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Sammendrag 

Denne avhandlingen bygger på ett enkelt premiss: eldre pasienter har rett til 
akuttbehandling av høy kvalitet når de blir alvorlig syke eller skadde. 
Traumesystemer gir pasienter de beste sjansene for å overleve med god 
livskvalitet etter alvorlige skader, også for eldre pasienter. Disse systemene har 
som mål å skape sømløs informasjons- og behandlingsflyt fra skadestedet til 
rehabilitering. Planen som beskriver systemet, stiller like krav til prehospitale 
og inhospitale tjenester over hele landet. Det norske traumesystemet skal 
ivareta alle pasienter med alvorlige skader, uavhengig av bakgrunn eller hvor 
de skades. Imidlertid har studier fra sammenlignbare traumesystemer 
internasjonalt avdekket bekymringsfulle ulikheter i traumeomsorgen for eldre, 
og spesifikt de med alvorlige hodeskader. Derfor var målet med denne 
avhandlingen å vurdere om det eksisterer utfordringer knyttet til 
pasientsikkerhet i den initiale behandlingen av eldre traumepasienter i Norge. 

Gjennom analyser av data fra Nasjonalt Traumeregister og 
fokusgruppeintervjuer med involverte klinikere, har denne avhandlingen 
identifisert utfordringer knyttet til pasientsikkerhet i det nåværende systemet, 
men også styrker. To studier fokuserte på epidemiologien til og behandlingen 
av den generelle traumepopulasjonen, og sammenlignet eldre og yngre voksne. 
De påfølgende to studiene fokuserte på pasienter med isolerte hodeskader som 
ble innlagt på ikke-nevrokirurgiske akuttsykehus. Vi undersøkte pasientforløp 
og hvilke faktorer som påvirket beslutningen om å overføre pasienter mellom 
sykehus, inkludert rollen til alder og tidligere sykdommer. 

Våre studier avdekket i hovedsak utfordringer knyttet til prehospital 
behandling. Eldre traumepasienter fikk sjeldnere avansert prehospital 
behandling, til tross for sammenlignbar skadealvorlighetsgrad. De ble sjeldnere 
møtt av et team med lege og paramedisiner, fikk sjeldnere avanserte 
intervensjoner og ble sjeldnere transportert med luftambulanse. Ved 
sykehusinnleggelse ble de sjeldnere møtt av et traumeteam og hadde lavere 
innleggelsesrater i traumesentre. 

Vi fant at mer enn en tredjedel av eldre traumepasienter hadde alvorlige 
hodeskader. Eldre pasienter ble sjeldnere intubert før ankomst på sykehus, til 
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tross for en Glasgow Coma Scale score under 9. Videre observerte vi at eldre 
pasienter med isolerte moderate til alvorlige hodeskader i større grad ble 
henvist til ikke-nevrokirurgiske sykehus som primærsykehus, sammenlignet 
med yngre pasienter. Faktorer som alder, tidligere sykdommer og 
funksjonsnedsettelser før skaden, reduserte sannsynligheten for overføring til 
et nevrotraumesenter. Den komplekse beslutningsprosessen rundt overføring 
var også sårbar for kommunikasjonsfeil. 

Imidlertid identifiserte våre studier også viktige styrker ved det nåværende 
systemet. Når et traumeteam ble aktivert ved sykehusinnleggelse, var det få 
klinisk signifikante forskjeller i behandlingen mellom unge og eldre voksne. 
Og klinikere forsøkte å ta pasient-sentrerte beslutninger om hvem som skulle 
overføres for spesialisert nevrotraumebehandling basert på individuelle 
pasienters helsetilstand og sjanser for positive resultater. 

Dette arbeidet er den første større studien av pasientsikkerhetsutfordringer for 
eldre traumepasienter i Norge. Arbeidet har bekreftet at utfordringer knyttet til 
pasientsikkerhet, som er vist i studier fra andre land, også eksisterer her, i en 
skandinavisk sammenheng preget av et offentlig finansiert helsevesen. Videre 
har det gitt ny innsikt om bruken av lege-paramedisiner-team i omsorgen for 
eldre traumepasienter. Det har også bidratt med kunnskap om behandling av 
eldre pasienter med hodeskader i velutviklede traumesystemer, og dermed 
styrket et internasjonalt forskningsfelt i utvikling. 

Å avdekke problemer innenfor et system fungerer som en grunnstein for å løse 
dem. I dette perspektivet belyser denne avhandlingen ikke bare eksisterende 
utfordringer, men legger også kursen for fremtidig innsats: det bør forskes 
videre på bedre systemer for utkall av prehospitale ressurser, beslutningsstøtte 
for prehospitalt personell og forbedret kommunikasjon mellom sykehusene 
knyttet til overføring av hodeskadepasienter. I en nært forestående framtid hvor 
befolkningen eldes og presset på helseressursene øker, blir viktigheten av god 
ressursallokering og god behandling av eldre enda mer påtrengende. Disse 
målene er oppnåelige gjennom fortsatt forbedring av traumesystemet.  
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Summary 

This thesis builds on one simple premise: older patients have the right to high-
quality emergency care when critically ill or injured. Optimal chances of 
survival and good quality of life after severe injuries are primarily achievable 
through trauma systems, also for older people. These systems mandate 
requirements for both prehospital and in-hospital services, aiming to establish 
a seamless transition of information and care from the incident site to 
rehabilitation. The Norwegian trauma system embraces all patients regardless 
of their background or the location of their injuries. However, studies from 
comparable trauma systems internationally have found concerning disparities 
in care for older trauma patients in general and patients with head injuries in 
particular. The aim of this thesis was, therefore, to assess whether patient safety 
challenges exist in the initial care of older trauma patients in Norway.  

Through analyses of data from the national Norwegian Trauma Registry and 
focus group interviews with involved clinicians, this thesis identified patient 
safety challenges in the current system, but also strengths. Two studies focused 
on the epidemiology and management of the general trauma population and 
compared older and younger adults. The subsequent two studies focused on 
patients with isolated traumatic brain injuries (TBI) admitted to non-
neurosurgical acute care trauma hospitals. We investigated care pathways and 
which factors influenced interhospital transfer, including the role of age and 
comorbidities. 

Our studies predominantly revealed prehospital challenges, with older trauma 
patients receiving less advanced prehospital care despite comparable injury 
severity. Notably, they received prehospital doctor/paramedic team attendance, 
advanced interventions, and air ambulance transportation less frequently. Upon 
hospital admission, they were less often met by a trauma team and showed 
lower trauma center admission rates. Older patients showed an almost 5-fold 
30-day mortality rate. 

We found that more than every third of older trauma patients had a severe head 
injury. Older patients underwent prehospital intubation less frequently despite 
Glasgow Coma Scale scores <9. Furthermore, we observed that older patients 
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with isolated moderate-to-severe TBI were more frequently directed to non-
neurosurgical hospitals for primary admission than their younger counterparts. 
Factors such as advanced age, comorbidities, and preinjury functional 
impairments contributed to a reduced probability of interhospital transfer to a 
neurotrauma center. The intricate transfer decision process exhibited 
susceptibility to communication errors. 

However, our studies also identified important strengths of the current system. 
When a trauma team was activated upon hospital admission, there were few 
clinically significant management differences between young and older adults. 
And clinicians tried to make patient-centered decisions about whom to transfer 
for specialized neurotrauma care based on individual patients’ health statuses 
and chances of favorable outcomes.  

This undertaking is the first large study to assess patient safety challenges for 
older trauma patients in Norway. It has confirmed that patient safety challenges 
comparable to those found in studies from other countries also exist here, in a 
Scandinavian setting characterized by a publicly funded healthcare system. 
Moreover, it has unveiled novel insights about the use of doctor/paramedic 
teams in the care of older trauma patients. And it has contributed information 
about traumatic brain injury management of older patients within mature 
trauma systems, contributing to an emerging research field internationally.  

Identifying problems within a system serves as a stepping stone for their 
resolution. In this light, this thesis not only underscores existing challenges but 
also charts the course for future improvement efforts: dispatch of prehospital 
resources, decision support for prehospital personnel, and improved 
interhospital communication regarding TBI transfer. As populations are aging 
and healthcare resources face increasing constraints, the imperative to optimize 
resource allocation and improve patient outcomes becomes even more 
pronounced. Through continued refinement of the trauma system, these goals 
remain attainable.   
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1 

1 Introduction and rationale 

In the spring of 2017, I began my internship after medical school, and I thrived 
with frequent rotations to various departments, continuously learning new 
things. However, it surprised me to recurrently encounter older patients with 
severe injuries who had not been considered trauma patients. During the 
rotation to the public casualty clinic, I treated one such patient who left a mark 
on me and made me wonder whether older people received optimal treatment 
when injured. The case encapsulated some of the clinical and ethical challenges 
characteristic of older trauma patients and was, unfortunately, not unique (2).  

It was a weekday morning when an ambulance brought in a woman in her mid-
70s under the label “Sudden onset of neurological symptoms”, accompanied by 
her husband1. She had lost the ability to speak, so he calmly yet efficiently 
explained what had happened, sensing the urgency of the situation. I mirrored 
his demeanor to convey understanding and agreement with his unspoken 
concerns. I was genuinely worried. Despite my relative youth and inexperience, 
my early interest in trauma care made me suspect a severe diagnosis.  

The husband explained that his wife had stumbled on the bathroom floor an 
hour and a half before the onset of symptoms but managed to regain her footing 
and come downstairs for breakfast. However, shortly after breakfast, she started 
struggling with words, speaking incoherently. He called for an ambulance. 
Initially, the paramedics considered a stroke the most likely diagnosis and 
consulted the on-call neurologist. The neurologist connected the preceding fall 
to her symptoms and redirected them to the casualty clinic. 

By the time she arrived at the clinic, she could only respond to my questions 
with monosyllabic answers devoid of meaning. She sat half-sitting on the 
stretcher in an examination room with closed eyes, yet seemingly aware of her 
surroundings.  

I conducted a targeted physical and neurological examination and proceeded 
with a computed tomography (CT) scan of her head, which confirmed my 
suspicions—a significant intracranial bleed. During the physical examination, 

 
1 Details are altered to preserve anonymity.  
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I had also discovered a sizable hematoma stretching from her buttocks to her 
right thigh—an unexpected finding considering the low-impact fall. Before 
contacting the hospital, I sought additional background information. The 
husband confirmed that she took anticoagulant medications for atrial 
fibrillation and had a minor stroke ten years earlier, which she had recovered 
from without sequelae. She received no home care, drove regularly for grocery 
shopping, and actively cared for her grandchildren. In his words, she was in 
good health. By this point, over two hours had passed since the fall, and her 
condition was deteriorating. 

I consulted the on-call neurosurgeon, who, upon reviewing the CT images, 
hearing the patient’s history, and considering her background and age, 
recommended “conservative treatment”, i.e., to refrain from surgery because it 
would not improve a dismal prognosis. I found myself taken aback by how 
readily he reached this decision through a telephone consultation. Could there 
really be nothing to do to improve her outcomes? The patient was admitted to 
the hospital, a short distance away. 

My responsibilities were fulfilled, but a mix of thoughts lingered. I was satisfied 
with the efficient care we had provided, yet I could not shake the feeling that a 
better outcome could have been achieved if everything had proceeded optimally 
from the start. 

Later, her hospital records revealed that her level of consciousness rapidly 
declined after hospital admission, and a follow-up CT scan showed an 
expansion of the hematoma. She died shortly after.  

This case illustrates several key characteristics of older trauma patients. Low-
energy falls can result in significant trauma with dire outcomes. Undertriage, 
i.e., failure to admit a trauma patient to a hospital with a pre-alerted trauma 
team, can occur when it becomes challenging to connect the dots; the symptoms 
were initially mild and mimicked a stroke diagnosis. This made it difficult to 
attribute the symptoms to an unwitnessed fall that had occurred earlier. 
Additionally, the patient’s loss of speech placed reliance on information 
provided by next-of-kin. Further, it compromised her autonomy in treatment 
decisions. The presence of comorbidities and the use of anticoagulants were 
significant risk factors in this case, contributing to the fatal outcome. The head 
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is a commonly injured body region, with a high risk of mortality and reduced 
functional outcomes. Finally, the lack of streamlined care resulted in time being 
wasted when immediate access to specialized care could have potentially 
resulted in a different outcome. 

Was her death avoidable? Could my experience of meeting older trauma 
patients with multiple and/or severe injuries outside the trauma system be 
representative of a system-wide problem concerning a large group of patients? 
Were emergency medical communications centrals (EMCCs) capable of 
recognizing severely injured trauma patients, or did consequential errors start 
there? Were expectations of poor outcomes leading to a passive approach, 
making direct and indirect (e.g., deliberate transport to lower-level care 
facilities) treatment-limiting decisions common for older people? Did anyone 
question these decisions? How did older trauma patients do in the Norwegian 
trauma system, really? These were questions both myself and those who 
eventually became my supervisors pondered. It led us to set out this 
investigation.  

The historic backdrop is important: In Norway, as in comparable countries, 
trauma is the leading cause of death and disability in young people (<45 years) 
(3). Trauma systems have successfully been designed and implemented to 
counteract this very problem, so more people survive (3-6). Consequently, 
triage tools were developed to identify injured patients based on typical 
characteristics in younger patients. However, the Norwegian trauma system and 
Norwegian healthcare legislation embrace all patients regardless of their 
background or where they became injured (7, 8). So, over time, when the 
general population, and thus the trauma population, became older, potential 
patient safety issues started to become apparent (9, 10). The typical trauma 
patient was no longer a young male injured in high-energy accidents, but 
increasingly an older person injured in low-energy falls (9). 

The core challenge is the mismatch between the characteristics older patients 
exhibit and the criteria incorporated in the trauma system design to identify 
patients with severe injuries. Precise identification is necessary to start the 
trauma chain of survival (11). In the older population, injury mechanisms are 
typically low-energy, injuries frequently occult due to an atypical and delayed 
physiologic response (compared to younger adults, that is), and the margins are 
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small due to limited physiologic reserves (12-16). Consequently, this led to 
problems.  

The most tangible problem is the poorer outcomes older trauma patients 
experience. Unadjusted mortality rates are approximately 2-4 times higher for 
older than young adults (17-19). Worryingly, an extensive body of evidence 
point to differences in management that may be associated with the poor 
outcomes: In 2017, a seminal report was published by the UK Trauma Audit 
and Research Network (TARN), titled “Major Trauma in Older People” (2). 
The report called mayday regarding the risks older people faced of not receiving 
care according to guidelines when they sustained severe injuries: “The most 
important underlying finding of this report is the difficulty that current systems 
appear to have in the early identification of older patients with major trauma”. 
The report’s findings added to a pre-existing body of knowledge about 
differences between adult and older trauma patients: Studies had identified a 
high risk of undertriage to a trauma team upon hospital admission (20-22) and 
risk of nontransfer to a higher level of care (23, 24) or delayed transfer (25). 
Patients with traumatic brain injury (TBI) were managed by more junior 
doctors and experienced increased time to a head CT (24). But the 
comprehensive TARN report established evidence of management differences 
throughout the whole trauma system.  

As the Norwegian trauma system shares similarities with systems 
internationally, we had reason to expect patient safety risks for older trauma 
patients in Norway too. The fact that older people constitute the fastest-growing 
segment in most European countries (10, 26) prompts increased attention to the 
challenges faced by this group, although the challenge has been warned about 
for three decades (17, 27, 28). Therefore, this research effort aimed to 
comprehensively investigate potential patient safety risks in the initial care of 
older trauma patients in Norway. This will serve as a stepping stone for future 
improvement efforts. 

This thesis comprises four studies about trauma care for older trauma patients 
in the Norwegian trauma system. In such system-focused research, it would 
have been easy to neglect the perspective of individual patients. However, 
within the Norwegian Trauma Registry (NTR) dataset I have accessed, 
consisting of more than 50,000 patient records, one of those records belonged 
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to the case in which I played a minor role. Her case served as a reminder of the 
narratives lived by trauma patients and their families (29), sparked the idea for 
this research project, and reinforced the ultimate purpose of this research – to 
strengthen patient safety for older trauma patients in Norway.  
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2 Background 

2.1 Definitions 

2.1.1 Definition of trauma 
Trauma is defined as an “injury to living tissue caused by an extrinsic agent” 
that occurs when the tissue’s tolerance capabilities are exceeded by a 
mechanical force, heat, or another form of energy (30). This thesis focuses on 
the physical aspects of trauma, and the mental health aspects are beyond its 
scope. Following this definition, injuries can range from minor to major 
severity. From simple cuts to extensive tissue damage in several body regions, 
with consequences varying from negligible to devastating (3, 31). In the 
literature, trauma research primarily focuses on the severe end of the injury 
spectrum, commonly referred to as ‘major trauma’ or ‘severe trauma’. 

Thompson et al. have put forth a descriptive definition of major trauma. It 
captures the aspect of severity and recognizes vulnerable populations: 
“Significant injury or injuries that have potential to be life-threatening or life-
changing sustained from either high energy mechanisms or low energy 
mechanisms in those rendered vulnerable by extremes of age.” (32). This 
definition is derived from a Delphi technique, thus reflecting what several 
experts put into the term ‘major trauma’. It serves a purpose in trying to unify 
what is meant when communicating in the clinical setting. However, it lacks 
objective criteria for determining whether injuries are indeed life-threatening 
or life-changing, relying instead on the clinician’s prerequisite knowledge and 
understanding of trauma. So how can severity be measured? 

Several measures of trauma severity exist (33). The most commonly used are 
anatomical measures such as the Injury Severity Score (ISS) and the New ISS 
(NISS), both derived from the Abbreviated Injury Scale (AIS) (34-37). The AIS 
designates a body region-specific code for all injuries. The AIS assigns all 
injuries with a severity score within the range of 1 (minor) to 6 (maximal). The 
ISS is calculated as the sum of the square of the highest AIS severity scores of 
the three most severely injured body regions. The NISS incorporates the three 
most severe injuries irrespective of body regions. AIS-based scoring systems 
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have been associated with various outcomes, including mortality and in-
hospital resource use (37). The ISS or NISS is frequently used to establish a 
threshold for defining severe injury, whether for study or registry inclusion, 
with an ISS >15 being the most commonly applied threshold (38). It is 
important to recognize certain limitations of these anatomical definitions. They 
are typically calculated retrospectively long after discharge or death, requiring 
all available information from clinical examination, radiological imaging, and 
potentially autopsies, which limits their utility in clinical settings. Furthermore, 
their accurate application requires a solid understanding of the scoring system. 
Consequently, their role is primarily for research and benchmarking. 

Therefore, a clinically available measure of injury severity is needed to detect 
severe injuries as early as possible to provide timely treatment. A composite 
four-step algorithm forms the basis of most prehospital triage tools. They 
comprise physiological measures, the anatomical extent of injuries, 
mechanisms of injuries associated with a high risk of being injured, and patient 
risk factors associated with an increased risk of worse outcomes (39, 40). A hit 
in any such criteria in an injured person warrants suspicion of severe injuries. 
A hit in physiological criteria is most sensitive for severe injuries (Figure 1). 
The full Norwegian tool is shown in Appendix 1.  

  

Figure 1: Physiologic criteria used to detect severely injured patients.  

Modified with permission from the Norwegian National Advisory Unit on Trauma (7). 
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In this thesis, the term trauma carries the same connotations and implications 
as are captured by the definition proposed by Thompson et al. When necessary, 
objective definitions of trauma are applied, such as in the context of study 
inclusion criteria. The term severe injury is sometimes used interchangeably 
with trauma. 

2.1.2 Definition of an older person 
The World Health Organization (WHO) and the United Nations UN define 
older people as individuals who are over 60 years of age (41, 42). The 
Norwegian Institute of Public Health applies a threshold of 65 years or older 
(43), which aligns with most trauma research (44). From a biological 
perspective, defining a specific age cut-off to demarcate older persons is 
conceptually flawed, as aging is a continuous and vastly heterogeneous process 
(45). Furthermore, chronological age only captures one aspect of the 
multifaceted aging process, and other measures, such as frailty, may better 
reflect an individual’s overall aging and health status (46). Nevertheless, 
establishing a defined population allows for comparisons across different 
systems, regions, and time periods, and age remains the most readily accessible 
measure.  

Although the evidence supporting the most-used cut-off of 65 years is limited , 
evidence suggests a substantial change in trauma outcomes around this age (2, 
47). In a sample of severely injured patients from a high-quality population-
based trauma registry in Victoria, Australia, both mortality and reduced 
functional outcomes increased when patients were 60-70 years old  (Figure 2) 
(47). Therefore, in accordance with convention and observational evidence, this 
thesis adopts the age of 65 years or older as the definition of an older person. 
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Figure 2: In-hospital mortality, 12-month mortality and 12-month functional outcomes after 
major trauma according to age.  

Non-independent living was used for functional outcome, defined as Glasgow Outcome Scale – 
Extended score of 4 or less. Values shown at 100 years include all patients with major injury 
aged 100 years or more. Reused from Beck et al. (47) under the terms of the Creative Commons 
CC BY license. 

It is important to note that the term geriatric trauma has previously been used 
to describe the older trauma population, including in this project. However, this 
term is now largely abandoned as it carries a broader connotation than simply 
denoting old age (48). The journal of the British Geriatric Society, Age and 
Ageing, stresses a conscious use of language and recommends the term ‘older 
people’ (49). 

2.2 Epidemiology of trauma 
The following chapter presents the epidemiology of trauma, focusing on older 
patients. TBI is sometimes emphasized because of its importance in Studies III 
and IV.  

2.2.1 Incidence and prevalence 
Incidence is a measure of new cases that develop in a defined population during 
a specified period of time (50). It is a valuable measure of the burden of a 
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disease, the development of trends, and for planning of resources. To calculate 
incidence rates, a clear definition of the disease and the size of the population 
at risk is needed. Trauma incidence rates will be highly dependent on the chosen 
trauma definition and to what extent prehospital deaths are registered, which 
account for up to 50-86% of injured patients (51-53). As trauma patients are 
not diagnosed with one “trauma code” in clinical coding frameworks such as 
ICD-10, but rather with several codes for individual injuries, identifying the 
true trauma population from general patient registries is challenging. Disease-
specific clinical quality registries with a high patient coverage may enable 
incidence rate calculations, but few registries cover whole populations (54). To 
my knowledge, national incidence rates for trauma have not been reported in 
Norway, although studies of populations in single regions or with specific 
conditions exist (55, 56).  

Prevalence refers to the proportion of a population who have a specific 
characteristic in a given period of time. The prevalence of older trauma patients 
is not straightforwardly compared across trauma systems, as different trauma 
registries worldwide apply different definitions of trauma. Temporal 
prevalence trends within databases allow for internal comparisons and results 
from multiple studies and reports tell the same story: the prevalence of older 
patients is increasing faster than populations are aging. For example, the 
proportion of severely injured older patients increased from 8% to 27% from 
1990 to 2013 in the UK (ISS>15, age ≥75) (9), from 25% to 37% from 2007 to 
2016 in Victoria, Australia (median ISS 17, age ≥65 years) (47), and from 23% 
to 30% from 2003 to 2009 in the USA (admitted to Level I and II trauma 
centers, ≥65 years) (57). It has been discussed whether the increase to some 
extent may be caused by changes in practice, such as increased imaging rates 
with CT (9, 47) and increased focus on the group and comprehensive 
identification and registration of undertriage (58). 

The incidence of TBI in Europe (all ages, all severities, regional-level studies) 
ranged from 83.3/100,000 to 849/100,000 per year (59). The incidence of 
hospital-admitted severe TBI in a national sample from Norway was 
4.1/100,000 in 2010 (55). The frequency of hospital discharges for TBI is 
highest among old and young/adolescent patients (Figure 3) (55, 60, 61). 
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Figure 3: Estimated frequency of hospital discharges and deaths in cases of traumatic brain injury 
by age group in Europe.  

Figure reused from Maas et al. with permission from Elsevier (62). 

2.2.2 Demography 
Populations are aging globally; according to the WHO, all countries in the 
world face an increase in both the numbers and the proportion of older people 
in the population (42). High-income countries have come the longest way and 
already have old populations, with Japan as the leading country with 30% of 
the population over 60 years (42). Within the European Union, the projected 
increase in the proportion of people ≥65 years is from 20% in 2020 to 29% in 
2050, a slightly higher proportion than the Norwegian projections from 16.5% 
to 26% (26, 63). Population aging is primarily caused by improved healthcare 
and lower birth rates (42).  

As a consequence of aging populations, trauma patients’ ages are increasing. 
The average age varies between countries and the definition of trauma and 
inclusion criteria, but several studies describe a temporal increase (9, 12). 
Furthermore, with increasing age, the proportion of females increase in the 
general population and among trauma patients, and surpasses that of male 
trauma patients between 70 to 85 years of age (2, 47, 64, 65)  
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2.2.3 Risk factors 
In epidemiology, risk factors for developing diseases are identified to mitigate 
risk through preventive measures. This strategy is adopted by trauma system 
thinking (66, 67). Characteristics associated with a high trauma prevalence can 
be considered risk factors. Socio-demographic factors, such as mental health 
problems, drug misuse, unstable housing conditions, partner violence, and 
incarceration are consistently identified as risk factors for severe and recurrent 
injuries in the literature (62, 68). Some age groups possess extra risk. A study 
from the German trauma registry TR-DGU showed an excess risk from 51 years 
that markedly increased from 68 years of age, in addition to the age group 18-
27 years (69). Geographical risk factors have also been identified, with an 
increased mortality risk in rural areas (70). 

Preventive measures can be targeted to high-risk populations identified by 
specific injury mechanisms in particular populations. These can be of interest 
because they constitute many patients, such as older patients who fall (9, 71), 
or because of high associated severity, such as young adults in high-speed car 
crashes (72). Risk factors for sustaining severe injuries from low falls are many, 
such as frailty, comorbidities, and osteoporosis (73). In the older population, 
altered sensation, vision, and reaction times, the use of medication such as 
antihypertensives, sedatives, and polypharmacy in general, as well as acute and 
chronic conditions, may contribute to the risk of sustaining injuries (74).  

Most TBIs are also caused by traffic-related accidents or falls, and age, alcohol 
misuse, and frailty are considered some of the risk factors for TBI (62). 

2.2.4 Clinical features 
Knowledge about a condition’s typical clinical features helps identify patients 
with the condition. Triage tools incorporate knowledge about clinical features 
for this purpose (Chapter 2.1.1). It is well-established that older patients exhibit 
different clinical features than younger adults when injured, making specific 
knowledge key to recognizing severely injured older patients. 
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2.2.4.1 Physiology 

Patients’ physiologic responses to trauma may be delayed and/or atypical 
compared to younger adults (74). This relates to age-related changes in different 
organ systems, and, if present, disease- and medicine-related changes too. 
Examples of changes in organ systems with corresponding implications for 
trauma management are listed in Table 1.  

Table 1: Physiologic changes in geriatric trauma patients. Reused from UpToDate with 
permission from Wolters Kluwer (74).  

Organ system Changes Implications 

Pulmonary Decreased vital 
capacity 

Decreased forced 
expiratory volume 

Smaller alveolar 
surface area 

Decreased chest wall 
compliance 

Reduced respiratory reserve 

Cardiac Decreased cardiac 
output 

Decreased 
sensitivity to 
catecholamines 

Reduced cardiac reserve 

Vital signs may not reflect 
severity of injury 

Renal Decreased 
glomerular filtration 
rate 

Decreased renal 
mass 

Increased risk of traumatic 
injury 

Increased risk of contrast-
induced nephropathy 

Increased susceptibility to fluid 
overload 

Reduced clearance of certain 
medications 
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Hepatic Decreased hepatic 
function 

Decreased clearance of certain 
medications 

Gastrointestinal Diminished pain 
sensation 

Increased laxity of 
abdominal wall 
musculature 

Potential for significant 
abdominal injury without 
peritoneal signs 

Immune Impaired immune 
response 

Increased risk of infection 

Musculoskeletal Loss of muscle mass 

Osteoporosis 

Increased risk of fracture 

Neurologic Decreased 
autoregulatory 
capability 

Brain atrophy 

Increased susceptibility to 
injury from decreased cerebral 
perfusion 

Increased risk for occult injury 

 

Particularly associated with these changes are the risk of occult shock and CNS 
injury; vital signs may be within normal-range values as defined by triage tools 
(14, 15). But these are false negative results. Brain atrophy leads to more space 
inside the skull, so it can bleed more before pressure on intracranial structures 
gives symptoms. With preexisting hypertension, blood pressure in the lower 
‘normal’ range can represent a significant drop from habitual pressures and 
mask hypoperfusion from blood loss. Regular use of medications such as beta 
blockers can inhibit the hypovolemia-induced pulse increase. Consequently, the 
on-scene clinical investigation can be confounded (44). 

2.2.4.2 Anatomy 

The anatomical extent of injuries has been found to show age-related patterns, 
with older people more frequently experiencing severe (AIS≥3) head and 
pelvis- and lower-extremity injuries than younger patients (12, 75). Whether 
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older patients are more susceptible to concurrent injuries to two or more body 
regions or specific patterns of polytrauma, such as head, distal upper extremity 
fractures, and neck of femur fractures, which is a likely combination from a low 
fall, has not been adequately elucidated. 

2.2.4.3 Other 

Older patients show a higher rate of blunt trauma than younger adults (12, 74). 
The most frequent mechanisms of injury are low-energy falls, increasing with 
increasing age, followed by traffic-related injuries and high-energy falls (2, 12, 
47, 65). 

Cognitive impairments become increasingly prevalent with advancing age, 
with consequences for anamnesis. This may lead to reliance on information 
from next of kin or healthcare personnel (44). 

Polypharmacy may further alter the clinical presentation. Antithrombotic 
medications are increasingly common with advanced age and increase bleeding 
risks (44). 

Frailty encompasses accumulated deficiencies in multiple biological systems 
throughout one’s lifetime. It represents an overall reduced physiologic reserve 
capacity and ability to maintain homeostasis. One of the clinical presentations 
is reduction in functional abilities. Frailty leads to vulnerability to withstand 
external stressors (46). Frailty is associated with mortality after trauma, and 
predicts outcomes better than age (16, 76). The concept is emerging as central 
for improving trauma care for older patients, particularly individualized 
decision-making (16, 77). 

Figure 4 illustrates the relationship between frailty and trauma. It shows the 
consequences of an external stressor (e.g., trauma) on the trajectories of patients 
with or without frailty (Y axis).  



Background 

16 

 

Figure 4: The relationship between frailty and trauma. 

The figure shows the clinical trajectories for three patients exposed to trauma. The Y-axis shows 
the degree of frailty. Patient A has no preinjury frailty and suffers minor trauma. Postinjury 
recovery is swift, and full capacity is regained. Patient B has mild frailty and suffers major trauma 
(the depth of the line at insult). Moreover, severe complications that occur during recovery 
(second insult, e.g., stroke or severe pneumonia) lead to further deterioration. Postinjury recovery 
is prolonged and preinjury functional ability is never regained. Patient C has moderate frailty and 
suffers major trauma. However, high-quality pre- and in-hospital care avoids depletion of 
physiological reserves (e.g., by avoiding hypothermia, shock, and delirium). Recovery takes 
longer time than for patient A and preinjury functional ability is not fully regained. Reused and 
modified from Desseerud et al. (78), based on Clegg et al. (79) with permission from Oxford 
University Press. 

 

2.2.5 Outcomes 
Older trauma patients are particularly susceptible to the consequences of trauma 
due to their reduced anatomical and physiological reserves (73). Mortality has 
historically been the most important outcome measure in trauma, but as 
mortality rates have decreased, an increased focus has been put on the quality 
of survival. Furthermore, an understanding of different expectations of 
outcomes between young and old people has led to a focus on “measuring what 
matters” (80). A standard set of health outcome measures for older persons was 
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recently developed (81) but is not integrated in routine trauma benchmarking. 
They used a modified Delphi technique and focus group interviews involving 
older persons and international experts. It showed that being able to regain 
social and community participation, live independently, and in general have a 
good quality of life were considered more important than mere survival.  

2.2.5.1 Mortality 

Mortality increases with advancing age (Figure 2) (2) and advanced age has 
been identified as an independent mortality risk factor in a systematic review 
(82). Key risk factors for mortality are increasing age (47, 82) and injury 
severity (82), frailty (16, 76, 83), and comorbidity (84). Age (85) and 
comorbidity are included in several survival prediction models (86, 87). On 
direct comparison between young and old adults, e.g., 16-64 and ≥65 years, 
crude mortality rates are 2-4 times higher for older trauma patients, although 
exact mortality rates are case-mix dependent (18, 19).  

The most common causes of death after trauma are exsanguination (particularly 
in prehospital deaths), central nervous system injuries, airway obstruction, and 
sepsis/multiple organ dysfunction syndrome (MODS), whereas the internal 
rank of the different causes will vary between locations and systems (51, 88). 
The proportion of patients who die in the prehospital phase range from 52% to 
86% in the Scandinavian setting (51-53). Older people are more likely to 
survive to hospital admission (51, 52) and subsequently to die late (>7 days), 
particularly from MODS (51, 89). Withdrawal of life-sustaining treatment is 
also a considerable cause of death among hospital-admitted older adults, 
reaching 65% of patients ≥70 years in a study from a Dutch Level I trauma 
center (90).  

TBI poses a high mortality risk in older adults (Figure 2) (62, 91). 

2.2.5.2 Functional outcomes 

Functional outcomes include but are not restricted to physical and mental well-
being, independence in activities of daily life, and the ability to work. Generic 
scales (e.g., EQ-5D) and disease-specific scales (e.g., Trauma Quality of Life 
[general trauma population] or Glasgow Outcome Scale Extended [TBI]) have 
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been developed. Population-based studies from the Victorian State Trauma 
Registry in Australia have shown that older people were at increased risk of 
poorer functional outcomes than younger adults regarding postinjury mobility, 
self-care, usual activities, and pain (92, 93). Other studies have confirmed 
similar findings in general trauma populations (94) and TBI populations (95, 
96). 

2.2.5.3 Other outcome measures 

Length of hospital and ICU stay, discharge destination, and complications are 
important outcome measures from a system- and patient perspective. A recent 
systematic review and meta-analysis identified an increased risk for frail older 
patients of experiencing longer hospital stays, discharge to other places than 
home, and in-hospital complications (97). Noticeably, frailty was a stronger 
predictor of adverse outcomes than age, which has implications for the 
importance of frailty screening in older trauma patients. 

2.3 Trauma systems 

2.3.1 Description of concept 
The fundamental principle of trauma systems is: “The needs of all injured 
patients are addressed wherever they are injured and wherever they receive 
care.” (66). The overarching goal is to reduce the burden of injury for the 
individual and society by coordinating and optimizing resources throughout the 
entire care continuum, spanning from prevention to death or survival (Figure 
5) (66, 67). Figure 5 also shows examples of trauma system performance 
measures, which will be discussed in Chapter 2.5. 
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Figure 5: The continuum of care addressed by trauma systems reaches from prevention to patient 
outcomes. 

Examples of trauma system performance measures are listed at the bottom. Reused from Gruen 
et al. (98) with permission from Oxford University Press. 

Within the framework of trauma systems, there exist descriptions and 
requirements for structures and processes related to care provided by 
prehospital services, hospitals, and rehabilitation facilities. Also, strategies for 
injury prevention and a framework for quality improvement and control exist 
(66). Trauma registries serve as the backbone for benchmarking, research, and 
quality improvement work (67). Emphasis is put on pre-arranged coordination 
within a network of prehospital resources and hospitals, ensuring that patients 
receive resuscitation, transport, and hospital care that align with the severity of 
their injuries. This is typically implemented within a defined geographical area, 
forming a regional trauma system (66).  

A trauma system built on the above principle, encompassing all injured patients 
within a region, is called an inclusive trauma system. This is now the 
recommended approach, as opposed to exclusive trauma systems that focus on 
only the most severely injured (66). Inclusive trauma systems aim to utilize all 
resources within an area to best care for all patients in a cost-effective manner, 
recognizing that very few hospitals can provide all resources and that most 
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patients do not need extensive or highly specialized resources. In a modern 
sense of the term inclusive trauma care, also administrative, legislative, and 
economic factors are included (66). 

The historic development of the trauma system model of care draws extensively 
on experiences from wars, industrial accidents, and motor vehicle incidents 
throughout the 20th century (99-102) This context is vital for this thesis, as 
today’s trauma care model is built upon principles aimed at reducing 
preventable death and disability in a predominantly young population. This 
includes field triage tools and advances in the initial care of trauma patients (40, 
103). 

Trauma systems save lives and improve functional outcomes (4-6, 104). Studies 
also show effect of systematic trauma care for older patients: an adjusted odds 
ratio (OR) of 0.77 (95% confidence intervals [CI] 0.65-0.91) for mortality was 
observed in correlation with the maturing of a Norwegian trauma center’s care 
(105).  

When establishing trauma systems, they must be embedded in the overall 
healthcare system in place, taking into account available resources, population 
demographic, trauma epidemiology, geography, population density, and more 
(66, 106). 

2.3.2 The Norwegian trauma system 
In Norway, a plan for a national trauma system was first passed in 2007 and 
subsequently revised in 2016 (7, 107). Drawing inspiration from the trauma 
system models developed in the USA (66, 67), the Norwegian plan establishes 
uniform requirements for both prehospital and in-hospital services across the 
country (7). This comprehensive system is seamlessly integrated within 
Norway’s broader healthcare system, structured around four regional health 
trusts. Each region encompasses one trauma center located at the region’s 
leading university hospital, several acute care trauma hospitals, and a 
prehospital emergency medical services (EMS) system. Additionally, 
municipalities are responsible for out-of-hour clinics run by general 
practitioners. Hence, a diverse array of resources is readily available to uphold 
the aforementioned principle. 
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Norway had a total population of approximately 5.4 million people in the study 
period and a mean population density of 15 per km2, although with large 
variation; approximately 80% of the population lives in urban areas, primarily 
along the coastline (Figure 6) (108). This variation in population density has 
implications for the organization of the trauma system, e.g., for air ambulance 
base and hospital localization.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Overview of population density and location of trauma centers and acute care trauma 
hospitals in Norway.  
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Colors from light yellow to orange represent increasing population density. Neurotrauma centers 
are shown in red (regional trauma center) and violet (one acute care trauma hospital with 
neurotrauma services). Acute care trauma hospitals are shown in blue. Left: Norway’s location 
in Europe. Reused from Cuevas-Østrem et al. (109) under the terms of the Creative Commons 
CC BY 4.0 license. 

This thesis focuses on prehospital and initial in-hospital phases of care, and 
important features of these parts of the system are presented in relevant detail. 
Other parts of trauma care, such as injury prevention and rehabilitation, are 
outside the scope of the thesis. 

2.3.2.1 Prehospital services 

Prehospital services encompass EMCCs, ground, sea, and air EMS, and 
municipality-organized out-of-hours access to general practitioners (7). All are 
part of the government-run public health care system in Norway. Prehospital 
services’ goals are early identification of patients with potentially severe 
injuries, providing guidance to bystanders/first responders in administering first 
aid, and dispatch of adequate resources with skills and training to initiate 
resuscitation and transport to the most appropriate care level according to the 
severity of the patient’s injuries (66).  

Calls made to the national emergency number (113) are evaluated by EMCC 
operators, typically specially trained nurses and emergency medical technicians 
(EMTs). The criteria-based system “Norwegian Index for Medical 
Emergencies” (Index) provides the EMCC operator with decision-making 
support and guides the dispatch of adequate resources (110). The 2018 version 
of the Index does not provide age-specific information to the operator, such as 
special guidance on trauma in older people. The national trauma field triage 
criteria (Appendix 1) are incorporated into the Index in a slightly modified 
version. Appendix 2 shows an example Index chapter pertaining to the 
assessment of injured people. Since the spring of 2020, video calls can be made 
to EMCCs (111). 

Ground and sea-based EMS are mainly staffed by EMTs, paramedics, or nurses. 
The air ambulance services encompass rotor and fixed-wing aircraft. 
Helicopters are staffed with an anesthesiologist, a paramedic, and a pilot (112). 
Airplanes are primarily staffed with nurse anesthetists and anesthesiologists 
only when needed (112).  
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Helicopter EMS (HEMS) conducts the majority of primary missions in need of 
air ambulances in Norway (112). 14 ambulance helicopters, eight rescue 
helicopters, and ten fixed-wing aircraft are located across the country (2022) 
(113).  

Doctor/paramedic teams, as in air ambulance crews, represent the most 
specialized part of the prehospital services. The teams are conducted by 
anesthesiologists and paramedics specially trained in advanced prehospital 
critical care. This includes point-of-care diagnostics and time-critical 
interventions such as point-of-care ultrasound, prehospital anesthesia, and 
advanced airway management (rapid sequence induction and endotracheal 
intubation), and chest drain insertion. Doctor/paramedic teams deploy by 
HEMS or rapid response vehicles (RRV) and most RRVs are co-located with 
HEMS bases and used by the crew for missions nearby and in no-flying 
conditions. RRVs have also been established as merely ground-based services 
with the same setup of personnel, training, equipment, and skill set.  

The trauma plan gives pre-defined criteria for which level of care the patient 
should be transported to (Paper II, Figure 1) and criteria for interhospital 
transfer (7). The goal is to transport the patient to a facility able to provide 
definitive care directly from the scene. Exceptions occur when the patient’s 
status is so severe that resuscitative procedures, i.e., damage control 
resuscitation (DCR) and surgery (DCS), are immediately required at a nearer 
acute care trauma hospital (7, 66). 

2.3.2.2 In-hospital services  

Hospital care is organized in a two-tiered system consisting of trauma centers 
(TCs) and acute care trauma hospitals (ACTHs). These correspond closely to 
level I/II and level III TCs, respectively, according to the American College of 
Surgeons Committee on Trauma (ACS-COT) criteria (or Major Trauma 
Centers and Trauma Units, respectively, according to UK terminology) (5, 66). 
Norway has four TCs, one in each regional health trust, which all are university-
based teaching hospitals serving as the referral hospital in their region. The 
ACTHs are local hospitals across the country that have been given a designated 
role and responsibility to manage trauma patients according to the trauma plan. 
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During the study period, there were 38 ACTHs in Norway. Figure 6 shows the 
locations of all ACTHs and TCs in Norway. 

Both TCs and ACTHs are required to have 24/7 trauma team availability, 
emergency general surgery, and critical care and high-dependency units (i.e., 
CCUs/HDUs, intensive care, and postoperative care units). They should 
provide DCR and DCS. TCs are additionally required to have all relevant 
clinical specialties available, advanced intensive care units, and to serve as lead 
hospitals regarding education and research in their region (7).  

Patients with moderate-to-severe TBI receive 24/7 neurosurgical and 
neurocritical care services at all four regional referral trauma centers (TCs) and 
one ACTH (Stavanger University Hospital), jointly called neurotrauma centers 
(NTCs) in this thesis (Figure 6).  

Interhospital transfer from ACTHs to TCs for patients requiring a higher 
treatment level is an important part of inclusive trauma systems. Criteria for 
considering interhospital transfer according to the national trauma plan, are 
listed in the trauma plan (7). 

2.3.3 The Norwegian Trauma Registry 
The NTR serves as the data source for three studies in this thesis and is therefore 
presented in detail. It is one of more than 50 national clinical quality registries 
whose purpose is to improve quality in Norwegian healthcare services and 
define and report on quality indicators.  

2.3.3.1 Purpose, legislation, and ethics 

The main purpose of the Norwegian Trauma Registry (NTR) is “to contribute 
to improved quality in the treatment of trauma patients; reduce morbidity and 
mortality from trauma; ensure appropriate resource utilization and reduce 
unwarranted variation; preventive work” (114). It is the main tool to fulfill 
important goals from the trauma plan regarding benchmarking, monitoring, 
reporting of quality indicators, and research in accordance with trauma system 
frameworks (7, 66, 67). 
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The NTR received status as a national clinical quality registry in 2006 and 
received the first national registrations in 2015 when an online registration 
platform was established (115). The NTR’s status as a national clinical quality 
registry warrants mandatory data delivery from all trauma hospitals under the 
Regulations of Medical Quality Registries Act from 2019 (116). Patients are 
registered with a waiver of consent, but they receive written information about 
the registry and their access to withdraw information registered about them.  

2.3.3.2 Registration of patients: Inclusion and exclusion criteria 

The NTR collects information about patients meeting the inclusion and 
exclusion criteria listed in Table 2 (117).  

Table 2: Inclusion and exclusion criteria for the Norwegian Trauma Registry 

Inclusion Exclusion 
All patients admitted with the 
trauma team activated upon 
arrival at the emergency 
department of all acute care 
trauma hospitals and trauma 
centers in Norway, irrespective 
of ISS and NISS  

 

Patients with chronic subdural 
hematoma without any other 
trauma-related injuries 

 

All patients treated at an acute 
care trauma hospital or trauma 
center in Norway without 
activation of the trauma team, 
with one or more of the 
following injuries:  

• Penetrating injuries to 
the head, neck, torso, or 
extremities proximal to 
the elbow or knee 

• Head injuries with 
Abbreviated Injury 
Scale ≥3 

• NISS >12  
 

Patients with injuries from 
drowning, inhalation, 
hypothermia, and asphyxia 
(hanging, suffocation) without 
concomitant trauma 
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All patients who die at the scene 
of injury or during 
transportation to the hospital, 
and are not delivered to the 
hospital, but where prehospital 
management/treatment has been 
initiated. 

Patients who die at the scene 
without the activation of 
prehospital resources 

Abbreviations: ISS, Injury severity scale; NISS, New injury severity scale 

The registrars are predominantly nurses and are employed at ACTHs and TCs. 
They identify and register information on eligible patients. Patients admitted 
without trauma team activation (TTA) are identified through hospital databases. 
The registrars are certified in accordance with the Association for the 
Advancement of Automotive Medicine to classify all injuries according to the 
AIS 2005, Update 2008 (37). Registrars also receive training in the registration 
procedures for the NTR and the registration manual (118).  

2.3.3.3 Data in the registry 

Information about patient status and management during prehospital, in-
hospital, and rehabilitation phases is registered, in addition to demographic 
information and injury characteristics. The NTR registers data according to the 
Utstein template, a uniform minimal dataset to be recorded based on consensus 
among European trauma registries to allow for standardized reporting and 
comparisons (119). Additional variables are also recorded. All variables are 
coded according to the NTR registration manual (118).  

Comorbidity is measured by preinjury American Society of Anesthesiologists 
physical status (ASA-PS) (120). The ASA-PS is a predictor of mortality (84).  

2.3.3.4 Data quality 

It is decisive that data in clinical quality registries are of high quality to serve 
as a platform for research and quality improvement (121). A commonly 
accepted definition of data quality in clinical registries is “The totality of 
features and characteristics of a data set, that bear on its ability to satisfy the 
needs that result from the intended use of the data” (122). Data quality is 
measured across six dimensions: completeness, correctness (validity), 
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comparability, reliability, timeliness, and relevance, of which the two first are 
considered most important for data to serve their purpose (123). The data 
quality of the NTR is reported in annual reports.  

Completeness refers to what degree all data that should be registered has been 
registered, and it is measured at the hospital level, patient level, and variable 
level. All TCs and ACTHs in Norway deliver data to the NTR. Of patients 
admitted with the trauma team activated, approximately 100% are registered 
(114). As increasing numbers of hospitals systematically identify patients not 
admitted by a trauma team (undertriaged patients), the total patient-level 
completeness is estimated at 90-95% (58, 114). The NTR reports that variable 
completeness is generally high (114).  

Correctness (validity) refers to whether the registry reflects reality; is 
information registered about patients true – or valid? A validation study has 
been undertaken and is in publication process. Preliminary results reported in 
the 2021 annual report show that NTR data show excellent agreement with 
electronic patient records (124).  

Comparability refers to the registry’s ability to compare data across time 
periods, geography, and data sources. For example, changes to inclusion and 
exclusion criteria or core variables used in quality indicators or to identify study 
populations will have fundamental impact on interpretation of results. No such 
changes have occurred in the NTR during the time the studies in this thesis have 
been conducted.  

Relevance and reliability: The NTR data collection is based on the Utstein 
template, which is an internationally recognized template for documenting and 
reporting data from trauma patients (119). This contributes to ensuring that 
relevant information is collected according to the purpose of the registry. It also 
contributes to reliability of data, as the Utstein template, together with a 
comprehensive registration manual written for the NTR, aims to ensure that all 
registrars have the same understanding of how to code data. All registrars are 
certified in both the NTR coding and AIS coding, regional coding support 
persons are available for discussions, and annual conferences are held for 
registrars to unify coding practice. 
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Data in the NTR relies on accurate registration in and subsequent reporting 
from patient records. Several data points are often captured on the same 
variable, e.g., blood pressure measurements. However, only a single time-point 
measure is allowed registered. Typically, this is the first measurement. 

2.4 Clinical management of older trauma patients 

2.4.1 Guidelines 
Several guidelines provide instructions on the care of trauma patients. In the 
Norwegian trauma system, the Prehospital Trauma Life Support (125) and 
Advanced Trauma Life Support (126) curriculum form the basis of training for 
clinical personnel, as in several other countries. Regarding TBI management, 
Scandinavian head injury guidelines (127) and the Brain Trauma Foundation 
guidelines (128) form the basis for clinical management. None of these 
guidelines advocate a different – more passive – approach to older than younger 
trauma patients. To some extent, emphasis is put on avoiding pitfalls and 
recognizing the high risk of adverse outcomes in this population. The 
Norwegian field triage tool, for instance, suggests a lowered threshold for 
activating the trauma team and considering transfer to a TC in patients with age 
>60 years and/or comorbidity (Appendix 1). 

All guidelines give poor guidance on when not to transfer patients to a higher 
level of care, which is particularly relevant for Studies III and IV (129). 

2.4.2 Clinical management differences 
Despite guidelines’ general recommendations to not manage older trauma 
patients differently than younger adult patients, evidence shows that it 
commonly occurs. During this thesis’ study period, the body of evidence 
showing differences in clinical management has grown beyond the literature 
that underpinned the rationale for this study.  

Older adults are frequently undertriaged to highest-level trauma center care and 
trauma team admission (20, 22, 130-132). They are less likely to be transferred 
to trauma center care when first received at an acute care hospital (23, 69). 
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Further, an analysis of a large German cohort by Spering et al. indicated lower 
prehospital intubation rates and less volume replacement therapy, more 
restrictive whole-body CT scans, and lower intensive care utilization (75). The 
previously mentioned TARN report showed that initial management was more 
often led by more junior doctors (2).  

For TBI patients, Skaansar et al. found a reduced treatment intensity for older 
adults, reflecting a composite measure of ICP monitor placement, ventilator 
treatment, and evacuation of intracranial mass lesions in a Norwegian 
neurotrauma center population (91). Another Norwegian study found lower 
transfer rates from acute care trauma hospitals to neurotrauma centers for older 
patients with moderate-to-severe TBI (133). The Lancet Neurology 
Commissions on TBI from 2017 and 2022 highlight the need for more research 
on how to best manage the growing population of older TBI patients (62, 134). 
Participants in this thesis’ research group (the co-supervisors) had frequently 
experienced discussions in trauma courses about how challenging it could be to 
get TBI patients accepted for transfer to NTCs, particularly older patients. This 
aligned with some existing literature from the UK: Kirkman et al. showed 
reduced transfer rates for older patients with cerebral contusions, and a TARN 
report showed both reduced transfer rates, approximately 1.5 hours longer time 
to head CT in older patients with severe TBI (AIS ≥3), longer time to 
neurosurgery, and lower rates of neurosurgery (2, 24).  

Poor triage tool sensitivity has been indicated as a contributing cause of 
undertriage. Systematic reviews have found poor sensitivity in detecting 
severely injured older people with trauma in general (135), and TBI specifically 
(136).  

As this overview of management differences shows, there was a paucity in the 
literature about access to advanced prehospital care, i.e., doctor/paramedic 
teams, air ambulance transportation, and prehospital interventions. 
Furthermore, care pathways and factors influencing interhospital transfer to 
NTCs were poorly described. 
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2.5 Patient safety  
Quality in healthcare rests on seven sub-dimensions, with patient safety, 
clinical efficiency, and people-centeredness being fundamental for achieving 
high-quality care (137, 138). In the Norwegian context, patient safety is defined 
by the Norwegian Directorate of Health as “protection against unnecessary 
harm resulting from the services or lack of services provided by the healthcare 
services” (my translation) (139). This definition aligns with international 
definitions and research, emphasizing the importance of reducing avoidable 
harm (137, 140-142). 

Within the scope of this thesis falls the aspect of patient safety related to the 
unnecessary harm that may result from the lack of services. Drawing from 
experiences (See Introduction) and relevant international literature (Chapter 
2.4.2), it is evident that the lack of proper access to trauma care for older people, 
contrary to established guidelines, poses a significant patient safety risk within 
modern trauma systems. Prior to this project, their status within the Norwegian 
trauma system was poorly studied. 

To improve quality and patient safety, it must first be measured to know the 
current status. Quality indicators (QIs) contribute to the improvement of patient 
safety by allowing relevant, reliable, and valid measures related to the structure, 
process, or outcome of health services to be reviewed and acted upon (143, 
144). Patient safety indicators in trauma care are frequently process indicators 
(145). They aim to reflect what is considered optimal treatment according to 
guidelines (7). National and international professional organizations (e.g., 
Norwegian National Advisory Unit on Trauma, ACS-COT, and WHO) 
advocate for measuring the quality and patient safety of trauma care using QIs 
(7, 66, 106). However, no internationally recognized set of quality indicators 
have been agreed upon, and a systematic review identified some 1500 QIs used 
in trauma care worldwide (146). Examples of quality indicators in trauma care 
are 30-day mortality rates, undertriage to trauma team rates, intubation rates in 
patients with GCS<9, and x-ray imaging rates upon admission. 

A graphical overview of the interplay between trauma outcomes and QIs in 
trauma care is displayed in Figure 7. 
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Figure 7: Relationship between the structure, process and outcome of healthcare. 

Reused from Gruen et al. (98) with permission from Oxford University Press. 
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3 Thesis aims and objectives 

The overall aim of this thesis was to assess the presence of patient safety 
challenges in the initial care of older trauma patients in Norway, and, if so, 
identify risk areas that require further investigation in future research. 

 

The specific objectives of each study structured by study number were: 

I. To describe the Norwegian geriatric trauma population by assessing 
differences in demographic and epidemiological characteristics 
between age groups, as well as describing injury characteristics, level 
of care, and outcomes with data from the NTR.  

II. To compare prehospital and in-hospital clinical management of adult 
and older trauma patients, focusing on time-critical interventions and 
radiological examinations. 

III. To describe characteristics and care pathways and identify factors 
associated with interhospital transfer to NTCs for patients with 
isolated moderate-to-severe TBI primarily admitted to non-
neurosurgical ACTHs. 

IV. To explore the decision-making process for transferring patients with 
isolated TBI from ACTHs to NTCs, elucidating factors influencing 
these decisions, and how involved surgeons weighed these factors. 
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4 Materials and methods 

This chapter begins by providing the rationale behind and philosophical 
underpinnings of the selected study designs including the integration of 
quantitative and qualitative methods. Then follows a presentation of the 
quantitative, qualitative, and mixed methods used in the studies comprising 
this thesis. 
 

4.1 Study design 
This thesis comprises four studies: three quantitative and one qualitative. 
Studies I-III are retrospective cohort studies and Study IV is a focus group 
interview study. Studies III and IV focus on the same research questions and 
the results are mixed in this thesis, forming a convergent mixed methods design. 
Considering all studies in the thesis share the overarching aim to provide new 
information about patient safety risks for older trauma patients in Norway, the 
overall design is classified as mixed methods.  

4.1.1 Philosophical underpinnings of study designs 
Applying a combination of methods within the same research project is 
underpinned by a pragmatic epistemological position (147). Epistemology 
refers to theories of the nature of knowledge. Pragmatism provides a conceptual 
framework where research questions are allowed to determine the methods best 
suited to answer these questions (148). 

Historically, some have argued that quantitative and qualitative methods apply 
incompatible paradigms (i.e., typically (post)positivism and constructivism). 
However, today this standpoint is rejected by most and mixed methods research 
has a sound theoretical framework and methodological literature (147, 149, 
150). The positivist paradigm that underpins quantitative research assumes that 
an objective description of reality – one truth – is identifiable if unbiased 
observations are measured through appropriate scientific methods (151). The 
constructionist paradigm assumes that reality is constructed through all our 
interactions and experiences and that research must be understood as a product 
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of how the researcher came to understand it (151). The pragmatic stand is to 
consider how the research question could best be answered without being 
locked to epistemological perspectives (147, 148). 

4.1.2 The rationale behind selected study designs 
In designing this project, our approach was to select the methods that were best 
suited to address the research questions, without being restricted by paradigms. 
Various methods possess distinct strengths and limitations, and these factors 
were guiding our choice of methods. 

Studies I-III employ a retrospective cohort design, analyzing data from a 
national clinical quality registry (the NTR). Using registries offers significant 
advantages such as data availability, cost-effectiveness, the potential for large 
sample sizes, the possibility to identify and focus on small sub-populations (i.e., 
patients with isolated TBI), the ability to examine multiple outcomes and 
exposures, and the potential for long-term follow-up (50, 152). Furthermore, 
clinical quality registries typically identify a population with specific clinical 
characteristics and highly relevant information regarding this condition. 
However, certain inherent limitations associated with this design must be 
acknowledged, including reliance on information registered by others, potential 
concerns about data quality (122), constraints imposed by the variables 
available in the registry (e.g., leading to lack of information about potentially 
important confounders), the risk of selection bias, the risk of missing data, and 
the fact that only associations, not cause-and-effect relationships, can be 
established (50, 152).  

Study IV employs an experiential qualitative design, which was chosen due to 
the exploratory nature of the study. Experiential qualitative research is driven 
by the aim to better understand people’s own perspectives and practices, with 
a focus on presenting what is expressed in the data (151). Through a qualitative 
method, we could gather rich contextual data from interviews, explore the 
subject matter in-depth, comprehend the realities faced by participants, and gain 
richer insights into the decision-making process investigated in study III (151). 
We took into account the limitations associated with qualitative research. These 
included concerns about transferability, the time-intensive nature, and the 
challenges related to acquiring the necessary skills to demonstrate sound 
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methodological practices, such as understanding the fundamentally different 
underpinning scientifical paradigm, in an otherwise predominantly quantitative 
project. Considering the aim to better understand the decision-making process 
regarding the interhospital transfer of TBI patients, it was deemed valuable to 
add a qualitative study. Such a study could bring forth different influencing 
factors and provide a more nuanced perspective. 

The convergent parallel design was employed to mix results from studies III 
and IV (150). This refers to conducting quantitative and qualitative studies at 
concurrent timing, giving equal priority to both methods throughout the project, 
keeping the studies independent throughout the analysis phase, and integrating 
the results during collective interpretation. The integration phase will be this 
thesis (see Chapter 6.1.3).  Drawing on the typology from Bryman, our reasons 
for mixing methods were completeness and offset, referring to a view that the 
methods combined can obtain a more comprehensive understanding of the 
topics of interest, and that combination of the methods offset their separate 
limitations and utilize the strengths of both (153). 

4.2 Setting 
The joint setting in this thesis is the Norwegian trauma system which is 
described in detail in Chapter 2.3.2. Specifically, the included studies 
concentrate on two key areas: prehospital and emergency department 
management (Studies I and II), and the intrahospital transfer of patients with 
isolated TBI (Studies III and IV). All 38 ACTHs and four TCs in Norway and 
their corresponding prehospital services, contributed data to these studies 
(Figure 2).  

4.3 Quantitative methods 
In this thesis, Studies I-III utilized quantitative methods to analyze data 
obtained from the NTR in observational study designs. These methods are 
described in this chapter in accordance with the STROBE statement (154). 
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4.3.1 Study population 
In Study I, we included patients who were 16 years or older and had a NISS≥9. 
Patient registrations in the NTR were excluded if age or AIS were missing as 
these were instrumental in determining inclusion criteria. Moreover, patients 
without any detected injuries or those with injuries resulting from drowning, 
burns and inhalation, hypothermia, or asphyxia without concomitant trauma 
were excluded.  

Study II applied the same inclusion criteria with the addition of a criteria that 
the patients had to be attended by a trauma team upon admission to the hospital. 
The aim was to target a population that was recognized as trauma patients 
during the clinical management subject to investigation.  Exclusion criteria 
were identical. 

The threshold of NISS≥9 was used in Studies I and II to define severe injuries 
with the following rationale: First, the NISS was preferred over the ISS because 
studies have found improved predictive capabilities of the NISS overall (36), 
and we could not find studies specifically comparing the NISS and ISS for 
defining trauma in an older population. However, we reasoned that given the 
high prevalence of head injuries, and the impact isolated body region injuries 
could have on older people because of their reduced physiological and 
anatomical reserves (such as the mortality and morbidity related to chest 
injuries (155)), the NISS was preferred over the ISS because of its calculation 
irrespective of body regions. Second, the threshold of ≥9 was chosen to account 
for older people’s increased risk of poor outcomes even at lower injury severity 
measures than in conventional definitions. A study by Palmer et al. comparing 
different ISS and NISS thresholds using the same AIS version as in the NTR, 
found that approximately 25% of patients had died following injury despite 
having ISS and NISS under the examined thresholds of 12 and 15, respectively 
(34). Presumably, many of these patients were older, thus we set the threshold 
to NISS ≥9.  

The reasoning for applying a threshold of age ≥65 has been given in Chapter 
2.1.2. 

In Study III, we aimed to identify patients with isolated moderate-to-severe 
TBI, i.e., absence of severe extracranial injuries. The following inclusion 
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criteria were applied: 1) head injury with AIS scores of 3 to 6; 2) no extracranial 
AIS scores higher than 2; and 3) a maximum of one extracranial injury with an 
AIS score of 2.  

We aimed to identify a population for whom the TBI would be a determining 
factor in considering transfer to NTCs. It is consistent with how previous 
studies have defined isolated moderate-to-severe TBI (156, 157) and the 
Norwegian trauma plan (7), which recommends transferring patients with 
injuries in three or more body regions to a TC. Moreover, this definition 
allowed for the inclusion of patients with extracranial injuries unlikely to affect 
transfer decisions or outcomes considerably. Some studies have applied 
narrower inclusion criteria, such as including only patients with no extracranial 
injuries at all. We discussed this approach in the research group and decided 
that it would lead to the exclusion of patients where the TBI indeed would be 
the cause of transfer discussions between ACTHs and NTCs, thus potentially 
introducing selection bias.  

We also considered setting the inclusion criteria at AIS Head ≥4, which likely 
better represents patients where an indication for neurosurgical procedures 
would be present. However, we chose to include patients with AIS Head ≥3 
because it largely reflects detectable intracranial pathology or cranial fractures 
on CT reflecting real-world management dilemmas. The study applied similar 
exclusion criteria as Study I, with the additional exclusion of patients with 
chronic subdural hematoma without concomitant trauma.  

4.3.2 Data sources and variables 

4.3.2.1 Data sources and sample size 

Data for Studies I-III was obtained from the NTR. The sample size was arrived 
at by applying inclusion and exclusion criteria on the total number of 
registrations in the NTR between January 1, 2015, and December 31, 2018 
(Study I and II) and between January 1, 2015, and December 31, 2020 (Study 
III). Formal sample size calculations were not performed because the outcomes 
of interest were already existing, which would make it analytically meaningless 
(158). 
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4.3.2.2 Variables 

Variables used in Studies I-III followed the NTR definition catalog which 
corresponds to the Utstein template for uniform reporting of data from trauma 
registries (118, 119). 

Some variables underwent recategorizing compared to their original Utstein 
template or NTR definitions, as shown in appendixes to the papers. This was 
primarily by merging categories in variables with many categories to increase 
the readability of tables and figures. An example is the merging of the in-
hospital level of care variable score components “Critical care unit (CCU)” and 
“High dependency unit (HDU)” to “CCU/HDU”.  

Data cleansing was performed before analysis by summarizing and displaying 
the data. The goal was to identify incorrect or corrupt information to correct it 
(if possible) (159). For example, a negative age was observed in approximately 
five patients with otherwise good registrations. This was likely caused by a 
technical error somewhere in the registration or export process, and it was 
solved by contacting the registrar at the registering hospital for correct 
information.  

As part of the data cleansing process, we examined the variables for outliers, 
which are data points that are unusual compared to the other variables (159). 
They may distort results and should be dealt with. Continuous variables, such 
as blood pressure measurements and time intervals, were displayed graphically 
(e.g., histograms). Through visual inspection and clinical expertise, we 
identified outliers. For instance, most patients had a median time from 
admission to chest X-ray imaging of approximately five minutes, but a few 
patients had much longer times. We considered imaging that occurred more 
than 90 minutes after admission as unlikely a part of the initial emergency 
management of the trauma patient but rather imaging that occurred later in the 
management process and deemed them outliers. These cases constituted 1.6% 
of all who underwent imaging. 

A key part of the data handling was the operationalization of the NTR raw data. 
For instance, AIS codes were originally given as non-categorizable and non-
searchable string variables. We developed a script to read each code and create 
new variables that allowed categorizations based on body regions and severity. 
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This was work intensive, but a prerequisite for important analyses in both Study 
I and III. Furthermore, transfer status was not clearly given by the NTR dataset, 
so stepwise quality control including admissions date and time, was assessed 
for all patients with multiple registrations. 

Study I 

For Study I, the following information was obtained from the NTR: Age, sex, 
preinjury ASA-PS, injury location, AIS, NISS, dominating injury type, 
mechanism of injury, the highest level of prehospital care, prehospital 
transportation mode, prehospital time, primary and secondary admission 
hospitals, trauma team activation, highest level of in-hospital care, discharge 
destination, and 30-day mortality.  

Reporting of outcome measures followed the protocol (1): demographic and 
epidemiological characteristics included age, sex, preinjury ASA-PS, and 
injury location. Injury location was reported according to the Centrality Index 
of Norway (108) based on municipality number. Injury characteristics 
encompassed dominating injury type (blunt/penetrating), mechanism of injury, 
AIS, and NISS. Management and level of care encompassed prehospital time 
(time from alarm to hospital arrival), highest prehospital level of care (defined 
as physician, ambulance personnel, or other [including bystander first aid]), 
prehospital transport method, level of definitive care hospital (ACTH or TC), 
trauma team activation rate, and highest in-hospital level of care. Patient 
outcomes were reported as 30-day mortality and discharge destination.  

Exposures were age and NISS. 

Study II 

For Study II, the following information was obtained from the NTR: Age, sex, 
preinjury ASA-PS, injury location, AIS, NISS, dominating injury type, 
mechanism of injury, prehospital GCS, SBP, and RR, the highest level of 
prehospital care, prehospital transportation mode, prehospital advanced airway 
management, prehospital chest decompression, prehospital time, level of the 
primary hospital (ACTH or TC), trauma team activation, ED GCS, SBP, and 
RR,  ED intubation, ED chest drain, time from admission to X-ray chest and/or 
CT, ED X-ray chest and pelvis, ED CT imaging, and 30-day mortality.  
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Outcome measures were reported according to the protocol (1): Time-critical 
interventions encompassed prehospital advanced airway management 
(intubation and supraglottic devices), prehospital chest decompression (needle, 
incision, or chest drain), ED intubation, and ED chest drain insertion. 
Radiological examination encompassed an X-ray of the chest and/or pelvis, CT 
imaging (reported as any CT, not possible to differentiate between body region 
or full-body scan), and time intervals from admission to these investigations. 
Prehospital management included reporting the highest level of prehospital 
care, transport method, level of the primary hospital, and prehospital time, in 
addition to time-critical interventions.  

Exposures were age and NISS and GCS as measures of injury severity.  

Study III 

In Study III, the following information was obtained from the NTR: Age, sex, 
preinjury ASA-PS, injury location, AIS, NISS, dominating injury type, 
mechanism of injury, prehospital and ED GCS, level of primary and secondary 
hospital, information about transfer, trauma team activation, highest level of in-
hospital care, and 30-day mortality. The road distance between all ACTHs and 
corresponding NTC was calculated using www.openstreetmap.org 
(OpenStreetMap Foundation, Cambridge, United Kingdom). 

Outcome measures were the characteristics of transferred and non-transferred 
patients (demographics, injury characteristics, management, and mortality), 
care pathways (primary admission rates to ACTHs and NTCs, transfer rates 
from ACTHs to NTCs, and definitive care rates at ACTHs and NTCs), and 
identification of factors associated with intrahospital transfer.  

For the latter outcome measure, exposures were identified from experience and 
the literature and included age (continuous), sex, preinjury ASA-PS, year of 
incident, injury site’s urban-rural classification (according to Centrality Index 
of Norway (108)), distance from ACTH to corresponding NTC (km, 
continuous), injury mechanism, GCS score on admission to ACTH (categorized 
according to HISS (160)), and NISS (continuous). 
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4.3.3 Statistical analysis 
Analyses were performed using SPSS v.27 (IBM Corp., Armon, NY) and R 
Statistical Software (Study III) using the mgcv-package for the GAM 
development (161) (v.4.2.0; R Core Team, 2022). 

4.3.3.1 Descriptive statistics 

Descriptive statistics were applied in all the studies. Continuous data with a 
normal distribution were presented as means with standard deviations. 
Continuous data with a nonnormal distribution were presented as medians with 
interquartile ranges. Categorical data were reported as numbers and 
percentages. 

In Studies I and II, stratification was used; the main groups we compared were 
adult patients (16-64 years) vs older patients (≥65 years). To provide more 
insightful comparisons, outcomes were also reported for age subgroups (65-74 
years, 75-84 years, and ≥85 years) and injury severity subgroups (NISS 9-14, 
15-24, and ≥25). Stratification is a useful tool in analytical epidemiology to 
examine the presence of confounding and interactions (50), although the way it 
was used in these studies was merely descriptive. 

4.3.3.2 Analytical statistics 

In Studies I-III, statistical tests were conducted to test the null hypothesis of no 
differences between the groups, using the methods described above. For 
continuous data, means were compared using the independent samples t-test 
and the unequal variances t-test, while medians were compared using the Mann-
Whitney U test. For categorical data, differences between groups were tested 
with Pearson’s chi-squared test or Fisher’s exact test. Effect size estimates were 
given as OR with 95% CI. A P value <0.05 (two-tailed) was considered to 
indicate significance. 

These tests compared adult vs older patients (Studies I and II) and transferred 
vs nontransferred patients (Study III). In Study II, the results of these 
comparisons were reported as odds ratios from the chi-squared tests to provide 
effect size estimates which carry more information than P values alone. This 
yields similar results as univariate logistic regression analysis.  
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In study I, we conducted a sensitivity analysis and in study II, we conducted a 
comparison not described in the protocol. These should have been 
acknowledged in the study reporting as post hoc analyses.  

In Study III, a multivariable model was developed to identify the factors 
associated with interhospital transfer from ACTHs to NTCs. Multivariable 
models allow for adjustment of confounding factors, and assessment of effect 
modification, and are an efficient way to summarize the effects of several 
predictor variables (50). Confounding refers to a situation in which “a 
noncausal association between a given exposure and an outcome is observed 
as a result of the influence of a third variable (or group of variables)” (50). 
Interactions reflect that the effects variables have on each other are not constant 
across all levels of the other variable (50).  

The generalized additive model (GAM) was chosen as the preferred 
multivariable model approach. The advantage of a GAM over an ordinary 
logistic regression model is that it can include nonlinear terms, and as age and 
NISS were determined non-linear, the GAM was chosen. We used the 
purposeful selection modeling strategy to build the model (162). This procedure 
tests all relevant variables in univariable analysis for statistical significance 
before entering them into the multivariable model, and tests for interaction 
terms and nonlinear terms and adds them if needed. Predictor variables tested 
are listed in Chapter 4.3.2.2. Estimates for the regression coefficients were 
presented as ORs with 95% CIs, and the effective degrees of freedom (edf) 
were given for nonlinear terms. The results from the GAM were presented as a 
table and as contour plots.  

4.4 Qualitative methods 
Study IV applied a qualitative focus group interview method, which is described 
in this chapter in accordance with the COREQ guidelines (163). 

4.4.1 Researcher reflexivity 
Researcher reflexivity is a key part of qualitative research because it recognizes 
the inherently subjective nature of the qualitative research process (164). 
Acknowledging that the researchers’ experiences and preconceptions 
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inevitably influence the research, it becomes crucial to consider them rather 
than neglect them (151). Subjectivity is not considered a problem as long as 
reflexivity is demonstrated. Reflexivity entails engaging in critical reflection on 
both the research process itself and the role of researcher (164).  

Throughout the entire research project, careful consideration was given to the 
subjectivity of the researchers. As the lead researcher, my personal experiences 
with the subject matter, as previously discussed in the Introduction, have likely 
influenced various aspects of the project, including how I framed questions, 
analyzed data, and interpreted findings. It was essential to recognize the impact 
of these personal experiences, alongside my education, training, and 
involvement in elderly care. To ensure a reflexive approach, awareness of these 
subjects was emphasized, the topic was discussed with supervisors, and a 
research diary where thoughts and preconceptions were noted, was kept and 
used during the analysis stage. Also, reflexive notes were taken, the interview 
guide was collaboratively designed by a diverse team with broad perspectives, 
and all interviews were conducted by a team of two researchers.  

Another example of our reflexive positions can be observed in how we, as 
interviewers (MCØ and EJ), navigated different ‘insider’ and ‘outsider’ 
positions during the interviews (151). We were transparent about our 
credentials and backgrounds with the participants.  ‘Insider’ positions were 
positions we shared with the participants, such as we were all healthcare 
personnel with experience in emergency medicine. Both male and female 
perspectives were represented, mirroring the compositions of most groups. As 
a doctor, I shared a specific background with the participants. Concurrently, 
none of us worked in their specific field directly, making us outsiders to their 
work situation. The participants, on the other hand, shared work-related 
information about themselves. Transparency about this information contributed 
to establishing rapport and trust and shaped the nature of the conversations. 
This was considered during analysis.  

4.4.2 Study design and participant selection 
We chose to conduct a focus group study using inductive thematic analysis. 
Focus groups have the potential to bring forth a wide range of perspectives and 
viewpoints because participants draw on each other’s experiences through 



Materials and methods 

44 

discussion (151). An inductive thematic analysis approach was chosen because 
we wanted to explore factors associated with transfer as emphasized by 
practitioners in the real world, not by existing theory. 

A purposive sampling strategy was used for this study to recruit participants 
with potentially differing views (151). Therefore, we invited participants from 
hospitals with different sizes, distances to their corresponding NTC, and from 
different regions, and hoped to get participants with different sexes and years 
of experience. This was achieved. Invitations were sent from the lead researcher 
(MCØ) to key personnel in each hospital who were identified from the research 
group’s network and contacted to serve as ‘door openers’. Of the four key 
persons, one was a surgeon who met eligibility criteria and was thus a colleague 
of potential candidates, and three were academic leads in their departments. 
They forwarded the e-mail invitation to all potential candidates at their hospital 
with information about the purpose of the study and eligibility criteria for 
participation. Eligibility criteria were: 

A) surgical residents or attendings at ACTHs with more than one year of 
experience as trauma team leaders, responsible for on-call conferences with 
their corresponding NTC. 

B) neurosurgical residents or attendings at NTCs responsible for answering on-
call consultations from ACTHs about interhospital transfer and subsequent 
neurosurgical management.  

Four focus groups with four to eight participants in each group were decided as 
a reasonable starting point to get rich and informative data. Further evaluation 
of the sample size was planned thereafter. To capture potentially different 
perspectives and experiences, sampling was conducted from two regional 
health trusts. Participants from two hospitals within the same regional health 
trust were recruited to get information from collaborating hospitals (one ACTH 
and their corresponding NTC). The two ACTHs we recruited surgeons from 
were both small-to-medium-sized. The transfer distance by ground ambulance 
between these ACTHs and their corresponding NTCs was <100 km (drive time 
30-90 minutes) for one hospital and >300 km (drive time >240 minutes) for the 
other.  
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4.4.3 Data collection 

4.4.3.1 Interview guide 

The interview guide was developed in collaboration with the whole research 
group which included experts in neurosurgery, general and orthopedic surgery, 
anesthesiology, trauma system development, and qualitative methods. 
Additionally, it was informed by current literature on the topic. The questions 
in the guide were framed as open-ended to elicit participants’ perspectives and 
experiences. The guide covered topics such as current practices of on-call 
conferences, the factors considered in making transfer decisions and the 
influence of these factors on the decision-making process, and situations 
involving uncertainty and disagreement (Appendix to Paper IV). The interview 
guide was pilot tested on a registrar in orthopedic surgery who met eligibility 
criteria but from a non-participating hospital. Adjustments were made to the 
guide based on the feedback provided.  

4.4.3.2 Interviews 

Between April 2020 and June 2021, during the COVID-19 pandemic, four 
focus group interviews were conducted. Each focus group consisted of three to 
five participants. Our goal was to recruit four to eight participants in each group, 
as this range has been suggested to yield rich results (151). We did experience 
that the groups including four to five participants created the best group 
dynamic and discussions, compared to two groups with three participants. 
However, it did not necessarily produce richer content and was arguably more 
difficult to lead.  

One interview was conducted via video communication and the rest in-person. 
All were audio recorded. To ensure consistency and familiarity with the subject 
matter, the interviews were conducted by the same two researchers (MCØ and 
EJ). The interviews began by clarifying the goal of gaining a deeper 
understanding of the processes involved in interhospital transfer of TBI 
patients. We wanted to avoid being seen as external reviewers of current 
practice. Field notes and initial reflections were written down after each 
interview and incorporated into the analysis (151). The interviews took place 
during regular working hours at the participants’ hospitals without the presence 
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of heads of departments or academic leads to encourage open and uninhibited 
discussions (151, 165).  

The decision to terminate the data collection phase with four preplanned 
interviews was made after careful consideration of the data from the four 
interviews. We found that information about factors influencing the transfer 
decision was reoccurring in all focus groups, and although four focus group 
interviews were insufficient to declare true saturation, we deemed that we had 
collected rich material about core factors (166). In addition, the pandemic 
situation made access to hospitals challenging, and there were time limitations 
imposed by the funding constraints. 

4.4.4 Data processing 
Audio transcripts of each interview, lasting approximately one hour each, were 
transcribed verbatim. Three were transcribed by professional transcription 
services due to its time-consuming nature, and one by MCØ. During the 
transcript process, all participants’ names were given pseudonyms. Data 
necessary to reidentify individuals were stored at a separate encrypted location, 
as were audio recordings and transcripts.  

4.4.5 Analysis 
Transcripts from the four focus group interviews were analyzed using Thematic 
Analysis (167). This method comes without requirements to specific theoretical 
positions and methods of data collection, can be applied to a wide range of 
settings, and is considered a good introductory method to qualitative methods 
(151). It is, however, criticized for its flexibility, which some have argued may 
lead to inconsistency when identifying themes (168). During the analysis, 
checklists for good thematic analysis (167) and reporting of qualitative research 
(163, 169) were used to increase trustworthiness and transparency (168).  

Braun and Clarke present four steps of doing Thematic Analysis, which we 
followed iteratively (151): 1) Familiarization; 2) Coding; 3) Identifying and 
reviewing themes; 4) Defining and naming themes. 
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After familiarizing myself with the data by reading and listening to the 
interviews, initial coding was performed by one researcher (MCØ) in an 
inductive, ‘bottom-up’ way. An effort was made to be thorough and inclusive 
when evaluating the data to avoid giving too much attention to some striking 
quotes, particular interviews or findings that confirmed my preconceptions. 
Several candidate codes clustered around similar concepts, which made the 
basis for discussion between MCØ and EJ about a second coding structure. All 
interviews were then recoded accordingly. MCØ and EJ then discussed 
candidate themes. Finally, all authors were involved in defining and naming 
themes. nVivo 12 (QSR International) was used in the coding process.  

4.5 Mixing methods 
The convergent parallel design requires integration – mixing – of results from 
one quantitative and one qualitative studies into an overall interpretation (150). 
The integration face occurs after both studies are analyzed separately. The 
results from each study should be compared directly and the researcher is 
supposed to interpret results by discussing convergence, divergence, and 
relationships between the results, and how the studies combined may have 
created a better understanding of the topic (150).  

4.6 Ethics 

4.6.1 Ethical approvals 
Approval for Study I-III was given by the Data Protection Officer of Oslo 
University Hospital, which is responsible for the Norwegian Trauma Registry 
(ref. no. 19/16593). According to Norwegian legislation, approval from an 
ethics committee is not required for studies of deidentified registry data for 
health services research (170). Deidentified data means that no directly patient-
related personal information is given, such as social and security numbers, birth 
dates or names. There is, however, a risk of re-identification from deidentified 
registry data and publicly available information. To minimize this risk, we 
applied for as few variables as necessary and ensured encrypted access to data. 
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Approval for Study IV was given by the Norwegian Center for Research Data 
(ref. no. 141435). 

4.7 Financial support 
Research funding, grants, and support from industry may introduce obligations 
and ties with impact on the research. Independence is a precondition for 
credibility, but nonetheless, research must be funded. Thus, transparency is 
decisive for trustworthy results. 

This project was funded in full by The Norwegian Air Ambulance Foundation, 
a non-profit non-governmental organization with the goal of promoting 
advanced prehospital emergency medicine. The funder had no role in designing 
the studies or the collection, analysis, interpretation, or drawing of conclusions 
from these studies.  
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5 Summary of results 

5.1 Study I 
We investigated the epidemiology and clinical management of older trauma 
patients (G2, age ≥65 years) in Norway, comparing their characteristics with 
adult patients (G1, age 16-64 years) in terms of demographics, injuries, 
management, and outcomes. A sample of 11,403 severely injured patients 
(NISS ≥9) was drawn from the Norwegian Trauma Registry. Older patients 
constituted 33% of the study population, which was higher than their proportion 
in the general adult population of Norway (17%). The older population had a 
higher proportion of females, more comorbidities, and were more frequently 
injured by blunt trauma, predominantly low-energy falls (40%). A severe head 
injury (AIS ≥3) was observed in 36% of all older patients.  

Prehospital management of older patients showed lower utilization of air 
ambulances (All NISS subgroups: P<0.01; e.g., NISS 15-24: G1: 24% vs. 14%, 
P<0.01) and physician-led care (All NISS subgroups: P<0.01; e.g., NISS 15-
24: G1: 30% vs. G2: 18%, P<0.01) across all injury severity levels. Prehospital 
times were longer for older patients with NISS <25 (P<0.01), and not different 
for patients with NISS ≥25. In-hospital management showed a lower trauma 
team activation rate overall (G1: 89% vs. G2: 73%, P<0.01) and across age and 
NISS subgroups. The difference in trauma team activation rate remained 
significant and substantial in a sensitivity analysis where patients with highest 
age and/or substantial comorbidity were excluded. A lower CCU/HDU 
admission rate was observed (All NISS subgroups: P<0.01, e.g., NISS 15-24: 
G1: 80% vs. 75%, P<0.01). Discharge to nursing homes was observed more 
frequently for older patients. Crude 30-day mortality rates were higher (G1: 
2.9% vs. G2: 13.6%, P<0.01), which in the sensitivity analysis remained 
significant only for the most severely injured patients (NISS 15-24: G1 0.7% 
vs. G2 1.4%, P=0.12; NISS ≥25: G1: 10.3% vs. G2: 20.1%, P<0.01). This is 
the first comprehensive and nationwide investigation of the epidemiology of 
the older trauma population in Norway. Importantly, in the general trauma 
population in Norway, older people have different characteristics and receive a 
lower level of care than their adult counterparts.  
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5.2 Study II 
We investigated the prehospital and emergency department clinical 
management of trauma patients, focusing on differences in time-critical 
interventions and radiological examinations between older and adult trauma 
patients (G1: 16-64 years, G2: ≥65 years). A sample of 9543 severely injured 
patients (NISS ≥9) attended by a trauma team upon admission were identified 
through the NTR to ensure identification of a population recognized as trauma 
patients during emergency care provision. Older patients were more frequently 
severely injured (NISS ≥15: G1: 51% vs. G2: 59%, P<0.001) and presenting 
with reduced consciousness (prehospital GCS score ≤13: G1: 20% vs. G2: 25%, 
P<0.001). 

Older people were less frequently attended by doctor/paramedic teams (G1: 
32% vs. G2: 23%, OR 0.64 [95% CI 0.57-0.71]) and transported with air 
ambulance to the primary hospital (G1: 24% vs. G2: 17%, OR 0.65 [0.58-
0.73]). This difference was significant also in subgroups of patients with 
GCS<9 and NISS ≥15. Prehospital advanced airway management (AAM) and 
chest decompression (CD) occurred significantly less frequent among older 
patients with NISS ≥25 and GCS <9 (AAM only), but were not different at 
lower NISSs (GCS<9 AAM: G1: 53% vs. 41%, OR 0.61 [0.45-0.83]; NISS≥25: 
AAM: G1: 22% vs. 14%, OR 0.60 [0.47-0.76]; CD: G1: 3.9% vs. 1.8%, OR 
0.46 [0.25-0.85]). In a post hoc analysis of the subgroup of patients attended by 
prehospital doctor/paramedic teams, no significant differences were observed 
regarding time-critical interventions, both overall and in the subgroups of 
GCS<9 and NISS≥25. In the ED, AAM and CD rates were lower for older 
patients with NISS ≥25, but not different at lower NISSs or GCS<9 (AAM 
only). Chest and pelvic x-rays were less frequently performed for older patients 
with NISS ≥25, but not at lower NISSs. Time to x-ray and computed 
tomography (CT) investigations showed statistically significant but clinically 
irrelevant differences between age groups and across injury severity strata (e.g., 
time to chest x-ray, NISS ≥25: G1: 6.4 min vs. G2: 7.5 min, P=0.006). The 
results show that despite similar injury severity, older patients received a lower 
utilization of advanced prehospital care and less prehospital and in-hospital 
time-critical interventions and imaging in patients with very severe injuries. 
Dispatch decisions have important consequences for the further treatment 
course.  
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5.3 Study III 
We investigated characteristics and care pathways for patients with isolated 
moderate-to-severe TBI who were admitted to non-neurosurgical ACTHs and 
which factors were associated with interhospital transfer to NTCs. A sample of 
1735 patients from all ACTHs and NTCs in Norway between 2015 and 2020 
were included. Patients who were 65 years and older were more frequently 
admitted to ACTHs as the primary hospital compared to younger patients. Forty 
percent of the population underwent interhospital transfer to an NTC. 
Transferred patients were younger (median 60 vs. 72 years, P<0.001), more 
often male (75% vs. 63%, P<0.001), had less comorbidity (preinjury ASA-PS 
≥3: 26% vs. 29%, P=0.015), were more severely injured (median NISS 29 vs. 
17, P<0.001), and had lower admission GCS scores (≤13: 55% vs. 27%, 
P<0.001) compared to nontransferred patients.  

To identify factors associated with interhospital transfer, a generalized additive 
model was developed, which showed that an increased transfer probability was 
significantly associated with reduced GCS scores, increasing NISS (until the 
effect was inverted at higher scores), and comorbidity in patients younger than 
77 years. Factors associated with a decreased transfer probability were 
increasing age and comorbidity, and increasing distance between the ACTH 
and the NTC (except for extreme NISSs). Factors not associated with transfer 
were sex, mechanism of injury, or the centrality of the geographical injury site. 
The study used a novel and more advanced approach than previous studies to 
account for non-linear associations. The results quantified the impact clinical 
features such as age and comorbidity and system-factors such as transfer 
distance had on transfer probability. It also identified how measures of injury 
severity that are available in the ED (GCS and NISS as a surrogate measure of 
CT results) influenced the transfer decision. Furthermore, the results 
demonstrated that ACTHs managed a substantial burden of isolated moderate-
to-severe TBI patients primarily and definitively, highlighting the importance 
of high-quality neurotrauma care in non-neurosurgical hospitals.  
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5.4 Study IV 
In this qualitative study, we explored the decision-making process leading to 
transfer decisions for patients with isolated TBI. We wanted to increase the 
knowledge about factors influencing the decision to better understand what 
determined older patients’ access to specialized neurotrauma care. Thematic 
analysis of interviews identified one overarching theme and six main themes. 
The overarching theme was: ‘The chance of a favorable outcome’, which 
reflected how participants were constantly considering various factors' 
influence on outcomes and thus on the transfer decision. The main themes were: 
(A) ‘Establish TBI severity: Glasgow Coma Scale score and head CT’, (B) 
‘Preinjury health status: comorbidity, functioning, and age’, (C) ‘Distance from 
ACTH to NTC: distance is time and time is brain’, (D) ‘Uncertainty and 
insecurity’, (E) ‘Capacity at NTC’, and (F) ‘Next of kin involvement’. These 
themes captured clinical and system-level factors and reflect a dynamic and 
multifaceted approach to making transfer decisions. The themes were 
interrelated, meaning that the decision could be influenced by several factors 
with an influence on each other’s impact. The effect of factors in theme (B), 
preinjury health status, showed a dose-response effect on reduced transfer 
likelihood.  

The findings indicate that involved clinicians emphasize the importance of 
making patient-centered decisions. They consider individual patients’ risk 
factors and chances of a favorable outcome. 
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6 Discussion 

6.1 Discussion of main findings 
The aim of this thesis was to assess whether patient safety challenges existed in 
the initial care of older trauma patients in the Norwegian trauma system. We 
identified challenges, particularly in the prehospital phase and regarding care 
pathways of older TBI patients, but also strengths of the current system. 

We found that older trauma patients received less advanced prehospital care 
despite equal injury severity, were less often met by a trauma team upon 
hospital admission, and received a lower level of in-hospital care, demonstrated 
in part by lower trauma center admission rates. The crude 30-day mortality rates 
were higher, and older patients were more frequently discharged to a nursing 
home. Older trauma patients constituted 1/3 of the total adult trauma population 
and exhibited distinct demographic and injury characteristics; they were more 
often female, had more comorbidity, and were predominantly injured by low-
energy falls. 

Severe head injuries were observed in more than every third of older trauma 
patients, a condition associated with poor outcomes (91, 171). Older patients 
underwent prehospital intubation less frequently despite GCS scores <9. We 
found that older patients with isolated moderate-to-severe TBI were more 
frequently admitted to non-neurosurgical hospitals as the primary hospital 
compared to younger patients. We also showed a reduced probability for 
interhospital transfer to NTCs; advanced age and comorbidity were associated 
with a reduced transfer probability, and qualitative analyses also identified 
preinjury functional impairments as an important factor influencing the transfer 
decision. Furthermore, we showed that the transfer decision was prone to 
communication errors. 

Importantly, we also identified areas where care was more similar. This was 
perceived as strengths of the current system. In the initial in-hospital 
management, the primary survey, differences in radiological imaging rates and 
time from admission to imaging did not exist or were clinically negligible. 
Furthermore, TBI patients were identified for interhospital transfer based on a 
broad, patient-centered assessment of individual patients’ health status.  
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Several of the findings in this thesis confirm findings from other studies. 
Undertriage rates found in this thesis correspond with findings from others 
(135). Increased risk of definitive care ACTHs confirms findings from the UK 
(172), and the higher frequency of discharge to nursing homes and higher 
mortality rates are as expected and align with other studies (2, 47). 
Unsurprisingly, given that trauma systems internationally share structural 
similarities and use the same international guidelines.  

However, this thesis adds to current knowledge about how older trauma patients 
are managed differently than younger adults; to our knowledge this thesis is the 
first to show that older patients have a reduced availability of doctor/paramedic 
team management, the most advanced prehospital resource, in a national 
population. And consequently, fewer prehospital advanced interventions were 
performed.  

The studies about interhospital transfer of TBI patients take a novel look on an 
old problem; the TBI patients not directly admitted to NTCs. Most previous 
studies have only identified those secondarily transferred to an NTC from 
institutional NTC registries, leaving knowledge about the non-transferred 
population behind. Thus, a national population-based comprehensive 
investigation of patients with isolated TBI admitted to non-neurosurgical 
hospitals was new. Furthermore, we deemed it necessary to use more 
sophisticated methods than previous studies had, to account for non-linear and 
interacting factors influencing transfer.  

The Scandinavian countries share some characteristics that make it interesting 
to find these management differences also here, such as public health care, little 
violence, and a quite homogeneous population. Hence, socioeconomically 
driven information biases are likely lower than in a US setting. We believe that 
this strengthens the conclusion from elsewhere that providing care to older 
trauma patients is an inherent weakness in current trauma system designs.  

The undertakings of this thesis draw on the strengths and importance of having 
a national trauma registry to monitor care. It allowed a comprehensive 
investigation across both prehospital and in-hospital management and across 
several outcome and process measures. In total, it provided a quite unique 
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overview of the limitations a national trauma system currently faces in 
providing care for older patients.  

6.1.1 Prehospital patient safety challenges 
I want to emphasize the importance of differences observed in prehospital 
management. For the purposes of this discussion, I include the primary 
admission hospital level and trauma team activation in the prehospital phase. 
Because they are highly dependent on decisions made by prehospital personnel 
based on their situational assessment. Lack of access to recommended care may 
impact outcomes and are considered potential patient safety risks (Figure 7) 
(139). This risk likely increases when multiple risks coincide, such as for 
severely injured older patients who are not attended by a doctor/paramedic 
team, are not receiving advanced interventions (e.g., intubation and blood 
products), are transported to an ACTH instead of a TC, and are not admitted 
with a trauma team activated.  

Trauma in the older patient should be added to the list of great imitators in 
medicine; diagnoses that present with nonspecific symptoms and may mimic 
several other conditions. For all the reasons listed in Chapter 2.2.4, recognizing 
trauma in this population can be difficult, and this is at the heart of the 
prehospital patient safety challenges observed in this thesis and other 
publications. The clinical presentation may be non-alarming or mimicking 
other diseases until a sudden deterioration unmasks the severity. In the words 
of dr. Platts-Mills: “But when the case is reviewed to determine the triage error, 
there is no smoking gun.” (173). We found that across all assessed checkpoints 
on the timeline from injury to trauma team admission, the management of older 
patients were at significantly lower rates. As these observed differences occur 
in the phase where the patient is largely undiagnosed, we believe they reflect 
unintentional system-imposed restrictions to care, rather than being the result 
of well-considered treatment limiting decisions. They are perhaps 
consequential errors, and the first point of entry is the EMCC. 

The core tools to guide decision-making in this phase are the Index by EMCCs 
and the field triage tool by prehospital personnel. Whereas field triage tools 
have been scrutinized for performance and potential improvement (135, 136, 
174), the Index and the role of EMCCs have not. The EMCCs lead the dispatch 
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of the initial response, including prehospital doctor/paramedic teams, and 
communicate early findings. The Index version from the years of this study did 
not inform the operator adequately on the particularities of older trauma 
(Appendix 2). Other conditions that may be difficult to recognize have arguably 
received more focus in recent years, such as sepsis and stroke, which may have 
reduced the awareness of “atypical trauma”. The lack of a smoking gun, i.e., 
clear indices that something is off, shows itself in that an upgrade of severity 
after the arrival of paramedics, is much more common in older patients in 
general (175) and for older trauma patients attended by HEMS (176). I have 
been fortunate enough to be invited to cooperate with colleagues from the 
National Centre of Emergency Primary Health Care on an ongoing revision of 
the Index. Hopefully, this, together with video calls, is a start on the road to 
improvement. 

After EMS arrive, they make their own assessments. The triage tool provided 
by the trauma system to guide them in recognizing potentially severely injured 
trauma patients, transport destination, and whether trauma team activation is 
indicated upon admission, has limitations (Chapter 2.4.2). Again, this relates to 
the atypical clinical presentation. This likely explain the high undertriage-rates 
to some extent. However, one study from Norway, and one study from 
Australia found that when investigating undertriaged patients, most had vital 
signs or other findings that would give a hit in the triage tool (177, 178). 
Furthermore, both studies concluded that the real undertriage rate was actually 
within the <5% advocated by the ACS-COT. Caterino et el. implemented age-
specific triage criteria for older patients in a statewide trauma system (179). The 
sensitivity increased, but regardless, transport rates to trauma centers remained 
unchanged. They concluded that non-compliance was likely the problem, and 
focus should be increased on implementation. In my opinion, these findings 
may reflect a mix of reasons. Poor knowledge, little training, and even well-
considered treatment-limiting decisions could influence the results. Caution 
should therefore be exercised in judging undertriage rates.  

To receive an advanced intervention, prehospital doctor/paramedic teams were 
a prerequisite; thus our findings of lower doctor/paramedic team attendance 
rates and lower intervention rates go hand in hand. It is worth noting that the 
results from the post hoc analysis from Study II (Paper II, Table III) warrant 
some consideration. We found that if an older patient was attended by a 
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doctor/paramedic team, they received similar intervention rates as younger 
patients. Whether this was because they were a carefully selected population or 
reflected that as long as they were attended, they received necessary 
interventions is not clear. It may reflect an unmet need for advanced 
interventions by unattended older patients and should therefore be a focus for 
future research.  

6.1.2 In-hospital patient safety challenges 
The in-hospital management assessed in this thesis did not show the same 
pattern of differences as in the prehospital phase. The important caveat is that 
Study II only included patients attended by a trauma team, as a marker 
associated with an increased likelihood of being considered a trauma patient 
during the prehospital clinical management. It is still an important finding that 
trauma teams made no clinically significant difference in the primary survey of 
young and old adults, in line with the intention of being a quick way to clarify 
the extent of injury. The lower rates of advanced interventions in the ED for 
older patients with NISS ≥25 could thus be understood as well-considered 
individual decisions.  

The fact that we found less alarming patient safety challenges in the in-hospital 
phase, does not acquit older trauma patients’ in-hospital care of patient safety 
challenges in Norway. High complication rates, including delirium, longer 
length of stay, and readmissions have been pointed out by other studies (76, 
180). These were not available for us to report from the NTR. Adopting 
successful interventions from elsewhere should be considered by Norwegian 
hospitals. Implementation of care pathways, including such as comprehensive 
geriatric assessments, multidisciplinary assessments (e.g., by nurses, 
physiotherapists, and pharmacists), and predefined order sets to predefined 
high-risk patient populations, has shown improved outcomes such as reduced 
mortality and delirium rates (180, 181).  
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6.1.3 Interhospital transfer of patients with isolated 
TBI: mixing results and patient safety 
considerations  

The care pathways of patients with moderate-to-severe isolated TBI in Norway 
showed similarity to other studies: approximately 50% of these patients were 
primarily admitted to ACTHs in our study, corresponding well with 60% from 
an English study (182), and 52% from a US study (183). 

Most previous studies have, however, been restricted to patients admitted to 
NTCs. This limits the basis of comparison of factors associated with transfer 
but increases the novelty and the importance of our undertakings. One 
comparable study also identified an increased risk of primary admissions to 
ACTHs and reduced transfer probability with increasing age and comorbidity 
(133). The quantitative study (Study III) is unique because the application of 
more advanced statistical methods allowed for quantification of the influence 
of various factors in a way that accounts for the non-linear association and 
interacting terms. The results from the quantitative study were sensible from a 
clinical perspective. Unfortunately, they were limited by the lack of adjustment 
from factors suggested by literature to inform the transfer decision, such as 
antithrombotic medication and frailty, unavailable from the NTR. Importantly, 
the study highlighted the need for a better understanding of underlying factors. 
That was achieved by the qualitative study (Srudy IV). 

Combined, the results from Studies III and IV showed both convergence and 
divergence. Both studies emphasized the importance of injury severity (both 
reduced GCS scores and increased NISSs) for increased transfer probabilities, 
yet not too severe. The quantitative data showed an inverted U shape which 
overlapped very well with a quote from one neurosurgeon: “It ultimately comes 
down to whether the injury is too mild or too severe” (Paper IV).  

Age’s impact on transfer was a central matter in the quantitative study. It 
showed that with advancing age, the transfer probability dropped; with age >85-
90 years, transfer probability never exceeded 30%. This was nuanced in the 
qualitative study, where age was said to be clearly secondary to comorbidity 
and functional impairments, at least to an age threshold of 85. This is an 
interesting observation from the qualitative study, because the age of 80-85 
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years is where the transfer probability really starts to drop in the quantitative 
studies.  

The results on comorbidity were also highly convergent: In the quantitative 
study, preinjury ASA-PS score was the measure of physical status and 
comorbidity, and it was associated with reduced transfer in older patients. In 
the qualitative study, comorbidity was addressed by the participants in a broad 
manner, not disease-specific, with a focus on capturing the burden of 
comorbidity on their physical status. It resembles what is captured by ASA 
(184). Again, the qualitative study brought nuance to similar results: Closely 
related to the importance of comorbidity was the importance of functional 
impairments, both due to their relationship to risk of surgery and ability to 
benefit from rehabilitation. This underscores a limitation with the quantitative 
study; ASA is not a measure of functional impairments, suggesting that future 
studies should include broader measures of comorbidity, e.g., frailty (77, 185).  

In the qualitative study, ethical perspectives were present in all the group 
interviews. Quotes like “Can they withstand an operation, and if so, if one 
operates on them, what do you save them back to?” (Paper IV) are 
representative of their considerations. It is a strength of the qualitative work 
that it captured what the registry studies could does not.  

Studies III and IV show some strengths in how patients with isolated moderate-
to-severe TBI were selected for specialized care that are worth dwelling over. 
Contrary to our hypothesis that older patients were challenging to get 
transferred, participants from ACTHs did not state such things. And the transfer 
decisions were perceived as well-considered based on a broad evaluation of 
patients’ risk factors and overall health status. This was somewhat surprising. 
It may reflect real improvements in care but may also be the result of a 
recruitment of particularly positive participants. A survey to a broader group of 
clinicians, informed by the findings in our studies, may map the findings 
further.  

Finally, a susceptibility to communication errors were identified in the 
qualitative study, yielding a potential patient safety risk. This is discussed more 
in the paper. It was an unexpected finding and the result of an open, explorative 
approach to the interviews.  
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6.1.4 Have we measured what matters? 
Compared to what older people care about, can we claim to have done 
something important? Have we measured what matters? 

We have predominantly reported on process and outcome measures in this 
thesis. It is a limitation that it is not tied closer to what older people report as 
important for them (81). That would be possible in a prospective study or after 
the NTR started to report information about patient-reported outcome measures 
from 2020.  

I will still unequivocally argue that this matters to older people. The trauma 
system improves treatment and improves outcomes for older people (105). We 
have shown that many older people do not get the opportunity to receive those 
benefits. This is particularly important in a population with physical 
vulnerability – as comes with age (45). Physiological reserves that are 
unnecessarily depleted in the prehospital domain, if delays and suboptimal 
treatment occurs. It is biologically plausible that increased derangement from 
the lack of advanced interventions, targeted interventions based on precision 
medicine, or longer time under physiological stress, can impact outcomes in 
this population, although evidence to support it is currently scarce.  

If more older trauma patients get managed as trauma patients because 
prehospital identification improves, it would most likely yield benefits that 
extend beyond hard endpoints. For instance regarding complications, pain, and 
end-of-life care. Increased focus on measuring outcome measures more closely 
related to older patient’s wishes could strengthen the insight into how older 
patients do. Notably, the Utstein trauma template has not been revised since its 
publication in 2008. Outcome measures with impact on older patients could be 
a subject for future revisions. 

A central premise in Study I and II has been that clinically significant lower 
care rates for older adults have been considered something negative. For 
example regarding undertriage. It is, however, not necessarily that simple. 
Because in some cases undertriage is the consequence of a deliberate decision 
to not activate the trauma team based on an assessment of the patient’s health 
status. But it is not available to differentiate these cases from registry data, 
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though it should be studied. This cannot, however, undermine the importance 
of highlighting a 17 percentage point difference in TTA rate (Study I). 

6.2 Methodological considerations 
In this chapter, I discuss the methods used and their implications on the results. 
Additionally, I will reflect on key decisions and important challenges in the 
research project. Due to the different philosophical underpinnings of 
quantitative and qualitative methods (Chapter 4.1.1), they can and should not 
be evaluated using the same criteria (186). Therefore, Studies I-III are discussed 
first, then Study IV. 

6.2.1 Studies I-III: Quantitative studies 
In this chapter, I discuss methodological considerations pertaining to the 
quantitative studies (Studies I-III). The outline of the discussion is framed on 
the Critical Appraisal Skills Programme (CASP) checklist for critical appraisal 
of cohort studies (187).  

6.2.1.1 Design 

The overall aim of this thesis was to assess whether patient safety issues exist 
for older patients in the Norwegian trauma system. We took on this research 
project by applying a retrospective cohort design, despite its limitations 
(Chapter 4.1.2). Why did we still choose it?  

Research design should be determined by how the research question can best 
be answered balanced with considerations about cost and time, set up against 
potential pros and cons with other designs (186). For the explorative purpose 
of Studies I and II’s research questions, looking at recent historical data was an 
advantage to provide answers which could serve as a baseline for the future. 
For study III, no big changes in the system of care for TBI patients, such as 
transfer guidelines, had occurred in the study period that would make historical 
data irrelevant.  

Our aim was not to assess the effect of interventions or determine causal 
relationships, thus the randomized controlled study design was not suitable. 
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Could we have gained something valuable by running this as prospective 
observational studies? The potential gain we could have achieved by applying 
prospective study designs on the same research questions would be to set up a 
list of variables specifically for this setting. It could include variables of special 
interest that were not included in the NTR at the study period, such as cause of 
trauma team activation, frailty screening, or use of antithrombotic medications. 
And we could have recruited participants from other countries by doing an 
international multicenter prospective observational study. Increasing external 
validity is, however, not necessarily a priority as it has value in itself to assess 
the Norwegian setting. Adding the extra resources needed to conduct a 
prospective study and the time needed, it would perhaps not be feasible within 
the time frame of this PhD project and more importantly, the gains would not 
justify it. So, I conclude that overall, the retrospective cohort design was well 
fitted for the projects conducted. What, then, about the aforementioned 
limitations (Chapter 4.1.2), e.g., related to data quality, reliance on information 
registered by others, and the risks of bias? These relate to the studies’ validity. 

6.2.1.2 Validity 

Questions concerning whether a research study’s findings are believable and 
relevant to the reader’s practice relate to its internal and external validity, 
respectively (188).  

A study’s internal validity refers to whether what was intended to be measured 
was measured. It depends on the extent to which factors threatening validity are 
present and how they are managed (50). According to Szklo, there are three 
major threats to validity; bias, confounding, and interactions (50), whereas bias 
can largely be divided into two main categories: selection and information bias. 
According to Grimes et al., these threats are present in all observational 
research to various degrees (188). In general, internal validity is considered low 
in retrospective cohort studies because there is a high risk of systematic error 
stemming from bias or confounding. Comparably, randomized controlled trials 
(RCTs) are regarded to have the highest internal validity because due to the 
randomization, threats to validity are equally distributed among patient groups. 
However, several factors that increase the internal validity were present in this 
thesis. This included the use of data from a clinical registry that registered 
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patients from the whole population with a high patient coverage (>90%) and 
information about several important confounding factors.  

External validity, the ability to generalize findings to a wider population, can 
be high in retrospective cohort studies. This relates to the representativeness of 
the study population and similarities in setting and is consequently a more 
subjective evaluation than the assessment of internal validity. Conversely, 
RCTs often have a low external validity because they often recruit participants 
meeting narrow inclusion criteria, which tend to be healthier and younger than 
the general population (188).  

In the following sub-chapters, considerations of how these threats may have 
influenced this thesis’ results and how they have been managed, are given. 

6.2.1.3 Selection bias  

Selection bias refers to a systematic error in the selection process of study 
participants with the result being a distorted measure of association between 
exposure and outcome (50). One advantage of using data from the NTR, which 
is a national clinical quality registry, is the high population coverage; all 
hospitals deliver data, all patients admitted with trauma team activation are 
registered, and about half of all hospitals report the identification of 
undertriaged patients, yielding an estimated patient coverage at >90% (114). 

I want to lift two specific types of selection bias that might still have occurred 
in our studies.  

1) Survivorship bias 

Studies estimate that 50-70% of trauma deaths occur prehospital (51, 52). These 
deaths are difficult to quantify precisely because there is no single registry or 
other data source where data is registered that allows overlap with the NTR. 
The NTR include these patients as long as prehospital resources have been 
activated (Table 2), however it is well known that these deaths are challenging 
for registrars to get information about and therefore to register appropriately 
(114).  
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Death occurs at different times for different age groups. Older patients are more 
susceptible to succumbing in-hospital from multi-organ dysfunction (51, 89). 
However, older patients with the highest injury severity and/or severe frailty or 
low compensatory abilities may have a high risk of prehospital mortality. For 
instance, frail patients in high-energy accidents. These are speculations in the 
wake of existing literature. That taken into account, it would yield distorted 
measures about the older patients actually included. Two examples: 

• In Study I, the assessment of injury mechanisms (Paper 1, Figure 3) is 
prone to survivorship bias. Patients severely injured by low-energy 
falls may be overrepresented compared to patients with traffic-related 
injuries. Thus, we may have an inflated measure of the impact of low-
energy falls on the older patient population. 

• In Study I, the crude mortality rate for adult and older patients were 
2.9% and 13.6%, respectively. Since young patients have shown a 
higher prehospital mortality rate, the actual crude mortality difference 
from trauma may be smaller. Furthermore, as we have not accounted 
for the proportion of these deaths that occurred prehospital, or better 
yet excluded them from analysis, we have limited their comparability.  

Inherent to the nature of selection bias is that it is difficult to measure and adjust 
for. An improvement would have been to add a sensitivity analysis where all 
prehospital deaths were excluded and explicitly state in-hospital mortality rates. 
We did not request the variable ‘dead on arrival at scene’, which could have 
given this information if the data quality is good.   

2) Undertriage 

Two issues related to undertriage may have caused selection bias. The 
identification procedures of undertriaged patients. And mismatch between 
study and NTR inclusion criteria. 

Over the years this study applied data from (Study I and II: 2015-2018; Study 
III: 2015-2020), 50% of hospitals have actively identified undertriaged patients 
from hospital records (114). Given that older patients conduct the largest 
proportion of undertriaged patients, this may have yielded a falsely low 
undertriage rate among older patients, i.e., the true difference is actually larger. 
Had we considered this, we could have performed an analysis with data only 
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from hospitals that reported searching for undertriaged patients based on data 
from annual reports. 

We included patients with a NISS ≥9 while the NTR register undertriaged 
patients who meet selected criteria, including a NISS >12 (Table 2). There were 
good reasons for including patients with NISS as low as 9 (Chapter 4.3.1), 
however, this mismatch has caused that we don’t have undertriaged patients 
with NISS 9-12 included in the cohort except if they also had proximal 
penetrating injuries or head AIS ≥3. This is most likely not a very large group 
that would distort our findings considerably.  

We could have chosen other inclusion criteria, particularly the NISS threshold. 
Ultimately, it is a question of patient safety; we used previous literature and a 
pilot study to evaluate mortality rates and found that they were substantial even 
at lower NISS thresholds (34, 189). The inclusion criteria yielded a median 
NISS of 17 in Study I’s cohort, reflecting that we captured a severely injured 
population. A mortality rate among older patients with NISS 9-14 of 6.1% 
strengthens the indication that we captured a severely injured population (Paper 
I, Table 4). 

6.2.1.4 Information bias 

Information bias in epidemiological studies results when information about 
included persons tends to be systematically flawed, leading to misclassification 
of patients in different exposure or outcome groups. Typically, it results from 
either imperfect definition of study variables or flawed data collection (50).  

When using registry data, one becomes reliant on registration performed by 
others. Information bias is closely related to data quality. An overview of efforts 
by the NTR to secure high-quality data and an evaluation of the data quality in 
the NTR is presented in Chapter 2.3.3.4. Specifically, a detailed registration 
manual and annual registrar conferences aim to align coding practices. Here, 
possible consequences of suboptimal data quality are discussed.  

Validation of registry data is central to secure trustworthy information (123). 
Although validation of NTR data began in 2019, it is a limitation that this thesis’ 
studies are largely based on un-validated data. Nonetheless, the preliminary 
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unpublished results from the validation project showed excellent agreement 
regarding correctness and reliability measured with Cohen’s kappa (124). 

Misclassification seems unlikely to have had a large influence on the most 
important outcome and exposure variables such as age (calculated from 
personal ID number) and NISS in inclusion criteria. A previous study from a 
Norwegian trauma center found that on expert review, the aggregated median 
group ISS/NISS reliability was acceptable (190). Other variables may be more 
susceptible to misclassification due to a known tendency to limitations in inter-
rater reliability, e.g., preinjury ASA score (184), or information that inherently 
may be difficult to differentiate, e.g., high- and low-energy falls. 

Missing data, however, was definitely present and may have led to information 
bias. Generally, most variables showed very low missing rates (<5%), but some 
important variables in the present studies showed much higher, such as 
prehospital and ED GCS, prehospital attendance by doctor/paramedic teams. 
We handled it with transparency, reported patterns in missingness (e.g., with 
increasing injury severity and across groups we compared), and in study III 
with multiple imputation. Variables with a high degree of missingness should 
be interpreted with caution.  

Missing data about physiological variables was a problem. To a large extent, 
we could not use that valuable information because of a high degree of missing 
(up to 40% for respiratory rate), increasing with increasing injury severity, thus 
not missing at random. This is a well-known problem in emergency medicine 
research (191). It is very problematic that an important predictor of mortality, 
the prehospital physiological status, is not available for research. A future with 
automatic data capture is welcome, as is achieved by the Victorian State 
Trauma Registry, Australia. They report great improvements in prehospital data 
quality after they began data capture from the prehospital service’s information 
system (192). 

We experienced transfer status as unreliably reported, which is nothing new 
(193). This led to in-depth reviews of multiple variables for all patients with 
multiple registrations to determine primary and secondary hospitals. 
Furthermore, patients with registrations from only one hospital, but with 
information about transfer in other variables were scrutinized, and a 
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triangulation of information was used to determine transfer status. This is 
allegedly improved in NTR’s new registration database. 

6.2.1.5 Confounding 

Confounding appears when “a non-causal association between a given 
exposure and an outcome is observed as a result of the influence of a third 
variable (or group of variables) (50). In Studies I and II we did not adjust for 
confounders because they were designed as descriptive studies.  

In Study III, we identified confounding variables through the literature and 
discussions. They were included in the study as described in Chapter 4.3.3. It 
is a limitation of the study that information about some confounding factors, 
such as frailty and use of antithrombotic medications, was not available from 
the registry and therefore not able to adjust for. Importantly, the qualitative 
study also identified preinjury functional impairments as important. These 
findings should inform future studies.  

6.2.1.6 Exposures and outcomes 

We published the thesis’ protocol to show transparency about our intended 
exposure and outcome measures. As there is no commonly accepted 
international registry for observational studies, as clinicaltrials.gov is for 
clinical trials, this is one way to achieve openness. The goal is to counteract 
fishing for significant P values in large databases. 

Trauma patients exposed to advanced age were the primary objects studied in 
this thesis. Age is a reliable and easily obtainable measure. But it is also a one-
dimensional way to separate and compare populations. Arguably, the 
heterogeneity regarding preinjury health deficiencies is larger among older 
patients. Hence, an age dichotomy can be seen as over-simplistic. Some studies 
have compared more age groups (12). Others have assessed various outcomes 
across age as a linear variable, as we did in Study III when age was one of 
several exposures that could have influence on the outcome under study. 
However, in Studies I and II, the point was to make a design that allowed for a 
description of trauma processes and outcomes across a broad range of 
measures. A bird’s-eye perspective. Therefore, the age dichotomy was 
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reasonable. And it was supplemented with information on ten-year age 
subgroups in some tables and figures to convey more information to the reader. 

A study’s outcome measures are defined to let the reader understand what you 
measure to answer your aim. I do believe better-defined outcome measures 
would have improved the structure and readability of particularly Paper II.  

Finally, I want to raise a discussion about a conceptual premise for our 
evaluation of outcomes in this thesis. We generally argue that no differences in 
observed rates should be considered standard of care for older patients. This is 
based on the assumption that younger patients’ care is as good as can be 
currently delivered and can therefore serve as the comparator. However, the age 
group 16-64 years may span too wide to be one comparator group. And in the 
heterogeneous group of patients ≥65, it is to be expected that in some cases, 
refraining from highest-level care is ethically right, which may be reflected in 
our results.  

6.2.1.7 Deviations from protocol 

Study I: We wrote that we wanted to report on the ISS, prehospital and ED 
interventions, and length of stay. ISS was discarded to focus on one measure of 
severity throughout the project, which was NISS. Prehospital and ED 
interventions was chosen to be covered in Study II. LOS was discarded 
because? I am not sure.  

Study II: Dropped the “secondary endpoint” about physiological variables due 
to data quality. 

Study III: We narrowed the focus of the study towards admission and transfer 
rates (care pathways). We discarded reporting of transport methods and 
physiology to keep a stringent focus on factors associated with interhospital 
transfer.  
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6.2.2 Study IV: Qualitative study 
In this chapter and the corresponding sub-chapters, I will discuss 
methodological considerations pertaining to Study IV. The outline of the 
discussion is framed on the CASP checklist for critical appraisal of qualitative 
research (194). 

6.2.2.1 Design and analysis 

A qualitative design was appropriate given the study’s aim of exploring the 
decision-making process regarding interhospital transfer, necessitating to 
obtain views from responsible personnel. We chose to conduct focus group 
interviews as the method of data collection, because of the reasons listed 
previously (Chapter 4.4.2). Individual interviews were considered, but 
discarded because it would probably not yield richer or more open and honest 
discussions because the topics covered were overall not sensitive or highly 
personal, which are barriers to successful qualitative research. They are also 
overall more time demanding.  

Qualitative methodologies are very flexible, and allow for making changes to 
the study design during the research process according to the experiences 
underway (151). For instance, one can change the interview guide, the target 
participants, number of interviews – or even method of data collection if 
deemed beneficial. Retrospectively, I think it would have been interesting to 
supply the focus group interviews with ethnographic observations, particularly 
on the neurosurgical side. To observe the setting of the decision-making 
process, the workload on-call, and management of consultations from outside 
hospitals. It could have provided meaningful insight, potentially combined with 
follow-up interviews. The extra resources it would have demanded in time to 
conduct and to learn an extra set of skills would, however, most likely have 
been outside the scope of this PhD project.  

Thematic analysis is just one of many qualitative methodologies. The benefits 
that contributed to a successful execution is its simpleness, it was taught at the 
PhD course, it is well suited for explorative inductive designs, and it does not 
require extensive knowledge about theory.  
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6.2.2.2 Recruitment and data collection 

We applied a purposeful selection strategy. The eligibility criteria were met, 
and they secured recruitment of participants with balanced sex, specialties, and 
experience, and from hospitals with different sizes and transfer differences. 
Thus, the purposeful selection could be considered successful. On the other 
hand, we do not know the characteristics of the eligible candidates that did not 
participate at each hospital. As discussed in the paper, the statements the 
surgeons at ACTHs gave were more positive than anticipated. Perhaps this is 
related to who consent to participate, or other factors such as experience. 
Matters of data saturation is discussed elsewhere.   
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7 Ethical considerations 

Research ethical considerations regarding this thesis were presented in Chapter 
4.6. Here, I want to briefly draw attention to clinically relevant ethical 
considerations that are close to the topic of trauma in older patients.  

Whenever I teach about trauma in older patients, it evokes questions related to 
ethics. For example, questions founded in participants’ own experiences about 
the correct treatment intensity, patients’ wishes, or where things have gone 
wrong. It indicates that when people have had encounters with older trauma 
patients, ethical considerations are never far away.  

Therefore, I want to briefly address the underlying premise of this thesis, that 
all older patients have the right to high-quality trauma care when injured. High-
quality care does not mean doing everything all the time. It means making 
decisions with respect to fundamental ethical principles of autonomy, 
beneficence, non-maleficence, and justice to serve the individual’s best 
interests. In some cases, and more often in older people than in children and 
adolescents, that require limitations in treatment.  

However, if these decisions are done without all facts on the table, or without 
the necessary skills and insight into realistic prognostic trajectories, preventable 
harm may occur. Therefore, I believe these decisions are best made by 
clinicians with trauma experience after diagnostic imaging has been performed, 
i.e., predominantly at hospitals. This is in line with this thesis’ focus on 
discrepancies in care levels, particularly in the prehospital phase.  
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8 Conclusions 

Older trauma patients in Norway were at risk of receiving less advanced 
prehospital care than younger adults. They were less often attended by 
doctor/paramedic teams, less often transported by air ambulance, and less often 
received advanced interventions despite similar injury severity. 

Older trauma patients in Norway were less often admitted to hospitals with a 
trauma team activated and were less often receiving care at a trauma center than 
younger adults. However, when admitted by a trauma team, they underwent 
radiological imaging at a similar rate as younger adults, and advanced 
interventions less often only when very severely injured.  

Older trauma patients in Norway had a 4.7 times higher unadjusted mortality 
rate and were less frequently discharged home from definitive care.  

Among patients who sustained an isolated moderate-to-severe TBI, older 
patients were more likely than younger adults to be primarily admitted to a 
hospital without neurosurgical resources. Interhospital transfer to a 
neurotrauma center was associated with increasing injury severity, and a 
reduced transfer probability was associated with increasing age and 
comorbidity and increasing distance between hospitals in adjusted analysis. 

Surgeons at non-neurosurgical hospitals and neurosurgeons at neurotrauma 
centers made transfer decisions based on several clinical and system-level 
factors. They constantly considered factors in light of their impact on the chance 
of a favorable outcome. Preinjury health status, including advanced age, 
comorbidities, and functioning, was considered to have a dose-response effect 
on reduced transfer probability. Decisions were patient-centered and included 
an assessment of individual patients’ risk factors and overall health status.  
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9 Future perspectives 

“The ultimate goal is to manage quality. But you cannot manage it until you 
have a way to measure it, and you cannot measure it until you can monitor it”. 

Florence Nightingale (1820-1910) 

Florence Nightingale’s famous quote captures the essence of quality 
improvement and remains relevant even today; monitoring trauma care by the 
NTR has enabled us to measure quality. Yet, the quote does not address what 
comes after; how can we shape a better future for older trauma patients, based 
on our findings? Given our insights, what practical directions can be proposed? 

Trauma systems have proven effective for injury prevention and treatment 
using a standardized and uniform approach for all patients. A study from 
Norway has shown improved outcomes over time for older patients managed 
in a maturing trauma system (105). This indicates benefit of systematic trauma 
care, even though the study identified some of the same challenges as in our 
studies, such as undertriage. I am convinced that the future of older patients’ 
trauma care lies within the existing trauma system framework.  

Some changes may be made in order to achieve future improvements. For 
instance, to reduce the number of patients not attended by a trauma team, all 
older patients with suspected injuries could receive prompt physician 
assessment upon ED arrival. Two-tiered trauma teams, one small and one 
extended, may reduce undertriage of older patients (132). As medical problems 
frequently coexist with trauma, e.g., as concurrent acute illness or exacerbation 
of comorbidity, internal medicine physicians, preferably geriatricians, should 
be actively involved both initially and throughout the care for older adults 
(180).  

Resistance towards activating trauma teams for older patients can occur, 
perhaps rooted in perceptions about a greater benefit for younger patients. This 
perception could be addressed by teaching personnel about trauma care’s 
importance for older patients, albeit more rarely in an action-filled manner than 
for younger adults. Furthermore, reporting and tracking outcome measures that 
are meaningful endpoints for older patients and how they improve from 
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streamlined trauma care may challenge these perceptions. Such outcome 
measures could be complication and delirium rates (which are associated with 
mortality), opioid-sparing interventions such as peripheral nerve blocks, and 
good end-of-life decisions. Finally, emerging evidence shows an important role 
of frailty screening in targeting individual decision-making (16). Frailty 
screening could be considered implemented in the national trauma plan. 

In the prehospital arena, challenges are more intricate. However, an advantage 
stems from trauma system similarities across countries, which makes research 
findings transferable. Surveillance of international literature and 
implementation of changes, when evidence is strong, should be considered. For 
instance, much work has been done to improve triage criteria. No evidence 
suggests implementing a different field triage tool in Norway now. In fact, 
studies suggest that current criteria are better than their reputation because some 
of the poor results stem from non-adherence to protocol (177-179). Dr. Platts-
Mills’ insightful commentary about “thinking slow inside the golden hour” 
suggests that prehospital personnel’s intuition (‘fast thinking system’) leads to 
wrong judgments in older trauma patients due to the reasons mentioned earlier 
(195, 196). Thus, forcing them to use the ‘slow thinking system’ by using the 
triage tool as a checklist and justify deviations from protocol may be the way 
forward.  

A hopeful perspective about a future where artificial intelligence is everywhere, 
encompass intelligent decision support tools integrated into paramedics’ digital 
devices and smart data capture for registries. In the era of precision medicine, 
perhaps new or more widespread use of existing devices may lead to 
breakthroughs in identifying injured older adults. 

Regarding access to the most advanced prehospital resource, the 
doctor/paramedic teams, several questions remain unanswered. Who benefits 
from such management, and who does not? How do EMCCs identify older 
trauma cases that lead to a request for HEMS services, and how do HEMS 
doctors evaluate them? Which older trauma patients are currently being 
attended by doctor/paramedic teams? These are research priorities, and we are 
currently conducting a study on the final question.  
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Interhospital communication about isolated TBI patients showed susceptibility 
to error in our study. Considering the significance of frailty in TBI outcome 
research and its overlap with the clinical factors influencing transfer, it seems 
prudent to explore the inclusion of the Clinical Frailty Scale in these 
discussions. 

Lastly, but no less important, the quest for better trauma care for older people 
must be viewed in light of the overall healthcare resources and workforce 
situation in the future (197). Avoiding unnecessary wear and tear of the people, 
for instance by high overtriage rates and frequent trauma team activation on 
“futile” cases, is important to keep the system sustainable.  
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Appendix 1: Norwegian field triage and trauma team activation criteria. Reused with 
permission from the Norwegian National Advisory Unit on Trauma. 

Physiology
Respiratory rate <10 or >29/min, or need for ventilatory 

support (<20 for children < 1 year old)
Oxygen saturation (SpO2) <90% without O2
Heart rate >130/min
Systolic BP £90 mm Hg 
GCS   £13
Severe hypothermia without normal circulation

Activate 
trauma team

Activate
trauma team

Activate 
trauma team

Anatomical extent of injuries
Facial trauma with threatened airway
Open or depressed skull fracture
All penetrating injuries to face, neck, torso and extremities 
proximal to elbow or knee
Severe thoracic pain (suspected multiple costal fractures)
Massive external haemorrhage 
Major crush injury
Two or more major fractures
Severe pain in pelvis (suspected pelvic fracture)
Injury in two body parts (head/neck/thorax/abdomen/pelvis/ 
back/femur)
2nd or 3rd degree burns > 15% TBSA (children >10%) or inhalation 
injury

CCrriitteerriiaa  ttoo  ssuussppeecctt  sseevveerree  iinnjjuurryy

Road traffic injury or if driving off the road
>50 km/h without seatbelt or without airbag deployed
Vehicle rolled over
Entrapped person in need of extraction
Ejection from vehicle
Cyclist or pedestrian run down by motor vehicle

Falls from >5 m for adults, >3 m for children

Mechanism of injury

If YES in category above AND: 

Age > 60 years
Age < 5 years

Severe pre-existing conditions
Pregnancy > 20 weeks

Increased risk of bleeding (anticoagulation)
Under the influence of intoxicants

Lower threshold for trauma team activation

Yes

Yes

Yes

Yes

Yes

Activate 
trauma team
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Appendix 2: Extract from the Norwegian Index for Medical Emergencies. Reused 
with permission from NAKOS. 




