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Ágrip 
Áverkar á stærstu slagæðar líkamans og hjarta eru ein mikilvægasta orsök andláts og 
örkumlunar í heiminum. Rannsóknir á faraldsfræði æðaáverka eru af skornum skammti 
og ljóst að mikilvægt er að fyrirbyggja þá, t.d með betri akvegum og öruggari 
ökutækjum. Einnig er þörf á aukinni þekkingu um þá þætti sem valda andláti þeirra sem 
komast lifandi á sjúkrahús eftir slíka áverka, í þeim tilgangi að bæta árangur meðferðar 
og lifun. Markmið þessarar doktorsritgerðar, sem tekur til fimm vísindagreina, er að 
meta árangur meðferðar við þessum áverkum og skilgreina forspárþætti 30 daga- og 
langtímalifunar í vel skilgreindum norrænum þýðum sjúklinga, bæði á Íslandi og í 
Bergen. 

Skráðar voru lýðfræðilegar upplýsingar um sjúklingana, orsök áverka og staðsetning 
þeirra, meðferð, heildarlifun og áverkaskor (Injury Severity Score [ISS], New ISS 
[NISS], og Trauma Score and Injury Severity Score [TRISS]). Notast var við gögn úr 
sjúkraskrám á landsvísu en einnig frá svæðissjúkrahúsum. Loks var reiknað út skor á 
samhliða sjúkdómum og lyfjanotkun (Comorbidity Polypharmacy Score) sem og 
marghliða fylgikvillastuðull (Comprehensive Complication Index) til að meta 
forspárþætti fyrir dánartíðni á sjúkrahúsi í kjölfar alvarlegra brjóstholsáverka. 

Í Grein I voru með afturvirkum hætti rannsakaðir allir fullorðnir (aldur ≥ 18 ára) sem 
hlutu meiriháttar æðaáverka í umferðarslysum á Íslandi á árunum 2000-2011. Um var 
ræða 62 einstaklinga (meðalaldur 44 ár; 79% karlar) sem samtals hlutu 95 æðaáverka 
sem töldust alvarlegir. Fyrir innlögn létust 41 sjúklingar en 21 (34%) komst lifandi á 
sjúkrahús. Árleg nýgengi mældist 1,69/100 000 íbúa fyrir bæði kyn saman. Marktækt 
fleiri einstaklingar slösuðust í dreifbýli miðað við í þéttbýli (69% á móti 31%, p <0,01). 
Sjúklingarnir sem létust hlutu oftast æðaáverka í brjóstholi (76%) eða í kviðarholi (23%). 
Banvæna brjóstholsósæðaráverka mátti oftast rekja til áreksturs (77%) og 74% af þeim 
áttu sér stað í dreifbýli. Meðal NISS-skor fyrir þá 21 sjúklinga sem lögðust inn var 44. 
Æðaaðgerðir voru framkvæmdar á 18 sjúklingum, þ.m.t. þremur með innæðarstoðneti 
sem komið var fyrir með æðaþræðingu. Fimmtán sjúklingar af þeim 21 (71%) 
sjúklingum sem lagðir voru inn lifðu fram að útskrift og voru 86% þeirra á lífi fimm 
árum síðar. 

Grein II kannaði afdrif 9 fullorðinna sem gengust undir bráða brjóstholsskurðgerð á 
Íslandi á árunum 2005-2010 þar sem við innlögn lá fyrir sterkur grunur um alvarlegan 
hjarta og/eða æðaskaða í brjóstholi. Miðgildi aldurs var 36 ár og allir sjúklingarnir 
karlkyns. Fimm þeirra hlutu sljóan og fjórir ífarandi áverka, og voru sex þeirra með 
áverka bundinn við brjósthol en þrír fjöláverka. Miðgildi áverkaskora ISS og NISS voru 
29 og 50. Fjórir sjúklingar af 9 létust, þar af þrír sem aldrei mældust með lífsmarki eftir 
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komu á sjúkrahús. Af þeim fimm sem lifðu af áverkann náðu fjórir góðum bata en einn 
sjúklingur hlaut þverlömun vegna mænuskaða. 

Grein III rannsakaði alla sjúklinga sem lagðir voru inn á sjúkrahús á Íslandi í kjölfar 
stunguáverka 2000-2015, samtals 73 einstaklinga (meðalaldur 32,6 ár, 90,4% karlar). Í 
flestum tilvikum var um líkamsárás (96%) að ræða og algengasta staðsetning áverka á 
brjóstholi (n = 32), kviði (n = 26) og efri útlimum (n = 26). Meðaltal ISS-skors var 9, og 
reyndust 14 sjúklingar (19,2%) með alvarlega áverka (skilgreint sem ISS-skor >15). 
Tuttugu og átta sjúklingar (37%) lögðust inn á gjörgæslu og 38 (51%) gengust undir 
skurðaðgerð. Aðeins þrír létust vegna áverkans (4,1%) innan 30 daga. 

Í Grein IV voru rannsakaðir allir fullorðnir sem lagðir voru inn á Haukeland 
háskólasjúkrahúsið í Bergen á tímabilinu 2009–2018 sem reyndust hafa alvarlega 
brjóstholsáverka (skilgreind sem Abbreviated Injury Scale [AIS]-skor ≥ 3). Um var að 
ræða 514 sjúklinga með alvarlega brjóstholsáverka (meðalaldur 51 ár, 78% karlar). 
Meðaltal árlegs nýgengis reyndist 13,3/100.000 íbúa yfir 10 ára tímabil. 
Fjöláverkasjúklingar voru 61% og ISS-skor þeirra að meðaltali 21. Flestir áverkar hlutust í 
kjölfar umferðarslysa (49%) eða eftir fall (35%). Fjölþáttagreining sýndi að kvenkyn, og 
TRISS með lifurnarlíkur (probability of survival) ≤ 50%, fleiri en samtals 9 samhliða 
sjúkdóma og lyfjameðferðir vegna þeirra sem og marghliða fylgikvillastuðull ≥ 30 
spáðu marktækt fyrir um dánartíðni á sjúkrahúsi. Algengasti alvarlegi fylgikvillinn 
reyndist öndunarbilun hjá 14% sjúklinga og var dánartíðni á fyrstu 24 klst. 5% og innan 
30 daga 12%. 

Grein V náði til 68 fullorðinna sjúklinga (miðgildi aldurs 44 ár, 76% karlkyns) sem 
lagðir voru inn vegna slagæða- eða bláæðaáverka á Haukeland háskólasjúkrahúsið í 
Bergen frá 2009-2018. Samtals var um 81 æðaáverka að ræða: 46 sljóa og 22 (32%) 
ífarandi. Árleg tíðni alvarlegra æðaáverka fyrir bæði kyn saman reyndist 1,45/100.000 
íbúa. Staðsetning áverka var oftast í brjóstholi (n = 17), hálsi (n = 16) og kviðarholi (n = 
15). Áverkana mátti oftast rekja til umferðarslysa (n = 31), stunguáverka (n = 17) eða 
falls (n = 10). Miðgildi ISS-skors var 22, og höfðu 50 sjúklingar (74%) alvarlega áverka 
(ISS-skor > 15). Tólf (18%) sjúklingar létust innan 24 klukkustunda og höfðu sex þeirra 
áverka á ósæð. 

Ofangreindar fimm vísindagreinar sýna að alvarlegir æðaáverkar eru fátíð dánarorsök á 
Íslandi og í Vestur-Noregi. Árangur meðferðar og lifun virðist svipaður og á stærri 
sjúkrahúsum í N-Evrópu og N-Ameríku. Oftast hljótast áverkarnir af umferðarslysum, 
ólíkt því sem tíðkast í Bandaríkjunum og Bretlandi þar sem ífarandi áverkar eru 
langalgengasta orsök alvarlegra æðaáverka. Einnig staðfesta vísindagreinarnar fimm 
hversu há 30 daga dánartíðni er eftir áverka á ósæð, ekki síst þegar þeir verða í 
dreifbýli. Nýgengi stunguáverka sem kröfðust innlagnar á Íslandi hefur haldist nokkuð 
stöðug á þeim 16 árum sem rannsökuð voru, sem samrýmist erlendum rannsóknum. 
Bráða brjóstholsskurðaðgerðir á bráðamóttöku eru sjaldan framkvæmdar á Íslandi. 
Engu að síður virðist lifun í kjölfar aðgerðar síst verri á Íslandi en á stærri sjúkrahúsum 
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erlendis, m.a. á hinum Norðurlöndunum, þrátt fyrir að um fáa sjúklinga sé að ræða. 
Bæði á Íslandi og í Noregi voru flestir æðaáverkar meðhöndlaðir með opinni 
skurðaðgerð en innæðaaðgerðum beitt í völdum tilvikum. Forspárþættir fyrir andláti 
sjúklinga á sjúkrahúsi með alvarlega brjóstholsskaða reyndust kvenkyn, samhliða 
sjúkdómar og lyfjameðferðir vegna þeirra, TRISS-skor með lifunarlíkur (probability of 
survival [Ps]) undir 50%, sem og ef upp koma alvarlegir fylgikvillar í sjúkrahúslegu. 
Fyrri sjúkrasaga, sem og orsök æðaáverka, eru því mikilvægar upplýsingar þegar 
metnir eru sjúklingar með æðaáverka á brjóstholi. Á Íslandi og í Noregi eru oft erfiðar 
aðstæður til sjúklingaflutninga vegna landfræðilegra aðstæðna og veðurs, auk þess 
sem um tiltölulega fáa sjúklinga er að ræða borið saman við stærri fyrsta stigs 
áverkamóttökur í Evrópu og N-Ameríku. Bæði á Íslandi og í Noregi eru hins vegar vel 
skipulagðar bráðamóttökur og fámennið virðist ekki koma niður á árangri meðferðar. 

Vonandi munu niðurstöður þessara fimm vísindagreina stuðla að bættum árangri 
meðferðar sjúklinga með alvarlega áverka á æðar og líffæri í brjóstholi. Ljóst er að 
bæta þarf enn frekar skráningu þessara áverka og mikilvægt að starfsfólk fái þjálfun í að 
mehöndla þessa sjúklinga og þekki þá áhættuþætti sem draga úr lífslíkum sjúklinga. 

 

Lykilorð:  

æðaáverki, brjóstholsáverki, faraldsfræði, áverkaskor, lifun, forspárþáttur, meðferð. 
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Abstract 
Injuries involving major arteries and the thorax are major causes of mortality and 
morbidity worldwide. Studies on the epidemiology of vascular trauma are scarce and 
preventive measures are of utmost importance, such as improved roads and safer 
vehicles. There is a need to better understand factors predictive of mortality in trauma 
patients who are admitted alive to hospitals, aiming to improve treatment outcomes and 
lower mortality rates. The aim of this doctoral thesis, which consists of a collection of 
five scientific articles, is to evaluate outcomes and prognostic factors associated with 
30-day and long-term survival in patients with severe injuries to major arteries of the 
body in two well-defined Nordic patient cohorts, both in Iceland and Bergen. 

Data regarding patient demographics, mechanism and location of vascular injury and 
treatment, incidence, overall survival, and injury scores (Injury Severity Score [ISS], 
New ISS [NISS], and Trauma Score and Injury Severity Score [TRISS]) were recorded. 
The data were extracted from national and local trauma registries and patient charts. 
We also calculated Comorbidity Polypharmacy Scores and Comprehensive 
Complication Indexes to evaluate predictive factors for in-hospital mortality after serious 
thoracic trauma. 

In Paper I, adults (age ≥ 18 years) who sustained major vascular injuries in traffic 
accidents in Iceland in the years 2000–2011 were retrospectively studied. Sixty-two 
patients (mean age, 44 years; 79% males) sustained 95 major vascular injuries. Before 
admission, 41 patients died and 21 (34%) reached the hospital alive. The annual 
incidence for both sexes was 1.69/100 000 inhabitants. A significantly higher 
proportion of individuals sustained their injuries in rural vs. urban areas (69% vs. 31%, 
p < 0.01). Patients who died sustained thoracic (76%) or abdominal major vascular 
trauma (23%). Fatal cases of thoracic aortic injury were largely (77%) attributed to motor 
vehicle collisions and 74% occurred in rural areas. The average NISS for the 21 
admitted patients was 44. Vascular surgery was performed on 18 patients, including 
three in which endovascular stents were placed. Fifteen of the 21 admitted patients 
(71%) survived until discharge, and their five-year survival rate was 86%. 

Paper II included 9 adults who underwent emergency thoracotomy at the accident site, 
during transport, or just after admission, in Iceland from 2005 to 2010, due to severe 
chest trauma with a strong suspicion of severe cardiac and/or vascular injury. The 
median age was 36 years and all were males. Five sustained blunt trauma and four 
sustained penetrating injuries; six sustained typically isolated thoracic injury and three 
had polytrauma. The median ISS and NISS were 29 and 50, respectively. Four of the 
nine patients died and three of those had no sign of life at admission. Five patients 
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survived the injury and procedure and 4 of those made a good recovery. One patient 
had paraplegia related to spinal injury. 

Paper III included all 73 patients (average age, 32.6 years; 90.4% males) who were 
admitted to a hospital in Iceland following penetrating injuries between 2000 and 
2015. Most cases were due to assault (96%) and the most frequent locations of injury 
were the chest (n = 32), abdomen (n = 26), and upper limbs (n = 26). The average ISS 
was 9, and 14 patients (19%) sustained severe injuries (ISS > 15). Twenty-eight patients 
required admission to the intensive care unit and 38 patients (51%) needed surgery. 
Only three patients died within 30 days following the injury (4.1%). 

In Paper IV, all adults who were admitted to Haukeland University Hospital in Bergen, 
in the period 2009–2018 with severe chest trauma (with AIS ≥ 3) were studied. There 
were 514 adults with severe chest trauma (mean age, 51 years; 78% males). The 
average annual incidence was 13.3/100 000 population over the 10-year study period. 
Polytrauma patients constituted 61% of patients with an average ISS of 21. Most injuries 
occurred as a result of traffic accidents (49%) and falls (35%). The multivariate analysis 
demonstrated that female sex, TRISS with a probability of survival (Ps) of ≤ 50%, having 
more than nine comorbidities and concurrent medications, and a Comprehensive 
Complication Index ≥ 30 were significant predictors of in-hospital mortality. The most 
common severe complication was respiratory failure in 14% of patients and these 
patients had a 5% 24 h mortality rate and a 30-day mortality rate of 12%. 

Paper V included 68 adult patients (median age, 44 years; 76% male) who were 
admitted with vascular injuries to Haukeland University Hospital in Bergen, from 2009–
2018. There were 81 vascular injuries: 46 blunt and 22 (32%) penetrating. The annual 
incidence of major vascular injuries was 1.45/100 000 inhabitants for both sexes. The 
most frequent locations of injury were the thorax (n = 17), neck (n = 16), and 
abdominal region (n = 15). The injuries were most often attributed to traffic accidents (n 
= 31), as well as stab injuries (n = 17) and falls (n = 10). The median ISS was 22 and 
50 (74%) patients sustained severe injuries (ISS > 15). Twelve (18%) patients died 
within 24 h and 6 of those had aortic injuries. 

These five scientific papers show that serious vascular injuries are an uncommon cause 
of death in Iceland and Western Norway. The results of treatment and survival are 
similar to those reported in larger hospitals in North Europe and North America. Most 
vascular injuries in both Iceland and Bergen were caused by traffic accidents, in 
contrast to the US and UK where penetrating injuries are much more common causes of 
vascular injury. The 30-day mortality rate is high after aortic injuries, particularly when 
they occur in rural areas. Contrary to the impressions of many, the incidence of trauma 
among patients who were admitted due to stab injuries remained relatively stable in 
Iceland over the 16-year study period, which is in line with other recent reports. 
Emergency thoracotomy is a rarely performed procedure in Iceland; however, the 
survival rate seems higher than reported in publications from Scandinavia. In both 
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Iceland and Norway, a majority of vascular trauma cases were treated via open surgery 
and endovascular treatment was applied in selected cases. Independent predictors of 
in-hospital mortality among patients with severe chest injuries were female sex, 
comorbidities and medications, TRISS with a Ps lower than 50%, as well as the 
occurrence of in-hospital complications. Previous medical history together with the 
cause of injury is therefore important information to consider when evaluating trauma 
patients. Although Iceland and Norway have level 1 trauma centres with low patient 
volumes and often difficult transport routes, the outcomes of treatment are similar to 
those reported from high volume centres in Europe and North America, and well-
organised trauma centres established in both countries.  

The findings of these five papers may help to improve the outcomes of seriously injured 
vascular and thoracic trauma patients and lower both mortality and morbidity. Further 
improvements in the registration of these injuries are needed in addition to improved 
training of trauma teams involved in the treatment of patients, to increase knowledge on 
risk factors related to inferior outcomes which is of vital importance.  

 

Keywords:  

vascular injury, thoracic injury, epidemiology, injury score, survival, predictive factor, 
treatment 
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1 Introduction 
Severe or major trauma is a leading cause of death and disability worldwide and 
therefore a major global public health issue (Figure 1). Civilian and war-related injuries 
result in more than 4.4 million annual deaths worldwide, constituting approximately 8% 
of all deaths according to a report from the World Health Organization (WHO) 
published in 2021. The main causes are road traffic accidents, suicide, and homicides 
among people aged 5–29 years (10). These patients can impose a significant amount 
of burden on hospital resources in terms of blood transfusion requirements, critical 
care requirements, and hospital length of stay, particularly following blunt trauma (11-
14). 

The burden and impact of trauma as a cause of mortality and morbidity have been 
increasingly well characterised. The prevalence and incidence of individual cases of 
vascular trauma in local settings have been well documented, particularly during 
wartime. With rising incidences of crime and high-energy trauma in urban areas, 
reports suggest a rising incidence of major vascular trauma in civil settings (15); 

Figure 1. Global deaths by cause, 1990–2019 according to the Global Burden of Disease Study. 
Non-communicable diseases include cardiovascular disease, cancers, diabetes, and respiratory 
diseases. Injuries include road accidents, homicides, conflict deaths, drowning, fire-related 
accidents, natural disasters, and suicides. Adapted and used with permission (5)  
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however, there are few epidemiological studies in civilian practice (16). This is true for 
both blunt and penetrating vascular injuries (15, 17, 18).  

Most trauma-related deaths are due to blunt injuries related to motor vehicle accidents. 
However, in countries such as the United States (US), the United Kingdom (UK), and 
South Africa, penetrating trauma is the predominant form of injury and a major health 
care problem (19-23). There is a paucity of European studies on penetrating trauma, 
particularly in urban areas (21, 24-26). 

Thoracic injuries have quickly risen to be the second most common form of severe 
traumatic injury resulting from non-intentional trauma (27). Although their frequency 
and associated mortality rate are high, few epidemiological studies have been 
conducted in Scandinavian countries to evaluate risk factors for mortality (28) following 
thoracic trauma (29-41). Further, many studies have focused on risk factors for mortality 
after trauma in general, and little has been published on posttraumatic complications 
and mortality interactions in thoracic trauma (29). 

Risk factors for trauma are associated with cultural variables, human behaviour, and the 
political and economic situation in each country (42, 43). To prevent morbidity and 
mortality, and reduce possible complications, an effective and multidisciplinary 
approach with an accurate diagnosis and effective surgical intervention is essential 
when treating thoracic and vascular trauma (44). Establishing a well-organized trauma 
centre has proven to be an important element in the treatment outcome and survival of 
trauma patients (28, 45-47). Trauma centres are often classified into five categories that 
refer to the kinds of treatment resources available (see Appendix A. Trauma Centre 
Designations and Levels). A level 1 Trauma Centre is a highly specialised medical care 
facility that can provide total care for polytrauma patients (48).  

While management strategies have evolved over the last decade, the indications for 
some high-risk life-saving procedures, such as emergency thoracotomy, remain 
controversial. This is particularly true in cases of blunt trauma wherein less than 2% of 
patients survive after emergency thoracotomy (49, 50). Furthermore, in small trauma 
centres in Europe where blunt trauma is relatively more common, there has been a lack 
of studies on emergency thoracotomy (51). 

Effective measures of prevention and treatment can reduce trauma-related injuries and 
decrease their burden (52, 53). Therefore, it is important that each country registers 
and analyses data to provide a satisfactory overview of the impact of injuries, compare 
these with other countries, and outline strategies on how to improve outcomes. 

1.1  Epidemiology of thoracic trauma 

The prevalence of chest injuries has increased rapidly, and currently constitutes 5–10% 
of all admitted cases of trauma injury, often following road traffic accidents (54, 55). 
Trauma to the thoracic region is the second most common cause of death after head 
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trauma in polytrauma patients (27). More than 50% of all severely injured patients 
(Injury Severity Score [ISS] >  15) sustain thoracic trauma (56, 57). Approximately two-
thirds of severe trauma patients have thoracic injuries and 25–60% of deaths 
worldwide following accidents can be attributed to thoracic injuries (27, 58, 59). 

Table 1. Overview of selected published studies on thoracic trauma 

Hosp., hospitalised; AIS, abbreviated injury score; NR, not recorded; Trauma Register DGU®, 
Deutsche Gesellschaft für Unfallchirurgie [German Society for Trauma Surgery]. 

Blunt injuries represent 70–95% of all cases of chest trauma and account for more than 
15% of all trauma admissions to emergency departments worldwide (61, 65, 66). The 
associated mortality rate can sometimes be difficult to evaluate as the resulting deaths 
may be due to pulmonary and non-pulmonary complications (67). In a study of 
hospitalised blunt chest trauma victims conducted in the UK, 5% of the admitted trauma 
patients had a blunt chest injury and 57% were due to road traffic accidents, with a 
mortality rate of 19% (54). An analysis of data from the German trauma registry over the 
period 2003–2012 revealed that chest trauma, both blunt and penetrating, constituted 
56% of all trauma admissions, resulting in a mortality rate of 52%, 57% of which were 
related to road traffic accidents (68). Horst et al. (2017) analysed the data of 16 773 
patients with severe chest trauma (Abbreviated Injury Score [AIS] ≥3) from the Trauma 
Register DGU® (Deutsche Gesellschaft für Unfallchirurgie [German Society for Trauma 
Surgery]) from 2005– 2014. This registry is voluntary and admitted trauma patients 

Country 
Study 
period 

Inclusion 
criteria 

Proportion 
of all 

trauma 
admissions 

(%) 

No. of 
patients 

with 
chest 

trauma 
Blunt 
(%) 

Mortality 
(%) 

RTA 
(%) Authors 

US 1987–
1992 

Hosp., rib 
fracture 10% 7147 NR 12% NR Zieglar et al. 

(55) 

Norway 
2003–
2004 Hosp. NR 436 96% 5% 46% 

Kjøs et al. 
(60) 

Trauma 
Register  
DGU® 

2005–
2014 

Hosp., 
AIS>3 

NR 16773 95% 5% 65% Horst et al. 
(61) 

US 2013 
Hosp., 
AIS>3 14% 118334 NR NR NR 

National 
Trauma Data 
Bank Annual 
Report (62) 

US 2016 Hosp., 
AIS>3 15% 129338 NR 10% NR 

National 
Trauma Data 
Bank Annual 
Report (63) 

Saudi 
Arabia 

2013–
2019 

Hosp., all 
chest 

trauma 
NR 236 95% NR 87% Hajjar et al. 

(64) 
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were mainly registered from Germany (90%), as well as Austria, Belgium, China, 
Finland, Luxembourg, Slovenia, Switzerland, The Netherlands, and United Arab 
Emirates. The in-hospital mortality rate was 4.8%, and 95.4% experienced blunt injuries 
while 4.6% experienced penetrating injuries (61). In the 2016 Annual Report of the 
National Trauma Data Bank (NTDB), which is a US trauma registry, the total incidence 
rate of thoracic trauma was 23%, with 15% of all admitted trauma patients having 
thoracic trauma with AIS ≥ 3 and a 10% mortality rate (63) (Table 1). 

1.1.1 Predictive risk factors for mortality in thoracic trauma 

In patients with multiple injuries, the evaluation of the severity of thoracic trauma 
influences decision making as well as the subsequent clinical course. Injury severity is a 
risk factor for mortality in thoracic trauma. It can, however, be difficult to estimate due 
to a wide variety of scoring systems that implicate different parameters (35). Each 
scoring system usually combines anatomical and physiological parameters that are most 
suitable for severity assessment (35).  

Several other risk factors are thought to influence the clinical course of patients with 
thoracic trauma, such as older age, female sex, anticoagulant use, accompanying 
injuries, comorbidities, and complications. With the increasing number of elderly 
patients with multiple trauma, it has been observed that the age of 65 years and older is 
a negative predictive factor in patients with thoracic trauma (60, 69, 70). Furthermore, 
comorbidities of patients have been shown to influence mortality (34, 41, 71). 

Thoracic trauma, regardless of its severity, is associated with worse outcomes when 
accompanied by traumatic brain injury (72). Up to 30% of patients with traumatic brain 
injury have coexisting thoracic injuries, and these patients have a mortality rate of up to 
80% (73). Leone et al. (2003) found that almost 30% of patients with head trauma have 
pulmonary contusion as an accompanying injury (74). This emphasises the importance 
of early management of associated injuries, especially traumatic brain injury (75). 

Complications may significantly alter the clinical course of patients with thoracic trauma. 
Common complications, such as pneumonia and adult respiratory distress syndrome, 
are known causes of mortality following thoracic trauma (76). However, no systematic 
review is available on the influence of comorbidities on mortality. 

1.2 Epidemiology of major vascular trauma 

Studies on the epidemiology of major vascular injury are difficult to compare due to a 
lack of uniformity in injury descriptors, comparable outcome metrics, and follow-up 
periods (16). In epidemiological research on trauma, it is important to identify risk 
factors for injury and death, in addition to defining which individuals are at the most 
risk and determining where the public health problem is greatest. There is a need to 
monitor the incidence over time as well as the effectiveness of injury prevention and 
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management. Such information can help in decision making to create better health 
programmes with suitable priorities and hopefully, lower the incidence of injuries and 
improve patient outcomes (77).  

Although serious vascular injuries are not a common cause of death, many patients die 
from such injuries in motor vehicle accidents and a majority of deaths occur on-site. 
The proportion of deaths occurring immediately after trauma has remained at 50–60% 
over time, despite advancements in prehospital care, injury prevention, automotive 
safety, emergency medical services, and transportation (78). Among those who reach 
the hospital alive, the mortality rate is also high (up to 30%) (11, 12, 79, 80). 

Table 2 presents an overview of selected published studies on vascular injuries, 
mechanisms of injury, and mortality in Europe, Australia, and North America. Most 
studies on vascular trauma emanate from countries with well-organised and specialised 
trauma centres. Barmparas et al. (2010) examined the national US trauma database and 
found that approximately 1.6% of injuries occurring among US civilians were vascular 
injuries (79). Similar findings have been reported in Australia, where 1–4% of admitted 
trauma patients had vascular injuries. The highest mortality rate was recorded among 
persons with thoracic and abdominal injuries (11, 81, 82). However, the incidence is 
often not registered in studies when analysing vascular trauma data. 
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1.2.1 Vascular trauma and motor vehicle accidents 

Road traffic accidents, suicides, and homicides are the three leading causes of injury 
and violence-related deaths according to the World Health Organization (87). More 
than 1.2 million people die each year worldwide in road traffic accidents (Figure 2). 
Furthermore, it is estimated that approximately 50 million people worldwide are 
seriously injured each year (5, 88) and about 30% of these victims die at the scene 
(89). 

Figure 2. Annual number of deaths by cause among people aged 15–49 years worldwide, 
between 1990–2019, according to the Global Burden of Disease Study. Adapted and used with 
permission (5) 

Across Western Europe and Japan, annual death rates due to road traffic accidents are 
typically lower than 5 per 100 000 individuals, which is the lowest worldwide. In North 
America, these rates are typically higher, or around 5–20 per 100 000. In contrast, in 
Sub-Saharan Africa, these rates are usually much higher at over 25 per 100 000 (5) 
(Figure 3). In Iceland, a country with a population of 370 000, about 35–40 
individuals die every year due to trauma and about 50% of these occur following motor 
vehicle accidents (90). 

In 2019, Iceland recorded one of the lowest age-standardised injury-related death rates 
worldwide, at 2.9 deaths per 100 000 people (5). In Norway, approximately 2500 
individuals die due to trauma every year, accounting for about 6% of all deaths in the 
country (91). In 2019, the incidence rate of motor vehicle-related deaths in Norway was 
3.15 per 100 000 people (5) (Figure 4). 
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Figure 3. Annual number of deaths in 2019 from road traffic accidents per 100 000 people. 
Deaths include those occurring among drivers, passengers, motorcyclists, cyclists, and 
pedestrians according to the Global Burden of Disease Study. Adapted and used with permission 
(5) 

 

Figure 5. Annual number of deaths (from 1990– 2019) due to road traffic accidents 
per 100 000 people according to the Global Burden of Disease Study. Adapted and 
used with permission(5).Figure 6. Annual number of deaths in 2019 from road traffic 
accidents per 100 000 people. Deaths include those occurring among drivers, 
passengers, motorcyclists, cyclists, and pedestrians according to the Global Burden of 
Disease Study. Adapted and used with permission (5). 

Figure 4. Annual number of deaths (from 1990– 2019) due to road traffic accidents per 100 
000 people according to the Global Burden of Disease Study. Adapted and used with 
permission (5) 
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Traffic accidents are the main cause of serious vascular injuries among civilians and 
one of the main causes of death among people aged 15–29 years (88, 92). Many 
people die or sustain permanent serious injuries related to severe vascular injuries, and 
about 18–24% of these people die after arriving at the hospital (12, 79, 80, 88, 93). 
The introduction of security and restrain systems for passengers in automobiles has 
resulted in more survivors of traffic accidents. Simultaneously, the incidence of blunt 
cerebrovascular and thoracic arterial injuries has increased (94). 

The high mortality rate among patients who sustained vascular trauma in traffic is due to 
transections of the thoracic aorta and major injuries to the abdominal veins (95). Up to 
80% of these injuries result from high-speed road traffic accidents, in which injury 
occurs after rapid deceleration following head-on or side-impact collisions (96). Head-
on collisions are frequent when traffic streams are not separated using barriers and they 
are the most likely type of collision to cause fatality and severe injury (93). 

Traumatic aortic injury accounts for 16–29% of motor vehicle-related deaths, and this 
has not changed during the past decade (97, 98). Newman et al. (1983) studied all 
individuals injured in car accidents in the UK, including those who died before 
admission. The researchers found that aortic injury was responsible for 17% of traffic 
fatalities (99). Sturm et al. (1988) examined the on-scene death rate among patients with 
traumatic aortic rupture in the US and found that 68% died before hospital admission 
(100). In addition, Hunt et al. (1996) analysed data from the North Carolina Trauma 
Registry from 1988–1994 and reported that 44% of patients with aortic rupture that 
made it to the emergency department died due to the injury (101). 

1.3 Pathophysiology and clinical signs of thoracic injury and 
major vascular injury 

1.3.1  Thoracic injury 

Chest injuries can interfere with respiration and/or blood circulation. Contusions of the 
chest wall in the pattern of seatbelts, pain over the ribs, decreased breath sounds, 
tachypnoea, and hypoxia, are all symptoms suggestive of thoracic trauma (102). The 
most important and severe forms of thoracic trauma include injury to the aorta, blunt 
cardiac injury and cardiac tamponade, flail chest, haemothorax, pneumothorax, and 
pulmonary contusion (103) 

Thoracic injuries are associated with an increased risk of serious intrathoracic and 
abdominal injuries, including flail chest, sternal fracture, posterior sternoclavicular 
dislocation, scapula fracture, and multiple rib fractures, as well as displaced rib 
fractures (104). Almost two-thirds of patients admitted following a motor vehicle 
collision with thoracic injuries sustain rib fractures (105).  
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Sternal fractures are mainly caused by a high-energy blow from the steering wheel. 
About 18% of multiple trauma patients with thoracic injuries have a fractured sternum. 
Seat belts that are positioned over the shoulder, as well as missing or failing airbags, 
can also contribute to such injuries (106).  

Direct damage to the lungs or airways, as well as altered mechanics of breathing, 
compromise respiration. Pulmonary contusion and tracheobronchial disruption can 
result from direct damage to the lungs or airways and can manifest clinically as 
subcutaneous emphysema and pneumo-mediastinum. Haemothorax, pneumothorax, 
and flail chest can alter the mechanics of breathing. Tension pneumothorax refers to the 
accumulation of air in the pleural space under pressure and can swiftly impair 
respiration and circulation. Furthermore, bleeding, decreased venous return, and direct 
cardiac injury can impair blood circulation, and massive bleeding can cause shock and 
decreased venous return with impaired cardiac filling (27). 

Symptoms of thoracic injury include pain related to breathing and sometimes shortness 
of breath. Common findings include chest tenderness, ecchymosis, and respiratory 
distress; hypotension or shock may also be present. Patients with acute cardiac 
tamponade can present with a collection of three clinical signs associated with low 
arterial blood pressure, distended neck veins, and distant, muffled heart sounds, which 
are often referred to as Beck’s triad (107). Patients with tension pneumothorax may also 
have arterial hypotension, tracheal deviation, and neck vein distention (103). 

1.3.2 Major vascular trauma 

Vascular traumatic injury is mainly characterised by damage to the veins and arteries. 
Haemorrhage and ischaemia are clinical manifestations of vascular trauma and can be 
life-threatening and usually require emergency care (108). The leading cause of 
potentially preventable deaths among injured patients is uncontrolled bleeding from 
trauma to the major arteries (95, 109). Transection of the thoracic aorta and major 
injuries to the abdominal veins are associated with the highest mortality rate (95). 

Vascular trauma can result in an extremely high rate of mortality and morbidity, 
particularly if its diagnosis or treatment is delayed (98). Early diagnosis of significant 
vascular injury is crucial and relies almost entirely on physical examination. If a major 
vascular injury is present, immediate intervention is usually required in the form of 
open surgery or endovascular repair (108). The two main consequences of vascular 
trauma are haemorrhage and ischaemia. If unrecognised and uncontrolled, it can 
quickly lead to limb loss, stroke, bowel necrosis, multiorgan failure, or rapid blood loss 
with shock and death (108, 110). 

The signs of vascular injury are usually classified into hard and soft signs. Hard signs 
include arterial bleeding, expanding or pulsatile haematoma, and lack of distal pulse, 
bruit, thrill, and shock with no other explanation. Neurological defect is a soft sign of 
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Equation 1. The kinetic energy (KE) 
transferred to the tissues is a function of 
mass (M) and velocity (V) 

vascular injury along with non-expanding, non-pulsatile haematoma and a history of 
profuse or pulsatile bleeding (98). In 97% of patients, hard signs are predictive of 
significant vascular injury (111). 

In ischaemia, there is an acute interruption of blood flow to an organ or limb with an 
interruption of delivery of oxygen and an accumulation of toxic metabolites. Anaerobic 
metabolism takes over if there is insufficient oxygen to meet demand. Skeletal muscles 
can recover function if arterial supply is re-established within 3–6 h. Peripheral nerves, 
on the other hand, are much more sensitive to ischaemia, such that even a short period 
of tissue ischaemia can lead to prolonged neurological deficit (112).  

The most common form of vascular trauma is laceration with complete or incomplete 
transection. Compared to complete transection which leads to retraction and 
vasoconstriction of a vessel with limited bleeding, partial transection tends to result in 
more severe bleeding (108, 112). 

1.3.3 Blunt and penetrating injury 

Trauma is frequently categorised based on 
location and mechanism of injury. The most 
common mechanisms of injury are blunt and 
penetrating injuries. The severity of vascular 
trauma is proportional to the amount of kinetic 
energy transferred to the tissues (Equation 1). 
This is true for both blunt and penetrating 
injuries (111). 

Studies of hospitalised trauma patients show that blunt trauma patients often have 
higher ISS compared to those with penetrating trauma as well as a higher mortality rate 
and risk for limb amputation. They are also twice as likely to require massive blood 
transfusions and have longer hospital stays (113). Blunt force trauma can lead to vessel 
wall injury. Shearing and compressive forces can lead to vascular contusion, laceration, 
transection, and dissection (114), and usually result from high-impact trauma with rapid 
deceleration forces (115). The most frequently injured blood vessels in blunt trauma are 
the iliac vessels, internal carotids, brachial arteries, and the thoracic aorta (114). 

Penetrating injuries can be serious and result in infection, shock, exsanguination, and 
death (23). Penetrating vascular injury often leads to partial and total transection of an 
artery or vein (116). Full transection of a vessel can lead to spasms and the formation of 
blood clots; thus, massive bleeding is more common following vessel laceration (117). 
The most frequently injured vessels in penetrating trauma are the brachial artery and 
superficial femoral artery; however, penetrating trauma to the aorta most often occurs 
secondary to gunshot and stab injury (118). Although such injuries are fortunately 
uncommon, they are highly lethal, with a mortality rate of up to 90% and most patients 
dying before reaching the hospital (115). 

𝐾𝐸 =
1

2
𝑀𝑉2  
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Table 3. Overview of selected published studies on penetrating stab injuries from Europe and 
Australia (7) 

Country Study period 
Inclusion 
criteria 

No. of 
stab 

injuries 
Mortality 
rate (%) Authors 

Belgium 2000–2007 Hosp./ABR 170 0% El-Abdellati et al. (119) 
Australia 1998–2005 Hosp./ABR 1550 0.2%/2.3% Jacob et al. (120) 

Australia 1991–2001 ISS >15/ABR 98 15% Wong et at. (25) 
Sweden 1987–1994 Hosp./ABR 1315 3.4% Bostrom et al. (121) 

Sweden 2000–2009 Hosp./Abd 6 0% Pekkari et al. (122) 

Finland 1997–2011 Hosp./Thx 
and Abd 

130 5% Inkinen et al. (123) 

Norway 1980–1987 Hosp./Abd 111 2% Nesbakken et al. (124) 

UK 1997–2005 Hosp./ABR 33903 0.45% Maxwell et al. (22) 

UK 2012–2014 Hosp./Abd 111 NR Fisher et al. (26) 

UK 1978–1983 Hosp./ABR 201 0.5% Stebbings et al. (125) 

Hosp., hospitalised; ABR, all body regions; NR, not recorded; Thx, thorax; Abd, abdomen 

In some parts of the world such as the US, South Africa, and Australia, penetrating 
trauma, either from gunshot wounds or stab injuries, is a major public health problem 
(19, 21, 23). In Northern Europe, however, penetrating injuries are a less frequent 
cause of mortality and morbidity (24, 122-124). Furthermore, in the Nordic countries, 
the US, and Australia, stab injuries are more common than gunshot wounds (122, 123); 
this is in contrast to South Africa where gunshot-related injuries are far more common 
(21, 23, 126). The associated mortality rates are often in the range of 2–15% and the 
variation can to a certain degree depend on the cohort of patients studied, such as if 
they are from a low or high-volume centre, as well as differences in inclusion criteria 
(25, 124) (Table 3). 

1.3.4 Vascular neck injury 

Vascular injury may be present in 3–20% of patients admitted with craniocervical injury 
and can be present in approximately 1% of all trauma patients admitted due to blunt 
force trauma (127-129). Due to their anatomical location, such injuries can be difficult 
to manage. Injury to the vascular structures in the cervical region can cause 
haemorrhage, vessel occlusion, and thromboembolic stroke (128). Vascular trauma to 
the neck and thoracic outlet can be highly lethal and cause serious neurological 
deficits. 

Approximately 5% of traumatic injuries to the cervical region are due to blunt force 
trauma and are rarely isolated injuries (130). Blunt cervical trauma is seen in about 1% 
of patients who sustain significant blunt trauma. These patients have a poor prognosis 
with a mortality rate of 31–59% and a stroke rate of 25–58% (111). Fabian et al. (1996) 
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analysed data regarding blunt carotid artery injuries over an 11-year period at a level 1 
trauma centre and reported stroke and mortality rates of 43% and 31%, respectively 
(131). In another study conducted in North America, Biffl et al. (1998) found that 0.86% 
of all trauma admissions had a blunt carotid arterial injury that resulted in 32% of the 
patients succumbing and 15% of the survivors sustaining a stroke (94). Motor vehicle 
accidents are the leading cause of blunt vascular injury in the neck. Other causes 
include assault with a direct blow or strangulation and falls (129). Patients with multiple 
injuries can have few signs of blunt cervical trauma and timely imaging is therefore 
crucial.  

Penetrating trauma to the vessels in the neck comprises as much as 5–10% of all 
admitted cases of injury, and results in a mortality rate as high as 10% (130). 
Furthermore, vascular injuries are present in up to 40% of patients with penetrating 
neck injuries (130). Carotid artery injuries constitute approximately 22% of all cervical 
vascular injuries and most often involve the common carotid artery (75%) with 
associated mortality and stroke rates of about 31% and 23%, respectively (132-134). 
Penetrating cervical trauma is less common in Western Europe than in South Africa and 
the US (135). In the US, most penetrating neck injuries in the adult population occur 
secondary to assault and contribute to less than 2% of all reported injuries (62). 

1.3.5 Vascular injury to the torso 

Injury to thoracoabdominal vessels 
can lead to significant but 
sometimes occult haemorrhage into 
the thorax, abdomen, or 
retroperitoneum. Clinical signs can 
be unreliable, and delays in 
recognition and management 
increase the risk of death (98, 135). 
Thoraco-abdominal vascular trauma 
is reported to constitute 0.01–2% of 
all trauma admissions (136-138). In 
70–95% of cases, the injury is due 
to penetrating trauma (136, 138-
140). Road traffic accidents are the 
most common cause of blunt 
thoracoabdominal trauma followed 
by falls from heights (141-145). 

The mechanism of injury in blunt aortic injury is usually high-energy trauma, such as 
those resulting from a road traffic accident or a fall from a height. Blunt thoracic injury 
is the second leading cause of death, after head injury, in polytrauma patients (144, 

Figure 5. The anatomy of the aorta, demonstrating 
the location of the isthmus 



Bergrós Kristín Jóhannesdóttir 

14 

146). Thoracic aortic injury accounts for 16–29% of motor vehicle fatalities (142, 144, 
147, 148). Following blunt thoracic trauma, injury can occur along the entire length of 
the aorta, primarily from the ascending aorta to the iliac bifurcation, although the injury 
typically occurs at the aortic isthmus or in about 90% of cases (149-151). The isthmus 
refers to the portion of the proximal descending thoracic aorta between the origin of 
the left subclavian artery and the ligamentum arteriosum (152) (Figure 5). The injury is 
believed to result from a combination of sudden deceleration associated with torsion, 
stretching, and shearing forces, in addition to thoracic compression. The ascending 
aorta is the most often affected part, in approximately 10–25% of cases (115, 151). 
Blunt traumatic aortic injury is uncommon. In a study conducted by Ungar et al. (2006), 
2% of patients admitted in Colorado, US, with blunt chest injury after motor vehicle 
collision sustained an injury to the thoracic aorta (153). Approximately 80% of patients 
die before reaching the hospital and around 19% die during triage after being admitted 
to the hospital (154, 155). 

Clinical diagnosis of thoracic aortic injury can be difficult because of non-specific and 
distracting injuries that are often present. Blunt thoracic aortic injury rarely occurs in 
isolation and the patient can present with chest or mid-scapular back pain, signs of 
external chest trauma, or haemodynamic instability. Trauma to the aorta may result in 
minimal aortic injury, laceration, transection, pseudoaneurysm, and intramural 
haematoma (148). An aortic dissection, however, is rarely a sequela of trauma (146). 

Abdominal aortic injuries are a rare form of traumatic aortic injury. Less than 1% of 
admitted blunt trauma patients sustain aortic injury, and only 5% of injuries are located 
in the abdominal aorta (156). The most common cause is deceleration in motor vehicle 
accidents, and the trauma can cause intimal tears, pseudoaneurysm, and aortic 
transection (157). The most common location of injury is at the level of the inferior 
mesenteric artery ( 33%) and renal arteries ( 25%) as well as inferior to the inferior 
mesenteric artery (20%) (157). Following blunt abdominal aortic trauma, about 50% of 
patients also have retroperitoneal haematoma, and up to 40% have bowel and 
mesenteric injuries (158). 

Subclavian artery injuries are uncommon, constituting less than 3% of all penetrating 
trauma cases and only 0.4% of blunt trauma cases. These injuries are associated with a 
high mortality rate, and up to 42% of trauma patients die before hospital admission or 
upon presentation to the hospital (159, 160). In a study conducted in California, 
Demetriades et al. (1999) reported an overall mortality rate of 34.2% among patients 
admitted with subclavian and axillary vascular injuries. Furthermore, the mortality rates 
for isolated arterial and venous injuries were 20.5% and 50%, respectively, and 45.0% 
for both vessels (159). 

Injuries to the abdominal visceral vessels are uncommon but linked to a high rate of 
mortality due to exsanguinating haemorrhage (137, 161). The subsequent vascular 
repair can be complex and often unsuccessful. The reason for delayed death in those 
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who survive the primary surgical procedure is usually sepsis or multiple organ system 
failure following intestinal ischaemia (141, 162). Penetrating abdominal injuries account 
for 90–95% of these injuries, including injuries to the visceral blood vessels, and are 
usually the result of missile injuries and stab wounds. Visceral vascular injuries caused 
by blunt trauma, however, most commonly occur in the superior mesenteric artery (137, 
163). 

Traumatic venous injury of the abdomen is associated with a high mortality rate of 50–
70%, particularly for injuries to the superior mesenteric vein, the portal vein, and the 
inferior vena cava (137, 164, 165). In addition, up to 50% of trauma patients with injury 
to the inferior vena cava die before reaching the hospital (166). 

Abdominal and pelvic vascular trauma account for approximately 30% of all cases of 
vascular trauma. They can be difficult to manage due to concomitant injuries. In 90% of 
cases, they are associated with penetrating injuries (135, 136). 

Injuries to the iliac arteries and veins account for 11% of all vascular injuries, making 
them some of the most common injuries to truncal vascular structures. However, the 
survival rate is only about 50%. When the injury follows blunt trauma, which rarely is 
the case, it is associated with significant morbidity (15, 98, 167, 168). Iliac artery injury 
most often occurs due to penetrating trauma, and only 3.5% of all cases of severe 
pelvic fracture occur with a blunt force trauma mechanism. Pelvic injury is associated 
with a high morbidity rate (167, 169). 

1.3.6  Peripheral vascular injury 

Peripheral vascular injuries are defined as those affecting the axillo-brachial vessels and 
branches in the upper extremity and the femoropopliteal or more distal branches in the 
lower extremity. Due to the anatomical location of these arteries and veins in the limbs, 
they are vulnerable to penetrating and blunt trauma (170). Peripheral vascular injuries 
account for 40–75% of all admitted cases of vascular injury among civilians (18, 170). 
They are present in less than 5% of admitted cases in rural centres and 1% of 
admissions in urban trauma centres (18, 140). Nevertheless, these injuries are 
associated with significant morbidity and loss of function in young patients (135). The 
primary goal should therefore be to prevent amputation of the injured extremity. 

Vascular injuries of the lower extremity are more common than those of the upper 
extremity and a majority are due to penetrating trauma (171). Injury to vessels in the 
limbs generally results in haemorrhage or haematoma formation that is visible on 
clinical exam. Usually, the injuries can also be easily controlled in the field by direct 
pressure or tourniquet application which increases the likelihood that the patient would 
present to the hospital in a stable condition (98). Lower limb arterial injury is associated 
with a high amputation rate of up to 12% (12, 79). The likelihood of subsequent 
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amputation is increased after blunt trauma and in the presence of extensive soft tissue 
injury or fracture (135). 

Penetrating injury accounts for up to 80% of cases of peripheral vascular trauma in the 
US. Approximately every other injury results from bullets from handguns and one in 
three are stab wounds (170). In European countries where firearms are less available, 
gunshot wounds cause peripheral vascular injuries in only 5% of cases (171, 172). 

One of the worst early complications of peripheral vascular injury is compartment 
syndrome. It results from swelling of muscle in a confined space limited by fascia, 
causing intracompartmental hypertension and potentially leading to muscle necrosis. 
The causes are decreased perfusion and ischaemia, intracompartmental haemorrhage, 
or reperfusion oedema after revascularisation. The compartments most likely to develop 
acute compartment syndrome are below the knee, although it can occur in any area of 
the body with closed compartments (173, 174).  

1.4 Diagnostic imaging in thoracic and vascular injury 

When treating a bleeding trauma patient, early diagnosis of significant vascular injury is 
crucial for improving the likelihood of a favourable outcome. This is also true after 
admission to the hospital (108, 175). Adequate availability of imaging technology can 
help in planning incisions and the operative strategy. It can also aid in evaluating if the 
patient should undergo endovascular therapy. 

Stable patients with suspected vascular injury have multiple screening options available 
that can significantly influence the course of care (98). Imaging options include 
magnetic resonance imaging, magnetic resonance angiography (MRA), ultrasound, 
traditional angiography, and computed tomography angiography (CTA) (98). Blunt 
cerebrovascular and thoracic arterial injuries can be difficult to detect early without the 
assistance of imaging studies (176).  

A chest x-ray is the standard when evaluating severely injured trauma patients with chest 
injuries. It is a widely available and quick imaging procedure that can diagnose injuries 
such as pneumothorax, haemothorax, clavicular fractures, and most rib fractures, as 
well as moderate or severe pulmonary contusions. A conventional x-ray can detect 
aortic injury with widening of the mediastinum (often over 8 cm) when taken in the 
supine position. The sensitivity for detecting aortic injury is high; however, it has a low 
specificity due to other causes of mediastinal haematoma, such as tearing of the 
mediastinal vessels, sternal injury, or thoracic spine injury (177). Among patients with 
blunt aortic injury, 7–44% of cases may present a normal mediastinum on conventional 
chest x-ray, for which reason CT is the diagnostic test of choice (178-180). 

CTA has become the main screening tool for traumatic aortic injury and is increasingly 
more commonly used in diagnosing vascular injury in the upper and lower extremities. 
It is fast, easy, has a low complication rate, and can be performed with significantly less 
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contrast and radiation exposure compared to traditional angiography. CTA also gives 
information on non-vascular structures. Its accuracy has improved over time with 
improved CT scanners and increased expertise in the interpretation of the images. On 
the other hand, the limitations of CTA include patient transportation and exposure to 
contrast and ionising radiation (98, 135, 181). Today, CTA is considered the first-line 
investigation for all patients with suspected vascular trauma, except when there is an 
indication for immediate operative intervention (135). 

Ultrasound in trauma settings, or eFAST (extended focused assessment with sonography 
in trauma), has the benefit of being portable and non-invasive and the physician can 
obtain information rapidly. The examination is usually done during the resuscitation 
phase. The procedure is, however, highly operator-dependent and the results are 
limited in the presence of soft tissue injuries. The reported sensitivity of eFAST ranges 
from 50–100% (98). 

Although MRA in non-traumatic vascular lesions can provide accurate images, the study 
can take a long time and is susceptible to motion artefacts. It is therefore not advised in 
unstable patients or patients with metallic fragments (98, 182). 

Traditional angiography as a screening tool in trauma has a reported sensitivity of 95–
100% and a specificity in the range of 90–98% (183). However, similar to MRA 
studies, it can be time-consuming and also requires the administration of an iodinated 
contrast medium. Furthermore, it requires an advanced imaging team with specialised 
training and is therefore not always available in acute circumstances in most trauma 
centres (98). 

1.5 Management of thoracic trauma 

Individuals who sustain chest trauma 
may initially have mild symptoms that 
do not necessarily reflect the severity 
of internal injuries, and can lead to 
rapid death in trauma patients (184). 
In most cases, however, chest injuries 
are minor, such as rib fractures, and 
most patients with chest injuries do 
not require emergency surgery. 
Actually, only about 10–15% of such 
patients require treatment in the form 
of open surgery or endovascular 
treatment (185, 186). In major 
penetrating thoracic vascular injury, 
the need for early surgery is 
determined solely based on clinical 
assessment (98, 135). 

Figure 6. Different types of chest cavity openings 
when treating traumatic injury to the thorax. a. 
Sternotomy. b. Left anterolateral thoracotomy. c. 
Clam-shell thoracotomy (9) 
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A chest drain is often inserted in patients with thoracic injury, for instance, if there is 
bleeding in the pleural cavity or lung collapse due to pneumothorax. In the presence of 
more severe damage to the chest cavity and severe intrathoracic bleeding, it is 
sometimes necessary to perform an emergency thoracotomy, even on the scene, during 
transport, or when the patient arrives in the emergency department (187). The chest 
cavity is then opened via thoracotomy between the ribs or with a sternal incision so that 
the heart, lungs, and large vessels in the chest cavity can be accessed (Figure 6). 
These procedures allow for life-saving procedures such as direct cardiac massage, 
evacuation of blood from the pericardium, and control of bleeding. 

 

 

According to the 9th edition of the Advanced Trauma Life Support (ATLS) guidelines, 
emergency thoracotomy is rarely indicated (188). Furthermore, it is recommended that 
only qualified surgeons perform this procedure for patients that arrive pulseless after 
penetrating thoracic injuries, but have myocardial electrical activity. If there are no 
signs of life, no further resuscitative efforts should be made. If the procedure is 
performed for the correct indication, in a highly selected patient group and by an 

Figure 7. Adjusted algorithm for the management of traumatic circulatory arrest according to the 
ATLS, 10th edition. ROSC, return of spontaneous circulation (6) 
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experienced surgeon, it appears to save lives (6) (Figure 10). Its drawbacks include 
high costs and the risks of blood-borne infections to the operating team (189-191). 

In a review conducted by Cothren et al. (2006), patients with penetrating cardiac 
wounds who presented with hypovolemic shock in the emergency department and 
underwent treatment via emergency thoracotomy showed an approximate survival rate 
of 35%, as compared to 15% among all patients with penetrating injury. The worst 
outcome following emergency thoracotomy was documented after blunt trauma, with 
only a 2% survival rate for patients with shock and a survival rate of less than 1% if the 
patient had no sign of life (49). In a meta-analysis conducted by Rhee et al. (2000), the 
mean survival rate after penetrating thoracic trauma was reported as 19% (range, 5.1–
72.2%) (192). It is therefore important to analyse the outcome of this procedure at both 
large and small trauma units. Large trauma centres in the US and South Africa have 
mostly gained experience with emergency thoracotomy. In those countries, penetrating 
chest trauma is far more common than in Europe (51, 187). However, in small trauma 
centres in Europe, where blunt trauma is much more common than penetrating injuries, 
there has been a lack of studies on emergency thoracotomy and its outcomes (51). To 
date, two Norwegian reports have been published on emergency thoracotomy, one 
from a trauma unit in Stavanger with no survivors out of 10 patients (51) and another 
from Oslo with a survival rate of 18% among 105 emergency thoracotomies performed 
(193). The indications for the procedure are constantly debated, particularly in patients 
with blunt trauma, among whom less than 2% of patients survive the procedure 
(ranging from 0–2%) (49, 50). For penetrating trauma, particularly if the heart is the 
only structure affected, the survival outcomes have been more encouraging at up to 
35%, according to a literature review (49). 

1.6 Management of vascular trauma 
Vascular injuries (to both arteries and veins) most often require immediate treatment. 
Bleeding and ischaemia are the primary manifestations of vascular injury, and delay in 
instituting appropriate treatment can lead to amputation or even death (108). 
Management strategies have evolved over the last decade, as speed in diagnosis and 
treatment is vital for favourable outcomes (95). Although open procedures, often 
involving vascular prostheses, have been the mainstay of treatment for decades, 
invasive endovascular techniques are increasingly being applied in the management of 
vascular injuries (98). In the past decade, the use of endovascular techniques to treat 
vascular trauma has increased; however, few trauma surgeons possess an advanced 
catheter-based skill set (95, 194). A study of data from the NTDB from 1997 to 2003 
showed a significant increase in the number of endovascular treatment procedures, 
particularly from 2000–2003 when the rate increased from 2.4% to 8.1% (98). 

The benefits of a hybrid approach in trauma and resuscitative endovascular balloon 
occlusion of the aorta (REBOA) have in previous research been well-established in the 
management of haemodynamically unstable trauma patients (195). Endovascular 
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techniques offer the ability to treat injuries in anatomically difficult areas such as the 
suprarenal aorta, retro-hepatic inferior vena cava, and high cervical carotid vessels and 
are more frequently applied in the treatment of acute vascular trauma (80, 98). 
Endovascular treatment has some advantages over open surgery, including decreased 
ischaemic time since there is no need for cross-clamping of the vessel. Pain related to 
the incisions is also less, complications related to laparotomy and thoracotomy are 

avoided, and recovery time and length of hospital stay are shortened (98). 
Endovascular procedures, however, must be performed in specially equipped 
operating theatres with specialised staff and facilities that are not available in all 
hospitals, not even some tertiary trauma care centres. Tertiary care centre is defined as 
facility that can give highly specialised medical treatment (48). Currently, there is a 
shortage of endovascular physicians involved in trauma care in many countries (196). In 
Iceland, these skills are only in the hands of 2–3 radiologists and vascular surgeons 
and therefore have not become the standard.  

Although endovascular therapy is constantly evolving and moving forward, there are 
still concerns regarding long-term patency, device failure, migration, leakage, and 
deformation over time (98). 

When normal blood flow is re-established, reperfusion injury to the tissue can occur 
alongside endothelial damage, which can lead to oedema, microvascular thrombosis, 
and tissue necrosis. The use of shunts and thus early restoration of perfusion reduces 
circulating markers of tissue injury (197).  

Figure 8. A hybrid operating theatre at Haukeland University Hospital (4) 
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In patients with haemorrhagic shock, transfusion support is vital in addition to choosing 
the right component. Early and increased use of packed red blood cells, thawed 
plasma, and platelets, while limiting the use of crystalloid fluids have been established 
as an effective strategy in the treatment of haemorrhagic shock (198-200). It moderates 
the ischaemic reperfusion response and extends the ischaemic threshold (201). 
Transfusing fresh red blood cells increases oxygen delivery and freshly thawed plasma 
can reduce the incidence of reperfusion injury (202, 203). In addition, numerous 
studies have suggested that crystalloid resuscitation leads to some harmful effects (204, 
205).  

1.7  Evaluating trauma with injury scores 

The severity of injuries can be considered from two concepts: anatomical severity and 
physiological severity. Mortality and the probability of survival can be assessed by 
assessing the severity of the injury. When evaluating injury severity, injury scoring 
systems such as the ISS and New ISS (NISS) can be used. The ISS and NISS are 
anatomical scoring systems based on the AIS, which provides a reasonably accurate 
ranking of the severity of injury with a score from 1–6 (206). The ISS and NISS yield 
scores ranging from 0 to 75 and a score higher than 15 is considered representative of 
severe injury. However, studies have shown that the NISS statistically outperforms the 
ISS when analysing the data of patients with multiple injuries within the same body 
region (172, 206-208). The Revised Trauma Score (RTS) incorporates physiological 
status on first medical contact (Glasgow coma scale, respiratory rate, and systolic blood 
pressure). The parameters are converted to coded values that are assigned by specified 
ranges 0-4 (Table 5).  It can be used for field triage and helps in evaluating which 
patients should undergo treatment at a specialised trauma unit (RTS <4) (151, 209, 
210). The RTS makes it possible to calculate the probability of survival (PS) using the 
TRISS (Trauma Injury Severity Score) methodology (211, 212) (Figure 9). 

Figure 9. Flowchart showing the use of injury scores in trauma evaluation 
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Table 4. Scoring systems most often used in the evaluation of the severity of injury, probability 
of death, and the likelihood of survival after trauma (103, 207, 209, 210) 

¥ bBlunt = –0.4499 + 0.8085 × RTS–0.0835 × ISS–1.7430 × Age Index / bPenetrating = –
2.5355 + 0.9934 × RTS –0.0651 × ISS–1.1360 × Age Index / Age Index. In the formula, patients 
younger than 55 years are scored 0 and patients aged 55 years and older are scored 1.  

Score Function Calculation Variables and 
methods Score interpretation 

GCS 

Physiological 
scoring system 
Brain function 
Patient survival 

Eye opening (1–4) 
+ 

Best verbal 
response (1–5) + 

Best motor 
response (1–6) 

Based on the 
cerebral response 

to stimulation 
Ranges from 3–15 

AIS 
Anatomical 

scoring system 
Patient survival  

The scoring system 
classifies each 
injury by body 

region on a 6-point 
scale. 

Ranges from 1–6 

ISS 
Anatomical 

scoring system 
Patient survival 

A2+B2+C2 

The body is divided 
into six anatomical 
regions. A, B, and 
C are the highest 
AIS grade of the 

three most injured 
body regions. 

Ranges from 0–75 
ISS > 15 with major trauma 

NISS 
Anatomical 

scoring system 
Patient survival 

1X2+2X2+3X2 

The body is divided 
into six anatomical 
regions. 1–3X are 
the three highest 

AIS grades 
regardless of the 

body region. 

Ranges from 0–75 
NISS > 15 with major trauma 

RTS 

Physiological 
scoring system 
Patient survival 

 

(0.9368 × GCS 
value) + 

(0.7326 × SBP 
value) + 

(0.2908 × RR 
value) 

Respiratory rate 
(RR), systolic blood 

pressure (SBP), 
Glasgow Coma 

Scale (GCS) 

Ranges from 0–7.84 

TRISS 
Combination 

scoring system 
Patient survival 

1

1+𝑒−𝑏 ¥ 
RTS, ISS, age, blunt 

or penetrating 
mechanism of 

injury 

Ranges from 0 (unsurvivable)–1 
(high likelihood of survival) 



Introduction 

23 

Table 5. The Revised Trauma Score coding (210) 

CODED 
VALUE 

GCS SBP RR 

4 13-15 >89 10-29 
3 9-12 76-89 >29 
2 6-8 50-75 6-9 
1 4-5 1-49 1-5 
0 3 0 0 
 

The ISS, RTS, and TRISS are considered traditional trauma scoring systems. They were 
designed to predict mortality based on the entire spectrum of trauma patients. These 
scoring systems, however, often underestimate the risk of mortality when vascular 
trauma is present in multi-trauma patients. The TRISS scoring system is the most 
accurate in predicting mortality in vascular trauma because it combines anatomic and 
physiologic parameters. However, the TRISS does not weight factors specific to 
vascular injuries and is therefore considered to underestimate actual mortality (80). In a 
recent study, Höke et al. (2021) compared trauma severity scores and the TRISS score 
was shown to be the most successful score in predicting mortality among trauma 
patients. On the other hand, the NISS was the most successful in predicting intensive 
care unit (ICU) admission. In the same study, the most sensitive scoring system was the 
ISS, whereas the RTS was shown to be the most specific scoring system (213). 

1.8 Evaluating comorbidities, complications, and outcomes 

 The effect of comorbidities on the clinical course of a patient can be assessed with 
different scoring systems, such as the American Society of Anesthesiologists (ASA) 
score, Charlson Comorbidity Index (CCI), and Comorbidity Polypharmacy Score (CPS). 

 

Table 6. The ASA classification modified from the American Society of Anesthesiologists 
guidelines (214) 

Classification Definition 

ASA I A normal healthy patient 
ASA II A patient with mild systemic disease 

ASA III A patient with severe systemic disease 

ASA IV A patient with severe systemic disease that is a constant threat to life 

ASA V A moribund patient who is not expected to survive without the operation 

ASA VI A patient declared brain dead, and whose organs are to be removed for 
donor purposes 
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The ASA classification is well known and has been widely used in the health care 
system for more than 60 years. The classification system is based on morbidity and 
comorbidity, and is used to estimate the operative risk of a patient based on six 
categories (Table 6) (214, 215).  

The CCI can be used to predict 10-year survival in patients with multiple comorbidities 
by allocating points for comorbidities and age. The index consists of 17 variables and 
yields a total score ranging from 0 to 33 points (8). The CCI is calculated according to 
the formula shown in Equation 2. The possible points given for each morbidity factor 
are shown in Table 7. 

Table 7. Allocation of points in the Charlson Comorbidity Index (216) 

Variable Points 

Myocardial infarction 1 

Congestive heart failure 1 

Peripheral vascular disease 1 

Cerebrovascular accident or transient ischaemic attack 1 

Dementia 1 

Chronic obstructive pulmonary disease 1 

Connective tissue disease 1 

Peptic ulcer disease 1 

Mild liver disease 1 

Uncomplicated diabetes 1 

Hemiplegia 2 

Moderate to severe chronic kidney disease 2 

Diabetes with end-organ damage 2 

Localised solid tumour 2 

Leukaemia 2 

Lymphoma 2 

Moderate to severe liver disease 3 

Metastatic solid tumour 6 

Acquired immunodeficiency syndrome 6 

  
Plus 1 point for each decade for ages 50 years and over, with a maximum of 4 points 
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The CPS combines the number of comorbidities in a patient with the number of regular 
medications the patient is taking, thereby estimating the severity of comorbidities. The 
score quantifies the overall severity of comorbidities using the concept of polypharmacy 
to evaluate the treatment needed to sufficiently control chronic medical conditions. The 
CPS has a minimum score of 0 and no maximum (217). Patients with a CPS score of 15 
and higher are at greater risk of poor clinical outcomes (218). Retrospective studies 
have shown that the CPS may help identify older trauma patients who are at risk of poor 
outcomes as well as those who may need additional resources at discharge (218-220).  

Table 8. Clavien–Dindo classification (221) 

Grade Definition 
Grade I Any deviation from the normal postoperative course without a need for 

pharmacological treatment or surgical, endoscopic, and radiological 
interventions. 
Allowed therapeutic regimens are drugs such as antiemetics, antipyretics, 
analgesics, diuretics; electrolytes; and physiotherapy. This grade also includes 
infected wounds opened at the bedside. 

Grade II Requiring pharmacological treatment with drugs other than those allowed for 
grade I complications. 
Blood transfusions and total parenteral nutrition are also included. 

Grade III Requiring surgical, endoscopic, or radiological intervention 

Grade IIIa Intervention not under general anaesthesia 

Grade IIIb Intervention under general anaesthesia 

Grade IV Life-threatening complications (including complications of the central nervous 
system) requiring IC/ICU-management 

Grade IVa Single organ dysfunction (including dialysis) 

Grade IVb Multiorgan dysfunction 

Grade V Death of a patient 

  

10-year survival probability = 0.983𝑒0.9×CCI 

where CCI is the Charlson Comorbidity Index adjusted for age and 𝑒 represents Euler’s number, a 
mathematical constant approximately equal to 2.71828 

Equation 2. Formula for 10-year survival probability based on Charlson Comorbidity Index (8) 

 



Bergrós Kristín Jóhannesdóttir 

26 

The Clavien–Dindo classification is based on treatments needed for complications and 
is used to classify their severity (215, 222). It was developed as a tool for quality 
assessment in surgery. Its categories are shown in Table 8. The Comprehensive 
Complication Index was then developed to summarise complications classified 
according to the Clavien–Dindo system (223). The index is calculated by multiplying all 
the different grades of complications with a weighted factor; the weighted value is then 
calculated as a sum of scores for all complications and ranges from 0 for a mild 
complication to 75 for a lethal complication (2) (Equation 3).  

When assessing the neurological outcome of trauma patients, the Glasgow Outcome 
Scale (GOS) and the American Spinal Injury Association (ASIA) scale are most often 
used. The GOS is a global scoring system for assessing the functional outcome of 

patients with traumatic brain injuries. It rates patient status into five categories as seen 
in Table 9 (224). The ASIA impairment scale describes a patient’s functional 
impairment as a result of a spinal cord injury. The scale has five classification levels as 
shown in Table 10 (225). 

 

Table 9. Glasgow Outcome Scale (226) 

1 Dead 

2 Vegetative state, unable to interact with the environment; unresponsive 

3 Severe disability, able to follow commands/unable to live independently 

4 Moderate disability, able to live independently; unable to return to work or school 

5 Good recovery, able to return to work or school 

 

  

Equation 3. Formula for the Comprehensive Complication Index. 𝑀𝑅𝑉𝑝ℎ𝑦𝑠 is the median 
reference value for physicians and 𝑀𝑅𝑉𝑝𝑎𝑡 is the median reference value for patients (2, 3) 

 

Comprehensive complication index = √(∑ 𝑀𝑅𝑉𝑝ℎ𝑦𝑠 × 𝑀𝑅𝑉𝑝𝑎𝑡) /2  
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Table 10. The ASIA (American Spinal Injury Association) Impairment Scale is an international 
standard scale used for the neurological classification of spinal cord injury (225) 

ASIA 
Grade Clinical state (below level of injury) 

A Complete: No sensory or motor function is preserved in the sacral segments S1 to S5  

B Sensory incomplete: Sensory, but not motor function, is preserved below the 
neurological level and includes the sacral segments S4 to S5. 

C Motor incomplete: Motor function is preserved below the neurological level, and 
more than half of key muscles below the neurological level have a muscle grade of 
less than 3. 

D Motor incomplete: Motor function is preserved below the neurological level, and at 
least half of key muscles below the neurological level have a muscle grade of 3 or 
more. 

E Normal: Motor and sensory functions are normal and the patient had prior deficits. 

1.9 Trauma care in Europe and Scandinavia 

The acute and complex nature of severely injured trauma patients calls for broad 
knowledge of physiology and anatomy, as well as leadership and organisational skills 
(227). Trauma is a surgical disease in which surgeons play an important role in the 
optimal treatment of patients. Severely injured trauma patients need surgeons with 
broad technical competence to provide care that is complete and of a wide range 
(228).  

Trauma management systems have been developed and are based on the trauma 
population in each country, geographical conditions, as well as the available provisions 
of healthcare. To improve patient outcomes, National trauma registries are being 
established in many countries (229). Information gathered in trauma registries is 
valuable for the evaluation of the quality of care and injury prevention. These registries 
can further be used in clinical and epidemiologic research (230). 

Implementation of a complete trauma system results in a reduced mortality rate among 
severely injured patients, improves the quality of life, and reduces cost (45, 46). 
Trauma care has evolved in different ways within Europe due to the variable ongoing 
efforts aimed at improving care in each country (228). Europe covers less than a tenth 
of the Earth’s land surface with a population of 748 million people in 44 countries. 
However, Europe has some of the most developed health care systems in the world and 
a strong foundation in vascular surgery (231). 
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While organising the structure of a trauma system, some major factors to consider are 
geographic and demographic circumstances. In countries with a widespread 
population, long transport distances, and extreme weather conditions, the transport 
time is longer and prehospital treatment is even more important (232). Under these 
circumstances, it may also be difficult to centralise all major trauma care and patients 
need to be stabilised at lower-level trauma hospitals (233). 

Scandinavia most commonly refers to Denmark, Norway, and Sweden, and is part of 
the Nordic region that consists of Denmark, Norway, and Sweden together with Finland 
and Iceland (234). Together, these five countries cover an area of 1.35 million km2 with 
a total population of about 27 million inhabitants (234, 235). Parts of some of these 
countries are sparsely populated with long prehospital distances; the mean population 
density is 18 per km2, ranging from 2.8 per km2 in Iceland to 125 per km2 in Denmark 
(236). More than 200 Scandinavian hospitals receive injured patients and there is 
increasing emphasis on multidisciplinary trauma teams (234). 

In the US, general surgeons lead the care of severely injured patients and trauma 
surgery is combined with acute care surgery and/or intensive care medicine (237). In 
most European countries, however, where most surgeons are not trained specifically in 
intensive care medicine, general or orthopaedic surgeons lead the work-up of trauma 
patients (228, 238).  

The training of the trauma team is an important part of the process of establishing an 
organised and well-functioning trauma centre and prehospital care. Multiple courses 
have been designed to improve the management of multiple trauma patients, such as 
the ATLS®, European Trauma Course (ETC®), Definitive Surgical Trauma Care (DSTC®) 
programme, Definitive Surgery and Anaesthesia in Trauma Care (DSATC®) programme, 
and the Advanced Trauma Operative Management programme. Most of these are 
available for entire trauma teams and not only for surgeons or vascular surgeons (228). 

1.9.1 Trauma care in Iceland 

In Iceland, primary trauma care is provided in relatively small hospitals in each quarter 
of the country (239). Two hospitals in Iceland are capable of receiving seriously injured 
patients with vascular surgeons on call and available ICU care. The first is Landspitali 
University Hospital in Reykjavik and the second is Akureyri Hospital (SAK) in Akureyri, 
an area with 19 000 inhabitants, and which serves a population of about 20 000 to 25 
000 in the Northern and Eastern parts of Iceland. Landspitali Hospital is the only 
tertiary trauma hospital and is located in the capital, with about 232 280 out of a 
population of 369 000 living within 7 minutes of ambulance transport to the hospital 
(240, 241). All medical specialities are represented at Landspitali Hospital and it is the 
only centre that has surgeons that perform cardiothoracic surgery in Iceland. Almost all 
major vascular trauma patients are referred to Landspitali Hospital in Reykjavik for 
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further treatment. Patients are transported to the hospital either in an ambulance or 
airlifted in a helicopter/plane or transported while being escorted by a physician. 

Many areas outside Reykjavik are sparsely populated, such that transport can be difficult 
due to the harsh terrain and unpredictable weather. Response time and transfer 
capabilities are therefore often much longer than in Reykjavik or its surroundings. Each 
year, more than 25 000 trauma patients are treated at Landspitali and more than half of 
them have an ISS > 15 (242). The hospital offers all forms of major trauma care with an 
ATLS-certified trauma team that includes a senior emergency doctor, an anaesthetist, 
and a general surgeon with immediate consultations available from all other 
specialities. 

1.9.2 Trauma care in Norway 

The mainland of Norway covers an area of 385 178 km2 and had 5 455 582 inhabitants 
in 2022 (243). It is estimated that approximately 10% of the inhabitants are injured 
every year and about 300 000 individuals need hospital care due to severe injury, with 
around 2 500 fatalities (244, 245). In Norway, long distances separate urban and rural 
areas, and in winter there are often extreme weather conditions.  

Norway has 34 hospitals around the country with acute trauma functions and 4 
classified level 1 trauma centres, including Haukeland University Hospital in Bergen, the 
second largest city in Norway. Acute care hospitals offer 24 h general surgical services 
and have the competences to stabilise trauma patients before transfer to the trauma 
centre if needed (246). Almost half of the smaller hospitals with acute trauma functions 
treat fewer than 100 trauma cases each year (247). 

In 2007, the National Competence Service for Traumatology (NKT-Trauma) published 
an official trauma system for the organisation of treatments for seriously injured 
patients, which has been updated regularly over the last two decades (244). The 
national trauma system defines criteria for trauma team activation, as well as a minimum 
level of competency for the trauma team members. According to a recent Norwegian 
study conducted by Bredin et al. (2022), 95% of Norwegian hospitals performed 
systematic trauma team training (248). In Norway, there is a centralised nationwide 
trauma registry, the Norwegian Trauma Registry (NTR), that contains data on all 
potentially seriously injured patients treated by the specialist health service in Norway 
(249). 
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2 Aims 

2.1 General aims 

The main aim of this PhD thesis is to accumulate data on major vascular and thoracic 
trauma in Iceland and Bergen, representing Nordic populations where studies on these 
injuries are scarce. This includes data on the severity of injury, management, and 
outcomes, to serve as bases for improving the management and outcomes of this 
patient group and international comparison.  

2.2 Specific aims 

2.2.1 Paper I 
This paper aimed to study major vascular injuries following road traffic accidents in 
Iceland, determine their incidence, and identify risk factors for 30-day mortality and 
long-term survival.  

2.2.2 Paper II 
This paper aimed to collect data on emergency thoracotomy in a tertiary care hospital in 
Iceland, to study its incidence, and more importantly to investigate short- and long-term 
complications and survival. 

2.2.3 Paper III 
This study aimed to investigate the incidence, demographic features, and outcomes of 
penetrating stab injuries in a whole population and to evaluate any changes in annual 
incidence, as well as the management and outcomes of this patient group.  

2.2.4 Paper IV 
The primary aim of this paper was to describe in a level 1 North European trauma 
centre the epidemiology and predictive factors for mortality following severe thoracic 
trauma in a well-defined geographical region. Ultimately, it aimed to recognise patients 
at risk of an adverse outcome and to reduce the incidence of complications.  

2.2.5 Paper V 
This paper aimed to assess in a level 1 North European trauma centre the incidence, 
treatment, and outcomes of admitted patients with vascular trauma in a well-defined 
geographical region. Ultimately, it aimed to improve the management and outcomes of 
this patient group. 
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3 Materials and Methods 
In all five papers, the incidence, outcomes, and demographic features of non-iatrogenic 
vascular or thoracic trauma in adults were studied in a well-defined Nordic population. 

3.1 Ethical considerations  

The study protocols were approved by the Icelandic National Bioethics Committee, the 
Data Protection Authority, and the Regional Medical Ethics Committee in Norway. 
Individual patients were not identified. The need for individual consent was waived in 
the Icelandic aspect of the study. As requested by the Regional Medical Ethics 
Committee in Norway, informed consent forms were sent to all patients who fulfilled the 
study criteria of the Norwegian aspect of the study.  

3.2 Study population/cohort and data collection 

All studies were retrospective in design and all medical data were individually 
reviewed. Baseline demographic information and clinical data were collected for all 
patients from pre-hospital reports, patient charts, surgical reports, and autopsy reports, 
using a standardised data sheet. Among all patients, data collected included 
information on age, sex, location of trauma site, mechanism of injury, location of major 
injury, surgeries performed, and length of hospital stay. 

3.2.1 Paper I 

In this study, the data of 62 patients aged ≥ 18 years who sustained major vascular 
trauma in traffic accidents in Iceland between January 1, 2000 and December 31, 2011 
were retrospectively reviewed. Traffic accident trauma was defined as an injury 
sustained due to a motor vehicle accident, a motorcycle accident, or a bicycle accident 
and pedestrians were included.  

Major vascular trauma was defined as vascular trauma on a named vessel in patients 
admitted to the ICU for longer than 24 h or who died within 24 h of injury. Using a 
centralised database at Landspitali and Akureyri Hospital, we identified all patients with 
the following ICD-10 trauma codes: S15-18, S25-28, S35-38, S45-48, S75-78, and S85-
88.  

To identify individuals who died on-scene or during transport to the hospital, we 
reviewed the forensic autopsy databases of the Medical Examiner Office of Iceland and 
the Department of Pathology at Landspitali Reykjavik and Akureyri Hospital. These 
databases list all autopsies conducted in Iceland and autopsy records for all individuals 
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who underwent autopsy during the study period (2,859) were manually reviewed to 
identify vascular trauma. In Iceland, autopsies are performed on all individuals who die 
from trauma. For the same period, The Cause of Death Registry at Statistics Iceland was 
queried. Information on packed red cell transfusion and plasma and blood platelet 
transfusion was obtained from the National Blood Bank in Iceland. 

Data on the vessel injured and associated injuries were also collected. Massive 
transfusion was defined as a transfusion requirement of ≥ 10 units of packed red blood 
cells (PRBCs) in 24 h. The presence of signs of life (SOL) was identified and registered 
during the pre-hospital phase, during transportation, and on arrival at the emergency 
department. SOL was defined as the presence of at least one of the following: 
spontaneous respiratory effort, pupillary response, movement of an extremity, 
measurable blood pressure or palpable pulse, or cardiac electrical activity.  

Vascular injuries to the head or solid organs in the abdomen or thorax (i.e., involving 
the cerebral or coronary arteries) were excluded. Furthermore, all iatrogenic vascular 
injuries were excluded, as were vascular injuries below the knee and elbow.  

Information on the survival of all patients was available from Statistics Iceland and was 
100% complete. We excluded individuals who died before arrival at the hospital from 
the survival calculations. 

3.2.2 Paper II 

Paper II included 9 patients who underwent emergency thoracotomy for major 
thoracic trauma in Iceland between January 1, 2005 and December 31, 2010. All of 
them had penetrating and/or blunt trauma and the patients could be identified using a 
centralised, computerised trauma database as well as the operation registry at 
Landspitali University Hospital. Furthermore, surgeons from other hospitals in Iceland 
were queried if they had performed emergency thoracotomy during the study period, 
but none of them had. Non-traumatic indications for emergency thoracotomy, such as 
cardiac arrest or iatrogenic cardiac tamponade, were excluded.  

Data on the vessel injured, associated injuries, and the need for blood transfusion 
(PRBCs, plasma, and platelets) were collected. Massive transfusion was defined as a 
transfusion requirement of ≥ 10 units of PRBCs in 24 h. The presence of SOL was 
identified and registered during the pre-hospital phase, during transportation, and on 
arrival at the emergency department. The reason for death was obtained from autopsy 
reports.  

The clinical indication for emergency thoracotomy was evaluated as well as the surgical 
technique. Emergency thoracotomies were usually performed in the emergency 
department or an operating theatre next to the emergency department. All cases were 
true emergencies and were usually performed within half an hour of arrival at the 
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hospital. The decision to perform an emergency thoracotomy was clinically based on 
the discretion of the attending cardiothoracic or trauma surgeon.  

3.2.3 Paper III 

In this paper, 88 patients aged ≥ 18  years were included who sustained a penetrating 
stab injury (with a knife or machete) in Iceland, including 73 patients who were 
admitted to the hospital between January 1st 2000 and December 31st 2015. Patients 
who died on-site or at the emergency department before admission to the hospital 
(n  =  15) were also included in calculations of total mortality. Patients’ data were 
obtained from the National Cause of Death Registry in Iceland and compared to those 
in the autopsy databases of the Medical Examiner Office of Iceland and the Department 
of Pathology at Landspitali Hospital.  

We excluded patients who were treated at the emergency department and discharged 
without hospital admission.  

In addition, we collected data on the type of injury (assault, self-inflicted injury, or 
accident) and whether the patient was intoxicated with alcohol when injured. The 
reason for death was registered from autopsy reports.  

3.2.4 Paper IV 

This study included 514 patients aged ≥ 18 years who sustained thoracic trauma with an 
Abbreviated Injury Scale (AIS) chest score of ≥ 3 admitted to Haukeland University 
Hospital, a level 1 trauma centre, between January 2009 and December 2018. The 
patients were registered in the local hospital trauma registry until December 2014 and 
in the Norwegian National Trauma Registry (NTR) thereafter. 

We excluded patients who were not admitted directly to Haukeland and patients who 
were dead on arrival. The patients were classified into three subgroups: 1. isolated 
thoracic injury with ISS < 16; 2. polytrauma without traumatic brain injury (TBI, defined 
as a head injury with AIS ≥ 3); and 3. polytrauma with ISS > 16 and head injury with 
AIS ≥ 3. 

Information regarding comorbidities, medication use, and complications was also 
registered. In addition, causes of death from discharge notes were categorised into: 
thoracic bleeding, abdominal bleeding, pelvic bleeding, bleeding in several 
anatomical regions, other forms of bleeding, asphyxia, primary brain damage, 
pulmonary embolism, and organ failure. 

3.2.5 Paper V 

This study included 68 patients aged ≥ 18 years who sustained vascular trauma on a 
named vessel and were admitted alive to the hospital and registered in the Trauma 
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Registry at Haukeland University Hospital in Bergen between 1st January 2009 and 31st 
December 2018. We excluded patients who died before admission. Patients were 
identified based on the AIS for non-iatrogenic vascular trauma registered in The Local 
Trauma Registry at Haukeland University Hospital and the NTR. 

Data on the vessel injured, associated injuries, and the need for blood transfusion 
(PRBCs, plasma, and platelets) were registered. Massive transfusion was defined as a 
transfusion requirement of ≥ 10 units PRBCs in 24 h. The reason for death was 
registered from autopsy reports. 

We excluded iatrogenic injuries as well as isolated vascular injuries to the head and 
solid organs in the abdomen. 

3.3 Classification of injuries and injury score 

In Papers I–V, the ISS and NISS were calculated for all 
patients at admission based on the AIS code calculated at 
admission (208). An ISS and NISS score higher than 15 
were considered to represent severe injury. 

Vascular injuries were classified into five anatomical 
zones based on the injury location (Figure 10). (i) Neck, 
which included injuries to the external and internal jugular 
veins; internal, external, and common carotid arteries; 
and the vertebral arteries. (ii) Thorax, which included 
injuries to the thoracic aorta, superior and inferior venae 
cavae, and the subclavian and pulmonary vessels. (iii) 
Abdomen, which included injuries to the abdominal 
aorta; iliac, mesenteric, renal, and splenic vessels; 
hepatic portal veins; and inferior vena cava. (iv) Upper 
limb, which included injuries to the subclavian, axillary, 

and brachial vessels. (v) Lower limb, which included injuries to the femoral and 
popliteal vessels. 

The revised trauma score (RTS) and the chance of survival (Ps) were calculated using 
the trauma-injury severity score (TRISS) methodology based on the physiological status 
on first medical contact (Glasgow Coma Scale [GCS], respiratory rate, and systolic 
blood pressure) (211, 212). 

3.3.1 Paper IV 

In this paper, ISS ≥ 16 was applied as a cut-off for polytrauma patients. In the analysis 
of comorbidity data, it was scored according to the American Society of 
Anesthesiologists (ASA) score, Charlson Comorbidity Index (CCI), and Comorbidity 
Polypharmacy Score (CPS) (8, 215, 250). Complications were scored using the 

Figure 10. Anatomical zones   



Materials and Methods 

37 

Clavien–Dindo scale (CDS), which classifies complications based on the most intensive 
therapy required to treat complications, and the complication index was calculated and 
analysed (222, 223).  

3.3.2 Paper V 

Polytrauma was defined as an AIS of ≥ 3 in two or more body regions. Hypovolemic 
shock was defined as systolic blood pressure (SBP) < 90 mmHg or a base deficit > 6, 
or a blood transfusion requirement of > 4 units in the first 24 h. The following 
operative techniques were registered: primary repair on an artery or vein, including 
patch angioplasty, direct suture repair, or end-to-end anastomosis. 

3.4 Outcome parameters and follow-up 

In Papers I–V, the primary outcome was 30-day mortality. In Paper I, the follow-up 
ended on December 31st, 2015. The mean and median follow-up durations of patients 
who arrived at the hospital alive were 6.1 and 6.5 years, respectively (range, 9.4‒11.8). 
The follow-up was 100% complete. Two foreign visitors were excluded from the long-
term survival analysis but included in the short-term analysis. In Paper II, the follow-up 
was 100% complete with a median survival duration of 12 months (range, 12–24) 
among 5 survivors and the follow-up ended on December 31st, 2010. In Papers III and 
IV, follow-up ended at in-hospital death or discharge. In Paper V follow-up ended on 
31st December 2019 and was 96% complete. Three patients were transported or 
moved out of Norway and therefore could not complete a one-year follow-up. 

3.5 Statistical analysis 

In Papers I, II, and V, Microsoft Excel (versions 2010 and 2016; Microsoft 
Corporation, Redmond, WA, USA) was used for descriptive statistical analyses of both 
continuous and categorical variables.  

In Papers I–III, the incidence was calculated according to the age and sex distribution 
of the population as derived from National Statistics Iceland, standardised to the World 
Health Organization European Standard Population. 

In Papers I and V, annual percentage changes and differences in incidence according 
to residency were estimated via Poisson regression. Continuous variables were 
expressed as the mean ± standard deviation and categorical variables as percentages. 
The Student t-test was used to analyse continuous variables and the chi-squared test or 
Fisher’s exact test was used to analyse categorical variables, as appropriate. Odds 
ratios for predictors of short-term mortality (< 24 h or 30-day mortality) were estimated 
via logistic regression. Long-term survival was estimated using Kaplan–Meier analyses 
and differences in survival according to sex were estimated via log-rank tests. 
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Further analyses were performed using R version 3.3.2 (The R Development Core 
Team, Vienna, Austria) for Paper I, R version 3.4.4 (The R Development Core Team) for 
Paper III, RStudio 4.0.2 (RStudio Team, Boston, MA, USA) for Paper V, and Stata 15 
(Stata Corp. LLC, College Station, TX, USA) for Paper IV. 

In Papers I, II, III, and V, analysis items with p < 0.05 were considered statistically 
significant. 

In Paper III, variables with skewed distributions were summarised with their medians 
and interquartile ranges (IQRs) and compared using the Wilcoxon rank-sum test. Age 
standardisation was accomplished using the direct method and confidence intervals 
were calculated assuming a gamma distribution. Rates were compared using median 
unbiased estimation. 

In Paper V, categorical data are presented as counts and percentages and continuous 
data as medians and IQRs. 

3.5.1 Paper IV 
Risk factors for in-hospital mortality among trauma victims and related variables were 
analysed with several factors. Age was categorised into four groups: 0–39, 40–59, 
60–74, and ≥ 75 years. Comorbidities were scored using the Charlson Comorbidity 
Index and categorised into 0, 1, and ≥ 2. Comorbidity Polypharmacy score was 
described as 0–9 and > 9. The ISS was categorised into minor (0–9), moderate (10–
15), and severe (≥ 16). RTS was classified into the following categories: low risk of 
death (< 5%, RTS > 7.2), intermediate risk of death (5–50%, RTS 3.4–7.2), and high 
risk of death (> 50%, RTS < 3.4). TRISS was classified into three categories based on 
the Ps 0–50, 51–75, and 76–100 and was analysed as a categorical variable. The 
Clavien–Dindo score was categorised into two groups: no or minor complications and 
severe (Clavien–Dindo score > 3). Complications were scored using the complication 
index and categorised into: no or minor complications (complication index < 30) and 
severe complications (complication index ≥ 30). 

Categorical variables are presented as frequencies and percentages and were analysed 
using Pearson’s chi-squared test or Fisher’s exact test, as appropriate. Variables with 
normal distributions are presented as means and standard deviations and analysed 
using t-tests and repeated measures analysis of variance. Variables with non-Gaussian 
distributions are presented as medians and IQRs and were analysed using the Kruskal–
Wallis test.  

Logistic regression with stepwise backward selection was used to identify risk factors for 
mortality following thoracic trauma. The p-value for the inclusion of variables in the 
logistic regression models was set at 0.157. A subgroup analysis was performed on 
cases of isolated thoracic trauma and polytrauma with and without TBI. Hosmer–
Lemeshow goodness of fit tests and areas under the receiver operating characteristic 
curve were computed for each model and the best model was selected. 
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4 Results 
The main findings of the five studies are summarised below. Further details can be 
found in the original publications and manuscripts (Papers I–V).  

4.1 Paper I 

There were 62 patients with 95 injuries: 77 to arteries and 18 to veins. During the 12-
year study period, Iceland had a mean population of 303,383 and 319,575 inhabitants 
at the end of December 2011 (251). The incidence of severe vascular injury was 1.69 
per 100 000 inhabitants (95% confidence interval [CI], 1.27‒2.21): 2.70/100 
000/year (95% CI, 1.96‒3.64) for males and 0.65/100 000/year (95% CI, 0.32‒
1.20) for females. The mean age was 44 ± 18 years: 43 ± 17 years for the 49 males 
and 49 ± 20 years for the 13 females. Over time, there was a significant decline in the 
incidence rate, from 2.9/100 000 in 2000 to 0.94/100 000 in 2011, with an annual 
mean percentage change (APC) of 0.92 (p = 0.0272). Forty-one (66%) individuals 
died before admission: 33 at the scene and 8 during transportation. The other 21 
patients (34%) reached the hospital alive. 

Figure 11. Incidence of major vascular trauma following traffic accidents in males (red) and 
females (blue) in Iceland over the study period 2000–2011 (1) 

 

Figure 12. Flow chart showing the management of, and outcomes among 62 patients 
with major vascular trauma following traffic accidents in Iceland during the study period 
(1)Figure 11. Incidence of major vascular trauma following traffic accidents in males 
(red) and females (blue) in Iceland over the study period 2000–2011 (1) 
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The causes of injury were motor vehicle accidents (n = 52), motorcycle accidents (n = 
6), bicycle accident (n = 1), and pedestrian accidents (n = 3). Most of the patients (n = 
47, 76%) had thoracic vascular injuries and 19 (31%) had abdominal vascular injuries. 
Almost 80% (32/41) of those who did not reach the hospital alive had thoracic aortic 
injuries, compared to 48% (10/48) among those admitted to the hospital alive (p = 
0.015). Vascular trauma in the abdominal area accounted for 32% (13/41) of all 
injuries among patients who died before admission and 29% (6/21) among those who 
reached the hospital alive (p = 0.803). All 9 patients who had combined thoracic and 
abdominal major vascular trauma died before reaching the hospital.  

A significantly higher proportion of individuals sustained injuries in rural areas (69% vs. 
31%, p < 0.01) and the mortality rates before hospital admission were 67% (29/43) 
and 63% (12/19), for rural and urban areas, respectively. Seventy-seven percent of fatal 
thoracic aortic trauma cases (26/34) had been characterised by frontal collisions and 
74% of accidents occurred in rural settings. 

Eighteen of the admitted patients underwent operative procedures, 16 via open 
vascular repair. These included 16 patients who underwent operative procedures within 
the first 24 h of admission and 3 of whom underwent acute endovascular stent graft 
insertion. The mean length of hospital stay was 34 ± 21 days among the 15 patients 
who were discharged (median, 35 days; range, 6‒62).  

Forty-seven of the 62 patients (67%) died within 30 days of injury. Four (19%) of the 21 
patients admitted died within 30 days, all within 24 h due to severe haemorrhagic 
shock.  

The mean ISS and NISS values for patients who were admitted were 36 ± 18 and 44 ± 
17, respectively. All but one patient had ISS and NISS scores above 15, and the mean 
estimated Ps was 66%. 

The long-term survival probability among the 21 individuals who were admitted to the 
hospital with major vascular trauma was 86% at both 1 year and 5 years, and 
comparable for males and females (log-rank test, p = 0.31). 

Neurological outcomes among the 15 patients who survived the injury and were 
discharged from the hospital included one case of mild brain damage (GOS = 5), two 
cases of spinal cord injury (both ASIA grade A), two cases of limb amputation, and one 
case of spinal cord injury (ASIA grade E) that also required amputation.  
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Figure 12. Flow chart showing the management of, and outcomes among 62 patients 
with major vascular trauma following traffic accidents in Iceland during the study period 
(1) 

 

Figure 12. Flow chart showing the management of, and outcomes among 62 
patients with major vascular trauma following traffic accidents in Iceland during 
the study period (1) 
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4.2 Paper II 

Nine patients underwent emergency thoracotomy on account of trauma during the six-
year study period, resulting in an incidence of 1.3 per 100 000 inhabitants per year 
(95% CI, 0.61–2.62). All the patients were males and had a median age of 36 years 
(range, 20–76). There were five cases of blunt trauma and four cases of penetrating 
injuries. Four of the injuries were due to motor vehicle accidents, two of the patients 
sustained gunshot wounds, and two sustained knife injuries. The most frequent location 
of major injury was the thorax (isolated thoracic injuries, n = 6) and three patients 
sustained polytrauma.  

Suspected pericardial tamponade was the most common (n = 2) indication for 
emergency thoracotomy; however, this was only confirmed intraoperatively in one case. 
Thoracotomy was performed in five patients and sternotomy in two, and two patients 
underwent both procedures. Furthermore, one patient underwent emergency 
thoracotomy in the ambulance before arrival at the hospital, and the other eight patients 
were operated on after arrival at the hospital. All emergency thoracotomies, except one 
performed by a junior trauma fellow in the ambulance, were performed by two 
cardiothoracic surgeons and one general surgeon.  

All 9 patients had indications of severe injury based on median ISS and NISS values of 
29 (range, 16–54) and 50 (range, 25–75), respectively. The median RTS was 7 
(range, 0–8) with an estimated Ps of 85% (range, 1–96). All five survivors had GCS ≥ 
10 and SBP ≥ 100 mmHg at first medical contact. Three of the patients did not have 
any SOL at first medical contact, and all of them died. 

There were five long-term survivors, three of whom made a good recovery. One of the 
patients sustained mild anoxic brain injury and another sustained paraplegia related to 
spinal injury. Autopsy revealed severe injuries and major bleeding as the causes of 
death in all four cases with fatal outcomes. The mean ISS and NISS values for survivors 
were 41 and 66, respectively, as opposed to 23 and 30 for non-survivors. 
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4.3 Paper III 

During the 16-year study period, 88 patients had penetrating stab wounds, 15 of whom 
died before reaching the hospital. Out of the 73 admitted patients, 70 were treated at 
Landspitali and three at Akureyri Hospital (the regional hospital of North Iceland). Sixty-
six of the patients (90.4%) were males and seven (9.6%) females, with a mean age of 
32.6 years. Eighty-one per cent of the patients were younger than 45 years. 

The average population in Iceland during the study period was 309 360 and at the end 

of December 2015, the population was 332 529 (252). The age-standardised incidence 
was 1.54 per 100 000 inhabitants (95% CI, 1.21‒1.94) for both males and females 
together. The incidence did not change significantly during the study period, with an 
incidence ratio of 1.00 (95% CI, 0.58–1.73, p = 0.826).  

The most common locations of injury were the chest (26.4%), abdomen (21.5%), and 
upper limbs (21.5%), and 38.4% of the patients sustained injuries in more than one 
region. The most common cause of injury was assault (in 96% of cases), with a majority 
of cases occurring at home (54.8%) or on public streets (31.5%).  

Out of 73 patients, 47 (64%) underwent a total of 60 surgical procedures, with soft 
tissue repairs (n = 23) and chest tube insertion (n = 19) being the most common. 
Twenty-six of the patients (35.6%) required ICU admission with a median length of stay 
of 1 day (mean, 4 days; IQR, 1‒1.75; range, 1‒38) in the ICU. Overall, the median 
length of stay in the hospital was 2 days (mean, 5.5 days; IQR, 1‒4; range, 0‒53). The 

Figure 13. Incidence of penetrating stab injuries during the study period (7) 
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median ISS and NISS values of all patients admitted were 9 (IQR, 2–11) and 9 (IQR, 
3–11), respectively, with 14 patients (19.2%) presenting with an ISS > 15. 

Three patients died within 30 days of admission, yielding a 30-day mortality rate of 
4.1%. All three patients that succumbed had severe injuries with ISS values of 17, 25, 
and 75. 
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4.4 Paper IV 
In total, 4 042 trauma patients were admitted during the study period, out of which 514 
patients who sustained thoracic injuries were included in the study, with 78% being 
males and a mean age of 51 ± 18 years. The mean annual incidence rate per 100 000 
inhabitants remained the same during the study period, with a 10-year average of 13.3 
cases per year. The most frequent mechanism of injury was road traffic accident (49%), 
followed by falls (35%). The median ISS was 17 (IQR, 13–27) and the median revised 
trauma score was 7.8 (IQR, 7.1‒7.8).  

The most common injuries were costal fractures, which occurred in 426 (83%) patients, 
with head and abdominal injuries being the most common co-occurring injuries. A 
majority of patients (61%) were polytrauma casualties, 19 (4%) of whom underwent 
emergency thoracotomy and 126 (25%) of whom underwent chest tube insertion.  

Complications occurred in 189 patients (37%), among whom the most common severe 
complication (Clavien–Dindo score ≥ 3) was respiratory failure in 70 (14%) patients. 
Furthermore, severe comorbidities according to Charlson Comorbidity Index were 
present in 190 (40%) patients. The median Comorbidity Polypharmacy Score was 0 
(IQR, 0‒4) and according to the ASA classification, most patients had normal health 
status (55%). Anticoagulants had been used by 85 (17%) patients before trauma. 

According to the subgroup analysis, 201 (39%) patients had isolated thoracic trauma, 
215 (42%) had polytrauma without traumatic brain injury, and 98 (19%) had polytrauma 

Figure 14. Frequencies and nature of severe complications. CDS grade 1, requires no 
treatment; CDS grade 2, requires pharmacological treatment; CDS grade 3, requires surgical 
treatment; CDS grade 4, requires intensive care; CDS grade 5, death (293) 

 

Figure 14. Frequencies and nature of severe complications. CDS grade 1, requires no 
treatment; CDS grade 2, requires pharmacological treatment; CDS grade 3, requires 
surgical treatment; CDS grade 4, requires intensive care; CDS grade 5, death. 
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with traumatic brain injury. Polytrauma patients with traumatic brain injury were 
significantly younger (mean age, 47 years) compared to the other subgroups 
(polytrauma without traumatic brain injury: mean age, 52 years and isolated thoracic 
injury: mean age, 53 years). Sex ratio was equally distributed among the subgroups 
with no differences observed in the rate of comorbidities between the sexes. High-
energy falls (from a height > 3 m) were more often the causative mechanism in both 
polytrauma subgroups compared to low-energy falls (from a height < 3 m) in the 
isolated thoracic trauma subgroup. The median ISS was significantly higher in both 
polytrauma groups (without traumatic brain injury: n = 22 and with traumatic brain 
injury: n = 29) compared to the isolated thoracic injury group (n = 11) (p <0.001). The 
mortality rate was highest in the polytrauma with traumatic brain injury group, in which 
25 deaths (25%) occurred within 30 days. Among polytrauma cases without traumatic 
brain injury, the highest number of fatalities occurred within 24 h after trauma, and 18 
patients (58%) succumbed. A majority of deaths (n = 11, 45%) in the subgroup of 
patients with polytrauma with traumatic brain injury occurred on the second day after 
trauma. Among polytrauma patients, the main causes of death among those with and 
without traumatic brain injury were brain injury and exsanguination, respectively. 
Female sex was not a risk factor for mortality in the subgroup of patients with 
polytrauma without traumatic brain injury. Multivariate analysis of risk factors for 
mortality in the subgroups did not reveal any potential risk factors. 

Data on 463 patients with complete data were included in the multivariate analysis. The 
analysis showed that female sex, a combination of more than nine comorbidities and 
medications, TRISS with a Ps lower than 50%, and a complication index ≥ 30 were 
associated with death after trauma. Anticoagulants taken before trauma, however, did 
not predict mortality. 

  

Figure 15. Temporal distribution of deaths after trauma. Abbreviation: TBI, traumatic brain injury 
(293) 

 

Figure 15. Temporal distribution of deaths after trauma. Abbreviation: TBI, traumatic 
brain injury 



Results 

47 

4.5 Paper V 

A total of 4 042 patients were admitted as trauma patients to our level 1 centre and 
evaluated by the Haukeland Trauma Team. Sixty-eight of them met the criteria for 
vascular trauma, including 8 patients who were transported to our centre from another 
regional hospital. There were 52 males and 16 females, with a median age of 44 years 
(IQR, 31–60) for all patients, distributed as 42 years (IQR, 31–60) for males and 50 
years (IQR, 40–63) for females. The overall incidence over the 10-year study period 
was 1.45 per 100 000 inhabitants (95% CI, 1.13–1.82). No significant changes in 
incidence were observed over the 10-year study period (p = 0.48). 

The 68 admitted patients had a total of 81 vascular injuries, including 69 and 12 arterial 
and venous injuries, respectively. Most patients sustained vascular injuries located in 
the chest (n = 17, 25%) or neck (n = 16, 24%). The most commonly injured vessel was 
the thoracic aorta (n = 11), followed by the abdominal aorta (n = 4).  

  

Figure 16. The incidence of cases of vascular trauma admitted to Haukeland Hospital and 
evaluated and treated by the trauma team was 2.2 per 100 000 inhabitants (95% CI, 1.7–2.9) 
among males (blue) and 0.7 per 100 000 inhabitants (95% CI, 0.4–1.1) among females (red) 
during 2009–2018. The overall incidence was 1.5 per 100 000 inhabitants with no significant 
change over the 10-year study period (294) 
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Blunt injury was significantly more common than penetrating trauma (68% vs. 32%, p < 
0.05) and most were due to traffic accidents (n = 31). Seventeen out of 22 penetrating 
injuries were knife injuries. There were no shotgun injuries. Most of the patients (32%) 
sustained aortic injuries following road traffic accidents (involving the thoracic aorta, 
22.6% and abdominal aorta, 9.7%). The median ISS and NISS values of the 68 patients 
admitted were 22 (IQR, 14–36) and 33 (IQR 17–46), respectively, and 50 (74%) and 
55 (81%) of the patients had ISS and NISS scores above 15. ISS and NISS scores were 
significantly higher for blunt trauma compared to penetrating trauma [32 (IQR, 20–38) 
and 34 (IQR, 27–48) vs. 14 (IQR, 8–17) and 17 (IQR, 10–27), respectively, (p < 
0.05)]. The median estimated TRISS was 91%, distributed as 93% and 90% (p = 0.90) 
for penetrating vs. blunt trauma, respectively. 

Haemorrhagic shock was registered for 50% of the patients, with no significant 
differences for penetrating (59%) compared to blunt (46%) vascular trauma (p = 0.44). 
The same was true for the number of blood transfusions administered to 45 of the 
patients. Patients who underwent transfusions received a median of 5 units (IQR, 2.5‒
10.5; range, 1‒82), distributed as 6.5 (IQR, 3‒10.5) and 4 (IQR, 2‒9) units for blunt (n 
= 28) and penetrating (n = 17) trauma, respectively (p = 0.56). Twelve of the patients 
required massive PRBC transfusion (PRBCs ≥ 10 units within 24 h). 

The median duration of hospital stay was 4.5 days (IQR, 2‒16) with no significant 
difference between patients admitted with penetrating trauma and blunt trauma [3.5 
days (IQR, 1‒6) vs. 10 days (IQR, 3‒21), p = 0.08].  

Forty-three of the 68 patients (63%) were treated surgically, distributed as 19 (86%) for 
penetrating trauma and 24 (52%) for blunt injury. Primary repair (n = 17) was the most 
common surgical procedure, and 8 patients (12%) underwent endovascular repair. 

Figure 17. Distributions of blunt (green) and penetrating injuries (red) recorded during the study 
period. Abbreviation: VT, vascular trauma (294) 

 

Figure 17. Distributions of blunt (green) and penetrating injuries (red) recorded during 
the study period. Abbreviation: VT, vascular trauma 
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Although no patients required limb amputation, four patients (6%) died before surgical 
treatment. Only conservative treatment was advocated in 16 cases and palliative 
treatment was chosen for five patients, most often due to severe brain injury.  

Most often, surgical operations were performed by vascular surgeons (n = 17), 
including two cases that also involved an endovascular radiologist, 6 cases that involved 
a thoracic surgeon, and 6 cases involving surgeons from other surgical specialities. 
Finally, vascular reconstruction was performed solely by a general surgeon in 6 of the 
cases.  

Autopsy was performed in 17 (77%) of the 22 patients who died within one year 
following trauma. Vascular trauma was the major reason for death in 15 of these 
patients and haemorrhagic shock was the reason for death in all but one (11/12) of the 
patients who died within 12 h.  

There were no significant differences in 24 h (overall, 18%; 23% vs. 15%; log-rank test, 
p = 0.45) or 30-day mortality (overall, 31%; 27% vs. 33%; log-rank test, p = 0.71) 
between the penetrating and blunt injury groups. There was no significant difference in 
the 30-day mortality rate between males and females (29% vs. 38%; log-rank test, p = 
0.50). Forty per cent of deaths occurred among patients with injuries to the aorta 
(thoracic aorta, n = 4/11 and abdominal aorta, n = 2/4). All deaths due to aortic 
trauma occurred within 24 h of admission. 

Emergency thoracotomy was performed in 9 patients, five and four of whom had 
sustained penetrating and blunt trauma, respectively. Two patients with penetrating 
trauma underwent emergency thoracotomies in the emergency department, while the 
other 7 underwent surgery in an operation room close to the emergency department. 
Seventy-eight per cent of patients who underwent emergency thoracotomy died, all 
within 24 h. 
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Figure 18. Flow chart showing the management and outcomes (survival) of 68 patients with 
vascular trauma in Western Norway during the study period (294) 

 

Figure 18. Flow chart showing the management of, and outcomes (survival) in 68 
patients with vascular trauma in Western Norway during the study period 
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5 Discussion 
This thesis presents data on the incidence, mechanisms of injury, management, and 
outcomes of major vascular and thoracic trauma in two well-defined Nordic 
populations. Furthermore, it provides insight into treatment outcomes of vascular and 
thoracic trauma at low-volume level 1 trauma centres, including the indications for and 
outcomes of emergency thoracotomy. Importantly, in terms of demographics, 
socioeconomic status, and geographical challenges, Iceland and Bergen share many 
characteristics. This is probably also the case for most other Nordic trauma centres. 

5.1  Incidence of serious vascular and thoracic trauma 

The true incidence of vascular trauma in Iceland could not be evaluated in Paper I. In 
Papers IV and V, major vascular trauma was present in 1.7% of patients admitted and 
evaluated by the trauma team at Haukeland University Hospital, and serious thoracic 
injury was present in 13% of cases. Importantly, the incidence of major vascular trauma 
(overall incidence: 1.45/100 000) and serious thoracic trauma (mean annual 
incidence: 13.3/100 000) did not change over the 10-year study period. Previously, 
the actual incidence of major vascular and thoracic trauma in most European countries 
had not been well reported. However, Paper V showed that the incidence of vascular 
injuries at Haukeland was in accordance with those reported by recent larger studies 
conducted in Australia, the US, and the UK with organised trauma systems, in which 
vascular injury was responsible for 1–4% of general trauma admissions (11, 12, 79, 81, 
82). Furthermore, the incidence rate of polytrauma with severe thoracic trauma among 
patients admitted at Haukeland University hospital was 8/100 000 inhabitants, which is 
comparable to that reported in the Netherlands, where it was 9/100 000 inhabitants in 
a recent study including 14,850 patients (253). The findings of Paper I are also in line 
with those reported by studies of data from the US National Trauma Data Bank (2013 
and 2016), with 14–15% of trauma admissions being attributable to serious thoracic 
injuries (AIS ≥ 3) (62, 63). 

As Nordic countries have many similarities in terms of geographical challenges, 
socioeconomic structure, and the structure and function of the health care system, we 
believe the incidence rates of vascular trauma we report from the Haukeland trauma 
team provide a realistic estimate of the true incidence in Western Norway even though 
a few cases may have gone unreported. 
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5.2  Penetrating injuries 

In Paper III, the incidence of penetrating injuries, with or without vascular trauma, in a 
nationwide cohort in Iceland was reported as 1.54/100 000 inhabitants. This is in line 
with recent studies, including that from Finland, another Nordic country (0.9/100 000 
inhabitants) (123), but much lower than reported in Australia (390/100 000 
inhabitants) (120). 

Almost all of these cases of penetrating injury reported in Paper III were assaults on 
young adult men. This is in line with previous studies, in which penetrating stab injuries 
were predominantly observed in men in the second and third decades of life (20, 25, 
119, 121, 254-256). In Iceland, a noticeable majority of cases were due to domestic 
violence, in contrast to several other reports from Australia (25) and Iran (255), where a 
majority of cases occurred outdoors in a public location. The chest and abdomen were 
the most commonly affected body regions, which is also comparable to other overseas 
reports (25, 254, 257). 

Patient care has evolved in recent years with most high-volume trauma centres favouring 
a more conservative and non-operative approach (119, 126, 257, 258). A high 
percentage of patients in our study underwent surgical intervention, which is in line 
with reports from other low-volume trauma centres in Norway and the UK (25, 125, 
259, 260). Choosing a selective non-operative approach requires experience due to 
the dangers of delayed diagnosis of organ injuries (258). Only three of the 73 patients 
in Paper III died within 30 days of admission, yielding a mortality rate of 4%, in line 
with other similar reports from Europe (0.5–5%). In Australia, where penetrating injury 
is more frequent, the mortality rate was up to 15% (25). It is worth noting that our 
cohort was small compared to previously reported series (21, 119, 121, 254, 255). 

5.3 Blunt and penetrating vascular trauma 
In our analysis of patients admitted with major vascular injuries to Haukeland University 
Hospital in Paper V, the incidence of blunt vascular trauma (67.6%) was much higher 
compared to penetrating vascular injuries (67.6% vs. 32.4%). As expected, most 
(67.4%) cases that occurred secondary to the blunt injury mechanism were related to 
traffic accidents. This is in line with studies from countries with similar demographics, 
such as Canada and Australia, where 63‒68% of cases of vascular trauma resulted from 
blunt force trauma (82, 85). However, in reports from Finland, Sweden, and the UK, 
the blunt mechanism was the cause of vascular trauma in 38‒48% of cases (79, 84, 
261). In contrast, in the US, firearm injury was a leading cause of trauma-related deaths 
(262, 263), whereas none of the penetrating injuries in our cohort was firearm related.  

Vascular trauma due to blunt force indicates a significant transmission of force and 
often more severe injury with more extensive damage to associated soft tissue, bones, 
and nerves (12, 82, 264, 265). Approximately 80% of patients with vascular trauma 
reported in Paper V had a severe or life-threatening injury with an ISS or NISS > 15. 
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Patients with blunt vascular trauma had significantly higher ISS values compared to 
those with penetrating injuries and more frequently presented with polytrauma and 
hypovolemic shock at admission. These findings are in line with similar studies, 
including the study conducted by Weller et al. (2021) (12, 82). However, there were 
no significant differences in 24 h or 30-day mortality rate (overall, 31%; 27% vs. 33%; 
log-rank test, p = 0.71) between the penetrating and blunt injury groups, which most 
likely can be attributed to the low numbers of patients, with a potential risk of type II 
error in the statistical comparison of groups. 

5.3  Thoracic and vascular injuries in road traffic accidents 
According to the literature, road traffic accidents are the most common cause of blunt 
thoracic and abdominal trauma, followed by falls from heights (141-145). In Paper I, 
76% of the 62 patients who experienced major vascular trauma following road traffic 
accidents in Iceland sustained thoracic injuries. In Paper IV, 49% of cases of serious 
chest trauma were due to road traffic accidents, which is lower than those reported in 
neighbouring countries such as Finland (58%) and Germany (64%) (266).  

High-energy trauma to the thoracic region can lead to serious vascular injury, 
particularly to the aorta; however, traffic accidents are the main cause of serious 
vascular injuries among civilians (88, 92, 144, 146). In Paper V, 46% of blunt vascular 
injuries in Norway occurred following road traffic accidents, which is in accordance 
with those reported in countries such as Australia (44%) and Canada (36%) (82, 85). 
Aortic injury was the most common form of major vascular trauma among the admitted 
patients following road traffic accidents in both Paper I from Iceland and Paper V 
from Norway (48% and 32%, respectively). Nonetheless, Norway and Iceland are 
among the safest countries in terms of traffic safety and have traffic accident mortality 
rates among the lowest worldwide (death rates following road traffic accidents in 2019 
were 2.9/100 000 in Iceland and 3.15/100 000 in Norway) (5, 267). 

5.4 Treatment and utilisation of hospital resources 

In Paper I, a total of 18 patients with major vascular trauma following road traffic 
accidents in Iceland underwent operative vascular repair, 16 cases within 24 h of 
admission, with laparotomy and thoracotomy being the most common surgical 
procedures. Three of the patients underwent endovascular stent graft insertion, all 
performed within 24 h of arrival, and all three patients survived at 30 days. In our 
analysis of operative approaches at Haukeland Hospital in Paper V, open surgery was 
also the main form of treatment, especially for cases of penetrating vascular injury 
(86%). There, surgeries were most often performed by vascular (n = 17) or thoracic (n 
= 11) surgeons. As expected, primary repair was the most commonly used operative 
technique, with simple suturing or ligation of the injury, which is also in line with 
reports from other similar studies (84).  
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Open surgery has been the golden standard for the management of all vascular trauma 
over the past 50 years (98). However, with rapid developments in the fields of imaging 
technology and endovascular treatment, this has been changing. Still, although in a 
modern setting, vascular trauma can be treated with both open and endovascular 
technologies, patients with haemorrhagic shock and classical signs of arterial injury 
should be taken immediately to the operating theatre for open surgery. For 
endovascular treatment, a hybrid operation theatre is preferred (98, 171). 

In Paper I, three of the patients admitted following road traffic accidents in Iceland 
were treated via endovascular stent graft insertion in the aorta and all within 24 h. In 
Paper V, 8 (12%) of the cases (all blunt vascular injuries), bleeding could be stopped 
with an endovascular repair, and all cases except one underwent the procedure within 
24 h. All of the patients treated via endovascular stent grafting at Haukeland Hospital 
survived after 30 days, as well as the first year, after sustaining vascular trauma. At 
Haukeland Hospital, a senior radiologist is always available 24/7; thus, endovascular 
procedures were performed together with a surgeon. Patients admitted and surgically 
treated at Landspitali and Haukeland each year were too few to statistically evaluate a 
trend in treatment choices for vascular injury.  

Recent studies have indicated that treatment with thoracic endovascular aortic repair 
yields a lower mortality rate compared to open surgery, particularly for blunt thoracic 
aortic injury; thus, its usage is increasing (132, 268-270). However, some international 
society guidelines still only recommend such therapy in blunt thoracic injury, including 
the Society for Vascular Surgery (grade 2, level C) and the European Society for 
Vascular Surgery (class 1, level C) (268, 269, 271). This has led to challenges in most 
countries related to endovascular treatment, including a shortage of trained 
endovascular physicians involved in trauma care (196).  

In Paper V, there was no significant difference in length of stay, ICU stay, or the need 
for blood transfusion between patients who sustained blunt and penetrating injuries. 
This could be due to the insufficient number of patients and therefore low statistical 
power when comparing the groups (type II error). In trauma, massive blood transfusion 
should be initiated if there is clinical suspicion of ongoing bleeding combined with 
physiological impact (109). In Paper V, PRBCs were transfused in 45 patients (17/22 
patients with penetrating injury and 28/46 patients with blunt trauma). Altogether, 17% 
of patients with blunt vascular injury and 18% of patients with penetrating vascular injury 
underwent massive PRBC transfusion. In Paper I, only 15% of patients who sustained 
blunt injuries required massive PRBC transfusion. However, in a study conducted by 
Perkins et al. (2012), representing the situation at a British trauma centre, 48% of all 
admitted cases of blunt vascular trauma required massive blood transfusion compared 
to 25% of patients with penetrating vascular injury (12). To an extent, this difference can 
be explained by differences in approaches and definitions between the institutions in 
terms of massive transfusions. In addition, injury severities among the patients are not 
always comparable and trauma team leaders have varying levels of experience in 
evaluating patients at admission.  
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5.5  Indications for and outcomes of emergency thoracotomy 

In Paper II, more than half of the small group of patients (5/9) survived the emergency 
thoracotomy and three of the survivors sustained blunt traumatic injuries. All the 
patients sustained serious injuries and an emergency thoracotomy was performed as a 
life-saving procedure. The favourable outcomes could be related to the short 
transportation time in Reykjavik and the availability of cardiothoracic services 24 h a 
day at Landspitali. Furthermore, the trauma teams at Landspitali have been trained 
according to the ATLS protocol (240).  

The indications for emergency thoracotomy are still under debate, particularly after 
blunt traumatic injury, following which less than 2% of patients survive the procedure 
(49). The procedure is only indicated in selected cases as stated in the eighth edition of 
the ATLS guidelines (188). In Norway, Soreide et al. (2007) reported a similar annual 
incidence of the emergency thoracotomy procedure as our study (0.7 per 100 000 vs. 
1.4 per 100 000 inhabitants) in a similarly relatively small trauma centre of Stavanger in 
Norway over a five-year period during which none of the 10 patients survived. The 
authors questioned whether the procedure was justified in a small trauma centre and 
some have used the word “futile” (51). More promising results were published after a 
study conducted by Pahle et al. (2010), representing a larger trauma centre in Oslo 
with a cardiothoracic surgeon on call, where there was a survival rate of 18% and a 
majority (75%) of the patients sustained blunt injury (193).  

Three of the patients in Paper II presented without SOL before the procedure and all 
of them died. This is in line with several studies that reported emergency thoracotomy 
as contraindicated in injuries in the absence of witnessed cardiac activity (191, 272, 
273). Of the five long-term survivors of the emergency thoracotomy procedure, three 
had good neurological recovery. Although the survival rate of patients who undergo 
emergency thoracotomy is often low, the survivors most often have a good neurological 
outcome, ranging from 50–100% in different studies (274, 275). 

5.6 Short-term mortality and long-term survival following major 
vascular and thoracic trauma 

In Paper I, two-thirds of the patients who were injured in road traffic accidents in 
Iceland died before hospital admission, either on the scene or during transport. 
Furthermore, 29% of the patients who reached the hospital alive did not survive to 
discharge. This mortality rate is slightly higher than reported in similar studies on 
patients with major vascular trauma who survived until hospital admission, among whom 
the mortality rates typically ranged from 18 to 24% (12, 79, 93).  

In addition, in Paper I, a significantly higher proportion of individuals (69%) sustained 
major vascular injuries in the rural parts of Iceland. In Australia and the US, compared 
to those in urban areas, patients in rural areas showed higher mortality rates following 
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vascular trauma (18, 81). This was, however, not the case in Paper I, in that the 
mortality rates due to major vascular trauma after road traffic accidents in Iceland 
before admission for both groups were 67% and 63% for rural and urban areas, 
respectively. Importantly, the 30-day survival rates following admission were 93% and 
57% for patients from rural and urban areas. One reason for this difference could be 
that more severely injured patients do not reach the hospital alive and die on the scene 
or during transport. 

In Paper V, both the 24-h and 30-day mortality rates among patients with major 
vascular trauma at Haukeland Hospital were high (18% and 30%, respectively). 
Furthermore, the in-hospital mortality rate was 29%. The mortality rates observed by 
other major trauma centres varied from 0–30% and our results were therefore at the 
higher end of the reported mortality range (11, 12, 79, 81-85, 261). This difference 
could to some extent be explained by the fact that at Haukeland Hospital, less severe 
cases of vascular trauma were not evaluated by the trauma team, and were therefore 
not included in Paper V. 

In our analysis of serious thoracic trauma cases in Paper IV, a total of 12% of the 
admitted patients died within 30 days, whereas 5% of the patients died within 24 h. 
These mortality figures are in line with studies conducted in Germany (13%), the US, 
and Canada (10–12%) (55, 62, 66). Three hundred and thirteen (61%) chest trauma 
patients were polytrauma casualties, which could explain the relatively high overall 
mortality rate of 18%. Mortality rates after severe thoracic trauma in polytrauma vary in 
the literature, ranging from 10–18%, and are mostly explained by variations in the 
selection criteria of patients among studies (31, 60, 71, 253, 276). Mortality rates 
among patients who sustained polytrauma, except those with traumatic brain injury, 
were highest during the first 24 h, mainly due to exsanguination. Polytrauma patients 
with traumatic brain injury, however, most often died on the second day due to brain 
injury, the findings of which are in line with other studies on the subject (277, 278). 

In Paper V, reviews of autopsy reports showed that vascular trauma was the direct 
cause of death in 68% of patients who succumbed after admission to Haukeland 
University Hospital. Exsanguination has been shown to be the most significant cause of 
potentially preventable death after injury (279), and in this study, haemorrhagic shock 
was the dominant cause of death in 12 out of 22 (55%) patients.  

The long-term survival rate of the 21 individuals in Paper I who were admitted in 
Iceland with major vascular trauma following a road traffic accident was 86% at 1 year. 
In Paper V, the long-term survival rate among all cases of major vascular trauma at 
Haukeland Hospital was lower (67%) at 1 year. 
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5.6.1 Aortic injury and associated mortality 
In Paper V, aortic injury (22%) was the most common major vascular injury at 
Haukeland Hospital during the study period. The thoracic aorta was injured in 75% of 
cases of aortic injury, usually following a blunt injury (87%). The death rate due to aortic 
injury was high (40%) and all the patients died within 24 h of arrival at the emergency 
department. This is in line with published reports in which only half of patients admitted 
with thoracic aortic injury survived the first 24 h (280).  

Williams et al. (1994) reported that the incidence rate of trauma to the aorta following a 
fatal road traffic accident was 17%, death occurring before hospital admission in 44% 
of cases. Furthermore, 94% of the victims died within one hour of injury (96). These 
results are similar to those reported in the Icelandic study (Paper I) in which a majority 
of patients who died due to major vascular trauma following road traffic accidents 
sustained fatal aortic injuries. In the rural setting, the mortality rate was high (74%). 
Furthermore, almost 80% (32/41) of those who did not reach the hospital alive had a 
thoracic aortic injury, as compared to 48% (10/48) of those who were admitted alive (p 
= 0.015). This underscores the high mortality rate following aortic injury and how 
mortality increases with increased transport time. 

5.6.2 Risk factors for mortality in thoracic trauma 
As shown in Paper IV, patients with more than nine comorbidities and concurrent 
medications assessed by the Comorbidity Polypharmacy Score had a considerably 
higher mortality risk compared to patients with relatively few or no comorbidities (OR, 
4.77; p = 0.011). Advancing age was also associated with a higher mortality risk (31, 
40, 60, 281-285). In Paper IV, it is suggested that comorbidities accompanying 
advanced age contribute to mortality and not age alone. This should not come as a 
surprise and the study demonstrates that comorbid conditions independently predict 
mortality, findings that are in line with other reports (286, 287). Both Comorbidity 
Polypharmacy Score and Charlson Comorbidity Index have previously been shown to 
predict mortality in trauma (218, 288). However, in Paper IV, those factors turned out 
to be the strongest predictors of mortality. 

Paper IV also emphasises the high risk of pulmonary complications after thoracic 
trauma, and the higher mortality rate in this patient group. Furthermore, patients with a 
Complication Index ≥ 30, which represent severe complications of Clavien–Dindo 
scale grade 3 and higher, were more likely to die.  

Paper IV also shows that injury severity in thoracic trauma is best measured by the 
TRISS. It is well known that the anatomical severity of an injury, combined with the 
physiological burden on the body, is the best measure of injury severity, and therefore 
the strongest predictor of mortality after trauma (289, 290). 
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5.7  Strengths and limitations 
The main strength of the studies conducted in Iceland lay in their use of a nationwide 
design. In Iceland, patients were treated at a single tertiary referral trauma centre and 
communication among the smaller trauma hospitals around the country was efficient. 
Furthermore, accessing both centralised nationwide hospital and autopsy databases, 
together with detailed patient records, strengthened the finding of the studies, with the 
follow-up of survival being almost 100% complete. 

The main strength of the studies conducted at Haukeland University Hospital lay in their 
well-defined geographical cohort design. A further strength was the access to both a 
national and local trauma registry with nearly complete follow-up as well as the 
prospective enrolment in the trauma registries. 

Furthermore, all studies were conducted over a relatively long period from 5 up to 16 
years which is an important strength. 

The limitations in all five studies were the relatively limited number of patients and the 
fact that they only covered trauma in adult patients. Therefore, the age-standardised 
incidence does not represent all age groups. Another limitation was the retrospective 
design which could lead to potential bias. Retrospective cohort studies require large 
sample sizes if outcomes are rare and therefore only associations, and not causation 
could be determined. 

Furthermore, Papers IV and V described studies that were conducted at Haukeland 
Hospital; however, patients who died on the scene or during transport were excluded. 
Additional limitations pertained to the analysis of predictive factors of mortality 
following serious thoracic trauma in Paper IV, in which we excluded patients 
transferred from other smaller trauma centres and not primarily evaluated by the 
Haukeland Hospital trauma team. Again, we may have underestimated the effects 
potentially due to missing data on comorbidities, medication use, and complications in 
patients who died within the first 24 h after the accident.  

Finally, in Paper IV, complications were defined as all adverse events graded using 
the Clavien–Dindo scale, and occurring after admission in patients after the initial 
treatment. This could be a limitation in the analysis of risk factors for mortality among 
patients who died in the first 48 h. 



59 

6 Conclusions 

This study is the first to characterise the nationwide epidemiology of severe vascular 
trauma in Iceland and an organised Norwegian trauma system. The published results 
from Iceland are representative of the entire country, and to the best of our knowledge, 
such population-based figures for vascular trauma in road traffic accidents, emergency 
thoracotomy procedures, or penetrating injury have not been previously reported.  

Major vascular trauma following a traffic accident is an uncommon injury in Iceland with 
an incidence of 1.7 per 100 000 inhabitants as reported in Paper I. Two of every three 
(66%) individuals who sustained major vascular trauma died before reaching the 
hospital and most were injured in the rural parts of Iceland. Four times more men than 
women were injured. The most serious vascular injuries impacted the thoracic aorta, 
most often due to a frontal car collision. Paper I highlights the high mortality rate 
following aortic injury and demonstrates how survival chances diminish with increasing 
transport time. Patients who were admitted alive were often severely injured and 
needed emergency surgery, with high demands on hospital resources. Most admitted 
patients survived to discharge (71%) with excellent long-term survival. 

Paper II shows that emergency thoracotomy is rarely performed in Iceland where blunt 
trauma, like in Bergen, dominates. The results are nonetheless encouraging as five out 
of nine severely injured patients survived the procedure. With a good selection of 
patients according to ATLS guidelines and training of trauma staff, emergency 
thoracotomy might be considered in more cases.  

Paper III showed that penetrating stab injuries were rare in Iceland over the 16-year 
study period. More importantly, the incidence does not seem to be increasing, which is 
in line with reports from high-volume centres. The mortality rate was very low in 
comparison to many previous studies even though a large proportion of patients 
needed surgical interventions.  

In Paper IV, an analysis of serious thoracic injury showed that in evaluating a trauma 
patient, prior medical history, as well as the mechanism of injury, is highly important. 
Risk factors for mortality following severe thoracic trauma include female sex, more than 
nine comorbidities and concurrent medications, TRISS, as well as severe complications. 
Comorbid conditions predict mortality independently of age. The subgroup analysis, 
which included isolated thoracic trauma and polytrauma with and without traumatic 
brain injury, did not demonstrate other predictive factors for mortality. The overall 
complication rate of thoracic trauma was comparable to complication rates mentioned 
in recent studies. This study provides, for the first time, to the best of our knowledge, 
an overview of all complications that occur after severe thoracic trauma.  
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Paper V demonstrates that traumatic major vascular injuries are uncommon in civilian 
settings in Western Norway. However, the incidence is in line with other studies 
conducted in settings with similar socioeconomic backgrounds and specialised trauma 
centres such as Australia and the US. Most cases of vascular injury in Western Norway 
occurred secondary to blunt trauma caused by motor vehicle accidents, unlike in the US 
and UK, where gunshot/penetrating injuries dominate.  

Even though endovascular technology is well established in both Iceland and Bergen, a 
majority of vascular trauma patients in our study were still treated via open surgery as 
reported in Papers I and V. At Haukeland University Hospital, a majority of patients 
were operated on by vascular or thoracic surgeons most often with simple suturing. 
None of the patients sustained loss of an extremity.  

Although Iceland and Norway have level 1 trauma centres with low patient volumes and 
often difficult transport routes, the rate of treatment success is similar to those reported 
in international studies conducted at high-volume centres. We hope that our findings 
might help to identify vascular and thoracic patients at risk of an adverse outcome to 
improve their management and reduce the risk of complications. 

6.1 Clinical implications and future work 

Major vascular and thoracic injuries are rare but often lethal and remain a challenge to 
the trauma surgeon. Among Nordic countries, there is a high level of activity in trauma 
research, particularly pertaining to the development of an efficient team and simulation-
based trauma training (291, 292). However, in both Iceland and Norway, trauma 
patient management remains challenging, primarily because a significant proportion of 
the population lives in rural areas where long distances and a harsh winter climate call 
for well-organised utilisation of resources. It is therefore important to regularly evaluate 
outcomes of treatment at regional trauma centres, particularly, centres with low patient 
volumes. 

The present studies indicate that it is possible to build an efficient low-volume level 1 
trauma centre with similar outcomes as larger trauma centres in the US and UK. Training 
of trauma staff is also essential in low-volume trauma centres. Timely diagnosis and 
treatment are vital for a good outcome, in addition to high technology equipment with 
24/7 availability of imaging and treatment technology and the involvement of 
preferably vascular surgeons. 

In both Iceland and Bergen, major vascular and thoracic trauma is related to road traffic 
accidents in civilian settings. The studies, therefore, underscore the need for preventive 
measures when it comes to improved roads and the design of secure vehicles. 
Furthermore, it emphasises the importance of well-established and efficient transport 
methods for rural trauma patients to minimise the time between an accident and 
hospital admission, as well as the importance of prehospital care.  
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When treating trauma patients, particularly those who have sustained vascular and/or 
thoracic trauma, it is important to have knowledge of risk factors that can affect 
morbidity and mortality. This would make it easier to implement preventative measures 
and develop safety measures in automobiles, in addition to knowing when admission to 
the ICU is indicated. 

The high 24 h mortality rate in the subgroup of patients highlights the importance of 
initiating treatment among polytrauma patients at the accident site. When possible, 
patients with major vascular and/or thoracic trauma, particularly, polytrauma patients, 
should be transported to specialised trauma centres as soon as possible sooner than 
later, ideally to one with most surgical specialities available, including a vascular 
surgeon with access to preferably hybrid suites and an effective blood bank service. 
Fortunately, this is where most trauma centres within Europe are heading and this is 
expected to benefit future trauma patients. 

Papers I–V in this thesis highlight the need for consensus regarding the use of trauma 
scores in evaluating trauma patients. They also demonstrate how trauma registries can 
facilitate the evolution of treatment options and improve outcomes, making it possible 
to self-evaluate treatment outcomes as well as compare results with other trauma 
centres. Special vascular and thoracic registries focusing on vascular trauma have been 
established in some European and North American countries. Implementing such 
registries in addition to trauma registries at Haukeland University Hospital in Bergen 
and Landspitali University Hospital in Reykjavik should be an important future goal at 
both institutes. This is especially true, to further maintain and improve the treatment of 
this important patient group. 





63 

References 
1. Johannesdottir BK, Johannesdottir U, Jonsson T, Lund SH, Mogensen B, 

Gudbjartsson T. High Mortality from Major Vascular Trauma in Traffic Accidents: 
A Population-Based Study. Scand J Surg. 2020;109(4):328-35. 

2. Kim T-H, Suh Y-S, Huh Y-J, Son Y-G, Park J-H, Yang J-Y, et al. The comprehensive 
complication index (CCI) is a more sensitive complication index than the 
conventional Clavien–Dindo classification in radical gastric cancer surgery. 
Gastric Cancer. 2018;21(1):171-81. 

3. Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien P-A. The Comprehensive 
Complication Index: A Novel Continuous Scale to Measure Surgical Morbidity. 
Annals of Surgery. 2013;258(1):1-7. 

4. Haaverstad R, Ellensen, V.S., Ass, T., Wathle. G. Torakal aortakirurgi. Kirurgen. 
2016(01). 

5. Ritchie H, Roser, M. Causes of death. Our World in Data. 2018. 

6. Henry S. ATLS 10th edition offers new insights into managing trauma patients 
https://bulletin.facs.org/: American College of Surgeons; 2018 [Available from: 
https://bulletin.facs.org/2018/06/atls-10th-edition-offers-new-insights-into-
managing-trauma-patients/]. 

7. Johannesdottir U, Jonsdottir GM, Johannesdottir BK, Heimisdottir AA, Eythorsson 
E, Gudbjartsson T, et al. Penetrating stab injuries in Iceland: a whole-nation study 
on incidence and outcome in patients hospitalized for penetrating stab injuries. 
Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine. 
2019;27(1):7. 

8. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation. J 
Chronic Dis. 1987;40(5):373-83. 

9. Sigurdardottir A, Stefansson, S. O., Johannesdottir, B. K., Gudbjartsson, T. 
[Penetrating knife injury to the heart treated with emergency department 
thoracotomy--case report]. Laeknabladid. 2015;101(12):575-8. 

10. World Health Organization Injuries and violence: World Health Organization; 
2021 [Available from: https://www.who.int/news-room/fact-sheets/detail/injuries-
and-violence]. 

https://bulletin.facs.org/
https://bulletin.facs.org/2018/06/atls-10th-edition-offers-new-insights-into-managing-trauma-patients/
https://bulletin.facs.org/2018/06/atls-10th-edition-offers-new-insights-into-managing-trauma-patients/
https://www.who.int/news-room/fact-sheets/detail/injuries-and-violence
https://www.who.int/news-room/fact-sheets/detail/injuries-and-violence


 

64 

11. Sugrue M, Caldwell EM, Damours SK, Crozier JA, Deane SA. Vascular injury in 
Australia. Surg Clin North Am. 2002;82(1):211-9. 

12. Perkins ZB, De'Ath HD, Aylwin C, Brohi K, Walsh M, Tai NR. Epidemiology and 
outcome of vascular trauma at a British Major Trauma Centre. Eur J Vasc Endovasc 
Surg. 2012;44(2):203-9. 

13. Caps MT. The epidemiology of vascular trauma. Seminars in vascular surgery. 
1998;11(4):227-31. 

14. Campbell HE, Stokes EA, Bargo DN, Curry N, Lecky FE, Edwards A, et al. 
Quantifying the healthcare costs of treating severely bleeding major trauma 
patients: a national study for England. Crit Care. 2015;19:276. 

15. Mattox KL FD, Burch J et al. . Five thousand seven hundred and sixty 
cardiovascular injuries in 4459 patients: Epidemiological evolution 1958 to 1987. 
. Ann Surg 1989(209):698–705. 

16. Rasmussen TE, Tai NRM. Rich`s Vascular Trauma. 3rd ed: Elsevier; 2016. 

17. Humphrey PW, Nichols WK, Silver D. Rural vascular trauma: a twenty-year review. 
Ann Vasc Surg. 1994;8(2):179-85. 

18. Oller DW, Rutledge R, Clancy T, Cunningham P, Thomason M, Meredith W, et al. 
Vascular injuries in a rural state: a review of 978 patients from a state trauma 
registry. The Journal of trauma. 1992;32(6):740-5; discussion 5-6. 

19. Zautcke JL, Morris RW, Koenigsberg M, Carmody T, Stein-Spencer L, Erickson TB. 
Assaults from penetrating trauma in the State of Illinois. Am J Emerg Med. 
1998;16(6):553-6. 

20. Wolfenden HD, Deane S. Gunshot wounds and stabbings: experience with 124 
cases. Aust N Z J Surg. 1987;57(1):19-22. 

21. Civil ID, King M, Paice R. Penetrating trauma in Auckland: 12 years on. Aust N Z J 
Surg. 1998;68(4):261-3. 

22. Maxwell R, Trotter C, Verne J, Brown P, Gunnell D. Trends in admissions to 
hospital involving an assault using a knife or other sharp instrument, England, 
1997-2005. J Public Health (Oxf). 2007;29(2):186-90. 

23. Mnguni MN, Muckart DJ, Madiba TE. Abdominal trauma in durban, South Africa: 
factors influencing outcome. Int Surg. 2012;97(2):161-8. 

24. Funder KS, Petersen JA, Christensen KB, Steinmetz J. Incidence of penetrating 
trauma in Copenhagen from 2000 to 2007. Scandinavian Journal of Trauma, 
Resuscitation and Emergency Medicine. 2009;17(2):O1. 



 

65 

25. Wong K, Petchell J. Severe trauma caused by stabbing and firearms in 
metropolitan Sydney, New South Wales, Australia. ANZ journal of surgery. 
2005;75(4):225-30. 

26. Fisher RC, McGuire C, Aylwin CJ. Management of penetrating abdominal trauma 
in St Mary's Hospital Major Trauma Centre. Scandinavian Journal of Trauma, 
Resuscitation and Emergency Medicine. 2015;23(2):A9. 

27. Ludwig C, Koryllos A. Management of chest trauma. J Thorac Dis. 2017;9(Suppl 
3):S172-S7. 

28. Garwe T, Cowan LD, Neas B, Cathey T, Danford BC, Greenawalt P. Survival 
benefit of transfer to tertiary trauma centers for major trauma patients initially 
presenting to nontertiary trauma centers. Acad Emerg Med. 2010;17(11):1223-32. 

29. Grubmuller M, Kerschbaum M, Diepold E, Angerpointner K, Nerlich M, 
Ernstberger A. Severe thoracic trauma - still an independent predictor for death in 
multiple injured patients? Scand J Trauma Resusc Emerg Med. 2018;26(1):6. 

30. Moon SH, Kim JW, Byun JH, Kim SH, Choi JY, Jang IS, et al. The thorax trauma 
severity score and the trauma and injury severity score: Do they predict in-hospital 
mortality in patients with severe thoracic trauma?: A retrospective cohort study. 
Medicine (Baltimore). 2017;96(42):e8317. 

31. Huber S, Biberthaler P, Delhey P, Trentzsch H, Winter H, van Griensven M, et al. 
Predictors of poor outcomes after significant chest trauma in multiply injured 
patients: a retrospective analysis from the German Trauma Registry (Trauma 
Register DGU(R)). Scand J Trauma Resusc Emerg Med. 2014;22:52. 

32. Liman ST, Kuzucu A, Tastepe AI, Ulasan GN, Topcu S. Chest injury due to blunt 
trauma. Eur J Cardiothorac Surg. 2003;23(3):374-8. 

33. AlEassa EM, Al-Marashda MJ, Elsherif A, Eid HO, Abu-Zidan FM. Factors affecting 
mortality of hospitalized chest trauma patients in United Arab Emirates. J 
Cardiothorac Surg. 2013;8:57. 

34. Battle C, Hutchings H, Evans P. Risk factors that predict mortality in patients with 
blunt chest wall trauma: A systematic review and meta-analysis. Injury. 2011;43:8-
17. 

35. Mommsen P, Zeckey C, Andruszkow H, Weidemann J, Fromke C, Puljic P, et al. 
Comparison of different thoracic trauma scoring systems in regards to prediction 
of post-traumatic complications and outcome in blunt chest trauma. J Surg Res. 
2012;176(1):239-47. 

36. Emircan S, Ozguc H, Akkose Aydin S, Ozdemir F, Koksal O, Bulut M. Factors 
affecting mortality in patients with thorax trauma. Ulus Travma Acil Cerrahi Derg. 
2011;17(4):329-33. 



 

66 

37. Bamvita JM, Bergeron E, Lavoie A, Ratte S, Clas D. The impact of premorbid 
conditions on temporal pattern and location of adult blunt trauma hospital deaths. 
The Journal of trauma. 2007;63(1):135-41. 

38. Esme H, Solak O, Yurumez Y, Yavuz Y, Terzi Y, Sezer M, et al. The prognostic 
importance of trauma scoring systems for blunt thoracic trauma. Thorac 
Cardiovasc Surg. 2007;55(3):190-5. 

39. Wang SH, Wei TS, Chen CP. Prognostic analysis of patients with blunt chest 
trauma admitted to an intensive care unit. J Formos Med Assoc. 2007;106(6):444-
51. 

40. Harrington DT, Phillips B, Machan J, Zacharias N, Velmahos GC, Rosenblatt MS, 
et al. Factors associated with survival following blunt chest trauma in older 
patients: results from a large regional trauma cooperative. Arch Surg. 
2010;145(5):432-7. 

41. Brasel KJ, Guse CE, Layde P, Weigelt JA. Rib fractures: relationship with 
pneumonia and mortality. Crit Care Med. 2006;34(6):1642-6. 

42. Baker SP. Injuries: the neglected epidemic: Stone lecture, 1985 America Trauma 
Society Meeting. The Journal of trauma. 1987;27(4):343-8. 

43. Alberdi F, García I, Atutxa L, Zabarte M. Epidemiology of severe trauma. 
Medicina Intensiva (English Edition). 

44. Guven C, Kafadar H. Evaluation of extremity vascular injuries and treatment 
approaches. Niger J Clin Pract. 2020;23(9):1221-8. 

45. Celso B, Tepas J, Langland-Orban B, Pracht E, Papa L, Lottenberg L, et al. A 
systematic review and meta-analysis comparing outcome of severely injured 
patients treated in trauma centers following the establishment of trauma systems. 
The Journal of trauma. 2006;60(2):371-8; discussion 8. 

46. MacKenzie EJ, Rivara FP, Jurkovich GJ, Nathens AB, Frey KP, Egleston BL, et al. A 
national evaluation of the effect of trauma-center care on mortality. N Engl J Med. 
2006;354(4):366-78. 

47. Kim MJ, Yang KM, Hahn HM, Lim H, Lee IJ. Impact of establishing a level-1 trauma 
center for lower extremity trauma: a 4-year experience. BMC Emerg Med. 
2022;22(1):123. 

48. Trauma Center Levels Explained: American Trauma Society; 2022 [Available from: 
https://www.amtrauma.org/page/traumalevels]. 

49. Cothren CC, Moore EE. Emergency department thoracotomy for the critically 
injured patient: Objectives, indications, and outcomes. World J Emerg Surg. 
2006;1:4. 

https://www.amtrauma.org/page/traumalevels


 

67 

50. Kortbeek JB, Al Turki SA, Ali J, Antoine JA, Bouillon B, Brasel K, et al. Advanced 
trauma life support, 8th edition, the evidence for change. The Journal of trauma. 
2008;64(6):1638-50. 

51. Soreide K, Soiland H, Lossius HM, Vetrhus M, Soreide JA, Soreide E. 
Resuscitative emergency thoracotomy in a Scandinavian trauma hospital--is it 
justified? Injury. 2007;38(1):34-42. 

52. Uleberg O, Kristiansen T, Nordseth T, Stenehjem JS, Gran JM, Clausen T, et al. 
Injuries after violence and accidents - the forgotten pandemic? Tidsskr Nor 
Laegeforen. 2022;142(8). 

53. Davis JS, Satahoo SS, Butler FK, Dermer H, Naranjo D, Julien K, et al. An analysis 
of prehospital deaths: Who can we save? J Trauma Acute Care Surg. 
2014;77(2):213-8. 

54. Veysi VT, Nikolaou VS, Paliobeis C, Efstathopoulos N, Giannoudis PV. 
Prevalence of chest trauma, associated injuries and mortality: a level I trauma 
centre experience. Int Orthop. 2009;33(5):1425-33. 

55. Ziegler DW, Agarwal NN. The morbidity and mortality of rib fractures. The Journal 
of trauma. 1994;37(6):975-9. 

56. Timm A, Maegele M, Lefering R, Wendt K, Wyen H, TraumaRegister DGU. Pre-
hospital rescue times and actions in severe trauma. A comparison between two 
trauma systems: Germany and the Netherlands. Injury. 2014;45 Suppl 3:S43-52. 

57. Vécsei V, Arbes S, Aldrian S, Nau T. Chest Injuries in Polytrauma. European 
Journal of Trauma. 2005;31(3):239-43. 

58. LoCicero J, 3rd, Mattox KL. Epidemiology of chest trauma. Surg Clin North Am. 
1989;69(1):15-9. 

59. Mumtaz U, Zahur Z, Raza MA, Mumtaz M. Ultrasound And Supine Chest 
Radiograph In Road Traffic Accident Patients: A Reliable And Convenient Way To 
Diagnose Pleural Effusion. J Ayub Med Coll Abbottabad. 2017;29(4):587-90. 

60. Kjøs HO, Lande TM, Eriksson U, Nordhaug D, Karevold A, Haaverstad R. 
[Thoracic injuries at a regional trauma centre]. Tidsskr Nor Laegeforen. 
2007;127(11):1496-9. 

61. Horst K, Andruszkow H, Weber CD, Pishnamaz M, Herren C, Zhi Q, et al. 
Thoracic trauma now and then: A 10 year experience from 16,773 severely 
injured patients. PLoS One. 2017;12(10):e0186712. 

62. National Trauma Data Bank Annual Report American College of Surgeons; 2013. 
[cited 2022 08.20]. [Available from: 
https://www.facs.org/media/mhkgvvy5/ntdb-annual-report-2013.pdf]. 



 

68 

63. National Trauma Data Bank Report American College of Surgeons; 2016. [cited 
2022 08.20]. [Available from: https://www.facs.org/media/ez1hpdcu/ntdb-
annual-report-2016.pdf]. 

64. Hajjar WM, Al-Nassar SA, Almutair OS, Alfahadi AH, Aldosari NH, Meo SA. 
Chest Trauma Experience: Incidence, associated factors, and outcomes among 
patients in Saudi Arabia. Pak J Med Sci. 2021;37(2):373-8. 

65. Eghbalzadeh K, Sabashnikov A, Zeriouh M, Choi YH, Bunck AC, Mader N, et al. 
Blunt chest trauma: a clinical chameleon. Heart. 2018;104(9):719-24. 

66. Beshay M, Mertzlufft F, Kottkamp HW, Reymond M, Schmid RA, Branscheid D, et 
al. Analysis of risk factors in thoracic trauma patients with a comparison of a 
modern trauma centre: a mono-centre study. World Journal of Emergency 
Surgery. 2020;15(1):45. 

67. Simon BJ, Cushman J, Barraco R, Lane V, Luchette FA, Miglietta M, et al. Pain 
management guidelines for blunt thoracic trauma. The Journal of trauma. 
2005;59(5):1256-67. 

68. Beshay M, Mertzlufft F, Kottkamp HW, Reymond M, Schmid RA, Branscheid D, et 
al. Analysis of risk factors in thoracic trauma patients with a comparison of a 
modern trauma centre: a mono-centre study. World J Emerg Surg. 2020;15(1):45. 

69. de Vries R, Reininga IHF, de Graaf MW, Heineman E, El Moumni M, Wendt KW. 
Older polytrauma: Mortality and complications. Injury. 2019;50(8):1440-7. 

70. de Vries R, Reininga IHF, Pieske O, Lefering R, El Moumni M, Wendt K. Injury 
mechanisms, patterns and outcomes of older polytrauma patients-An analysis of 
the Dutch Trauma Registry. PLoS One. 2018;13(1):e0190587. 

71. Peek J, Ochen Y, Saillant N, Groenwold RHH, Leenen LPH, Uribe-Leitz T, et al. 
Traumatic rib fractures: a marker of severe injury. A nationwide study using the 
National Trauma Data Bank. Trauma Surg Acute Care Open. 2020;5(1):e000441. 

72. Schieren M, Wappler F, Wafaisade A, Lefering R, Sakka SG, Kaufmann J, et al. 
Impact of blunt chest trauma on outcome after traumatic brain injury- a matched-
pair analysis of the TraumaRegister DGU(R). Scand J Trauma Resusc Emerg Med. 
2020;28(1):21. 

73. Kotwica Z, Brzezinski J. Head injuries complicated by chest trauma. A review of 
50 consecutive patients. Acta Neurochir (Wien). 1990;103(3-4):109-11. 

74. Leone M, Albanese J, Rousseau S, Antonini F, Dubuc M, Alliez B, et al. Pulmonary 
contusion in severe head trauma patients: impact on gas exchange and outcome. 
Chest. 2003;124(6):2261-6. 

75. Mezue WC, Ndubuisi CA, Erechukwu UA, Ohaegbulam SC. Chest injuries 
associated with head injury. Niger J Surg. 2012;18(1):8-12. 



 

69 

76. Marini CP, Petrone P, Soto-Sanchez A, Garcia-Santos E, Stoller C, Verde J. 
Predictors of mortality in patients with rib fractures. Eur J Trauma Emerg Surg. 
2021;47(5):1527-34. 

77. Merill RM. Introduction to epidemiology. 5th ed. London: Jones and Bartlett 
Publishers; 2010. 

78. Sobrino J, Shafi S. Timing and causes of death after injuries. Proceedings. 
2013;26(2):120-3. 

79. Barmparas G, Inaba K, Talving P, David JS, Lam L, Plurad D, et al. Pediatric vs 
adult vascular trauma: a National Trauma Databank review. J Pediatr Surg. 
2010;45(7):1404-12. 

80. Loh SA, Rockman CB, Chung C, Maldonado TS, Adelman MA, Cayne NS, et al. 
Existing trauma and critical care scoring systems underestimate mortality among 
vascular trauma patients. J Vasc Surg. 2011;53(2):359-66. 

81. Gupta R, Rao S, Sieunarine K. An epidemiological view of vascular trauma in 
Western Australia: a 5-year study. ANZ journal of surgery. 2001;71(8):461-6. 

82. Weller J, Bowles M, Summers Z, Bhamidipaty V. The epidemiology and outcomes 
of vascular trauma in Gold Coast, Australia: Institutional experience at a level 1 
trauma centre. ANZ journal of surgery. 2021;91(9):1893-7. 

83. Rudström H, Bergqvist D, Ogren M, Björck M. Iatrogenic vascular injuries in 
Sweden. A nationwide study 1987-2005. Eur J Vasc Endovasc Surg. 
2008;35(2):131-8. 

84. Poyhonen R, Suominen V, Uurto I, Salenius J. Non-iatrogenic civilian vascular 
trauma in a well-defined geographical region in Finland. Eur J Trauma Emerg 
Surg. 2015;41(5):545-9. 

85. Smith S, Allen L, Khwaja K, Joos E, Ball CG, Engels PT, et al. Management of 
vascular trauma across Canada: A cohort study with implications for practice. 
Injury. 2022;53(5):1662-6. 

86. DuBose JJ, Savage SA, Fabian TC, Menaker J, Scalea T, Holcomb JB, et al. The 
American Association for the Surgery of Trauma PROspective Observational 
Vascular Injury Treatment (PROOVIT) registry: multicenter data on modern 
vascular injury diagnosis, management, and outcomes. J Trauma Acute Care Surg. 
2015;78(2):215-22; discussion 22-3. 

87. World Health Organization. Injuries and violence: the facts. 2010. [cited 2012 
06.20]. [Available from: 
http://apps.who.int/iris/bitstream/handle/10665/44288/9789241599375_eng.
pdf;jsessionid=4EE35E9048E5CD06A1D00A846259CC43?sequence=1]. 



 

70 

88. World Health Organization Global Status Report on Road Safety Geneva: World 
Health Organization; 2015. [cited 2012 06.20]. [Available from 
http://www.ansr.pt/SegurancaRodoviaria/Internacional/Documents/Global%20St
atus%20Report%20On%20Road%20Safety%202015.pdf]. 

89. Ray JJ, Meizoso JP, Satahoo SS, Davis JS, Van Haren RM, Dermer H, et al. 
Potentially preventable prehospital deaths from motor vehicle collisions. Traffic Inj 
Prev. 2016;17(7):676-80. 

90. Banaslys: Slysavarnarfélagið Landsbjörg; 2012 [cited 2012 06.20]. [Available 
from: http://landsbjorg.is/category.aspx?catID=383]. 

91. Health NIoP. Public Health Report fhi.no: NIPH; 2017 [updated 18.12.2017. 
Available from: https://www.fhi.no/en/op/hin/injuries/injuries-in-
Norway/#:~:text=About%202%20500%20people%20die,remainder%20are%20
mainly%20from%20suicide]. 

92. Fingerhut A, Leppaniemi AK, Androulakis GA, Archodovassilis F, Bouillon B, 
Cavina E, et al. The European experience with vascular injuries. Surg Clin North 
Am. 2002;82(1):175-88.  

93. Peek-Asa C, Zwerling C, Stallones L. Acute traumatic injuries in rural populations. 
Am J Public Health. 2004;94(10):1689-93. 

94. Biffl WL, Moore EE, Ryu RK, Offner PJ, Novak Z, Coldwell DM, et al. The 
unrecognized epidemic of blunt carotid arterial injuries: early diagnosis improves 
neurologic outcome. Ann Surg. 1998;228(4):462-70. 

95. Callcut RA, Mell MW. Modern advances in vascular trauma. Surg Clin North Am. 
2013;93(4):941-61, ix. 

96. Williams JS, Graff JA, Uku JM, Steinig JP. Aortic injury in vehicular trauma. Ann 
Thorac Surg. 1994;57(3):726-30. 

97. Schulman CI, Carvajal D, Lopez PP, Soffer D, Habib F, Augenstein J. Incidence 
and crash mechanisms of aortic injury during the past decade. The Journal of 
trauma. 2007;62(3):664-7. 

98. Coimbra LKaR. Vascular Trauma: New Directions in Screening, Diagnosis and 
Management. In: Yamanouchi DD, editor. Vascular Surgery2012. 

99. Newman RJ, Rastogi S. Rupture of the thoracic aorta and its relationship to road 
traffic accident characteristics. Injury. 1984;15(5):296-9. 

100. STURM JT, McGEE MB, LUXENBERG MG. An Analysis of Risk Factors for Death at 
the Scene following Traumatic Aortic Rupture. Journal of Trauma and Acute Care 
Surgery. 1988;28(11):1578. 

http://landsbjorg.is/category.aspx?catID=383
https://www.fhi.no/en/op/hin/injuries/injuries-in-Norway/#:~:text=About%202%20500%20people%20die,remainder%20are%20mainly%20from%20suicide
https://www.fhi.no/en/op/hin/injuries/injuries-in-Norway/#:~:text=About%202%20500%20people%20die,remainder%20are%20mainly%20from%20suicide
https://www.fhi.no/en/op/hin/injuries/injuries-in-Norway/#:~:text=About%202%20500%20people%20die,remainder%20are%20mainly%20from%20suicide


 

71 

101. Hunt JP, Baker CC, Lentz CW, Rutledge RR, Oller DW, Flowe KM, et al. Thoracic 
Aorta Injuries: Management and Outcome of 144 Patients. Journal of Trauma and 
Acute Care Surgery. 1996;40(4):547-56. 

102. Jain A, Waseem M. Chest Trauma.  StatPearls. Treasure Island (FL)2022. 

103. Manual of Definitive Surgical Trauma Care. 4th ed. U.S.: CRC press; 2016. 

104. Legome EH, J.M. Initial evaluation and management of chest wall trauma in adults 
UpToDate2020 [Available from: https://www.uptodate.com/contents/initial-
evaluation-and-management-of-chest-wall-trauma-in-
adults?topicRef=353&source=see_link]. 

105. Gaillard M, Herve C, Mandin L, Raynaud P. Mortality prognostic factors in chest 
injury. The Journal of trauma. 1990;30(1):93-6. 

106. Knobloch K, Wagner S, Haasper C, Probst C, Krettek C, Otte D, et al. Sternal 
fractures occur most often in old cars to seat-belted drivers without any airbag 
often with concomitant spinal injuries: clinical findings and technical collision 
variables among 42,055 crash victims. Ann Thorac Surg. 2006;82(2):444-50. 

107. Sternbach G. Claude Beck: cardiac compression triads. J Emerg Med. 
1988;6(5):417-9. 

108. Liu JL, Li JY, Jiang P, Jia W, Tian X, Cheng ZY, et al. Literature review of peripheral 
vascular trauma: Is the era of intervention coming? Chin J Traumatol. 
2020;23(1):5-9. 

109. Spahn DR, Bouillon B, Cerny V, Duranteau J, Filipescu D, Hunt BJ, et al. The 
European guideline on management of major bleeding and coagulopathy 
following trauma: fifth edition. Crit Care. 2019;23(1):98. 

110. Aucar JA, Hirshberg A. Damage control for vascular injuries. Surg Clin North Am. 
1997;77(4):853-62. 

111. Bobadilla GJBaJL. Clinical review of vascular trauma: Springer Medical Publishing; 
2014. 

112. Rasmussen TE, Tai, N.R.M. Rich's Vascular Trauma: Elsevier; 2016. 28-31 p. 

113. Stannard A, Brohi K, Tai N. Vascular injury in the United kingdom. Perspect Vasc 
Surg Endovasc Ther. 2011;23(1):27-33. 

114. Muckart DJ, Pillay B, Hardcastle TC, Skinner DL. Vascular injuries following blunt 
polytrauma. Eur J Trauma Emerg Surg. 2014;40(3):315-22. 

115. Moroni M, Grazzini G, Lanzetta MM, Pradella S, Acquafresca M, Miele V. Aortic 
Injury. In: Miele V, Trinci M, editors. Diagnostic Imaging in Polytrauma Patients. 
Cham: Springer International Publishing; 2018. p. 201-39. 

https://www.uptodate.com/contents/initial-evaluation-and-management-of-chest-wall-trauma-in-adults?topicRef=353&source=see_link
https://www.uptodate.com/contents/initial-evaluation-and-management-of-chest-wall-trauma-in-adults?topicRef=353&source=see_link
https://www.uptodate.com/contents/initial-evaluation-and-management-of-chest-wall-trauma-in-adults?topicRef=353&source=see_link


 

72 

116. Meyer JP, Lim LT, Schuler JJ, Castronuovo JJ, Buchbinder D, Woelfel GF, et al. 
Peripheral vascular trauma from close-range shotgun injuries. Arch Surg. 
1985;120(10):1126-31. 

117. Slama R, Villaume F. Penetrating Vascular Injury: Diagnosis and Management 
Updates. Emerg Med Clin North Am. 2017;35(4):789-801. 

118. Johnson CA. Endovascular management of peripheral vascular trauma. Semin 
Intervent Radiol. 2010;27(1):38-43. 

119. El-Abdellati E, Messaoudi N, Van Hee R. Assault induced stab injuries: 
epidemiology and actual treatment strategy. Acta Chir Belg. 2011;111(3):146-54. 

120. Jacob AO, Boseto F, Ollapallil J. Epidemic of stab injuries: an Alice Springs 
dilemma. ANZ journal of surgery. 2007;77(8):621-5. 

121. Bostrom L, Heinius G, Nilsson B. Trends in the incidence and severity of stab 
wounds in Sweden 1987-1994. Eur J Surg. 2000;166(10):765-70. 

122. Pekkari P, Bylund PO, Lindgren H, Oman M. Abdominal injuries in a low trauma 
volume hospital--a descriptive study from northern Sweden. Scand J Trauma 
Resusc Emerg Med. 2014;22:48. 

123. Inkinen J, Kirjasuo K, Gunn J, Kuttila K. Penetrating trauma; experience from 
Southwest Finland between 1997 and 2011, a retrospective descriptive study. Eur 
J Trauma Emerg Surg. 2015;41(4):429-33. 

124. Nesbakken A, Naess F, Solheim K, Pillgram-Larsen J, Gerner T, Stadaas JO. 
[Abdominal injuries after blunt trauma]. Tidsskr Nor Laegeforen. 
1990;110(23):2994-8. 

125. Stebbings WS, Chalstrey LJ, Gilmore OJ, Shand WS, Staunton MD, Thomson JP. 
Stab injury--the experience of an East London Hospital 1978-1983. Postgrad Med J. 
1987;63(736):81-4. 

126. Butt MU, Zacharias N, Velmahos GC. Penetrating abdominal injuries: 
management controversies. Scand J Trauma Resusc Emerg Med. 2009;17:19. 

127. Ssenyonga PK, Le Feuvre D, Taylor A. Head and neck neurovascular trauma: 
Clinical and angiographic correlation. Interv Neuroradiol. 2015;21(1):108-13. 

128. Patel J, Huynh TJ, Rao D, Brzezicki G. Vascular Trauma in the Head and Neck and 
Endovascular Neurointerventional Management. J Clin Imaging Sci. 2020;10:44. 

129. Fusco MR, Harrigan MR. Cerebrovascular dissections: a review. Part II: blunt 
cerebrovascular injury. Neurosurgery. 2011;68(2):517-30; discussion 30. 

130. Alao T WM. Neck Trauma [StatPearls [Internet]]. National Library of Medicine: 
Treasure Island (FL): StatPearls Publishing; 2022 [updated 2022 Jul 4th. Available 
from: https://www.ncbi.nlm.nih.gov/books/NBK470422/]. 

https://www.ncbi.nlm.nih.gov/books/NBK470422/


 

73 

131. Fabian TC, Patton JH, Jr., Croce MA, Minard G, Kudsk KA, Pritchard FE. Blunt 
carotid injury. Importance of early diagnosis and anticoagulant therapy. Ann Surg. 
1996;223(5):513-22; discussion 22-5. 

132. du Toit DF, Coolen D, Lambrechts A, de VOJ, Warren BL. The endovascular 
management of penetrating carotid artery injuries: long-term follow-up. Eur J Vasc 
Endovasc Surg. 2009;38(3):267-72. 

133. Demetriades D, Skalkides J, Sofianos C, Melissas J, Franklin J. Carotid artery 
injuries: experience with 124 cases. The Journal of trauma. 1989;29(1):91-4. 

134. du Toit DF, van Schalkwyk GD, Wadee SA, Warren BL. Neurologic outcome after 
penetrating extracranial arterial trauma. Journal of vascular surgery. 
2003;38(2):257-62. 

135. Patterson BO, Holt PJ, Cleanthis M, Tai N, Carrell T, Loosemore TM, et al. Imaging 
vascular trauma. The British journal of surgery. 2012;99(4):494-505. 

136. Asensio JA, Chahwan S, Hanpeter D, Demetriades D, Forno W, Gambaro E, et al. 
Operative management and outcome of 302 abdominal vascular injuries. Am J 
Surg. 2000;180(6):528-33; discussion 33-4. 

137. Asensio JA, Forno W, Roldán G, Petrone P, Rojo E, Ceballos J, et al. Visceral 
vascular injuries. Surgical Clinics of North America. 2002;82(1):1-20. 

138. Hoyt DB, Coimbra R, Potenza BM, Rappold JF. Anatomic exposures for vascular 
injuries. Surg Clin North Am. 2001;81(6):1299-330, xii. 

139. Mattox KL, Bickell W, Pepe PE, Burch J, Feliciano D. Prospective MAST study in 
911 patients. The Journal of trauma. 1989;29(8):1104-11; discussion 11-2. 

140. Mattox KL, Feliciano DV, Burch J, Beall AC, Jr., Jordan GL, Jr., De Bakey ME. Five 
thousand seven hundred sixty cardiovascular injuries in 4459 patients. 
Epidemiologic evolution 1958 to 1987. Ann Surg. 1989;209(6):698-705; 
discussion 6-7. 

141. Asensio JA, Britt LD, Borzotta A, Peitzman A, Miller FB, Mackersie RC, et al. 
Multiinstitutional experience with the management of superior mesenteric artery 
injuries. J Am Coll Surg. 2001;193(4):354-65; discussion 65-6. 

142. Bertrand S, Cuny S, Petit P, Trosseille X, Page Y, Guillemot H, et al. Traumatic 
rupture of thoracic aorta in real-world motor vehicle crashes. Traffic Inj Prev. 
2008;9(2):153-61. 

143. Mirvis SE, Shanmuganathan K. MR imaging of thoracic trauma. Magn Reson 
Imaging Clin N Am. 2000;8(1):91-104. 

144. Neschis DG, Scalea TM, Flinn WR, Griffith BP. Blunt aortic injury. N Engl J Med. 
2008;359(16):1708-16. 



 

74 

145. Wintermark M, Wicky S, Schnyder P. Imaging of acute traumatic injuries of the 
thoracic aorta. European radiology. 2002;12(2):431-42. 

146. Teixeira PG, Inaba K, Barmparas G, Georgiou C, Toms C, Noguchi TT, et al. Blunt 
thoracic aortic injuries: an autopsy study. The Journal of trauma. 2011;70(1):197-
202. 

147. Mirvis SE, Bidwell JK, Buddemeyer EU, Diaconis JN, Pais SO, Whitley JE, et al. 
Value of chest radiography in excluding traumatic aortic rupture. Radiology. 
1987;163(2):487-93. 

148. O'Conor CE. Diagnosing traumatic rupture of the thoracic aorta in the emergency 
department. Emerg Med J. 2004;21(4):414-9. 

149. Feczko JD, Lynch L, Pless JE, Clark MA, McClain J, Hawley DA. An autopsy case 
review of 142 nonpenetrating (blunt) injuries of the aorta. The Journal of trauma. 
1992;33(6):846-9. 

150. Mouawad NJ, Paulisin J, Hofmeister S, Thomas MB. Blunt thoracic aortic injury - 
concepts and management. J Cardiothorac Surg. 2020;15(1):62. 

151. Parmley LF, Mattingly TW, Manion WC, Jahnke EJ, Jr. Nonpenetrating traumatic 
injury of the aorta. Circulation. 1958;17(6):1086-101. 

152. Edwards R, Khan N. Traumatic aortic injury: Computed tomography angiography 
imaging and findings revisited in patients surviving major thoracic aorta injuries. 
SA J Radiol. 2021;25(1):2044. 

153. Ungar TC, Wolf SJ, Haukoos JS, Dyer DS, Moore EE. Derivation of a clinical 
decision rule to exclude thoracic aortic imaging in patients with blunt chest trauma 
after motor vehicle collisions. The Journal of trauma. 2006;61(5):1150-5. 

154. Fox N, Schwartz D, Salazar JH, Haut ER, Dahm P, Black JH, et al. Evaluation and 
management of blunt traumatic aortic injury: a practice management guideline 
from the Eastern Association for the Surgery of Trauma. J Trauma Acute Care 
Surg. 2015;78(1):136-46. 

155. Arthurs ZM, Starnes BW, Sohn VY, Singh N, Martin MJ, Andersen CA. Functional 
and survival outcomes in traumatic blunt thoracic aortic injuries: An analysis of the 
National Trauma Databank. Journal of vascular surgery. 2009;49(4):988-94. 

156. Mellnick VM, McDowell C, Lubner M, Bhalla S, Menias CO. CT features of blunt 
abdominal aortic injury. Emerg Radiol. 2012;19(4):301-7. 

157. Shalhub S, Starnes BW, Tran NT, Hatsukami TS, Lundgren RS, Davis CW, et al. 
Blunt abdominal aortic injury. Journal of vascular surgery. 2012;55(5):1277-85. 



 

75 

158. de Mestral C, Dueck AD, Gomez D, Haas B, Nathens AB. Associated injuries, 
management, and outcomes of blunt abdominal aortic injury. Journal of vascular 
surgery. 2012;56(3):656-60. 

159. Demetriades D, Chahwan S, Gomez H, Peng R, Velmahos G, Murray J, et al. 
Penetrating injuries to the subclavian and axillary vessels. J Am Coll Surg. 
1999;188(3):290-5. 

160. Kobayashi L, Coimbra, R. Vascular Trauma: New Directions in Screening, 
Diagnosis and Management. In: Yamanoiuchi D, editor. Vascular Surgery. 
London2012. 

161. Kobayashi LM, Costantini TW, Hamel MG, Dierksheide JE, Coimbra R. Abdominal 
vascular trauma. Trauma Surg Acute Care Open. 2016;1(1):e000015. 

162. Asensio JA, Berne JD, Chahwan S, Hanpeter D, Demetriades D, Marengo J, et al. 
Traumatic injury to the superior mesenteric artery. Am J Surg. 1999;178(3):235-9. 

163. Asensio JA, Forno W, Gambaro E, Steinberg D, Tsai KJ, Rowe V, et al. Abdominal 
vascular injuries. The trauma surgeon's challenge. Ann Chir Gynaecol. 
2000;89(1):71-8. 

164. Coimbra R, Filho AR, Nesser RA, Rasslan S. Outcome from traumatic injury of the 
portal and superior mesenteric veins. Vasc Endovascular Surg. 2004;38(3):249-
55. 

165. Pearl J, Chao A, Kennedy S, Paul B, Rhee P. Traumatic injuries to the portal vein: 
case study. The Journal of trauma. 2004;56(4):779-82. 

166. Bui TD, Mills JL. Control of inferior vena cava injury using percutaneous balloon 
catheter occlusion. Vasc Endovascular Surg. 2009;43(5):490-3. 

167. Cestero RF, Plurad D, Green D, Inaba K, Putty B, Benfield R, et al. Iliac artery 
injuries and pelvic fractures: a national trauma database analysis of associated 
injuries and outcomes. The Journal of trauma. 2009;67(4):715-8. 

168. Asensio JA, Petrone P, Roldan G, Kuncir E, Rowe VL, Chan L, et al. Analysis of 
185 iliac vessel injuries: risk factors and predictors of outcome. Arch Surg. 
2003;138(11):1187-93; discussion 93-4. 

169. Cushman JG, Feliciano DV, Renz BM, Ingram WL, Ansley JD, Clark WS, et al. Iliac 
vessel injury: operative physiology related to outcome. The Journal of trauma. 
1997;42(6):1033-40. 

170. Feliciano DV, Moore FA, Moore EE, West MA, Davis JW, Cocanour CS, et al. 
Evaluation and Management of Peripheral Vascular Injury. Part 1. Western Trauma 
Association/Critical Decisions in Trauma. Journal of Trauma and Acute Care 
Surgery. 2011;70(6):1551-6. 



 

76 

171. Christopher J. Dente DVF. Abdominal Vascular Injury. In: David V. Feliciano KLM, 
Ernest E. Moore, editor. Trauma. NY: McGraw Hill Medical; 2008. p. 737. 

172. Feliciano DV, Moore FA, Moore EE, West MA, Davis JW, Cocanour CS, et al. 
Evaluation and management of peripheral vascular injury. Part 1. Western Trauma 
Association/critical decisions in trauma. The Journal of trauma. 2011;70(6):1551-
6. 

173. Cone J, Inaba K. Lower extremity compartment syndrome. Trauma Surgery 
&amp;amp; Acute Care Open. 2017;2(1):e000094. 

174. Farber A, Tan T-W, Hamburg NM, Kalish JA, Joglar F, Onigman T, et al. Early 
fasciotomy in patients with extremity vascular injury is associated with decreased 
risk of adverse limb outcomes: A review of the National Trauma Data Bank. Injury. 
2012;43(9):1486-91. 

175. Rasmussen TE, Tai, N.R.M. Rich's Vascular Trauma: Elsevier; 2016. 35-43 p. 

176. Sise MJ. Diagnosis of Vascular injury. In: Todd E. Rasmussen NRMT, editor. Rich's 
Vascular Trauma. 3rd ed. United States of America: Elsevier; 2016. p. 35. 

177. Brown SR, Still SA, Eudailey KW, Beck AW, Gunn AJ. Acute traumatic injury of 
the aorta: presentation, diagnosis, and treatment. Ann Transl Med. 
2021;9(14):1193. 

178. Woodring JH. The normal mediastinum in blunt traumatic rupture of the thoracic 
aorta and brachiocephalic arteries. J Emerg Med. 1990;8(4):467-76. 

179. Demetriades D, Gomez H, Velmahos GC, Asensio JA, Murray J, Cornwell EE, 3rd, 
et al. Routine helical computed tomographic evaluation of the mediastinum in 
high-risk blunt trauma patients. Arch Surg. 1998;133(10):1084-8. 

180. Melton SM, Kerby JD, McGiffin D, McGwin G, Smith JK, Oser RF, et al. The 
evolution of chest computed tomography for the definitive diagnosis of blunt 
aortic injury: a single-center experience. The Journal of trauma. 2004;56(2):243-
50. 

181. Willmann JK, Wildermuth S. Multidetector-row CT angiography of upper- and 
lower-extremity peripheral arteries. European radiology. 2005;15 Suppl 4:D3-9. 

182. Collins R, Cranny G, Burch J, Aguiar-Ibanez R, Craig D, Wright K, et al. A 
systematic review of duplex ultrasound, magnetic resonance angiography and 
computed tomography angiography for the diagnosis and assessment of 
symptomatic, lower limb peripheral arterial disease. Health technology 
assessment. 2007;11(20):iii-iv, xi-xiii, 1-184. 

183. Danetz JS, Cassano AD, Stoner MC, Ivatury RR, Levy MM. Feasibility of 
endovascular repair in penetrating axillosubclavian injuries: a retrospective 
review. Journal of vascular surgery. 2005;41(2):246-54. 



 

77 

184. Barton ED, Epperson M, Hoyt DB, Fortlage D, Rosen P. Prehospital needle 
aspiration and tube thoracostomy in trauma victims: a six-year experience with 
aeromedical crews. J Emerg Med. 1995;13(2):155-63. 

185. Kulshrestha P, Munshi I, Wait R. Profile of chest trauma in a level I trauma center. 
The Journal of trauma. 2004;57(3):576-81. 

186. Jain A, Sekusky AL, Burns B. Penetrating Chest Trauma.  StatPearls. Treasure 
Island (FL)2021. 

187. Hunt PA, Greaves I, Owens WA. Emergency thoracotomy in thoracic trauma-a 
review. Injury. 2006;37(1):1-19. 

188. American College of Surgeons' Committee on, Trauma for Advanced trauma life 
support (ATLS(R)): the ninth edition. J Trauma Acute Care Surg. 2013;74(5):1363-
6. 

189. Passos EM, Engels PT, Doyle JD, Beckett A, Nascimento B, Jr., Rizoli SB, et al. 
Societal Costs of Inappropriate Emergency Department Thoracotomy. J Am Coll 
Surg. 2011. 

190. Grove CA, Lemmon G, Anderson G, McCarthy M. Emergency thoracotomy: 
appropriate use in the resuscitation of trauma patients. Am Surg. 2002;68(4):313-
6; discussion 6-7. 

191. Morgan BS, Garner JP. Emergency thoracotomy--the indications, contraindications 
and evidence. J R Army Med Corps. 2009;155(2):87-93. 

192. Rhee PM, Acosta J, Bridgeman A, Wang D, Jordan M, Rich N. Survival after 
emergency department thoracotomy: review of published data from the past 25 
years. J Am Coll Surg. 2000;190(3):288-98. 

193. Pahle AS, Pedersen BL, Skaga NO, Pillgram-Larsen J. Emergency thoracotomy 
saves lives in a Scandinavian hospital setting. The Journal of trauma. 
2010;68(3):599-603. 

194. Hershberger RC, Aulivola B, Murphy M, Luchette FA. Endovascular grafts for 
treatment of traumatic injury to the aortic arch and great vessels. The Journal of 
trauma. 2009;67(3):660-71. 

195. Belenkiy SM, Batchinsky AI, Rasmussen TE, Cancio LC. Resuscitative endovascular 
balloon occlusion of the aorta for hemorrhage control: Past, present, and future. J 
Trauma Acute Care Surg. 2015;79(4 Suppl 2):S236-42. 

196. Matsumura Y, Taudorf M, Søvik E, Lönn L. Endovascular Resuscitation and Trauma 
Management: Education and Simulation. In: Hörer T, DuBose JJ, Rasmussen TE, 
White JM, editors. Endovascular Resuscitation and Trauma Management : 
Bleeding and Haemodynamic Control. Cham: Springer International Publishing; 
2020. p. 253-62. 



 

78 

197. Gifford SM, Eliason JL, Clouse WD, Spencer JR, Burkhardt GE, Propper BW, et al. 
Early versus delayed restoration of flow with temporary vascular shunt reduces 
circulating markers of injury in a porcine model. The Journal of trauma. 
2009;67(2):259-65. 

198. Fox CJ, Gillespie DL, Cox ED, Mehta SG, Kragh JF, Jr., Salinas J, et al. The 
effectiveness of a damage control resuscitation strategy for vascular injury in a 
combat support hospital: results of a case control study. The Journal of trauma. 
2008;64(2 Suppl):S99-106; discussion S-7. 

199. Borgman MA, Spinella PC, Perkins JG, Grathwohl KW, Repine T, Beekley AC, et 
al. The ratio of blood products transfused affects mortality in patients receiving 
massive transfusions at a combat support hospital. The Journal of trauma. 
2007;63(4):805-13. 

200. Holcomb JB, Wade CE, Michalek JE, Chisholm GB, Zarzabal LA, Schreiber MA, et 
al. Increased plasma and platelet to red blood cell ratios improves outcome in 
466 massively transfused civilian trauma patients. Ann Surg. 2008;248(3):447-58. 

201. Hancock HM, Stannard A, Burkhardt GE, Williams K, Dixon P, Cowart J, et al. 
Hemorrhagic shock worsens neuromuscular recovery in a porcine model of hind 
limb vascular injury and ischemia-reperfusion. Journal of vascular surgery. 
2011;53(4):1052-62; discussion 62. 

202. Spinella PC, Perkins JG, Grathwohl KW, Beekley AC, Niles SE, McLaughlin DF, et 
al. Effect of plasma and red blood cell transfusions on survival in patients with 
combat related traumatic injuries. The Journal of trauma. 2008;64(2 Suppl):S69-
77; discussion S-8. 

203. Pati S, Matijevic N, Doursout MF, Ko T, Cao Y, Deng X, et al. Protective effects of 
fresh frozen plasma on vascular endothelial permeability, coagulation, and 
resuscitation after hemorrhagic shock are time dependent and diminish between 
days 0 and 5 after thaw. The Journal of trauma. 2010;69 Suppl 1:S55-63. 

204. Alam HB, Rhee P. New developments in fluid resuscitation. Surg Clin North Am. 
2007;87(1):55-72, vi. 

205. Cotton BA, Guy JS, Morris JA, Jr., Abumrad NN. The cellular, metabolic, and 
systemic consequences of aggressive fluid resuscitation strategies. Shock. 
2006;26(2):115-21. 

206. Copes WS SW, Champion HR, Bain LW, editor Progress in Characterising 
Anatomic Injury. 33rd Annual Meeting of the Association for the Advancement of 
Automotive Medicine, ; 1989; Baltimore, MA, USA. 



 

79 

207. Osler T, Baker SP, Long W. A modification of the injury severity score that both 
improves accuracy and simplifies scoring. The Journal of trauma. 1997;43(6):922-
5; discussion 5-6. 

208. Baker SP, O'Neill B, Haddon W, Jr., Long WB. The injury severity score: a 
method for describing patients with multiple injuries and evaluating emergency 
care. The Journal of trauma. 1974;14(3):187-96. 

209. Jeong JH, Park YJ, Kim DH, Kim TY, Kang C, Lee SH, et al. The new trauma score 
(NTS): a modification of the revised trauma score for better trauma mortality 
prediction. BMC Surg. 2017;17(1):77. 

210. Javali RH, Krishnamoorthy, Patil A, Srinivasarangan M, Suraj, Sriharsha. 
Comparison of Injury Severity Score, New Injury Severity Score, Revised Trauma 
Score and Trauma and Injury Severity Score for Mortality Prediction in Elderly 
Trauma Patients. Indian J Crit Care Med. 2019;23(2):73-7. 

211. Boyd CR, Tolson MA, Copes WS. Evaluating trauma care: the TRISS method. 
Trauma Score and the Injury Severity Score. The Journal of trauma. 
1987;27(4):370-8. 

212. Champion HR, Sacco WJ, Copes WS, Gann DS, Gennarelli TA, Flanagan ME. A 
revision of the Trauma Score. The Journal of trauma. 1989;29(5):623-9. 

213. Höke MH, Usul E, Özkan S. Comparison of Trauma Severity Scores (ISS, NISS, 
RTS, BIG Score, and TRISS) in Multiple Trauma Patients. Journal of Trauma 
Nursing | JTN. 2021;28(2):100-6. 

214. American Society of Anesthesiologists Physical Status Classification System: 
American Society of Anesthesiologists; 2014 [updated December 13th, 2020. 
Available from: https://www.asahq.org/standards-and-guidelines/asa-physical-
status-classification-system]. 

215. Saklad M. GRADING OF PATIENTS FOR SURGICAL PROCEDURES. 
Anesthesiology. 1941;2(3):281-4. 

216. Charlson ME, Carrozzino D, Guidi J, Patierno C. Charlson Comorbidity Index: A 
Critical Review of Clinimetric Properties. Psychother Psychosom. 2022;91(1):8-35. 

217. Stawicki SP, Kalra S, Jones C, Justiniano CF, Papadimos TJ, Galwankar SC, et al. 
Comorbidity polypharmacy score and its clinical utility: A pragmatic practitioner's 
perspective. J Emerg Trauma Shock. 2015;8(4):224-31. 

218. Evans DC, Cook CH, Christy JM, Murphy CV, Gerlach AT, Eiferman D, et al. 
Comorbidity-polypharmacy scoring facilitates outcome prediction in older trauma 
patients. J Am Geriatr Soc. 2012;60(8):1465-70. 

https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system


 

80 

219. Mubang RN, Stoltzfus JC, Cohen MS, Hoey BA, Stehly CD, Evans DC, et al. 
Comorbidity-Polypharmacy Score as Predictor of Outcomes in Older Trauma 
Patients: A Retrospective Validation Study. World J Surg. 2015;39(8):2068-75. 

220. Justiniano CF, Coffey RA, Evans DC, Jones LM, Jones CD, Bailey JK, et al. 
Comorbidity-polypharmacy score predicts in-hospital complications and the need 
for discharge to extended care facility in older burn patients. J Burn Care Res. 
2015;36(1):193-6. 

221. Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, et al. 
The Clavien-Dindo Classification of Surgical Complications: Five-Year Experience. 
Annals of Surgery. 2009;250(2):187-96. 

222. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a 
new proposal with evaluation in a cohort of 6336 patients and results of a survey. 
Ann Surg. 2004;240(2):205-13. 

223. Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien PA. The comprehensive 
complication index: a novel continuous scale to measure surgical morbidity. Ann 
Surg. 2013;258(1):1-7. 

224. Wilson JT, Pettigrew LE, Teasdale GM. Structured interviews for the Glasgow 
Outcome Scale and the extended Glasgow Outcome Scale: guidelines for their 
use. J Neurotrauma. 1998;15(8):573-85. 

225. Kirshblum SC, Burns SP, Biering-Sorensen F, Donovan W, Graves DE, Jha A, et 
al. International standards for neurological classification of spinal cord injury 
(revised 2011). J Spinal Cord Med. 2011;34(6):535-46. 

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

227. Ciesla DJ, Moore EE, Cothren CC, Johnson JL, Burch JM. Has the trauma surgeon 
become house staff for the surgical subspecialist? Am J Surg. 2006;192(6):732-7. 

228. Hietbrink F, Mohseni S, Mariani D, Naess PA, Rey-Valcárcel C, Biloslavo A, et al. 
What trauma patients need: the European dilemma. European Journal of Trauma 
and Emergency Surgery. 2022. 

229. Edwards A, Di Bartolomeo S, Chieregato A, Coats T, Della Corte F, Giannoudis P, 
et al. A comparison of European Trauma Registries. The first report from the 
EuroTARN Group. Resuscitation. 2007;75(2):286-97. 

230. Zehtabchi S, Nishijima DK, McKay MP, Mann NC. Trauma registries: history, 
logistics, limitations, and contributions to emergency medicine research. Acad 
Emerg Med. 2011;18(6):637-43. 

231. Rasmussen TE, Tai NRM. Rich's Vascular Trauma: Elsevier; 2016. 297-300 p. 



 

81 

232. Pulkkinen I, Pirnes J, Rissanen A, Laukkanen-Nevala P. Impact of icing weather 
conditions on the patients in helicopter emergency medical service: a prospective 
study from Northern Finland. Scand J Trauma Resusc Emerg Med. 2019;27(1):13. 

233. Sturms LM, Driessen MLS, van Klaveren D, Ten Duis HJ, Kommer GJ, Bloemers 
FW, et al. Dutch trauma system performance: Are injured patients treated at the 
right place? Injury. 2021;52(7):1688-96. 

234. Kristiansen T, Soreide K, Ringdal KG, Rehn M, Kruger AJ, Reite A, et al. Trauma 
systems and early management of severe injuries in Scandinavia: review of the 
current state. Injury. 2010;41(5):444-52. 

235. The population of the Nordic Region norden.org [cited 2022 December 15th]. 
[Available from: https://www.norden.org/en/information/population-nordic-
region]. 

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

237. Cothren CC, Moore EE, Hoyt DB. The U.S. trauma surgeon's current scope of 
practice: can we deliver acute care surgery? The Journal of trauma. 
2008;64(4):955-65; discussion 65-8. 

238. Allgöwer M. General surgery and trauma. Ann R Coll Surg Engl. 1975;57(3):133-
8. 

239. Mogensen BA, Bjornsson HM, Thorgeirsson G, Haraldsson GE, Mogensen B. 
[Results of pre-hospital cardiac resuscitation in the Reykjavik area 2004-2007]. 
Laeknabladid. 2015;101(3):137-41. 

240. Björnsson HM MS, Magnússon V, Sigurðsson G, Þorgeirsson G. Prehospital 
cardiac lifesupport in the Reykjavík area 1999-2002. Laeknabladid. 
2006;92(9):591-7. 

241. Landsmönnum fjölgaði um 1,3% á milli ára [The number of nationals increased by 
1.3% between years] statice.is: Statistics Iceland; 2021 [cited 2022 25th 
September]. [Available from: 
https://hagstofa.is/utgafur/frettasafn/mannfjoldi/mannfjoldinn-1-januar-2021/]. 

242. Mogensen BA MB. Causes, types and severity of injury for trauma 

patients admitted at Landspitali University Hosptial in 2005 (Abstract for the 

9th Icelandic Surgical Society Conference). Laeknabladid. 2007;93(3). 

243. Statistisk Sentralbyrå Befolkning: Statistisk Sentralbyrå 2022 [Available from: 
https://www.ssb.no/befolkning/folketall/statistikk/befolkning]. 

244. NKT-Trauma NKfTi. Nasjonal traumeplan – Traumesystem i Norge 2016. 2016. 

https://www.norden.org/en/information/population-nordic-region
https://www.norden.org/en/information/population-nordic-region
https://hagstofa.is/utgafur/frettasafn/mannfjoldi/mannfjoldinn-1-januar-2021/
https://www.ssb.no/befolkning/folketall/statistikk/befolkning


 

82 

245. Health NIoP. Injuries in Norway Oslo: Norwegian Institute of Public Health; 2017 
[updated December 18th 2017; cited 2022 September 2nd]. [Available from: 
https://www.fhi.no/en/op/hin/injuries/injuries-in-Norway/]. 

246. Dehli T, Gaarder T, Christensen BJ, Vinjevoll OP, Wisborg T. Implementation of a 
trauma system in Norway: a national survey. Acta Anaesthesiol Scand. 
2015;59(3):384-91. 

247. Dahlhaug M RO. Annual report for 2019 Oslo: Norwegian National Trauma 
Registry;  [Available from: https://nkt-traume.no/wp-
content/uploads/2021/01/Aarsrapport-2019_ver0121.pdf]  

248. Bredin IC, Gaup HMJ, Brattebo G, Wisborg T. Trauma team training in Norwegian 
hospitals: an observational study. BMC Emerg Med. 2022;22(1):119. 

249. Helsedata, Norwegian Trauma Registry (NTR) Oslo: Norwegian Trauma Registry 
(NTR); 2022 [Available from: https://helsedata.no/en/forvaltere/oslo-university-
hospital/norwegian-trauma-registry/]. 

250. Justiniano CF, Evans DC, Cook CH, Eiferman DS, Gerlach AT, Beery PR, 2nd, et 
al. Comorbidity-polypharmacy score: a novel adjunct in post-emergency 
department trauma triage. J Surg Res. 2013;181(1):16-9. 

251. Iceland S. Population of Iceland 2000-2011: Statistics Iceland; 2016 [Available 
from: http://statice.is/statistics/population/inhabitants/overview/]. 

252. Population development 2015: Statistics Iceland; 2016 [Available from: 
https://www.statice.is/publications/publication/inhabitants/population-
development-2015/]. 

253. Peek J, Beks RB, Hietbrink F, De Jong MB, Heng M, Beeres FJP, et al. 
Epidemiology and outcome of rib fractures: a nationwide study in the 
Netherlands. Eur J Trauma Emerg Surg. 2022;48(1):265-71. 

254. Sidhu S, Sugrue M, Bauman A, Sloane D, Deane S. Is penetrating injury on the 
increase in south-western Sydney? Aust N Z J Surg. 1996;66(8):535-9. 

255. Baradaran H SJ, Nassaji-Zavareh M, Khaji A, Rabbani A. Epidemiological study of 
patients with penetrating abdominal trauma in Tehran-Iran. Acta Med Iran 
2007;45:305–8. 

256. Bird J, Faulkner M. Emergency care and management of patients with stab 
wounds. Nurs Stand. 2009;23(21):51-7; quiz 8. 

257. Kent AL, Jeans P, Ewards JR, Byrne PD. Ten year review of thoracic and abdominal 
penetrating trauma management. Aust N Z J Surg. 1993;63(10):772-9. 

https://www.fhi.no/en/op/hin/injuries/injuries-in-Norway/
https://nkt-traume.no/wp-content/uploads/2021/01/Aarsrapport-2019_ver0121.pdf
https://nkt-traume.no/wp-content/uploads/2021/01/Aarsrapport-2019_ver0121.pdf
https://helsedata.no/en/forvaltere/oslo-university-hospital/norwegian-trauma-registry/
https://helsedata.no/en/forvaltere/oslo-university-hospital/norwegian-trauma-registry/
http://statice.is/statistics/population/inhabitants/overview/
https://www.statice.is/publications/publication/inhabitants/population-development-2015/
https://www.statice.is/publications/publication/inhabitants/population-development-2015/


 

83 

258. Hope WW, Smith ST, Medieros B, Hughes KM, Kotwall CA, Clancy TV. Non-
operative management in penetrating abdominal trauma: is it feasible at a Level II 
trauma center? J Emerg Med. 2012;43(1):190-5. 

259. Fisher RC MC, Aylwin CJ. Management of penetrating abdominal trauma in St 
Mary's Hospital Major Trauma Centre. Scand J Trauma Resusc Emerg Med. 
2015;23(A9). 

260. Nesbakken A, Pillgram-Larsen J, Naess F, Gerner T, Solheim K, Stadaas JO, et al. 
[Penetrating abdominal injuries]. Tidsskr Nor Laegeforen. 1990;110(6):705-8. 

261. DuBose JJ, Savage SA, Fabian TC, Menaker J, Scalea T, Holcomb JB, et al. The 
American Association for the Surgery of Trauma PROspective Observational 
Vascular Injury Treatment (PROOVIT) registry: multicenter data on modern 
vascular injury diagnosis, management, and outcomes. J Trauma Acute Care Surg. 
2015;78(2):215-22; discussion 22-3. 

262. Department SR. Number of people killed by firearms in Norway 2012-2020 
statista.com: Statista Research Department; 2022 [Available from: 
https://www.statista.com/statistics/670978/number-of-people-killed-by-firearms/]. 

263. Klein J, Prabhakaran K, Latifi R, Rhee P. Firearms: the leading cause of years of 
potential life lost. Trauma Surg Acute Care Open. 2022;7(1):e000766. 

264. Rozycki GS, Tremblay LN, Feliciano DV, McClelland WB. Blunt vascular trauma in 
the extremity: diagnosis, management, and outcome. The Journal of trauma. 
2003;55(5):814-24. 

265. Tan TW, Joglar FL, Hamburg NM, Eberhardt RT, Shaw PM, Rybin D, et al. Limb 
outcome and mortality in lower and upper extremity arterial injury: a comparison 
using the National Trauma Data Bank. Vasc Endovascular Surg. 2011;45(7):592-7. 

266. Heinänen M, Brinck T, Lefering R, Handolin L, Söderlund T. Resource use and 
clinical outcomes in blunt thoracic injury: a 10-year trauma registry comparison 
between southern Finland and Germany. European Journal of Trauma and 
Emergency Surgery. 2019;45(4):585-95. 

267. Forum IT. Road safety annual report 2020. Switzerland; 2020. 

268. Riambau V, Bockler D, Brunkwall J, Cao P, Chiesa R, Coppi G, et al. Editor's 
Choice - Management of Descending Thoracic Aorta Diseases: Clinical Practice 
Guidelines of the European Society for Vascular Surgery (ESVS). Eur J Vasc 
Endovasc Surg. 2017;53(1):4-52. 

269. Reuben BC, Whitten MG, Sarfati M, Kraiss LW. Increasing use of endovascular 
therapy in acute arterial injuries: analysis of the National Trauma Data Bank. J Vasc 
Surg. 2007;46(6):1222-6. 

https://www.statista.com/statistics/670978/number-of-people-killed-by-firearms/


 

84 

270. Branco BC, DuBose JJ, Zhan LX, Hughes JD, Goshima KR, Rhee P, et al. Trends 
and outcomes of endovascular therapy in the management of civilian vascular 
injuries. Journal of vascular surgery. 2014;60(5):1297-307 e1. 

271. Lee WA, Matsumura JS, Mitchell RS, Farber MA, Greenberg RK, Azizzadeh A, et 
al. Endovascular repair of traumatic thoracic aortic injury: clinical practice 
guidelines of the Society for Vascular Surgery. Journal of vascular surgery. 
2011;53(1):187-92. 

272. Brohi K. Emergency Department Thoracotomy. Traumaorg. 2001;6(6). 

273. Lustenberger T, Labler L, Stover JF, Keel MJ. Resuscitative emergency thoracotomy 
in a Swiss trauma centre. The British journal of surgery. 2012;99(4):541-8. 

274. Benson DM, O'Neil B, Kakish E, Erpelding J, Alousi S, Mason R, et al. Open-chest 
CPR improves survival and neurologic outcome following cardiac arrest. 
Resuscitation. 2005;64(2):209-17. 

275. Boyd M, Vanek VW, Bourguet CC. Emergency room resuscitative thoracotomy: 
when is it indicated? The Journal of trauma. 1992;33(5):714-21. 

276. Heinanen M, Brinck T, Lefering R, Handolin L, Soderlund T. Resource use and 
clinical outcomes in blunt thoracic injury: a 10-year trauma registry comparison 
between southern Finland and Germany. Eur J Trauma Emerg Surg. 
2019;45(4):585-95. 

277. Gunst M, Ghaemmaghami V, Gruszecki A, Urban J, Frankel H, Shafi S. Changing 
epidemiology of trauma deaths leads to a bimodal distribution. Proceedings. 
2010;23(4):349-54. 

278. de Knegt C, Meylaerts SA, Leenen LP. Applicability of the trimodal distribution of 
trauma deaths in a Level I trauma centre in the Netherlands with a population of 
mainly blunt trauma. Injury. 2008;39(9):993-1000. 

279. Kauvar DS, Wade CE. The epidemiology and modern management of traumatic 
hemorrhage: US and international perspectives. Crit Care. 2005;9 Suppl 5:S1-9. 

280. Jamieson WR, Janusz MT, Gudas VM, Burr LH, Fradet GJ, Henderson C. 
Traumatic rupture of the thoracic aorta: third decade of experience. Am J Surg. 
2002;183(5):571-5. 

281. Battle CE, Hutchings H, Evans PA. Risk factors that predict mortality in patients 
with blunt chest wall trauma: a systematic review and meta-analysis. Injury. 
2012;43(1):8-17. 

282. Wutzler S, Maegele M, Marzi I, Spanholtz T, Wafaisade A, Lefering R, et al. 
Association of preexisting medical conditions with in-hospital mortality in multiple-
trauma patients. J Am Coll Surg. 2009;209(1):75-81. 



 

85 

283. Wutzler S, Lefering R, Laurer HL, Walcher F, Wyen H, Marzi I, et al. [Changes in 
geriatric traumatology. An analysis of 14,869 patients from the German Trauma 
Registry]. Unfallchirurg. 2008;111(8):592-8. 

284. Bulger EM, Arneson MA, Mock CN, Jurkovich GJ. Rib fractures in the elderly. The 
Journal of trauma. 2000;48(6):1040-6; discussion 6-7. 

285. Cuevas-Ostrem M, Roise O, Wisborg T, Jeppesen E. Epidemiology of geriatric 
trauma patients in Norway: A nationwide analysis of Norwegian Trauma Registry 
data, 2015-2018. A retrospective cohort study. Injury. 2021;52(3):450-9. 

286. Milzman DP, Boulanger BR, Rodriguez A, Soderstrom CA, Mitchell KA, Magnant 
CM. Pre-existing disease in trauma patients: a predictor of fate independent of 
age and injury severity score. The Journal of trauma. 1992;32(2):236-43; 
discussion 43-4. 

287. Morris JA, Jr., MacKenzie EJ, Edelstein SL. The effect of preexisting conditions on 
mortality in trauma patients. JAMA. 1990;263(14):1942-6. 

288. Meagher AD, Lin A, Mandell SP, Bulger E, Newgard C. A Comparison of Scoring 
Systems for Predicting Short- and Long-term Survival After Trauma in Older Adults. 
Acad Emerg Med. 2019;26(6):621-30. 

289. Servia L, Badia M, Montserrat N, Trujillano J. Severity scores in trauma patients 
admitted to ICU. Physiological and anatomic models. Med Intensiva (Engl Ed). 
2019;43(1):26-34. 

290. Laytin AD, Dicker RA, Gerdin M, Roy N, Sarang B, Kumar V, et al. Comparing 
traditional and novel injury scoring systems in a US level-I trauma center: an 
opportunity for improved injury surveillance in low- and middle-income countries. 
J Surg Res. 2017;215:60-6. 

291. Hansen KS, Uggen PE, Brattebo G, Wisborg T. Team-oriented training for damage 
control surgery in rural trauma: a new paradigm. The Journal of trauma. 
2008;64(4):949-53; discussion 53-4. 

292. Wisborg T, Brattebo G, Brinchmann-Hansen A, Uggen PE, Hansen KS, Norwegian 
BFB, et al. Effects of nationwide training of multiprofessional trauma teams in 
norwegian hospitals. The Journal of trauma. 2008;64(6):1613-8. 

293. Fokkema AT, Johannesdottir BK, Wendt K, Haaverstad R, Reininga IHF, Geisner T. 
Comorbidities, injury severity and complications predict mortality in thoracic 
trauma. Eur J Trauma Emerg Surg. 2022. 

294. Johannesdottir BK, Geisner T, Gubberud ET, Gudbjartsson T. Civilian vascular 
trauma, treatment and outcome at a level 1-trauma centre. Scand J Trauma Resusc 
Emerg Med. 2022;30(1):74. 

 





87 

Paper I 
 Paper I 

 

Paper I 





97 

Paper II 
 

Paper II 
 

Paper II 





105 

Paper III 

Paper III 
 

Paper III 





113 

Paper IV 
 

Paper IV 
 

Paper IV 





129 

Paper V 
  

Paper V 
 

Paper IV 



 

130 

 



143 

 
Appendix A. Trauma Centre Designations and 
Levels 
A trauma Centre is a healthcare facility that has the resources to provide care for major 
trauma patients. The American College of Surgeons (ACS) has outlined criteria for 
categorising trauma centres (48). Below are descriptions of the categories according to 
the American Trauma Society based on the ACS criteria: 

A Level I Trauma Centre is a tertiary care facility central to the trauma system that can 
provide total care for polytrauma patients. Tertiary care is defined as highly specialised 
medical treatment. A Level I Trauma Centre is characterised by a 24 h availability of 
general surgeons as well as other medical specialists in fields such as orthopaedic 
surgery, neurosurgery, anaesthesiology, emergency medicine, radiology, internal 
medicine, plastic surgery, oral and maxillofacial surgery, paediatrics, and critical care.  

A Level II Trauma Centre must be able to initiate definitive care for all trauma 
patients. A general surgeon must be on call 24 h a day, in addition to other specialists 
in other fields such as orthopaedic surgery, neurosurgery, anaesthesiology, emergency 
medicine, radiology, and critical care. Patients requiring more advanced care, such as 
cardiac surgery, haemodialysis, and microvascular surgery may be referred to a Level I 
Trauma Centre.  

A Level III Trauma Centre must have 24 h coverage by emergency medicine 
physicians and availability of general surgeons and anaesthesiologists. The facility must 
be capable of providing early assessment, resuscitation, surgery, intensive care, and 
stabilisation of trauma patients, as well as emergency operations.  

A Level IV Trauma Centre must be capable of providing advanced trauma life 
support before trauma patients are transferred to a higher-level trauma centre. In 
addition to 24 h laboratory coverage, trauma nurses and physicians need to be 
available upon patient arrival. A Level IV Trauma Centre may sometimes provide 
surgical and critical-care services if available.  

A Level V Trauma Centre provides advanced trauma life support before trauma 
patients are referred to a higher-level trauma centre. Trauma nurses and physicians 
need to be available upon patient arrival. An after-hours activation protocol must be in 
place if the facility is not open 24 h a day. Sometimes, such a facility may provide 
surgical and critical-care services if available.  


