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The scientist is not a person who gives the right answers,
he's one who asks the right questions
- Claude Lévi-Strauss



Abstract

ABSTRACT

Trauma as a disease is a global health problem and for patients surviving the initial
injury and early resuscitation phase, later complications contribute largely to
morbidity and mortality. Awareness of risk factors, early recognition and
appropriate treatment of complications are likely to have a significant influence on
outcome. Early identification of patients at risk may contribute to optimising initial
resuscitation, intensive care and long-term outcome. This thesis is based on four
studies using epidemiological data from local and national registries. The aims of
this thesis were to study incidence and risk factors for complications and mortality
in severe trauma and the influence of socioeconomic factors and comorbidity on the
risk of becoming a trauma victim.

Study I was a cohort study of 164 trauma patients admitted to the central
intensive care unit at the Karolinska University Hospital, Stockholm. We found an
incidence of multiple organ failure, acute lung injury and severe sepsis of 40.2%,
25.6% and 31.1% respectively. 30-and 90-day post-injury mortality was 10.4 %.
Intensive care unit-complications and death were not uniformly affected by the
different risk factors.

In study Il we investigated the influence of gender and comorbidity on 30-and
360-day survival of individuals registered in the trauma registry at Karolinska
University Hospital, Stockholm between January 2005 and August 2008. In addition
we evaluated survival over time in relation to the general population. The influence
of gender and comorbidity on outcome after trauma differed over time. Male gender
was an independent risk factor for mortality at one year but not at 30-days post
injury and the effect of gender seemed to be restricted to elderly patients. The
presence of comorbidity became a significant risk factor beyond 30 days after
trauma. A persistent excess mortality in comparison to the general population was
seen among men one year after trauma, standardized mortality ratio 3.8 (95% CI
2.8-5.1).

Our aim of study IIl was to report the overall incidence of pneumonia in intensive
care unit-treated trauma patients and to investigate risk factors for development
post injury pneumonia following severe trauma. The study cohort consisted of 322
trauma patients admitted to the central intensive care unit at the Karolinska
University Hospital, Stockholm between February 2007 and July 2011. The
incidence of pneumonia was 26% during their first 10 days in the ICU. Reduced
consciousness was an independent risk factor for development of pneumonia after
severe injury.

Study 1V was a case-control study, cases (n = 7382) were defined as all patients 15
years or older registered in the trauma registry with a first trauma admission
between January 2005 and December 2010. A random selection of 36760 age,
gender and municipality matched controls were extracted from the Total
population registry. Our aim was to study the influence of socioeconomic factors
and comorbidity on the risk of becoming a trauma victim. Level of education and
income as well as substance abuse, psychiatric, and somatic comorbidity were all
independent risk factors for trauma. Active substance abuse strongly influenced the
risk for trauma and had a time dependent pattern.
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Introduction

INTRODUCTION

An event leading to a severe injury may lead to major changes in life for the
person who is injured and the family involved. The risk of becoming the victim of a
trauma differs between individuals and so does the capacity to cope with a
traumatic event both from a somatic and psychological perspective. Despite that
our ability to treat the severely injured patient has improved, several challenges
remain when striving for best care.

Improvement of the organisation of trauma care through implementation of a
trauma system that address all aspects of care - from the prehospital setting,
initial resuscitation in the hospital, to longer term definitive care, as well as on-
going education and research is crucial in order to improve the care of the injured
patient.

This thesis is based on four studies using epidemiological data from local and
national registries allowing us to study incidence and risk factors for
complications and mortality in severe trauma. In study I we investigated the
incidence of complications and post-injury mortality in trauma patients treated in
the intensive care unit (ICU) as well as possible risk factors for these events. In
study II, we studied the influence of comorbidity and gender and their impact on
mortality at 30-and 360-days. We also investigated whether there was a
difference in survival over time in the trauma population in comparison with a
general population. Study III describes pre-hospital and hospital parameters
during the first 24 hours after admission and their possible association with later
development of pneumonia in the ICU. In addition, we report pathogens identified
in patients that developed pneumonia. Study IV was performed to investigate the
influence of socioeconomic factors and comorbidity on the risk of becoming a
trauma victim.

13
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Background

BACKGROUND

HISTORICAL PERSPECTIVE

The management as well as development of new treatment options for the
severely injured patient is largely based on experiences from wars during history.
The modern treatment of the injured patient in a multi-professional way is
considered to have started in Birmingham, UK in 1941 with the initiation of the
first trauma centre.l2 The evolution of trauma care systems continued when two
trauma centres in the United States were opened in San Francisco General
Hospital and Cook County Hospital, Chicago in 1966. In the same year the
National Academy of Sciences published a report, Accidental Death and Disability:
The neglected disease of modern society, considered a landmark in the
development of the emergency medical services system in the United States. 3-5
This has led to centralised care of the severely injured patients within a region by
developing trauma care systems. A trauma care system is a pre-planned,
organised and coordinated management of the trauma patient.

The idea of a trauma system is to develop and coordinate the medical care from
dispatch and medical oversight of prehospital care, hospital care and
rehabilitative services to medical care follow up. Trauma systems in Europe and
Scandinavia show significant variation ©7 and are yet less developed than in the
United States

TRAUMA

The definition of the word “trauma” vary depending on which profession you
belong to and the context in which the word is used. In Greek it means
tpavua "wound”. One way to define trauma is to refer only to the event and not
the reaction. This should be reserved for major events that are somatic and
psychologically overwhelming for an individual. In the current thesis the word
trauma according to the definition from CDC / NIOSH; "an injury or wound to a
living body caused by the application of external force or violence” was used.8

Trauma as a disease is a global health problem and in 2010 a tenth of the worlds
53 million deaths globally were related to injuries. Among trauma patients males,
account for about two thirds of all injury-related deaths. A large proportion of
people surviving their injuries incur temporary or permanent disabilities.? A
measure of population health can be calculated as disability adjusted life years,
DALYs. DALYs are the sum of two components: years of life lost due to premature
mortality and years lived with disability. 1011 [njuries collectively caused a tenth
of the global burden of DALYs. Many different injuries contribute to these
figures. The largest being road accidents accounting for 27%. Blunt trauma is the
major type of injury in European countries with 90% of the patients in this

15
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category.1213 Different patterns are seen in parts of the United States and South
Africa, reporting proportions of penetrating injuries of 20-45% and 60%
respectively.1+16 In Sweden, 4000 people die from injury annually. It is the most
common cause of death for individuals under the age of 45 (48%).17

TRAUMA AND ICU SCORING SYSTEM

Description of injuries and diseases by type and severity are essential for patient
management, research and quality improvement processes. A number of
different scoring systems exist in order to facilitate injury comparison between
patients in an objective manner. Some of these scoring systems are based on the
anatomical nature of the injuries sustained (anatomical scores) and some are
based on the physiological status of the patient (physiological scores).1819

Abbreviated injury scale

The abbreviated injury scale (AIS) is an anatomical scoring system and the first
scale was first published in 1971.20 An AIS code is a seven-digit number
specifying the body region, specific structure, type and severity of injury. It is
consensus derived and classifies each injury according to its relative importance
on a 6-point scale. The AIS is monitored by a scaling committee of the
Association for the Advancement of Automotive Medicine (AAAM).2! Today, the
AlS is the global system of choice for injury data collection and has become the
basis for a number of derivative scales in use. The current version in use is AIS
2005 Update 2008 (Dec 2013).

Injury severity score

Injury severity score (ISS) is an anatomical description of injury that is designed to
quantify the total load of anatomical injury across body regions. The ISS is
calculated by taking the sum of the squares of the AIS codes for the most severe
injury in each of the three most severely injured ISS body regions. The maximum
score of ISS is 75. The body regions are divided into; (1) head and neck, (2) face,
(3) chest (thorax), (4) abdominal and pelvic contents, (5) extremities and bony
pelvis and (6) external.22

New injury severity score

The new injury severity score (NISS) is calculated as the sum of squares of the
AIS codes of the three most severe injuries, regardless of body region. The same
body regions as ISS are used. 23
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OUTCOME PREDICTION AND PHYSIOLOGICAL SCORING

In the context of quality monitoring and research regarding the severely injured
patient, we need to take into consideration different risk factors in order to
evaluate outcome and predict mortality. Prediction models take into account
some of the case mix variation occurring in a trauma or ICU population such as
age, degree of injury, physiology, comorbidity etc. Several different prediction
models are in use. One of the oldest and most commonly used is TRISS. Other
examples of prediction models are the British TARN Outcome Prediction Model;
Ps12n 24 and the German TR-DGU Registry; RISC (Revised Injury Severity
Classification) 25

Revised trauma score

Revised trauma score (RTS) is a physiological scoring system that substituted
the trauma score in 19902¢ and according to the trauma score - injury severity
score (TRISS) definition the first set of data obtained on arrival at the hospital
are used. RTS includes values of the Glasgow coma scale (GSC), systolic pressure
and respiratory rate. In Europe, patients are mainly assigned GCS and
respiratory rate scores recorded immediately before intubation, either on scene
of the injury, or in the emergency department/trauma unit according to the
European consensus agreement.2”

For over 30 years TRISS has been the prediction model commonly used for
outcome analysis of trauma patients.?82° TRISS attempts to predict the
probability of patient survival based on physiology (RTS), injury severity (ISS),
age and type of trauma (blunt or penetrating). Originally, physiological
derangement was scored via the trauma score. 3°

EFFECTS OF TRAUMA

For trauma patients surviving the initial injury and early resuscitation phase, later
complications contribute largely to morbidity and mortality.31:3233-35 Awareness of
risk factors, early recognition and appropriate treatment of complications are
likely to have a significant influence on outcome. Early identification of patients at
risk may contribute to optimising initial resuscitation and ICU care. Multiple organ
failure (MOF), acute lung injury (ALI), sepsis and pneumonia are among the most
common causes of morbidity and mortality for trauma patients surviving the
initial phase.3436-39 The development of these post-injury complications may
depend on several mechanisms.
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Figure 1: Secondary organ injury after major trauma
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Injury severity, genetic predisposition, and surgical intervention are the key determinants of the magnitude of
inflammatory response, which is mediated through (1) tissue damage and hypoxia causing release from necrotic
cells of intracellular trauma alarmins, such as mitochondrial DNA and nuclear HMGB1 proteins; (2) transfusion of
allogenic blood and blood components; (3) pain through putative descending neurological mechanisms; and (4)
fat emboli causing local hypoxia, and platelet and endothelial activation. ALI=acute lung injury. DAMPs=danger-
associated molecular patterns. From Balogh Z] et al ¥, reproduced with permission.

Systemic inflammatory response syndrome (SIRS) can be induced by injury and in
the complex pathophysiology of the poly-traumatised patient there is a growing
understanding of the multi-facetted deterioration in the immune response after
multiple trauma (fig 1). Dysregulation of the immune response has been
suggested to contribute to many of the complications seen after a severe
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trauma.#0-42 Infection is one way were innate immunity is activated by pathogen-
associated molecular patterns (PAMP) expressed by invading microorganisms.
PAMPs are a diverse set of microbial molecules that alert the organism to
intruding pathogens. However, even without shock or infection, tissue injury can
lead to release of endogenous damage-associated molecular patterns (DAMPs)
that activate innate immunity and lead to SIRS. #4243 DAMPs are the equivalent of
PAMPs but are endogenous molecules e.g. high mobility group box 1, S100
proteins and mitochondrial DNA. 44

Multiple organ failure

Despite an improved survival in general for the severely injured patient, MOF
remains the leading cause of late post-injury mortality, morbidity and extended
intensive care length of stay. The incidence of MOF after trauma varies
considerably in the literature. Numbers between 15-47% are reported in the
literature. 31364547 These discrepancies may to a large extent be explained by
different definitions of organ failure and MOF.#8 Two of the most common scoring

systems for organ failure are displayed in table 1 and 2.

Table 1. Sequential organ failure assessment score (SOFA). 4°

SOFA score 0 1 2 3 4
Respiratory
Pa02/FiO2 (mmHG) > 400 <400 <300 <200 <100
with respiratory with respiratory
support support
Coagulation
Platelets x 103 /mm?3 > 150 <150 <100 <50 <20
Liver
Bilirubin (mg/dl) <1.2 1.2-19 2.0-5.9 6.0-11.9 >12.0
(umol/1) <20 20-32 33-101 102-204 >204
Cardiovascular No MAP <70 Dopamine <5*  Dopamine > 5* Dopamine > 15* or
hypotension mm Hg or or epinephrine < 0.1*  epinephrine > 0.1*
dobutamine#* or norepinephrine < or norepinephrine
0.1* >0.1%or
levosimendan# or
vasopressin#
Central Nervous System
Glasgow Coma Scale 15 13-14 10-12 6-9 <6
Renal
Creatinine (mg/dl) <1.2 1.2-19 2.0-34 3.5-49 >5.0
(umol/1) <110 110-170 171-299 300-440 > 440
or urine output or <500 ml/day or <200 ml/day

SOFA score according to the guidelines from Swedish intensive care registry. > *Doses given are in ug/kg per min

# Any dose.
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In this thesis organ failure was defined as a SOFA score = 3 in one domain during
at least one day during the ICU stay. MOF was defined as organ failure in two or
more organ systems simultaneously during at least one day during the ICU stay.

Table 2. Denver post-injury multiple organ failure score. 51,52

Dysfunction Grade 0 Grade 1 Grade 2 Grade 3
A: pulmonary P/F ratio X>250 250=X>200 200=X>100 X<100
B: renal creatinine level, X=1.8 1.8<X<25 25<X<5.0 X>5.0
mg/dL
C: hepatic bilirubin level, X<2.0 2.0<X<4.0 4.0<X<8.0 X>8.0
mg/dL
D: cardiac No inotropes Minimal inotropes Moderate inotropes High inotropes

MOF score = A + B + C + D not caused by chronic disease. Pulmonary score is based on Pa0O2 to FiO2 ratio with
values adjusted for altitude. Cardiac score: minimal inotropes = dopamine level less than 5 ug/kg/min;
moderate inotropes = dopamine 5-15 ug/kg/min; high inotropes = dopamine greater than 15 ug/kg/min.
MOF = MOF score > 3.

Acute lung injury

Pulmonary complications represent an important burden after major trauma,
accounting for one third of all disease complications and leading to incremental
risk of mortality.5354 In the trauma setting the pathogenesis may stem from direct
injury to the lung from severe contusions or indirect mechanisms by means of
systemic inflammation and sepsis.

Sepsis

Together with organ dysfunction, sepsis has been advocated as a major
contributor to post-injury ICU-related morbidity and mortality. 385> Trauma-
induced changes in immune response, contamination of wounds, physiological
derangement, excessive surgery and invasive procedures may all contribute to
post injury infections and sepsis. Data on post-injury sepsis is limited in the
literature and the reported incidence varies notably, partly due to differences in
definitions of sepsis. Figures from a few percent up to 25% are described. 363856
Despite variations in incidence and definitions a consistent finding in these studies
is that sepsis markedly affects the clinical course and mortality.

Pneumonia

Trauma patients are highly susceptible for post-injury infections, which are a
major threat to recovery for this patient group.343257 Pneumonia is more common
among trauma patients requiring ICU treatment than among other ICU patients,
despite trauma patients being younger and healthier.58 Furthermore, pneumonia
is a common infectious complication in multiple injured patients with an
incidence reaching 30%.59-¢1 Previous studies have also shown that post-injury
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pneumonia results in prolonged ICU and hospital stay, increased health care costs
and delayed recovery.>7,62.63

HOST FACTORS

Comorbidity

Comorbidity has been advocated as an important risk factor for post-injury
morbidity and mortality but the strength of this association seems to vary
depending on injury severity, age and time since admission.64¢ The prevalence of
comorbidity among patients treated after trauma varies in the literature; figures
between 30-50% are reported. The description and measurement of preexisting
conditions varies in the literature and some examples are; status by the
absence/presence of any of a list of predefined diseases, the total number of

preexisting conditions present and the Charlson comorbidity Index.®*"¢*

Gender

The impact of gender on post-injury complications and mortality has been
debated. Divergent results concerning the influence of gender on patient outcome
after trauma have been reported in previous clinical studies.®®73 Experimental
studies show more consistent results with superior survival for female gender, an
effect that has been suggested to be linked to female vs. male sex steroids. 7476

Socioeconomic status

The correlation between disparities in health and socioeconomy are well known
7779 and constitute a challenge for public health systems. The distribution of
comorbid conditions in trauma populations has previously been addressed 6580
but not the strength of association between comorbidity and the risk for trauma.
Psychiatric disorders and substance abuse (alcohol or drugs) have been shown to
increase the risk for mortality and morbidity after trauma but not to which extent
they together with socioeconomic status (SES) influence the risk of becoming a
trauma victim.
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Aims of the study

AIMS OF THE STUDY

General aim:

To investigate risk factors for adverse outcome in a Scandinavian urban trauma
population and risk factors for becoming a trauma victim.

Our specific aims were:

* To describe the incidence and severity of post-injury complications and
mortality as well as to identify and differentiate risk factors for these
events in ICU-treated trauma patients.

* To investigate the influence of gender and comorbidity on 30-and 360-
day survival in a Scandinavian trauma cohort and to evaluate survival
over time in relation to the general population

* To report the overall incidence of pneumonia in ICU-treated trauma
patients and to investigate risk factors for development post-injury

pneumonia following severe trauma.

* To study the influence of socioeconomic factors and comorbidity on the
risk of becoming a trauma victim.
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Material and Methods

MATERIAL AND METHODS

REGISTRIES

Registries at the Karolinska University Hospital

In January 2005 the trauma registry at Karolinska was established and data has
been consecutively collected on patients that meet the criteria for inclusion, which
are trauma team activation as well as patients admitted without trauma team
activation but found to have an injury severity score >9. Patients classified as dead
after brief resuscitation following arrival are also included. Isolated fractures of
the upper or lower extremity, chronic subdural hematoma, drowning, burn injury,
and hypothermia without concomitant trauma are not recorded in the trauma
registry. Entered data includes variables to describe patient characteristics, injury
severity (ISS, NISS) process data (prehospital and hospital) e.g. prehospital
transport times and time to first computed tomography scan, system
characteristics such as; type of transportation, type of first key emergency
intervention at hospital and inter-hospital transfer etc. and outcome variables
e.g. Glasgow outcome scale at discharge from hospital and survival status 30
days after injury.

Since March 2007, trauma patients treated in the central ICU for more than 24
hours have been registered in a trauma ICU database. During the ICU stay all
relevant data needed to score patients into different scoring systems e.g. Acute
physiology and chronic health evaluation II (APACHE II), SOFA and organ
dysfunction such as ALI are entered once daily.

The Swedish national inpatient register

The Swedish national inpatient register (IPR) is part of the National Patient
Register. It was launched in 1964 (psychiatric diagnoses from 1973) with
complete coverage since 1987. Currently, more than 99% of all somatic (including
surgery) and psychiatric hospital discharges are registered in the IPR. The
information in IPR consists of several variables, which can be divided into four
groups; patient related data, data about the caregiver, administrative and medical
data. Diagnoses in the IPR are coded according to the Swedish version of WHO's
International Classification of Disease (ICD) system, first introduced in 1964. ICD
10 was introduced in 1997. The long follow up makes the register particularly
suitable for large-scale population-based research. 81,82

The cause of death register

The causes of death are classified according to the English version of the
International Statistical Classification of Diseases and Related Health Problems,
Tenth Revision (ICD-10), including the official updates published on the World
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Health Organization’s (WHO) website. It contains dates and causes including all
deaths among Swedish residents.1?

Total population register

Statistics Sweden is responsible for official statistics regarding the Swedish census
and manages the total population register. It is the register for the population of
Sweden, and contains information about persons who live in the country and
where they live. Name, identity and family relationships are also registered. 83

The longitudinal integration database for health insurance and labour market
studies (LISA)

Statistics Sweden’s database the longitudinal integration database for health
insurance and labour market studies (LISA) includes all individuals 16 years of
age and older that were registered in Sweden as of December 31 for each year.
The database integrates existing data from the labour market, educational and
social sectors and is updated each year with a new annual register. The
individual is the primary object in LISA, but connections to family, companies
and places of employment are also available.84

STUDY DESIGN AND OUTCOME MEASURES

Study design as well as outcome measures are summarised in table 3.

Table 3. Study design and outcome measures.

Study 1 11 111 IV
Design Observational Observational Observational Observational
cohort study cohort study cohort study case - control study
Study Cohort of ICU- Prospectively Cohort of ICU- Prospectively registered
population treated trauma registered trauma treated trauma trauma cohort 2005-2010
patients February cohort patients February
2007-November January 2005- 2007-July 2011
2008 August 2008
Sample size 164 4051 322 Cases 7382
Controls 36760
Registry used ICU-trauma Trauma registry ICU-database Trauma registry
database Cause of death registry ~ Local infection Cause of death registry
Trauma registry Inpatient registry surveillance Inpatient registry
Statistic Sweden database LISA
Trauma registry Total population register
Follow up 30 days 360 days 10 days -
Outcome Risk factors for ICU  Risk factors for 30 and  Risk factors for Event: Trauma
measures complications 360 day mortality pneumonia Exposure: SES, comorbidity
SMR.
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Study I

This study was conducted on trauma patients admitted to the central ICU at the
Karolinska University Hospital, Solna following initial resuscitation and, where
indicated, interventional surgery in the trauma unit. Patients 15 years or older
with an expected ICU stay of more than 24 hours were included between February
2007 and November 2008. Pre-hospital and baseline data from the trauma unit
were collected retrospectively from the trauma registry and patient records.
During the ICU stay all relevant data needed to score patients into different
scoring systems and definitions were entered once daily into a database by a
research nurse. Data were collected until ICU discharge or death which ever
occurred first. For patients discharged alive from the ICU data on 30- and 90-day
mortality were taken from patient records.

Study 11

The study population consisted of individuals registered in the trauma registry
between January 2005 and August 2008. Patients 15 years or older were included.
Data from the trauma cohort were linked to The Swedish National Inpatient
Register and The Cause of Death Register. The total study population included
4051 patients. All included patients had complete data on 30- and 90-day survival.
Information on date of death was retrieved from the national registry four months
after the end of the study period, yielding complete data on 360-day survival for
3242 patients. Age and sex specific mortality rates were obtained from Statistics
Sweden regarding the general population and standardised mortality ratio (SMR)
was used in order to evaluate survival in relation to the general population

Study 111

The study cohort consisted of trauma patients admitted to the central ICU at the
Karolinska University Hospital, Stockholm between February 2007 and July 2011.
Patients admitted from other units than the Karolinska trauma unit were
excluded. No other exclusion criteria were applied. Pre-hospital and baseline
patient data were retrieved from the trauma registry and patient records. During
the ICU stay all relevant data needed to assess patients in different scoring
systems were entered once daily into a database by a research nurse. In addition,
data necessary to identify pneumonia cases during there first 10 days in the ICU
were retrieved from a local infection surveillance database. Data were collected
until ICU discharge or death. Mortality for patients discharged alive was assessed
at 30 days post injury. Pneumonia was defined in accordance with criteria used by
the Swedish intensive care registry.

27



Olof Brattstrém

Study IV

In this case-control study, cases (n = 7382) were defined as all patients 15 years or
older registered in the trauma registry with a first trauma admission between
January 2005 and December 2010, and with a valid personal identity number. A
random selection of 36760 age, gender and municipality matched controls were
extracted from the total population registry. Data were linked to the Swedish
national inpatient register, the cause of death register and LISA.

STATISTICAL ANALYSIS

P-values < 0.05 were considered statistically significant. Comparisons of
continuous variables were performed with the Mann Whitney U-test in study I and
I1. Differences between categorical variables were evaluated with the Pearson Chi-
square test in all studies.

In study I and Il data were analysed by univariate and multivariable logistic
regression in order to adjust for possible confounders and to identify independent
risk factors for complications in the ICU and death. Results are presented as odds
ratios (OR) with corresponding 95 % confidence intervals.

Risk factors for 30- and 31-360-day post-injury mortality were evaluated using
multivariable logistic regression models and multivariable Cox regression models
in order to adjust for possible confounders in study II, results are presented ORs or
hazards ratios (HR) with corresponding 95 % confidence intervals. In the same
study standard mortality ratio was calculated as the ratio between the observed
number of deceased persons in the study population and the expected number of
deaths up to one year post injury. In order to investigate the proportional hazard
assumption we divided the follow up time into different intervals (31-90 days, 91-
180 days and 181-360 days post injury). We could not find any significant
differences in the hazards ratios between the time intervals using the Wald test
(study 2).

The relative risk of trauma in relation to education, income and comorbidity was

estimated in study IV by conditional logistic regression and expressed as ORs with
corresponding 95% confidence intervals.
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Results

Study I

During the 21 month period a total of 164 patients were included in the study.
General characteristics of the patient cohort are shown in table 4.

Table 4. General characteristics of the patient cohort

Parameter
Age, years 40 (26-58)
Female/male, n 30/134
History of comorbidity, % 43.8
Mechanism of injury, %

Transport total 52.4

Fall 21.3

Machinery 7.9

Violence 9.8

Self inflicted 7.3

Others 1.2
Penetrating trauma, n (%) 15/164 (9.1)
ISS, score 24 (17-33)
NISS, score 29 (22-43)
Rescue time, minutes 47 (36-58)
Admission SAP, mmHg 129 (107-150)
Admission GCS, score 14 (8-15)
Admission plasma glucose, mM 8.5(7.0-10.4)
Intoxicated by ethanol, n (%) 51/158 (32.2)
Massiv transfusion (= 10 blood units/24) n (%) 23 (14.0)
Fluid load 24h, litres 5.5 (4.0-7.2)
APACHE I, score 15 (10-21)
SOFA max, score 7 (5-10)
Duration of mechanical ventilation, days 2 (0-6)
ICU length of stay, days 3.1(1.9-6.5)
30 day post-injury mortality, count (%) 17/164 (10.4)

Injury severity score (ISS), new injury severity score (NISS), systemic arterial blood pressure (SAP), millimolar
(mM), Glasgow Coma Scale (GCS). Data presented as median (25th-75t percentile) or count (n) and percent as
depicted in the table.

A main finding was that the outcome parameters were not uniformly affected by
the different risk factors. The incidence of MOF was found to be 40.2 % and the
most frequent organ system failing was respiration followed by circulation and
CNS. Age, alcohol, massive transfusion, ISS > 24 and significant head injury (AIS
>3) were found to be independent risk factors. MOF was the only of the studied
outcome parameters where alcohol was an independent risk factor. For patients
who developed ALI (25.6%) a subgroup of these patients (33/164, 20.1%) also
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fulfilled the criteria of acute respiratory distress syndrome(ARDS). Massive

transfusion and severe injury were found to be independent risk factors for ALIL

One third of the patients developed severe sepsis and among them, age, aggressive
fluid load and high ISS were independent risk factors. The mortality at 30 days

post injury was 10.4% and age, prolonged rescue time as well as significant head

injury (AIS =3) proved to be independent risk factors. No deaths were noted
between 30 and 90 days post injury in study I.

Table 5. Demographic, admission and initial management parameters in relation to multiple organ

failure and acute lung injury.

all Multiple organ failure Acute lung injury
n (%) n (%) p n (%) p
count 164 66/164 (40.2) 42/164 (25.6)
Age > 55 46/164 (28.0) 26/46 (56.5) .008 15/46 (32.6) .200
Female gender 30/164 (183) 11/30(36.7) .658 5/30 (16.7) 214
Ethanol > 0 mmol/L 51/158 (32.2)  29/51 (56.9) .006 15/51 (29.4) 493
Rescue time > 60 min 33/156 (21.1) 17/33 (51.5) .012 10/33 (30.3) 490
GCS9-13 22/164 (13.4) 8/22 (36.4) 9/22 (40.9)
.000 .072
GCS 3-8 53/164 (32.3) 38/53 (71.7) 16/53 (30.2)
SAP <90 mmHg 20/164 (12.2)  14/20 (70.0) .004 8/20 (40.0) 116
=10 blood units 23/164 (14.0) 14/23 (60.9) .030 10/23 (43.5) .034
Fluid load >5-10 L 73/164 (44.5) 35/73 (47.9) 20/73 (27.4)
.032 .049
Fluid load > 10 L 14/164 (8.5) 8/14 (57.1) 7/14 (50.0)
ISS >24 80/164 (48.7) 46/80 (57.5) .000 31/80 (38.8) .000
Head injury AIS =2 3 59/164 (36.0)  35/59 (59.3) .000 20/59 (33.9) .068
Dead at 30 days 17/164 (10.4)  15/17 (88.2) .000 6/17 (35.3) 334

Categorical parameters in relation to the total cohort for multiple organ failure, acute lung injury. Fluids and

blood transfusions are the cumulative amount administered during the initial 24 hours after trauma.
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Table 6. Demographic, admission and initial management parameters in relation to severe sepsis

and 30 day post-injury mortality.

all Severe sepsis 30 day mortality
n (%) n (%) p n (%) P

count 164 51/164 (31.1) 17/164 (10.4)
Age > 55 46/164 (28.0) 20/46 (43.5) .032 10/46 (21.7) .003
Female gender 30/164 (18.3) 7/30 (23.3) 309 7/30 (23.3) .010
Ethanol > 0 mmol/L 51/158 (32.2) 18/51 (35.3) 496 4/51(7.8) 511
Rescuetime > 60 min  33/156 (21.1) 14/33 (42.4) .083 7/33(21.2) 032
GCS9-13 22/164 (13.4) 5/22 (22.7) 1/22 (4.5)

.009 .002
GCS 3-8 53/164 (32.3) 25/53 (47.2) 12/53 (22.6)
SAP <90 mmHg 20/164 (12.2) 12/20 (60.0) .003 3/20 (15.0) 468
=10 blood units 23/164 (14.0) 13/23 (56.6) .004 4/23(17.4) .233
Fluid load >5-10 L 73/164 (44.5) 30/73 (41.1) 6/73 (8.2)

.000 691
Fluid load > 10 L 14/164 (8.5) 9/14 (64.3) 2/14 (14.3)
ISS >24 80/164 (48.7) 39/80 (48.8) .000 13/80 (16.2) 016
Head injury AIS 2 3 59/164 (36.0) 23/59 (39.0) 102 12/59 (20.3) .002
Dead at 30 days 17/164 (10.4) 9/17 (52.9) .040

Categorical parameters in relation to the total cohort for severe sepsis and mortality. Fluids and blood
transfusions are the cumulative amount administered during the initial 24 hours after trauma.

Study 11

In the cohort of 4051 trauma patients treated between January 2005 and August
2008 the median age was 38 years and a pre-injury history of comorbidity was
noted in 37.3% of the patients. The proportion of comorbidities increased with
age (figure 2). Mortality at 30-, 90- and 360-day after injury were 5.2%, 6.1% and
9.3%, respectively. Analyses with multivariable logistic regression for death at 30-
day post injury revealed that age over 55 was an independent risk factor, with a
marked increase for the oldest patients (OR 227.5 for patients > 84 years). In
addition, penetrating injury, SAP < 90mmHg, injury severity and low GCS on
admittance were independent risk factors but not gender.
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Figure 2. Distribution of comorbidities in different age groups.
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Black triangles depict the number of patients within each age group. The bars represent the
distribution of comorbidities within each age group. 0 = no comorbidities, 1 = one comorbidity, > 1=
more than one comorbidity.

In the analysis of patients surviving beyond 30-days post injury, male gender and
comorbidity proved to be independent risk factors. Adjusted HR for male gender
and comorbidity regarding the time period 31-360 days post injury were 3.0 (95
% CI 1.7-5.3) and 3.4 (95% CI 1.9-6.1) respectively (table 7). In the age stratified
analysis, the Cox regression model revealed a significant influence of male gender
only among patients 55 years or older. The influence of comorbidity was
significant in both age groups (table 7). SMR was markedly increased for both
women and men during the first 30 days 64.4 (95% CI 50.1-81.6) vs. 80.8 (95% CI
68.5-94.7). For the time period 31-90 days post-injury SMR began to decline for
both women and men 4.7 (CI 2.1-9.3) vs. 11.3 (CI 7.8-15.9). In the later phase, 91-
360 days post-injury SMR was normalised for women but still significantly
increased for men 1.2 (95% CI 0.6-2.3) vs. 3.8 (95% CI 2.8-5.1).
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Table 7. Cox regression analysis of 31-360 day survival.

Results

Hazard Ratios (95% CI)

Unadjusted Adjusted
Gender All All
Female ref ref
Male 2.2 (1.3-3.9) 3.0 (1.7-5.3)
<55 year 255 year <55 year 255 year
Female ref ref ref ref
Male 2.8 (0.8-9.6) 2.4 (1.3-4.5) 2.5 (0.7-8.6) 3.2 (1.6-6.2)
Comorbidity All All
No Ref ref
Yes 8.2 (4.8-14.1) 3.4 (1.9-6.1)
<55 year 255 year <55 year 255 year
No ref ref ref ref
Yes 4.7 (2.0-11.1) 4.5(2.1-9.4) 3.6 (1.5-8.8) 3.4 (1.6-7.2)

Hazard Ratios for male gender and comorbidity unadjusted and adjusted for age, type of violence,
systemic arterial blood pressure (SAP), injury severity score (ISS) and Glasgow coma scale (GCS). Data
presented as hazard ratios with 95% confidence intervals (CI). Analysis of all patients and stratified by
age (< 55 and 2 55 years respectively).
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The relation between the study population and an age matched general
population for survival for both genders over time beyond 90 days is displayed
in figure 3.

Figure 3. Kaplan-Meier survival curves 91-360 days post injury.
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Reference lines of survival over time for an age matched male (a) and female (b) general population.
Kaplan-Meier survival curves from 91 to 360 days post injury for male (c) and female (d) trauma
patient. Short vertical lines depict censored cases.

Study 111

322 patients admitted to the ICU were included in the study. A majority of the
patients were male (78%) and the median age was 41 years. One fifth of the
patients were intubated in the field. On admission to the trauma unit 52 (16%)
patients were in shock with a systolic blood pressure < 90mmHg. The overall
degree of injury was high with a median ISS of 24, and more than half of the
patients presented with major chest trauma (AIS 2 3). Median ICU and hospital
length of stay were three and 16 days respectively, whereas 30-day post-injury
mortality was 9%. Eighty-five (26%) patients developed pneumonia in the ICU
within 10 days after injury. VAP occurred in 45 (14%) of the patients. The clinical
course was markedly different between patients with and without pneumonia.
For patients with pneumonia, ICU and hospital length of stay were nearly four and
two times longer, respectively. 30-day mortality did not differ statistically
between the two groups. Multivariable logistic regression revealed that GCS 3-8
was identified as an independent risk factor (table 8).
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Table 8. Logistic regression analysis of risk factors for post-injury pneumonia within 10 days after

trauma.

Post-injury pneumonia

OR (95% CI)
Univariate Multivariable
Age > 55 1.3(0.7-2.2) 1.6 (0.9-3.0)
Male gender 1.3(0.7-2.4) 1.5 (0.8-3.0)
Intubated at scene 1.9 (1.1-3.4) 1.0 (0.5-2.3)
SAP <90 mmHg 2.0(1.1-3.7) 1.1(0.5-2.3)
GCS 3-8 2.8(1.6-4.8) 2.4 (1.2-4.9)
Major surgery 2.1(1.2-3.7) 1.6(0.8-3.4)
Massive transfusion 1.8(1.0-3.3) 1.2 (0.6-2.5)
ISS > 24 25(1.2-5.3) 1.9(0.8-4.2)

In 42 of the 85 cases of pneumonia the diagnosis was defined by significant

growth of at least one pathogen in a sample from the lower respiratory tract.

Enterobacteriaceae and Staphylococcus aureus were the most common pathogens

for both early and late pneumonia. Three out of four isolates of Streptococcus

pneumoniae were obtained within the first 48 hours after admission, whereas all

isolates of Pseudomonas spp. and Acinetobacter spp. were obtained after > 48 h of

admission.
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Study IV

Characteristics of the population are shown in table 9.

Table 9. Characteristics for study population. All patients.

All
Trauma Controls
(n=7382) (n=36760)

Sex

Female n (%) 2297 (31.1) 11436 (31.1)

Male n (%) 5085 (68.9) 25324 (68.9)
Age, years, median (IQR) 39 (25-55) 39 (25-55)
ISS, median (IQR) 5(2-14)
Level of education

Low n (%) 2120 (31.6) 7932 (23.4)

Medium n (%) 3049 (45.5) 14592 (43.0)

High n (%) 1534 (22.9) 11407 (33.6)
Income

Low n (%) 3818 (54.3) 16636 (47.2)

Medium n (%) 2878 (40.9) 15687 (44.5)

High n (%) 341 (4.8) 2896 (8.2)
History of comorbidity, count (%) 2869 (38.9) 9115 (24.8)
Comorbidity

Psychiatric diagnosis 989 (13.4) 2017 (5.5)

Substance abuse diagnosis 1029 (13.9) 1053 (2.9)

Somatic diagnosis 1805 (24.5) 7142 (19.4)

A lower proportion of the trauma patients had achieved a university education
compared with the controls, one fifth compared to one third. There was a higher
proportion of individuals with low income and comorbidities among trauma
patients, this relationship remained unchanged when the study population was
restricted to individuals with an ISS score of more than 15 (p <. 0001 and p <.
0001 respectively). Trauma patients had been treated for psychiatric, substance
abuse and somatic diagnoses to a higher extent than the controls. The distribution
pattern of injury mechanisms differed largely with the level of education and
income (figure 4). Low education and income were commonly noted among
victims of assault.
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Figure 4A and 4B. Proportions of low and high levels of education (a) and income (b) in relation to
mechanisms of injury.
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Striped bars represent low level and filled bars high level of education and income respectively.
Distribution of proportions significantly different by chi-square test. p = <0.001 and p = <0.001
respectively.

In the conditional logistic regression analysis of the total cohort, level of
education, income and comorbidity (divided in to psychiatric, substance abuse
and somatic diagnoses) were all independent risk factors for trauma (table 10).
When analysing the severely injured patients separately the results did not alter
except for somatic diagnoses not being a risk factor (table 10). Substance abuse
increased the risk for trauma more than three times in the severely injured.
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Table 10. Conditional logistic regression analysis of level

comorbidity as risk factors for trauma.

of education,

income and

0dds Ratio (95% CI)

0dds Ratio (95% CI)

Level of education
Low
Medium
High
Income
Low
Medium
High
Comorbidity
Psychiatric diagnosis
Substance abuse diagnosis

Somatic diagnosis

unadjusted

1.8 (1.7-1.9)
1.5 (1.4-1.5)

1.0 (ref)

1.8 (1.6-2.0)
1.5 (1.3-1.6)

1.0 (ref)

2.1 (2.0-2.3)
3.3 (3.1-3.5)

1.3 (1.2-1.3)

All

adjusted

1.5 (1.4-1.6)
1.3 (1.3-1.4)

1.0 (ref)

1.2 (1.1-1.3)
1.2 (1.1-1.4)

1.0 (ref)

1.5 (1.4-1.6)
2.6 (2.4-2.8)

1.1 (1.1-1.2)

ISS >15
unadjusted adjusted
1.7 (1.5-1.9) 1.4 (1.2-1.6)
1.5 (1.3-1.7) 1.3 (1.1-1.5)

1.0 (ref) 1.0 (ref)
2.0 (1.6-2.6) 1.3 (1.1-1.7)
1.7 (1.3-2.2) 1.4 (1.1-1.8)

1.0 (ref) 1.0 (ref)
2.1(1.8-2.4) 1.4 (1.2-1.6)
3.9 (3.4-44) 3.4 (3.0-4.0)
1.2 (1.1-1.3) 1.0 (0.9-1.1)

Data presented as odds ratios with 95% confidence intervals (CI). Analysis of all patients and

stratified for injury severity (ISS > 15).

In addition, we analysed the impact of recent (six months prior to injury)

treatment for comorbid conditions (figure 5). A recent treatment for substance

abuse or a somatic disorder significantly increased the risk of trauma.
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Figure 5. Impact of treatment for a psychiatric, substance abuse or somatic disorder within six
months on the risk of trauma.
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The figure displays how the adjusted odds ratio (95% CI) for trauma is affected by having the most
recent treatment within six months (open triangles) as compared with before six months (closed
circles) of the time of injury for all and severely injured (ISS >15) patients respectively.
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DISCUSSION

The global burden of injuries is considerable and there are large regional
differences in the world in terms of morbidity and mortality. Developing countries
account for a high proportion but also in the developed countries significant
numbers of complications and regional differences are noted.?# Trying to
describe and study these differences and subsequently analyse their nature is one
of the cornerstones in epidemiologic research. But what is epidemiology?

The word epidemiology comes from the Greek words epi, meaning "on or upon,"
demos, meaning, "people," and logos, meaning "the study of." One useful and
distinct definition of epidemiology is, the study of the distribution and determinants
of disease frequency in a human population.®

Study design

There are several types of design strategies used in epidemiology research. They
can be divided in to two main types, intervention (experimental) or observational
studies. In an intervention study the investigator has the opportunity to modulate
the exposure assigned to study participants, in the clinical setting most often
represented by randomized control trials (RCTs). 87 Ecological, cross-sectional,
cohort and case-control studies represent different observational study designs.
RCTs are often considered to be the gold standard of clinical and epidemiological
studies and considered as providing the most valid scientific results. However, it
has been shown that well-designed observational studies can be at least as valid
as randomised trials.8889

In the studies in this thesis, data from both local and national registries were used
to investigate risk factors to become a trauma victim and various risk factors for
complications and death after trauma. We had the opportunity to use the Swedish
personal identity number, which provides a unique tool for linking data from the
trauma registry to validated national registries in order to get a data set including
information on e.g. income, level of education, pre-existing medical conditions and
long term outcome.”® All of the studies in the thesis are observational studies,
study I-1Il were based on cohort design and study IV was a case-control design. In
study I and Il we used data on trauma patients admitted to the central ICU during
different time periods. Study II and IV are based on patients registered in Trauma
registry of Karolinska Hospital, Stockholm, but diverse time periods.
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Validity

In an epidemiological study, we do not have the opportunities that exist in a
laboratory setting to control for factors that may influence the results. Do we
measure what we want to measure? Are the study results assignable to another
populations? In an epidemiologic investigation, evaluation of validity, both
internal and external, requires consideration of the role of bias, confounding and
chance as alternative explanation for the study findings.

Internal and external validity are the two primary types of validity. Internal
validity is a prerequisite, but does not guarantee, external validity. Validity refers
to the accuracy of a measure. In general, a measure is valid when it measures what
it is designed to measure. Internal validity is the degree to which an observation is
correct for the particular group being studied. External validity or generalizability
refers to the validity of the interferences drawn to individuals not included in the
study.

Generalizability

Are our results applicable to other trauma populations? Our studies are single
centre studies that can be considered to reduce the generalizability, nevertheless
the trauma cohorts in theses studies are largely similar to those described in other
studies. In study I and 11, the cohorts consisted of ICU-treated trauma patients, as
expected, with a higher proportion of severely injured patient compared with the
cohorts in study Il an IV. In study I and 11, one fifth of the patients were females
and ninety percent had blunt trauma as the major type of injury. The patients
were relatively severely injured with a median ISS of 24, this is of the same
magnitude as in other similar studies.*”.61.91.92 In the cohorts of trauma patients in
study II and IV, there were a dominance of male gender and a majority of younger
patients with an mean age of approximately 40 year and one third of the patients
exhibiting some pre-existing medical condition. Thus, the demography is much in
line with several other trauma studies. 13:93-95

Bias

Bias may be defined as a systematic error that results in an inappropriate estimate
of the association between exposure and outcome.** Two general classes of
systematic error are selection and information bias. Selection bias refers to any
error that arises in the process of identifying the study population and
information bias is the systematic errors in the measurements of information on
exposure or outcome. Selection bias can be an issue in case-control studies. Public
health care in Sweden is accessible for all resident and no trauma patients are
treated in the private sector. In addition, we have unique opportunities to
generate matched controls from the general Swedish population. In all of the
studies in this thesis we have to take into account the risk of misclassification, a
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type of information bias. The Swedish inpatient register has complete nation-wide
coverage since 1987. The definition of comorbidity in trauma research has been a
subject of debate. However, it is unlikely that different definitions would influence
the estimates of interest in this thesis. In study II additional analysis using
different stratifications and weighted comorbidity index was done to determine if
it made any difference in the final estimate. We could not find such a difference.

Confounding

Confounding can be explained as mixing of effects and could also be referred to as
a systematic error. A confounder is associated with the disease as well as with the
exposure, but not an intermediate factor in the causal pathway. In the studies in
this thesis confounding was controlled for by using appropriate regression
models. A priori clinically relevant variables were selected. Even though
confounding was well accounted for, there is always a possibility of residual
confounding.

Chance

The error that remains after accounting for the systematic errors is referred to
random error, variability in the data that we cannot readily explain. Confidence
intervals and p-values are used to statistically describe random error in a study.
The confidence interval reflects a range, with a certain degree of uncertainty,
within the true magnitude of effect. The p-value is a function of the strength of the
association and sample size and should be used with caution; a non significant p-
value is not equivalent to a true null hypothesis. In study I random variability may
affect the results due to the limited number of patients included. The large size of
study Il and IV provides a good basis to minimize the likelihood of random errors.

POST-INJURY MORBIDITY AND RISK FACTORS

Multiple organ failure

Multiple organ failure occurred in 40% of the patients during the ICU stay in study
I. Although the incidence of MOF after trauma varies notably in the literature, this
figure may appear relatively high. 36454696 Ciesla et al reported a 25% incidence of
MOF in a US trauma patient cohort with a mean ISS of 29. %6 In a European study
an incidence of only 12% was noted in patients with a mean ISS of 31.3¢ As
commonly found in the literature, respiratory, circulatory and CNS failure were
the most frequently noted organ systems failing. °7 The presence of MOF markedly
affected the clinical course with evident effects on ICU stay and invasive ventilator
days. Even though mortality related to post-injury MOF has been shown to
decrease with improved treatment, mortality was ten times higher in MOF
patients compared to non MOF patients. 3236 In this study we defined organ failure
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according to the SOFA score definitions that previously has been validated in
trauma patients.?” A recent Scandinavian study also using the SOFA based MOF
definitions reported a similar incidence (47%) as in our study. 46 The ability to
detect organ failure and MOF will be dependent on the scoring system used. 98 A
major problem today is the divergent definitions of organ failure and multiple
organ failure and the current lack of a consensus on how to define these
manifestations. When to start assessing post injury organ failure is another
subject of debate, some argue organ failure within 48 hours after the trauma is a
direct result of the trauma itself rather than “true organ failure.3248 Including CNS
in a MOF score has been debated and even said to be misleading.?® The use of
Marshal score (six domains including CNS) and Denver score (four domains not
including CNS) were recently evaluated.#® No significant differences were found
between these scores in predicting mortality, ICU stay or ventilator-free days.
Whether or not to include GCS/CNS is debatable and GCS is frequently used in
MOF assessment in trauma studies.#0100-102 [n the current thesis we included GCS
(as part of SOFA score) since we believe this domain to be of importance. GCS
obtained prior to sedation/induction was used until further proper evaluations
could be done. In study I we found that age, alcohol, massive transfusion, high ISS
and head injury were independently associated with MOF. Transfusions have been
advocated as a risk factor for post-injury MOF. Moore at el showed a dose
response relationship between blood transfusions and later development of MOF
in ICU admitted trauma patients.103 This may be explained by immunosuppressive
and/or neutrophil priming properties in stored blood.1°3 Chronic alcohol abuse
has been associated with an increased risk of ARDS and organ dysfunction.104105
In both clinical and experimental studies prolonged alcohol exposure prior to
trauma and haemorrhage results in an increased pro-inflammatory response.
Endogenous scavengers have been suggested to affect by alcohol exposure. 104106
Moreover, acute alcohol intoxication has been shown to reduce tolerance to
haemorrhagic shock in animals. 107

Acute lung injury

Acute lung injury constitutes a major clinical problem and the mortality is in the
range of 38-68% in recent studies. 198-110 The pathogenesis of ALI among trauma
patients may stem from direct injury to the lung from severe contusions or
indirect mechanisms by means of systemic inflammation and sepsis. In study I, one
quarter of the patients developed ALI during their ICU stay. This finding is
consistent with other reports both in civilian trauma and at a combat support
hospital.?6111 Injury severity and the amount of fluid given the first 24 hours
influenced the development of ALI and the clinical course was affected by the
presence of ALI with a longer ICU stay and a five-fold increase in invasive
ventilator days whereas no significant effect on mortality was seen. Injury severity
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and massive transfusion proved to be independent risk factors in study I. These
results are fairly consistent with other authors investing risk factor or post-injury
ARDS and ALI development.37.111,112

Pro-inflammatory substances can be administered with blood transfusions that
accumulates in stored blood even after leukoreduction and this can be enhanced
by transfusion of plasma-rich blood products e.g. plasma and platelets.113-115 [n
the strategies of damage control resuscitation, with early and aggressive blood,
plasma and platelet transfusion, there is an increased risk of another form of ALI,
transfusion-related acute lung injury. 116

The majority of the patients in study I developed ALI before day four. The
mechanism behind this are more likely to be related to direct injury, massive
transfusion or fluid administration in contrast to ALI patients with late onset
(38%) day four or later, suggesting the presence of an indirect mechanism such as
systemic inflammation or infection.

Severe sepsis

Trauma itself can lead to contamination of wounds, physiological derangement,
changes in immune response and along with excessive surgery and invasive
procedures, all can contribute to post-injury infections and sepsis. During the ICU
stay in study I, one third of the patients developed severe sepsis. A third of this
group had a late onset, day four or later, whereas a majority where diagnosed on
day three post injury. Development of severe sepsis had an impact on the clinical
course with a several fold increase in invasive ventilator days and ICU stay as well
as mortality.

Data on post-injury sepsis is limited in the literature and the reported incidence
varies notably, partly due to differences in definitions of sepsis. Figures from few
percent up to 25% are reported in recent studies.?8°¢ Despite variations in
incidence and definitions, a consistent finding in these studies is that sepsis
markedly affects the clinical course and mortality. Age, fluid load and severe injury
were found to be independent risk factors for later development of severe sepsis
in study I. Previous studies have shown, in line with our findings, that age and
severe injury are predisposing factors for post injury sepsis.385¢ In contrast to the
findings in our study, male gender and massive blood transfusions have
previously been shown to be independent risk factors for sepsis.3856101 Massive
transfusions were not found to be an independent risk factor for severe sepsis,
this is somewhat surprising considering the current literature. Blood transfusions
have been suggested to induce immunosuppression and shown to be a significant
risk factor for post-injury infections.103115117 One explanation could be the limited
number of patients, which makes the study to small to detect massive transfusion
as a independent risk.
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Pneumonia

In study I approximately one quarter of the patients developed pneumonia during
their ICU stay. The incidence of pneumonia seems to increase with severity of
injury but diverging results regarding the influence of severity of injury may
suggest that other factors than the extent of tissue injury per se may be involved in
the development of post-injury pneumonia.346061118 Necrotic tissues and
ischemia-reperfusion injury, both common in trauma patients, affect the immune
system and contribute to systemic inflammation through DAMPs and other
mediators. These changes may predispose seriously injured patients to
development of pneumonia.#2-44119,120

Previous studies have demonstrated an association between blood transfusions
per se and post-injury pneumonia.l?1122 The age of blood has also been correlated
to pneumonia in a recent study blood units older than 14 days was independently
associated with post-injury pneumonia, whereas transfusion with fresh units was
not.123 Blood units transfused in study IIl were generally stored for less than a
week. This may explain why massive transfusion not was identified as an
independent risk factor for pneumonia. Definitions of pneumonia vary this field of
research and make it difficult to compare cohorts.124125 [n this study we chose to
include all patients fulfilling the pneumonia criteria used by the Swedish intensive
care registry.’ 0

We identified a GCS of 3-8 to be an independent predictor of pneumonia. Low GCS
has previously been shown to predispose to pneumonia. ¢@ Immobilisation,
aspiration, and potential subsequent atelectasis formation, rather than the
decreased consciousness per se may contribute to the development of post-injury
pneumonia. Early intubation would theoretically protect against aspiration, but
has also been suggested as a risk factor in the literature. It is likely that intubation
in the field reflects the state of the patient rather than being a cause of subsequent
pneumonia. 6961126 [n study III, Staphylococcus aureus and Enterobacteriaceae
were the most common pathogens isolated in the lower respiratory tract. These
and other pathogens identified in this study and their variation over time are in
line with the results of a previous study not restricted to trauma patients. 127
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Mortality

Study I and 111

In these studies the ICU mortalities were less than 10% in a the cohorts of trauma
patients with a fairly high degree of illness. These findings are well in line with
other authors such as Ulvik et al reporting 14%?4¢ and Antonelli et al who reported
19% ICU mortality in a European trauma cohort.?” We used 30-day post-injury
mortality as an outcome parameter in study I in order to reduce the effects of
differences in patient management between units where ICU mortality may be
affected by the discharge routines. Thirty-day mortality in study I was consistent
with several other reports of post-injury death. A recent Norwegian study showed
a 30-day mortality of 17% in a trauma patient cohort with a median ISS of 25.°1 A
large American study reported a hospital mortality of 7% with a mean ISS of 14128
whereas Frink et al noted a 14% hospital mortality with a mean ISS of 25.101

Pre-hospital time seems to be of importance. In study I a rescue time over one
hour proved to be an independent risk factor for mortality. Prolonged on-scene
time has previously been shown to be an important factor for post-injury death.
Liberman et al showed that despite the use of advanced life support teams
yielding a longer on-scene time, mortality was higher than for basic life support
teams with a shorter on-scene time.12°

As expected high age and significant head injury were common among non
survivors and independent risk factors for mortality. In line with a recent
Scandinavian study °! but in contrast to several previous studies high ISS was not
an independent risk factor for death in study I. 128 130 131

Study 11

The optimal follow up time of trauma victims has been subjected to debate. The
commonly used outcome definition of mortality before end of care or hospital
death has been criticised as a notable number of deaths may occur after discharge
from hospital.12159394132133 Moreover, discharge routines differ significantly
between nations and institutions.!3* Thirty-day mortality, currently used by the
UK trauma audit and research network (TARN)!3> has been advocated as an
appropriate follow up time by Skaga et al 12 who noted that only 4.6% (15 of 323
death during study period) of the trauma patients in their study died between 30
and 100 days. In line with study II where mortality was relatively low increasing
from 5.2% at 30 days to 9.3% at 360 days post injury.
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A large Finnish study showed that survival of trauma patients requiring intensive
care was comparable to the general population after three months post-trauma.136
In contrast, other studies 9193133 highlighted an excess mortality for more than
two years after the trauma data much in line with the results of study II suggesting
that longer follow up times may be appropriate in trauma patients.

As expected, SMR was markedly elevated at 30-days in study II. Interestingly, SMR
was also elevated at 360 days post-injury among men one year after trauma, a
finding in line with other studies 132133 showing increased post-discharge
mortality for trauma patients in relation to the general population. Shafi et al
found that the survival of trauma patients with major injuries was significantly
lower than for minor trauma patients and the general population for several
months post discharge.1>

Thorough examination of causes of death after discharge from hospital is
necessary in order to elucidate the contributing explanations. Few studies have
addressed this topic. Mullins et al 132 investigated causes of death for a large
United State trauma cohort and found that late death up to one year was to a large
extent designated as “nontrauma death”. Claridge et al could demonstrate that
mortality after hospital discharge was to a high degree associated to trauma,
particularly in younger patients. They also report differences in risk factors for
inpatient mortality and mortality after discharge. ">’ In a German study, Probst et
al found differences in cause of deaths between trauma patients and a matched
German general population after discharge from hospital. 138

It could be questioned whether late deaths are trauma-related, connected to pre-
existing medical conditions or if the patients who become trauma victims are a
selected group with an increased risk of being involved in fatal accidents. 15138139

HOST FACTORS AND SOCIOECONOMY

Comorbidity

Assessing the impact of pre-existing medical conditions on post-injury outcome is
associated with difficulties due to methodological differences concerning grading
of disease and outcome measures. Previous research has indicated that
comorbidity is related to excess mortality and that this effect cannot be explained
by age.®® Hollis et al %> demonstrated that this effect was predominantly seen in
less injured patients. In a study from Norway, pre-injury ASA-PS score 140 was an
independent predictor of 30-day post-injury mortality after trauma, even after
adjusting for the variables in the traditional TRISS.?> Moreover, particular pre-
existing medical conditions, such as liver cirrhosis, end stage renal disease and
diabetes have been advocated as strong risk factors for trauma-related
death.141142 The overall prevalence of comorbidity was about 40% in study I and
II, a proportion in agreement with several other studies.6566.93
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The presence of comorbidity did not influence 30-day mortality in study II, but
proved to be an independent risk factor for death during the first year for patients
surviving beyond 30 days. In study Il we also performed an additional analysis
using weighted comorbidity according to the Charlson index in the regression
model. The results of this analysis showed no difference from the analysis using
the unweighted index. It could be questioned whether late deaths are trauma
related and associated to a risk behaviour or caused by pre-existing medical
conditions per se.

Clinical experience and previous studies suggest that a significant proportion of
patients taken care of after trauma are suffering from psychiatric disorders and/
or substance abuse problems.1#3-145 In study IV we categorised pre-existing
medical condition into three groups; somatic, psychiatric and substance abuse
diagnoses.

We could show that comorbidity is a strong independent risk factor in a time-
dependent manner, where the risk of trauma is greatly increased if you have been
treated for a substance abuse-related disorder within six months before the
trauma. This suggests a strong impact of active drug use. Notably, recent
treatment for a somatic disorder significantly increased the risk of severe trauma.
This may reflect that patients with a new or active somatic disease are more prone
to injury. Psychiatric diagnoses were a strong independent risk factor without a
time-dependent manner. Multiple causes may contribute, such as medication side
effects, increased risk behaviour or symptoms correlated to psychiatric disorders.
144,145

Few studies have addressed this temporal relationship before. Preventive
measures are generally difficult to provide but our study emphasises the need of
vigilance in specific groups with a marked risk of becoming trauma victims.
Recently, a European cooperation among experts from major trauma
organisations agreed on a core data set were comorbidity was recommended to
be measured with ASA-PS. Maybe this could help us to find a standard for
assessment of somatic comorbidity in a trauma population.2” Study Il also shows
that it is necessary to take into account psychiatric and substance abuse disorders
in trauma research.
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Gender

The impact of gender on survival after trauma has been studied both in
experimental and clinical settings. Whilst experimental studies indicate superior
survival for female subjects, an effect suggested to be linked to sex steroids,’4-76
clinical studies have shown inconsistent results.#¢ Even though several studies
have reported that male gender constitutes an independent risk factor for trauma-
related mortality other studies have been unable to show this relationship.6%-72
The hypothesis that female sex hormones may be protective has led to the
suggestion by some authors that exogenous estradiol could be considered as a
therapeutic agent in the trauma room.147.148 This approach might be questioned
considering the literature where some studies show that the protective effect is
seen only in elderly women.1#® This was also the finding in study II when we
stratified the cohort into two age groups. The protective effect of female gender
was limited to the older group. The age limit was chosen on the assumption that a
majority of women will have undergone menopausal changes by the age of 55 in
order to minimize the potential confounding association of sex hormones and
outcome. A gender difference was also apparent in the SMR analysis; male
patients had a significantly increased SMR during the first year after trauma,
whereas female patients were comparable with the general population already
after 90 days.

Socioeconomy

The effects of socioeconomic differences on the risk of trauma as well as morbidity
and mortality have been studied previously.138150-152 The relationship is well
documented but the causality is far from clear. A recent WHO report describes
that previous studies have usually been focused on a specific injury mechanism
e.g. falls or traffic accidents and have not had the opportunity to include injury
severity as a variable.’>3 In study 1V, we included severity of injury and did not
limit the analysis to a certain mechanisms of injury.

Definitions of SES differ in previously published literature and this can lead to
difficulties when comparing studies. Two of the most common ways to describe
SES on individual level are education and income.'53 Other authors have shown
that SES is a risk factor for injury, 151154 but few have taken into account the
impact of comorbidity and 154 SES in the same analysis.

We could demonstrate that low levels of education and income were significant
risk factors for trauma, even after adjustment for somatic, psychiatric and
substance abuse diagnoses.

Different factors may explain the association between SES and the risk of trauma.

One is that SES are exposed to increased risks in life e.g. hazards at home and in
the neighbourhood. Another theory is that socioeconomy affects the vulnerability,
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which can be described as the ability to prevent health problems and take various
precautionary measures. This could explain the distribution of mechanisms of
injury in different SES seen in study IV where assault and self-inflicted injury were
uncommon in high SES. A third explanation is that the consequences of illness or
injury differ according to SES, e.g. adherence and access to medical treatment and
technology. 150.155-157

FUTURE PERSPECTIVES AND CLINICAL IMPLICATIONS.

There is a significant proportion of patients who die and/or develop
complications early after injury. We could also demonstrate that there is an
increased, still unexplained, mortality after hospital discharge among patients
treated for injury.

Great efforts have been made to develop the care for the severely injured
patient. The mortality and morbidity rate among severely injured patients
treated in mature trauma centres have declined over the last decades. Despite
this, there are still questions to be answered that can lead to improved care. One
important challenge is the assessment and studying of long-term effects of
trauma. The burden of traumatic injury is multidimensional and there has been
limited development of measures for assessment of post-discharge follow-up.

We have to improve our ability to follow up and study long-term effects of
trauma such as quality of life, return to work and related risk factors, functional
outcome and psychological sequeale. It is my belief that the results of this thesis
will help us to identify trauma patients with an increased risk of long-term
morbidity and mortality. This patient group is in need of increased attention and
improved follow-up after discharge from acute care.
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CONCLUSIONS

* We found a high incidence of multiple organ failure, acute lung injury and
severe sepsis among ICU-treated trauma patients whereas 30 and 90-day
post-injury mortalities were relatively low.

* [CU-complications and death were not uniformly affected by the different
risk factors.

* The influence of host factors on outcome after trauma differs over time.
Male gender was an independent risk factor for mortality at one year but
not at 30-days post injury. The effect of gender seems to be restricted to
elderly patients.

* The presence of comorbidity became a significant risk factor beyond 30
days after trauma.

* A persistent excess mortality in comparison to the general population
was seen among men one year after trauma.

* There was a high incidence of pneumonia among ICU-treated trauma
patients. Reduced consciousness was an independent risk factor for
development of pneumonia after severe injury

* Level of education and income as well as psychiatric, substance abuse
and somatic comorbidity were all independent risk factors for trauma.
Active substance abuse strongly influenced the risk for trauma and had a
time dependent pattern.

53



Olof Brattstrém

ACKNOWLEDGEMENTS

The care and treatment of our patients needs teamwork, where we are all dependent on
each other. I am truly thankful to be one of this team. | am grateful to everyone who has
helped and supported me during these years both clinically and with my research. I am
especially thankful to:

Anders Oldner, Associate Professor, my supervisor and friend, who, with excellent
scientific guidance, has made this work possible. You have always been available for any
question and for entertaining and stimulating discussions about research, kayak paddling
and screwdriver bits.

Emma Larsson, my co-supervisor and friend, always positive, enthusiastic and with a
never-ending energy despite the fact you've had more important things to think about.
However, you still have a lot to learn about tools....

Professor Eddie Weitzberg, always encouraging, supportive and providing great
scientific knowledge. Always positive after a chat with you I always leave with a smile.

Professor Lars I Eriksson with your enthusiasm and positive attitude, you have been a
role model both in my clinical practice and as a researcher. You, together with Lars
[restedt, guided me into research indirectly by believing in me at the start of the Trauma
registry at Karolinska.

Associate Professor Lars Irestedt, always encouraging and positive. [ have learned so
much from you and have great respect for you as a physician and a person.

Gunnar Dahlgren colleague and mentor as well as tutor during my residency, for being
such an excellent doctor and person. [ hope I can learn half of what you can.

Patrik Rossi, head of the Department of Anesthesiology, Surgical Services and Intensive
Care, Huddinge, co-author, colleague and former co-supervisor, for your support as a
clinician and researcher. You were my left arm during a time when I couldn’t use mine.

Associate Professor Fredrik Granath, co-author, for invaluable input on methods and
statistical issues.

Johan Petersson, co-author, for stimulating discussions and collaboration.

To all my colleagues and friends in the Department of Anesthesiology, Surgical Services
and Intensive Care Medicine. I am truly grateful to be one of this team, which makes it
easy to go towork, knowing I will be surrounded by so many skilful people.

Anders Ostlund and Gunilla Wihlke, for all support during the years and your
enthusiasm and will to develop the care for the injured patient, and for guiding me
during my first years as a specialist at Section for Emergency and Trauma Anaesthesia.

Lena A Jansson, Lisbet Bergendal, Katarina Ramsberg Enegren and Tina Friberg.

Without your commitment and follow-up of the trauma patients this thesis could not
have been written.

54



Olof Brattstrém Acknowledgements

Ola Friman, Asa Bengtsson, Jenny Svedlund, for your dedication, registration,
monitoring and care for our severely injured patients.

Timothy Baker for providing linguistic expertise and for your impressive work with
MKAIC.

Anna Schandle and Petra Hyllienmark, co-authors and for your commitment, and
knowledge in your respective fields and pleasant and stimulating collaboration.

Pierre Sundin, Hakan Bjorne, Daniel Tornberg, friends and colleagues, who's been there
and supported me and with whom I have shared many fun and exciting moments. I did

not think [ would be here when I sat with a tube in my nose and spat into a cup .....

Andreas Gidlof, Johan Nordstréom, Anders Giinther, colleagues and friends, love our
fishing trips, soon we will be there again.

Karsten Ahlbeck, colleague and former roommate, who helped me more than you
believe, just being there and sharing anecdotes, technical innovations and showing me

the right way into the apple world.

SPSS-gang, not only a statistic program, and all other friends outside the hospital, none
mentioned none forgotten, for old and true friendship.

Nils and Nancy, parents-in-laws and friends who are always there when needed.

Ylva and Daniel with families, my sister and brother, who have always been there and
for support throughout my life.

My father Carl-Erik and my brother Kjell, who did not get to be part of this moment, but
nevertheless are always present in my thoughts.

My mother Kerstin, for everything! Always supporting, with love.
Andreas what would this be without you and Kristina? You are the most important for me
and hope we can get more time to play many more matches in the future, do not think you

are unbeatable....

Kristina, my wife, my love and best friend, these few lines are not enough for the gratitude
[ feel and how much you mean to me. Yours forever, with love!

55



Olof Brattstrém

REFERENCES

1. Wilson WC GC, Hoyt DB. Trauma Emergency resuscitation peroperative
Anesthesia Surgical Management. Vol 12007.

2. Birmingham Accident Hospital. BMJ. 1943;1:549.

3. Sciences NAo. Accidental Death and Disability: The neglected Disease of
Modern Society, . 1966 reprinted 1997.

4. Trunkey D. History and Development of Trauma Care in the United States
Clinical Orthopedics and related research. 2000(374):36-46.

5. Hoff WS, Schwab CW. Trauma System Development in North America.
Clinical Orthopaedics and Related Research. 2004;422:17-22.

6. Leppaniemi A. Trauma systems in Europe. Curr Opin Crit Care. Dec
2005;11(6):576-579.

7. Kristiansen T, Soreide K, Ringdal KG, et al. Trauma systems and early
management of severe injuries in Scandinavia: review of the current state.
Injury. May 2010;41(5):444-452.

8. Centers for Disease Control an Prevention.
http://www.cdc.gov/niosh/programs/ti/.

9. Lozano R, Naghavi M, Foreman K, et al. Global and regional mortality from
235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis
for the Global Burden of Disease Study 2010. Lancet. Dec 15
2012;380(9859):2095-2128.

10.  Murray CJ, Vos T, Lozano R, et al. Disability-adjusted life years (DALY's) for
291 diseases and injuries in 21 regions, 1990-2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet. Dec 15 2012;380(9859):2197-
2223.

11. Murray CJL, Ezzati M, Flaxman AD, et al. GBD 2010: design, definitions, and
metrics. The Lancet. 2012;380(9859):2063-2066.

12. Skaga NO, Eken T, Jones JM, Steen PA. Different definitions of patient
outcome: consequences for performance analysis in trauma. /njury. May
2008;39(5):612-622.

13. Ruchholtz S, Lefering R, Paffrath T, et al. Reduction in mortality of severely
injured patients in Germany. Dtsch Arztebl Int. Mar 2008;105(13):225-231.

14. Champion HR, Copes WS, Sacco WJ, et al. The Major Trauma Outcome
Study: establishing national norms for trauma care. The Journal of trauma. Nov
1990;30(11):1356-1365.

15. Shafi S, Renfro LA, Barnes S, et al. Chronic consequences of acute injuries:
worse survival after discharge. The journal of trauma and acute care surgery.
Sep 2012;73(3):699-703.

16. Soreide K. Epidemiology of major trauma. Br J Surg. Jul 2009;96(7):697-698.

17. The Swedish National Board of Health and Welfare. Cause of Death Register.
Acessed 2013-12-14. http://www.socialstyrelsen.se/register/dodsorsaksregistret.

18. Strand K, Flaatten H. Severity scoring in the ICU: a review. Acta
anaesthesiologica Scandinavica. Apr 2008;52(4):467-478.

19. Kim YJ. Injury severity scoring systems: a review of application to practice.
Nursing in critical care. May-Jun 2012;17(3):138-150.

20. Committe on Medical Aspects of Automotive Safety; Rating the severity of
tissue damage 1. The Abbreviated Scale JAMA. 1971;215:2:277-280.

21. Association for the Advancement of Automotive Medicine. http://aaam.org/.

56




Olof Brattstrém References

22,

23.

24.
25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

3S.

36.

37.

38.

39.

40.

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. Mar 1974;14(3):187-196.

Osler T, Baker SP, Long W. A modification of the injury severity score that
both improves accuracy and simplifies scoring. The Journal of trauma. Dec
1997;43(6):922-925; discussion 925-926.

The Tauma Audit & Research Network (TARN). https://http://www.tarn.ac.uk.
Trauma Register DGU http://www.traumaregister.de.

Champion HR, Sacco WJ, Copes WS, Gann DS, Gennarelli TA, Flanagan ME.
A revision of the Trauma Score. The Journal of trauma. May 1989;29(5):623-
629.

Ringdal KG, Coats TJ, Lefering R, et al. The Utstein template for uniform
reporting of data following major trauma: A joint revision by SCANTEM,
TARN, DGU-TR and RITG. Scand J Trauma Resusc Emerg Med.
2008;16(1):7.

Champion HR SW, Hunt TK. Trauma Severity Scoring to Predict Mortality.
World journal of surgery. 1983;7:4-11.

Boyd CR, Tolson MA, Copes WS. Evaluating trauma care: the TRISS method.
Trauma Score and the Injury Severity Score. The Journal of trauma. Apr
1987;27(4):370-378.

Champion HR, Sacco WJ, Carnazzo AJ, Copes W, Fouty WJ. Trauma score.
Critical care medicine. Sep 1981;9(9):672-676.

Ciesla DJ, Moore EE, Johnson JL, Burch JM, Cothren CC, Sauaia A. A 12-year
prospective study of postinjury multiple organ failure: has anything changed?
Arch Surg. May 2005;140(5):432-438; discussion 438-440.

Dewar D, Moore FA, Moore EE, Balogh Z. Postinjury multiple organ failure.
Injury. Sep 2009;40(9):912-918.

Magnotti L], Croce MA, Fabian TC. Is ventilator-associated pneumonia in
trauma patients an epiphenomenon or a cause of death? Surg Infect (Larchmt).
Fall 2004;5(3):237-242.

Gannon CJ, Pasquale M, Tracy JK, McCarter RJ, Napolitano LM. Male gender
is associated with increased risk for postinjury pneumonia. Shock (Augusta, Ga.
May 2004;21(5):410-414.

Bergeron E, Lavoie A, Clas D, et al. Elderly trauma patients with rib fractures
are at greater risk of death and pneumonia. The Journal of trauma. Mar
2003;54(3):478-485.

Nast-Kolb D, Aufmkolk M, Rucholtz S, Obertacke U, Waydhas C. Multiple
organ failure still a major cause of morbidity but not mortality in blunt multiple
trauma. The Journal of trauma. Nov 2001;51(5):835-841; discussion 841-832.
Miller PR, Croce MA, Kilgo PD, Scott J, Fabian TC. Acute respiratory distress
syndrome in blunt trauma: identification of independent risk factors. The
American surgeon. Oct 2002;68(10):845-850; discussion 850-841.

Osborn TM, Tracy JK, Dunne JR, Pasquale M, Napolitano LM. Epidemiology
of sepsis in patients with traumatic injury. Critical care medicine. Nov
2004;32(11):2234-2240.

Cook A, Norwood S, Berne J. Ventilator-associated pneumonia is more
common and of less consequence in trauma patients compared with other
critically ill patients. The Journal of trauma. Nov 2010;69(5):1083-1091.
Balogh ZJ, Reumann MK, Gruen RL, et al. Advances and future directions for
management of trauma patients with musculoskeletal injuries. The Lancet.
2012;380(9847):1109-1119.

57



Olof Brattstrém

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58

Keel M, Trentz O. Pathophysiology of polytrauma. Injury. Jun 2005;36(6):691-
709.

Tsukamoto T, Chanthaphavong RS, Pape HC. Current theories on the
pathophysiology of multiple organ failure after trauma. /njury. Jan
2010;41(1):21-26.

Zhang Q, Raoof M, Chen Y, et al. Circulating mitochondrial DAMPs cause
inflammatory responses to injury. Nature. Mar 4 2010;464(7285):104-107.
Bianchi ME. DAMPs, PAMPs and alarmins: all we need to know about danger.
Journal of leukocyte biology. Jan 2007;81(1):1-5.

Durham RM, Moran JJ, Mazuski JE, Shapiro MJ, Baue AE, Flint LM. Multiple
organ failure in trauma patients. The Journal of trauma. Oct 2003;55(4):608-
616.

Ulvik A, Kvale R, Wentzel-Larsen T, Flaatten H. Multiple organ failure after
trauma affects even long-term survival and functional status. Critical care
(London, England). 2007;11(5):R95.

Dewar DC, Tarrant SM, King KL, Balogh ZJ. Changes in the epidemiology and
prediction of multiple-organ failure after injury. The journal of trauma and
acute care surgery. Mar 2013;74(3):774-779.

Sauaia A, Moore EE, Johnson JL, Ciesla DJ, Biffl WL, Banerjee A. Validation
of postinjury multiple organ failure scores. Shock (Augusta, Ga. May
2009;31(5):438-447.

Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related Organ Failure
Assessment) score to describe organ dysfunction/failure. On behalf of the
Working Group on Sepsis-Related Problems of the European Society of
Intensive Care Medicine. Intensive care medicine. Jul 1996;22(7):707-710.
Swedish intensive care registry.
http://www.icuregswe.org/Documents/Guidelines/.

Sauaia A, Moore FA, Moore EE, Lezotte DC. Early risk factors for postinjury
multiple organ failure. World journal of surgery. May 1996;20(4):392-400.
Sauaia A, Moore FA, Moore EE, Haenel JB, Read RA, Lezotte DC. Early
predictors of postinjury multiple organ failure. Arch Surg. Jan 1994;129(1):39-
45.

Andrews PL, Shiber JR, Jaruga-Killeen E, et al. Early application of airway
pressure release ventilation may reduce mortality in high-risk trauma patients: a
systematic review of observational trauma ARDS literature. The journal of
trauma and acute care surgery. Oct 2013;75(4):635-641.

Treggiari MM, Hudson LD, Martin DP, Weiss NS, Caldwell E, Rubenfeld G.
Effect of acute lung injury and acute respiratory distress syndrome on outcome
in critically ill trauma patients. Critical care medicine. Feb 2004;32(2):327-331.
Muckart DJ, Bhagwanjee S. American College of Chest Physicians/Society of
Critical Care Medicine Consensus Conference definitions of the systemic
inflammatory response syndrome and allied disorders in relation to critically
injured patients. Critical care medicine. Nov 1997;25(11):1789-1795.

Shalhub S, Junker CE, Imahara SD, Mindrinos MN, Dissanaike S, O'Keefe GE.
Variation in the TLR4 gene influences the risk of organ failure and shock
posttrauma: a cohort study. The Journal of trauma. Jan 2009;66(1):115-122;
discussion 122-113.

Vincent JL, Rello J, Marshall J, et al. International study of the prevalence and
outcomes of infection in intensive care units. JAMA Dec 2 2009;302(21):2323-
2329.




Olof Brattstrém References

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Hyllienmark P, Gardlund B, Persson JO, Ekdahl K. Nosocomial pneumonia in
the ICU: a prospective cohort study. Scandinavian journal of infectious
diseases. 2007;39(8):676-682.

Antonelli M, Moro ML, Capelli O, et al. Risk factors for early onset pneumonia
in trauma patients. Chest. Jan 1994;105(1):224-228.

Eckert MJ, Davis KA, Reed RL, 2nd, et al. Urgent airways after trauma: who
gets pneumonia? The Journal of trauma. Oct 2004;57(4):750-755.

Michelet P, Couret D, Brégeon F, et al. Early Onset Pneumonia in Severe Chest
Trauma: A Risk Factor Analysis. The Journal of trauma. 2010;68(2):395-400.
Glance LG, Stone PW, Mukamel DB, Dick AW. Increases in mortality, length
of stay, and cost associated with hospital-acquired infections in trauma patients.
Arch Surg. Jul 2011;146(7):794-801.

Kollef MH, Hamilton CW, Ernst FR. Economic impact of ventilator-associated
pneumonia in a large matched cohort. Infection control and hospital
epidemiology : the official journal of the Society of Hospital Epidemiologists of
America. Mar 2012;33(3):250-256.

Morris JA, Jr., MacKenzie EJ, Damiano AM, Bass SM. Mortality in trauma
patients: the interaction between host factors and severity. The Journal of
trauma. Dec 1990;30(12):1476-1482.

Hollis S, Lecky F, Yates DW, Woodford M. The effect of pre-existing medical
conditions and age on mortality after injury. The Journal of trauma. Nov
2006;61(5):1255-1260.

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

Gabbe BJ, Magtengaard K, Hannaford AP, Cameron PA. Is the Charlson
Comorbidity Index useful for predicting trauma outcomes? Acad Emerg Med.
Apr 2005;12(4):318-321.

Moore L, Lavoie A, Le Sage N, et al. Using information on preexisting
conditions to predict mortality from traumatic injury. Annals of emergency
medicine. Oct 2008;52(4):356-364 ¢352.

Mostafa G, Huynh T, Sing RF, Miles WS, Norton HJ, Thomason MH. Gender-
related outcomes in trauma. 7The Journal of trauma. Sep 2002;53(3):430-434;
discussion 434-435.

Haider AH, Crompton JG, Oyetunji T, et al. Females have fewer complications
and lower mortality following trauma than similarly injured males: a risk
adjusted analysis of adults in the National Trauma Data Bank. Surgery. Aug
2009;146(2):308-315.

Magnotti L], Fischer PE, Zarzaur BL, Fabian TC, Croce MA. Impact of gender
on outcomes after blunt injury: a definitive analysis of more than 36,000 trauma
patients. Journal of the American College of Surgeons. May 2008;206(5):984-
991; discussion 991-982.

Sperry JL, Nathens AB, Frankel HL, et al. Characterization of the gender
dimorphism after injury and hemorrhagic shock: are hormonal differences
responsible? Critical care medicine. Jun 2008;36(6):1838-1845.

Haider AH, Crompton JG, Chang DC, et al. Evidence of Hormonal Basis for
Improved Survival Among Females With Trauma-Associated Shock: An
Analysis of the National Trauma Data Bank. The Journal of trauma. Sep
2010;69(3):537-540.

Kan WH, Hsieh CH, Schwacha MG, et al. Flutamide protects against trauma-
hemorrhage-induced liver injury via attenuation of the inflammatory response,

59



Olof Brattstrém

75.

76.

77.

78.

79.

80.

81.

82.

83.
84.
8s.

86.
87.
88.

89.

90.

91.

92.

60

oxidative stress, and apopotosis. Journal of applied physiology. Aug
2008;105(2):595-602.

Kozlov AV, Duvigneau JC, Hyatt TC, et al. Effect of estrogen on mitochondrial
function and intracellular stress markers in rat liver and kidney following
trauma-hemorrhagic shock and prolonged hypotension. Mol Med. Jul-Aug
2010;16(7-8):254-261.

Kuebler JF, Jarrar D, Toth B, et al. Estradiol administration improves
splanchnic perfusion following trauma-hemorrhage and sepsis. Arch Surg. Jan
2002;137(1):74-79.

Clay FJ, Newstead SV, McClure RJ. A systematic review of early prognostic
factors for return to work following acute orthopaedic trauma. Injury. Aug
2010;41(8):787-803.

MacKenzie EJ, Bosse MJ, Pollak AN, et al. Long-term persistence of disability
following severe lower-limb trauma. Results of a seven-year follow-up. The
Journal of bone and joint surgery. American volume. Aug 2005;87(8):1801-
18009.

Chen E, Martin AD, Matthews KA. Socioeconomic status and health: do
gradients differ within childhood and adolescence? Soc Sci Med. May
2006;62(9):2161-2170.

McGwin G, Jr., MacLennan PA, Fife JB, Davis GG, Rue LW, 3rd. Preexisting
conditions and mortality in older trauma patients. The Journal of trauma. Jun
2004;56(6):1291-1296.

The Swedish National Board of Health and Welfare. The Swedish National
Patient Register. Acessed 2013-11-20.
http://www.socialstyrelsen.se/register/halsodataregister/patientregistret/inenglis
h.

Ludvigsson JF, Andersson E, Ekbom A, et al. External review and validation of
the Swedish national inpatient register. BMC Public Health. 2011;11:450.
Statistic Sweden. http://www.scb.se/eng/.

Statistic Sweden - The longitudinal integration database for health insurance
and labour market studies http://www.scb.se/lisa/.

Christensen MC, Parr M, Tortella BJ, et al. Global differences in causes,
management, and survival after severe trauma: the recombinant activated factor
VII phase 3 trauma trial. The Journal of trauma. Aug 2010;69(2):344-352.
Hennekens C. Epidemiology in medicine. Lippincott Williams & Wilkins; 1987.
Rothman K. Epidemiology - An introduction. Oxford University Press; 2002.
Concato J, Shah N, Horwitz RI. Randomized, controlled trials, observational
studies, and the hierarchy of research designs. The New England journal of
medicine. Jun 22 2000;342(25):1887-1892.

Benson K, Hartz AJ. A comparison of observational studies and randomized,
controlled trials. The New England journal of medicine. Jun 22
2000;342(25):1878-1886.

Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The Swedish
personal identity number: possibilities and pitfalls in healthcare and medical
research. Eur J Epidemiol. 2009;24(11):659-667.

Ulvik A, Wentzel-Larsen T, Flaatten H. Trauma patients in the intensive care
unit: short- and long-term survival and predictors of 30-day mortality. Acta
anaesthesiologica Scandinavica. Feb 2007;51(2):171-177.

Chan LY, Moran JL, Clarke C, Martin J, Solomon PJ. Mortality and cost
outcomes of elderly trauma patients admitted to intensive care and the general
wards of an Australian tertiary referral hospital. Anaesth Intensive Care. Sep
2009;37(5):773-783.




Olof Brattstrém References

93.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

104.

10s.

106.

107.

108.

Gubler KD, Davis R, Koepsell T, Soderberg R, Maier RV, Rivara FP. Long-
term survival of elderly trauma patients. Arch Surg. Sep 1997;132(9):1010-
1014.

MacKenzie EJ, Rivara FP, Jurkovich GJ, et al. A national evaluation of the
effect of trauma-center care on mortality. The New England journal of
medicine. Jan 26 2006;354(4):366-378.

Skaga NO, Eken T, Sovik S, Jones JM, Steen PA. Pre-injury ASA physical
status classification is an independent predictor of mortality after trauma. The
Journal of trauma. Nov 2007;63(5):972-978.

Ciesla DJ, Moore EE, Johnson JL, Burch JM, Cothren CC, Sauaia A. The role
of the lung in postinjury multiple organ failure. Surgery. Oct 2005;138(4):749-
757; discussion 757-748.

Antonelli M, Moreno R, Vincent JL, et al. Application of SOFA score to
trauma patients. Sequential Organ Failure Assessment. Intensive care medicine.
Apr 1999;25(4):389-394.

Baue AE. MOF, MODS, and SIRS: what is in a name or an acronym? Shock
(Augusta, Ga. Nov 2006;26(5):438-449.

Dewar DC, Balogh ZJ. The epidemiology of multiple-organ failure: a definition
controversy. Acta anaesthesiologica Scandinavica. Feb 2011;55(2):248-249;
author reply 249-250.

Maegele M, Lefering R, Yucel N, et al. Early coagulopathy in multiple injury:
an analysis from the German Trauma Registry on 8724 patients. Injury. Mar
2007;38(3):298-304.

Frink M, Pape HC, van Griensven M, Krettek C, Chaudry IH, Hildebrand F.
Influence of sex and age on mods and cytokines after multiple injuries. Shock
(Augusta, Ga. Feb 2007;27(2):151-156.

Neal MD, Cushieri J, Rosengart MR, et al. Preinjury statin use is associated
with a higher risk of multiple organ failure after injury: a propensity score
adjusted analysis. The Journal of trauma. Sep 2009;67(3):476-482; discussion
482-474.

Moore FA, Moore EE, Sauaia A. Blood transfusion. An independent risk factor
for postinjury multiple organ failure. Arch Surg. Jun 1997;132(6):620-624;
discussion 624-625.

von Heymann C, Langenkamp J, Dubisz N, et al. Posttraumatic immune
modulation in chronic alcoholics is associated with multiple organ dysfunction
syndrome. The Journal of trauma. Jan 2002;52(1):95-103.

Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in the
United States from 1979 through 2000. The New England journal of medicine.
Apr 17 2003;348(16):1546-1554.

Ono M, Yu B, Hardison EG, Mastrangelo MA, Tweardy DJ. Increased
susceptibility to liver injury after hemorrhagic shock in rats chronically fed
ethanol: role of nuclear factor-kappa B, interleukin-6, and granulocyte colony-
stimulating factor. Shock (Augusta, Ga. Jun 2004;21(6):519-525.

Bottoms GD, Fessler JF, Johnson M, Coatney RW, Voorhees W. Effects of
acute alcohol intake on tolerance to hypotension. Alcoholism, clinical and
experimental research. Oct 1990;14(5):776-780.

Luhr OR, Antonsen K, Karlsson M, et al. Incidence and mortality after acute
respiratory failure and acute respiratory distress syndrome in Sweden,
Denmark, and Iceland. The ARF Study Group. American journal of respiratory
and critical care medicine. Jun 1999;159(6):1849-1861.

61



Olof Brattstrém

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

62

LuY, Song Z, Zhou X, et al. A 12-month clinical survey of incidence and
outcome of acute respiratory distress syndrome in Shanghai intensive care units.
Intensive care medicine. Dec 2004;30(12):2197-2203.

Rubenfeld GD, Caldwell E, Peabody E, et al. Incidence and outcomes of acute
lung injury. The New England journal of medicine. Oct 20 2005;353(16):1685-
1693.

Edens JW, Chung KK, Pamplin JC, et al. Predictors of early acute lung injury at
a combat support hospital: a prospective observational study. The Journal of
trauma. Jul 2010;69 Suppl 1:S81-86.

Chan CM, Shorr AF, Perkins JG. Factors associated with acute lung injury in
combat casualties receiving massive blood transfusions: a retrospective
analysis. J Crit Care. Aug 2012;27(4):419 e417-414.

Janz DR, Zhao Z, Koyama T, et al. Longer storage duration of red blood cells is
associated with an increased risk of acute lung injury in patients with sepsis.
Ann Intensive Care. 2013;3(1):33.

Khan H, Belsher J, Yilmaz M, et al. Fresh-frozen plasma and platelet
transfusions are associated with development of acute lung injury in critically ill
medical patients. Chest. May 2007;131(5):1308-1314.

Jackman RP. Immunomodulation in transfused trauma patients. Curr Opin
Anaesthesiol. Apr 2013;26(2):196-203.

Benson AB, Moss M, Silliman CC. Transfusion-related acute lung injury
(TRALI): a clinical review with emphasis on the critically ill. Br J Haematol.
Nov 2009;147(4):431-443.

Bochicchio GV, Napolitano L, Joshi M, Bochicchio K, Meyer W, Scalea TM.
Outcome analysis of blood product transfusion in trauma patients: a
prospective, risk-adjusted study. World journal of surgery. Oct
2008;32(10):2185-2189.

Cavalcanti M, Ferrer M, Ferrer R, Morforte R, Garnacho A, Torres A. Risk and
prognostic factors of ventilator-associated pneumonia in trauma patients.
Critical care medicine. Apr 2006;34(4):1067-1072.

Roumen RM, Hendriks T, van der Ven-Jongekrijg J, et al. Cytokine patterns in
patients after major vascular surgery, hemorrhagic shock, and severe blunt
trauma. Relation with subsequent adult respiratory distress syndrome and
multiple organ failure. Annals of surgery. Dec 1993;218(6):769-776.

Pugin J. How tissue injury alarms the immune system and causes a systemic
inflammatory response syndrome. Ann Intensive Care. Jul 12 2012;2(1):27.
Croce MA, Tolley EA, Claridge JA, Fabian TC. Transfusions result in
pulmonary morbidity and death after a moderate degree of injury. The Journal
of trauma. Jul 2005;59(1):19-23; discussion 23-14.

Weinberg JA, McGwin G, Jr., Marques MB, et al. Transfusions in the less
severely injured: does age of transfused blood affect outcomes? The Journal of
trauma. Oct 2008;65(4):794-798.

Vandromme MJ, McGwin G, Jr., Marques MB, Kerby JD, Rue LW, 3rd,
Weinberg JA. Transfusion and pneumonia in the trauma intensive care unit: an
examination of the temporal relationship. The Journal of trauma. Jul
2009;67(1):97-101.

Tejerina E, Esteban A, Fernandez-Segoviano P, et al. Accuracy of clinical
definitions of ventilator-associated pneumonia: comparison with autopsy
findings. J Crit Care. Mar 2010;25(1):62-68.

Klompas M, Kleinman K, Khan Y, et al. Rapid and reproducible surveillance
for ventilator-associated pneumonia. Clin Infect Dis. Feb 1 2012;54(3):370-377.



Olof Brattstrém References

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Evans HL, Zonies DH, Warner KJ, et al. Timing of intubation and ventilator-
associated pneumonia following injury. Arch Surg. Nov 2010;145(11):1041-
1046.

Hyllienmark P, Martling CR, Struwe J, Petersson J. Pathogens in the lower
respiratory tract of intensive care unit patients: impact of duration of hospital
care and mechanical ventilation. Scand J Infect Dis. Jun 2012;44(6):444-452.
Gannon CJ, Napolitano LM, Pasquale M, Tracy JK, McCarter RJ. A statewide
population-based study of gender differences in trauma: validation of a prior
single-institution study. J Am Coll Surg. Jul 2002;195(1):11-18.

Liberman M, Mulder D, Sampalis J. Advanced or basic life support for trauma:
meta-analysis and critical review of the literature. The Journal of trauma. Oct
2000;49(4):584-599.

Canter JA, Norris PR, Moore JH, Jenkins JM, Morris JA. Specific polymorphic
variation in the mitochondrial genome and increased in-hospital mortality after
severe trauma. Annals of surgery. Sep 2007;246(3):406-411; discussion 411-
404.

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. Jul 2007;63(1):135-141.

Mullins RJ, Mann NC, Hedges JR, et al. Adequacy of hospital discharge status
as a measure of outcome among injured patients. JAMA. Jun 3
1998;279(21):1727-1731.

Davidson GH, Hamlat CA, Rivara FP, Koepsell TD, Jurkovich GJ, Arbabi S.
Long-term survival of adult trauma patients. JAMA. Mar 9 2011;305(10):1001-
1007.

Jencks SF, Williams DK, Kay TL. Assessing hospital-associated deaths from
discharge data. The role of length of stay and comorbidities. JAMA Oct 21
1988;260(15):2240-2246.

Bouamra O, Wrotchford A, Hollis S, Vail A, Woodford M, Lecky F. A new
approach to outcome prediction in trauma: A comparison with the TRISS
model. The Journal of trauma. Sep 2006;61(3):701-710.

Niskanen M, Kari A, Halonen P. Five-year survival after intensive care--
comparison of 12,180 patients with the general population. Finnish ICU Study
Group. Critical care medicine. Dec 1996;24(12):1962-1967.

Claridge JA, Leukhardt WH, Golob JF, McCoy AM, Malangoni MA. Moving
beyond traditional measurement of mortality after injury: evaluation of risks for
late death. Journal of the American College of Surgeons. May 2010;210(5):788-
794, 794-786.

Probst C, Zelle BA, Sittaro NA, Lohse R, Krettek C, Pape HC. Late death after
multiple severe trauma: when does it occur and what are the causes? The
Journal of trauma. Apr 2009;66(4):1212-1217.

Sobrino J, Shafi S. Timing and causes of death after injuries. Proc (Bayl Univ
Med Cent). Apr 2013;26(2):120-123.

ASA Physical Status Classification System. American Society of
Anesthesiologists. Available at:. http://www.asahq.org/For-Members/Clinical-
Information.aspx.

Morris JA, Jr., MacKenzie EJ, Edelstein SL. The effect of preexisting
conditions on mortality in trauma patients. JAMA. Apr 11 1990;263(14):1942-
1946.

Patel MS, Malinoski DJ, Nguyen XM, Hoyt DB. The impact of select chronic
diseases on outcomes after trauma: a study from the National Trauma Data
Bank. J Am Coll Surg. Jan 2011;212(1):96-104.

63



Olof Brattstrém

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

64

McLaughlin KA, Koenen KC, Hill ED, et al. Trauma exposure and
posttraumatic stress disorder in a national sample of adolescents. Journal of the
American Academy of Child and Adolescent Psychiatry. Aug 2013;52(8):815-
830 e814.

Crump C, Sundquist K, Sundquist J, Winkleby MA. Sociodemographic,
psychiatric and somatic risk factors for suicide: a Swedish national cohort
study. Psychological medicine. Jan 2014;44(2):279-289.

Crump C, Sundquist K, Winkleby MA, Sundquist J. Mental disorders and risk
of accidental death. Br J Psychiatry. 2013;203:297-302.

Sperry JL, Minei JP. Gender dimorphism following injury: making the
connection from bench to bedside. Journal of leukocyte biology. Mar
2008;83(3):499-506.

Wigginton JG, Pepe PE, Idris AH. Rationale for routine and immediate
administration of intravenous estrogen for all critically ill and injured patients.
Critical care medicine. Oct 2010;38(10 Suppl):S620-629.

Bullard MK, Bir N, Kwan R, Cureton E, Knudson P, Harken A. Women rule.
Surgery. Jan 2010;147(1):134-137.

George RL, McGwin G, Jr., Metzger J, Chaudry [H, Rue LW, 3rd. The
association between gender and mortality among trauma patients as modified
by age. The Journal of trauma. Mar 2003;54(3):464-471.

Burrows S, Auger N, Gamache P, Hamel D. Individual and area socioeconomic
inequalities in cause-specific unintentional injury mortality: 11-year follow-up
study of 2.7 million Canadians. Accident, analysis and prevention. Mar
2012;45:99-106.

Chen HY, Ivers RQ, Martiniuk AL, et al. Socioeconomic status and risk of car
crash injury, independent of place of residence and driving exposure: results
from the DRIVE Study. J Epidemiol Community Health. Nov 2010;64(11):998-
1003.

Hasselberg M, Laflamme L. Road traffic injuries among young car drivers by
country of origin and socioeconomic position. International journal of public
health. 2008;53(1):40-45.

Laflamme SB, Marie Hasselberg Socioeconomic differences in injury risks.
WHO Regional Office for Europe 2009.

Nordstrom A, Edin BB, Lindstrom S, Nordstrom P. Cognitive function and
other risk factors for mild traumatic brain injury in young men: nationwide
cohort study. BMJ. 2013;346:£723.

Laflamme L. Explaining socio-economic differences in injury risks. Injury
Control and Safety Promotion. 2001;8(3):149-153.

Lundborg PN, Martin; Vikstrom, Johan Socioeconomic Heterogeneity in the
Effect of Health Shocks on Earnings- Evidence from Population-Wide Data on
Swedish Workers. Discussion Paper series, Forschungsinstitut zur Zukunft der
Arbeit, No. 6121,. 2011.

Rosvall M, Chaix B, Lynch J, Lindstrom M, Merlo J. The association between
socioeconomic position, use of revascularization procedures and five-year
survival after recovery from acute myocardial infarction. BMC Public Health.
2008;8:44.



