
study data registry.
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Table 3. Summary of study designs and outcomes.

Study designs Study | Study I Study Il Study IV
and outcomes

Registries used EMS database EMS database EMS database EMS database
HILMO-registry Cause of Death

Intensive Care Registry
Consortium
Database

Number of 12,739 13,354 7,353 12,426

missions

Study question How much does  What is the Does the Does the
the use of Finnish proportion of non- prehospital prehospital
criteria based transportation National Early National Early
dispatch protocol missions in warning score Warning Score
cause over-and  Finnish EMS discriminate predict the short-
under-triage system and what  patients requiring term mortality in

are the reasons for intensive care unselected
these missions emergency
patients

Primary analysis = Comparison of risk Descriptive Binary diagnostic  Binary diagnostic
assessment at the analysis of non- test at the cut-off test at the cut-off
dispatch (A-D) transportation risk levels risk levels
with on-scene missions
(high-low)

Main outcome Dispatch Rate and cause of Efficacy of NEWS Efficacy of NEWS
accuracy: correct, non-transportation to predict ICU to predict short-
over-triage, under- missions admission term mortality
triage
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Table 4. Definition of dispatch priority accuracy (I, published by permission of BMC).

Priority NEWS High NEWS Medium NEWS Low
A Correct Over-triage Over-triage
B Under-triage Correct Over-triage
(o} Under-triage Under-triage Correct
D Under-triage Under-triage Correct

4.3.3 Study Il

All transported patients over 16 years of age by the EMS were included in the study.
In order to obtain dispositions within 48 hours for patients, the prehospital data was
merged with the Finnish Care Registry for Health Care (HILMO-registry) and the
Finnish Intensive Consortium Database by using the patients” national social secu-
rity number. Four patient outcome categories were formed: discharged from emer-
gency department, admitted to a primary care ward, admitted to a hospital ward and
admitted to the intensive care. The primary diagnosis according to ICD-10 was also
retrieved from the HILMO-registry.

4.3.4 Study IV

All prehospital patients over 16 years of age were included in the study. The pa-
tients” national social security number was used to couple prehospital data, includ-
ing prehospital NEWS, to the mortality data retrieved from the Causes of Death
Registry maintained by Statistic Finland.

4.4 Statistical methods

Statistical analyses were performed using SPSS statistics-software, versions 22-24
(IBM Corp. Armonk, NY). Simple descriptive statistics (mean, standard deviation,
range) were used in all studies, when analysing the data (I-IV).

In NEWS calculations, missing parameter values and symbols indicating nor-
mal values (e.g. [], N) were considered within normal range. (I, I[II-IV) In addition,
a sensitive complete case analysis was performed to reduce bias. (I)

The Cohen’s kappa coefficient was used to calculate inter-rater reliability be-
tween dispatch priority and NEWS. (I) A kappa value of >0.80 indicates almost
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perfect reliability, 0.61-0.80 substantial reliability, 0.41-0.60 moderate reliability,
0.21-0.40 fair reliability, and <0.20 slight reliability.

Fisher’s exact test was used to compare categorical data and a two-tailed P
value of <0.05 was considered statistically significant. (II) To evaluate the associ-
ation between hospital and rate of non-transportation missions, the Spearman’s cor-
relation was used. (IT)

In study III, an EMS mission (as each mission representing a patient) was used
as the unit in mortality calculations. Kaplan-Meier survival curves were drawn for
the 30-day mortality. In addition, risk ratios with confidence intervals were calcu-
lated and Wald's test was used for statistical comparison with reference level. (I1I)

Statistical calculations for sensitivities, specificities, positive predictive values
(PPVs), negative predictive values (NPVs), positive likelihood ratios (PLRs), and
negative likelihood ratios (NLRs) for 1-day mortality, 30-day mortality and inten-
sive care admission at the cut-off risks were performed (II1, IV).
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5 Results

The main results of the present study are presented in the Table 5. The flow chart
describing the step-by-step inclusion criteria of the 16,177 missions included in the
study data registry is presented in Figure 2.

Table 5. Main results of the study.

Study Aim Missions Main results

included

[ To study the accuracy of 12,739 Risk assessment was correct in 67.5% of cases.
Finnish criteria based Under-triage occurred in 9.2% and over-triage in
dispatch protocol 23.4% of cases.

1l To determine rate and 13,354 41.7% of the EMS missions did not lead to
causes of non-transportation transportation. 48.2% of those did not require
missions acute treatment and 33.9% did not require

medical care at all.

1] To study the efficacy of 7,353 2.6% of EMS patients required intensive care
prehospital NEWS in and 39.8% of those were categorised as high-
discriminating patients in risk NEWS patients at the scene.
need of intensive care The highest NEWS category showed a poor

sensitivity for ICU admission (0.398)
\% To study the accuracy of 12,426 A relative risk for 1-day and 30-day mortalities

prehospital NEWS in
predicting short-term
mortality

were 101.5 and 16, respectively, for patients
with high risk NEWS. The highest NEWS
category showed a good sensitivity for 1-day
mortality (0.801) but 30-day sensitivity was low
(0.424).

5.1 The accuracy of Finnish criteria based dispatch protocol (l)

Of the 12,729 patients, 4.8 % (616) were categorized as priority A by the dispatch,
25.1% (3193) as priority B, 44.3% (5637) as priority C and 25.8% (3283) as priority
D. The distribution of the NEWS risk categories within each priority group is pre-
sented in Table 6.
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Table 6. Mission distribution according to dispatch priorities and National Early Warn-
ing Score (NEWS), number of cases (% of cases within priority).

Priority NEWS high NEWS medium NEWS low Total

A 142 (23.1) 108 (17.5) 366 (59.4) 616 (100.0)

B 248 (7.8) 445 (13.9) 2500 (78.3) 3193 (100.0)
C 150 (2.7) 554 (9.8) 181 (5.5) 5637 (100.0)
D 33 (1.0) 4933 (87.5) 3069 (93.5) 3283 (100.0)
Total 573 (4.5) 1288 (10.1) 10868 (85.4) 12729 (100.0)

A comparison of dispatch assessment with the prehospital NEWS showed that the
risk assessment was correct in 67.5% of cases (Table 7). Under-triage and over-
triage occurred in 9.2% and 23.4% of the cases, respectively. Three-quarters of the
calls classified as the highest A or B priorities were over-triaged. Under-triage oc-
curred in 12.5% and 6.5% of cases among those classified as low-priority C and D
missions, respectively. For all missions, the kappa coefficient was 0.131 (95% CI
0.109-0.152), indicating slight reliability between dispatch priority and prehospital
NEWS.

Table 7. The accuracy of risk assessment, derived from the NEWS, % of cases (number
of cases) (I, published by permission of BMC).

Priority Correct Under-triage Over-triage Total

A 23.1 (142) - 76.9 (474) 100.0 (616)

B 13.9 (445) 7.8 (248) 78.3 (2500 100.0 (3193)
C 87.5 (4933) 12.5 (704) - 100.0 (5637)
D 93.5 (3069) 6.5 (214) - 100.0 (3283)
Total 67.5 (8589) 9.2 (1166) 23.4 (2974) 100.0 (12729)

5.2 Patient allocation in prehospital population in Northern Finland

5.2.1 Non-transportation EMS missions (ll)

The patient was not transported by the ambulance in 41.7% (5,570/13,354) of the
EMS missions. The non-transportation rate (NTR) was 29.3% (95% CI: 27.9-30.7)
during office hours (Mon-Fri 8:00 am to 4:00 pm) and 46.9% (95% CI: 45.9-48.0)
outside office hours, respectively. Longer distances to the emergency department
had an impact on higher NTR outside office hours (Spearman p =0.656, P =0.008),
but not during office hours (Spearman p = 0.220, P =0.431). There were differences
in the NTRs between regions, the NTR of the Kainuu region was 46.2% (95% CI:
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45.1-47.3), compared to 32.3% (95% CI: 30.9-33.6) (P < 0.001) in the Lansi-Pohja
region.

5.2.2 The definite care site of transported EMS patients (lll)

Among transported EMS patients, 57.4% (4,224/7,353) required in-hospital care,
while 42.6% were discharged after care given at the emergency department. 19.4%
of transported patients were admitted to primary care wards, 35.4% to hospital
wards and 2.6% to the intensive care. The mean length of stay for all hospitalized
patients was 11.8 days. For those admitted to primary care wards, hospital wards
and intensive care, the length of stay was 9.4, 12.6 and 17.6 days, respectively.
Mean ICU days was 3.8.

5.2.3 Short-term mortality of EMS patients (IV)

In this cohort, the overall 30-day mortality was 4.5% (561/12,426). Of the patients
that died, death occurred within 24 hours of the EMS mission in 191 cases, 118
during the prehospital phase, and 73 in the hospital.

5.3 Diagnostic pattern of hospitalized EMS patients and causes of
death (llI-1V)

The most frequent diagnoses for hospitalized patients according to the ICD-10 cat-
egories were "diseases of the circulatory system” (19.9%), "injury, poisoning and
certain other consequences of external cause” (13.8%), "diseases of the respiratory
system” (12.2%) and "symptoms, signs and abnormal clinical and laboratory find-
ings, not elsewhere classified” (10.7%). The proportions of "diseases of the circu-
latory system” and “injury, poisoning and certain other consequences of external
cause” were higher in intensive and hospital care, whereas ‘'mental and behavioural
disorders” and "symptoms, signs and abnormal clinical and laboratory findings, not
elsewhere classified” in the general wards.

In this population, circulatory system diseases (44.2%) were the leading causes
of death, followed by neoplasms (16.6%), diseases of the nervous system (10.5%),
and external causes (e.g. injuries, poisonings) (9.8%). The majority of early deaths
(within 24 hours) were caused by circulatory system diseases and external causes.
The proportion of neoplasms and diseases of the nervous system increased during
days 2-30.
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5.4 Efficacy of the prehospital National Early Warning score (llI-1V)

Table 8 summarises the efficacy of prehospital NEWS in predicting important clin-

ical outcomes: need for intensive care and short-term mortality.

Table 8. Sensitivity and specificity for adverse patient outcomes at the cut-off high and
medium risks categorized according to the prehospital National Early Warning Score

(NEWS).

Outcome Statistical measure NEWS High NEWS Medium
Missions, n 550 1958

ICU Sensitivity (95% CI) 0.398 (0.328-0.471) 0.717 (0.648-0.780)

admission Specificity (95% CI) 0.934 (0.928-0.940) 0.746 (0.736-0.756)

1-day mortality

30-day
mortality

PPV
NPV
PLR
NLR

Missions, n
Sensitivity (95% CI)
Specificity (95% CI)
PPV

NPV

PLR

NLR

Missions, n
Sensitivity (95% CI)
Specificity (95% Cl)
PPV

NPV

PLR

NLR

0.138
0.983
6.01
0.64

718

0.801 (0.737-0.855)
0.954 (0.950-0.958)
0.213

0.997

17.36

0.21

718

0.424 (0.383-0.466)
0.960 (0.956-0.963)
0.332

0.972

10.49

0.60

0.070
0.990
2.82
0.38

2550

0.890 (0.837-0.931)
0.806 (0.798-0.813)
0.067

0.998

4.58

0.14

2550

0.630 (0.588-0.670)
0.815 (0.808-0.822)
0.138

0.979

3.40

0.46

RR: relative risk; 95% CI: 95% confidence interval; PPV: positive predictive value;

NPV: negative predictive value; PLR: positive likelihood ratio; NLR: negative like-

lihood ratio.
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5.4.1 Ability to predict intensive care admission (1)

Patients admitted to intensive care had significantly higher mean NEWS value
(6.32) than had those patients admitted to other definitive care sites (hospital ward
2.70; primary care 2.39; discharged 1.73). The proportion of the high NEWS risk
category in patients admitted to intensive care was also higher (39.8%) compared
to those admitted onto hospital wards (10.3%), admitted to primary care wards
(7.1%) and discharged from the emergency department (3.3%).

The high NEWS risk category had a poor sensitivity (0.398; 95% CI 0.328-
0.471) in predicting ICU admission, but specificity was high (0.934; 95% CI 0.928-
0.940). The corresponding sensitivity and specificity values for the medium NEWS
risk category were 0.717 (95% CI 0.648-0.780) and 0.746 (95% CI 0.736-0.756).

5.4.2 Ability to predict short-term mortality (IV)

Among prehospital adult patients, the mortality rate exceeded 10% in patients with
NEWS values above twelve (1-day mortality) and NEWS values above six (30-day
mortality). A relative risk for 1-day and 30-day mortality in the high NEWS risk
category was 101.5 and 16, respectively, compared with the low NEWS risk cate-
gory. Similarly, in medium NEWS risk category, the relative risk was 3.0 and 4.4,
respectively.

The high NEWS risk category had a good sensitivity for 1-day mortality (0.801;
95% CI 0.737-0.855) but poor sensitivity for 30-day mortality (0.424; 95% CI
0.383-0.466). Specificity values of high NEWS category for 1-day and 30-day mor-
tality were high 0.954 (95% CI 0.950-0.958) and 0.960 (95% CI 0.956-0.963), re-
spectively.
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6 Discussion

6.1 Main findings

The results of this study showed an under-triage rate of 9% and an over-triage rate
of 23 % at dispatch using a criteria based dispatch protocol, and with a National
Early Warning Score (NEWS) risk assessment at the scene (I). In addition, the use
of a protocol resulted in a significant rate of EMS missions without ambulance
transportation (II).

For the majority of the patients encountered by the EMS personnel, the medical
treatment could be carried out at scene or at the emergency department (I, IIT).
Indeed, only a small proportion of patients needed intensive care or died within 30
days of the EMS mission (111, IV).

There were some associations between the prehospital NEWS and adverse out-
comes, such as the need for intensive care and short-term mortality, implying that
prehospital NEWS may be a useful tool in the EMS setting. However, the predictive
value of prehospital NEWS in discriminating patients at risk of death and their need
for intensive care was not adequate, as the sensitivities were poor (III, IV).

These findings demonstrate the inconvenience of the risk assessment in a large,
non-selected population in which only a few patients are critically ill.

6.2 Strengths of the study and generalizability of the results

The principal strength of this study is a large cohort representing a typical unse-
lected EMS population in two different hospital districts. A sufficiently large cohort
is necessary to test the effectiveness of risk assessment tools in clinical work and
to describe the overall features of prehospital emergency care. In addition, the data
registries used for the research were of high quality with a low degree of missing
information (Reinikainen et al., 2012; Sund, 2012)

The study results are generalizable on the national level, as the use of the same
criteria based dispatch protocol, as well as general guidelines and procedures in the
EMS do not markedly differ from region to region in Finland. There are some dis-
parities in the availability of health care services between hospital districts, how-
ever, which may affect the population's tendency to contact the EMS.

Due to disparities in dispatch protocols in different countries, the results of
studies I-II are not fully generalizable. This is particularly true in countries using
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medical priority dispatch system (MPD) protocols with more structured questions
and different urgency determinants.

As NEWS is a standardized tool, the results of III-IV studies can be generalized
internationally to some extent, although there are differences between countries in
mortality and patient characteristics. For example, the prevalence of cardiovascular
or cancer diseases may vary between countries. In addition, differences in health
care policies and resources may impact on the place of death (Cohen et al., 2015).

6.3 The accuracy of the Finnish criteria based dispatch protocol (l)

In the present study, the distribution of dispatch priorities was comparable with
other Finnish studies, including those undertaken in the Helsinki metropolitan area
and in Southern-Finland (Kuisma et al., 2004; Lindstrém et al., 2011). The dispatch
priority allocation differed from the Danish dispatch system (Andersen et al., 2013).

This study showed that a quarter of EMS missions were over-triaged and 9%
of missions were under-triaged. Only 23% of the highest priority missions were
still assessed as high priority at the scene. Similar findings have been found in the
Swedish system, which accounted for a 27% discrepancy of the risk assessments
between the dispatch and at the scene (Khorram-Manesh, Lennquist Montan, He-
delin, Kihlgren, & Ortenwall, 2011). In addition, more than 70% of the highest
priority missions were evaluated as non-life-threating situations (Zakariassen, Bur-
man, & Hunskaar, 2010)

These findings indicate that the current Finnish dispatch protocol is not opti-
mal. The high rate of over-triage has been shown to lead to an inappropriate use of
EMS resources and may thus increase the risk of ambulance traffic accidents due
to unnecessary light-and-siren calls (Ornato, 2009). Longer delays in reaching pa-
tients and an underestimation of the severity of the condition at dispatch may to-
gether result as a negative impact on the patients” morbidity and survival.

It is challenging to find critically ill patients in a large, heterogenic population,
resulting in a problematic definition of an acceptable level of over- and under-triage.
Among trauma patients, over-triage rates of 25-50% and under-triage rates of 1-5%
has been considered as being acceptable (Guidelines for field triage of injured pa-
tients. Recommendations of the national expert panel on field triage, 2009).
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6.4 Non-transportation EMS missions (ll)

In the present study, four out of 10 EMS patients were not deemed necessary for
ambulance transport. This finding agrees with another more recent study performed
in Northern Finland (Pekanoja et al., 2018). Paramedics instructed approximately
half of these patients to contact their primary health care with a non-urgent matter.
No need for ambulance transportation to the emergency department was applicable
for 3.8% of patients, while one-third of patients did not need any medical care at
all. The rate of non-transportation increased outside office hours and in relation to
increasing distance.

The worldwide problem of inappropriate utilization of EMS resources has been
recognized since the 1970s (Lowthian et al., 2011; Morris & Cross, 1980). The
reasons for people requesting ambulance with minor illnesses or non-medical prob-
lems may be multi-factorial, including their perceptions of urgency, sociodemo-
graphic factors, social circumstances and access to other health care services. A
recent review summarized factors in five broad categories: factors associated with
individual patients; actions of care-givers and bystanders; population-level factors;
health infrastructure factors and challenges faced by health professionals (Booker
et al., 2015).

These results emphasize the difficulty of assessing a patient’s condition over
the phone, especially by non-healthcare professionals. A Swedish study found that
it is difficult to obtain adequate information from the caller, which subsequently
results in the need for assessment at the scene (Hjilte, Suserud, Herlitz, & Karlberg,
2007).

6.5 The definite care site of transported EMS patients (lll)

In this study, 42% of transported EMS patients were discharged after the care given
at the emergency department while only a few patients needing intensive care. A
similarly low rate of ICU-admission (4,5 %) following hospitals admission was
reported in a recent US study with an EMS patient cohort of non-trauma, non-car-
diac arrest adults (Kievlan et al., 2016). The present findings indicate that despite
the high rate of non-transportation decisions during the prehospital phase, a prom-
inent proportion of the transported patients had minor illnesses or traumas.
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6.6 Short-term mortality of EMS patients (IV)

This study showed that the overall 1-day and 30-day mortality of EMS patients is
low, 1.5% and 4.3%, respectively. The results in the present study resemble those
in a population-based Danish study (Christensen et al., 2016), but differ considera-
bly from the 48-hour mortality rate of 11% reported in a Swiss study (Pittet et al.,
2014).

6.7 Diagnostic pattern of hospitalized EMS patients and causes of
death (llI-1V)

The diagnostic pattern of hospitalized EMS patients varied widely and included all
chapters of the ICD-10. This result indicates the wide variety of prehospital patient
characteristics and therefore the prehospital research should not focus only on spe-
cific groups as has been elsewhere suggested (Fevang, Lockey, Thompson, Lossius,
& Torpo, 2011). In the present study, circulatory diseases, traumas and respiratory
diseases consisted of more than half of the diagnoses. The proportion of non-spe-
cific Z- and R-diagnoses would be higher if patients treated at the emergency de-
partment were to be included (Christensen et al., 2016).

In general, cardiovascular diseases dominate the cause of death in prehospital
patients, but traumatic deaths were more prevalent in the cases with a 1-day mor-
tality. A prominent number of traumatic deaths are still estimated to be preventable
and the EMS system needs to be further developed (Bakke & Wisborg, 2017) A
high proportion of deaths due to neoplasms and diseases of the nervous system
indicate that a large number of chronically ill patients need EMS during their last
days of life.

6.8 Efficacy of prehospital the National Early Warning Score (lll, IV)

In the present study, there were some associations between prehospital NEWS and
adverse outcomes, as patients with a high NEWS risk category were more likely to
be admitted to intensive care or had a higher risk for death. The use of prehospital
NEWS had a good sensitivity for predicting 1-day mortality, however, but failed to
acceptably predict ICU admission or 30-day mortality due to the large number of
false negatives.
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A British study showed higher NEWS values in patients admitted to the ICU
(mean 7.46) or who died (mean 7.20), than that observed in those who were dis-
charged from ED (mean 1.72) or admitted to the ward (mean 3.13) (Shaw et al.,
2017). The study by Silcock et al. showed a high risk NEWS category sensitivity
for ICU admission, 48h mortality and 30-day mortality 0.411, 0.714 and 0.404,
respectively (Silcock et al., 2015) . These results resemble the findings of this study.
In addition, a recent British study demonstrated a 4.45 fold increase in the odds of
death or ICU admission in patients with high risk NEWS compared to low risk
patients (Abbott et al., 2018).

The results of the present study suggest that the predictive value of a single
prehospital NEWS measurements in the brief time interval is low. The trend data
from repeated NEWS calculations or a multivariable model may offer a better tool
for discriminating patients developing a critical illness (Cameron, Rodgers, Ireland,
Jamdar, & McKay, 2015).

6.9 Limitations of the thesis

This study has some evident limitations. First, the study design was retrospective,
and the registries used were not originally designed for the study. Nevertheless, this
was the only possible method for collecting, for example, mortality data.

Secondly, in the NEWS calculations, the missing values and symbols indicat-
ing normal (e.g. N, ) were considered as normal range (I, III, IV). This may have
contributed to the fact that some patients were incorrectly assigned with a lower
risk value. In daily practice, however, patients who are assessed as being sicker by
EMS personnel are more comprehensively evaluated. Excluding a significant pro-
portion of patients with incomplete data would have resulted in a greater bias in the
results.

Third, the Finnish personal identification number was missing from 1.9% (303)
of patients, so hospital care and mortality data could not be collected (IIL, IV).

Fourthly, data on emergency department care was not available due to the lack
of such a registry (III). In addition, collecting such a large number of patients
through individual patient records would have been overwhelming.

Finally, dispatchers” compliance with the dispatch protocol was not retrieved,
and, therefore, the results could be biased by subjective decisions by the EMCC
personnel (II).
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6.10 Clinical and practical implications

It is evident in the light of the results of this study that the current risk assessment
practices in Finnish EMS are suboptimal and may negatively affect the manage-
ment of the already limited emergency care resources. In the context of legislative
reforms, it is also necessary to evaluate its impact on the availability of health care
services in order to avoid unnecessarily increasing the burden and costs of different
units.

When creating triage and non-transportation guidelines, it should be careful
when defining the word “unnecessary” as the patient’s need for some care does,
however, exist. The overall health care system should respond to the patients” pri-
mary care -level and social problems in order to avoid patients overburdening the
emergency care services with chronic conditions. One way would be to develop
electronic triage applications for patient self-determination of urgency. The imple-
mentation of a community paramedical program in the EMS is also recommended
to supplement the health care system. The decision to not transport a patient by the
EMS staff at the scene requires a robust protocol and an accurate prehospital scor-
ing system to ensure patient safety.

It is necessary to create a national EMS database which includes EMCC data
combined with automated patient data records, to enable high quality research on
emergency care in the future. The Finnish dispatch protocol needs to be re-evalu-
ated by analysing individual dispatch criteria, especially for non-urgent keywords
to improve triage accuracy. Validation of the criteria based dispatch protocol is
needed, preferably through international cooperation. In non-urgent cases in which
the emergency has been ruled out by the dispatcher, directing calls to health care
professionals for secondary assessment could be beneficial. There are models that
use secondary nurse triage protocol to identify risk patients among the low-acuity
calls (Scott et al., 2015)

Implementation of a National Early Warning Score throughout the chain of
patient care may be suggested. The positive impact would be a similar risk assess-
ment at each treatment stage, enabling trend data from repeated measurements.
NEWS calculations should be performed automatically based on the vital parame-
ters entered in the electronic patient care records. As the results of this study
demonstrated, however, the decision-making should not be based solely on the
NEWS. In addition to evaluating the NEWS, healthcare providers must also access
co-existing factors that increase the risk of a life-threatening condition in individual
patients.
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6.11 Suggestions for future studies

Dispatch protocols today vary markedly between countries. More data on the effi-
cacies and accuracies of the different national protocols is needed in order to find
the optimum protocol in the future. In addition, factors affecting triage over the
phone should be identified and more closely studied. Prehospital risk scores should
also be developed to more accurately estimate illness severity during the prehospi-
tal phase to help patient triage, as should the risk adjustment necessary for quality
registry of prehospital care. Prospective studies are needed to identify the risk as-
sessment scores best suited to the prehospital setting.

Risk assessment tools in hospitalised patients using other variables should also
be tested in prehospital setting such as the recently studied prehospital lactate meas-
urements (Tobias et al., 2014). Furthermore, there is a need for a specific scoring
system for the out-of-hospital identification of patients with life threatening sepsis
(Barbara et al., 2018; Tusgul, Carron, Yersin, Calandra, & Dami, 2017).

This study also indicated that the overall provision of emergency care in health
care systems should be evaluated in more detail.
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7 Conclusion

The present study aimed to examine the efficacy of a criteria based dispatch proto-
col and the National Early Warning Score in the Finnish EMS system. Overall, the
answers to the study questions were successfully achieved using a large unselected,
typical EMS population from two different hospital districts. An additional aim of
the study was to obtain data on patient allocation and outcome in a Northern Finnish
population. The results support existing evidence and specifically highlight that the
extended use of NEWS in the prehospital environment is not fully reliable as a
single measurement.

Based on the results, the following conclusions were drawn:

1. The use of the Finnish dispatch protocol resulted overall in a 23% rate of over-
triage and a 9% rate of under-triage (I).

2. 42% of EMS patients were not transported by ambulance, of which half were
directed to contact their primary care facility in a non-urgent matter, while an-
other third required no medical care at all (I).

3. 2.6% of EMS patients transported were admitted to intensive care units. A pre-
hospital National Early Warning Score showed a poor sensitivity for discrimi-
nating patients in need of intensive care (III).

4. A prehospital National Early Warning Score predicted the 1-day mortality ac-
ceptably, but the predictive value for 30-day mortality was poor (IV).
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