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ABSTRACT 

Out-of-hospital emergency medical services (EMS), also known as prehospital EMS, 
typically refer to the delivery of medical care at the site of the adverse medical event. 

The first physician-staffed EMS-unit in Finland was introduced in the year 1972 
in Helsinki. During the 1980’s other physician-staffed EMS units were founded and 
the first physician-staffed helicopter emergency medical service (HEMS) unit was 
introduced in 1992. 

As EMS systems and prehospital care are difficult to evaluate, the true efficacy 
and value of such systems are difficult to determine. This thesis evaluates the impact 
of physician-staffed EMS on patient outcome with a focus on prehospital traumatic 
brain injury (TBI). 

The thesis is based on four original publications. The first studied the long-term 
outcome of 483 critically ill or severely injured patients treated on-scene by EMS 
physicians over a five-year (2007-2011) period (I). The patients’ one-year mortality 
was 35 % and good neurological recovery (defined as the ability to live an 
independent life) was found in 55 % of the patients. After the incident, 85 % of the 
long-term survivors as well as most of the patients in the younger age groups (below 
60 years of age) recovered well neurologically. 

To evaluate the role of EMS physician involvement, the prehospital treatment 
and outcomes of patients with severe TBI from 2005-2010 and 2012–2015 in two 
study locations (the Helsinki and Uusimaa region and in Pirkanmaa region in 
Finland) were determined in three different scenarios: paramedic- versus physician-
staffed EMS (II), before and after the introduction of physicians into paramedic 
EMS (III) and pooled data considering the effect of an on-scene physician on the 
TBI patients’ outcome (IV). The data covering 2011 were excluded as a physician-
staffed HEMS was implemented in the Pirkanmaa Hospital District that year and 
had a significant impact on the local EMS. 

When two regions with differently structured EMS systems were compared, the 
mortality was lower with EMS physician present on-scene, and the EMS system 
without EMS physician remained as a risk factor for mortality in the multivariable 
analysis after the patients were adjusted by age (II). 
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The results also show better neurological outcomes in patients treated by EMS 
physicians, and in a univariate analysis of EMS physicians, a lower age and secured 
airway were associated with good neurological outcomes (III).  

Based on these findings, the gathered TBI patient data were further analysed with 
a binary logistic regression analysis (IV) as the mortality data for 651 patients and 
neurological outcome data for 634 patients were available for analysis.  

In the univariate analysis, increasing age, lower on-scene Glasgow Coma Scale 
(GCS) and prehospital treatment without the presence of EMS physicians were 
factors associated with higher mortality. In a multivariable analysis, these variables, 
with the addition of hypotension, remained significant factors for mortality. 

Factors associated with good neurological outcomes in the univariate analysis 
were lower age, higher on-scene GCS and the presence of an on-scene EMS 
physician. In the multivariable analysis, all these factors remained significant for 
good outcomes, while hypotension was associated with poor outcomes. 

Based on these studies, the following conclusions can be drawn: The overall 
prehospital one-year mortality of critically ill or severely injured patients treated on-
scene by EMS physicians can be considered low, and prehospital on-scene EMS 
physicians treating severe TBI patients is associated with lower mortality and better 
neurological outcomes.  
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TIIVISTELMÄ 

Ensihoidolla tarkoitetaan äkillisesti sairastuneen tai loukkaantuneen potilaan 
kiireellistä hoitoa ja kuljettamista jatkohoitoon. Suomen ensimmäinen lääkäriyksikkö 
perustettiin Helsingissä vuonna 1972. 1980-luvulla lääkäriyksikkötoiminta laajeni ja 
ensimmäinen lääkärihelikopteri aloitti toimintansa vuonna 1992.  

Ensihoitoa sekä ensihoitojärjestelmän että sen osien toimintaa ja toiminnan 
tehokkuutta on haastavaa tutkia. Tämän väitöskirjan tavoitteena oli arvioida 
ensihoitolääkärin vaikutusta potilaan ennusteeseen ja erityisenä tutkimuskohteena 
olivat aivovammapotilaat.  

Väitöskirja koostuu neljästä osatyöstä, joista ensimmäinen käsitteli äkillisesti 
sairastuneen tai loukkaantuneen potilaan hoitoa ja ennustetta viiden vuoden (2007-
2011) ajanjaksolla (I). Tutkimuskohteena oli ensihoitolääkärin hoitamien 483:n 
äkillisesti sairastuneen tai loukkaantuneen potilaan pitkäaikaisennuste. Vuoden 
kestäneen seurantavaiheen aikana potilaiden kuolleisuus oli 35 % ja hyvään 
neurologiseen lopputulokseen (määriteltynä paluuna itsenäiseen elämään) toipui 55 
% potilaista. Eloonjäänneistä 85 % ja valtaosa nuorista ikäryhmistä (määriteltynä alle 
60 vuotiaat) toipuivat hyvin. 

Kolme muuta osatyötä keskittyvät aivovammapotilaisiin ja ensihoitolääkärin 
vaikutuksen arvioimiseksi vakavien aivovammapotilaiden hoito ja toipuminen 
selvitettiin kahdesta tutkimuskohteesta (Helsingin ja Uudenmaan sekä Pirkanmaan 
alueelta) vuosilta 2005-2010 ja 2012-2015 kolmessa eri asetelmassa: 
ensihoitojärjestelmä ilman ja ensihoitolääkärin kanssa (II), ennen ja jälkeen-asetelma 
(III) sekä kohteessa olleen ensihoitolääkärin vaikutus (IV). Vuoden 2011 tietoja ei
sisällytetty mukaan tutkimuksiin johtuen Pirkanmaan lääkärihelikopterin aloituksesta
vuonna 2011 ja sen aiheuttamasta vaikutuksesta paikalliseen ensihoitojärjestelmään.

Kahden alueen erityyppisesti järjestettyjen ensihoitojärjestelmien vertailussa 
todettiin ensihoitolääkärin vähentävän vakavien aivovammapotilaiden kuolleisuutta 
ja monimuuttuja-analyysissä ensihoitojärjestelmä ilman ensihoitolääkäriä todettiin 
kuolleisuuteen vaikuttavana tekijänä, kun potilaat ikävakioitiin (II). 

Tulosten perusteella myös ensihoitolääkärin hoitamien potilaiden neurologinen 
toipuminen on parempaa ja vakioimattomassa analyysissä ensihoitolääkäri, nuorempi 
ikä ja turvattu hengitystie ovat yhteydessä hyvään neurologiseen toipumiseen (III).  
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Edellisiin tuloksiin perustuen koottua tietoa vakavien aivovammapotilaiden 
hoidosta jatkoanalysoitiin binäärisellä logistisella regressioanalyysillä (IV). 
Kuolleisuus 651 potilaan osalta ja neurologinen lopputulos 634 potilaan osalta 
analysoitiin.  

Vakioimattomassa analyysissa korkeampi ikä, matalampi GCS kohdattaessa ja 
ensihoito ilman ensihoitolääkäriä olivat muuttujia, jotka olivat yhteydessä 
korkeampaan kuolleisuuteen. Monimuuttuja-analyysissa nämä muuttujat sekä matala 
verenpaine säilyivät kuoleman riskitekijöinä. 

Hyvään neurologiseen toipumiseen yhteydessä olevat tekijät olivat nuorempi ikä, 
korkeampi GCS kohdattaessa ja ensihoitolääkärin antama hoito. Vastaava tulos 
havaittiin myös monimuuttuja-analyysissa, jossa myös matala verenpaine oli 
yhteydessä huonoon ennusteeseen. 

Väitöskirjan johtopäätöksinä voidaan todeta, että ensihoitolääkärin hoitamien 
äkillisesti sairastuneiden tai loukkaantuneiden potilaiden pitkäaikaisennuste on hyvä 
ja ensihoitolääkärin mukanaolo on yhteydessä aivovammapotilaan vähäisempään 
kuolleisuuteen ja parempaan ennusteeseen. 
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1 INTRODUCTION 

The term traumatic brain injury (TBI) includes a wide spectrum of different 
pathologies and is characterized by a broad heterogeneity in terms of aetiology, 
mechanism, pathology, and severity.  

The pathophysiological mechanism of TBI is traditionally divided into two 
phases: primary and secondary brain injury. The primary injury is the mechanical 
damage to the brain parenchyma at the time of impact and is the result of the initial 
mechanical forces. The primary injury evolves over time, reaching its peak in the 
following hours and overlapping with the early phases of secondary brain injury.  

The secondary brain injury, originally initiated by the primary injury, takes place 
in the ensuing hours and days and can lead to increased mortality and disability(1).  
Intracranial and extracranial or systemic insults may complicate the primarily injured 
brain and result in secondary brain injury(2). 

Worldwide, TBI is one of the leading causes of death and permanent disability, 
particularly in young adults(1). The prognosis of patients suffering from severe TBI 
depends on early support of vital functions(3, 4), and effective prehospital 
assessment and treatment is considered essential for good neurological recovery(5).  

Hypotension, hypoxia, and hypercapnia have been shown to result in secondary 
brain injuries that can lead to increased mortality and disability(1). The management 
of severe TBI focuses on the prevention of a secondary ischemic brain injury by 
optimizing the balance between cerebral oxygen delivery and utilization(3, 6). 

The aim of physician-staffed emergency medical services (EMS) is to supplement 
other EMS units in the care of prehospital patients and provide advanced care and 
interventions beyond the scope of standard EMS to improve the outcome of 
critically ill or severely injured patients. 

EMS systems and prehospital care are difficult to evaluate. Accordingly, the true 
efficacy and value of such systems are difficult to determine(7). This thesis evaluates 
the impact of physician-staffed EMS on patient outcomes with a focus on 
prehospital TBI. 

 



 

16 

2 REVIEW OF THE LITERATURE 

2.1 Prehospital emergency medical services 

Out-of-hospital EMS, also known as prehospital EMS, typically refers to the delivery 
of medical care at the site of the adverse medical event. These systems include 
different services. A call centre (dispatch centre) can answer emergency calls, provide 
medical advice to the caller and, if necessary, dispatch a mobile medical care unit. 
The latter includes a vehicle that can transport medical staff to the scene and can 
adequately transport the patient to a health-care facility (typically named 
“ambulance”)(8). Ambulances are the means of transportation most used and the 
coordination and organization of all transport is usually carried out by dispatch 
centres. In general all services involved in the provision of emergency medical care 
in an out-of-hospital setting are included in this definition(8). 

Two main models of prehospital emergency care delivery exist: the Anglo-
American model, which “brings the patient to the hospital,” and the Franco-German 
model, which “brings the hospital to the patient”(9). In the Anglo-American 
concept, well trained paramedics fulfil this task, whereas in some European countries 
physicians, particularly anaesthesiologists, are responsible for the emergency medical 
care of these patients(10). 

2.1.1 EMS in Scandinavia 

In Scandinavia, scattered populations and challenging geographical and climatic 
conditions necessitate highly advanced medical treatment by qualified prehospital 
services. Prehospital emergency care in Scandinavia is mainly provided by ground 
ambulance units staffed by emergency medical technicians, paramedics, and nurses, 
as well as on-call general practitioners and specialist response units or prehospital 
critical care teams using aircrafts and rapid response cars(11). Anaesthesiologists as 
prehospital physicians and their strong participation for all critically ill and injured 
patients in-hospital is an acknowledged and integrated supplement to the 
Scandinavian EMS(12). As these services take care of a variety of patient groups, 
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skills are needed not only in procedures, but also in diagnostics, logistics, intensive 
care, and mass-casualty management(13). 

2.1.2 EMS in Finland 

In Finland, the national emergency phone number 112 connects the caller to the 
dispatch centre. Dispatchers use a national criteria-based dispatch system and a 
tiered EMS response system. Variations exist in the level of prehospital care, due to 
the independence of each municipality. In larger cities, the fire brigade or hospital 
districts are the usual EMS providers, whereas private entrepreneurs are most 
frequently used in rural areas(12). In populated areas, response times for a basic life 
support (BLS) unit average from 5 to 7 minutes. Advanced life support (ALS) 
response times vary between 10 to 15, with fire engines acting as first responding 
units when closest(12). Ground transport to emergency departments (ED) by BLS 
or ALS units is the most common way of transportation. The prehospital on-site 
physician does specialist referrals directly from the scene. In areas without 
prehospital physicians, BLS and ALS units triage and refer patients to hospitals 
according to local directives. 

The BLS personnel mainly consists of practical nurses or fire fighters with 1.5-
three years of occupational training. Basic level skills include the use of an automatic 
external defibrillator (AED), the ability to secure the airway of a lifeless patient, and 
vascular access. No parenteral drugs are in use(12). The ALS usually employs 
emergency nurses with four years of training. The ALS units use standard operating 
procedures (SOPs) and are authorized to give intravenous drugs, provide sedation 
to facilitate tracheal intubation in unconscious patients, and initiate thrombolytic 
treatment after consulting with a physician. 

EDs are part of the hospital network consisting of 16 central and five university 
hospitals, which provide immediate neurosurgical care according to national 
guidelines (the first edition published in 2003, with an update in 2017(14)). 

Anaesthesiology services are available in all central and university hospitals. The 
first-line physicians on-call are usually residents in training, backed up by senior 
specialists. No formal trauma team or life support certification exists(12). 



 

18 

2.1.3 Prehospital physician-staffed EMS 

In 1957, the concept of a physician-staffed prehospital emergency medical team was 
implemented in the form of a coach, which contained an operating theatre. In 1971 
the German HEMS commenced operation with its Christoph rescue helicopters(15). 

The first physician-staffed EMS unit in Finland was introduced in the year 1972 
in Helsinki. During the 1980’s other physician-staffed EMS units were founded and 
the first physician-staffed HEMS unit was introduced in 1992. 

In the consensus article “The top five research priorities in physician-provided 
pre-hospital critical care”(16) Fevang et al. used the term physician-staffed EMS for 
all physician-manned prehospital emergency medical teams. The term will be used 
throughout this thesis when referring to prehospital medical teams that are manned 
by physicians. 

The aim of the physician-staffed EMS is to provide advanced care and 
interventions beyond the scope of standard EMS to improve the outcome of 
critically ill or severely injured patients. Physician-staffed EMS is often deployed by 
helicopter or land-based emergency response vehicle to patients considered likely to 
require critical care treatment in the prehospital setting. At the time of this thesis, in 
Finland, six physician-staffed EMS ground units are used in the cities of Helsinki, 
Pori, Lahti, Seinäjoki, Lappeenranta, and Kouvola and five physician-staffed HEMS 
units are located in the cities of Turku, Tampere, Kuopio, and Oulu and in the capital 
Helsinki area. Two more physician-staffed HEMS units are being planned to be 
operational by the year 2022. The HEMS physicians are mostly anaesthesiologists 
experienced in prehospital critical emergency medicine.  

The controversy surrounding physician-staffed EMS is intriguing, as there seems 
to be a common consensus regarding the need for physicians treating critically ill 
patients in the emergency room (ER)(17, 18). Conversely, it could be negligent to 
deprive patients of the physicians’ skill sets and diagnostic capabilities if it is available. 
Therefore, evidence-based decision-making for the dispatch of EMS and the delivery 
of advanced interventions is of central importance, balancing the level of safe care 
appropriate to a patient’s need with resource availability and cost benefit. This is a 
fine balance, demanding reasoning based on evidence and experience, systematically 
collected and analysed, to increase the chances of making the right decision(19). 
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2.2 Traumatic brain injury 

The term traumatic brain injury includes a wide spectrum of different pathologies 
and is characterized by a broad heterogeneity in terms of aetiology, mechanism, 
pathology, and severity. The term head injury is often used synonymously with TBI 
but may refer to an injury of the skull with no pathological abnormalities in the brain. 

Worldwide, TBI is one of the leading causes of death and permanent disability, 
particularly in young adults(1). In a review of the epidemiology of traumatic brain 
injuries in Europe, an overall incidence rate of 262 per 100,000 for admitted TBI 
was derived, and an average mortality rate of 10.5/100,000 was estimated(20). 

The epidemiology of TBI has changed over time. A shift toward an older age of 
patients with TBI has been observed, especially in high-income countries, with falls 
representing the primary cause of TBI among the elderly, resulting in more 
contusional injuries. The high incidence of comorbidities and the frequent use of 
platelet aggregation inhibitors and oral anticoagulants among older patients have a 
negative influence on outcome following TBI(21). In Europe, TBI accounts for the 
greatest number of total years lived with disability resulting from trauma and is 
among the top three causes of injury-related medical costs(22, 23). 

TBI is caused by an insult to the brain caused by an external physical force that 
may produce a diminished or altered state of consciousness, which results in an 
impairment of cognitive abilities or physical functioning. TBI can be isolated, but it 
is associated with extracranial injuries in about 35 % of cases(24). Multiple injuries 
increase the risk of secondary brain damage. 

There are three generally acknowledged levels of TBI severity: Mild TBI is a 
trauma to the head that results in a confused state or a loss of consciousness of less 
than 30 minutes. In this level, the initial Glasgow Coma Scale (GCS) is 13-15, and 
posttraumatic amnesia lasts less than 24 hours. Moderate TBI is a trauma to the head 
that results in a loss of consciousness from 30 minutes up to 24 hours and an initial 
GCS of 9-12. Posttraumatic amnesia can last from 24 hours up to seven days. Severe 
TBI is a trauma to the head that results in a loss of consciousness of more than 24 
hours, an initial GCS of 3-8, and a posttraumatic amnesia period of more than seven 
days(14). 

The leading causes of TBI in the general population are falls, motor vehicle 
crashes, blunt impact (e.g., being struck by or against a moving or stationary object), 
and assaults. Different age groups are affected to varying degrees. Falls account for 
a large proportion of TBIs among children aged 0–14 years and among adults aged 



 

20 

≥ 65 years. Motor vehicle crashes and assaults are the predominant causes of TBIs 
in teens and young adults aged 15–34 years(25). 

Approximately 10-20 % of all TBIs are moderate or severe in nature, requiring 
treatment in an intensive care unit (ICU)(26, 27).  From this patient group, one in 
two people die or are left with severe lifelong disabilities, demonstrating the 
prognosis of TBI(28, 29). Half of those who die from TBI do so within the first two 
hours of injury. Therefore, EMS personnel are often the primary healthcare 
providers attending patients with TBI(1). Prehospital assessment and treatment is a 
critical link in providing appropriate care(30), as the prognosis of patients with severe 
TBI and low GCS scores depends strongly on the early support of vital functions(3, 
4). 

As of today, there are no specific diagnostic tests for TBI. The diagnosis of TBI 
is established based on clinical symptom such as the presence of any documented 
loss of consciousness and/or amnesia (retrograde or post- traumatic). Additional 
clinical investigations can be driven by the patient’s level of awareness, presence of 
risk factors, and mechanisms of injury(31). Computer tomography (CT) is the 
preferred method of assessment on hospital admission to determine structural 
damage and to detect (developing) intracranial haematomas. Traumatic intracranial 
lesions occur frequently in severe and moderate injuries, but are also reported in 14 
% of patients with a GCS of 14(32). 

2.2.1 Primary and secondary brain injury 

The pathophysiological mechanism of TBI is traditionally divided into two phases: 
primary and secondary brain injury. The primary injury is the mechanical damage to 
the brain parenchyma at the time of impact and is the result of the initial mechanical 
forces. The primary injury evolves over time, reaching its peak in the succeeding 
hours and overlapping with the early phases of secondary brain injury. The primary 
brain injury can include extradural and subdural haematomata, intracerebral 
contusions, and diffuse axonal injuries. 

The secondary brain injury, originally initiated by the primary injury, takes place 
in the ensuing hours and days and can lead to increased mortality and disability(1).  
Intracranial and extracranial or systemic insults may complicate the primarily injured 
brain and result in secondary brain injury(2). 

Secondary intracranial brain insults include cerebral oedema, hematomas, 
hydrocephalus, intracranial hypertension, vasospasm, metabolic derangement, 
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infections, and seizures(33, 34). Secondary systemic brain insults are mainly ischemic 
in nature. As cerebral oxygen delivery is partly determined by arterial oxygen content 
and partly by cerebral blood flow (CBF), it is affected by cerebral autoregulation. 
When the autoregulation is impaired, a correlation between mean arterial pressure 
(MAP) and CBF exists, making the brain susceptible to ischemia or hyperemia(35, 
36). 

The management of severe TBI focuses on the prevention of a secondary 
ischemic brain injury by optimizing the balance between cerebral oxygen delivery 
and utilization(3, 6). Therefore, the treatment focuses on inhibiting the progression 
of the primary brain injury and preventing and reversing a secondary brain injury(2, 
6). In particular, prehospital prevention of hypoxia by adequate respiratory 
management, including a secured airway, normoventilation, and the prevention of 
aspiration, is strongly associated with improved outcomes(37-40). 

2.2.2 TBI patient prognosis 

The Glasgow Outcome Score (GOS) is a scale that applies to patients with brain 
damage, allowing the objective assessment of their recovery. The first description 
was in 1975 by Jennett and Bond(41). In 1981, Jennett and colleagues expanded the 
five-point GOS into an eight-point scale extended GOS (GOS-E) by dividing each 
of the moderate, severe disability, and good recovery categories into two: better and 
worse(42). 

The original GOS and GOS-E are recommended by several national bodies and 
are the most highly cited outcome measures in studies on brain injury(43). The 
benefits of GOS are that it is freely available, simple to use, and requires little 
training. It has also been validated and proven reliable with adult and paediatric 
versions available. 

The original GOS scale consists of five categories (Table 1), each of which is 
descriptive; the three most positive categories are related to social function and 
return to work. 
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Table 1.  The GOS categories(41) 
1. Death Death 

2. Vegetative state  Severe damage with prolonged state of unresponsiveness and a lack of higher 
mental functions 

3. Severe disability Severe injury with permanent need for help with daily living 

4. Moderate disability No need for assistance in everyday life, employment is possible but may 
require special equipment 

5. Good recovery Light damage with minor neurological and psychological deficits 

 

The outcome after a head injury is generally assessed at six months after the injury. 
About 90 % of the recovery occurs within this time period(42). Survivors of severe 
TBI have a low life expectancy, dying over three times faster than the general 
population(44). Most survivors are left with severe lifelong disabilities(28, 45, 46). 
Furthermore, survivors face prolonged care and rehabilitation, and have consequent 
long-term physical, cognitive, and psychological disorders that affect their 
independence, relationships, and employment(46). In 2007, a conservative estimate 
of lifetime costs per case of severe TBI was US$ 396,331, with costs for disability 
and lost productivity ($ 330,827) outweighing those for medical care and 
rehabilitation ($ 65,504)(47). 

A large meta-analysis has shown decreasing mortality rates in patients with severe 
TBI by almost 50 % over the last 150 years. It also showed mortality rates were 
steady from 1930 until 1970, at which point mortality decreased at a rate of 9 % per 
decade until 1990. Mortality has remained stable at approximately 35 % ever since 
suggesting no advances in patient outcomes over the last quarter-century(48). On 
the other hand, studies after 1990 have also reported improvements in TBI patient 
outcomes as a result of an advancement in TBI care guideline development(49, 50) 
and active intensive care(51-54), for example. 

2.3 TBI prognostic factors 

Large registry studies have revealed that outcomes in TBI profoundly rely on 
demographic and trauma-related factors, such as age, motor score, pupillary 
reactivity, CT classification, and secondary factors, such as hypoxia and arterial 
hypotension(29, 55-57). 

This thesis aims to more specifically evaluate the relationship between the role of 
EMS physicians and prehospital treatable secondary brain injury risk factors, 
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including prehospital hypoxic or hypotensive events, with outcomes in patients with 
severe TBI. The evaluation is performed in the context of the prehospital 
environment with predictors that are of value in the prehospital treatment phase(58). 

2.3.1 The effect of patient demographics on TBI prognosis 

Age is known to have prognostic value following TBI, and older patients have been 
reported to have increased mortality and worse functional outcomes compared to 
younger patients(59-64). The full extent of the impact of age has yet to be 
examined(64). In moderate to severe isolated head injuries, it has been noted that 
the patients admitted for head trauma are distributed by age groups with two typical 
peaks in the 21–30 and 71–80 age groups(59). 

Age has an effect on mortality independent of other factors(63). This might be 
related to the properties of the aging brain and its ability to heal, the type of brain 
injury, or because aging affects the physiologic status and creates a more destructive 
injury(63, 65). Scalea et al.(66) have suggested elderly trauma patients have 
diminished cardiac hemodynamics and require aggressive monitoring and 
resuscitation with more pre-existing comorbidities that could alter the physiologic 
response to injury and result in more complications. It has also been suggested that 
the elderly mortality rate from head injury is higher because less aggressive therapy 
is initiated in the earlier stages of treatment, but no clear evidence of this has been 
shown(59, 63). As noted earlier, the high incidence of comorbidities and the frequent 
use of platelet aggregation inhibitors and oral anticoagulants among older patients 
have a negative influence on outcomes following TBI(21, 67). 

A clear correlation has also been found between age and the mechanism of the 
injury. Falls are thus becoming a more and more important cause of TBI, mainly in 
the high-income regions of Europe. Falls are most common in two age groups: the 
elderly and children. In contrast, road traffic accidents (RTAs) are the most frequent 
cause in young adults(20), and their role as a cause of severe TBI is dominant. RTA 
deaths are projected to increase from 1.2 million in 2002 to 2.1 million in 2030, 
primarily due to increased motor vehicle fatalities associated with economic growth 
in low- and middle-income countries(68). 

Even though TBI is more common in young men(69, 70), the gender difference 
is only seen from puberty until middle age. During a large part of the life span, the 
TBI rates are roughly equal between the sexes, as there are no gender differences in 
the incidence of children sustaining TBI(71). When considering adults, the incidence 
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of TBI appears to be approximately the same in men and women aged 45 to 75 years. 
After age 75 , there is a slightly higher incidence of mild head injury in women, mostly 
due to falls(70). It has been reported that females experience worse overall outcomes 
after TBI compared to male survivors(72), although this remains controversial, as 
the contradictory has also been reported(73). 

2.3.2 GCS 

The Glasgow Coma Scale has been widely adopted in clinical practice and health 
care research as an instrument for assessing the (depressed) level of 
consciousness(74). The GCS was developed by Teasdale and Jennett in 1974(75) and 
is widely used in the prehospital setting. The acronym GCS can refer to either the 
Glasgow Coma Scale (individual components) or the Glasgow Coma Score (total 
sum of components). 

Over time, the sum score has been included in various clinical stratification and 
outcome prediction scores, such as Acute Physiology and Chronic Health Evaluation 
(APACHE) II, Revised Trauma Score (RTS), and Trauma and Injury Severity Score 
(TRISS), and has been adopted in several guidelines, such as the National Trauma 
Triage Protocol and severe TBI guidelines. 

The GCS consists of three components: eye response, verbal response, and 
motor response, which are added together for a score from 3 to 15. The GCS is 
traditionally used to classify TBI into mild (GCS 13-15), moderate (GCS 9-12), and 
severe (GCS 3-8)(76). Individual patients are best described by the three components 
of the coma scale; whereas the derived total coma score should be used to 
characterize groups(74). 

The prognostic value of the sum score has been extensively studied in patients 
with TBI. Lower sum scores have been associated with poorer outcomes, and an 
approximately linear relation between mortality and sum score is reported in patients 
with TBI(74). The relationship between prehospital GCS and mortality and 
neurological outcomes in TBI has been found to be a significant and reliable 
indicator of the severity of the injury(30, 77-80). Mortality increases and neurologic 
outcomes worsen in patients with a GCS score below 8. In particular, a GCS score 
of 3 at presentation has been associated with a significantly poor outcome(81-83). 
However, mortality rates may differ for patients with different combinations of the 
three component scores despite similar sum scores(84, 85). It is possible for patients 
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to have the same total GCS score but significantly different risks of mortality due to 
differences in the GCS profile making up that score(85). 

2.3.3 Pupillary size and light reactivity 

Poor reactivity or pupil dilation is thought to be a result of third cranial nerve 
compression and subsequent brain stem compromise. In general, this process starts 
asymmetrically leading to a unilateral pupil dilatation that may evolve to bilateral 
mydriasis and, if not quickly reversed, evolves to brain death. It has also been 
suggested that poor reactivity or dilated pupils may be a result of reduced blood flow 
to the brain stem when compromised autoregulation could vary according to 
changes in blood pressure. 

Pupillary size and light reactivity are vital to the neurologic assessment of patients 
with a history of head trauma. An acute dilation of the pupil and unresponsiveness 
to light is considered a neurological emergency and is strongly associated with a poor 
prognosis(86). In patients with severe TBI, the mortality has been shown to increase 
in mean three and 20 times, respectively, in patients admitted with unilateral or 
bilateral mydriasis in comparison to those with isochoric pupils(87). 

Pupillary function may be an indicator of brain injury after trauma, but it is not a 
specific indicator of injury severity or involved anatomy(1). Asymmetry is defined as 
> 1 mm difference in diameter and fixed pupil as < 1 mm response to bright light(1).
It is recommended that in-hospital post-stabilization values be used for clinical trial
design and prognosis(86).

2.3.4 Hypotension 

The three main factors determining cerebral oxygenation are CBF, arterial oxygen 
content, and cerebral metabolic rate of oxygen consumption. The cerebral perfusion 
pressure (CPP) is the difference between the mean arterial blood pressure (MAP) 
and the intracranial pressure (ICP). CPP is the most frequently used surrogate for 
CBF measurements. It represents the vascular pressure gradient across the cerebral 
vascular bed. CPP is easily performed, provides a continuous measurement, and 
forms part of the management guidelines of the Brain Trauma Foundation. 
However, the optimal CPP threshold continues to be controversial(88). 

Autoregulation is a term used for a process maintaining a relatively stable CBF. 
It can be defined as the ability of arteries to vasodilate or vasoconstrict in response 



 

26 

to changing perfusion pressure. Autoregulation can become impaired or abolished 
by a variety of insults including trauma, hypoxemia, hypercapnia, and large-dose 
volatile anesthetics(89). TBI can lead to a situation where CBF becomes dependent 
on blood pressure. 

The level of systolic blood pressure (SBP) has long been felt to play a critical role 
in the secondary injury cascade after severe TBI(6). Hypotension can result in 
reduced cerebral perfusion and neuronal ischaemia. Additionally, hypotension has 
been shown to correlate with diffuse brain swelling(90). There are several underlying 
pathophysiologic mechanisms. If autoregulation remains intact, a drop in SBP 
triggers an autoregulatory vasodilation to maintain adequate brain perfusion. This 
results in an increased cerebral blood volume, which in turn elevates intracranial 
pressure(6). If autoregulation is not intact, there is a dependency on SBP to prevent 
cerebral ischemia, which has been ascribed to be the most important secondary 
insult(91). 

The TBI guidelines recommend a minimum systolic pressure of 90 mmHg in 
adults with severe TBI(1). This target is based on studies showing higher mortality 
with a SBP of less than 90 mmHg (3, 77, 92-95).  TBI studies typically incorporate 
SBP as a binary variable with a cut-off value of 90 mmHg, although the defining 
level of hypotension in TBI is unclear. At the time of this thesis, studies have been 
done suggesting SBP values higher than 90 mmHg are most likely beneficial for 
patients with isolated severe TBI(95-100). MAP may be of greater relevance than 
SBP in TBI due to its direct influence on CPP(88). 

2.3.5 Hypoxia and airway 

As early as 1978, Miller suggested brain ischemia after an injury could be exacerbated 
by secondary insults, and care for the patient with head injuries should start at the 
roadside(101). Since then, it has been concluded that hypoxemia is a strong predictor 
of the outcome in TBI, and the negative effect of hypoxemia on the outcome has 
been demonstrated in several studies(3, 4, 56, 92, 102). 

Early definitive airway control has become an established principle in the 
management and resuscitation of critically injured patients. Particularly in a patient 
with a head injury, where hypoxemia and hypercapnia can worsen the brain injury, 
this practice in considered standard(103). 

The current prehospital guidelines recommend avoiding and correcting 
hypoxemia (oxygen saturation SpO2 < 90 %) immediately upon identification using 
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supplemental oxygen and varying combinations of bag mask ventilation, 
endotracheal intubation, and other airway adjuncts(1). 

Advanced airway management is defined in the current guidelines as the use of a 
device (endotracheal tube, laryngeal mask airway, or oesophageal tracheal tube), not 
including oropharyngeal and nasopharyngeal airways, to ensure a patent airway(1). 

When considering the possible benefits of the prehospital endotracheal 
intubation of TBI patients, the literature is inconclusive(104). Some studies indicate 
benefits in survival, while others show increased mortality(37, 79, 105). 
Desaturations (SpO2 < 70 %) during intubation or any oxygen desaturation (SpO2 
< 90 %) has been associated with higher mortality(106). Most studies are 
retrospective and study paramedics performing endotracheal intubation with a 
minimal use of sedative agents and muscle relaxants. 

A recent systematic review addressed the effect of the EMS providers’ experience 
on prehospital intubation (PHI). The review concluded that PHI by healthcare 
professionals with limited experience is associated with increased mortality and 
suggested such providers should not routinely perform PHI in severe TBI 
patients(107). According to current knowledge, prehospital endotracheal intubation 
by EMS physicians is a safe procedure with low complication and high success 
rates(108-117). 

2.3.6 Ventilation 

According to the TBI guidelines, normal ventilation is the goal for severe TBI 
patients(103). Under normal conditions, PaCO2 is the most powerful determinant of 
CBF. Therefore, low PaCO2 results in low CBF and may result in cerebral ischemia, 
while high PaCO2 levels can result in cerebral hyperaemia and high ICP(103). 

Some studies have focused on the impact of prehospital ventilation on the TBI 
outcome. According to these studies, hyper- and hypoventilation are associated with 
worse outcomes(40, 106, 118-122). However, hyperventilation may be a life-saving 
intervention in the setting of acute brainstem herniation(123, 124). Apart from this 
specific indication, there is a consensus that preclinical hypoventilation as well as 
hyperventilation should be avoided in severe TBI(5, 125). 
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2.3.7 Prehospital time frames 

One of the most well-known principles in prehospital medicine is the golden hour 
of trauma(126), even though the evidence for the golden hour and timing of 
craniotomies for head injuries on patient outcomes is limited(127-129). The 
prehospital time frames can be divided into activation time (AT), response time (RT), 
on-scene time (OST), transport time (TT), and total prehospital time (TPT)(130). 

The literature is inconclusive about the effect of prehospital mission times on the 
outcomes of severe TBI patients(58, 129, 131-134). This is most likely associated 
with different prehospital treatment strategies (such as scoop-and-run and stay-and-
treat) and interventions, such as the airway management performed on-scene, which 
influence the OST and could have an impact on the outcomes of the TBI patients. 
It has also been suggested that an indirect transfer of TBI patients is associated with 
a 50 % increase in mortality, and a direct transfer to a trauma centre is indicated even 
if this centre may not be the closest hospital(135). 

2.3.8 Other potential prehospital interventions 

Despite the potential benefits of early intervention, few prehospital treatment 
options have proved effective(46). Lifting the upper body to a 15-30  angle with the 
head in a neutral position is a widely approved treatment, although the scientific 
evidence is scarce(14). 

There are no trials comparing the efficacy of different anaesthetics for prehospital 
rapid sequence intubation (RSI) in patients with severe TBI. A systematic review of 
sedation for critically ill adults with severe TBI found no convincing evidence that 
one sedative agent is more efficacious than another for the improvement of patient-
centred outcomes, ICP, or CPP(136). Anaesthetics with vasodilatory features may 
induce unwanted hypotension, resulting in secondary brain injury(5). 

Tranexamic acid is an anti-fibrinolytic drug that could reduce the risk of mortality 
and disability from TBI (46, 137). In the CRASH-2 trial(138), tranexamic acid 
reduced mortality in trauma patients, but the results from a sub-study of TBI patients 
of CRASH-2 were inconclusive(139). This was further studied in the CRASH-3 trial 
with the conclusion that tranexamic acid is safe in patients with TBI, and treatment 
within three hours reduces head injury-related deaths in mild-to-moderate TBI, but 
not in patients with severe TBI(140). 



 

29 

In theory, hypertonic solutions influence ICP by producing an osmotic gradient 
between the intravascular and the intracellular/interstitial compartments. Although 
it has been suggested that prehospital resuscitation with hypertonic saline is 
associated with a reduction in the serum levels of commonly assessed biomarkers of 
brain injury(141), hypertonic solutions have not proven to be more effective than 
isotonic saline(142-144). Studies also suggest hypertonic saline solutions are slightly 
more effective than mannitol at reducing ICP in patients with established intracranial 
hypertension(145-148), but high-quality clinical trials have not reported improved 
survival or neurological outcomes(149). 

Although mild therapeutic hypothermia (MTH) has theoretical benefits, 
including a reduction or delay in metabolic consumption during the stress of a central 
nervous system (CNS) injury, no effect on the outcome has been shown(150-153). 
A recent study found no differences in the rates of poor neurological outcomes or 
mortality among patients with severe TBI who received prolonged (  72 h) MTH 
(32–34°C), slow rewarming and neurological intensive care compared to those who 
received only strict fever control (35.5–37°C)(154). 

Hyperoxemia has been proposed to improve cerebral oxygenation and outcomes 
in TBI patients(5). While mild hyperoxemia has been suggested to have beneficial 
effects in TBI, extreme hyperoxemia has been associated with increased mortality 
and decreased positive outcomes among TBI patients(155). Targeting hyperoxemia 
seems to be a safe approach when trying to maintain adequate brain 
oxygenation(156). 

In the CRASH trial, there was no evidence of the effect of corticosteroids in 
adults with severe TBI as the risk of death was higher in the treatment group than 
in the control group(157). Furthermore, a review did not find evidence that 
progesterone could reduce mortality or disability in patients with TBI(158). 
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3 AIMS OF THE STUDY 

The aim of this thesis is to evaluate the effect of a physician-staffed EMS in the 
treatment of prehospital patients with a focus on prehospital airway management 
and TBI. The hypothesis was that the implementation of a physician-staffed EMS 
would have a positive effect on patient outcomes. 

 
The specific aims were: 

 
1. Evaluate the long-term outcomes of critically ill or severely injured 

patients treated by an EMS physician in the prehospital setting (I). 
 
2. Evaluate the impact of EMS physicians treating prehospital severe TBI 

patients in differently structured EMS systems (II-IV). 
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4 MATERIAL AND METHODS 

4.1 Study setting 

Finland covers an area of 338,000 km2 with a population of 5.5 million. Half of the 
population lives in the south, whereas the middle and especially the northern parts 
of the country are mainly rural. Organizing EMS system is the responsibility of 20 
hospital districts. In larger cities, the fire brigade is the usual EMS provider, whereas 
private entrepreneurs are most frequently used in rural areas. Generally, the EMS 
system in general is three-tiered: basic life support (BLS), advanced life support 
(ALS), and physician-staffed units. Rescue departments and voluntary service fire 
engines can also be used as first responders. 

4.1.1 The Pirkanmaa paramedic-staffed EMS system 

The Pirkanmaa Hospital District is situated in South-Western Finland. There are 
approximately 200,000 inhabitants in the city of Tampere and another 250,000 
inhabitants in the surrounding communities. Until the year 2011, there were no 
dedicated EMS medical directors, and prehospital crews consulted on-call hospital 
physicians and local general practitioners for treatment guidelines. Physician-staffed 
prehospital units and online medical supervision were not available. Paramedic-
staffed EMS units provided prehospital care in this region. During the study period, 
patients with a decreased level of consciousness were routinely administered oxygen 
according to national guidelines. Neuromuscular blocking agents were not available 
in the prehospital service, and prehospital advanced airway management was 
performed using sedatives and opioids, if at all. 

4.1.2 The Pirkanmaa physician-staffed EMS system 

A physician-staffed HEMS was introduced into the EMS in the autumn of 2011, 
covering all 22 municipalities in the region. The HEMS is dispatched on primary 
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missions together with basic or advanced life support EMS units. The role of the 
helicopter is primarily to transport the physician to the scene. Subsequently patient 
transport is usually carried out by EMS ground vehicles with the physician escorting 
the patient unless significant time gain is anticipated. In these selected cases and 
when logistically beneficial, transportation by the helicopter unit is used. The 
physicians are anaesthesiologists experienced in prehospital critical emergency 
medicine who conduct advanced airway management according to the HEMS unit 
TBI standard operation procedure (SOP). 

General anaesthesia complying with the principles of neuroanaesthesia, including 
hypnotics, opioids, and neuromuscular blocking agents, is routinely used for RSI. 
Capnography-assisted controlled ventilation and invasive haemodynamic 
monitoring with arterial blood gas sampling are also routinely used. If necessary, 
noradrenaline-infusion and hypertonic saline are administered according to the unit’s 
TBI SOP and national guidelines. One university hospital provides tertiary care in 
the region. 

4.1.3 The Helsinki and Uusimaa area physician-staffed EMS system 

The Helsinki and Uusimaa Hospital District is situated in the southern part of 
Finland, and a total of 1.3 million people inhabit the capital area. The hospital 
district’s EMS system is three-tiered with two physician-staffed units: a physician-
staffed mobile intensive care unit serving the city of Helsinki and a HEMS unit 
serving the rest of the region. The physician-staffed units provide the third tier and 
operate as described above. As in the Pirkanmaa hospital district, one university 
hospital operates as the tertiary referral centre, providing standardized immediate 
neurosurgical care according to national guidelines. 

4.2 Data collection 

To evaluate the long-term outcomes of critical patients treated by an EMS physician 
in the prehospital setting, data of 483 critically ill or severely injured patients treated 
by the Helsinki region HEMS between 2007-2011 were analysed (I). The study 
patients were gathered from the HEMS database, and the need for prehospital 
advanced airway management was used as an indicator to identify critical prehospital 
patients. 
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To evaluate the role of EMS physicians’ involvement, the prehospital treatment 
and outcomes of patients with severe TBI from 2005-2010 and 2012-2015 in two 
study locations (the Helsinki and Uusimaa region and Pirkanmaa region, Finland) 
were determined for this thesis (II-IV). The Helsinki and Uusimaa area represents a 
10-year patient flow in a physician-staffed EMS system. The Pirkanmaa patient 
cohort is divided into two sections: 2005-2010 with no prehospital physician service 
and 2011-2015 after the implementation of a physician-staffed EMS unit. The data 
covering 2011 were excluded, as a physician-staffed HEMS was implemented in the 
Pirkanmaa Hospital District that year and significantly impacted the local EMS. 
Included patients were identified based on the ICD-10 discharge diagnosis for TBI 
(S06.2-S06.6, S06.8) retrieved from their records. Inclusion criteria for the studies 
were as follows: severe isolated TBI presenting with unconsciousness defined as a 
GCS score ≤ 8 occurring either on-scene, during transportation, or verified by an 
on-call neurosurgeon on admission to the hospital. Patients with concomitant 
multiple injuries with the need for emergency surgical interventions (other than 
neurosurgery) were excluded, as were patients transferred from other hospitals 
(inter-hospital or, in other words, secondary transfers). 

Age, gender, prehospital time frames, mechanism of the injury, GCS score, vital 
signs, and treatment were reviewed on-scene and on arrival at the ED when 
appropriate for the specific study in question. Patients’ neurological statuses six 
months or one year after their incident was determined from hospital records and 
assessed with a simplified three-category six-month GOS. A GOS of 1 denoted 
death within six months, GOS 2-3 denoted a poor neurological outcome (need for 
assistance in activities of daily living), and GOS 4-5 denoted good neurological 
recovery (independent life). Mortality data were obtained from the national statistical 
authority, Statistics Finland. 

For studies II-IV, an overview of the patients is presented in Table 2, where the 
cohorts have been grouped A-D in relation to the EMS system to visualize 
comparisons. The number of patients in these groups are based on publication IV 
and slightly differ between the original publications due to the differences in the used 
follow-up periods and the availability of mortality and neurological outcome data in 
each publication. For more details, please refer to the flowcharts in the original 
publications attached to this thesis. 
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Table 2.  Overview of the study patients 
Group Year EMS Location n 

A 2005-2010 paramedic PSHP 181 
B 2005-2010 physician HUS 270 
C 2012-2015 physician PSHP 85 
D 2012-2015 physician HUS 115 

PSHP = Pirkanmaa hospital district 
HUS = Helsinki and Uusimaa hospital district 

Groups A and B were compared in paramedic- versus physician-staffed EMS 
settings (II). Groups A and C were compared in a before-after setting regarding the 
implementation of a physician-staffed HEMS (III). To predict survival and good 
neurological outcomes for all studied patients, group D, previously unused data 
(representing 18 % of the total information), was added to groups A-C. The data 
was further analysed using a binary logistic regression analysis (IV). The evaluation 
was performed in the context of the prehospital environment with predictors that 
have been shown to have prognostic value in the prehospital treatment phase. 

4.3 Statistical methods 

Results are expressed as medians and ranges or percentages, while categorial 
variables were compared using the chi-square or Fisher’s exact test. The odds ratios 
and 95 % confidence intervals were calculated using univariate and multivariable 
binary logistic regression to identify predictors of good neurological outcomes and 
one-year mortality (II, III, and IV).  Comparisons between groups were performed 
using the log-rank test (II, III), and variables of the univariate analysis with p < 0.05 
were added to the multivariable analysis (III). Kaplan-Meier survival curves illustrate 
the survival in different prehospital patient groups (I), the one-year survival rate in 
the comparison between paramedic- and physician-staffed EMSs (II), and the 
difference in the six-month survival rate after the implementation of physician-
staffed EMS (III). 

In study IV, a binary logistic regression analysis was used to predict survival and 
good neurological outcomes. The following known conventional prognostic 
variables for TBI were available in the prehospital setting: age, on-scene GCS, 
hypoxia, and hypotension.  Based on the hypothesis that the treatment provided by 
on-scene EMS physicians would be beneficial, EMS physicians were added to the 
analysis as a potential predictive factor for prognosis. 
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The data were analysed using IBM SPSS Statistics for Windows (Version 21.0; 
IBM Corp., NY, USA), released in 2012. For all studies, statistical significance was 
considered at a value of less than 0.05. 

4.4 Ethical considerations 

The protocol for study I was approved by the Coordinating Research Director of 
the Helsinki University Hospital. As the study was observational and analysed 
routinely collected data, the approval from the Ethics Committee was not considered 
mandatory at the Helsinki University Hospital. 

The protocols for studies II-IV were reviewed by the Regional Ethics Committee 
of the Pirkanmaa Hospital District with permissions to conduct the studies obtained 
from the Research Directors of Tampere (II-IV) and Helsinki University Hospitals 
(II, IV). 

All studies were registered in ClinicalTrials.gov: NCT02307123 (I), 
NCT02307123 (II), NCT02659046 (III, IV). 
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5 RESULTS 

An overview of the study designs and main results of the studies included in this 
thesis are presented in Table 3. 

Table 3.  Overview of study designs and main results 
 Study I Study II Study III Study IV 
Study question Long-term 

outcomes of critical 
prehospital 
patients treated by 
EMS physicians 

Outcomes of TBI 
patients in two 
regions with 
differently 
structured EMS 
systems 

The effect of 
introducing a 
physician-staffed 
HEMS in the 
treatment of 
severe TBI 
patients in a 
before-after setting 
 

Binary logistic 
regression analysis 
and evaluation of 
the effect of EMS 
physicians on TBI 
patients 

Number of patients 483 451 266 651 
 

Years 2007-2011 2005-2010 2005-2010 
2012-2015 

2005-2010 
2012-2015 
 

Main outcome 1-year mortality 
and neurological 
outcome 

1-year mortality 
and neurological 
outcome 

6-month mortality 
and neurological 
outcome 

6-month mortality 
and neurological 
outcome 
 

Main result 35% mortality, 
good recovery: 
85% of the 
survivors 

Lower mortality in 
physician- (42%) 
treated compared 
to paramedic-
treated (57%) TBI 
patients (p=0.001) 

Improved 
neurological 
outcomes after 
(42% vs. 28%) the 
implementation of 
physician-staffed 
HEMS (p=0.022) 

An on-scene EMS 
physician treating 
severe TBI 
patients was 
associated with 
lower mortality (OR 
0.53, p=0.005) and 
better neurological 
outcomes (OR 
1.75, p=0.020) 

Good recovery = Light damage with minor neurological and psychological deficits(41) 
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5.1 Long-term outcomes of critical patients treated by EMS 
physicians 

Advanced airway management was used as an indicator of the severity of the 
patients’ conditions in 483 critically ill or severely injured patients (excluding cardiac 
arrest) who were treated in the prehospital setting by the Helsinki area HEMS 
between 2007-2011 (I). The main indication for PHI in the study population was a 
decreased level of consciousness without trauma or due to trauma. Other indications 
were a minority, as they covered less than 10 % of the cases (Figure 1). The main 
prehospital diagnoses were trauma with isolated or concomitant head injury (32.9 %) 
and suspected spontaneous intracranial pathology (21.7 %). Males were most often 
suspected to have a decreased level of consciousness due to an isolated or 
concomitant head injury (36.2 %), whereas in females, the most frequent prehospital 
diagnosis was spontaneous intracranial pathology (28.5 %). 

Figure 1. Indications for PHI in study I 
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The patients’ one-year mortality (GOS 1) was 35 %. The probability of death 
increased with age (OR 1.05; 95% confidence interval 1.04-1.06). Of the patients 
who died, 43 % died within the first 24 hours, and 68 % within a week and 82 % 
within 30 days after the incident. Good neurological recovery (GOS 4-5; i.e., the 
ability to live an independent life) was found in 55 % of the patients. Most of the 
patients in the younger age groups (below 60 years of age) and 85 % of the survivors 
recovered neurologically well. 

5.2 The impact of EMS physicians treating TBI patients 

5.2.1 Patient characteristics 

The TBI study populations are shown in Table 4. 

Table 4.  Baseline characteristics 
 Paramedic vs. physician 

EMS 
Introduction of physician 

into paramedic EMS 
Effect of on-scene 

physicians on outcomes 
Study II III IV 
No. patients 451 (181+270) 266 (181+85) 651 (181+270+85+115) 
Age (y, median, range 54 (6-89) / 50 (0-90) 54 (6-89) / 53 (4-92) 50 (0-92) 
Gender (male, %) 70 % / 74 % 70 % / 68 % 74 % 
Primary GCS (median) 5 / 4 5 / 5 5 
Airway secured (%) 16 % / 98 % 16 % / 95 % 74 % 

5.2.2 Comparison of outcomes in paramedic- versus physician-staffed 
EMS 

The characteristics and neurological outcomes of 451 TBI patients treated in two 
differently structured EMSs during a six-year period were studied (II). The 
paramedic-treated cohort included 181 TBI patients, and the physician-treated 
cohort included 270 patients. The baseline characteristics of the patients were similar 
(Table 4). The response time of the first EMS unit on-scene did not differ between 
the groups. However, the total mission times were shorter in the paramedic-treated 
group with a median time of 54 (range 18–180) minutes compared to the physician-
treated group with 72 (range 23–191) minutes (p < 0.001). 

Hypotension was present on-scene in 4 % of the patients treated by paramedic-
staffed EMS, and hypoxia was documented in 19 %. The corresponding figures in 
the patients treated by physician-staffed EMS were 3 % (p = 0.44) and 15 %, (p = 
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0.31), respectively. Advanced airway management was performed in 16 % of the 
patients in the paramedic EMS group and in 98 % of the patients in the physician 
EMS group (p < 0.001). When considering the treatable reasons for a secondary 
brain injury at the time of arrival to the ED, hypotension was recorded in 4 % of the 
patients in both study groups, but the patients in the paramedic EMS group were 
more often hypoxic (10 % vs. 1 %, OR 10.05 CI 2.91–34.67, p < 0.001). 

One-year mortality was higher in the paramedic EMS group: 57 % vs. 42 % (OR 
1.86 CI 1.27-2.71, p = 0.001). A good neurological outcome was less common in 
patients treated by paramedics with 32 %, as 38 % (OR 0.74 CI 0.5-1.11, p = 0.14) 
of the patients treated by physicians had a good neurological recovery (GOS 4–5) 
with independent life one year after the event. In the multivariable analysis after the 
patients were adjusted by age, the EMS system remained as a significant risk factor 
for mortality (OR 1.69 CI 1.11-2.58, p = 0.015). 

5.2.3 Introducing HEMS to a paramedic EMS system 

The six-month outcomes of 181 TBI patients who were treated during the paramedic 
EMS period in the Pirkanmaa region were compared in a before-after setting with 
the outcomes of 85 TBI patients after the introduction of a physician-staffed HEMS 
unit (III). The baseline characteristics and the first recorded vital signs of the two 
cohorts were similar. 

Good neurological outcomes were more frequent after the introduction of the 
HEMS; 42 % of the HEMS-managed patients and 28 % (p = 0.022) of the patients 
managed by the paramedic-EMS had a good neurological recovery (GOS 4-5). There 
was a tendency towards a higher survival rate (53 % vs. 43 %, log rank p = 0.066) in 
the HEMS group during the six-month follow-up period. When two patients were 
excluded from the analysis because the attending HEMS physician made a 
prehospital decision to withhold treatment, a Kaplan-Meier analysis resulted in a 
higher survival rate (p = 0.045) of the HEMS-treated patients. 

The airway was secured more frequently in the HEMS group (p < 0.001). On 
arrival at the ED, patients in the HEMS group were less often hypoxic (p = 0.024). 
In the univariate analysis, HEMS, a lower age, and a secured airway were associated 
with good neurological outcomes. 
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5.2.4 Mortality and neurological outcomes 

Table 5.  Mortality and neurological outcomes 
 Paramedic vs. physician EMS Introduction of physician into 

paramedic EMS 
Effect of on-scene 

physicians on outcomes 
Study II III IV 
Outcome one-year six-months EMS physician effect 
 paramedic 

(%) 
physician 

(%) 
p-value paramedic 

(%) 
physician 

(%) 
p-value physician 

effect 
p-value 

 n = 181 n = 270  n = 181 n = 85  n = 651  
Mortality 57 42 0.001 53 43 0.066 decreased 0.005 
Good 32 38 0.14 28 42 0.022 increased 0.02 

Good recovery = Light damage with minor neurological and psychological defects(41) 

In general, the results of study I showed a good overall neurological recovery from 
a critically illness or severe injury. In this thesis, with a focus on TBI patients, the 
results point to an outcome benefit from EMS physicians treating severe TBI. When 
two regions with differently structured EMS systems were compared, the mortality 
was lower with EMS physicians present on-scene, as the EMS system without EMS 
physicians remained a risk factor for mortality (p = 0.015) in the multivariable 
analysis after the patients were adjusted by age (II). 

The results also show better neurological outcomes in patients treated by EMS 
physicians and in the univariate analysis, EMS physicians (p = 0.022), a lower age (p 
< 0.001), and a secured airway (p = 0.017) were associated with good neurological 
outcomes (III). 

Based on these findings, the gathered TBI patient data were further analysed with 
a binary logistic regression analysis (IV). The mortality data for 651 patients and the 
neurological outcome data for 634 patients were available for analysis. Hypoxia was 
present on-scene in 16 % of the patients, and hypotension was documented in 3 %. 
The incidence of hypoxia (4 %) was lower, and hypotension (4 %) was slightly higher 
on arrival at the ED. A physician was present on-scene in 72 % of the cases, and 
advanced airway management was performed in 74 % of the patients. The airway of 
97 % of the patients was secured in the prehospital setting when an on-scene EMS 
physician was present. 

In the univariate analysis, an increasing age, a lower on-scene GCS, and 
prehospital treatment without the presence of an EMS physician were factors 
associated with higher mortality. In the multivariable analysis, these variables, with 
the addition of hypotension, remained significant factors for mortality. 

Factors associated with good neurological outcomes in the univariate analysis 
were a lower age, a higher on-scene GCS, and the presence of an on-scene EMS 
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physician. In the multivariable analysis, all these factors remained significant for a 
good outcome, while hypotension was associated with a poor outcome. 

The significant results of the logistic regression analysis of studies II, III, and IV 
are presented with more detail in Table 6. 

Table 6.  Logistic regression analysis of studies II, III and IV 
  Univariate   Multivariable  
  OR 95% CI p-value  OR 95% CI p-value 
Mortality         
Study II EMS physician 1       
 Not present 1.60 1.22-2.08 0.001  1.69 1.11-2.58 0.015 
Study IV EMS physician 1       
 Not Present 2.03 1.44-2.88 < 0.001  1.89 1.20-2.94 0.005 
Good recovery 
Study III EMS physician 1.87 1.09-3.21 0.022  2.46 0.89-6.84 0.083 
 Not present 1       
Study IV EMS physician 1.97 1.36-2.86 < 0.001  1.75 1.09-2.80 0.002 
 Not present 1       
Good recovery = Light damage with minor neurological and psychological deficits(41) 
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6 DISCUSSION 

6.1 Main findings 

When PHI was used as a definition of a critical EMS patient it was found that more 
than half of these seriously ill or injured patients had a favourable long-term 
neurological recovery. However, the long-term mortality was close to one-third of 
the population, which most likely reflects the critical conditions leading to PHI. 

Focusing on the main prehospital diagnosis of study I, trauma with isolated or 
concomitant head injury, a comparison between two differently structured EMS 
systems revealed that physician-staffed EMS systems had an impact on the one-year 
mortality of TBI patients. Moreover, after the introduction of a physician-staffed 
HEMS unit into a paramedic EMS system, the beneficial impact was further 
confirmed, as in a six-month follow-up period, good neurological outcomes were 
more frequent in the physician-staffed EMS. Furthermore, in the binary logistic 
regression analysis, the presence of EMS physicians was associated with lower 
mortality and favourable neurological outcomes. 

6.2 EMS system evaluation 

Like every part of the health care system, a specialized prehospital EMS should aim 
to optimize its use of resources, and critically review as well as continuously assess 
the quality of its established practices. EMS systems and prehospital care are difficult 
to evaluate. Accordingly, the true efficacy and value of such systems are difficult to 
determine(7). It has been stated: "There is more solid scientific evidence about topics 
such as herbal medicine, acupuncture, hives, and constipation than there is about the 
entire practice of EMS(159)." Reliable answers to questions about the cost benefit 
are difficult to find, mainly due to methodological problems, as is often the case with 
emergency medical care. Randomized controlled trials (RCTs) may not be feasible 
because of ethical and informed-consent issues; a large-scale RCT looking at 
physician versus non-physician EMS systems would be very challenging to 
perform(13). 
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Although HEMS is a part of the prehospital trauma system in many countries, 
this service and the possible impact it has on the outcomes of traumatically injured 
patients also remains a subject of debate. Studies have been performed to evaluate 
the effect of HEMS on the outcomes of trauma patients with contradictory 
results(160-164). It has been questioned that whether it is the H or the EMS in 
HEMS that has an impact on trauma patient mortality(165). The study concluded 
that the debate whether the role and structure of HEMS in a modern trauma service 
is beneficial is likely to continue. 

6.3 Long-term outcomes of critical patients treated by EMS 
physicians 

General long-term follow-up studies on prehospital patients are few, and the 
question of how long the follow-up period should be has not been answered. Studies 
with prehospital trauma patients(116, 132, 133) with a special focus on TBI(58, 132, 
166) have been previously conducted, but the mortality rates have been reported
either as the discharge(116, 132) or 30-day mortality(133).

The creators of GOS concluded in their studies that it was exceptional for a TBI 
patient who was severely disabled at three months after the injury to ever reach the 
category of good recovery(42). Their studies also showed that, in cases of TBI, most 
patients had reached their final outcome category within six months of the injury, 
and very few changed categories after a year. 

Based on the findings of study I, the prehospital diagnosis is likely the 
determinant factor influencing the long-term survival of a critical prehospital patient. 
The study population was divided into subgroups: while the one-year mortality of 
patients suffering intoxications and convulsions was less than 20 %, over half of the 
patients with intracranial pathology died. In all subgroups, the initial mortality rate 
was high, and over 80 % of all deaths occurred in the month following the incident. 
Thus, the results suggest that the previous studies reporting 30-day mortality will 
give a reasonable estimate of the long-term survival of patients. 

After the incident, 85 % of the long-term survivors recovered and were back to 
an independent life. A notably high mortality rate was observed, but that could 
reflect the critical condition of the treated patients, and it highlights the positive 
outcomes of the survivors even more. 
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6.4 The impact of EMS physicians treating TBI patients 

The aim of the physician-staffed EMS is to provide advanced care and interventions 
beyond the scope of standard EMS to improve the outcome of critically ill or 
severely injured patients. However, the impact of physician-staffed EMS on trauma 
patients is debated, and results from existing studies are contradictory(58, 132, 160, 
161, 167, 168). A systematic review from 2009 revealed only a few controlled studies 
examining the effect of advanced interventions by a prehospital EMS physician on 
patient outcomes(167). An increased survival rate was found in major trauma 
patients and in patients with cardiac arrest. Differences among dispatch protocols, 
overall EMS organization, hospital treatment, methodology, and outcome measures 
make comparisons between studies difficult. Also, the variability in EMS team 
compositions and physician backgrounds complicates the comparison. For example, 
in the Anglo-American EMS system, only a minority of all HEMS units are staffed 
by EMS physicians(9). 

It has been suggested that patients with TBI are also likely to benefit from EMS 
physicians treating or preventing possible insults leading to a secondary brain 
injury(58). Some studies suggest a beneficial impact on patient outcomes(161, 168-
172), but not without contradictory results(132). 

6.4.1 Patient characteristics 

Large registry studies have revealed that TBI outcomes profoundly rely on 
demographic and trauma-related factors, such as age and secondary factors, mainly 
hypoxia and arterial hypotension(29, 55, 56). 

Several studies have demonstrated that age has a prognostic value regarding TBI. 
Age has an effect on mortality independent from other factors(63). Two typical 
peaks for patients admitted with moderate to severe TBI exist in the 21-30 and 71-
80 age groups(59). Patients older than 70 years have a higher mortality and worse 
functional outcomes(63, 64, 173, 174). The full extent of this impact is yet to be fully 
examined(64). The properties of an aging brain and its ability to heal, the typical 
types of brain injury related to the mechanism of the injury, or the effect of aging on 
the physiologic status could create a more severe injury(63, 65). It has also been 
suggested that the elderly mortality rate from head injuries is higher because less 
aggressive therapy is initiated in the earlier stages of treatment, but no clear evidence 
of this has been shown(59, 63). As noted earlier, the high incidence of comorbidities 
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and the frequent use of platelet aggregation inhibitors and oral anticoagulants among 
older patients have a negative influence on TBI outcomes(21). The results of this 
thesis are comparable with these earlier findings. 

In a review by Peeters(20), 13 out of 26 studies that provided data on the 
mechanisms of injury showed falls were the most frequent cause of TBI. RTAs were 
reported as the most frequent cause of TBI in 11 studies. Only two out of 12 studies 
from 2000 and later report RTAs as the main cause of brain injuries. In eight studies, 
falls were dominant. Thus, over time, a clear shift can be seen in the leading cause 
of TBI from RTAs to falls. Within the studies that focus on moderate-to-severe and 
severe TBI, RTAs remain the leading cause. A clear correlation was also found 
between age and the mechanism of the injury. Falls are most common in two age 
groups: the elderly and children. In contrast, RTAs are the most frequent cause of 
TBI in young adults. Also notable is the geographical spread of the mechanisms of 
the injury: Scandinavian countries mainly reported falls, while other countries 
reported more RTAs(20). This is consistent with all three TBI studies included in 
this thesis, as the main mechanisms of injury were falls and RTAs. The review by 
Peeters also reported males as the dominant gender in all 28 studies included(20), as 
was the case in our TBI studies. 

It has been suggested that the dispatch of a physician-staffed EMS may increase 
the on-scene time, but at the time of this thesis, the effect of prehospital time frames 
on the outcomes of severe TBI patients(58, 129, 131-134) is unknown. It is likely 
different dispatch protocols, prehospital treatment strategies, and interventions (i.e., 
airway management) influence the on-scene time and, depending on the injury 
profile, impact the patients’ outcomes. Prehospital time frames did not have an 
impact on the outcomes of TBI patients in studies II and III. 

6.4.2 Comparison of outcomes in paramedic- versus physician-staffed 
EMS and introducing HEMS to a paramedic EMS system 

The most profound difference in the prehospital treatment between paramedic-
staffed and physician-staffed EMS in studies II and III was the definitive airway 
control by EMS physicians. In study II, hypoxia was common in the patients treated 
by the paramedic-staffed EMS on arrival to the ED, while in the patients treated by 
the physician-staffed EMS, almost none of the patients were hypoxic. The same 
result also occurred in study III. Hypoxemia is a strong predictor of the outcome in 
TBI, and the negative effect of hypoxemia on the outcome has been demonstrated 
in several studies(3, 4, 56, 92, 102). The likely explanation for this is the higher 
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frequency of prehospital endotracheal intubation, controlled ventilation, and a more 
precise and invasive monitoring of the vital signs by EMS physicians. Anaesthetics 
were available for the EMS physicians, while the paramedics were limited to the use 
of sedatives, which might influence the rate of airway management procedures. 

Early definitive airway control has become an established principle in the 
management and resuscitation of critically injured patients. It is considered to be the 
standard of care with TBI patients, as hypoxemia and hypercapnia can worsen brain 
injuries(103). As stated in the literature review, when considering the possible 
benefits of the prehospital endotracheal intubation of TBI patients, the literature is 
inconclusive. Some studies indicate benefits in survival, while others show increased 
mortality(37, 79, 105). Most studies are retrospective and study paramedics 
performing endotracheal intubation with a minimal use of sedative agents and 
muscle relaxants. Some studies indicate improved survival, while others show 
increased mortality(37, 79, 105). In the prehospital setting, endotracheal intubation 
has potential advantages: oxygenation can be optimized, and controlled ventilation 
is possible. The optimal prehospital way to secure the airway remains 
controversial(106, 175). If RSI is performed poorly, hypoxia and hypotension have 
been shown to have a negative effect on the outcomes of TBI patients(106). 
According to current knowledge, prehospital endotracheal intubation by EMS 
physicians is a safe procedure with low complication and high success rates(108-
117). 

6.4.3 Mortality and neurological outcomes 

Prehospital GCS is reliable indicator of the severity of TBI(1). Mortality is increased 
and neurological outcomes are poorer in patients with low GCS scores. In particular, 
a GCS score of 3 at presentation has been associated with a significantly poor 
outcome(81-83). The results of study IV concur with these previous studies. 

The prehospital TBI guidelines define hypotension as 90 mmHg in adults(1). The 
incidence of hypotension in patients with TBI upon first contact on-scene has been 
reported to be between 16–19 %(176, 177).  As hypotension is common among TBI 
patients and has been associated with high mortality and poor functional 
outcomes(3, 77, 92-95), attention should be given to avoiding hypotension in the 
prehospital setting. A single episode of hypotension has been associated with a 
doubling of mortality and an increased morbidity when compared with a matched 
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group of TBI patients without hypotension(3). In study IV’s multivariable analyses, 
hypotension was a significant factor on mortality and a good neurological outcome. 

The combined results of studies II-IV are strongly associated with a beneficial 
impact of the implementation of EMS physician interventions on TBI patient 
prognosis. 

6.5 Strengths and limitations 

This thesis has strengths and limitations that should be considered when interpreting 
the results. The individual studies were population-based retrospective studies with 
all the patients treated and cared for in the study university hospitals. Apart from 
study I, the included patients were recruited from the confirmed severe TBI 
diagnoses at discharge. The mortality data for all the studies were obtained from the 
national statistical authority Statistics Finland, which produces the Finnish official 
causes of death statistics. 

The prehospital data were originally self-reported, could not be independently 
verified, and could have been biased as a result. Continuous data on vital signs 
covering the whole prehospital phase were not available; therefore, short-lived 
hypoxia or hypotension during the prehospital study periods cannot be excluded 
with certainty. Reliable pupil assessments were not recorded on all of the patients. It 
is possible the deaths occurring in the late stages of the follow-up period were 
unrelated to the prehospital index event, with secondary diseases or injuries being 
the cause. The outcome evaluations were based on patient record assessments 
without clinical examination or the help of a questionnaire. Neurosurgical and 
intensive care have advanced during the study period, which may also have affected 
the results. 

6.6 Future perspectives 

Mortality and morbidity reduction are essential after severe TBI, but improving 
neurological outcomes and the quality of life is important as well. The effectiveness 
of EMS systems and TBI treatments needs further attention, as the evidence is still 
lacking. Attention should also be given to continuous performance evaluations of 
EMS systems. 
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Prehospital studies are difficult to design. Multiple co-founders and interactions 
in the complex prehospital setting are hard to control and evaluate. Based on the 
results of this thesis, advanced prehospital treatment seems to be beneficial for 
severe TBI patients. Well-designed multicentre prospective studies with detailed data 
are needed to confirm the hypothesis that EMS physicians have a positive impact on 
the outcomes of TBI patients. 
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7 CONCLUSIONS 

Based on these studies, the following conclusions can be drawn: 
 
1. The overall prehospital one-year mortality of critically ill or severely injured 

patients treated on-scene by EMS physicians can be considered low. 
 

2. Prehospital on-scene EMS physicians treating severe TBI patients are 
associated with lower mortality and better neurological outcomes. 



 

50 

8 REFERENCES 

1. Badjatia N, Carney N, Crocco TJ, Fallat ME, Hennes HM, Jagoda AS, et al. 
Guidelines for prehospital management of traumatic brain injury 2nd edition. 
Prehosp Emerg Care. 2008;12 Suppl 1:S1-52. 

2. Haddad SH, Arabi YM. Critical care management of severe traumatic brain injury 
in adults. Scand J Trauma Resusc Emerg Med. 2012;20:12. 

3. Chesnut RM, Marshall LF, Klauber MR, Blunt BA, Baldwin N, Eisenberg HM, et 
al. The role of secondary brain injury in determining outcome from severe head 
injury. J Trauma. 1993;34(2):216-22. 

4. Stocchetti N, Furlan A, Volta F. Hypoxemia and arterial hypotension at the accident 
scene in head injury. J Trauma. 1996;40(5):764-7. 

5. Boer C, Franschman G, Loer SA. Prehospital management of severe traumatic 
brain injury: concepts and ongoing controversies. Current opinion in 
anaesthesiology. 2012;25(5):556-62. 

6. Carney N, Totten AM, O'Reilly C, Ullman JS, Hawryluk GW, Bell MJ, et al. 
Guidelines for the Management of Severe Traumatic Brain Injury, Fourth Edition. 
Neurosurgery. 2017;80(1):6-15. 

7. MacFarlane C, Benn CA. Evaluation of emergency medical services systems: a 
classification to assist in determination of indicators. Emergency medicine journal : 
EMJ. 2003;20(2):188-91. 

8. Emergency Medical Services Systems in the European Union [Internet]. 2008 [cited 
4.4.2018]. Available from: 
http://www.euro.who.int/__data/assets/pdf_file/0016/114406/E92038.pdf. 

9. Dykstra EH. International models for the practice of emergency care. The 
American journal of emergency medicine. 1997;15(2):208-9. 

10. Timmermann A, Russo SG, Hollmann MW. Paramedic versus emergency physician 
emergency medical service: role of the anaesthesiologist and the European versus 
the Anglo-American concept. Current opinion in anaesthesiology. 2008;21(2):222-
7. 

11. Rehn M, Hyldmo PK, Magnusson V, Kurola J, Kongstad P, Rognas L, et al. 
Scandinavian SSAI clinical practice guideline on pre-hospital airway management. 
Acta anaesthesiologica Scandinavica. 2016;60(7):852-64. 

12. Langhelle A, Lossius HM, Silfvast T, Bjornsson HM, Lippert FK, Ersson A, et al. 
International EMS Systems: the Nordic countries. Resuscitation. 2004;61(1):9-21. 



 

51 

13. Kruger AJ, Skogvoll E, Castren M, Kurola J, Lossius HM, ScanDoc Phase 1a Study 
G. Scandinavian pre-hospital physician-manned Emergency Medical Services--
same concept across borders? Resuscitation. 2010;81(4):427-33. 

14. Traumatic Brain Injury (online). Current Care Guidelines.Working group set up by 
the Finnish Medical Society Duodecim. Helsinki: The Finnish Medical Society 
Duodecim. 2017 [updated 29.12.2017. Available from: http://www.kaypahoito.fi/. 

15. Roessler M, Zuzan O. EMS systems in Germany. Resuscitation. 2006;68(1):45-9. 

16. Fevang E, Lockey D, Thompson J, Lossius HM, Torpo Research C. The top five 
research priorities in physician-provided pre-hospital critical care: a consensus 
report from a European research collaboration. Scand J Trauma Resusc Emerg 
Med. 2011;19:57. 

17. McCullough AL, Haycock JC, Forward DP, Moran CG. Early management of the 
severely injured major trauma patient. British journal of anaesthesia. 
2014;113(2):234-41. 

18. Jensen SM, Do HQ, Rasmussen SW, Rasmussen LS, Schmidt TA. Emergency team 
calls for critically ill non-trauma patients in the emergency department: an 
observational study. Scand J Trauma Resusc Emerg Med. 2015;23:76. 

19. Bache KG, Rehn M, Thompson J. Seven years since defining the top five research 
priorities in physician-provided pre-hospital critical care - what did it lead to and 
where are we now? Scand J Trauma Resusc Emerg Med. 2018;26(1):101. 

20. Peeters W, van den Brande R, Polinder S, Brazinova A, Steyerberg EW, Lingsma 
HF, et al. Epidemiology of traumatic brain injury in Europe. Acta Neurochir 
(Wien). 2015;157(10):1683-96. 

21. Roozenbeek B, Maas AI, Menon DK. Changing patterns in the epidemiology of 
traumatic brain injury. Nat Rev Neurol. 2013;9(4):231-6. 

22. Polinder S, Meerding WJ, van Baar ME, Toet H, Mulder S, van Beeck EF, et al. 
Cost estimation of injury-related hospital admissions in 10 European countries. J 
Trauma. 2005;59(6):1283-90; discussion 90-1. 

23. Polinder S, Meerding WJ, Mulder S, Petridou E, van Beeck E, Group ER. Assessing 
the burden of injury in six European countries. Bull World Health Organ. 
2007;85(1):27-34. 

24. Gennarelli TA, Champion HR, Sacco WJ, Copes WS, Alves WM. Mortality of 
patients with head injury and extracranial injury treated in trauma centers. J Trauma. 
1989;29(9):1193-201; discussion 201-2. 

25. Faul M XL, Wald MM, Coronado VG. Traumatic brain injury in the United States: 
emergency department visits, hospitalizations and deaths 2002-2006. 2010 
[Available from: http://www.cdc.gov/traumaticbraininjury/pdf/blue_book.pdf. 

26. Tagliaferri F, Compagnone C, Korsic M, Servadei F, Kraus J. A systematic review 
of brain injury epidemiology in Europe. Acta Neurochir (Wien). 2006;148(3):255-
68; discussion 68. 



 

52 

27. Coronado VG, McGuire LC, Sarmiento K, Bell J, Lionbarger MR, Jones CD, et al. 
Trends in Traumatic Brain Injury in the U.S. and the public health response: 1995-
2009. J Safety Res. 2012;43(4):299-307. 

28. Steyerberg EW, Mushkudiani N, Perel P, Butcher I, Lu J, McHugh GS, et al. 
Predicting outcome after traumatic brain injury: development and international 
validation of prognostic scores based on admission characteristics. PLoS medicine. 
2008;5(8):e165; discussion e. 

29. Collaborators MCT, Perel P, Arango M, Clayton T, Edwards P, Komolafe E, et al. 
Predicting outcome after traumatic brain injury: practical prognostic models based 
on large cohort of international patients. BMJ. 2008;336(7641):425-9. 

30. Baxt WG, Moody P. The impact of advanced prehospital emergency care on the 
mortality of severely brain-injured patients. J Trauma. 1987;27(4):365-9. 

31. Maas AI, Stocchetti N, Bullock R. Moderate and severe traumatic brain injury in 
adults. Lancet Neurol. 2008;7(8):728-41. 

32. Smits M, Dippel DW, Steyerberg EW, de Haan GG, Dekker HM, Vos PE, et al. 
Predicting intracranial traumatic findings on computed tomography in patients with 
minor head injury: the CHIP prediction rule. Ann Intern Med. 2007;146(6):397-405. 

33. Chesnut RM. Secondary brain insults after head injury: clinical perspectives. New 
Horiz. 1995;3(3):366-75. 

34. Unterberg AW, Stover J, Kress B, Kiening KL. Edema and brain trauma. 
Neuroscience. 2004;129(4):1021-9. 

35. Chesnut RM, Temkin N, Carney N, Dikmen S, Rondina C, Videtta W, et al. A trial 
of intracranial-pressure monitoring in traumatic brain injury. The New England 
journal of medicine. 2012;367(26):2471-81. 

36. Jones PA, Andrews PJ, Midgley S, Anderson SI, Piper IR, Tocher JL, et al. 
Measuring the burden of secondary insults in head-injured patients during intensive 
care. Journal of neurosurgical anesthesiology. 1994;6(1):4-14. 

37. Wang HE, Peitzman AB, Cassidy LD, Adelson PD, Yealy DM. Out-of-hospital 
endotracheal intubation and outcome after traumatic brain injury. Ann Emerg Med. 
2004;44(5):439-50. 

38. Murray JA, Demetriades D, Berne TV, Stratton SJ, Cryer HG, Bongard F, et al. 
Prehospital intubation in patients with severe head injury. J Trauma. 
2000;49(6):1065-70. 

39. Davis DP. Prehospital intubation of brain-injured patients. Curr Opin Crit Care. 
2008;14(2):142-8. 

40. Davis DP. Early ventilation in traumatic brain injury. Resuscitation. 2008;76(3):333-
40. 

41. Jennett B, Bond M. Assessment of outcome after severe brain damage. Lancet. 
1975;1(7905):480-4. 



 

53 

42. Jennett B, Snoek J, Bond MR, Brooks N. Disability after severe head injury: 
observations on the use of the Glasgow Outcome Scale. J Neurol Neurosurg 
Psychiatry. 1981;44(4):285-93. 

43. McMillan T, Wilson L, Ponsford J, Levin H, Teasdale G, Bond M. The Glasgow 
Outcome Scale - 40 years of application and refinement. Nat Rev Neurol. 
2016;12(8):477-85. 

44. Baguley IJ, Nott MT, Howle AA, Simpson GK, Browne S, King AC, et al. Late 
mortality after severe traumatic brain injury in New South Wales: a multicentre 
study. Med J Aust. 2012;196(1):40-5. 

45. Myburgh JA, Cooper DJ, Finfer SR, Venkatesh B, Jones D, Higgins A, et al. 
Epidemiology and 12-month outcomes from traumatic brain injury in australia and 
new zealand. J Trauma. 2008;64(4):854-62. 

46. Rosenfeld JV, Maas AI, Bragge P, Morganti-Kossmann MC, Manley GT, Gruen 
RL. Early management of severe traumatic brain injury. Lancet. 
2012;380(9847):1088-98. 

47. Faul M, Wald MM, Rutland-Brown W, Sullivent EE, Sattin RW. Using a cost-
benefit analysis to estimate outcomes of a clinical treatment guideline: testing 
theBrain Trauma Foundation guidelines for the treatment of severe traumatic brain 
injury. J Trauma. 2007;63(6):1271-8. 

48. Stein SC, Georgoff P, Meghan S, Mizra K, Sonnad SS. 150 years of treating severe 
traumatic brain injury: a systematic review of progress in mortality. J Neurotrauma. 
2010;27(7):1343-53. 

49. Fakhry SM, Trask AL, Waller MA, Watts DD, Force INT. Management of brain-
injured patients by an evidence-based medicine protocol improves outcomes and 
decreases hospital charges. J Trauma. 2004;56(3):492-9; discussion 9-500. 

50. Arabi YM, Haddad S, Tamim HM, Al-Dawood A, Al-Qahtani S, Ferayan A, et al. 
Mortality reduction after implementing a clinical practice guidelines-based 
management protocol for severe traumatic brain injury. J Crit Care. 2010;25(2):190-
5. 

51. Bulger EM, Nathens AB, Rivara FP, Moore M, MacKenzie EJ, Jurkovich GJ, et al. 
Management of severe head injury: institutional variations in care and effect on 
outcome. Crit Care Med. 2002;30(8):1870-6. 

52. Patel HC, Menon DK, Tebbs S, Hawker R, Hutchinson PJ, Kirkpatrick PJ. 
Specialist neurocritical care and outcome from head injury. Intensive Care Med. 
2002;28(5):547-53. 

53. Clayton TJ, Nelson RJ, Manara AR. Reduction in mortality from severe head injury 
following introduction of a protocol for intensive care management. British journal 
of anaesthesia. 2004;93(6):761-7. 

54. Gerber LM, Chiu YL, Carney N, Hartl R, Ghajar J. Marked reduction in mortality 
in patients with severe traumatic brain injury. J Neurosurg. 2013;119(6):1583-90. 



 

54 

55. Murray GD, Butcher I, McHugh GS, Lu J, Mushkudiani NA, Maas AI, et al. 
Multivariable prognostic analysis in traumatic brain injury: results from the 
IMPACT study. J Neurotrauma. 2007;24(2):329-37. 

56. Chi JH, Knudson MM, Vassar MJ, McCarthy MC, Shapiro MB, Mallet S, et al. 
Prehospital hypoxia affects outcome in patients with traumatic brain injury: a 
prospective multicenter study. J Trauma. 2006;61(5):1134-41. 

57. McHugh GS, Engel DC, Butcher I, Steyerberg EW, Lu J, Mushkudiani N, et al. 
Prognostic value of secondary insults in traumatic brain injury: results from the 
IMPACT study. J Neurotrauma. 2007;24(2):287-93. 

58. Franschman G, Verburg N, Brens-Heldens V, Andriessen TM, Van der Naalt J, 
Peerdeman SM, et al. Effects of physician-based emergency medical service 
dispatch in severe traumatic brain injury on prehospital run time. Injury. 
2012;43(11):1838-42. 

59. Bouras T, Stranjalis G, Korfias S, Andrianakis I, Pitaridis M, Sakas DE. Head injury 
mortality in a geriatric population: differentiating an "edge" age group with better 
potential for benefit than older poor-prognosis patients. J Neurotrauma. 
2007;24(8):1355-61. 

60. Hukkelhoven CW, Steyerberg EW, Rampen AJ, Farace E, Habbema JD, Marshall 
LF, et al. Patient age and outcome following severe traumatic brain injury: an 
analysis of 5600 patients. J Neurosurg. 2003;99(4):666-73. 

61. LeBlanc J, de Guise E, Gosselin N, Feyz M. Comparison of functional outcome 
following acute care in young, middle-aged and elderly patients with traumatic brain 
injury. Brain Inj. 2006;20(8):779-90. 

62. Utomo WK, Gabbe BJ, Simpson PM, Cameron PA. Predictors of in-hospital 
mortality and 6-month functional outcomes in older adults after moderate to severe 
traumatic brain injury. Injury. 2009;40(9):973-7. 

63. Mosenthal AC, Lavery RF, Addis M, Kaul S, Ross S, Marburger R, et al. Isolated 
traumatic brain injury: age is an independent predictor of mortality and early 
outcome. J Trauma. 2002;52(5):907-11. 

64. Susman M, DiRusso SM, Sullivan T, Risucci D, Nealon P, Cuff S, et al. Traumatic 
brain injury in the elderly: increased mortality and worse functional outcome at 
discharge despite lower injury severity. J Trauma. 2002;53(2):219-23; discussion 23-
4. 

65. Rothweiler B, Temkin NR, Dikmen SS. Aging effect on psychosocial outcome in 
traumatic brain injury. Arch Phys Med Rehabil. 1998;79(8):881-7. 

66. Scalea TM, Simon HM, Duncan AO, Atweh NA, Sclafani SJ, Phillips TF, et al. 
Geriatric blunt multiple trauma: improved survival with early invasive monitoring. 
J Trauma. 1990;30(2):129-34; discussion 34-6. 

67. Peck KA, Calvo RY, Schechter MS, Sise CB, Kahl JE, Shackford MC, et al. The 
impact of preinjury anticoagulants and prescription antiplatelet agents on outcomes 



 

55 

in older patients with traumatic brain injury. J Trauma Acute Care Surg. 
2014;76(2):431-6. 

68. Mathers CD, Loncar D. Projections of global mortality and burden of disease from 
2002 to 2030. PLoS medicine. 2006;3(11):e442. 

69. Rimel RW, Giordani B, Barth JT, Boll TJ, Jane JA. Disability caused by minor head 
injury. Neurosurgery. 1981;9(3):221-8. 

70. Kraus JF, Nourjah P. The epidemiology of mild, uncomplicated brain injury. J 
Trauma. 1988;28(12):1637-43. 

71. Henry PC, Hauber RP, Rice M. Factors associated with closed head injury in a 
pediatric population. J Neurosci Nurs. 1992;24(6):311-6. 

72. Farace E, Alves WM. Do women fare worse? A metaanalysis of gender differences 
in outcome after traumatic brain injury. Neurosurg Focus. 2000;8(1):e6. 

73. Groswasser Z, Cohen M, Keren O. Female TBI patients recover better than males. 
Brain Inj. 1998;12(9):805-8. 

74. Teasdale G, Maas A, Lecky F, Manley G, Stocchetti N, Murray G. The Glasgow 
Coma Scale at 40 years: standing the test of time. Lancet Neurol. 2014;13(8):844-
54. 

75. Teasdale G, Jennett B. Assessment of coma and impaired consciousness. A practical 
scale. Lancet. 1974;2(7872):81-4. 

76. Reith FCM, Lingsma HF, Gabbe BJ, Lecky FE, Roberts I, Maas AIR. Differential 
effects of the Glasgow Coma Scale Score and its Components: An analysis of 54,069 
patients with traumatic brain injury. Injury. 2017;48(9):1932-43. 

77. Fearnside MR, Cook RJ, McDougall P, McNeil RJ. The Westmead Head Injury 
Project outcome in severe head injury. A comparative analysis of pre-hospital, 
clinical and CT variables. British journal of neurosurgery. 1993;7(3):267-79. 

78. Choi SC, Narayan RK, Anderson RL, Ward JD. Enhanced specificity of prognosis 
in severe head injury. J Neurosurg. 1988;69(3):381-5. 

79. Winchell RJ, Hoyt DB. Endotracheal intubation in the field improves survival in 
patients with severe head injury. Trauma Research and Education Foundation of 
San Diego. Archives of surgery. 1997;132(6):592-7. 

80. Davis DP, Serrano JA, Vilke GM, Sise MJ, Kennedy F, Eastman AB, et al. The 
predictive value of field versus arrival Glasgow Coma Scale score and TRISS 
calculations in moderate-to-severe traumatic brain injury. J Trauma. 2006;60(5):985-
90. 

81. Sadaka F, Jadhav A, Miller M, Saifo A, O'Brien J, Trottier S. Is it possible to recover 
from traumatic brain injury and a Glasgow coma scale score of 3 at emergency 
department presentation? The American journal of emergency medicine. 2018. 

82. Tien HC, Cunha JR, Wu SN, Chughtai T, Tremblay LN, Brenneman FD, et al. Do 
trauma patients with a Glasgow Coma Scale score of 3 and bilateral fixed and dilated 
pupils have any chance of survival? J Trauma. 2006;60(2):274-8. 



 

56 

83. Kotwica Z, Jakubowski JK. Head-injured adult patients with GCS of 3 on 
admission--who have a chance to survive? Acta Neurochir (Wien). 1995;133(1-
2):56-9. 

84. Healey C, Osler TM, Rogers FB, Healey MA, Glance LG, Kilgo PD, et al. 
Improving the Glasgow Coma Scale score: motor score alone is a better predictor. 
J Trauma. 2003;54(4):671-8; discussion 8-80. 

85. Teoh LS, Gowardman JR, Larsen PD, Green R, Galletly DC. Glasgow Coma Scale: 
variation in mortality among permutations of specific total scores. Intensive Care 
Med. 2000;26(2):157-61. 

86. Marmarou A, Lu J, Butcher I, McHugh GS, Murray GD, Steyerberg EW, et al. 
Prognostic value of the Glasgow Coma Scale and pupil reactivity in traumatic brain 
injury assessed pre-hospital and on enrollment: an IMPACT analysis. J 
Neurotrauma. 2007;24(2):270-80. 

87. Martins ET, Linhares MN, Sousa DS, Schroeder HK, Meinerz J, Rigo LA, et al. 
Mortality in severe traumatic brain injury: a multivariated analysis of 748 Brazilian 
patients from Florianopolis City. J Trauma. 2009;67(1):85-90. 

88. White H, Venkatesh B. Cerebral perfusion pressure in neurotrauma: a review. 
Anesth Analg. 2008;107(3):979-88. 

89. McCulloch TJ, Visco E, Lam AM. Graded hypercapnia and cerebral autoregulation 
during sevoflurane or propofol anesthesia. Anesthesiology. 2000;93(5):1205-9. 

90. Eisenberg HM, Gary HE, Jr., Aldrich EF, Saydjari C, Turner B, Foulkes MA, et al. 
Initial CT findings in 753 patients with severe head injury. A report from the NIH 
Traumatic Coma Data Bank. J Neurosurg. 1990;73(5):688-98. 

91. Bouma GJ, Muizelaar JP, Choi SC, Newlon PG, Young HF. Cerebral circulation 
and metabolism after severe traumatic brain injury: the elusive role of ischemia. J 
Neurosurg. 1991;75(5):685-93. 

92. Tohme S, Delhumeau C, Zuercher M, Haller G, Walder B. Prehospital risk factors 
of mortality and impaired consciousness after severe traumatic brain injury: an 
epidemiological study. Scand J Trauma Resusc Emerg Med. 2014;22:1. 

93. Gentleman D. Causes and effects of systemic complications among severely head 
injured patients transferred to a neurosurgical unit. Int Surg. 1992;77(4):297-302. 

94. Miller JD, Becker DP. Secondary insults to the injured brain. J R Coll Surg Edinb. 
1982;27(5):292-8. 

95. Butcher I, Maas AI, Lu J, Marmarou A, Murray GD, Mushkudiani NA, et al. 
Prognostic value of admission blood pressure in traumatic brain injury: results from 
the IMPACT study. J Neurotrauma. 2007;24(2):294-302. 

96. Spaite DW, Hu C, Bobrow BJ, Chikani V, Sherrill D, Barnhart B, et al. Mortality 
and Prehospital Blood Pressure in Patients With Major Traumatic Brain Injury: 
Implications for the Hypotension Threshold. JAMA Surg. 2017;152(4):360-8. 



 

57 

97. Brenner M, Stein DM, Hu PF, Aarabi B, Sheth K, Scalea TM. Traditional systolic 
blood pressure targets underestimate hypotension-induced secondary brain injury. 
J Trauma Acute Care Surg. 2012;72(5):1135-9. 

98. Berry C, Ley EJ, Bukur M, Malinoski D, Margulies DR, Mirocha J, et al. Redefining 
hypotension in traumatic brain injury. Injury. 2012;43(11):1833-7. 

99. Fuller G, Hasler RM, Mealing N, Lawrence T, Woodford M, Juni P, et al. The 
association between admission systolic blood pressure and mortality in significant 
traumatic brain injury: a multi-centre cohort study. Injury. 2014;45(3):612-7. 

100. Zafar SN, Millham FH, Chang Y, Fikry K, Alam HB, King DR, et al. Presenting 
blood pressure in traumatic brain injury: a bimodal distribution of death. J Trauma. 
2011;71(5):1179-84. 

101. Miller JD, Sweet RC, Narayan R, Becker DP. Early insults to the injured brain. 
JAMA. 1978;240(5):439-42. 

102. Spaite DW, Hu C, Bobrow BJ, Chikani V, Barnhart B, Gaither JB, et al. The Effect 
of Combined Out-of-Hospital Hypotension and Hypoxia on Mortality in Major 
Traumatic Brain Injury. Ann Emerg Med. 2017;69(1):62-72. 

103. Carney N, Totten AM, O'Reilly C, Ullman JS, Hawryluk GW, Bell MJ, et al. 
Guidelines for the Management of Severe Traumatic Brain Injury, Fourth Edition. 
Neurosurgery. 2016. 

104. von Elm E, Schoettker P, Henzi I, Osterwalder J, Walder B. Pre-hospital tracheal 
intubation in patients with traumatic brain injury: systematic review of current 
evidence. British journal of anaesthesia. 2009;103(3):371-86. 

105. Bochicchio GV, Ilahi O, Joshi M, Bochicchio K, Scalea TM. Endotracheal 
intubation in the field does not improve outcome in trauma patients who present 
without an acutely lethal traumatic brain injury. J Trauma. 2003;54(2):307-11. 

106. Davis DP, Dunford JV, Poste JC, Ochs M, Holbrook T, Fortlage D, et al. The 
impact of hypoxia and hyperventilation on outcome after paramedic rapid sequence 
intubation of severely head-injured patients. J Trauma. 2004;57(1):1-8; discussion -
10. 

107. Bossers SM, Schwarte LA, Loer SA, Twisk JW, Boer C, Schober P. Experience in 
Prehospital Endotracheal Intubation Significantly Influences Mortality of Patients 
with Severe Traumatic Brain Injury: A Systematic Review and Meta-Analysis. PLoS 
One. 2015;10(10):e0141034. 

108. Rognas L, Hansen T, Kirkegaard H, Tonnesen E. Pre-hospital advanced airway 
management by experienced anaesthesiologists: a prospective descriptive study. 
Scandinavian journal of trauma, resuscitation and emergency medicine. 
2013;21(1):58. 

109. Chesters A, Keefe N, Mauger J, Lockey D. Prehospital anaesthesia performed in a 
rural and suburban air ambulance service staffed by a physician and paramedic: a 
16-month review of practice. Emergency medicine journal : EMJ. 2014;31(1):65-8. 



58 

110. von Vopelius-Feldt J, Benger JR. Prehospital anaesthesia by a physician and
paramedic critical care team in Southwest England. European journal of emergency
medicine : official journal of the European Society for Emergency Medicine.
2013;20(6):382-6.

111. Helm M, Kremers G, Lampl L, Hossfeld B. Incidence of transient hypoxia during
pre-hospital rapid sequence intubation by anaesthesiologists. Acta anaesthesiologica
Scandinavica. 2013;57(2):199-205.

112. Nakstad AR, Heimdal HJ, Strand T, Sandberg M. Incidence of desaturation during
prehospital rapid sequence intubation in a physician-based helicopter emergency
service. The American journal of emergency medicine. 2011;29(6):639-44.

113. Gunning M, O'Loughlin E, Fletcher M, Crilly J, Hooper M, Ellis DY. Emergency
intubation: a prospective multicentre descriptive audit in an Australian helicopter
emergency medical service. Emergency medicine journal : EMJ. 2009;26(1):65-9.

114. Adnet F, Jouriles NJ, Le Toumelin P, Hennequin B, Taillandier C, Rayeh F, et al.
Survey of out-of-hospital emergency intubations in the French prehospital medical
system: a multicenter study. Ann Emerg Med. 1998;32(4):454-60.

115. Combes X, Jabre P, Jbeili C, Leroux B, Bastuji-Garin S, Margenet A, et al.
Prehospital standardization of medical airway management: incidence and risk
factors of difficult airway. Academic emergency medicine : official journal of the
Society for Academic Emergency Medicine. 2006;13(8):828-34.

116. Sollid SJ, Lossius HM, Soreide E. Pre-hospital intubation by anaesthesiologists in
patients with severe trauma: an audit of a Norwegian helicopter emergency medical
service. Scand J Trauma Resusc Emerg Med. 2010;18:30.

117. Angerman S, Kirves H, Nurmi J. A before-and-after observational study of a
protocol for use of the C-MAC videolaryngoscope with a Frova introducer in pre-
hospital rapid sequence intubation. Anaesthesia. 2018;73(3):348-55.

118. Warner KJ, Cuschieri J, Copass MK, Jurkovich GJ, Bulger EM. The impact of
prehospital ventilation on outcome after severe traumatic brain injury. J Trauma.
2007;62(6):1330-6; discussion 6-8.

119. Davis DP, Heister R, Poste JC, Hoyt DB, Ochs M, Dunford JV. Ventilation
patterns in patients with severe traumatic brain injury following paramedic rapid
sequence intubation. Neurocrit Care. 2005;2(2):165-71.

120. Dumont TM, Visioni AJ, Rughani AI, Tranmer BI, Crookes B. Inappropriate
prehospital ventilation in severe traumatic brain injury increases in-hospital
mortality. J Neurotrauma. 2010;27(7):1233-41.

121. Davis DP, Peay J, Sise MJ, Kennedy F, Simon F, Tominaga G, et al. Prehospital
airway and ventilation management: a trauma score and injury severity score-based
analysis. J Trauma. 2010;69(2):294-301.

122. Roberts BW, Karagiannis P, Coletta M, Kilgannon JH, Chansky ME, Trzeciak S.
Effects of PaCO2 derangements on clinical outcomes after cerebral injury: A
systematic review. Resuscitation. 2015;91:32-41.



 

59 

123. Curley G, Kavanagh BP, Laffey JG. Hypocapnia and the injured brain: more harm 
than benefit. Crit Care Med. 2010;38(5):1348-59. 

124. Stocchetti N, Maas AI, Chieregato A, van der Plas AA. Hyperventilation in head 
injury: a review. Chest. 2005;127(5):1812-27. 

125. Davis DP, Idris AH, Sise MJ, Kennedy F, Eastman AB, Velky T, et al. Early 
ventilation and outcome in patients with moderate to severe traumatic brain injury. 
Crit Care Med. 2006;34(4):1202-8. 

126. Trunkey DD. Trauma. Accidental and intentional injuries account for more years 
of life lost in the U.S. than cancer and heart disease. Among the prescribed remedies 
are improved preventive efforts, speedier surgery and further research. Sci Am. 
1983;249(2):28-35. 

127. Lerner EB, Moscati RM. The golden hour: scientific fact or medical "urban legend"? 
Academic emergency medicine : official journal of the Society for Academic 
Emergency Medicine. 2001;8(7):758-60. 

128. Willis CD, Stoelwinder JU, Cameron PA. Interpreting process indicators in trauma 
care: construct validity versus confounding by indication. Int J Qual Health Care. 
2008;20(5):331-8. 

129. Newgard CD, Schmicker RH, Hedges JR, Trickett JP, Davis DP, Bulger EM, et al. 
Emergency medical services intervals and survival in trauma: assessment of the 
"golden hour" in a North American prospective cohort. Ann Emerg Med. 
2010;55(3):235-46 e4. 

130. Harmsen AM, Giannakopoulos GF, Moerbeek PR, Jansma EP, Bonjer HJ, 
Bloemers FW. The influence of prehospital time on trauma patients outcome: a 
systematic review. Injury. 2015;46(4):602-9. 

131. Aydin S, Overwater E, Saltzherr TP, Jin PH, van Exter P, Ponsen KJ, et al. The 
association of mobile medical team involvement on on-scene times and mortality 
in trauma patients. J Trauma. 2010;69(3):589-94; discussion 94. 

132. de Jongh MA, van Stel HF, Schrijvers AJ, Leenen LP, Verhofstad MH. The effect 
of Helicopter Emergency Medical Services on trauma patient mortality in the 
Netherlands. Injury. 2012;43(9):1362-7. 

133. Ringburg AN, Spanjersberg WR, Frankema SP, Steyerberg EW, Patka P, Schipper 
IB. Helicopter emergency medical services (HEMS): impact on on-scene times. J 
Trauma. 2007;63(2):258-62. 

134. Dinh MM, Bein K, Roncal S, Byrne CM, Petchell J, Brennan J. Redefining the 
golden hour for severe head injury in an urban setting: the effect of prehospital 
arrival times on patient outcomes. Injury. 2013;44(5):606-10. 

135. Hartl R, Gerber LM, Iacono L, Ni Q, Lyons K, Ghajar J. Direct transport within 
an organized state trauma system reduces mortality in patients with severe traumatic 
brain injury. J Trauma. 2006;60(6):1250-6; discussion 6. 



 

60 

136. Roberts DJ, Hall RI, Kramer AH, Robertson HL, Gallagher CN, Zygun DA. 
Sedation for critically ill adults with severe traumatic brain injury: a systematic 
review of randomized controlled trials. Crit Care Med. 2011;39(12):2743-51. 

137. Zehtabchi S, Abdel Baki SG, Falzon L, Nishijima DK. Tranexamic acid for 
traumatic brain injury: a systematic review and meta-analysis. The American journal 
of emergency medicine. 2014;32(12):1503-9. 

138. collaborators C-t, Shakur H, Roberts I, Bautista R, Caballero J, Coats T, et al. 
Effects of tranexamic acid on death, vascular occlusive events, and blood 
transfusion in trauma patients with significant haemorrhage (CRASH-2): a 
randomised, placebo-controlled trial. Lancet. 2010;376(9734):23-32. 

139. Perel P, Al-Shahi Salman R, Kawahara T, Morris Z, Prieto-Merino D, Roberts I, et 
al. CRASH-2 (Clinical Randomisation of an Antifibrinolytic in Significant 
Haemorrhage) intracranial bleeding study: the effect of tranexamic acid in traumatic 
brain injury--a nested randomised, placebo-controlled trial. Health Technol Assess. 
2012;16(13):iii-xii, 1-54. 

140. collaborators C-t. Effects of tranexamic acid on death, disability, vascular occlusive 
events and other morbidities in patients with acute traumatic brain injury (CRASH-
3): a randomised, placebo-controlled trial. Lancet. 2019. 

141. Baker AJ, Rhind SG, Morrison LJ, Black S, Crnko NT, Shek PN, et al. Resuscitation 
with hypertonic saline-dextran reduces serum biomarker levels and correlates with 
outcome in severe traumatic brain injury patients. J Neurotrauma. 2009;26(8):1227-
40. 

142. Tan PG, Cincotta M, Clavisi O, Bragge P, Wasiak J, Pattuwage L, et al. Review 
article: Prehospital fluid management in traumatic brain injury. Emerg Med 
Australas. 2011;23(6):665-76. 

143. Bulger EM, May S, Brasel KJ, Schreiber M, Kerby JD, Tisherman SA, et al. Out-of-
hospital hypertonic resuscitation following severe traumatic brain injury: a 
randomized controlled trial. JAMA. 2010;304(13):1455-64. 

144. Cooper DJ, Myles PS, McDermott FT, Murray LJ, Laidlaw J, Cooper G, et al. 
Prehospital hypertonic saline resuscitation of patients with hypotension and severe 
traumatic brain injury: a randomized controlled trial. JAMA. 2004;291(11):1350-7. 

145. Rickard AC, Smith JE, Newell P, Bailey A, Kehoe A, Mann C. Salt or sugar for your 
injured brain? A meta-analysis of randomised controlled trials of mannitol versus 
hypertonic sodium solutions to manage raised intracranial pressure in traumatic 
brain injury. Emergency medicine journal : EMJ. 2014;31(8):679-83. 

146. Mortazavi MM, Romeo AK, Deep A, Griessenauer CJ, Shoja MM, Tubbs RS, et al. 
Hypertonic saline for treating raised intracranial pressure: literature review with 
meta-analysis. J Neurosurg. 2012;116(1):210-21. 

147. Kamel H, Navi BB, Nakagawa K, Hemphill JC, 3rd, Ko NU. Hypertonic saline 
versus mannitol for the treatment of elevated intracranial pressure: a meta-analysis 
of randomized clinical trials. Crit Care Med. 2011;39(3):554-9. 



 

61 

148. Li M, Chen T, Chen SD, Cai J, Hu YH. Comparison of equimolar doses of mannitol 
and hypertonic saline for the treatment of elevated intracranial pressure after 
traumatic brain injury: a systematic review and meta-analysis. Medicine (Baltimore). 
2015;94(17):e736. 

149. Gantner D, Moore EM, Cooper DJ. Intravenous fluids in traumatic brain injury: 
what's the solution? Curr Opin Crit Care. 2014;20(4):385-9. 

150. De Deyne CS. Therapeutic hypothermia and traumatic brain injury. Current 
opinion in anaesthesiology. 2010;23(2):258-62. 

151. Andrews PJ, Sinclair HL, Rodriguez A, Harris BA, Battison CG, Rhodes JK, et al. 
Hypothermia for Intracranial Hypertension after Traumatic Brain Injury. The New 
England journal of medicine. 2015;373(25):2403-12. 

152. Clifton GL, Miller ER, Choi SC, Levin HS, McCauley S, Smith KR, Jr., et al. Lack 
of effect of induction of hypothermia after acute brain injury. The New England 
journal of medicine. 2001;344(8):556-63. 

153. Clifton GL, Valadka A, Zygun D, Coffey CS, Drever P, Fourwinds S, et al. Very 
early hypothermia induction in patients with severe brain injury (the National Acute 
Brain Injury Study: Hypothermia II): a randomised trial. Lancet Neurol. 
2011;10(2):131-9. 

154. Maekawa T, Yamashita S, Nagao S, Hayashi N, Ohashi Y, Brain-Hypothermia 
Study G. Prolonged mild therapeutic hypothermia versus fever control with tight 
hemodynamic monitoring and slow rewarming in patients with severe traumatic 
brain injury: a randomized controlled trial. J Neurotrauma. 2015;32(7):422-9. 

155. Davis DP, Meade W, Sise MJ, Kennedy F, Simon F, Tominaga G, et al. Both 
hypoxemia and extreme hyperoxemia may be detrimental in patients with severe 
traumatic brain injury. J Neurotrauma. 2009;26(12):2217-23. 

156. Raj R, Bendel S, Reinikainen M, Kivisaari R, Siironen J, Lang M, et al. Hyperoxemia 
and long-term outcome after traumatic brain injury. Crit Care. 2013;17(4):R177. 

157. Edwards P, Arango M, Balica L, Cottingham R, El-Sayed H, Farrell B, et al. Final 
results of MRC CRASH, a randomised placebo-controlled trial of intravenous 
corticosteroid in adults with head injury-outcomes at 6 months. Lancet. 
2005;365(9475):1957-9. 

158. Ma J, Huang S, Qin S, You C, Zeng Y. Progesterone for acute traumatic brain injury. 
Cochrane Database Syst Rev. 2016;12:CD008409. 

159. Callaham M. Quantifying the scanty science of prehospital emergency care. Ann 
Emerg Med. 1997;30(6):785-90. 

160. Ringburg AN, Thomas SH, Steyerberg EW, van Lieshout EM, Patka P, Schipper 
IB. Lives saved by helicopter emergency medical services: an overview of literature. 
Air Med J. 2009;28(6):298-302. 

161. Frankema SP, Ringburg AN, Steyerberg EW, Edwards MJ, Schipper IB, van Vugt 
AB. Beneficial effect of helicopter emergency medical services on survival of 
severely injured patients. Br J Surg. 2004;91(11):1520-6. 



 

62 

162. Garner A, Rashford S, Lee A, Bartolacci R. Addition of physicians to paramedic 
helicopter services decreases blunt trauma mortality. The Australian and New 
Zealand journal of surgery. 1999;69(10):697-701. 

163. Iirola TT, Laaksonen MI, Vahlberg TJ, Palve HK. Effect of physician-staffed 
helicopter emergency medical service on blunt trauma patient survival and 
prehospital care. European journal of emergency medicine : official journal of the 
European Society for Emergency Medicine. 2006;13(6):335-9. 

164. Nicholl JP, Brazier JE, Snooks HA. Effects of London helicopter emergency 
medical service on survival after trauma. BMJ. 1995;311(6999):217-22. 

165. Butler DP, Anwar I, Willett K. Is it the H or the EMS in HEMS that has an impact 
on trauma patient mortality? A systematic review of the evidence. Emergency 
medicine journal : EMJ. 2010;27(9):692-701. 

166. Franschman G, Peerdeman SM, Greuters S, Vieveen J, Brinkman AC, Christiaans 
HM, et al. Prehospital endotracheal intubation in patients with severe traumatic 
brain injury: guidelines versus reality. Resuscitation. 2009;80(10):1147-51. 

167. Botker MT, Bakke SA, Christensen EF. A systematic review of controlled studies: 
do physicians increase survival with prehospital treatment? Scand J Trauma Resusc 
Emerg Med. 2009;17:12. 

168. Garner AA, Mann KP, Fearnside M, Poynter E, Gebski V. The Head Injury 
Retrieval Trial (HIRT): a single-centre randomised controlled trial of physician 
prehospital management of severe blunt head injury compared with management 
by paramedics only. Emergency medicine journal : EMJ. 2015;32(11):869-75. 

169. Baxt WG, Moody P. The impact of a physician as part of the aeromedical 
prehospital team in patients with blunt trauma. JAMA. 1987;257(23):3246-50. 

170. Berlot G, La Fata C, Bacer B, Biancardi B, Viviani M, Lucangelo U, et al. Influence 
of prehospital treatment on the outcome of patients with severe blunt traumatic 
brain injury: a single-centre study. European journal of emergency medicine : 
official journal of the European Society for Emergency Medicine. 2009;16(6):312-
7. 

171. Klemen P, Grmec S. Effect of pre-hospital advanced life support with rapid 
sequence intubation on outcome of severe traumatic brain injury. Acta 
anaesthesiologica Scandinavica. 2006;50(10):1250-4. 

172. Rudehill A, Bellander BM, Weitzberg E, Bredbacka S, Backheden M, Gordon E. 
Outcome of traumatic brain injuries in 1,508 patients: impact of prehospital care. J 
Neurotrauma. 2002;19(7):855-68. 

173. Rakier A, Soustiel JF, Gilburd J, Zaaroor M, Alkalai N, Welblum E, et al. [Head 
injury in the elderly]. Harefuah. 1995;128(8):474-7, 528-7. 

174. Mamelak AN, Pitts LH, Damron S. Predicting survival from head trauma 24 hours 
after injury: a practical method with therapeutic implications. J Trauma. 
1996;41(1):91-9. 



 

63 

175. Bernard SA, Nguyen V, Cameron P, Masci K, Fitzgerald M, Cooper DJ, et al. 
Prehospital rapid sequence intubation improves functional outcome for patients 
with severe traumatic brain injury: a randomized controlled trial. Ann Surg. 
2010;252(6):959-65. 

176. Garner A, Crooks J, Lee A, Bishop R. Efficacy of prehospital critical care teams for 
severe blunt head injury in the Australian setting. Injury. 2001;32(6):455-60. 

177. Ochs M, Davis D, Hoyt D, Bailey D, Marshall L, Rosen P. Paramedic-performed 
rapid sequence intubation of patients with severe head injuries. Ann Emerg Med. 
2002;40(2):159-67. 

 
  



64 



65 

PUBLICATIONS 





 

PUBLICATION 
I 

One-year outcome after prehospital intubation 

Pakkanen T, Virkkunen I, Silfvast T, Randell T, Huhtala H, Yli-Hankala A 

Acta Anaesthesiol Scand. 2015 Apr;59(4):524-30. doi: 10.1111/aas. 

Publication reprinted with the permission of the copyright holders. 

 

  



 

 

 

 

 

 

 

 

 



One-year outcome after prehospital intubation
T. Pakkanen1,2, I. Virkkunen2, T. Silfvast3, T. Randell3, H. Huhtala4 and A. Yli-Hankala1,5

1Department of Anaesthesia, Tampere University Hospital, Tampere, Finland
2Tays Emergency Medical Service, Tampere University Hospital, Tampere, Finland
3Department of Anaesthesia and Intensive Care, Helsinki University Hospital, University of Helsinki, Helsinki, Finland
4School of Health Sciences, University of Tampere, Tampere, Finland
5Medical School, University of Tampere, Tampere, Finland

Correspondence

T. Pakkanen, Department of Anaesthesia,

Tampere University Hospital, P.O.B 2000,

Tampere 33521, Finland

E-mail: toni.pakkanen@fimnet.fi

Conflict of interest

The authors confirm that there are no conflicts

of interest.

Funding

This study was supported by a VTR Study

Grant No. 9N088 from Special State Allocation

via Tampere University Hospital.

Submitted 2 January 2015; accepted 5 January

2015; submission 8 July 2014.

Citation

Pakkanen T, Virkkunen I, Silfvast T, Randell T,

Huhtala H, Yli-Hankala A. One-year outcome

after prehospital intubation. Acta

Anaesthesiologica Scandinavica 2015

doi: 10.1111/aas.12483

Background: The aim of physician staffed emergency medical ser-
vices (EMS) is to supplement other EMS units in the care of pre-
hospital patients. The need for advanced airway management in
critical prehospital patients can be considered as one indicator of the
severity of the patient’s condition. Our primary aim was to study the
long-term outcome of critically ill patients (excluding cardiac arrest)
who were intubated by EMS physicians in the prehospital setting.
Methods: Data of 845 patients, whose airways were secured by the
EMS physicians during a 5-year (2007–2011) period, were retro-
spectively evaluated. After exclusions, the outcome of 483 patients
(8.9% of all patients treated by EMS) was studied. Evaluation was
based on hospital patient records 1 year after the incident. For
assessment of neurological outcome, a modified Glasgow Outcome
Score (GOS) was used. Time and cause of death were recorded.
Results: 55.3% of the study patients had a good neurological
recovery (GOS 4–5) with independent life 1 year after the event. The
overall 1-year mortality (GOS 1) was 35.0%. Poor neurological
outcome (GOS 2–3) was found in 9.7% of the patients. Patients with
intoxication or convulsions survived best, while those with sus-
pected intracranial pathology had the worst prognosis. Of all survi-
vors, 85% recovered well.
Conclusion: The majority of the study patients had a favourable
neurological recovery with independent life at 1 year after the inci-
dent. More than 80% of all deaths occurred within 30 days of the
incident.

Editorial comment: what this article tells us

Prehospital endotracheal intubation is performed on varying indications and by different groups of
personnel. Outcome depends probably on several factors in addition: e.g. indications, case mix and
in-hospital treatment. In this study, the authors followed all critically ill patients intubated in the
prehospital setting for 1 year after the incident. The large majority of mortality occurred within the
first 30 days, although depending on diagnoses.

The aim of the physician staffed emergency
medical service (EMS) is to provide advanced
care and interventions beyond the scope of stan-
dard EMS to improve the outcome of critically ill

or severely injured patients. The treatment of
these patients in the prehospital setting often
involves advanced airway management, which in
such patients can be considered as one indicator
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of the severity of the patient’s condition. Accord-
ing to current knowledge, prehospital endotra-
cheal intubation by EMS physicians is a safe
procedure with low complication and high
success rates.1–9

The indications for prehospital endotracheal
intubation performed by physician staffed EMS
units have been reported in several studies.1–8 The
focus of earlier studies concerning patient
outcome has mainly been on evaluating mortality
rates and outcomes for trauma patients (in vari-
able time frames) attended by physician staffed
EMS.1,9–13 Comprehensive data on long-term
outcome are scarce. The overall care of the patient
after advanced airway management, assuming
that the procedure itself is uncomplicated, e.g. the
support of ventilation and cardiovascular stabil-
ity, probably influences the outcome more than
endotracheal intubation itself.

Cardiac arrest patients differ from other critical
prehospital patients in that advanced airway
management does not require facilitating medica-
tion, and that the outcome of these patients
depends on several other factors not related to the
securing of the airway per se. In this subset of
critical patients, the Utstein-style reporting tem-
plate has been well established more than a
decade ago.14

A recent European initiative suggested
advanced airway management to be included in
the top five research priorities for physician-
provided prehospital care.15 To our knowledge,
no previous studies describe the long-term
outcome of critical prehospital patients treated by
an EMS physician.

Our primary aim was to study the long-term
outcome of critically ill patients (excluding
cardiac arrest) who were intubated by an EMS
physician in the prehospital setting. Our second-
ary aim was to determine the indications and pre-
hospital diagnosis leading to endotracheal
intubation in these patients.

Material and methods

Description of the EMS system

The Helsinki area Helicopter Emergency Medical
Service (HEMS) operates in the Uusimaa Hospital
District surrounding the capital city of Helsinki in
Southern Finland. It serves a population of

850,000 inhabitants, covers an area of 31,000 km2

(100 km range) and responds to an average of
about 2200 missions per year. The service is dis-
patched on primary missions together with
ground EMS units to patients with potential
major trauma or critical medical conditions. The
Helsinki area HEMS unit is manned with a phy-
sician, a pilot and a flight medic 24 h a day. The
physicians are dedicated anaesthesiologists with
extensive experience in prehospital emergency
medicine. The role of the helicopter is primarily to
transport the physician to the scene, while patient
transport is mainly carried out by EMS ground
vehicles with the physician escorting the patient
to the emergency department when necessary.

Study design

Prehospital airway management indications of
critically ill or severely injured patients in the
Helsinki area HEMS are based on international
and national guidelines.16,17 The data of all non-
cardiac arrest patients whose airway was secured
by the Helsinki area HEMS physician were ana-
lysed. As advanced airway management was used
as an indicator of the severity of the patient’s
condition, we did not study the success rates of
the technical procedures per se. Exclusion criteria
are presented in Fig. 1.

During the study period (2007–2011), there was
no standard operating procedure for prehospital
intubation, and the pharmaceuticals facilitating
the procedure were at the physician’s discretion.
The Helsinki area HEMS physician recorded pre-
hospital treatment data on a run sheet, and the
data were subsequently entered into an electronic
database after each mission. Routinely collected
data included physiological parameters, intuba-
tion related variables including the possible need
for a surgical airway, other interventions and
drugs used during the mission.

The study patients were identified from the
Helsinki area HEMS electronic database. Age,
gender, airway-related variables, along with data
on hospital treatment and primary outcome
evaluation were reviewed and cross-referenced
with the run sheets. The patients’ post-incident
status was determined from hospital records. The
outcome evaluation was performed by one of the
authors (T. Pakkanen) based on hospital patient
records 1 year after the incident. In case of
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missing patient medical records or if the evalua-
tion was unclear, the research team members
either reviewed the case and a joint decision was
made, or outcome was marked as ‘lost to follow-
up’ (Fig. 1).

For assessment of neurological outcome, a
modified Glasgow Outcome Score (GOS) was
used.18 A GOS of 1 denoted death within a year,
GOS 2–3 poor neurological outcome (need for
assistance in activities of daily life) and GOS 4–5
suggested a good neurological recovery (indepen-
dent life). Data on the time and cause of death
were obtained from Statistics Finland.19 Patients
with a known need for personal assistance in
activities of daily life prior to the incident leading
to prehospital intubation were excluded from the
outcome evaluation, since outcome evaluation
was not considered feasible in these cases
(Fig. 1).

The study protocol was approved by, and per-
mission to conduct the study was obtained from
the Coordinating Research Director of the Hel-
sinki University Hospital (date: 23 August 2010,
ClinicalTrials.gov ID NCT02307123). The study
was observational in nature, and classified as a
service evaluation retrospectively analysing rou-
tinely collected data; therefore, the Ethics Com-
mittee approval was not considered mandatory at
the Helsinki University Hospital.

The data were analysed using IBM SPSS Sta-
tistics for Windows (Version 21.0; IBM Corp.,
Armonk, NY, USA). Results are expressed as

medians and ranges or percentages. A Kaplan–
Meier survival curve illustrates the survival in
different prehospital diagnosis.

Results

During the 5-year study period, the Helsinki area
HEMS attended 5444 patients. Of these, 845
patients (15.5%) had their airway secured in the
prehospital setting. After exclusions, the data of
483 patients (8.9%) met the inclusion criteria for
the present study, and were further analysed
(Fig. 1). The data of nine primary non-cardiac
arrest patients (seven trauma, two non-trauma),
who died after prehospital intubation but before
hospital admission and who were therefore
excluded, are given in Table 1.

The median age of the study patients was 47.8
years (range 0.1–90.7 years); 66% were male.
Females were more represented in the elderly age
groups (defined as above 70 years of age). Good
neurological recovery (GOS 4–5; i.e., ability to
live an independent life) was found in 55.3% of
the patients. The overall 1-year mortality (GOS 1)
was 35.0%, while poor neurological outcome
(GOS 2–3) was documented in 9.7% of the
patients. Of all survivors, 85.0% recovered well.
The majority of the patients in the younger age
groups (below 60 years of age) recovered neuro-
logically well. The probability to die increased by
age, odds ratio = 1.05 (95% confidence interval
1.04–1.06) (Fig. 2).

Fig. 1. Flowchart.
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The main indication for endotracheal pre-
hospital intubation in the study population was
decreased level of consciousness without trauma
(53.2%) or due to trauma (37.9%). Other indica-
tions were a minority, as they covered altogether
less than 10% of the cases (Fig. 3).

The primary Glasgow Coma Scale (GCS)
on-scene was ≤8 in 82.8%, 9–13 in 11.5% and
14–15 in 5.7% of the patients. In the patients with
initial GCS 9–15, the airway was secured due to
respiratory failure (n = 11), intracranial pathology
with decreasing consciousness (n = 9), head
trauma (n = 8), major burn (n = 8), facial or neck
trauma (n = 7), need of analgesia (n = 7) or intoxi-
cation (n = 4).

The Helsinki area HEMS physician’s main pre-
hospital diagnoses were trauma with isolated or
concomitant head injury (32.9%), suspected
spontaneous intracranial pathology (21.7%),
intoxication (13.3%) and convulsions (9.3%).
Males were most often suspected to have
decreased level of consciousness due to isolated

or concomitant head injury (36.2%), whereas in
females, the most frequent prehospital diagnosis
was spontaneous intracranial pathology (28.5%).

Of the study patients who died, 42.6% died
within the first 24 h, with an additional 25.3% in
a week, and 81.7% deaths occurred within the
first 30 days after the incident. Patient survival in
relation to prehospital diagnosis is presented in
Fig. 4. The most favourable outcome was found in
patients with intoxication or convulsions as the
prehospital diagnosis, while those with intracra-
nial pathology had the worst survival rate
(Table 2).

Discussion

Our observational study showed that more than
half of the patients, whose airways were secured

Table 1 Deaths on-scene or before hospital admission (n = 9).

Prehospital diagnosis
Primary on-
scene GCS

Head trauma (motor vehicle collision) 3

Head and thorax trauma (motor vehicle collision) 3

Thorax and abdomen trauma (motor vehicle

collision)

13

Head and thorax trauma (fall from heights) 3

Head and thorax trauma (fall from heights) 3

Hypovolemia (stabbing) Missing data

Hypovolemia (major wound; patient not accessible) 15

Hypovolemia (haematemesis) 14

Respiratory failure 12

GCS, Glasgow Coma Scale.

Fig. 3. Indications for prehospital intubation in per cents.

Fig. 2. One-year outcome in relation to age.
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in the prehospital setting and who were thereafter
admitted to hospital, had a favourable long-term
neurological recovery: they lived an independent
life 1 year after the incident. The total 1-year mor-
tality was 35%, which most likely reflects the
critical conditions leading to prehospital intuba-
tion. As the Kaplan–Meier curve in Fig. 4 indi-
cates, in these patients, the primary diagnosis was
probably the major determinant influencing long-
term survival. However, the study population
appeared to divide into several subgroups: while
the 1-year survival of the patients with intoxica-
tions or convulsions was more than 80%, respec-

tively, of those with intracranial pathology more
than half died. Interestingly, in all subgroups, the
initial mortality rate was high, and over 80% of
all deaths occurred during the first 30 days after
the incident. Thus, our results suggest that the
previous studies reporting 30-day mortality will
give a reasonable, although not absolutely accu-
rate estimate of the long-term survival.

The creators of GOS concluded in their later
studies that it was exceptional for a traumatic
brain injury (TBI) patient who was severely dis-
abled at 3 months after the injury ever to reach the
category of good recovery.20 Their studies also
showed that the majority of patients had reached
their final outcome category within 6 months of
injury, and that very few changed category after a
year. Our definition for the ‘long-term’ follow-up
period of 1 year was based on the finding that
very few patients change GOS rating after a year.

Comparison of our results with those from
other studies is difficult. In many previous
studies, the investigators have evaluated trauma
patients9,12,13 with a special focus on TBI.10–12 In
these studies, the mortality rates have been
reported either as the discharge9,12 or 30-day mor-
tality.13 Subgroups like those with the worst
prognosis in our analysis, i.e. ‘other medical’ or
‘intracranial pathology’ are typically missing in
studies. Therefore, a reliable comparison is diffi-
cult to make. It is noteworthy, however, that in
our study, the mortality was only moderate
between 30 and 365 days after the incident, prob-
ably reflecting the natural course of the illness.
Other earlier prehospital intubation studies on
patient outcome have mainly reported TBI patient
survival and neurological outcome in paramedic-
based EMS systems.21–23

Rognås et al.1 conducted a prospective descrip-
tive study including patients from all age groups
and all prehospital endotracheal intubation indi-
cations in Denmark and reported a 30-day mor-
tality of 48.9%. The mortality rate in that study
carried a degree of uncertainty, because, according
to the authors of the study, part of the in-hospital
mortality data were missing in about one third of
the cases due to a change of hospital patient
record systems. Their study also included cardiac
arrest patients and those who died in the prehos-
pital setting.

The Helsinki area HEMS physician’s three main
prehospital diagnoses in our patients were

Fig. 4. One-year survival in relation to prehospital diagnoses. Other

medical: undefined coma (n = 32); respiratory failure (n = 17);

cardiogenic shock (n = 6); septicemia (n = 5); hypoglycemia (n = 3);

airway obstruction (n = 2); hypovolemic shock (n = 1).

Table 2 Outcome in different prehospital diagnoses in percent-

ages (n = 483).

Prehospital diagnosis

One-year neurological outcome

Good Poor Death

Intoxication (n = 64) 82.8% 0% 17.2%

Convulsions (n = 45) 77.8% 4.4% 17.8%

Trauma (n = 203) 53.2% 14.8% 32.0%

Other medical (n = 66) 48.5% 6.0% 45.5%

Intracranial pathology (n = 105) 37.2% 10.5% 52.3%

Other medical: see Fig. 4.
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trauma with isolated or concomitant head injury,
suspected intracranial pathology and intoxica-
tion, which all have a high probability to lead to
a decreased level of consciousness. While the pre-
hospital diagnoses in other studies have been
quite similar, variation also occurs between dif-
ferent physician-staffed EMS systems.5,7,8,10–12

Some units focus on preselected patients groups
(e.g. trauma patients), and different dispatch cri-
teria may also explain the difference.

The majority of our patients had a low primary
GCS (3–8) as expected, which agrees with earlier
studies.1,3,8–10 The main indication for prehospital
endotracheal intubation in the Helsinki area
HEMS in non-cardiac arrest patients was
decreased level of consciousness with or without
trauma, followed by airway protection for antici-
pated clinical course, and respiratory distress.
This concurs with previous studies reporting
main indications for prehospital intubation to be
decreased level of consciousness, respiratory dis-
tress or exhaustion and compromised airway.1–8

Study limitations

The prehospital data were originally self-reported
and can therefore be biased. Although the mis-
sions were routinely recorded in the database on
a daily basis and the study data were cross-
referenced with the original run sheets, the data-
base was not originally designed for this study
and the reported data could not be independently
verified. The outcome evaluation was made by the
authors based on patient record assessment
without physical examination or the help of a
questionnaire. The outcome of a small group of
patients who were lost for follow-up could not be
evaluated. Finally, we were unable to match the
post-mortem diagnoses with the initial prehospi-
tal diagnoses. Therefore, it is possible that the
deaths occurring at the late phases of the
follow-up period were unrelated to the prehospi-
tal index situations and secondary diseases or
injuries could have influenced patient survival
and outcome during the follow-up period.

Conclusions

Based on this study, the long-term outcome of
critical patients treated with endotracheal intuba-
tion in the prehospital setting may be considered

relatively good. The majority of the patients had a
favourable neurological recovery with indepen-
dent life at 1-year after the incident leading to
prehospital endotracheal intubation irrespective
of the indication for the intervention. Even
though the mortality rate was notably high, 85%
of the survivors recovered well.
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Abstract

Background: Traumatic brain injury (TBI) is one of the leading causes of death and permanent disability.
Emergency Medical Services (EMS) personnel are often the first healthcare providers attending patients with
TBI. The level of available care varies, which may have an impact on the patient’s outcome. The aim of this
study was to evaluate mortality and neurological outcome of TBI patients in two regions with differently
structured EMS systems.

Methods: A 6-year period (2005 – 2010) observational data on pre-hospital TBI management in paramedic-
staffed EMS and physician-staffed EMS systems were retrospectively analysed. Inclusion criteria for the study
were severe isolated TBI presenting with unconsciousness defined as Glasgow coma scale (GCS) score ≤ 8
occurring either on-scene, during transportation or verified by an on-call neurosurgeon at admission to the
hospital. For assessment of one-year neurological outcome, a modified Glasgow Outcome Score (GOS) was
used.

Results: During the 6-year study period a total of 458 patients met the inclusion criteria. One-year mortality
was higher in the paramedic-staffed EMS group: 57 % vs. 42 %. Also good neurological outcome was less
common in patients treated in the paramedic-staffed EMS group.

Discussion: We found no significant difference between the study groups when considering the secondary
brain injury associated vital signs on-scene. Also on arrival to ED, the proportion of hypotensive patients was
similar in both groups. However, hypoxia was common in the patients treated by the paramedic-staffed EMS
on arrival to the ED, while in the physician-staffed EMS almost none of the patients were hypoxic. Pre-
hospital intubation by EMS physicians probably explains this finding.

Conclusion: The results suggest to an outcome benefit from physician-staffed EMS treating TBI patients.

Trial registration: ClinicalTrials.gov ID NCT01454648

Keywords: Pre-hospital Emergency Care (MeSH), Emergency Medical Services (MeSH), Critical Care (MeSH),
Traumatic Brain Injury (MeSH), Airway Management (MeSH), Endotracheal Intubation (MeSH), Patient Outcome
Assessment (MeSH), Glasgow Outcome Scale (MeSH)
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Background
Worldwide, traumatic brain injury (TBI) is one of the
leading causes of death and permanent disability [1]
particularly in young adults. After the initial injury,
many patients suffer secondary brain injuries because
of hypoxia, hypercapnea and hypotension. The sec-
ondary brain injuries can result in increased mortality
and disability [1].
The management of severe TBI focuses on the preven-

tion of secondary ischemic brain injury by optimizing
the balance between cerebral oxygen delivery and
utilization [2, 3]. Cerebral oxygen delivery is partly deter-
mined by the arterial oxygen content and partly by cere-
bral blood flow (CBF), and therefore is affected by
cerebral autoregulation. When the autoregulation is im-
paired, a correlation between mean arterial pressure
(MAP) and CBF exists, making the brain susceptible to
ischemia or hyperemia [4, 5].
Half of those who die from TBI do so within the first

two hours of injury [1]. Emergency Medical Services
(EMS) personnel are often the first healthcare providers
attending patients with TBI [1]. Thus, pre-hospital
assessment and treatment is a critical link in providing
appropriate care [6] as the prognosis of patients with
severe TBI and low Glasgow Coma Scale (GCS) score
depends strongly on early support of vital functions
[3, 7]. In particular, pre-hospital prevention of hyp-
oxia by adequate respiratory management including
secured airway, normoventilation and prevention of
aspiration is strongly associated with improved out-
come [8–11]. Depending on the structure of the EMS
system, the level of available care varies, which may
have an impact on the patient’s outcome.
The aim of this study was to evaluate mortality and

neurological outcome of TBI patients in two regions
with differently structured EMS systems.

Methods
Description of the EMS system
Finland covers an area of 337,000 km2 with a population
of 5.4 million. Half of the population lives in the south,
whereas the middle and especially northern parts of the
country are rural. In larger cities, the fire brigade is the
usual EMS provider, whereas private entrepreneurs are
most frequent in rural areas. The EMS system in general
is three-tiered: basic life support (BLS), advanced life
support (ALS) and physician-staffed units. Rescue de-
partment fire engines can also be used as first re-
sponders. BLS units are usually manned with fire
fighters and authorized to use for example an automated
external defibrillator (AED), perform tracheal intubation
of a lifeless adult patient and to establish an intravenous
line. The advanced level employs nurses and paramedics
with 3.5 – 4 years of training who are authorized e.g. to

give intravenous drugs, provide sedation to facilitate tra-
cheal intubation in unconscious patients and initiate
thrombolytic treatment after consulting with a physician.
In cities, response times for basic units average 5–7 min,
ALS response times vary between 10 and 15 min.
Physician-staffed ground vehicles are used in two cities
and five helicopter based physician-staffed units cover
other parts of the country. The physician-staffed unit
calls are not restricted to trauma as they respond to
medical emergencies as well.

The Pirkanmaa area paramedic-staffed EMS system (EMS)
The Pirkanmaa Hospital District is situated in Western
Finland. There are approximately 200 000 inhabitants
living in the city of Tampere and another 250 000 inhab-
itants in the surrounding communities. At the time of
the study, there were no dedicated medical directors,
and EMS crews consulted on-call hospital physicians
and local general practitioners for treatment guidelines.
Physician-staffed pre-hospital units and on-line medical
supervision were not available. Paramedic-staffed EMS
units provided pre-hospital care in this region. During
the study period, patients with a decreased level of con-
sciousness were routinely administered oxygen accord-
ing to national guidelines. Neuromuscular blocking
agents were not available in the pre-hospital service and
pre-hospital advanced airway management was per-
formed using sedatives and opioids only.

The Helsinki and Uusimaa area physician-staffed EMS sys-
tem (Ph-EMS)
The Helsinki and Uusimaa Hospital District is situated
in the southern part of Finland with a total of 1.3 million
inhabitants living in the capital area. During the study
period, the hospital district’s EMS system was a three-
tiered system with two physician-staffed units: a physician-
staffed mobile intensive care unit (MICU) and a Helicopter
Emergency Medical Service (HEMS) unit providing the
third tier. Patients with a decreased level of consciousness
were routinely administered oxygen according to national
guidelines. The physician-staffed EMS units were dis-
patched on primary missions together with basic or
advanced life support EMS units to patients with potential
major trauma or critical medical conditions. The physi-
cians are dedicated anaesthesiologists with extensive
experience in pre-hospital emergency medicine. In the
physician-staffed units, general anaesthesia including
neuromuscular blocking agents could be used to facilitate
rapid sequence intubation (RSI).

Neurosurgical care
Within both study areas, a university hospital operated
as the referral centre providing standardized immediate
neurosurgical care according to national guidelines (the
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first edition published in 2003, with an update in 2008).
Both facilities operate according to similar treatment
principles, in terms of criteria for surgical interventions
and timing of surgery.

Study design
A 6-year period (2005–2010) observational data on pre-
hospital severe TBI management in both EMS systems
were retrospectively analysed. Patients included in the
study were identified from the university hospital patient
records based on the ICD-10 discharge diagnoses for
traumatic brain injury or for skull fracture (S06.2-S06.6,
S06.8, S02.1). Inclusion criteria for the study were severe
isolated TBI presenting with unconsciousness defined as
Glasgow coma scale (GCS) score ≤8 [12] occurring
either on-scene, during transportation or verified by an
on-call neurosurgeon at admission to the hospital.
Patients with concomitant multiple injuries with the
need for surgical interventions (other than neurosurgery)
were excluded, as were patients transferred from other
hospitals (secondary transfers). Desaturation was defined
as a decrease in SpO2 to below 90 %. Hypotension was
defined as a decrease in systolic blood pressure (SBP)
below 90 mmHg. These definitions are consistent with
the latest edition of the Brain Trauma Foundation’s
guidelines for pre-hospital management of traumatic
brain injury [1].
Age, gender, EMS response and total mission time, air-

way related variables, mechanism of injury, GCS score
and vital signs at the scene and on arrival to the emer-
gency department (ED) were reviewed and cross-
referenced with EMS run-sheets and ED documentation.
Outcome evaluation was performed based on hospital
patient records one year after the incident. In multivari-
able analysis, hypoxia and hypotension were used as risk
factors for mortality based on previous studies [3, 7] as
well as age and GCS score based on them being among
the core variables in the IMPACT [13] and CRASH [14]
prognostic TBI models.
For assessment of neurological outcome, a modified

Glasgow Outcome Score (GOS) was used [15]. A GOS
of 1 denoted death within a year, GOS 2–3 poor neuro-
logical outcome (need for assistance in activities of daily
life) and GOS 4–5 corresponded to good neurological
recovery (independent life). The outcome evaluation was
performed by one of the authors (T.P.) based on hospital
patient records six months after the incident. If the
evaluation was unclear, the research team members
reviewed the case and a joint decision was made. Data
on the time of death were obtained from the national
statistical authority Statistics Finland.
The study was approved by Regional Ethics Commit-

tee of the Pirkanmaa Hospital District (R09161), permis-
sion to conduct the study was obtained from the

Research Directors of Tampere and Helsinki University
Hospitals and the study was registered in ClinicalTrials.-
gov (Identifier NCT01454648).

Statistical analyses
Results are expressed as medians and ranges or percent-
ages. EMS groups were compared using chi-square or
Fishers exact test for categorical variables. The odds ra-
tios and 95 % confidence intervals were calculated using
univariate and multivariable binary logistic regression to
identify predictors of good neurological outcome and
one-year mortality. The one-year survival was character-
ized using Kaplan-Meier plot and the log-rank test was
used to compare groups. Statistical significance was con-
sidered at a value of less than 0.05. The data were ana-
lysed using IBM SPSS Statistics for Windows Version
21.0. Armonk, NY: IBM Corp. Released 2012.

Results
During the 6-year study period a total of 458 patients
met the inclusion criteria (Fig. 1). The complete data
of 181 patients in the EMS and 270 patients in the
Ph-EMS were available for final neurological outcome
analysis. The baseline characteristics are presented in
Table 1.
The time from dispatch to the arrival of the first EMS

unit on-scene did not differ between the groups: the me-
dian response time was 8 (range 0–37) minutes in the
EMS and 9 (range 0–62) minutes in the Ph-EMS groups
(p = 0.246). However, the total mission times (from
dispatch to arrival to ED) were shorter in the EMS
group: median time of 54 (range 18–180) minutes com-
pared to Ph-EMS group 72 (range 23–191) minutes
(p <0.001).
First recorded systolic blood pressure on-scene was

hypotensive (<90 mmHg) in 4 % in the EMS treated
group, and hypoxia (SpO2 <90 %) was documented in
19 % of the patients. The corresponding figures in the
Ph-EMS treated patients were 3 % (p = 0.44) and 15 %,
(p = 0.31), respectively. Advanced airway management
was performed in 16 % of the patients in the EMS
group and in 98 % of the patients in the Ph-EMS
group (p <0.001). Details on airway management are
described in Table 2. On arrival to ED, hypotension
was recorded in 4 % in both study groups but the pa-
tients in the EMS group were more often hypoxic
(10 % vs. 1 %, OR 10.05 CI 2.91–34.67, p <0.001).
Outcome by secondary insult at the time of arrival at
ED is presented in Table 3.
One-year mortality was higher in the EMS group:

57 % vs. 42 % (OR 1.86 CI 1.27–2.71, p = 0.001). Good
neurological outcome was less common in patients
treated in the EMS group: 32 % of the EMS and 38 %
(OR 0.74 CI 0.5–1.11, p = 0.14) of the Ph-EMS treated
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patients had a good neurological recovery (GOS 4–5)
with independent life one year after the event. In the
multivariable analysis after the patients were adjusted by
age (OR 1.05 CI 1.04–1.07, p <0.001), the EMS-system
remained as a significant risk factor for mortality (OR
1.69 CI 1.11–2.58, p = 0.015). Long-term mortality of the
two patient groups is illustrated in Fig. 2.

Discussion
In this observational retrospective study the results point
to outcome benefit from physician-staffed EMS treating

TBI patients. Mortality was significantly lower and
neurological outcome better in patients in the physician-
staffed EMS group compared to the paramedic-staffed
EMS group.
Pre-hospital advanced airway management of TBI pa-

tients is well defined in international guidelines: an air-
way should be established in patients who have severe
TBI (GCS ≤8), have the inability to maintain an adequate
airway or are hypoxemic, which is not corrected by sup-
plemental oxygen by the most appropriate means avail-
able [1]. In the pre-hospital setting endotracheal

Table 1 Baseline characteristics

EMS Ph-EMS

n = 183 n = 275

mean SD, range mean SD, range p-value

Age, years 52 21.6, 6–89 47 19.7, 0.2–90 0.014

n % n %

Male 127 69 204 74 0.263

Mechanism of injury 0.018

Fall from ground level 81 44 105 38

Traffic accident 41 22 51 19

Fall from a height (>2 m) 25 14 36 13

Violence 14 8 24 9

Other 4 2 25 9

Unknown 18 8 34 12

Primary GCS

Median 4 - 4 - 0.370

≤8 137 75 247 90

9–13 13 7 14 5

14–15 6 3 7 3

Unknown 27 15 7 3

Fig. 1 Flowchart
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intubation has potential advantages: oxygenation can be
optimised and controlled ventilation is possible with the
airway secured. The optimal way of securing the airway
still remains controversial [16, 17]. If RSI is performed
poorly, hypoxia and hypotension have been shown to
have a negative effect on outcome of TBI patients under-
going pre-hospital RSI [17].
In this study, the airway was secured in the pre-

hospital setting in almost all of the patients in the
physician-staffed EMS group and only in few patients in
the paramedic-staffed EMS group. Anaesthetics were
available for the EMS physicians, while the paramedics
were limited to the use of sedatives only, which might
have an effect on the rate of airway management
procedures.
In earlier studies both hypoxemia and hypotension

have been shown to have a negative impact on outcome
[3, 8]. Desaturations (SpO2 <70 %) during intubation or
any oxygen desaturation (SpO2 <90 %) has been associ-
ated with higher mortality [17]. The incidence of
hypotension in patients with TBI upon first contact in
the field has been reported to be between 16–19 % [18,
19]. A single episode of hypotension has been associated
with increased mortality when compared with a matched
group of patients without hypotension [3].
We found no significant difference between the study

groups when considering the secondary brain injury as-
sociated vital signs on-scene. Also on arrival to ED, the

proportion of hypotensive patients was similar in both
groups. However, hypoxia was common in the patients
treated by the paramedic-staffed EMS on arrival to the
ED, while in the physician-staffed EMS almost none of
the patients were hypoxic. Pre-hospital intubation by
EMS physicians probably explains this finding. Detailed
data on vital signs covering the whole pre-hospital phase
in the study groups were not available in this retrospect-
ive study, so the presence of momentary hypoxia or
hypotension during the pre-hospital period could not be
further evaluated.
Due to the low rate of intubation in the paramedic-

staffed EMS group, ventilatory parameters could not be
compared. Arterial blood gas results from the ED were
documented in 85 % of the physician EMS group and in
48 % of the paramedic EMS group. When analysing this
further we found that only 36 % of the arterial blood gas
samples in the physician EMS group and 14 % in the para-
medic EMS group were analysed within 10 min or less
after arrival to the ED and would in our opinion represent
the oxygenation and ventilation during the pre-hospital
phase. Therefore no further analysis was made.
There were no differences between the groups in gen-

der, mechanism of injury, EMS response times or initial
GCS. When the patient groups were adjusted by age, the
EMS-system still remained as a significant variable in
multivariable regression analysis of mortality risk factors.
The finding that the physician EMS group produced

more patients with poor neurological outcome, can pos-
sibly be explained by Stoccheti’s hypothesis: “The quality
of the overall trauma system affects the outcome of the
series because a better trauma system produces less
favourable outcomes. This apparent paradox is due to
the fact that a more efficient trauma system brings even
the most severe cases to the hospital” [20].

Study limitations
This was an observational retrospective study and some
limitations should be considered when interpreting the
results. The pre-hospital data were originally self-
reported and could not be independently verified and

Table 3 Outcome by secondary insult at the time of arrival at ED

EMS Ph-EMS

Secondary Outcome Outcome

Insult n % Good Poor Dead n % Good Poor Dead

Neither 149 86.6 33.6 % 10.7 % 55.7 % 246 94.6 38.6 % 17.5 % 43.9 %

Hypoxia 17 9.9 23.5 % 17.6 % 58.8 % 4 1.5 25.0 % 0 % 75.0 %

Hypotension 5 2.9 40.0 % 20.0 % 40.0 % 10 3.9 10.0 % 40.0 % 50.0 %

Both 1 0.6 0 % 0 % 100 % 0 0 0 % 0 % 0 %

Total 172 100 32.6 % 11.6 % 55.8 % 260 100 37.3 % 18.1 % 44.6 %

Data not available for 9 patients. Data not available for 10 patients.

Table 2 Pre-hospital airway management

EMS Ph-EMS

n % n % p-value

Airway secured 29 16 269 98 <0.001

Intubation (drug-facilitated) 19 10 263 96

Intubation (without medication) 6 3 0 0

Supraglottic device 4 2 5 2

Surgical airway 0 0 1 0

Not secured 154 84 6 2

Failed pre-hospital intubation attempt(s) 3 2 0 0
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can therefore be biased. When considering the age dis-
tribution, the groups were not originally identical. Reli-
able pupil assessment was not recorded on all of the
patients. Complete data on vital signs covering the pre-
hospital phase were not available for all patients. The
outcome evaluation was based on patient record assess-
ment without physical examination or the help of a
questionnaire. The first CT scans were not evaluated
using the Marshall classification. It is possible that
the deaths occurring at the late phases of the follow-
up period were unrelated to the pre-hospital index
situations and secondary diseases or injuries could
have influenced patient survival and outcome during
the follow-up period.

Conclusions
Based on available data, the results suggest to an out-
come benefit from physician-staffed EMS treating TBI
patients. Further prospective multicentre studies with
more thoroughly data of vital signs covering the pre-
hospital phase, total pre-hospital treatment and the out-
come evaluation are needed to confirm the hypothesis.
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Physician-staffed helicopter emergency
medical service has a beneficial impact on
the incidence of prehospital hypoxia and
secured airways on patients with severe
traumatic brain injury
Toni Pakkanen1,2* , Antti Kämäräinen3, Heini Huhtala4, Tom Silfvast5, Jouni Nurmi6, Ilkka Virkkunen1 and
Arvi Yli-Hankala2,7

Abstract

Background: After traumatic brain injury (TBI), hypotension, hypoxia and hypercapnia have been shown to result in
secondary brain injury that can lead to increased mortality and disability. Effective prehospital assessment and
treatment by emergency medical service (EMS) is considered essential for favourable outcome. The aim of this
study was to evaluate the effect of a physician-staffed helicopter emergency medical service (HEMS) in the
treatment of TBI patients.

Methods: This was a retrospective cohort study. Prehospital data from two periods were collected: before (EMS
group) and after (HEMS group) the implementation of a physician-staffed HEMS. Unconscious prehospital patients
due to severe TBI were included in the study. Unconsciousness was defined as a Glasgow coma scale (GCS)
score ≤ 8 and was documented either on-scene, during transportation or by an on-call neurosurgeon on hospital
admission. Modified Glasgow Outcome Score (GOS) was used for assessment of six-month neurological outcome
and good neurological outcome was defined as GOS 4–5.

Results: Data from 181 patients in the EMS group and 85 patients in the HEMS group were available for
neurological outcome analyses. The baseline characteristics and the first recorded vital signs of the two cohorts
were similar. Good neurological outcome was more frequent in the HEMS group; 42% of the HEMS managed
patients and 28% (p = 0.022) of the EMS managed patients had a good neurological recovery. The airway was more
frequently secured in the HEMS group (p < 0.001). On arrival at the emergency department, the patients in the
HEMS group were less often hypoxic (p = 0.024). In univariate analysis HEMS period, lower age and secured airway
were associated with good neurological outcome.

Conclusion: The introduction of a physician-staffed HEMS unit resulted in decreased incidence of prehospital
hypoxia and increased the number of secured airways. This may have contributed to the observed improved
neurological outcome during the HEMS period.
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Introduction
After traumatic brain injury (TBI), hypotension, hypoxia
and hypercapnia have been shown to result in secondary
brain injury that can lead to increased mortality and dis-
ability [1]. As the prognosis of patients with severe TBI
and a low Glasgow Coma Scale (GCS) score depends on
early support of vital functions [2, 3], effective prehospi-
tal assessment and treatment is considered essential for
favourable outcome [4]. In particular, prehospital pre-
vention of hypoxia by adequate airway and respiratory
management including a secured airway, normoventila-
tion and prevention of aspiration is strongly associated
with improved outcome [5–8].
Depending on the structure of the emergency medical

service (EMS) system the level of available treatment
varies, and this may have an impact on the patient’s out-
come. A systematic review from 2009 revealed only a
few controlled studies examining the effect of advanced
interventions by a prehospital EMS physician on out-
come. Increased survival was found in major trauma pa-
tients and in patients with cardiac arrest [9].
Although a Helicopter Emergency Medical Service

(HEMS) is a part of the prehospital trauma system in
many countries, HEMS and the possible impact it has
on outcome in traumatically injured patients remains a
subject of debate. Studies have been performed with the
aim to evaluate the effect of HEMS on outcome in
trauma patients, with contradictory results [10–15]. Dif-
ferences in HEMS team composition, dispatch protocols,
EMS organisation, hospital treatment and methodology
and outcome measures make comparisons between
studies difficult.
The aim of this study was to evaluate the effect of a

physician-staffed HEMS in the treatment of TBI pa-
tients. The hypothesis was that implementation of a
physician-staffed HEMS would have a positive effect on
outcome.

Material and methods
The Pirkanmaa district has the second largest population
in Finland, with approximately a half million inhabitants
living in the city of Tampere and in the surrounding mu-
nicipalities. All TBI patients in the study region are admit-
ted to Tampere University Hospital, which is the referral
centre in the area, and provides immediate neurosurgical
care according to national guidelines (the first edition
published in 2003, with an update in 2008) [16].

Period 1 (2005–2010): Paramedic EMS (EMS group)
The EMS was the responsibility of and organised by
each of the municipalities in the region. The system was
two-tiered, with emergency medical technician basic life
support and paramedic advanced life support units.
There were no dedicated on-call EMS medical directors,

and no physician-staffed EMS units available on-scene.
Prehospital crews consulted on-call hospital and local
primary care physicians for treatment guidelines when
deemed necessary. Patients with a decreased level of
consciousness were routinely administered oxygen ac-
cording to national guidelines and ventilation was
assisted with bag-valve mask if required. Endotracheal
intubation was primarily performed in cardiac arrest pa-
tients and infrequently in patients with a decreased level
of consciousness. Hypnotics or neuromuscular blocking
agents were not available in the prehospital setting and
endotracheal intubation was performed using sedatives
and opioids only, at the discretion of the paramedic on
the scene.

Period 2 (2012–2015): Physician-staffed HEMS
(HEMS group)
A physician-staffed HEMS was introduced into the EMS
in the autumn of 2011, covering all municipalities in the
study area. The HEMS is dispatched on primary missions
together with basic or advanced life support EMS units to
patients with potential major trauma or other critical
medical condition. The role of the helicopter is primarily
to transport the physician to the scene, while patient
transport is mainly carried out by EMS ground vehicles
with the physician escorting the patient to the emergency
department (ED) when necessary. The physicians are
anaesthesiologists experienced in prehospital critical
emergency medicine and conduct advanced airway man-
agement according to the HEMS unit TBI standard oper-
ation procedure (SOP). General anaesthesia complying
with the principles of neuroanaesthesia, including hyp-
notics, opioids and neuromuscular blocking agents, is rou-
tinely used for rapid sequence intubation (RSI).
Capnography-assisted controlled ventilation, invasive
haemodynamic monitoring with arterial blood gas sam-
pling and, if necessary, noradrenaline-infusion and hyper-
tonic saline are also routinely employed according to the
unit’s TBI SOP and national guidelines [16].

Study design
This retrospective cohort study compares the outcome of
patients with severe TBI. Prehospital data from two pe-
riods were collected: before (EMS group) and after
(HEMS group) the implementation of the HEMS. Data of
the EMS group have been presented in a previous study
[10] comparing the outcome of TBI patients in two differ-
ently structured EMS systems and were used as a histor-
ical control cohort in the current study. As the physician-
staffed HEMS was introduced in the autumn of 2011, that
year was excluded from data collecting.
Unconscious prehospital patients due to severe TBI

were included in the study. Unconsciousness was de-
fined as a Glasgow coma scale (GCS) score ≤ 8 [17] and

Pakkanen et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine  (2017) 25:94 Page 2 of 7



was documented either on-scene, during transportation
or by an on-call neurosurgeon on hospital admission.
The ICD-10 hospital discharge diagnoses for traumatic
brain injury and/or skull fracture (S06.2-S06.6, S06.8,
S02.1) were used to identify the patients, and their pa-
tient records were cross-referenced with EMS and
HEMS run-sheets. Patients with concomitant multiple
injuries with the need for other than neurosurgical inter-
ventions were excluded, as were patients transferred
from other hospitals.
Data collected included age, gender, mechanism of in-

jury, GCS score and vital signs on-scene and on arrival
at the ED, airway management, response and total mis-
sion times. Hypoxia was defined as an SpO2 below 90%
and hypotension was defined as a systolic blood pressure
(SBP) below 90 mmHg. These definitions are consistent
with the latest edition of the Brain Trauma Foundation’s
guidelines for prehospital management of traumatic
brain injury [1]. For assessment of neurological outcome,
a modified six-month Glasgow Outcome Score (GOS)
was used [18, 19]. A GOS of 1 denoted death within six
months, GOS 2–3 poor neurological outcome (need for
assistance in activities of daily living) and GOS 4–5 good
neurological recovery (independent life). Outcome
evaluation was performed, or time of death was ob-
tained, by the corresponding author, based on hospital

patient records six months after the incident. If the out-
come evaluation was unclear, the research team mem-
bers reviewed the case and a joint decision was made.

Statistical analyses
Results are expressed as medians with ranges or percent-
ages. The groups were compared using the chi-square or
Fisher’s exact test for categorical variables. Six-month
survival is presented with Kaplan-Meier curves. Com-
parison between EMS and HEMS was made with the
log-rank test.
Binary logistic regression analysis was used to predict

good outcome. Variables of the univariate analysis with
p < 0.05 were added to the multivariable analysis. Statis-
tical significance was considered at a p-value less than
0.05. The data were analysed using IBM SPSS Statistics
for Windows Version 21.0. Armonk, NY: IBM Corp. re-
leased 2012.

Results
During the study period (Periods 1 + 2) data from 181
patients in the EMS group and 85 patients in the HEMS
group were available for neurological outcome analyses
(Fig. 1). The baseline characteristics and the first re-
corded vital signs of the two cohorts were similar and
are presented in Table 1.

Fig. 1 Flow-chart
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Good neurological outcome was more frequent in the
HEMS group; 42% of the HEMS managed patients and
28% (p = 0.022) of the EMS managed patients had a
good neurological recovery (GOS 4–5), living an inde-
pendent life six months after the incident. There was a
trend to higher survival (53% vs. 43%, Log Rank
p = 0.066) in the HEMS group during the 6-month
follow-up period, presented as Kaplan-Meier curves in
Fig. 2. A prehospital decision not to treat was done by
the attending HEMS physician on two patients. A sub-
group Kaplan-Meier analysis with these two patients re-
moved from the HEMS group resulted in higher survival
(p = 0.045).
The logistic regression analysis is presented in Table 2.

The airway was secured more frequently in the HEMS
group (p < 0.001). Due to long distances, 10 patients
were air transported to the ED in the HEMS group,
while patient transport was mainly carried out by EMS
ground vehicles with the physician escorting the patient.
On arrival at the ED, patients in the HEMS group were
less often hypoxic (p = 0.024). In univariate analysis
HEMS-period, lower age and secured airway were

Table 1 Baseline characteristics

Period 1: EMS Period 2: HEMS

n = 181 n = 85 p-value

Age, years (Median, Q1-Q3) 54 33–69 53 23–74 0.479

Gender, male (n, %) 127 70 58 68 0.820

Mechanism of injury (n, %) 0.288

Fall from ground level 79 43 32 38

Traffic accident 41 23 29 34

Fall from a height (> 2 m) 25 14 9 11

Violence 14 8 6 7

Other 4 2 4 5

Unknown 18 10 5 6

Primary GCS (Median, Q1-Q3) 5 3–7 5 3–7 0.956

Primary vital parameters (n/total, %)

Hypoxia 32/170 19 18/84 21 0.369

Hypotension 7/174 4 4/84 5 0.514

Airway secured (n, %) 29 16 81 95 < 0.001

Prehospital decision not to treat – – 2 2

Vital parameters on arrival at the ED (n/total, %)

Hypoxia 18/173 10 2/84 2 0.024

Hypotension 7/179 4 4/85 5 0.750

Mission related times, minutes (Median, Range)

From dispatch to arrival on-scene

1st EMS Unit on-scene 8 0–37 12 4–41 0.006

HEMS – – 23 6–85

Total mission time 54 18–180 82 30–201 < 0.001

Fig. 2 Six-month survival according to EMS system (Log
Rank p = 0.066)
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associated with good neurological outcome. In multivari-
able analysis lower age remained as a significant factor
for good outcome.

Discussion
The introduction of a physician-staffed HEMS unit sig-
nificantly decreased the proportion of hypoxic TBI pa-
tients and increased the number of patients with
secured airways on hospital admission. This may have
contributed to the observed improved neurological out-
come during the HEMS period.
This supports our previous findings when evaluating

mortality and neurological outcome of TBI patients in
two regions with differently structured EMS systems [10].
The baseline characteristics of the two cohorts were

similar, with no differences between the groups regard-
ing gender, mechanism of injury or initial GCS. Only the
mission-related time frames differed, since the response
time and delay to hospital admission were longer in the
HEMS group. In the HEMS group 10 patients were air
transported to the ED, but as the total mission times in

the HEMS group were longer, this result in our opinion
excludes the impact of the air transport itself.
The principles for prehospital airway management of

TBI patients are described in international guidelines: an
airway should be established in patients who have severe
TBI (GCS ≤ 8), who are unable to maintain an adequate
airway or who are hypoxaemic despite supplemental
oxygen [1]. The optimal way to secure the airway still re-
mains controversial [20, 21]. With endotracheal intub-
ation, if RSI is performed poorly, hypoxia and hypotension
have been shown to have a negative effect on outcome of
TBI patients [21–23]. In the present study, virtually all
patients were intubated in the prehospital setting in the
physician-staffed HEMS group, whereas only a few
patients were intubated in the paramedic EMS group. In
univariate analysis of the HEMS-period, securing the
airway was associated with good neurological outcome.
Anaesthetics were used by the HEMS physicians, while
the paramedics were limited to the use of sedatives and
opioids. This may have influenced on the observed differ-
ence in the rate of airway management procedures during
the two periods.

Table 2 Univariate and multivariable logistic regression of six-month good outcome predictors

Univariate Multivariable

OR 95% CI p-value OR 95% CI p-value

Period

HEMS 1.87 1.09–3.21 0.022 2.46 0.89–6.84 0.083

EMS 1

Age 0.95 0.93–0.96 < 0.001 0.95 0.93–0.96 < 0.001

Sex

Male 1.78 0.99–3.19 0.055 Not entered

Female 1

GCS 1.07 0.97–1.18 0.183 Not entered

Hypoxia

On-scene 1 Not entered

Not present 1.65 0.81–3.37 0.165

Hypotension

On-scene 1 Not entered

Not present 2.26 0.48–10.72 0.303

Airway

Secured 1.89 1.12–3.19 0.017 0.71 0.27–1.88 0.486

Not secured 1

Hypoxia

At ER 1 Not entered

Not present 2.12 0.69–6.54 0.193

Hypotension

At ER 1 Not entered

Not present 2.28 0.48–10.78 0.299
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In previous studies both hypoxaemia and hypotension
have been shown to have a negative impact on TBI out-
come [2, 5]. We found no difference in the on-scene oc-
currence of disturbances of these vital signs between the
study groups. The proportion of hypotensive patients on
arrival to the ED was similar in both groups. However,
hypoxia was more common in the patients managed by
the paramedic EMS. The likely explanation for this find-
ing is the higher frequency of prehospital endotracheal
intubation, controlled ventilation and more precise and
invasive monitoring of the vital signs in the HEMS
group.
Age has been demonstrated to be an important pre-

dictor of outcome after head injury. Older age has been
shown to be an independent risk factor for higher mor-
tality and poor functional outcome in TBI [24, 25]. In
this study, in uni- and multivariate analysis of the
HEMS-period lower age was associated with good
neurological outcome.

Study limitations
This was a retrospective observational study and the fol-
lowing limitations should be considered when interpret-
ing the results. The prehospital data were originally self-
reported, could not be independently verified, and could
therefore have been biased. Continuous data on vital
signs covering the whole prehospital phase were not
available; therefore, short-lived hypoxia or hypotension
during the prehospital period cannot with certainty be
excluded during either period. Due to the low rate of
endotracheal intubation in the paramedic EMS group,
parameters regarding ventilation could not be compared.
The first CT scans were not evaluated using the Mar-
shall classification. Neurosurgical and intensive care
have advanced during the study period, which may also
have affected the results and may to some extent ac-
count for the improved outcome. Outcome evaluation
was based on patient record assessment without clinical
examination or the help of a questionnaire. It is possible
that the deaths occurring in the late stages of the follow-
up period were unrelated to the prehospital index event,
with secondary diseases or injury being the cause.

Conclusions
The introduction of a physician-staffed HEMS unit re-
sulted in a beneficial impact on patient care reflected by
a decreased incidence of prehospital hypoxia and an in-
creased number of patients with secured airways. This
may have contributed to the observed improved neuro-
logical outcome during the HEMS period. Further pro-
spective multicentre studies with detailed data are
needed to confirm the hypothesis that a physician-
staffed HEMS has a positive impact on the outcome of
TBI patients.
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Prehospital on-scene anaesthetist treating
severe traumatic brain injury patients is
associated with lower mortality and better
neurological outcome
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Abstract

Background: Patients with isolated traumatic brain injury (TBI) are likely to benefit from effective prehospital care to
prevent secondary brain injury. Only a few studies have focused on the impact of advanced interventions in TBI
patients by prehospital physicians. The primary end-point of this study was to assess the possible effect of an on-scene
anaesthetist on mortality of TBI patients. A secondary end-point was the neurological outcome of these patients.

Methods: Patients with severe TBI (defined as a head injury resulting in a Glasgow Coma Score of ≤8) from 2005 to
2010 and 2012–2015 in two study locations were determined. Isolated TBI patients transported directly from the
accident scene to the university hospital were included. A modified six-month Glasgow Outcome Score (GOS) was
defined as death, unfavourable outcome (GOS 2–3) and favourable outcome (GOS 4–5) and used to assess the
neurological outcomes. Binary logistic regression analysis was used to predict mortality and good neurological
outcome. The following prognostic variables for TBI were available in the prehospital setting: age, on-scene GCS,
hypoxia and hypotension. As per the hypothesis that treatment provided by an on-scene anaesthetist would be
beneficial to TBI outcomes, physician was added as a potential predictive factor with regard to the prognosis.

Results: The mortality data for 651 patients and neurological outcome data for 634 patients were available for
primary and secondary analysis. In the primary analysis higher age (OR 1.06 CI 1.05–1.07), lower on-scene GCS
(OR 0.85 CI 0.79–0.92) and the unavailability of an on-scene anaesthetist (OR 1.89 CI 1.20–2.94) were associated
with higher mortality together with hypotension (OR 3.92 CI 1.08–14.23). In the secondary analysis lower age
(OR 0.95 CI 0.94–0.96), a higher on-scene GCS (OR 1.21 CI 1.20–1.30) and the presence of an on-scene
anaesthetist (OR 1.75 CI 1.09–2.80) were demonstrated to be associated with good patient outcomes while
hypotension (OR 0.19 CI 0.04–0.82) was associated with poor outcome.

Conclusion: Prehospital on-scene anaesthetist treating severe TBI patients is associated with lower mortality and
better neurological outcome.

Keywords: Prehospital emergency care (MeSH), Emergency medical services (MeSH), Critical care (MeSH),
Traumatic brain injury (MeSH), Airway management (MeSH), Endotracheal intubation (MeSH), Patient outcome
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Background
The incidence of patients admitted to hospital with trau-
matic brain injury (TBI) in Europe is estimated to be
262/100,000, with average related mortality of 11/
100,000 [1]. Approximately 10–20% of all TBIs are mod-
erate or severe, requiring intensive care unit treatment
[2, 3]. Severe traumatic brain injury is defined as a head
injury resulting in a Glasgow Coma Score of ≤8 [4] and
the prognosis for severe TBI is that one in two patients
dies as a result or is severely affected as a result of the
trauma [5, 6]. In large registry studies, TBI outcomes have
been demonstrated to be strongly associated with demo-
graphic and trauma-related factors (i.e., age, motor score,
pupillary reactivity and computed tomography classifica-
tion) as well as with secondary factors (hypoxia and arter-
ial hypotension primarily) in large registry studies [6–8].
Prehospital assessment and treatment is an important

link in providing appropriate care [9] as the prognosis of
patients with severe TBI strongly depends on early sup-
port of vital functions [10, 11]. In particular, prehospital
prevention of hypotension and hypoxia by adequate
treatment including a secured airway, normoventilation
and prevention of aspiration is strongly associated with
improved outcome [12–15].
The effect of advanced interventions by prehospital phy-

sicians on patient outcomes has been examined in only a
few controlled studies. Increased survival has been found
in patients with major trauma and in cardiac arrest pa-
tients [16]. In particular, patients with isolated TBI are also
likely to benefit from a prehospital physician treating and
preventing secondary brain injury insults [17]. Severe TBI
patients treated by on-scene anaesthetists have been
shown to have a better prognosis in our previous studies
[18, 19]. Thus, the current study objective was to further
analyse the previously gathered patient data using binary
logistic regression analysis. The hypothesis was that inter-
ventions by prehospital anaesthetists would have a positive
effect on severe TBI patient outcomes. The primary
end-point was to evaluate the possible effect of an
on-scene anaesthetist on mortality and as a secondary
end-point, the neurological outcome in TBI patients.

Methods
Study setting
The prehospital treatment and outcomes of patients
with severe TBI from 2005 to 2010 and 2012–2015 in
two study locations (Helsinki and Uusimaa region and
Pirkanmaa region, Finland) were determined in this
retrospective cohort study. The Helsinki and Uusimaa
area represents a 10-year continuous patient flow in a
physician-staffed emergency medical service (EMS) sys-
tem. The Pirkanmaa patient cohort was divided into two
sections: 2005–2010 with no prehospital physician ser-
vice and 2011–2015 after the implementation of a

physician-staffed EMS unit. Previously gathered patient
data, in conjunction with previously unused data (repre-
senting 18% of the total information), was further ana-
lysed using binary logistic regression analysis. The data
covering 2011 were excluded as a physician-staffed heli-
copter emergency medical service (HEMS) was imple-
mented in the Pirkanmaa Hospital District that year and
impacted significantly on the local EMS. There were no
dedicated medical directors in the Pirkanmaa area until
2010 and EMS crews consulted on-call hospital physi-
cians for treatment guidelines.
The two present EMS systems, described in detail in

previous publications [18, 19], serve a total of almost
two million inhabitants and comprise basic life support,
advanced life support and physician-staffed units. The
physician-staffed units respond to medical emergencies
as well as trauma calls. The prehospital physicians are
anaesthesiologists with extensive experience in prehospi-
tal emergency medicine. All severe TBI patients in these
regions are admitted to the region’s single university
hospital and receive immediate neurosurgical care ac-
cording to the national guidelines [20].
The study protocol was approved by the Regional Ethics

Committee of the Pirkanmaa Hospital District (No.
R15158). Permission to conduct the study was obtained
from the research directors of Tampere University
Hospital and Helsinki University Hospital. The study was
registered in ClinicalTrials.gov (Identifier NCT02659046)
(originally on 15 January 2016 and then updated on 12
December 2017).

Definitions and data collection
Severe TBI was defined as a GCS score ≤ 8, occurring ei-
ther on scene, during transportation or verified by an
on-call neurosurgeon on admission to hospital [21]. Ad-
vanced airway management was defined as securing the
airway with endotracheal intubation, a supraglottic air-
way device (laryngeal mask) or surgical airway. Hypoxia
was defined as a SpO2 of ≤90% and hypotension as a
systolic blood pressure (SBP) of ≤90mmHg. The defini-
tions are consistent with the latest edition of the Brain
Trauma Foundation’s guidelines for the prehospital
management of TBI [4].
Included patients were identified from the hospital re-

cords based on ICD-10 discharge diagnoses for TBI
(S06.2-S06.6 and S06.8). The inclusion criterion for the
study was severe, isolated TBI in patients transported dir-
ectly from the accident scene to the university hospital.
Non-Finnish citizens were excluded from the study since
follow-up data were not available to perform a neuro-
logical outcome evaluation. Patients with multiple injuries
and requiring surgical intervention (other than neurosur-
gery) were also excluded, as were those who were trans-
ferred from other hospitals (i.e., inter-hospital transfers).
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Age, gender, response time, total prehospital time,
mechanism of injury, Glasgow Coma Scale (GCS) score,
advanced airway management and vital signs on scene
and on arrival at the emergency department (ED) were
reviewed and cross-referenced with EMS run sheets and
ED documentation.
Mortality data were obtained from the national statis-

tical authority, Statistics Finland. A neurological outcome
evaluation was performed based on the hospital patient
records up to 6 months after the incident. A modified
six-month Glasgow Outcome Score (GOS) [22, 23] was
used to assess the neurological outcomes. A GOS of 1 de-
noted death within 6 months, a GOS of 2–3 was indicative
of a poor neurological outcome (i.e., needing assistance
with daily living activities) and a GOS of 4–5 was suggest-
ive of good neurological recovery (i.e., the ability to lead
an independent life). If the outcome was unclear, the re-
search team members reviewed the case and a joint deci-
sion was made.

Statistical methods
To describe general characteristics categorical variables
are reported as percentage (%), while continuous vari-
ables are reported as median and range. Binary logistic
regression analysis was used in univariate and multivari-
able models to predict mortality and a good neurological
outcome. The evaluation was performed in the context

of a prehospital environment using predictors that were
of value in the prehospital treatment phase [17]. The fol-
lowing known conventional prognostic variables [5, 6]
for TBI were available in the prehospital setting: age,
on-scene GCS, hypoxia and hypotension. As per the hy-
pothesis that treatment provided by an on-scene anaes-
thetist would be beneficial to TBI outcomes, physician
was added as a potential predictive factor with regard to
the prognosis. The results are presented as odds ratios
(OR) with 95% confidence intervals. Statistical significance
was considered to be a p-value of ≤0.050. The data were
analysed using SPSS Statistics for Windows® version 21.0.

Results
Six hundred and sixty-three patients met the inclusion
criterion. The mortality data for 651 patients and neuro-
logical outcome data for 634 patients were available for
analysis (Fig. 1). Information on the sociodemographic
patient characteristics, mechanism of injury, response
and total prehospital times is provided in Table 1.
The median on-scene GCS was 5 (≤ 8 in 90%, 9–13 in

8% and 14–15 in 2% of the patients). Patients in the lat-
ter two groups deteriorated either on scene or during
transportation and were consequently eligible for inclu-
sion. Hypoxia was present on scene in 16% of the pa-
tients and hypotension was documented in 3% of them.
The incidence of hypoxia (4%) and hypotension (4%)

Fig. 1 Flowchart
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was similar on arrival at the ED. An anaesthetist was
present on scene in 72% of the cases and advanced air-
way management was performed in 74% of the patients.
The airway of 97% of the patients was secured in the
prehospital setting when an on-scene anaesthetist was
present and in 16% of the patients who were not treated
by a physician.
Higher age, lower on-scene GCS and the unavailability

of an on-scene anaesthetist were associated with higher
mortality in univariate analysis. The same variables (age,
GCS, an on-scene anaesthetist), together with hypotension,
were found to be significant factors for mortality in multi-
variable analysis (Table 2).
Lower age, a higher on-scene GCS and the presence of

an on-scene anaesthetist were linked to good neuro-
logical outcomes in univariate analysis. Following multi-
variable analysis, all of these factors were demonstrated
to be significantly associated with good patient outcomes
(age, GCS, an on-scene anaesthetist), while hypotension
was associated with poor outcomes (Table 3).

Discussion
In this retrospective observational study, prehospital
on-scene anaesthetist treating severe TBI patients was
associated with lower mortality and better neurological
outcome.

The results supports our previous finding following an
evaluation of mortality and neurological outcomes in
TBI patients [18, 19]. However, there is lack of consen-
sus on the impact of physician-staffed EMS on trauma
patients in the literature and results from existing stud-
ies are inconclusive [16, 17, 24–27].
Early definitive airway control has become an estab-

lished principle in the management and resuscitation of
critically injured patients. This practise is considered to
be the standard of care, particularly in patients with
head trauma as hypoxemia and hypercapnia can worsen
brain injury [28].
Prehospital treatment (i.e., ensuring a secured airway,

preventing hypoxemia and enabling controlled ventilation)
administered by an on-scene anaesthetist was associated

Table 1 General characteristics

Median / % Q1-Q3

Age (y) 50 30–64

Male 74%

Mechanism of injury

Fall 38%

Traffic accident 24%

Fall from a height (> 2 m) 12%

Violence 9%

Other 7%

Unknown 9%

1st EMS Unit on scene (minutes) 8 5–12

Total mission time (minutes) 69 53–92

GCS on-scene (range) 5 (3–15)

Hypoxia

On-scene 16%

ER 4%

Hypotension

On-scene 3%

ER 4%

Physician 72%

Airway secured 74%

GCS Glasgow Coma Score, ER Emergency Room
Hypoxia SpO2 of ≤90%, Hypotension systolic blood pressure (SBP) of ≤90

Table 2 Mortality regression analyses

Univariate Multivariable

OR 95% CI p-value OR 95% CI p-value

Age 1.06 1.05–1.07 < 0.001 1.06 1.05–1.07 < 0.001

GCS On-scene 0.91 0.85–0.96 0.002 0.85 0.79–0.92 < 0.001

Hypoxia

Not present 1

On-scene 1.31 0.84–2.03 0.230 0.93 0.55–1.59 0.792

Hypotension

Not present 1

On-scene 2.03 0.78–5.31 0.149 3.92 1.08–14.23 0.038

Physician

Not present 2.03 1.44–2.88 < 0.001 1.89 1.20–2.94 0.005

On-scene 1

GCS Glasgow Coma Score, OR Odds ratio, CI Confidence Interval
Hypoxia SpO2 of ≤90%, Hypotension systolic blood pressure (SBP) of ≤90mmHg

Table 3 Good neurological outcome regression analyses

Univariate Multivariable

OR 95% CI p-value OR 95% CI p-value

Age 0.95 0.94–0.96 < 0.001 0.95 0.94–0.96 < 0.001

GCS On-scene 1.15 1.08–1.22 < 0.001 1.21 1.20–1.30 < 0.001

Hypoxia

Not present 1

On-scene 0.66 0.41–1.05 0.079 1.05 0.60–1.83 0.863

Hypotension

Not present 1

On-scene 0.44 0.14–1.34 0.148 0.19 0.04–0.82 0.026

Physician

Not present 0.51 0.35–0.74 < 0.001 0.57 0.36–0.92 0.020

On-scene 1

GCS Glasgow Coma Score, OR Odds ratio, CI Confidence Interval
Hypoxia SpO2 of ≤90%, Hypotension systolic blood pressure (SBP) of ≤90mmHg
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with the observed lower mortality and improved neuro-
logical outcome in patients in the current study.
Virtually all patients with severe TBI who were

treated by an on-scene anaesthetist had their airways
secured in the prehospital setting. This concurs with
the finding of a recent study by Gellerfors et al., in
which it was shown that prehospital tracheal intub-
ation was completed rapidly, with high success rates
and a low incidence of complications when performed
by experienced anaesthetists [29].
It has been suggested that the dispatch of physician-

staffed EMS could increase on-scene time (OST). It is
likely that different prehospital treatment strategies (i.e.,
“scoop and run” and “stay and play”) and interventions
(i.e., airway management performed on scene) influence
the OST and, depending on the injury profile, impact on
patient outcomes. The literature is also inconclusive re-
garding the effect of prehospital timeframes on the out-
comes of patients with severe TBI [17, 24, 30].
Unfortunately, reliable prehospital OST data were not
available in our study.
Hypotension has been shown to have a negative im-

pact on TBI outcomes in previous studies [10, 12]. It has
been suggested that SBP values higher than 90 mmHg
may benefit patients with isolated, severe TBI [31–35].
Hypotension, or the lack of it, was seen to have a signifi-
cantly negative impact on survival (i.e., increased mortal-
ity) and a significantly positive impact on neurological
outcomes, respectively, on multivariable analysis in the
current study.
When considering other individual prognostic fac-

tors, age is an important predictor of outcome after
brain trauma. The elderly (typically defined as age
higher than 64–70 years) have higher mortality and
worse functional outcomes compared to younger pa-
tients with the oldest patients having the poorest out-
comes [36–39]. A GCS score of 3 at presentation is
associated with very poor outcomes. Similarly, an in-
crease in mortality and the worsening of neurological
outcomes has been demonstrated in patients with a
GCS of ≤8 [40–42]. A prehospital assessment of the
GCS has been found to be an important and reliable
indicator of the severity of TBI and should ideally be
measured prior to the administration of sedative or
paralytic agents [4]. The assessment should be repeat-
edly conducted to determine improvement or deteri-
oration over time [4]. The results of the current
study are comparable with these earlier findings.

Strengths and limitations
Strengths of the current study were that this was a
population-based study and that all primary EMS
mission patients with severe TBI were treated and
cared for in the study university hospitals. The

included patients were recruited based on a con-
firmed diagnosis of severe TBI on discharge. Lastly,
the mortality data were obtained from the national
statistical authority, Statistics Finland, which publishes
official causes of death statistics.
A major limitation of this study is that, due to the

design, the improved patient outcome can only be as-
sociated with the treatment provided by prehospital
physician. To obtain prehospital data and timeframes,
the study only included patients from primary EMS
missions. Also, neurosurgical and intensive care ad-
vances were made as well as a new HEMS unit was
implemented to one of the EMS system during the
study period, all which should be taken into consider-
ation when interpreting the results. The prehospital
data were not originally documented for the purpose
of this study, could not be independently verified and
thus could have been biased. Continuous data on pa-
tient vital signs for the entire prehospital phase were
unavailable. Accordingly, transient hypoxia or
hypotension during the prehospital period could not
be excluded with absolute certainty. Similarly, an eye
assessment (pupils) was not recorded for all of the
patients. Thus, all of the prognostic variables used in
previous studies were not available for analysis in this
study. It is possible that the deaths that occurred in
the late stages of the follow-up period were unrelated
to the prehospital index event, i.e., secondary disease
or injury was the cause. The outcome evaluation was
based on an evaluation of the patient records by
without the ability to perform a clinical examination
or with the help of a questionnaire.

Conclusion
Prehospital on-scene anaesthetist treating severe TBI pa-
tients is associated with lower mortality and better
neurological outcome.

Appendix
Table 4 Comparison of the patients between the study locations

Helsinki and Uusimaa Tampere

Median / % Q1-Q3 Median / % Q1-Q3 p-value

GCS On-scene 4 3–7 5 3–7 0.139

Hypoxia

On-scene 14.1% 18.2% 0.171

ER 1.4% 7.8% < 0.001

Hypotension

On-scene 3.3% 4.2% 0.558

ER 1.9% 4.3% 0.088

GCS Glasgow Coma Score, ER Emergency Room
Hypoxia SpO2 of ≤90%, Hypotension systolic blood pressure (SBP) of ≤90
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