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General introduction

Worldwide, an estimated fifty to sixty-nine million people a year sustain a traumatic
brain injury (TBI). "* The all-cause, all-severity global yearly incidence of TBI is
estimated at 939 cases per 100,000 people, of which an estimated 5.48 million people
(73/100,000) suffer severe TBI (s-TBI). 2 In Europe, there are an estimated 2.5 million
new cases of TBI each year. " Numbers from The Netherlands show almost 35.000
annual emergency department visits. 2 The most common causes of TBI are road traffic
accidents and falls. ™ In recent years, the number of falls is increasing, especially in the
elderly.*7 The medical consequences of TBI are substantial and range from symptoms
like headache and fatigue to severe disabilities and even death.”" The high occurrence
and acute and chronic consequences of TBI contribute to the substantial healthcare-
and socioeconomic burden and cause harm to patients, proxies and societies.’

Diagnosis and classification

TBIis defined as ‘an alteration in brain function, or other evidence of brain pathology,
caused by an external force. ™ It can be diagnosed and classified by using trauma
mechanism, clinical severity, presence of structural damage on neuroimaging, and
prognostic risk. ® Clinical severity is the most frequently used classification method
and usually indicated by the level of consciousness as represented by the Clasgow
Coma Scale. "™ The combined sum score (3 to 15) of the eye (1-4), verbal (1-5) and
motor (1-6) components is used to categorize patients in three severity groups: severe
TBI (GCS 3-8), moderate TBI (GCS 9-12), and mild TBI (GCS 13-15). These severity groups
account for an estimated 8%, 11% and 81% of all TBI patients respectively. ?

Although these TBI severity groups are frequently used in clinical practice and research,
the clinical presentation of patients within these categories remains highly variable.
'® Variability in TBI is very common and complicates diagnosis, classification and
clinical practice. It is the result of differences in patient characteristics, or particulars
of trauma, such as type, intensity, direction, and duration of the external forces, but
also by uncertainties related to the complexity of the brain. > Many aspects of the
pathophysiological mechanisms of TBI are still unknown. The mechanism of TBI can
be best understood by distinguishing primary and secondary brain injury. "

Primary and secondary brain injury

Primary brain injury occurs at the time of the initial injury and causes diffuse
or localized brain tissue destruction and areas of intracerebral or extracerebral
haemorrhage. Primary injury is irreversible by definition and therefore unsuitable
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Chapter1

for treatment. It could only be anticipated by preventative measures. ® More
extensive primary injury is usually seen in more severely injured TBI patients, and
is likely to be related to the development of secondary brain injury.

Secondary braininjury occurs from insults to the brain in the hours, days or months
after the initial injury. ®7 It is mainly triggered by hypoxia and hypovolaemia
caused by systemic insults or increased intracranial pressure (ICP) as a result of
intracranial hematomas, brain swelling, cerebral oedema or ischemia. ™ Other
causes are impaired haemostasis, the consequences of neurotransmitter release,
oradamaged blood-brain barrier with leakage of immune cells and a subsequent
increased neuroinflammatory response with brain swelling. "7 Secondary injury is
considered to be reversible and is suitable for treatment. "

Treatment strategies

Immediate treatment in the pre-hospital or hospital setting could prevent or reverse
secondary injury and associated brain dysfunction and might therefore be beneficial
for patient outcome. ™ Trauma patients are usually treated by using the ATLS
(Advanced Trauma Life Support) principle: ‘treat first what kills first’ " When necessary,
this includes the prevention and/or normalisation of hypoxia and hypovolaemia by
using intubation, oxygen supplementation, fluid resuscitation, or acute treatment of
extracranial injuries, before focussing on the neurological status of the patient. " After
neurological assessment, a CT scan is made to identify potential treatable or operable
traumatic intracranial abnormalities, including diffuse axonal injury, diffuse swelling,
subarachnoid haemorrhage, contusions, and epidural or subdural hematomas (Figure
1). Traumatic intracranial hematomas are rare in patients with mild TBI, but occur in
25-35% of patients with s-TBI and in 5-10% of patients with moderate TBI and could
require immediate or delayed surgical intervention to prevent secondary injury. 32

Surgical intervention options include the placement of an ICP monitor or
extraventricular drain, a craniotomy with evacuation of a haemorrhagic focus, or
a decompressive craniectomy. 2° Surgical management is often combined with
perioperative ICU treatment that also focusses on the prevention of secondary
injury and the optimisation of conditions for brain recovery. ®* The necessary
individualised and targeted approaches are nearly only possible at specialised ICUs.
Z'When ICU admission is not required, patients will be admitted to a medium care
or general ward. Provided care obviously depends on a patients’ clinical condition,
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their medical needs and the local possibilities to provide care. Deciding to initiate
or withhold surgical and/or non-surgical treatment during the acute treatment
decisions-making process is often very difficult for treating physicians.

Figure 1. Computed tomography (CT) scans of patients with traumatic intracranial abnormalities.
Aand B: Subdural hematoma. C: Contusion and parenchymal hematoma. D: Epidural hematoma.

The acute treatment decision-making process

Several evidence-based guidelines, treatment protocols, and consensus-based
recommendations are made to support physiciansin this decision-making process. 2
26 Despite their existence, adherence to TBI guidelines is generally poor. This is caused
by the low evidence level on which recommendations are based %, delay between
literature search and publication, the fact that recommendations are not restated in
subsequent guideline versions, and downgrading of a recommendations’ evidence
level. 2 In addition, there are several areas of uncertainty that are not included in

available guidelines because essential evidence is not available. 224

The extent of the problem of evidence availability is also reported in two recent
reviews. The first review of 191 completed randomized controlled trials for acute
TBI management found very little translatable evidence because of multiple
methodological shortcomings. * The second investigated systematic reviews on the
acute management of moderate to s-TBI patients and concluded a lack of currency,

completeness and quality. '
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The many problems with the availability of high-quality evidence results in a lack of
consensus, decision-making difficulties, and an inability to practice evidence-based
medicine. This enables treatment variation, which is reported in nearly all fields of
TBI management, including the use and implementation of guidelines in European
neurotrauma centers *, structures and processes of TBI care ®*, monitoring and treatment
policies in patients with TBI and intracranial hypertension *, general supportive and
preventive measures at ICUs *, and neurosurgical strategies or management. 3%

Future research is needed to improve the quality and completeness of evidence on the
treatment of TBI patients. Reliable information on patient outcome and treatment
effectiveness is likely to substantially improve the treatment decision-making process

for physicians.

Patient outcome

The effectiveness of treatments can be assessed by measuring achieved patient
outcome, because the main goal of providing healthcare is to achieve best possible
patient outcome. Despite available treatment interventions, TBI patients still show
high rates of mortality and unfavourable outcome, especially in patients with s-TBI. In
a recent meta-analysis, the in-hospital mortality for moderate TBI and s-TBI patients
was 57.2% and the all time point’ mortality was 65.3% for s-TBI, 34.3% for moderate
TBI and 12.3% for mild TBI patients. ** Other studies reported lower mortality rates of
0.45% to 8% for mild TBI ¥, 0.9% to 8% for moderate TBI *> and 39% - 40.4% for s-TBI.

41,42

In addition to mortality rates many investigators report functional patient outcome
by using the Glasgow Outcome Score - Extended. * (Table 1) A so called ‘favourable
outcome (GOSE 5-8), indicating independency in daily life, was achieved by 29% - 40%
of s-TBI patients, 55.3% - 87% of moderate TBI patients, and 85.4% of mild TBI patients.
so444 Unfortunately, outcome rates are difficult to generalize because they depend
on multiple factors such as age, injury severity, initial neurologic condition and TBI
severity (i.e defined by GCS). 4

Besides short term outcome, many studies report long-term sustained healthcare
problems, which are not limited to s-TBI patients, but also reported after mild TBI.
om4est Several authors therefore consider TBI to be a chronic health condition and
suggest that it should be addressed as such by healthcare providers, researchers and

policymakers. 523
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Table 1 Explanation of Glasgow Outcome Scale (- Extended). #

Glasgow Outcome Scale Glasgow Outcome Scale— Brief description U/F
(GOS) Extended (GOSE)
1. Death 1. Death Death °
2. Vegetative state 2. Vegetative state Absence of awareness of self and g g
environment 33
S~
3. Severe disability 3. Lower severe disability Needs full assistance in daily life < 3
4. Upper severe disability Needs partial assistance in daily life o
4. Moderate disability 5. Lower moderate Independent, but cannot resume work/
disability school or all previous social activities g
6. Upper moderate Some disability exists, but can partly S
disability resume work or previous activities 3
[
5. Good recovery 7. Lower good recovery Minor physical or mental deficit that =
affects daily life 5
8. Upper good recovery Full recovery or minor symptoms that %
[

do not affect daily life

Patient outcome after TBI and thereby the effectiveness of available, generally
unproven, treatment strategies is still considered to be unsatisfactory. 222429 A critical
appraisal of treatment effectiveness and patient outcome will hopefully decrease the
number of patients that achieve an outcome that they would have never wanted and
might even prevent associated but ineffective healthcare expenses. 254

In-hospital costs

The annual global economic burden of TBI is estimated to be US$ 400 billion. ™ Direct
costs (i.e. healthcare costs) represent a substantial part of the total economic burden
35760 hut the indirect costs (i.e. loss of productivity and intangible costs) are considered
to be the largest contributor. "¢ TB| related healthcare costs are increasing annually,
which is problematic when healthcare budgets remain restricted. 3 These high and
rising healthcare costs could endanger the affordability of national healthcare systems
and thereby public health. ¢’ The importance of investigating the cost of care for TBI
patients is therefore widely recognized by healthcare professionals and societies. '
Healthcare professionals and policy makers are nowadays even expected to study the
cost-effectiveness of treatments.

When focussing on the hospital setting, patients with s-TBI show the longest hospital
or ICU length of stay and have the most (neuro)surgical and medical interventions
compared to other TBI severities. “*7°7 These patients also show the highest individual
costs of all TBI patients. 7° In The Netherlands, the mean direct and indirect costs for
TBI patients were €18,030 per patient? and when including rehabilitation and nursing
home costs, patients with s-TBI costed €40,680 to €44,952. 7
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Understanding and generalizing the in-hospital costs of individual TBI patients
from available literature however remains difficult because methodological
heterogeneity of TBI cost studies is high and study quality often inadequate. 727+
Input from high quality cost research is essential to achieve a rational and righteous
distribution of limited resources, to guarantee the highest quality of care for the
lowest costs. 77> To achieve this, several difficulties in conducting TBI research have
to be improved.

Difficulties in conducting TBI research

Conducting research in patients with TBI is complicated by several factors; largely
unknown pathophysiological mechanisms of brain injury, the acute and stressful
situation, unavailable necessary information (i.e. trauma mechanism, medical history,
use of anticoagulants), and a patients’ inability to provide informed consent. As stated,
to meet the need for more high-quality research, the efficiency of future research
initiatives needs to be improved. This can be achieved by optimizing several aspects of
TBI research. This thesis will focus on the use of informed consent procedures and the

process of institutional review board approval.

Informed consent

Physicians and researchers are obligated to inform patients and obtain informed
consent before executing diagnostic tests or treatment interventions as part of a
clinical study. 777 The right to refuse informed consent and thus study participation is
internationally recognised and formalised in many declarations, regulations, directives
and laws.”*7 Obtaining informed consent respects the principle of autonomous people
and their autonomous choices and actions. It establishes a shared responsibility

between professionals and patients.

Obtaining patient informed consent is however not possible in patients with an
inability to provide informed consent due to acute TBI. As a result of limited formal
guidance in this context, most Institutional Review Boards (IRB) have pragmatically
accepted that proxies may provide prior consent on behalf of the patient. Because
proxies are frequently unavailable or unable to provide informed consent within the
limited time window, potentially eligible patients may not always be recruited, and

study progress suffers delays. 7
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To allow essential emergency research initiatives, several alternatives are introduced
to overcome this problem. It is accepted to start the study without prior patient
or proxy informed consent with (deferred consent) and without (exception from
consent, waiver of consent) the requirement to obtain informed consent for study
continuation later. #% As in TBI management, there is substantial practice variation
in used informed consent procedures, within and between EU Member States, and
also globally. ## Variation in informed consent procedures complicates multicentre
international studies because it may lead to inclusion problems, bias, and delay in
institutional review board approval. %

Institutional review boards

An institutional review board is usually appointed to review research protocols to
ensure their compliance with ethical standards and national laws. IRBs have an
essential role in (clinical) research to protect the dignity, fundamental rights, safety,
and well-being of research participants and their formal approval is compulsory before
a clinical study can start. ® Although several international models exist to improve
the harmonization of ethical principles, the functioning of IRBs is subject to national
legislation and regulation, which refine their structure and function to better serve
local needs and cultural preferences. **" Approval of research protocols submitted to
IRBs is subject to these differences, which may complicate the conduct of international
research.

Lack of procedural harmonization ‘leads to a complex and uncertain framework
for ethical review and for participant informed consent, resulting in numerous
inefficienciesin observational studies’. > Greater procedural harmonizationis generally
considered desirable, because it could improve quality and efficiency by decreasing
costs, increasing statistical validity, *° optimizing data management %, allowing
choice of relevant and generalizable outcome variables, ® promoting uniform product
safety regulations ¢, and minimizing waste of resources due to inefficiencies. *

The efficiency of future research initiatives could be improved by assessing the
procedural details, and quantifying the differences, problems and challenges
regarding informed consent and IRB procedures. This could improve efficiency and
quality of future research initiatives and thereby contribute to the evidence base
on patient outcome and treatment cost-effectiveness. This might benefit future
treatment decision-making and ultimately patient outcome.
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AIM AND OUTLINE OF THIS THESIS

This thesis aims to describe and improve the acute treatment decision-making process
and research practice in patients with s-TBI.

The following research questions will be answered to address this aim:
1. Whatis the outcome of patients with s-TBI?
2. Whatis the in-hospital healthcare consumption and how high are the
in-hospital costs of patients with s-TBI?
3. Whatchallenges are encountered in the acute treatment decision-making
process in patients with s-TBI?
4. Whatdifficulties are encountered in current TBI research practice?

Accordingly, this thesis consists of two parts.

Part | is about the challenges of the treatment decision-making process in patients
with (s-)TBI and focusses on three factors considered to be important in this process:
patient outcome, in-hospital healthcare consumption, and in-hospital costs. Chapter
2 is a literature review of acute neurosurgical management in patient with very severe
TBI (Clasgow Coma Scale 3-5), where several factors related to surgical intervention
and patient outcome are investigated. Chapter 3 is a systematic review and quality
assessment of available literature on the in-hospital healthcare consumption and
in-hospital costs of patients after sustaining s-TBI. Chapter 4 presents functional and
patient-reported outcome and in-hospital healthcare consumption and in-hospital
costs of a retrospectively investigated regional cohort of patients with a traumaticacute
subdural hematoma. Chapter 5 investigates patient outcome, in-hospital healthcare
consumption and in-hospital costs of TBI patients that were regionally included in the
Collaborative European NeuroTrauma Effectiveness Research in Traumatic Brain Injury
(CENTER-TBI) study. Chapter 6 summarizes the result of multiple focus group sessions
and explores the difficulties of acute decision-making in s-TBI patients.

Part Il analyses procedural difficulties in TBI research practice. It focusses on the
process of institutional review board approval and the use of informed consent
procedures in patients with TBI with an inability to provide informed consent.
Chapter 7 describes how the CENTER-TBI study protocol is reviewed and approved by
66 European institutional review boards. Chapter 8 analyses the policy and practice
regarding informed consent procedures in patients with an acute inability to provide
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informed consent in the CENTER-TBI study. Chapter 9 contains an extensive overview
on informed consent procedures for emergency interventional research in patients

with acute TBIl and ischaemic stroke.

A summary and general discussion are included to complete this thesis.
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