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Abstract

 
    
Prehospital critical care teams take care of the most severely injured and
critically ill patients. Following major trauma or critical illness, mortality is
naturally high. However, no clear view has been established on long-term
mortality following prehospital critical care. Patients present in myriad ways,
making prospective randomized studies impractical.
Benchmarking and robust databases allow not only for governance of
helicopter emergency medical care operations but also scientific research.
International consensus guidelines provide a sound foundation for local
implementation and international research.
This thesis presents the patient characteristics and short- and long-term
mortalities following prehospital critical care in Finland, with an emphasis on
trauma.

     
Helicopter emergency medical care in Finland is organized by governmentowned FinnHEMS Ltd in liaison with university hospital districts. The units
operate from six bases, all of which are equipped with helicopters and rapidresponse vehicles. Five units are staffed with physicians, while a sixth is staffed
with an advanced-level paramedic. The units are dispatched typically to
primary missions by emergency dispatch centers following predefined mission
criteria, but secondary dispatches by ambulances or the units themselves are
also common. All dispatches are stored in the FinnHEMS database, which was



launched in 2012 in tandem with the operator’s establishment. The database
follows international guidelines for helicopter emergency medical care
operations, surpassing the recommended fields.
The Population Register Centre and the national hospital register collect
data on citizens residing in Finland and care provided, respectively. Both are
government run and financed.
For this thesis, all HEMS dispatches since the foundation of the FinnHEMS
database are included, along with mortality and dispatch codes provided by
the Population Register Centre and national hospital register.


The number of included patients ranges from 4803 to 34,370, depending
on the study. The mission cancellation rate was 67%. The 30-day mortality
ranged from 12% to 28% depending on the underlying cause. The cumulative
1-year mortality was 32% and the 3-year mortality was 37%. The standardized
mortality ratio was elevated for all patient groups, even 1–3 years after initial
prehospital critical care.
Regarding the shock index, a u-shaped mortality curve was observed
following trauma or out-of-hospital cardiac arrest, but not for other causes.
The median response time was 19 minutes (interquartile range 14–30
minutes) while the median on-scene time was 23 minutes (interquartile range
12–36 minutes). A trend can be seen in terms of shorter treatment times, but
no statistical significance was observed following adjustments.



Abstract

 
Helicopter emergency medical care teams participate in the care of a wide
variety of patients with critical illness or major trauma. The mortality of these
patients is high, even years following the initial incident. Response times
might not be a major factor in the current context. Continued and further
improved benchmarking serves as a foundation for improving quality. Further
pragmatic studies should address quality of life in the long-term following
prehospital critical care treatment.



 



 

  

 

Ensihoidossa lääkäriyksiköt osallistuvat vaikeasti sairastuneiden ja
loukkaantuneiden potilaiden hoitoon. Näiden potilaiden kuolleisuus on
luontaisesti

korkea,

mutta

tarkkaa

tietoa

pitkäaikaisennusteesta

ei

aikaisemmin ole ollut. Potilaat myös tarjoutuvat monesta eri syystä, mikä
tekee prospektiivisen satunnaistutkimuksen mahdottomaksi.
Ensihoitohelikopteritoiminnan tietokannat sekä seurantaluvut antavat
erinomaiset mahdollisuudet tieteelliselle tutkimukselle, hallinnon ohessa.
Kansainväliset

toimintaohjeet

antavat

hyvät

perusteet

paikalliseen

toteutukseen sekä mahdollistaa myös kansainvälistä tutkimusta.
Tässä väitöskirjassa esitetään suomalaisen ensihoitohelikopteritoiminnan
hoitamien

potilaiden

lyhyt-

ja

pitkäaikaisennuste,

painotuksella

tapaturmaisesti loukkaantuneet potilaat.

 

   

Valtio-omisteinen FinnHEMS Oy vastaa ensihoitohelikopteritoiminnan
järjestämisestä Suomessa yhdessä yliopistollisten sairaanhoitopiirien kanssa.
Tukikohtia on kuusi, kussakin helikopteri sekä hälytysajoneuvo. Viidessä
tukikohdassa

miehistössä

on

lääkäri

Lapin

yksikön

ollessa

ensihoitojajohtoinen. Yksiköt hälytetään tavallisesti hätäkeskuksen toimesta
ennalta sovituilla kriteereillä tai ensihoitotehtävää suorittavan yksikön
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toimesta. Kaikki tehtävät tallennetaan FinnHEMSin tietokantaan. Tietokanta
perustettiin vuonna 2012, samalla kun FinnHEMS aloitti toimintansa.
Tietokanta noudattaa, paikoin jopa ylittää, kansainvälisiä konsensuksia
ensihoitohelikopteritoiminnan seurannasta.
Digi- ja väestötietovirasto (ent. Väestörekisterikeskus) sekä Terveyden ja
Hyvinvoinnin Laitoksen hoitoilmoitusjärjestelmä tallentaa osaltaan tietoa
Suomessa asuvista henkilöistä sekä heille annetusta hoidosta.
Tietoa edellä mainituista tietokannoista, mm helikopteritoiminnan
kohtaamat

potilaat

väestötietoviraston

FinnHEMS

tietokannasta,

rekistereistä

sekä

kuolleisuus

Digi-

ja

diagnoosikoodit

hoitoilmoitusjärjestelmästä, käytettiin tätä väitöskirjaa varten.

   
Osatöihin sisällytettiin 4 803–34 370 potilasta. Tehtävien peruutusaste oli
67 %. 30 päivän kuolleisuus vaihteli 12 % ja 28 % välillä, riippuen alla olevasta
syystä. Kumulatiivinen yhdenvuoden kuolleisuus oli 32 %, sekä kolmen
vuoden kuolleisuus 37 %. Standardoitu kuolleisuussuhde oli kohonnut
kaikissa potilasryhmissä, myös vuosia ensihoitotapahtuman jälkeen.
Mitä sokki-indeksiin tulee, tapaturmissa sekä sairaalan ulkopuolisessa
sydänpysähdyksessä kuolleisuus näyttäytyi u:n muotoisena käyränä.
Vasteajan mediaani oli 19 minuuttia (kvartaaliväli 14/30 minuuttia) ja
kohteessa oloaika 23 minuuttia (kvartaaliväli 12/36 minuuttia). Lyhyemmällä
hoitoajalla ei ollut tilastollista merkitsevyyttä kuolleisuuteen tarkistusten
jälkeen.



%%'
Ensihoitohelikopterit hoitavat suuresti vaihtelevia kriittisesti sairaita ja
loukkaantuneita potilaita. Näiden potilaiden kuolleisuus on korkea jopa
vuosia ensihoitotapahtuman jälkeen. Aikaviipeillä ei välttämättä ole niin iso
merkitys nykyisellään. Jatkuva ja parantuva toimintalukujen seuraus on
laadun ylläpidon ja parantamisen kulmakivi. Jatkossa tulisi selvittää
potilaiden elämänlaatu kriittisen sairastumisen tai loukkaantumisen jälkeen
ensihoitotoiminnan suhteen.
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Prehospitala intensivvårdsteam deltar i vården av de svårast insjuknade
och skadade patienter. Dödligheten hos dessa patienter är väsentligen hög.
Trots det, har det inte funnits klarhet på prognosen på långsikt. Patienter
presenterar sig på myriader av sätt vilket gör prospektiva randomiserade
studier irrelevanta.
Benchmarking och robusta databaser möjliggör ledning, men också
vetenskapliga studier inom den prehospitala intensivvården. Internationella
konsensusriktlinjer ger en stark grund för lokal implementering och också för
internationellt samarbete och forskning.
I denna avhandling behandlas patienternas särdrag, samt kort- och
långtidsdödlighet, med betoning på trauma, efter prehospital intensivvård i
Finland.

  
Prehospitala helikopterverksamheten i Finland är ordnat av FinnHEMS Ab
i samarbete med universitetssjukhusen. Enheterna har sex baser, varav alla
försedda med en helikopter och ett utryckningsfordon. Fem av baserna är
bemannade med läkare och en med akutvårdare. Enheterna alarmeras primärt
av nödcentralerna på basen av predefinierade kriterier, men också av direkt
ambulanserna på utryckningarna. Alla utryckningar sparas i FinnHEMS



databas.

Databasen grundades år 2012 i samban med att FinnHEMS

grundades. Databasen följer, ofta till och med överskrider, internationella
riktlinjer för prehospital intensivvård.
Myndigheten för digitalisering och befolkningsdata och institutet för hälsa
och välfärds vårdanmälningssystem behandlar data angående befolkningen i
Finland samt given vård. Samtliga är statligt finansierade.
För denna avhandling inkluderades alla utryckningar från FinnHEMS
databas medan dödlighetssiffror och hemförlovningsdiagnoser försågs av
myndigheten för digitalisering och befolkningsdata och institutet för hälsa och
välfärds vårdanmälningssystem.

  
I delstudierna antogs 4 803–34 370 patienter. 67% av uppdragen
annullerades. 30-dagars dödligheten varierade mellan 12–28% beroende på
den underliggande orsaken. Den kumulativa ett års dödligheten var 32%
medan 3-års dödligheten var 37%. Det standardiserade dödlighetsförhållandet
var förhöjt i alla patientgrupper t.o.m. 1–3 år efter det ursprungliga uppdraget.
Vad chock-indexet tillkommer, observerades en u-formad dödlighetskurva
efter trauma och hjärtstopp, dock inte för andra orsaker.
Responstiden var i median 19 minuter (kvartilavstånd 14/30 minuter)
medan vårdtiden på plats var i median 23 minuter (kvartilavstånd 12/36
minuter). En trend med lägre mortalitet med kortare responstider kunde
avläsas, men inte statistisk signifikans.
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Prehospitala intensivvårdsteam deltar i vården av en bred mängd svårt
insjuknade eller skadade patienter. Dödligheten av dessa patienter är hög även
flera år efter det ursprungliga uppdraget. Svarstiderna ser ut att inte vara en
stor faktor i den nuvarande kontexten. Fortsatt och ytterligare förbättrad
benchmarking är grunden för en kontinuerlig kvalitetsförbättring. Fortsatta
pragmatiska studier kunde undersöka livskvalitén på lång sikt efter
prehospital intensivvård.
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American Society of Anesthesiologists Physical Scale

CI

Confidence interval

CVA

Cerebrovascular accident

ECOG

Eastern Cooperative Oncology Group

EMS

Emergency medical services
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FinnHEMS database

GCS

Glasgow coma scale

HEMS

Helicopter emergency medical services

ICU

Intensive care unit

IQR

Interquartile range

OHCA

Out-of-hospital cardiac arrest

OR

Odds ratio

PEEP

Positive end expiratory pressure

ROSC

Return of spontaneous circulation

SD

Standard deviation

SE

Status epilepticus

SI

Shock index

SMR

Standardized mortality ratio

STEMI

ST-elevation myocardial infarction

TBI

Traumatic brain injury

Introduction

   
Helicopter emergency medical services participate in the care of the most
critically ill and injured patients. Since the establishment of HEMS, many
different crew compositions exist. European organizations currently favor a
physician-led team. HEMS operations are generally expensive, partially due to
the cost of using of helicopters and associated services, but also to the
personnel cost of a team consisting of specialized professionals.
Following critical illness or major trauma, mortality is high and remains
elevated for a long time. Researching the factors associated with mortality and
identifying key events in the chain of survival helps develop care. This in turn
eventually lowers mortality and presumably morbidity.
To provide quality care, the mission parameters must be benchmarked.
International consensus guidelines provide a good foundation for local and
national databases. Databases furnish providers with benchmarking tools and
quality control, but also serve scientific purposes. For databases, updating the
included parameters, critical evaluation, and maintenance are paramount if
continued quality care is expected.
This thesis addresses HEMS operations in Finland and presents mortalities
following prehospital critical care. Factors associated with mortality are also
presented, with an emphasis on major trauma.

 

       
 
To measure the quality of HEMS operations and intervene in deviations,
benchmarking and data collection are paramount. [1] Different methodologies
for data collection in the prehospital field have been developed. Many datasets
in benchmarking lack robust scientific evidence, since it can be argued that
some traditional RCTs cannot be performed due to the nonuniform nature of
prehospital care. Panels of experts in the field have devised datasets that are
recommended to be followed in prehospital physician staffed units.[1–4]
Comparison between different units providing physician-staffed HEMS is not
without flaw, since HEMS is only a small part of the overall EMS system, not
to mention a small part of the whole chain-of-survival system that includes
hospital and outpatient care.

 #$! 



Fixed system variables describe the framework for HEMS operations and
include HEMS physician specialty, population served, operational hours, and
dispatch criteria. The data sets provide valuable information when describing
a specific system and especially when comparing different systems ones. [5]
Since the data are considered fixed, they are not usually entered into
databases following each dispatch. For scientific purposes, reported fixed
system variables can help in implementing studies to different systems. [6–9]
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This allows an interpretation of the results for the context of individual HEMS
operations.

 !  
The data set can roughly be divided into a) the time intervals of the dispatch
and b) type of dispatch. The main time intervals are shown in Figure 1. Some
systems, such as the Danish HEMSFILE, include even more detailed
intervals.[4,5,8,10,11]
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The type of dispatch describes the means of activation, be it a primary
mission, consultation, or SAR mission; also, it is recommended that the type
of transport (ambulance, helicopter, fixed-wing, other) and result of the
dispatch are reported. Some overlap with the core data sets is to be expected;
for example, if the dispatch address is close to a hospital and the HEMS unit
is far away, the mission might be cancelled without patient contact, whereas
the same patients might have had HEMS attendance in different
circumstances.

  
Factors used to describe the patient-specific variables include age, sex, and
co-morbidities. Mission specific patient descriptors include the medical



problem for the dispatch, type of trauma and first- and last-reported
hemodynamic variables and level of pain.
The patient-specific variables describe the demographics of the
encountered patients, while the American Society of Anesthesiologists’Physical Status (ASA-PS) is used to describe patients’ pre-existing medical
conditions.[12] The ASA-PS score has been shown to be a fair descriptor
variable, albeit with marked interrater variability both when comparing
prehospital physicians’, and prehospital and in-hospital physicians’, scores.
[13,14]
For the state of the patient upon contact, the National Advisory Committee
for Aeronautics (NACA) scale has been widely implemented but is not included
in the recommendations. Many systems implement frameworks to describe
the state of the patient, such as the National Advisory Committee for
Aeronautics (NACA) and the Revised Trauma Score. [6,9,15,16]
The medical reason for dispatch is often included in databases, however it
is largely dependent on the dispatch criteria and local administration. For
instance, HEMS units in Finland have historically not responded to strokes, as
these seldom demand HEMS physicians’ attendance. On the other hand,
Norwegian geography speaks for a prompt transport by HEMS to hospital for
patients suffering from stroke. [17–19]
A too specific diagnosis (ICD-10) is not needed or recommended, as this
might require extensive imagining that is not possible in the prehospital field.
Nevertheless, some systems allow for the entry of an ICD-10 code.[8,19] The
perceived medical problem is usually in line with the discharge diagnosis. [20]
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Guidelines recommend the use of the first and last prehospital vital data
measurements. These data are often recorded as continuous rather than static,
but their use in such a manner could prove difficult. However, this is not
without flaw, as much of prehospital physicians’ workload is focused on
improving and stabilizing vital functions, and hence the values recorded do
not necessarily consider the interventions made to normalize the patients. [21]
Automatic data capture is in practice implemented in many EMS systems in
Finland, making a more dynamic approach a possibility.[19,22]

$+"'&$ -"*')0 '%%"++') )'&,+"**'),*"&+!*)"(+"'&'+),%&"$$&** 

Score level

Patient status

NACA 0

No injury or illness

NACA 1

Not acute or life-threatening disease or injury

NACA 2

Acute intervention not necessary; further diagnostic studies
needed

NACA 3

Severe, but not life-threatening disease or injury; acute
intervention necessary

NACA 4

Development of vital danger possible

NACA 5

Acute life-threatening danger

NACA 6

Acute cardiac or respiratory arrest

NACA 7

Death
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ASA-PS classification

Definition of patient status

I

Normal health

II

Mild systemic disease

III

Severe systemic disease

IV

Severe systemic disease that is a
constant threat to life

V

Moribund; not expected to survive
without operation

VI

Declared brain-dead

  
Process mapping is used to describe diagnostic procedures and therapeutic
interventions in patient care.[21] Data entered into the database vary from no
medical interventions to basic patient inspection and extensive medical and
surgical care.[23–26]
Reporting of securing of the airways by intubation and induction of
anesthesia follows the Utstein template (see Section 2.1.6).

     

$ 

The mission outcome should be reported as a specific variable. Its value lies
in when other variables are regarded, for instance, if the patient died at the
scene despite advanced interventions or was transported to hospital without
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physician attendance and with no interventions (medical nil). Data are usually
entered directly after a HEMS mission, and as such, valuable outcomes such
as Cerebral Performance Scores or modified Ranking Scores are not included,
as these are typically recorded at 30 days or at hospital discharge.[27]
Definition of quality indicators in prehospital physician care is challenging
and not readily agreed upon.[28,29] The Institute of Medicine and the World
Health Organization have agreed that the six quality dimensions of quality in
healthcare are timeliness, safety, efficiency, equity, effectiveness, and patientcenteredness.[30] When combining these with the structure of the HEMS
system, process of care and outcome as a result of provided care, the quality
can be addressed in components.
These indicators have been deemed feasible in HEMS operations and they
could prove valuable in the governing of HEMS operations as well as for
benchmarking for the individual HEMS professionals.[28]
Currently, no system for continuous systematic and comprehensive quality
measurement exists for HEMS in Finland.

 

" $  

Prehospital advanced airway management (PHAAM) is one of the main
clinical interventions in prehospital critical care.[4,5,21,31–33] From 2009, a
Utstein-like template has been recommended for use when reporting PHAAM.
[4,34] Developments in technologies and techniques, such as video
laryngoscopy and use of check-lists, have led to revisions of the
recommendations. The template has similarities and overlaps with the general



reporting of HEMS missions with sections concerning time, patient, airway
management variables and system variables.
The time variables used to report PHAAM can easily be extracted from the
mission report, as they are the same.
More than the patient descriptors used to report the HEMS mission, the
PHAAM template considers indications for airway manipulation as well as
conditions for the airway management. Also, hemodynamic parameters
directly following the securing of the airway are recorded.
The airway management variables address the intervention itself, namely
who performed it, the experience of the performers and how the intervention
was conducted. Medications used and any complications are also recorded, as
is the result of the airway management.
In the system variables section, the foundation for PHAAM in the
organization in question is reported, but not so much the individual mission.
Educational factors, existence of an SOP for PHAAM and medico-technical
factors are also addressed.

    

$

Using a standardized template for HEMS use in MCI allows for a structured
analysis of heterogenous incidents. Most previous reports have been case
descriptions whose scientific value is debatable, but RCT in MCI is not an
option. Thus, a standard, uniform reporting modality is the least bad method
and also still feasible.
The HEMS system as a whole and any pre-defined roles in the event of an
MCI are among the data recommended for inclusion. Also, the impact of the
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helicopter, in terms of accessibility to the site, number of flights performed, or
impact if the helicopter was not used, are important to note. The use of HEMS
personnel and special equipment should also be recorded. EMS and HEMS
systems differ significantly, even on a national level, on the role of the HEMS
physician during an MCI. Some systems utilize the physician in a command
role, whilst others use their specialist capabilities in a consultancy role during
patient care.[3]

    !  
For the recorded data to be of value, they must be feasible, easily collected
and readily scrutinized. Data must also be reliable and data collection
transparent. These factors allow for comparison and development not only
within the system but also between systems. Three main approaches have been
used to develop guidelines: the Delphi method, the nominal group technique,
and the consensus development conference.[5,35]
In the Delphi method, participants work anonymously. They are sent
electronic questionnaires and asked to suggest components. The participants’
answers of the are analyzed and sent back to them for revision. This is repeated
a number of times, and the consensus is then statistically evaluated.
Nominal group techniques lift the veil of anonymity, since ideas are
discussed in a group after they have been anonymously formed. After
discussions, the ideas are then again judged and scored anonymously.
In a consensus development conference, a group of experts participates in
open and private chaired sessions in order to form a consensus and identify
areas of differing viewpoints.

 

Following development, clinical research is conducted to implement and
evaluate the guidelines. [19,36] Since medicine is not an exact science,
differences in inter-operator reporting are to be expected and accepted.
Studies have found that the entities typically used to report diagnoses and
patient conditions in HEMS have shown marked inter-rater variability.[14]
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The airways are divided by the larynx into the upper airways (nasopharynx,
oropharynx, hypopharynx, larynx above the vocal cords) and lower airways
(larynx below the vocal cords, trachea, bronchi, bronchioles, alveoli). [37]
The organs that take part in the respiratory system apparatus, aside from
the airways (above) and circulatory system (below), compose of the lungs and
the musculoskeletal structure participating in ventilation.
Pathologies or obstructions in any part of the airway or respiratory systems
can lead to disruption in ventilation and oxygenation and thus to disturbances
in cell metabolism. Depending on the degree of impairment, symptoms can
vary from asymptomatic to, ultimately, death.
In type 1, or hypoxemic, respiratory distress, a problem exists in the
oxygenation of the blood. Reasons include disturbances in the diffusion of
oxygen, such as in severe pneumonia, or blood flow, as seen in pulmonary
embolism. In type 2 the cause is inadequate ventilation. This condition is often
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seen in chronic pulmonary obstructive disease, when the alveoli are
obliterated, or in certain intoxications, resulting in an impaired respiratory
drive.[38]
Prehospital interventions regarding the airway include evaluating of the
patency of the airways, suctioning, and inserting oro-/nasotracheal tubes,
supraglottic airways, endotracheal intubation, or surgical airways. [39]
Breathing difficulties are addressed by the administration of oxygen,
medication, non-invasive ventilation support, or mechanical ventilation.
Surgical interventions, such as thoracostomies, or thoracocentesis, and in rare
cases escharotomies, are also implemented in select cases of breathing
problems.
Monitoring

and

benchmarking

of

these

factors

is

imperative.

Benchmarking allows the state of patients and interventions to be described.
Complex interventions can be divided into their parts and processes the
further developed.[40] Clinical evaluation and judgement are central to this,
but they are dependent on level of education and experience, and thus are
difficult to benchmark.[41] Data typically recorded include blood oxygen
saturation, as registered by pulse plethysmography (SpO2) or in select cases
trough arterial samples (SaO2). In intubated patients, graphical end-tidal
carbon dioxide (EtCO2) values enable evaluation of the patency of the airway,
breathing markers (waveform, respiratory rate) and circulation (EtCO2
values, trends) and can thus be seen as the single most important quantity in
intubated patients. Respiratory rate, as counted by impedance, etCO2 or visual
estimation, provides hints about the oxygen demand and drive as well as the
circulation. EtCO2 values in noninvasively ventilated patients can give the

 

respiratory rate quite precisely as a qualitative value, whilst impedance
derived and visual estimation provide less reliable values in the prehospital
environment.

   
No clear international consensus has been made to establish the definition
of shock.[42–46] Shock is best described as tissue hypoperfusion and oxygen
delivery inadequacy. Many types of markers have been made to quantify the
level of shock; these include abnormally elevated lactate levels, decreased
urine output, decreased level of consciousness, and delayed capillary refill
time. Hypotension is a late marker of shock in all ages, but especially in
pediatric and adolescent patients.[47] While not an embracing definition of
shock, the shock-index (heart rate divided by systolic blood pressure) has been
used to quantify shock.[48]
Shock can be subdivided into cardiogenic shock, distributive shock,
obstructive shock, and hypovolemic shock, or a combination thereof. [46] A
subtype of shock is seen after cyanide poisoning, when the electron transport
chain in the mitochondria itself is obstructed.[49,50]
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Shock type

Etiology

Organ system

Treatment

affected
Cardiogenic

Myocardial

Heart

Coronary reperfusion,

dysfunction,

pharmacological treatment,

dysrhythmias,

mechanical support (pacemakers,

mechanical causes

counterpulsation), surgery and
stenting, ECMO

Distributive

Sepsis, blunt trauma

Vascular system

Based on etiology

with endothelial

Sepsis: Fluid and vasoconstrictor

dysfunction,

therapy, early antimicrobial

anaphylaxis,

therapy, source control

neurogenic shock

Anaphylactic: epinephrine, fluid
resuscitation, ßsympathomimetics,
glucocorticoids
Neurological: fluid therapy,
vasopressors, surgery,
antiarrhythmic drugs



Obstructive

Pulmonary embolism,

Circulatory

Causal; fibrinolysis, pleural or

tension

system

pericardiac drainage,

pneumothorax,

repositioning, surgery etc.

pericardial
tamponade, vena cava
compression
syndrome, high-PEEP
ventilation, aortic
stenosis, mediastinal
mass
Hypovolemic Trauma, nontraumatic

Blood and fluid

Fluid resuscitation, hemorrhage

compartment

control (surgical and non-

hemorrhage, fluid loss

surgical)

    
Cardiogenic shock is caused by failure of the heart to pump effectively. This
can be a result of cardiac ischemia and infarction, cardiomyopathies,
dysrhythmias, contusions, problems in the valvular system, or tumors within
the heart. Treatment and prognosis are directly dependent on the cause of the
cardiogenic shock. For ischemia, revascularization is recommended if
obtainable, either by percutaneous intervention or surgery. Pharmacological
treatment aims to optimize organ perfusion and microcirculation. Mechanical
support in the form of aortic counterpulsation, pacemakers or extracorporeal
membranous oxygenation are sometimes used as support.[42,51]
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Distributive shock is typically evident in severe allergic reactions,
neurogenic shock, and sepsis. It is caused by a distribution of the absolute
vascular volume in the presence of a normally functioning heart. Treatment is
dependent on the underlying cause. Sepsis requires early diagnosis and
prompt sampling, early antimicrobial therapy and controlled fluid, and
vasoconstrictor therapy and source control, if applicable. Treatment in
anaphylaxis focuses on the administration of epinephrine, inhaled bmimetics, fluid control and glucocorticoids. If removal of the agent causing the
reaction is possible, steps should be taken to do so. For neurogenic shock, use
of vasoconstrictors and fluid therapy can be useful. Decompressive surgery can
be performed in the presence of a compressing process. [52] Mortality varies
widely from quite minimal in allergic reactions to a major cause of death in
septic shock.
Shock resulting from a lack of adrenal hormones (Addison’s crisis) is also
classified as a type of distributive shock.[53]



  

Obstruction impeding the heart’s ability pump effectively is called
obstructive shock. It can be caused by pericardial fluid causing tamponade by
compressing the ventricles, or by an embolus (blood, fat, air, tissue, foreign
body) preventing blood from exiting the heart effectively.[42] In patients
receiving positive pressure ventilation, tension pneumothorax can cause an
obstructive shock. The positive pressure is forced through a patent lesion into
the pleura, where it eventually impedes venous return, obstructing blood flow.



The venous return is also affected in ventilation with high positive end
expiratory pressure (PEEP) values and compression of the vena cava, for
instance during pregnancy. Obstructions in the flow to the aorta, as seen in
aortic stenosis and cardiac hypertrophy, can also lead to obstructive shock,
although the leading cause can be cardiac insufficiency and cardiogenic shock.
As with all causes of shock, treatment is based upon the cause of the shock,
including thrombolysis or thrombectomy in pulmonary embolus, pleural or
pericardiac drainage, and simple adjustments of PEEP or patient positioning,
allowing better venous return.



  

Hypovolemic shock is caused by a decrease in the circulating volume in
relation to the demand. It can be caused by dehydration (burns, diabetic
ketoacidosis, vomiting, and diarrhea, especially in children and the elderly),
and exsanguination. Bleeding can occur because of trauma — either
penetrating or blunt — or following a medical condition or surgery.[42]
The treatment in fulminant hypovolemic shock often requires prompt
hospital care. The treatment of exsanguination differs markedly from the other
causes of hypovolemic shock. The focus when treating the prehospital
exsanguinating patient is to prevent further coagulopathy by optimizing the
clotting status and preventing further blood loss. Advancements in prehospital
care have led to the administration of blood products, or whole blood, as well
as tranexamic acid and calcium when suspecting severe bleeding in the
field.[54] Catastrophic bleeding from the extremities can be dealt with through
tourniquets and packing (using gauze with clotting factors) of the wounds.[55]
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Exsanguinating torso trauma presenting with shock often requires swift
surgical intervention in an operating room and thus warrants swift transport.
Some systems have implemented resuscitative endovascular occlusion of the
aorta or abdominal aortic and junctional tourniquets for lower torso bleeds,
albeit with conflicting results.[56–61] The aim of these devices is to stop the
blood flow completely or partially to the lower parts of the torso as well as to
the lower limbs, thus providing additional time to transport the patient to a
hospital. Thoracotomy in the field is used as an extreme measure that can be
of use if the major vessels need to be compressed or a tamponade
evacuated.[62]
An equally important factor to keep in mind in a bleeding patient is the
clotting of the blood. Acute coagulopathy of trauma shock is a result of tissue
injury and bleeding, but coagulopathy can sometimes be observed in the
absence of profound exsanguination. The exact mechanism is not fully
understood, although activation of protein C, disruption of the glycocalyx,
fibrinogen depletion and platelet dysfunction have been observed.[63,64] The
results lead to a state mimicking disseminated intravascular coagulopathy
seen in sepsis. Laboratory and clinical findings include decreased clot strength
and hyperfibrinolysis. The coagulopathy is worsened by hypothermia and
acidosis, leading to further bleeding and worsening of the condition; this is
called the trauma triad of death. The addition of hypocalcemia, because of use
depletion of calcium in clotting as well as binding by administered blood
products, makes the triad into a diamond.[65]



   
Loss of consciousness is caused by a disturbance in the homeostasis of the
ascending reticular activation system or a bi-hemispheric cerebral
insult.[66,67]

The precise mechanisms that maintain consciousness and

alertness are not exactly understood. Many different conditions can cause
disturbances in the consciousness, such as trauma, intoxication, infection,
anoxia, and diabetic ketoacidosis or hypoglycemia, cardiovascular collapse,
and status epilepticus, to name a few.
For the prehospital patients, the Glasgow coma scale (GCS) has widely been
adopted to describe the level of consciousness. The scale, described and
invented in the 1970s, comprises three different entities (Table 4).[68] The
GCS should be reported as parts of the whole as well as the sum. A GCS of ≤8
has traditionally been used when describing patients as unconscious, with
values from 3 to 8 referring to suspected severe brain damage, 9–12 referring
to moderate brain damage, and 13–14 referring to mild brain damage.[68] It
must be kept in mind that the scale was devised to describe the state of the
patient following trauma, and thus not as a prognostic tool, especially in causes
other than trauma.
$$* '.'%*$$,*'+!)+!&& *!',$)(')+*+!()+**.$$*+!*,%

Response

Scale

Points

Spontaneous

4

To speech

3

To pain

2

None

1

Eye opening response
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Verbal response

Oriented

5

Confused conversation

4

Inappropriate speech

3

Incomprehensible speech

2

None

1

Obeying commands

6

Localizing

5

Withdraws from pain

4

Abnormal/spastic flexion

3

Extension

2

None

1

Motor response

Another used tool that is used is the AVPU tool, when which the state of the
patient is alert, verbally responsive, responding to pain, or unresponsive, as
the abbreviation suggests.[69]
Traumatic brain injury (TBI), which is defined as “an alteration in brain
function, or other evidence of brain pathology, caused by an external force”,
can be classified by the clinical presentation (ranging from mild to severe),
prognosis or pathoanatomical findings.[70–72]
Intracranial trauma can be classified as subdural, epidural/extradural,
subarachnoid,

intraventricular,

and

intraparenchymal.[72,73]

Intraparenchymal trauma ranges from mild concussion with no evident bleeds
on CT or MRI to expanding contusions and intracerebral hemorrhages. The
prognosis regarding mortality or outcome differs greatly depending on the
type of injury, clinical presentation, and age of the patient.[74,75]

 

The primary TBI occurs at the time of the trauma and leads to irreversible
damage. The secondary injury, which occurs minutes to days after the initial
trauma, is caused by systemic factors, such as hypoxia, hypotension, hypo/hypercapnia, hypo-/hypernatremia, hypo-/hyperglycemia and infection and
intracranial factors such as seizure, vasospasm, disturbances in coagulation
and autoregulation, to name a few.[76]
Thus, the prehospital care of severe TBI focuses on protecting the
penumbra, and thereby limiting secondary injury. The focus is on optimizing
the hemodynamics, ventilation, and oxygenation, providing an unobstructed
venous return, and administering anticonvulsive therapy.[77]
Cerebrovascular accidents (CVA) can present clinically in myriad fashions,
ranging from mild symptoms such as nausea to coma and eventually death.
[78] Clinically, differentiation between an ischemic CVA and hemorrhagic
CVA can be difficult. CT has become the mainstay in helping to discern
between the two. Treatment of an ischemic CVA includes thrombolytic therapy
or thrombectomy, and since “time is brain,” the main focus for the prehospital
field is to have a high index of suspicion and prompt transport to an adequate
facility. Some EMS systems have experimented by adding CT apparatus to
their helicopters or ambulances. [79–81] When appropriate, a helicopter can
be beneficial for expediting the transport, thus providing the opportunity for a
better outcome.[82,83]
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EMS provide prompt critical care with the teleological approach that
patients benefit from rapid treatment. While this ideology certainly is
empathic and benevolent, the scientific evidence to support it is sketchy at
best.[18,83,84] Some patient groups, such as Out-of-hospital cardiac arrest
(OHCA), have been shown to benefit from rapid initiation of care, especially if
done by laypersons, whilst CVA and ST-elevation myocardial infarction
(STEMI) might benefit form rapid transport and in-hospital care.[78,84,85]
Trauma remains a tricky matter; it comprises a very heterogenous group,
and prehospital classification of trauma is difficult. Control of life-threatening
hemorrhage is paramount and if this is not achievable in the field, expedited
transport to surgical care is warranted.[86–88] European guidelines
emphasize the need for prompt prehospital care for the “prehospital quintet”
(respiratory failure, stroke, trauma, cardiac chest pain, cardiac arrest).[89]
The time-intervals usually reported in scientific manuscripts refer to the
EMS/HEMS delay (time from alarm to patient contact), on-scene time (OST;
time from patient contact to initiation of patient transport), transport time
(time from start of transport to arrival at the hospital), and total prehospital
time.[1]
The Finnish regulations governing the emergency dispatch centers and
EMS dictate that the majority of calls should be answered within 10 seconds
and the EMS units alarmed within 90 seconds from the call and be mobile
within 90 seconds of the alarm. In turn, the HEMS units should in turn be

 

mobile at most 8 minutes after the alarm. The recognition time for laypersons
of persons in distress, the time from emergency call to EMS dispatch, and the
EMS reaction time are dependent on educational and organizational factors
and beyond the scope of this thesis.

  $
Some of the patients in the prehospital quintet benefit from early initiation
of care, whilst for others, the minimization of the total prehospital time, and
thus the EMS delay, is beneficial. For patients with respiratory failure, early
recognition and medical interventions have proven effective. This includes
medical treatment with bronchodilatation and noninvasive and invasive
respiratory support.[32,90,91]
Stroke emphasizes the need for early recognition and prompt transport to
an adequate hospital.[78] In exsanguinating trauma, control of a catastrophic
bleed is paramount as is the opening of the airways if they are
compromised.[17] Patients with cardiac chest pain, or a suspicion thereof,
should be contacted as soon as possible in order to diagnose an ischemic
condition or a pathological dysrhythmia.[85,92] Initiation of CPR following
OHCA, especially if done by laypersons, have proven effective in the treatment
of OHCA.[92]

  $
HEMS delay refers to the time from when a HEMS unit receives an alarm
to when crew is in contact with the patient.[1] This delay is affected if the
HEMS crew attends the call with a helicopter or with a rapid response vehicle.
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Most HEMS dispatches in Finland are primary dispatches, made
concomitantly with the other first responders. This might minimize the HEMS
delay but results in a larger proportion of missions being cancelled.
For the prehospital quintet, the main benefit of a short HEMS delay is in
bringing advanced care to the patient at an early stage. For respiratory failure,
this includes physician level diagnostics, controlled ventilation, and induction
of anesthesia as well as point-of-care laboratory testing and ultrasound
exams.[93] Stroke might benefit from rapid transport by air if a helicopter is
alerted at an early stage.[82,83] Trauma patients might benefit from the
administration of blood products and hemostatic agents, advanced
hemorrhage control, and treatment of TBI including invasive ventilation,
hyperosmolar treatment and anticonvulsive therapy.[94–96]
Advancements and research, such as hibernation of trauma patients, also
rely on the early activation of HEMS.[97,98]

 
OST has been used as a crude indicator for the effectiveness of EMS
systems. The arbitrary definition does not necessarily consider the fact that
patients with a worse manifestation of trauma or illness have an intrinsically
a worse prognosis and might demand, or in fact benefit from, prolonged and
early-initiated intensive care and interventions.[99]
Patients presenting with respiratory distress have shown benefit, and
reduced mortality and reduced need for intubation and mechanical ventilation
if non-invasive ventilation is initiated during the prehospital phase.[100,101]
Trauma patients might benefit from mechanical ventilation and intubation,



especially if presenting with a TBI, surgical interventions, and administration
of blood products.[17,96,102–104] While some of these might be performed
during transport, a patient- and personnel-safe approach vouches for a
stopped vehicle, thus leading to longer treatment times.
A short OST is beneficial in the presence of a CVA requiring thrombolytic
or

intravascular

care,

in

myocardial

infarctions

requiring

prompt

interventions, and as in non-compressible exsanguinating hypovolemic
trauma.[17,78,85]
The addition of physicians has shown conflicting results regarding the OST.
There are reports of indifferent or prolonged OST following the
implementation of a physician or HEMS to the EMS system.[21,104,105] On
the other hand, some patients, such as those with polytrauma, have shown
reduced mortality after HEMS care. Factors that prolong the OST include
prehospital interventions or patient factors such as prolonged extrications.
[99]

  
The transport time as an interval is mainly determined by the distance from
the scene to the hospital and thus cannot directly be influenced. There is no
clear consensus whether transport time should be minimized or if a longer
transport time to a specialized unit is beneficial.[106,107] Physician staffed
units appear to mitigate the difference.[108]
Swift transport is indicated in some patent groups. Driving “lights-andsirens” does not come without risk, since this might increase the risk for an
accident, causing harm to the patient, personnel, passersby, and
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equipment.[109] Regarding HEMS, the benefit of a helicopter might in some
cases result in a faster and safer modality of transport.[110]

   
Total prehospital time considers the time from the alarm to patient handover. Some factors, such as EMS response time and transport time, provide a
better description of EMS and care facility infrastructure, and thus cannot be
factors when regarding individual EMS runs. In critical patients, OST gives a
better description of the patients’ illness rather than a factor to be minimized.

    
 

    

      
Sudden cardiac arrest continues to be among the leading causes of
death.[92,111] The incidence varies from 67 to 170 per 100,000 inhabitants,
with CPR initiated in approximately half of the cases.[84,112,113]
Factors associated with a better possibility of survival are a bystander- or
EMS-witnessed OHCA, bystander-performed CPR, shockable initial rhythm,
and ROSC in the field. Gender and pre-existing comorbidities, socioeconomic
status, and ethnicity also influence the outcome.
In general, the survival rate for OHCA has not increased during the last 30
years. This can partially be attributed to the increasing age of the population,
declining

incidence

of

shockable

rhythm,



population

growth,

and

urbanization, resulting in longer EMS response times. Educational factors
such as use of lay-man resuscitators and public AEDs are implemented to
mitigate these factors.[84,92,113]
Long-term outcomes in systems that implement withdrawal of lifesustaining treatment—to ethically provide the best available treatment—are
generally quite good. Good neurological outcomes are seen in over 90% of
cases, with working-age patients returning to work. However, many patients
still suffer from neurocognitive problems.

 

 

Trauma continues to be among one of the leading causes of death in the
working-age populace. Trunkey et al. described how deaths occur in a trimodal
fashion; dying immediately following trauma, surviving the initial trauma but
succumbing in minutes after it, and dying despite intensive care and
surgery.[114] Due to advancements of care, the trimodal model has shown
significant changes, especially in terms of patients who the initial stages. [115–
117] However, when viewed with a broader and longer scope, patients who
have sustained major trauma have an increased mortality risk, when
standardized to the population, for years if not decades following
trauma.[115,118]
Factors associated with this increased mortality include the mechanism of
the trauma, especially in the trauma to the head. However, patients who have
suffered a major trauma can be at an elevated risk for subsequent accidents as
well as suicide.[118]
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Incidence of cerebrovascular accidents (CVA) increases with age. Other risk
factors are hypertension, smoking, diabetes, cardiac arrythmias, and dietary
factors.[119] The mortality rate of hemorrhagic stroke is greater than that of
an ischemic attack.[120,121] Data from the U.S. have shown that cumulative
mortality at 30 days is 10.5% after a CVA, and mortality is 39.8% after 5 years.
After a 24-year follow-up, mortality has increased to almost 60%.
Status epilepticus (SE) is a life-threatening condition requiring urgent
medical attention. With and incidence of 41–61 per 100,000 population, the
condition is not uncommon.[122] If left untreated, permanent brain damage
and death can ensue.[123]
Early administration of anticonvulsive therapy has been proven to be
effective in the prehospital setting.[124] Timely treatment and termination of
epileptic activity can reduce mortality.[125–127] Other studies have shown
that the etiology, biological background and refractoriness correlate with
mortality but not time.[128–130]
Data are conflicting, however; the key to treatment appears to be the early
and aggressive treatment of seizures.[131] Sculier et al. reviewed 37 articles
reporting the mortality after SE. The short-term mortality varied from 0 to
4% in pediatrics and 2–40% in adults. The long-term mortality was in turn 0–
22% in pediatrics and 0–57% in adults.[132] The underlying etiology for the
SE determines the mortality more than the SE.



 



In sepsis, early treatment and identification are crucial.[133] During the
first hours of patient care, time is of the essence.[134] Alam et al. showed ina
a large multicenter study that the addition and administration of antibiotics
and training of EMS personnel increases the recognition and suspicion of
sepsis but does not decrease the mortality.[135] Early recognition, especially
by the patient or their relatives, blood cultures and antimicrobial therapy, and
stabilization of the homeostasis are key to successful treatment, be they
performed in the field or in the hospital.[133,136]
In acute coronary syndromes, the minimization of ischemic time has been
shown to decrease mortality. An increase of 30 minutes raises mortality by
7.5%.[137] Prompt access to a PCI also has benefits in the long-term.[138]
Early recognition of STEMI and alarming the catheterization lab are now
considered the standard of care.[85,139] A higher level of prehospital care
might be beneficial for some groups, not forgetting the need for urgency. In a
study of 2804 patients presenting with STEMI, Pedersen et al. reported the
30-day mortality to be 7.9% (7.3% with cardiac cause for death) and a 5-year
mortality to be 23.3% (13.8% with a cardiac cause for death).[140]
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Medical registries can be used to improve and benchmark patient care, for
scientific purposes, to refine and streamline operations, and administration.
In the present thesis, data from the Finnish HEMS Database as well as
mortality and diagnosis data from governmental agencies are included. Thus,
HEMS operations and mortality calculations following HEMS-provided
prehospital critical care can be studied.

The specific aims of the study are:
1. To outline HEMS operations and patient characteristics in Finland
(I);
2. To describe the short- and long-term mortality of patients
encountered by HEMS crews and to calculate the respective
standardized mortality ratios (II);
3. To evaluate the impact of EMS and HEMS time intervals and
physiological factors on patient survival (III and IV).

 

     

   
The dissertation comprises four retrospective studies (I–IV). Study I includes
all HEMS calls from 2012 to 2018, while studies II–IV describe patients
encountered by the HEMS teams. Table 5 presents a summary of the studies.
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Study Participants Inclusion

I

II

Main objectives

(n)

criteria

100,482

HEMS dispatch To describe

36,715

Main outcomes

Patient

operational and

characteristics,

patient

mission operational

characteristics

outcome

Treatment by

To describe the

Gross and

HEMS team

short- and long-

standardized

term mortality of

mortality at 0–1

patients treated by

days, 2–30 days, 31

HEMS

days–1 year, 1 year–
3 years.
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III

4,803

Patients

To describe the

Effect of time-

transported to

effect of

intervals on 30-day

a university

prehospital

mortality

hospital with a

interval times on

discharge

trauma mortality

diagnose of
trauma
IV

22,433

Adult patients

To describe the

Mortality at 1- and

treated by

association of

30 days

HEMS

shock-index and
mortality in
different patient
categories

  
All EMS, fire and police calls are centralized to nationally funded
emergency response centers. Five centers exist nationally, all answering to the
emergency number 112. EMS calls are categorized into four different urgencies
(A, B, C, D). Category A calls are the most urgent, indicating a confirmed
disturbance in basic vital functions, while category D calls do not raise any
suspicion of immediate bodily harm, although an EMS check-up is still
warranted.

 

The hospital districts are legally responsible for the organization of EMS.
EMS units follow a tiered system, with basic life support units (including fire
services) and advanced life support units responding to all calls with the of
support EMS supervisors on more complicated calls. Physician staffed units,
where available, respond to the most urgent calls.
HEMS units currently operate from six bases. Five physician-staffed units
operate from the university hospitals, and one paramedic unit operating from
Rovaniemi serves the northernmost part of Finland. The units’ actual
operational area covers two-thirds of the country’s population.[141] The units
operate with helicopters or rapid response vehicles for dispatches near to the
base and when the weather does not permit helicopter operations.
HEMS units are generally dispatched to calls whereby gross disturbances
of the vital functions are present or suspected, such as cardiac arrest and
unconsciousness, or based on mechanism (traffic incidents, falls, poisonings
etc.). The emergency call centers dispatch the units based on pre-set criteria,
but the units can also be requested by EMS units attending a call or upon
consultation. HEMS units respond only for prehospital missions, with
interhospital transfer being the responsibility of the ground base hospital
transfer services. No national fixed-wing service exists.
Helicopters are primarily used to transport HEMS teams to the scene, with
patient transport playing a more minor role. HEMS crews typically escort
patients in the attending EMS unit to a university hospital or to the closest and
most appropriate, hospital.
Physician-staffed units comprise a physician (usually an anesthesiology
consultant with subspecialization in prehospital acute care), a HEMS crew

 

Materials and Methods

member (a firefighter or paramedic trained in prehospital acute care and
aviation), and an experienced pilot with a minimum of 1,000 operational flight
hours. Paramedic-staffed units have two paramedics and two pilots. All units
are capable of night-time helicopter operations using night vision goggles.

   
Study I included all the HEMS dispatches from 2012 to 2018.
Study II included all patients treated by HEMS teams from 2012 to
September 2019, with a followed-up period to November 2019. Patients with
missing or corrupt social security numbers were excluded, as no mortality data
were available for these.
Study III included all patients receiving HEMS physician care who were
transported to a university hospital and received a discharge diagnosis of
trauma. Hence, patients that died at the scene were excluded.
In study IV, adult patients with recorded hemodynamic variables and had
mortality data available were included. Pediatric patients present with a
different hemodynamic response, and hence SI, were thus not included.[142]



   

Data for the studies were provided by the FinnHEMS Database (FHDB),
the Population Register Centre and the National Hospital Discharge Register
(HILMO). Data from the FHDB were included from the foundation of the
database (1 January 2012) to either 31 December 2018 (I, III) or 8 September



2019 (II, IV). Mortality data from the Population Register Centre were
obtained on 11 November 2019. The National Hospital Discharge Register data
were acquired on 31 December 2018.
All HEMS calls are documented into the FHDB. The parameters logged
include, and in some cases exceed, the international recommendations.[1] All
data are recorded shortly after dispatch by the crew on call, however, they are
not cross checked by an outside party. During the study period, slight
modifications were made to the FHDB (Appendix A. Revisions to the FHDB).
The database allows easy extraction for operational or scientific purposes, and
it has been shown to be a reliable source of data.[36]
The Population Register Centre (Digital and Population Data Services
Agency from 2020 onwards) collects data on people living in Finland,
including their age, sex, date of birth and death, marital status, and place of
residence. The Population Register Centre provides a personal identification
number upon birth or acquisition of healthcare and social welfare services
upon immigration.
The National Hospital Discharge Register of the Finnish Institute for
Health and Welfare collects data including the use of health services, access to
healthcare-services, and epidemies. Discharge ICD-10 codes are logged
following physician care. The quality of the discharge register has been
reported to range from good to subpar. [143–145]
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For all studies, normal and non-normal distributions are reported as mean
with standard deviation (SD) and medians with interquartile range (25th
percentile and 75th percentile, expressed as Q1/Q3), respectively. Categorical
variables are reported as percentages with 95% confidence intervals (95% CI).
Proportions are reported as % (n). A p-value of <0.05 is used as evidence
against the null hypothesis.
For the studies, where applicable, comparisons were calculated using the
chi-square, the Mann-Whitney U test, and the two-sample t-tests.
In studies II–IV multivariate logistic regression analyses were used to
model factors associated with mortality. The Hoshmer–Lemenshow test was
used to describe goodness of fit.
For study II, Kaplan–Meier mortality curves were calculated in different
age and patient groups. The standardized mortality ratio (SMR) was calculated
based on the respective reference population, as obtained from the Population
Register Centre. The SMR was adjusted during follow-up to acquire the most
correct data; for example, the SMR for patients of 0–17 years, 1–3 years
following the dispatch, was compared to patients (1–3)–(18–21) years. SMR
for patients who deceased during the first day of care were excluded, as these
patients intrinsically have a higher SMR and do not yield further information
of value.
The data were analyzed using IBM SPSS Statistics 25–27 (IBM
Corporation, Armonk, NY, USA), and the figures were prepared using SPSS –



27, and Prism v8 and v9 (GraphPad Prism v 8 and v 9, GraphPad Software,
San Diego, California, USA).

  

     

All the studies conducted for this dissertation are retrospective registry
studies. Finnish legislation does not require ethical approval for such studies;
however, due to the large number of patients and sensitive material affected,
ethics approval was granted by the Ethical Board of Helsinki University
Hospital (HUS/3115/2019§194).
Study permission was granted by all the participating hospital districts
(Oulu University Hospital 200/2019 2.7.2019, Helsinki University Hospital
HUS/280/2019 9.7.2019, Turku University Hospital J30/19 4.8.2019, the
Hospital District of Lapland 32/2019 22.8.2019, Kuopio University Hospital
RPL 102/2019 22.8.2019, and Tampere University Hospital RTL-R19580
2.9.2019). The ethical board of Helsinki University approved the study
(HUS/3115/2019 §194).
The Population Register Centre provided mortality data (VRK/5613/20193 1.11.2019), and the Finnish institute for health and welfare provided data on
the discharge diagnoses (21.2.2020 Dnro THL/2231/5.05.00/2019).



Results

  

Study I included all 100,482 dispatches and subsequent 33,844 patient
contacts. Study II included all patients with mortality data available from the
Population Register Centre, totaling 34,370. For study III, a total of 4803
patients with a diagnosis of trauma, as obtained from the hospital discharge
register, were included. Study IV included adult patients treated by HEMS
teams with mortality data available, resulting in 22,433 patients. Patient
characteristics are presented in Table 6.
Regarding the operational characteristics, 67% of dispatches were
cancelled, mainly because there was no need for prehospital critical care or the
patient had deceased before HEMS contact, as presented in Study I.
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Survivors were generally younger than non-survivors. In study II, a slight
decrease in the median age during follow-up can be seen. Study IV did not
include pediatric patients, increasing the median age. In all studies the IQR of
survivors and non-survivors overlap.
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The need for PHAAM and vasoactive support was used to present crude
parameters to describe the state of the patient. In all groups, but especially in
patients presenting with trauma without TBI, these interventions were
associated with increased odds for death. The elevation in the Odds ratio (OR)
for patients in study II at 30 days can be attributed to OHCA patients who
survived the initial prehospital care but for whom life support was withdrawn
at the hospital. Figure 7 shows the OR for mortality following these prehospital
interventions.
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The gross cumulative mortality rates in the studies at 0–1 days ranged from
8% (IV) to 20% (II). At 30 days, the mortalities were 12% (III), 16% (IV), and
28% (II). Study II included long-term mortality at 1 year (32%) and 3 years



Results

(37%) after prehospital contact. Figure 8 shows cumulative mortalities for
different medical problems.
SMR was elevated for all patient groups even 1–3 years after the initial
HEMS contact, save for short-term after intoxication. No pediatric patients
who survived the first month died during the subsequent follow-up period.
(Figure 9)
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The median time from alarm to HEMS contact was 19 minutes (IQR 14–
30 min); corresponding to 15 minutes with a rapid response vehicle and 25
minutes with a helicopter. The median OST was 23 minutes (IQR 12–36 min),

 

Results

and the transport time was 25 min (IQR 14–41 min). The response times for
trauma, as described in study III, are presented in Figure 10.
A trend for lower mortality with a shorter HEMS delay or OST can be seen,
but no statistical significance is shown. Furthermore, following adjustments
for age, initial GCS, shock, need for PHAAM and ICISS, time does not seem to
be a factor as reported within the constraints of the study (Figure 11). Figure
12 presents a scatter plot of the survivors and non-survivors regarding the
severity of trauma, defined by the ICISS.
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Finnish HEMS units participate in the care of a wide variety of patients
suffering from critical illness or major trauma. The most common conditions
are trauma, OHCA, neurological disorders, and intoxications. One common
denominator for these conditions is impairment of unconsciousness.
Impairment of consciousness and unconsciousness often require PHAAM.
This advanced procedure tends to be performed by specially trained units such
as HEMS teams.[146,147]
Physician-staffed HEMS units in Finland include a physician (usually a
senior anesthesiologist) a HEMS crew member, and a pilot.[148] This mimics
other European and Australasian services. Differences exist, for example, in
the number of pilots and whether they participate in patient care.
Correspondingly, HEMS in the U.S. often have teams without a physician,
while in Japan, teams of two physicians and a nurse exist.[149]
Of the mission alarms, roughly half resulted in the mission being canceled.
Although the reasons for this varied, most commonly the attending EMS unit
reported that the patient that no need of or benefit from HEMS. A certain
amount of over-triage is to be accepted in EMS services, albeit with a cost.[150]
The technical performance of the HEMS units and associated helicopters
and rapid response vehicles was high, with only 0.5% of calls being canceled
due to technical reasons. Use of a rapid response vehicle was influenced by
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either the call being close to the base or if the weather did not allow helicopter
operations.
Organization of HEMS in Finland differs somewhat from other countries.
The helicopter is seldom used for patient transport but employed to bring the
team to the patient. In the current study, only 7% of all patients were
transported by air; however, if the unit responded with a helicopter and
escorted the patient, it was done in the helicopter in 26% of cases. Helicopters
are much more frequently used for transportation in many other European
countries, such as Norway (63%) and Germany (44%).[19,151]
Benefits and weaknesses can be seen in both modii operandi. Escort by the
HEMS team in an ambulance may allow for better patient access during
transport, for a bigger team to help in the care of the patient, and for prompt
transport directly to the emergency department. Transport by air reduces the
risk of accidents compared to driving lights-and-sirens in an urban setting.
Most critical interventions, such as RSI can be performed in a helicopter, if
trained and conducted by a trained an experienced team.[152,153]Use of the
helicopter also frees the EMS unit to attend other calls in its area of
responsibility.
The use of helicopters for transportation is also largely dependent on
geography: transport by air makes sense in the winding roads and fjords of
Norway, while the relatively good road network in the urbanized parts of
southern Finland dictate transport by land. In general, transport by air is
faster than by road.[154] However, this does not consider the hospital
infrastructure in terms of distance from landing platforms, elevators, and
intervention facilities.[155,156]



It is good to keep in mind these differences in the fixed-system variables
when interpreting studies in prehospital critical care and implementations to
different systems.
The age and sex profile of the patients resembles that of other
countries.[8,19] Regarding trauma especially, but also intoxication, HEMS
contact can be seen as a symptom of an underlying cause. Raatiniemi et al.
reported that a substantial number of trauma patients who have a fatal injury
are intoxicated.[157]
Most countries with advanced EMS care such as HEMS units also have an
organized primary care and psychiatric care. Lack of these fundamental
services could potentially result in a cascade of trauma, suicide attempts, and
associated conditions, not only affecting the patient but also relatives and
other patients who are denied HEMS care because the unit is attending
another call.

    






Prehospital critical care is inherently associated with high mortality.
Following major trauma, the reasons for death in the short-term vary from the
trauma itself to associated complications due to infections and sepsis.
Previously, a trimodal model for death was described, but advancements in
care such as damage-control surgery and selected use of antimicrobial therapy
have since changed the mortality after trauma.
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Some studies investigated long-term survival after trauma. Many factors
play a vital role in this, but the influence of the quality of prehospital care is
unknown.[87,102,103,105,157] The impact of high-risk behavior and suicide
cannot be emphasized enough.[118] Nevertheless, lack of rehabilitation and
out-patient care could see long-term mortality rise even higher. The role of
prehospital professionals involves limiting ongoing processes to prevent
further trauma, stabilize the patient and provide safe transport to a hospital.
Definitive care and rehabilitation take place in the subsequent hours through
to months.
After OHCA with ROSC, the biggest risk for mortality is during the first
days of care. Current recommendations suggest that the prognostication is to
be done at 2 to 3 days after ROSC at the earliest.[92,113] Prehospital care
emphasizes the need for high-quality resuscitation and post-resuscitation
care. Medications and devices can be implemented; however, the effect of
these on ROSC or long-term care is debatable.[158–160]
Nevertheless, a strict adherence to guidelines and use of mechanical
compression devices allows a relatively uniform and benchmarkable
performance. This in turn allows the focus on to be place on further areas of
interest. All in all, performance, and quality of life after ROSC is in generally
quite good.[92] Early identification, defibrillation when appropriate, highquality resuscitation, and post-resuscitation care are tightly linked parts of the
chain of survival. Patient selection and avoidance of futility of care is key.
Neurological disorders requiring prehospital critical care usually present
with a gross disturbance in consciousness. While the underlying causes vary,
high mortality is expected.[120,130,161,162] In our study, mortality was high,



especially in the long-term. This was the most evident in the eldest population.
Frailty can be seen as one factor and comorbidities such as cardiovascular
conditions and use of anticoagulants or existing epilepsy as others.[163]
HEMS are best optimized for stabilization, PHAAM, anticonvulsive therapy
and rapid transport.
HEMS in Finland are usually dispatched to intoxications other than alcohol
presenting with unconsciousness. Mortality after drug abuse is rare after
contact is made, and treatment is quite straightforward, with stabilization of
the physiology being the main point.[164] Use of specific antidotes following,
for example, beta-blocker or calcium-blocker intoxications are rare, however,
useful they are.[165] Thus, the finding of low mortality in our study was
expected.
A most interesting finding was that long-term mortality was surprisingly
high, increasing relatively more than trauma from 1 to 3 years after the initial
HEMS contact. The finding is in line with previous studies of ICU
patients.[166] Patients at risk are especially those of working-age or younger.
Substance abuse, resulting from recreational use or suicidal intent, is a major
burden in these age groups. Nevertheless, the input of the prehospital
physician is debatable, especially if impaired consciousness is the only finding.
Emphasis should be place on prevention and out-patient care.
All in all, it is to be expected that prehospital mortality is higher than that
of ICU mortality.[167] The reasons are twofold: Some patients die before
reaching the hospital, and the hospital’s resources, including better patient
history, laboratory and imagining allows for stricter patient selection and
limitation of care.
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The association between fixed-system variables and mortality can be
difficult to discern. As HEMS operate within a specific EMS system,
comparisons of systems cannot directly be done. The area of operations is
defined by helicopter range and speed, but local politics also play a part. Also,
factors such as the admittance of patients to hospitals and hospital
preparedness are beyond the scope of HEMS operations and research per se.
These are factors that must be considered when interpreting studies.
Regarding the event operational descriptors, time intervals are partially
linked to the fixed-system variables: for example, a HEMS base located close
to an urban area has faster access to patients. Time frames are important for
benchmarking care and focusing on areas of interest. Local organization of
HEMS plays a major role in their availability.[168]
In our studies, we showed that the time intervals do not significantly matter
for most of the cases of trauma. This statement must be interpreted with
caution, however. Some trauma patients have been shown to benefit from
prompt care. Another aspect, due partially to benchmarking, is that EMS
systems have been honed to such an extent that patients are contacted in as
fast a method as possible, and delays that could harm the patient have
intrinsically been minimized.
HEMS in Finland are usually dispatched to missions as primary dispatches,
but they are also dispatched as secondary ones, following EMS consultation.
Compared to other systems, the focus is on bringing the HEMS teams to the

 

patients and escort them in an ambulance with the HEMS team in attendance.
The reasons for this are manifold, with proximity of dispatch leading to
response with rapid response vehicle, availability and proximity of landing
sites, patient management flow and established culture being a few.
The type of response vehicle varies, mainly between helicopter and rapid
response vehicle. When regarding other systems, some apply the same
method, while other HEMS systems operate solely with a helicopter.[169]
Responding with a rapid response vehicle, even to events far away, has the
benefit of always being able to achieve patient contact, even if it takes longer.
Also, helicopters need a large area for landing, and a suitable area can be a
distance from the scene. This requires transport from the helicopter to the
patient, usually by firetruck, but takeover of a civilian car is not unheard of.
Also, availability of a helipad at the receiving facility is a factor when
evaluating the best mode of transport.[170] This presents a dilemma regarding
mortality: Should a helicopter be chosen due to its potential for faster patient
contact but risk for denial, for example, due to weather, or should a rapid
response vehicle be selected, with its definitive access with taking a longer
time?
Unlike some systems, HEMS in Finland also utilize night vision goggles,
allowing night-time operations throughout the year.[169] This allows for safer
night operations and the potential benefit of timely patient access.[171,172]
Patient age has been shown to be a factor regarding the mortality.[167] In
our studies, we showed an increase in mortality with advancement in age. On
the other hand, SMR decreased with age. The finding makes sense, since other
causes of death also incur with older age. Male sex dominated in almost all

 

Discussion

patient categories in concert with other studies and findings. However, sex was
not associated with an increased risk for mortality. The conclusion that men
are at a higher risk but are provided the same quality care can be made. The
finding binds together the medical aspects of HEMS care with sociological and
educational factors.
Comorbidities, as described by ASA-PS in study I, had the patients in quite
the same pre-existing condition as other studies.[173,174] As HEMS is focused
on prehospital care, most patients have been able to stay at home before
needing prehospital critical care. A bias regarding higher ASA-PS scores is
present when patients succumb to death due to comorbidities before HEMS
contact, although they could have benefitted from expedited care, and when
regarding patient selection: Previously more moribund patients might be
deemed futile and been renounced prehospital critical care.
Most dispatches are a product of disturbances in patient hemodynamics or
consciousness: A major trauma with bleeding or cardiac arrest alerts an
upstanding citizen to call the emergency services, and ultimately leading to
HEMS contact.
While we found that the blood pressure and pulse do not vary between
survivors and non-survivors, the quota of these, namely the SI, does matter.
This is theoretically and statistically sound, as extremes of pulse and blood
pressure vary, but the mean of a sample might not. Unpublished results by
Laaksonen et al. showed that while the SI is associated with mortality, the
delay from the alarm to HEMS contact, and thus measurement of SI is not
significant.

 

The use of the SI is sound, especially if used in the combination with
GCS.[142,175] GCS per se was shown to be an independent factor regarding
mortality. Three mechanisms come to mind: first, an intracranial process such
as an expanding hemorrhage might be the cause for death, unconsciousness
might affect the patency of the airways, but also impaired respiratory drive due
to substance abuse or TBI.[72]
The need for PHAAM or vasopressors was chosen to provide crude factors
to describe the state of the patient during HEMS care. Our finding of an
increase in mortality is reasonable: Patients in need of such interventions
intrinsically have a higher mortality. PHAAM presents with a dichotomous
approach in the scientific community, with some studies advocating for it
while others are against it.[39,147] As a high-risk intervention, rigorous
training and implementation is needed for it to be safe to be performed.[176]
Regarding mortality, survival of the patient during HEMS care is
fundamental, but also arbitrary. During the study period, most patients cared
for by HEMS in Finland were alive upon hospital admission. The finding does
not necessarily allow analysis of factors to improve the morbidity and
associated measures, which are discussed later. Also, advancements in ECMO
during CPR will skew the results in the direction of “resuscitated during
patient admission.” Knowledge of local and temporal factors is paramount.
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The data of this thesis rely on robust databases that are governmentally
funded and complied with tracking and science in mind. Thus, the data can
be seen to be as valid as feasible.
Clinical knowledge of the field is a perquisite for interpreting findings in
the prehospital context.

As medicine is not an exact science, interrater

variability is to be expected and accepted to a certain degree.
Previous studies, and unpublished results from the FHDB, show that
prehospital diagnoses are usually in line with those of hospitals. The use of
diagnosis-based models on survival such as ICISS have been shown to be a
robust method. However, this requires scrutiny. The same ICD-10 code can be
used for the same finding, albeit with a truly different mechanism and loss of
life. For instance, a wound to the thigh can be a result of a superficial,
accidental knife wound or the result of a more sinister stabbing with arterial
disruption.
The lack of uniform in-hospital registries is a limitation of the studies
included. Implementation and upkeep of registries of patients requiring acute
care would be beneficial. Germany incorporates a national trauma registry,
that has been shown to be beneficial and has also been implemented
internationally, including at Helsinki University Hospital.[151]
Survivor bias is also an evident limitation resulting in issues with patient
selection and skewedness. Patients who die before or during HEMS contact
are not always included in studies, and some of these patients might have
benefitted from earlier interventions.[177,178]



During the study period, there have been slight changes to local dispatch
criteria, as well as to medications. The implementation of prehospital blood
products may also have affected survivors. Also, changes in hospital care and
local administration are beyond the scope of this study.
Interpreting registry studies based on clinical decisions that do not
necessarily have a scientifical approach but are made by clinicians in the field
is also a limitation. Bridging the clinical–scientific gap can be seen as most
important for prehospital sciences.

  



Regarding the internal validity of the studies, all of them used the FHDB as
a foundation. The database uses international guidelines as a basis and has
been proven to be of acceptable relevance. All data were entered into the
database by the crews on call shortly after the dispatch. HEMS crews have all
been individually trained in the use of the database.
Study I included all dispatches since the launch of the database. During the
study period, slight changes were made regarding the variables (Appendix A.
Revisions to the FHDB). Studies II–IV also included data from the National
Hospital Discharge Registry and the Population Register Centre. These are
government-run agencies that provide robust data regarding mortality;
however, they are not without flaw when used for polytrauma patients.[143]
Since the studies were registry studies, no power calculations could be
performed. However, the large number of dispatches and endpoints mitigate
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the lack of power calculations. On the other hand, subgroup analyses could
have benefitted from a larger sample size.
As for the external validity, the HEMS system in Finland closely resembles
that of many other European and Australasian EMS systems. One of the major
differences is the infrequent use of helicopters as a transport platform in
Finland and differences in dispatch criteria, such as for cardiac or respiratory
complaints. In particular, HEMS in Finland participate in the care of the most
critically ill patients, resulting in high mortality. Thus, the results can be
generalized to similar critically ill or injured patients in Western countries.
Studies II–IV described the mortality of different patient groups. Cultural
differences regarding termination of care can skew the results if comparing
them to different countries. Mortality as such is also a definitive end-point that
does not describe the quality of life following prehospital critical care.

  

  

The findings in this thesis suggest that HEMS in Finland participate in the
care of critically ill and injured patients of different origin. The mortality of
such patient groups is by default high. The impact of HEMS units on mortality
is difficult to discern.
Regarding the measured parameters, they provide a good snapshot of a
dynamic process, with linkage to mortality, when measured upon HEMS
contacts. The use of electronic EMS run sheets could allow the implementation
of SI, with age and GCS as a factor, to allow the allocation of resources, or serve



as an automated consultation for a dispatch without HEMS being alerted. This
could provide a good support tool when evaluating the need for HEMS.
The presented morality does not provide an insight into the benefit that
prehospital interventions were to individual patients. Nor does it answer the
question of the benefit of prehospital critical care on quality of life and the
impact of the HEMS input after an adverse event. The teleology of prehospital
critical care is that patients benefit from it; however, this was not researched
in our study.
Scientific results must also be interpreted within the clinical context in
mind. Since medicine is not an exact science, too rigid cut-off points and
indexes should not be made. Freedom of decisions by the clinician must be
allowed and their experience respected. Scientific and clinical experiences
work best when they construe a similar synthesis, and efforts to bridge the
theoretical and practical gap should be applauded.
The ethical aspects of this study encounter the problem that many critically
ill patients are not able to give consent. However, since the data used were
collected as part of normal HEMS operations, and no direct interventions were
performed on patients, no ethical conflicts occur. One could even argue that it
would be unethical to not to conduct research on prehospital critical care
databases if data are regardless being collected. Continued research and
development are foundations for improved critical care.



Discussion

    
This thesis underlines the importance of guidelines and organized
databases for HEMS care. Future uses of databases could benefit from
seamless data management between different databases both nationally and
internationally. Strict comparison between different systems is discouraged,
since different systems operate in different circumstances and legislations.
National trauma registries and prehospital registries beyond the FHDB
would have the benefit of adequate strength studies and would enable better
governance of systems. This could emphasize areas in need for development
and allocate resources better. In areas with long response times or scarce
resources, organized registries could reveal factors associated with mortality
in patients who had not received HEMS care due to death before HEMS
arrival.
Prehospital critical care is evolving in many aspects. The impact and
resources of novel techniques might not be evident in a single HEMS unit if
the number needed to treat was high. Thus, the combined effort of many
HEMS units, including data entry in a common database, could be used to
evaluate the care and motivate the HEMS professionals.
Future research and implications could be used to focus HEMS missions.
We reported a high cancellation rate due to patient who were deemed to
survive without HEMS care. The results could be used, for instance, to
dispatch HEMS units to intoxications only as secondary calls or use SI in
combination with the GCS as a reporting tool for the EMS unit attending.



Prehospital research and interpretation of the results is inherently difficult.
Differences in the entropy of dispatches makes control of variables impossible.
While some variables are stationary (e.g., fixed system variables), others can
be controlled to some extent.
The lack of laboratory-type settings makes RCTs in the prehospital context
quite artificial. More emphasis should be placed on pragmatic trials, as
opposed to explanatory trials, and on tools such as the PRECIS-2 wheel to help
interpret and implement results.[179] Realist reviews, answering the “why,”
“for whom,” and “to what extent” rather than a dichotomous “if” should be
advocated. The answers would even further expand our understanding of the
care of critical patients in extremis, keeping in mind that few absolute truths
exist in medicine.

 

Conclusions

   



Based on the results of the thesis, the following conclusions can be made:
• HEMS encounters a wide variety of prehospital critical care patients.
o The most common patients are older males, previously
relatively healthy.
o The most common types of patients present with trauma
(26%), OHCA (20%), neurological reasons (13%) and
intoxication (10%).
• Overall short-term mortality (27.5%) and long-term mortality
(36.5%) is remarkably high and remains so years after the initial
prehospital event.
o Compared to the general population, the mortality is
significantly elevated, especially in those who are of workingage.
• Following trauma, prehospital response times are not associated
with 30-day mortality in general when regarding the injuries
sustained.
o Some patients might still benefit from swift interventions.
• Shock index is associated with mortality, especially after trauma or
neurological disturbances.
o This is especially true if the patient presents with decreased
consciousness.
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