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‘I think nobody should be certain of anything. If you've certain, you're certainly wrong because
nothing deserves certainty. So one ought to hold all one's beliefs with a certain element of doubt,
and one ought to be able to act vigorously in spite of the doubt “

Bertrand Russell. 1960
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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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General introduction

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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ABSTRACT

Introduction: Patients presenting with an early Glasgow Coma Scale (GCS) Score of
3-5 after blunt or penetrating skull-brain assaults are categorized as having sustained
a very severe traumatic brain injury (vs-TBI). This category is often overlooked in
literature. Impact on patients and families lives however is huge and the question
“whether to surgically treat or not” frequently poses a dilemma to treating physicians.
Little is known about mortality and outcome, compared to what is known for the group
of severe TBI patients (s-TBI) (GCS 3-8). The main goal of this review was creating more
awareness for the neurosurgical treatment of this patient group.

Evidence acquisition: A literature search (2000-2017) was conducted discussing
“severe TBI (GCS 3-8)”, “(neuro)surgical management” and ‘outcome”. Ultimately 45 out
of 2568 articles were included for further analysis.

Evidence synthesis: Mortality rates and unfavorable outcome are high for s-TBI
patients and as expected higher for vs-TBI patients. Mortality rates reach up to 100%
for specific subgroups with GCS=3 and bilaterally fixed dilated pupils. Functional
outcome was generally poor, but sometimes, although seldom, favorable in specific
groups of vs-TBI patients after neurosurgical intervention. Factors like initial GCS,

pupillary abnormalities and age seem to be associated with worse outcome.

Conclusions: Overall this literature review showed high rates of unfavorable outcome
and mortality for vs-TBI patients. However, some studies, reporting relatively low
mortality rates, reported “good” outcome for specific groups of vs-TBI patients. It is
concluded that clinical decision-making, in particular those on treatment limitations,
should never be taken based on the CCS alone.
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INTRODUCTION

Patients with severe traumatic brain injury (s-TBI) are generally defined as those
with a Glasgow Coma Scale Score (GCS) between 3 and 8. These patients are, in most
instances in Western World, directly intubated and transported to the nearest level
| trauma center. Obviously, s-TBI has high emotional, humanitarian and financial
impact on patients, their proxy's as well as on society. Of hospitalized TBI patients
about 1 out of 25 are classified as having s-TBI.' The nature and extent of brain injury
in this group may vary from closed to penetrating trauma,>? including intracranial
hematomas (epidural, subdural or hemorrhagic contusion injury) observed in up to
35% of the s-TBI patients and varying degrees of diffuse axonal injury.>* Mortality
rates are high (40%) and chance for clinically favorable outcome, as assessed by the
Glasgow Outcome Scale (GOS), relatively low (40%).°®

Within the population of s-TBI, very severe TBI (vs-TBI) is being proposed by the
authors to sub-classify the group of patients with an extremely low initial coma score,
categorized as having a very low GCS, ranging between 3 and 5. Obviously, for the
latter patients, mortality and severe disability rates are higher, and clinical outcome
is worse than for the entire group of severe TBI. Still, this sub-classification is useful
to analyze detailed outcome for this group specifically, because vs-TBI is the most
challenging group of patients in treatment decision-making for neurosurgeons,
traumatologists, intensivists and neurologists. As time is limited in the acute phase,
communication with family and friends of the patient is short, if ever performed at all.
It creates difficulties for those, who have to determine whether or not to treat these
patients surgically in the acute setting. Surgical options, range from inserting an
intracranial pressure (ICP) monitoring device up to a large decompressive craniectomy,
in order to try to control “severe brain swelling’, which may develop secondarily. The
latter treatment may increase the chance for survival, but also increases the chance
for survival of a patient with severe disability,*"> which might not be acceptable for all

people and to society.

The goal of this literature review was to investigate reported outcome for patients
with vs-TBI, in particular the effect of different neurosurgical interventions. Besides
important essential factual information, the authors try to identify gaps in the
diagnostic and treatment evidence, for which more research will be needed to
eventually improve surgical treatment for this important group of TBI patients.
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EVIDENCE ACQUISITION

The literature review was conducted according to a predefined search protocol. A
systematic review attemptwas abandoned as randomized studies and methodological
sound prospective studies were lacking. Keywords were “brain injury”, “traumatic’,

» o«

“surgery’,

» o«

neurosurgical procedures’, ‘operative” and “severe” (Appendix I). The sections
discussing penetrating brain injury (PBI) are separately informed by the literature
search used for the Guidelines for the Management of Penetrating Brain Injury,'* which
was expanded by an additional literature search in Medline. Search terms included

“penetrating head or brain injuries”, “brain”, “head”, “wounds” and “gunshot” (Appendix

.

Two reviewers independently selected relevant studies, extracted data and discussed
disagreements until consensus was reached. If consensus was not reached one of the
senior authors was capable to take the final decision.

Two stages of study selection were needed (Figure 1). First, studies were selected on
title and abstract at least containing: (1) s-TBI patients, (2) (neuro) surgical treatment
and (3) clinical outcome. Secondly, during full-text screening, only original data studies
with patient cohorts (N>10) consisting of vs-TBI patients (early GCS Score 3-5) were
included if data on (neuro) surgical treatment and outcome were presented. Studies
were excluded when published before 2000 and non-English. Authors excluded series
without a detailed initial GCS and only mentioning mean or median scores for obvious
clinimetric reasons.

Manuscripts containing information on outcome in vs-TBI in adult populations were
subsequently divided based on surgical treatment; ICP monitoring, decompressive
craniectomy and other surgical interventions. Studies discussing elderly and pediatric
patients were discussed separately. Authors used various synonyms for good or
favorable outcome (COS 4 or 5), representing “moderate disability” and “good outcome”
respectively. The same classification and denomination was used in the specific
references.
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EVIDENCE SYNTHESIS

The search resulted in 2568 manuscripts. After screening of abstracts, 751 studies were
selected for full-text assessment. Manuscripts were excluded for three main reasons: 1)
no original data (N.=173); 2) no vs-TBI patient cohort (N.=504); 3) no surgical treatment
or outcome specified for vs-TBI (N.=29) and other reasons (N.=6). Finally, 39 scientific
manuscripts met inclusion criteria. After checking reference lists on possible relevant
publications another 6 emerged, resulting in a final selection of 45 studies™?° (Figure
1). In addition, a total of 126 manuscripts formed the evidence base for the sections on
penetrating brain injury.

Literature search:
2568 articles identified

Year <2000: 465
Non-English: 133

Excluded after screening titles
and abstracts: 1219

Included after title and

abstract: 751
ﬂ No original data: 173
| No GCS 3-5 cohort: 504

H No surgery/outcome data: 29 |
H Other: 6 |

Final selection: 45 ¢ Artlclles6added after reference
search:

Figure 1: Article selection

Intracranial pressure monitoring

Eight studies from all global continents reported results of ICP guided treatment in
vs-TBI patients (Table I).2?¢ Only three studies reported prospective data collection.??
Cohort sizes varied between 78 and 4880 patients,? * presenting male dominance
(mean 77%) and young age (mean 42 years).
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Tabel I: ICP Monitoring

Study information Purpose Population a Age
Farahvar (2012)* Examine 2-week mortality of N=1446 75 36.6
USA, s-TBI patients with or without  ICP:1202 (83.1%)

2000-2009 ICP monitor. GCS3-5:761

Prospective

Mauritz (2008)* Reasons for receiving ICP N=1856 73 1: 46
Austria, monitoring and factors 1:ICP:1031 (56%) 2:53
1998-2004 influencing mortality. 2:No-ICP:825

Prospective GCS3+4: 959

Dawes (2015)* Determine the impact of N=822 75 42
USA, ICP monitor placement on ICP: 378 (46%)

2009-2010 inpatient mortality. GCS3: 449

Prospective

Kim (2014)* Effect of ICP monitoring on the  N=78 82 44
Korea, two-week mortality afterearly  ICP: 25 (32.1%)

2010-2012 DCins-TBI GCS3-5:38

Retrospective |ICP:10 (26.3%)

Alice (2017)* Assess both compliance and N=4880 72 50
USA, outcomes of ICP monitoring. GCS3-5sub: 3352

2013-2014 ICP: 381 (11.4%)

Retrospective

Criesdale (2010)* Evaluate guideline adherence ~ N=171 77 1:35
Canada, and relationship between 1:EVD: 98 (57%) 2:42
2000-2006 EVD use and mortality. 2:No EVD: 73

Retrospective GCS<6: 52

Haddad (2011)% Examine outcome of ICP N=477 96 +28.5
Saudi Arabia, monitoring in s-TBI patients. ICP: 52 (10.9%)

2001-2008 GCS3-4: 231

Retrospective

Zeng (2010)* Evaluate treatment guided N=136 66 44.8
China, by ICP monitoring in s-TBI ICP:136 (100%)

2004-2006 patients. GCS3-5:58

Retrospective

Table | legend:

*Multivariable logistic regression models predicting 2-week mortality for all-age sample ((OR; 95%Cl;P))

“*Risk-adjusted mortality rate reduction for ICP monitoring.
ogistic regression analyses predicting 2-week mortalities for all 78 patients.

Abbreviations: & Male; s-TBI: severe Traumatic Brain Injury; ICP: Intracranial Pressure; GCS: Glasgow Coma
Scale (score); ICU: Intensive Care Unit; ED: Emergency Department; ISS: Injury Severity Score; FIM: Functional
Independence Measure; EVD: External Ventricular Drain; GOS: Clasgow Outcome Scale.

Average reported proportion of ICP monitoring in s-TBl was 42% (range: 10.8-83.1%).
Two studies specifically assessed guideline adherence and found only 10.8% and
46% of eligible patients receiving ICP monitoring.?% A third study found that 86% of
patients without an extra ventricular drain would have qualified for having one.? One
study investigated inter-center differences and found that ICP monitoring occurred
more often in medium-sized trauma centers compared to large centers (OR 3.09, 95%
Cl2.42-3.94).”
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Type of GCS score.

Outcome measure

Results

Initial day 1 post-

resuscitation

Admission

ED

Initial

Presentation

Bestin first12

hours.

Admission

Admission

14-day mortality

ICU/Hospital
mortality

Inpatient mortality

2-week mortality

Mortality (in
hospital)/ FIM
(good)

Hospital and 28-

day mortality

Hospital mortality

GOS (>6M)

Mortality (OR; 95% Cl; P)

CCS6-8 vs. GCS3-5 = (0.44; 0.36 - 0.53; <0.0001)

ICP monitoring is a statistically significant predictor of 2-week
mortality: (0.63; 0.41-0.94; 0.02)*

Mortality: GCS3 (N=796): ICU: 48.5%, Hospital: 51.1%
GCS>3: ICU: 24.8%, Hospital: 29.3%

Age 65 and GCS=3: ICU 67%; Hospital 71.1%

Numbers irrespective the presence of ICP monitoring
Mortality:

GCS(3): -13.3% (95% Cl: -6.0 t0 -20.5). P:<0.001
GCS(3)+ High ISS (>25): -32.9% (95% Cl: -20.3 t0 -45.4)

P.<0.001"*

Overall mortality: ICP: 24%, no-ICP: 50.9% (p=0.025)
Mortality: GCS3-5: 57.8%

GCS3-5: Crude OR 3.625 (1.406-9.343)***

Adjusted OR: 2.506 (0.712-8.822)***

Mortality Overall ICP/no-ICP: 27.2% [ 22.4%

FIM (good) Overall ICP/no-ICP:17.8% / 28.7%
Mortality: GCS3-5: 26.3%. Overall: 22.9%

GCS3-5: Independent predictor of mortality: OR1.84

Hospital mortality (OR; 95% Cl; P): GCS<6: 0.76; 0.18-3.2; 0.71,
GCS=6:5.6;1.7-18.4; <0.01

28-day mortality (OR; 95% Cl; P): GCS<6: 0.47; 0.11-2.1; 0.32,
GCS=6:5.0;1.5-16.7; <0.01

Mortality ICP/No-ICP, (OR; 95%Cl; P)
GCS3-4:12.9%/ 24.5%, (0.51; 0.17-1.59; 0.25)
GCS5-6:18.2%/ 7%, (3.74; 0.61-22.82; 0.15)
GCS7-8: 50%/ 7.2%, (12.89; 3.14-52.95; 0.0004)

CGCS3-5: GOS1=16%, COS2=12%, GOS3=24%, COS4=10%,
GOS5=38%

GCS6-8: GOS1= 4%, GOS2=4%, GOS3=13%, GOS4=10%,
GOS5=69%

Multiple factors seemed likely to be associated with more frequent placement of an ICP

monitoring device, including age (<65 years), female gender, the presence of at least

one reactive pupil and more isolated TBI with a higher Abbreviated Injury Scale (AlS)

head score and higher Injury Severity Score (ISS).?>? Increased likelihood ratios for ICP

monitoring were also found when the CT-scan showed subdural hematoma, cerebral

contusion or diffuse mass effect.?2 Reasons for not providing ICP monitoring included

higher age,”* pupillary abnormalities,” history of cancer,? cardiac insufficiencies,?

alcoholism, coagulopathy or injury from a fall 2 and a higher estimated mortality as

assessed by the treating physician.?? A cohort of 1856 patients, showed ICP rates rise

with TBI severity, but interestingly again decreased for vs-TBI.22
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Monitoring ICP with therapeutic consequences, was reported to be associated with an
8.3% reduction in risk-adjusted mortality rate.”® Reduction in risk-adjusted mortality
rate increased to 13.3% for low GCS Score (3) and to 32.9% in high (>25) and low GCS
Score (3) combined.? But there was no consensus. Some found a lower CCS Score to be
a predictor for mortality 2% and others showed no significant difference for GCS 5-6
and GCS 3-4 subgroups.” Even the opposite was found. A higher hospital and 28-day
mortality in patients with GCS>s5, but not in patients with GCS<6.%

Despite ICP guided treatment, up to 12% was diagnosed as sustaining a persistent
vegetative state at 6 months, besides which 24% having severe cognitive and somatic
disabilities.?® Favorable outcome (GOS 4-5) was reached in 48% (GCS 3-5) and 79%
(GCS 6-8) of patients.?®

Although possibly due to selection bias, ICP monitored patients showed longer duration
of mechanical ventilation,>?% a higher need for tracheostomy #” and significantly longer
intensive care unit (ICU) stay 2% compared to non-ICP monitored patients. Also more
complications and poorer functional outcome at discharge are reported.*

Decompressive craniectomy

Seventeen of 45 selected studies concerned decompressive craniectomy (DC)
procedures. Results (Table I1)""7 24 showed a predominance of young males (age
range: 25-56 years) and most cohorts involved less than 50 patients, with one
prospective study and other studies being retrospective.?® Most studies used the
Glasgow Outcome Scale (GOS) and one study used the modified Rankin Scale (mRS).%°

Wide ranges in outcome were identified for overall s-TBI mortality rates (11% to
68.5%).2> " Rates for vs-TBI patients were higher near 80%,*** up to 100% in two
GCS=3 subgroups.> 3¢ Favorable outcome in vs-TBI patients ranged from 0% (mRS
0-2) to 63% (GOS3-5) 2% Up to 80% of patients with initial GCS>6 achieved favorable
outcome.*

Nine studies investigated outcome of standard DC, without comparing different ICU
and surgical treatment methods.™s" 332343638 A bjlateral decompression for bilateral
injury or diffuse edema/swelling was used in 3.3-34% of total procedures. The
identified two typical reasons for performing DC are: 1) directly to prevent secondary
injury; 2) posttraumatic ICP elevation, after failed ICU treatment; and 3) posttraumatic
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surgical lesions like epidural hematoma (EDH), acute subdural hematoma (ASDH) or
cerebral contusions, depending on their location, extent and presence of brain edema
and CT recorded midline shift?" 3+ 38 With 34% of all patients receiving bilateral
decompressive surgery for posttraumatic intractable intracranial hypertension, overall
84% achieved unfavorable outcome increasing to 96.6% for vs-TBI."”

Timing of surgery varied between cohorts from 86% of patients within first hour after
admission, to 33% within 6 hours from trauma.®"3¢ One study with only ASDH patients,
showed a30-day mortality rate of nearly 40 percent. The vs-TBI subgroup showed higher
mortality rates (64% vs. 26%) and more 6-month unfavorable outcome (COS1-3) (91%
vs. 55%) compared to patients with GCS>53* A second study (79% ASDH) found similar
unfavorable outcome rates for vs-TBI patients after 6 months approaching 90%, but
found higher mortality rates (79.3%).2? With 86% of cohort being patients with ASDH,
Huang et al. found 59.7% 30-day mortality for vs-TBI subgroup and 12.4% mortality
for GCS 6-8 . In other studies ASDH was the most prevalent focal intracranial space-
occupying lesion (32-86%).% 17303138 A study investigating “malignant” brain swelling
reported no difference in mortality rates, but worse outcome for vs-TBI patients (70%
vs.16.7%) than GCS>5 patients.?” Within a cohort of 66 vs-TBI patients, neurosurgeons
performed 86% of all DC within approximately one hour after admission and this
study reported an overall 1-year mortality rate of 1%, with good outcome in 68%.”
Worse outcome was reported in patients with higher initial ICPs and GCS<5.3" A
relatively favorable overall mortality rate (12.5%) was found in Italy, where 37% of GCS

3-5 patients achieved favorable outcome.™

Five studies compared different surgical techniques and varying timing of surgery.>*->
341 All studies were retrospective and contained a subgroup of GCS 3-5 patients. Early
bilateral decompressive craniectomy as a first treatment option in s-TBI was compared
to secondary DC for refractory ICP* It was shown to be an effective treatment option for
ICP control, resulting in overall significant better one-year favorable outcome of 50%
and 27.8%, respectively.®* Compared to the GCS 6-8 subgroup, the vs-TBI subgroup
showed a 2 times higher rate of mortality (50% vs. 25%) and splits favorable outcome
(45% vs. 25%) . Ultra-early DC (<4 h of trauma onset) compared with DC after 4 hours
did not seem to improve patient outcome.> Worse mortality rates were found for vs-
TBI patients (GCS 3:100%, GCS 4-5:82.2%, GCS>5:41%) and showed 0% favorable
outcome, compared to 4.7% in GCS>5 patients.*® Another study reported significantly
better outcome for patients with GCS 6-8 who were operated within 24 h compared to

patients with GCS 3-5, operated within the same time window.*
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Apart from the timing of decompressive surgery, another factor was the surgical
technique, which varied, caused by the extent of diffuse swelling and presence of
intracranial hematoma. The difference between DC with and without mass evacuation
was investigated comparing 93 patients with mass lesions and 71 patients with
diffuse injury and swelling.*® The first group showed lower mortality (14 vs. 32.4%)
and appeared to be a significant predictor to 60-day mortality (OR=0.31). Only good
outcome was significantly worse for vs-TBI patients.*® Performing large DC (10 cm x
(13-15)cm) on patients resulted in overall satisfactory outcome (COS 3-5) in 71.1%
compared to 58.6% in the routine DC group (6-8 cm diameter) (P<0.05).%* Superiority
was especially seen in vs-TBI patients (63.0% vs. 36.7%, P<0.01) .

A higher initial GCS Score, typically compared to GCS 3-5 (vs-TBI) subgroups, was
correlated with more favorable outcome in almost all studies.™s"7 33234354 Patients
with GCS 6-8 were more likely to have a good outcome than the GCS 3-5 group (OR
10.0, 95% Cl1.6-60.9).> A GCS motor-score of 5-6 resulted more in good outcome than
amotor-score of 1-4 (OR 4.2, 95% Cl1.1-16.3).¥ Pupillary abnormalities were associated
with mortality,**“° even up to 100% when bilaterally fixed and dilated ** (except in one
study).” A younger age was associated with a favorable outcome,'s77:3.3:34.3842 gy two
studies mentioned no statistical significance between age and prognosis.?* ¥ Other
factors like small size of bone flap,®* association of intracranial lesions, midline shift>
15 mm, ICP>20 at time of DC,* Revised Trauma Score <5, Charlson Comorbidity Index
Scores >5, glucose >180 (mg.dL-1), PaO, <160 (mmHg), SO, <96 (%) were all linked to
poor prognosis and unfavorable outcome.*

Outcome, hypothetically can beimproved by two suggested changes in technique.? 4
A prospective study showed that DC combined with a new multi-dural stabs technique
(SKIMS) in patients with ASDH and severe brain edema seems very effective in patients
with low GCS.# Patients with vs-TBI receiving DC with SKIMS showed a mortality of
36.7% and favorable outcome (GOS 4+5) in 30%, while 59% of the conventional group
died and 19% achieved favorable outcome.? Two small retrospective patient series
described that creating vascular tunnels during decompressive surgery dropped
mortality for GCS<s patients with severe brain edema (ICP>30 mmHg for >3 hours)
from 80% to +40% and good outcome (GOS 4+5) improved from 10% to +40%.%*
2 Series were compared with a historic control group receiving a large bilateral
frontotemporoparietal craniectomy.

36



Decision-making in very severe traumatic brain injury

Neurosurgical interventions

Eleven studies discussed surgical interventions, mainly craniotomy for hematoma
evacuation (Table II1)."> %" One study used prospectively collected data and six
discussed cohorts with exclusively GCS 3-5 patients, with four only including GCS=3
patients.

The choice between surgical intervention or not and which technique showed
substantial variation between centers (9-77%). Fewer patients with a cerebral
contusion received surgical intervention (34%) compared to patients having an
EDH or ASDH (88%, 68%).#* Factors positively associated with quantities of surgical
intervention appeared to be fall injury, more severe injuries (according to ISS and head
AlS), bradycardia and injuries like skull fractures, EDH and ASDH. Negative associating
factors seem to be a diagnosis of intracerebral hemorrhage and hypotension or
tachycardia at ED presentation.* Although suffering from more extra-axial bleedings,
significantly lower rates of surgical intervention were found in patients with bilaterally
fixed dilated pupils, compared to patients with reactive pupils (16.4% vs. 34.8%).
The execution of bilateral surgery instead of unilateral surgery seems to be associated
with absence of pupillary response, lower CGCS (6.7% vs. 9.2%), more large-volume
lesions, complete cistern compression and CT-visible deep lesions.* Timing of surgical
intervention was not always mentioned, but 50 and 73% was performed <24 hours #
47 up to 83% within 4 hours in one cohort.* Several studies show lower GCS scores to
be linked to worse outcome and higher mortality rates.*4 Unfavorable outcome (COS
1-3) in up to 94.11% was found for GCS 3-5 subcategories.*

Surgical intervention resulted in improved mortality.# 4 4¢4° One study found better
prognosis for both GCS 6-8 and GCS 3-5 surgical treatment subgroups and poorer
outcome for conservative treatment especially in patients with GCS>6.4° A significant
4-fold survival benefit was found for surgically treating mass lesions in patients
with GCS=3, but this study also found surgery to be significantly related to more
complications, especially pneumonia (P<0.001).# Significant higher mortality (48% vs.
23%) and poorer outcome was found in the conservative group.® Two studies reported
no significant difference in surgical interventions between survivors and non-survivors
and another found no effect from immediate neurosurgery on outcome in patients
without a mass lesion %

37



Chapter 2

Multiple studies report poor outcome and increased mortality rates to be associated
with pupillary abnormalities.* 445 |n normally bilateral reactive pupils a mortality
rate of 23.5% and a good outcome in 1 out of 4 patients is reported *° and in another
study absence of pupillary response correlated with unfavorable outcome (OR3.16,
95% Cl 1.38-7.25).%¢ In patients with gunshot wound to the head 96% and 100% died
when having a unilateral dilated pupil or a medium fixed pupil *® Another study found
mortality rates in patients with bilaterally fixed dilated pupils of nearly 80% and good
outcome in only 1.5% of patients.*® Other possibilities, like unilateral fixed dilated
pupils showed good outcome in 27.5% and bilateral fixed, non-dilated pupils achieve
good outcome in only 7.5%.%° Patients with both a GCS=3 and bilaterally fixed dilated
pupils presented good outcome (GOS 4-5) after neurosurgery in 9.3%. In the overall
group, difference in good outcome was found between field and post resuscitation
GCS of 3 (8.7% vs. 4%).” Patients with bilaterally fixed dilated pupils showed increased
numbers of extra-axial bleedings (81.4% vs. 56.5%, P=0.002), midline shifts (70.0% vs.
24.2%, P<0.0001) and herniation (64.3% vs. 11.3%, P<0.0001) and ultimately higher
mortality compared to patients with RP (100% vs. 42%, P<0.0001).4 Sometimes,
patients with bilaterally fixed dilated pupils were not stable enough to undergo a CT

scan.®

Aggressive presurgery medical treatment with single high mannitol dosage (90-106g)
resulted in significant lower risks of death and persistent vegetative state (OR=0.016)
with lower unfavorable outcome (57.1% vs. 95.5%). However at 1 year follow up, more
patients survived with severe disabilities.”

One study showed survival was most positively linked to acute epidural hematomas,
followed by cerebral contusions, and worst with acute subdural hematomas.#” Another
study however, found no correlation between dominant lesions, presence of midline
shift and outcome.*® Compression of basal cisterns was linked to death (OR3.24, 1.04-
10.12) and unfavorable outcome (OR: 2.74, 1.17-6.42)." ¢ For patients with gunshot
wounds to the head, especially transventricular or bihemispheric central type
trajectory, and bilobar or multilobar wounds are suggested as predictive factors of
high morbidity and mortality.*®

Other factors mentioned to be associated with lower survival or unfavorable prognosis

are: higherage 4> and ICP*° Alcohol, gender, mechanism of injury, hypotension on
admission, and extracranial injuries are mentioned not to be related with outcome.*°
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Elderly patients

Five studies focusing on elderly patients matched our criteria (Table V) 8 20 5254
and three articles from other categories contained information concerning elderly
patients.?»3"3

Mortality rates ranged between 53.6% (6 month) and 77% (1 year) for all GCS scores.>*
53 For this severity group, surgical management resulted in lower mortality compared
to conservative treatment (32.9% vs. 88.1% and 62% vs. 81%)."® %> For vs-TBI patients,
results are worse, with rates around 80% even up to 100% after DC."®:20:%:5¢ An earlier
discussed study found better outcome in patients younger than 66 years old, which
seemed to be a cut-off point, since groups aged <40 and 40-65 showed no differences 3

Almost 6% of GCS 3-4 patients achieved functional recovery (GOS 4-5) 6-months after
evacuation of an ASDH.** In another study, GCS 3-4 patients achieved 11% favorable
outcome (GOS 4-5) one year after >80% received non-specified neurosurgical
intervention.? Our biggest included cohort showed only 3% of vs-TBI patients with
favorable outcome, compared to 13% with less severe injury (GCS 6-15)."® Both positive
and negative association of surgical intervention with outcome was reported.’ 20525
GCS Score was an important outcome predictor ®5*% and other factors associated with
unfavorable outcome are treatment method, pupillary abnormality, higher trauma
severity, closed basal cisterns (100% mortality) and midline shift (=10 or >15 mm) on
first CT-scan.?*5? Age was said to be both a significant ®** and insignificant predictor *
and also gender associations remained non-conclusive.?*-
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Tabel Il Decompressive Craniectomy

Study Purpose Population d Age  Typeof GCS Pupils
information score
Chibbaro Effects of DCin the N=48 63 47 Preoperative BFDP: 6
(2007)" treatment of severe GCS3-5:19 UFDP:18
Italy, head injury
2003-2005
Retrospective
Huang (2013)"®  Investigate factors N=201 72 46 Pre- Unilateral FP: 12
Taiwan, related to 30-day GCS3-5: 67 decompression  Bilateral FP: 91
2006-2008 mortality after DC ASDH: 86%
Retrospective TSAH: 84%
CC: 56%
EDH:12%
Ucar (2005)"” Evaluate benefits of N=100 68 30 Initial NP
Turkey DCinintractable ICH  CCS4-5: 60
2001-2003 ASDH: 32%
Retrospective
Bhat (2013)* Effects of combining  N=225s-TBI >80 65%= Following NP
India, DC and multi-dural ASDH+BE 21- trauma
2006-2011 stabs CCS3-4:30 40
Prospective
Park (2014)* Outcomes of Ultra- N=127 76 50 Admission Many GCS=3
Korea, Early DC after s-TBI GCS3: 27 patients with
2007-2013 GCS4-5: 45 bilateral DP
Retrospective ASDH: 62.2%
EDH: 2.4%
CC:32.3%
Fotakopoulos  Clinical outcome after N=101s-TBI. 80 428 Timeof NP
(2016)* DCin s-TBI patients GCS3-5: 60 intubation
Creece, ASDH :37%
2009-2013 BE:30%
Retrospective IP:21%
CC:8%,
EDH:7%
Saade (2014)*  Prognostic factorsof ~ N=56 83 Most  Admission/ ANI: 48% BFDP:
Brazil, DCin treating s-TBI GCS4-5:29 40-  Prehospital 18%
2004-2012 patients ASDH:79% 50 Normal:
Retrospective CC:28.6% 34%
EDH:18%
TSAH:18%
Csokay Outcome of a new N=28 NP NP NP NP
(2002)* surgical technique: All GCS<s, BE
Hungary, vascular tunnelling 1:VT: 28
1997-1999 (V1) 2: Previous
Retrospective cohort: 20
Kalayci (2013)*  Prognostics and value  N=34 76 37 Preoperative BFDP:12 Unilateral
Turkey, assessmentin DCfor ~ GCS3-4:11 DP: 9 Isocoria: 13
2001-2009 ASDH ASDH 100%
Retrospective
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Surgical intervention. Outcome Results
measure

DC(=35cm?): 48 GOS GOS1: Overall:12.5%, GCS3-5:16%, GCS6-8:11%
Unilateral: 42 GOS2: GCS3-5: 37%, GCS6-8: 7%
Bilateral: 6 Favourable (GOS4+5): Overall: 55%, GCS3-5: 37%, GCS6-8: 67%
<16h trauma: 28 LTFU: 2 (Mean FU 14 months)
<48h trauma: 48
Primary:187 30-day Mortality: Overall: 26.4%, GCS9-15: 4.4%. GCS6-8:12.4%, GCS3-5:
Secondary: 14 Mortality 59.7%
Unilateral: 183 >90% died within 14 days.
Bilateral: 8
Bifrontal: 10
<24h trauma: 166
Unilateral: 66% GOS (6M) Unfavourable (GOS1-3): Overall: 84%, GCS4-5: 96.6%, GCS6-8: 65%
Bilateral: 34% Favourable (GOS4-5): Overall: 16%, GCS4-5: 3.4%, GCS6-8: 25%
94 <meani17.1h
6 after secondary ICP
increase.
Conventional DC: 106 ~ Discharge Conventional GCS3-4: GOS1: 59%, GOS (2+3): 22%, GOS (4+5):19%
Multi-dural stabs GOS SKIMS CCS3-4: GOS1: 36.7%, GOS(2+3): 33.3%, GOS (4+5): 30%
technique: 119
1: Ultra-early DC<4h: Mortality / Mortality: Overall: 68.5%,
60 mRS DC<4h: 65.0%, DC>4h: 71.6%, (p: 0.430)
2: DC>4h: 67 Mortality: GCS3:100%, GCS4-5: 82.2%,

GCS>5:41%

Favourable (mRS0-2): GCS3-5: 0%, GCS>6: 4.7%
Early DC (+1h after COS At surgery: Mortality 1.9%, morbidity 31.9%.
admission): 85.9% (6M/12M) 6M (overall): GOS1:11%, GOS2: 26%, GOS3: 9%, GOS4: 26%, GOSs:
Secondary: 14.1% (4-6 28%
days). 12M (overall): GOS1: 1%, GOS2: 6%, GOS3: 15%, GOS4: 25%, GOSs:
8.2% bilateral. 3%

Other: >60Y + GCS <5 (N=11) =100% GOS<4. Poorer outcome in higher

ICPand GCS <5
Unilateral DC: 96.4% Mortality/ Mortality: All: 58.9%, GCS4-5: 79.3%, GCS>5:37%
Bilateral DC: 3.6% GCOSE (6M)  Unfavourable(GOSE1-4): All: 78.5%, GCS4-5: 89.7%
<6h admission: 71.4%
Uni/bilateral FTPC GOS Group 1: GOS1:39.3%, GOS4-5: 42.9%, GOS2-3:17.8%
(with/without vascular Group 2: GOS1: 80%, GOS4-5:10%, GOS2-3:10%
tunnel construction).
<4h admission: 20
Uni/bilateral FTPC+5  Mortality 30d: Mortality: Overall: 38.2%, GCS<5: 64%,
hours from trauma (30d)/ COS GCS>5:26% (P=0.042), GCS3 (N=3): 100%, GCS4 (N=5): 80%

(6M) 6M: Mortality: 47%, GOS2: 20%. Favourable (GOS4-5): Overall: 35%,

GCS<5: 9%, GCS>5: 45% Unfavourable (GOS1-3): GCS<5: 91%, GCS>5:
55%
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Tabel Il continued

Study Purpose Population 3 Age TypeofGCS Pupils
information score
Li (2008)* Compare large DC N=263 69 +47  Administration  Bilateral DP:38
China, (LDC) with LDC: 135 Unilateral DP: 97
2001-2006 routine DC (RDC) in -GCS3-5: 54
Retrospective s-TBI patients RDC: 138

-GCS3-5: 49
Gouello (2014)*  Outcome of DC in N=60 77 33 Initial CSP:43%
France, s-TBI patients GCS3-5: 26 management  UnilateralDP:57%
2005-2011 Primary: 20 Bilateral DP:22%
Retrospective Secondary: 40 ACR:8%
Aarabi (2006)”  DCin TBI (malignant ~ N=50 66 25 Post- ALR:22%
USA, brain swelling) GCS3-5:15 resuscitation
2000-2004 BS: 88%
Retrospective
Pompucci Effect of DC. N=55 63 53 Post- NP
(2007)* GCS3-5:31 resuscitation
Italy, No focal
1994-2004 lesion: 38%
Retrospective ASDH+ BE:

62%
Akyuz (2010)*  Effectiveness ofearly ~ N=76 59 1:37.6 Initial NP
Turkey, bilateral DC in s-TBI GCS4+5: 20 2:41.3
2003-2008 patients 1: Second-
Retrospective tier DC: 36

2: First-tier: 40
Yuan (2013)%° Difference between N=164 75 48 Admission ALR:
China, DCwith and without ~ GCS3-5: 51 1:56%
2005-2009 mass evacuation 2 groups. 2:48%
Comparative in TBI
Limpastan Evaluate risk factors N=159 82 36 Preoperative 80.3% of deceased
(2013)" influencing outcome ~ GCS3-5: 63 group had no
Thailand after DCins-TBI pupillary light
2006-2008 reflex
Retrospective
Csokay (2001)**  Evaluation of new N=20 (19TBI) NP NP NP Bilateral DP: 20%
Hungary, operative technique:  All GCS<6, BE. Unilateral DP: 35%
1998-2000 vascular tunnelling 1:VT: 20
Retrospective V). 2: Previous
comparative cohort: 20

Table II: Abbreviations: & Male; ACR; Absent Corneal Reflex; ALR; Abnormal Light Response; ANI: Anisocoria;
ASDH: Acute Subdural Hematoma; BE: Brain Edema; BFDP: Bilateral Fixed Dilated Pupils; BS: Brain Swelling; CC:
Cerebral Contusion; CSP: Constricted Symmetrical Pupils; DC: Decompressive Craniectomy; DP: Dilated Pupil(s);
EDH: Epidural Hematoma, FP: Fixed Pupil; FTPC: Frontotemporoparietal Craniectomy; GCS: Glasgow Coma
Scale; GOS(E): Glasgow Outcome Scale (Extended); ICH: Intracranial Hypertension; ICP: Intracranial Pressure; IP:
Intraparanchymal; LTFU: Loss to Follow Up; mRS: modified Rankin Scale; NP: Not Provided; s-TBI: severe Traumatic
Brain Injury; TBI: Traumatic Brain Injury; TSAH: Traumatic Subarachnoid Hemorrhage; UFDP: Unilateral Fixed

Dilated Pupil.
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Surgical intervention. Outcome Results
measure
LDC:10cm x (13-15) cm - GOS (6M) Satisfactory (COS3-5): GCS3-8: LDC 71.1%, RDC: 58.6% (P<0.05), GCS3-
RDC: 6-8 cm diameter 5:LDC 63%, RDC 36.7% (P<0.01)
LDC (CCS3-5): GOS1: 30%, GOS2: 7%, GOS 3-5: 63%
RDC (CCS3-5): COS1: 57%, GOS2: 6%, GOS 3-5:37%
Unilateral DC: 58. Mortality/ Mortality: GCS3-5: 50%, GCS6-8:12%, GCS>8:12%
Bilateral DC: 2. GOS (3/24M)  Unfavourable (GOS2+3): GCS3-5: 54%, GCS6-8: 20%, GCS>8: 20%.
Mean size 100cm? Favourable (GOS4+5): GCS3-5: 46%, GCS6-8: 80%, GCS>8: 80%. All
<6h:33%. 6-24h:12% significant
FTPC: 49 Bifrontal:1 Mortality/ Mortality (30d): Overall: 28%, GCS 3-5: 20%, GCS 6-8: 21.7%, GCS 9-15:
<48h:34% GOS (3M) 25%.
Good outcome (GOS4+5): Overall: 51.3%, GCS 3-5:16.7%, GCS6-8:
66.7%, GCS 9-15: 66.7%.
Unilateral FTPC:50 GOS (12- GOs1: Overall: 39%. Favourable (GOS4-5) Overall: 47% GCS3-5: 26.7%,
Bilateral FTPC: 5 102M) GCS6-8:76.9%, GCS9-15: 66.7%
<5h: 29% Unfavourable (GOS1-3) GCS3-5: 76.3%, GCS6-8: 23.1%, GCS9-15: 33.3%
>10h: 35% Age>65+ GCS3—5 (N=11): 100%
Group1: Unilateral: 22.  GOS (12M) Favourable (GOS4+5): Group 1: 27.8%,
Bilateral: 14. Croup 2:50%
Group 2: Bilateral:40 GCS4-5: GOS1: 50%, COS2+3: 25%, GOS4+5: 25%
GCS6-8: GOS1: 20%, GOS2+3: 35%, GOS4+5: 45%
1: DC for mass lesion: Mortality Overall: COS1: 22%, GOS4-5: 42%
93 (60d)/ GOS Mortality: Group 1/Group 2:14% /32.4%
2: DC for diffuse injury Mortality: GCS3-5: 27.5%, GCS6-8: 26.9%,
and swelling: 71 GCS9-12=13.1%. P=0.197
Good outcome (GOS4-5) (%): GCS3-5: 29.7%, GCS6-8: 52.6%, GCS9-12:
71.7% P=0.002
<24h afteradmission:  GOS Mortality: Overall: 44.7%, GCS3-5: 59%, GCS>5: 35% (p=0.004).
76% (N=122) (discharge Surgery <24h: (discharge): GOS1: GCS3-5: 68%, GCS6-8: 42%, GOS4-
Unilateral: 88% ] 6M) 5: GCS3-5: 26%, GCS6-8: 41.7% (p=0.013) (6M): GOS1: GCS3-5: 26.7%
Bilateral: 12% CCS6-8: 61.7% GOS4-5: GCS3-5: 6.7%, GCS6-8:14.7% (p=0.013)
Bilateral FTPC (with/ GOS Group 1: GOS1: 40%, GOS4-5: 40%, GOS2-3: 20%

without vascular
tunnel construction).

Group 2: GOS1: 80%, COS4-5:10%, COS2-3:10%
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Tabel Il Neurosurgical Interventions

Study Purpose Population d Age  TypeofGCS Pupils
Information score
Mauritz (2009)" Investigate N=92 79 32 Field (F) BFDP: 100%
Europe, outcome of s-TBI F-GCS3:100% and Post- >1 reactive
2001-2005 withGCS3and  PR-GCS3:74 resuscitation pupil PR (N=
Prospective data  BFDP, ASDH: 46% (PR) 18)
EDH:13%
TSAH: 64%
Kawamata Effects of N=182 NP 1:47.8  Admission NP
(2006)% surgical excision  GCS3-5: 58 2:54.4
Japan, of necrotic CC:182
1998-2001 brain tissue in
Retrospective severe cerebral
contusion.
Salottolo (2016)*  Outcomein TBI  N=541 74 49 Presentation NP
USA, treated with Surgery: 103
2009-2013 cranial surgery  GCS3:100%
Retrospective (CRANI). ASDH: 58%
TSAH: 53%
CC/laceration:
40%
Tien (2006)* Mortality of N=173 68 +41 Admission BFDP:104
Canada, s-TBI+GCS3 GCS3:100% Reactive pupils
2001-2003 comparing (RP):69
Retrospective BFDP with RP
Hu (2015)%¢ Outcome of N=80 82 46 Admission Absent
China, traumaticacute  GCS3-8:47 pupillary
2010-2012 bilateral mass GCS3-5:15 response:
Retrospective lesions. ASDH: 42.5% One: 7.5%,
EDH: 21.3% Two: 26.3 %
HC:36.3%
Bindal (2015)% Outcome of N=72, 79 19%  Timeoperation NP
India, surgery for All GCS4 (M2) >60
2009-2011 supratentorial EDH: 38% year
Retrospective mass lesions CC: 26%
after blunts-TBI.  ASDH/CC:26%
ASDH:10%
Martins (2003)*#  Evaluate N=319. 93 26 Admission Unilateral
Brazil, morbidityand ~ GCS3-5:125 Dilated Pupils
1994-2000 mortality in Damaged (UDP): 27
Retrospective civilians with dura=265 Medium Fixed
head gunshot (MF): 38
wounds.
de Souza (2013)*  Prognostic N=181 85 31 Admission NP
Brazil, factors GCS3-5:68
1991-2005 associated with  Penetrating
Retrospective TBIbyafirearm  84% Tangential
projectile. 16%
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Surgical intervention. Outcome Results
measure

Neurosurgery: 43 GOS (12M) Total group: Poor outcome (GOS1-3): Field CCS: 91.3%, PR-
Not further specified. GCS: 96%

Good outcome (GOS4-5): Field GCS: 8.7%, PR-GCS: 4%

>1 reactive pupil (N=18): Good outcome: 28%

After neurosurgery (N=43): Good outcome: 9.3%, non-

significant
1: Conservative 66% GOS (6M) Surgical GCS3-5 (N=11): GOS1: 55%, GOS2: 0%, GOS3: 27%,
2:Surgery 34% GOS4: 9%, GOS5: 9%.
Internal decompression Conservative GCS3-5 (N=47): GOS1: 70%, GOS2: 11%, GOS3:
with/without external 1%, GOS4: 2%, GOS5: 7%.
decompression: Surgical GCS6-8 (N=21): COS1:14%, COS2:10%, COS3: 24%,
90% Only external GOS4: 29%, GOS5: 24%
decompression: 10% Conservative GCS6-8 (N=58): GOS1: 29%, GOS2:10%, GOS3:
<24hin73% 10%, GOS4: 21%, GOS5: 29%
Craniotomy: 87% Mortality Overall mortality GCS=3: 48% (9% Emergency room)
Craniectomy: 13% (discharge) / Overall survivors (favorable): 74%.0verall FIM: (feeding/

<4harrival: 83%
Mean time: 1.9h

Neurosurgical
procedures: BFDP 16.4%
and RP34.8%
(P=0.005)

Conservative 22.5%.
Unilateral 48.8%.
Bilateral 28.8% (78.3%
simultaneously).

EDH:37%, ASDH: 10%
Removal contusion/
lobectomy: 33%
Persistent brain swelling
(DQO): 21%.

50% <24h.

Large craniotomy.
Surgery in 156 patients.
GCS3-5+Surgery: 26

Surgery:
Overall: 91
GCS3-5:13

favorable (home,
rehabilitation)
/FIM

Mortality

Mortality/ GOS
(6M)

Mortality/ COS.

Mortality/
GOS (hospital
discharge)

GOsS

expression/locomotion): 61%, 63%, 38%.

Survival: CRANI/no CRANI: 61%/50% (P=0.04)
Favorable (home/rehab): CRANI/no CRANI: 39%/39%
Matched mass lesion population:

Survival: CRANI/no CRANI: 65%/34%

Favorable outcome: CRANI/no CRANI: 439%/26%

Mortality: GCS3 + BFDP: 100%
GCS3+RP: 42% (P<0.0001)

Overall mortality: 31.3%, Unfavorable (GOS1-3): 56.3%
Surgical group:

CCS3-5: GOS1: 53.3%, COS2: 26.7%, GOS3: 20.0%
GCS>6: GOS1:14.9%, GOS2: 6.4%, COS3:17%

LTFU: 3.8%

In-hospital mortality: 79%. Overall: 83%.

Mortality isolated ASDH: 100%. >60 years: 100%

70% of survivors, operated <24h

COS4-5: Overall: 14%, EDH: 26%, CC: 1%, ASDH/CC: 5%
LTFU: 3%

Overall mortality: 65%

Mortality: GCS3-5: 98.5% (PVS:1.5%), UDP: 96%, MF:100%
After surgery:

GCS3-5: Death: 92.5%, PVS: 7.5%

GCS6-8: Death: 62.5%, COS4-5: 22.5%

GCS9-12: Death 22%, GOS4-5: 67.5%

CCS13-15: Death: 9%, GOS4-5: 91%

Satisfactory (GOS3-5): Overall: 50.3%, surgery: 71.4%

Poor (COS1-2): Overall: 49.7%, surgery: 29.9%

Poor outcome (GOS 1-2): GCS3-5: 94%, GCS6-8: 40%, GCS-9-
12:25%
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Tabel Ill continued

Study Purpose Population d Age  TypeofGCS Pupils
Information score
Chamoun (2009)* Qutcome of N=189  GCS3: 83 36.5 Presentation BRP:
USA, blunts-TBI 100% Surgery: 1: 4%
1997-2007 patients with 110 Died: 93 2:12.9%
Retrospective GCS=3. BFDP:
1:14.6% 2:
59.1%
Chieregato(2017)*  Outcome N=115 67 34 Presentation BFDP100%
Italy, of medical All ASDH
1997-2012 management in  GCS3-4:100%
Retrospective ASDH
after
craniotomy.
Weisbrod (2012)*  Outcomes N=137 98 25 Admission NP
USA, of combat GCS3-5:31
2003-2011 casualties Gunshot: 31%
Prospectivedata  sustaining Blast: 69%

penetrating TBI.

Table lll: Abbreviations: : Male; ASDH: Acute Subdural Hematoma; BFDP: Bilateral Fixed Dilated Pupils; BRP:
Bilateral Reactive Pupils; CC: Cerebral Contusion; DC: Decompressive Craniectomy; FIM: Functional Independence
Measure; GCS: Glasgow Coma Scale; GOS: Glasgow Outcome Scale; HC: Haemorrhagic Contusion; ICP: Intracranial
Pressure; LTFU: Loss to Follow Up; NP: Not Provided; PVS: Persistent Vegetative State; s-TBI: severe Traumatic Brain
Injury; TBI: Traumatic Brain Injury; TSAH: Traumatic Subarachnoid Haemorrhage.

Tabel IV Elderly Patients

Study Purpose Population d Age Type of GCS Pupils
Information score

Shimoda (2014)®  Benefit of N=888 61 +76 Admission NP
Japan, surgery in the GCS3-5: 421

1998-2011 elderly after TBI.

Retrospective

Brazinova(2010)*° Qutcomein N=100 71 174 Initial NP
Europe, elderly TBI GCS3:71

2001-2005 patients with GCS4:29

Prospective GCS3-4.

Wan (2016)% Outcome of N=112 +72 +74 Emergency Abnormal:
China, surgery in severe  GCS3-5: 40 department Overall:59
2008-2014 intracranial arrival Surgery:38
Retrospective hematoma.

De Bonis (2011)% Patient outcome N=44 59 76.7 Post- NP

Italy, and predictors  GCS3-5: 22 resuscitation

2002-2009 of survival in TBI

Retrospective and DC.

Benedetto(2017)**  Outcome N=67 53 80.5  Admission NP

Italy, after surgery GCS3-5:17

2011-2014 for traumatic ASDH: 67

Retrospective ASDH.

Table IV: Abbreviations: J: Male; ASDH: Acute Subdural Hematoma; DC: Decompressive Craniectomy; GCS:
Glasgow Coma Scale; GOS: Glasgow Outcome Scale; ICP: Intracranial Pressure; ICU: Intensive Care Unit; NP: Not
provided; TBI: Traumatic Brain Injury
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Surgical intervention. Outcome Results
measure
Evacuation ASDH: 72 Mortality/ GOS ~ Overall mortality: 49.2%
Evacuation ASDH+DC:12  (6M). Good functional outcome (GOS1+2): 13.2%
Surgery EDH: 5 LTFU: 7.4% Mortality: BFDP: 79.9%, BRP: 23.5%, evacuation ASDH: 48.3%,
ASDH + DC: 50%, EDH 20%
Outcome survivors (N=96): GOS1: 22%, GOS2: 8.5%, GOS3:
42.7%, GOS4: 26.8%.
Emergent hematoma GOS (1Y) Not operated (N=62): Mortality: 100%
evacuation: 53 Surgery: Mortality: 75.5%, GOS2:7.5%, GOS3:13.2%, GOS4:
Pre-operative medical 1.9%, GOS5:1.9%.
therapy -> Aggressive:
13.2%, Reinforced: 45.3%
ICP: 80%, Craniotomy: Mortality/ Mortality initial admission: 5.8%
8%, Craniectomy: 79% GOS (6M,12M,  Including delayed mortality (24M): 7.3%
-Unilateral 65% 24M) Functional independence (GOS>4) at 24M: Overall: 68%
-Bilateral: 14% CCS3-5:32% GCS6-8: 63% GCS9-11: 74% CCS12-15:100%
GCS3-5: Significantimprovement at 2 years from discharge
Surgical intervention. Outcome Results
measure
Surgery: 478 Mortality(6M)/  Overall mortality: 71% Unfavorable (COS1-3): 87%
<4h: 92 GOS(6M) Mortality: Surgery: 62%. No surgery: 81% (P<0.001)
Unfavorable: Surgery: 82%. No surgery: 93% (P<0.001)
Surgical group: GCS3-5: GOS1: 87%. COS1-3: 96%, GCS6-15:
GOS1: 57%, COS1-3: 79%, both (P<0.001)
Surgery: GCS3: 55 Mortality/ ICU-Mortality:76%.
GCS4:15 GOS(12M) |CU-Outcome: 11% favorable (COS4-5)

ICP monitoring: GCS3: 36
GCS4:5

Surgery: 62.5%
-Craniotomy:10

-DC: 60

GCS3-5: 25 surgery

DC:

No focal lesion:11
Focal lesion+ brain
oedema: 33

Hematoma evacuation: 67
Second craniotomy: 5

Mortality (6M)/
favorable (6M)

Mortality/ GOS
(ICU/hospital
discharge, 12-
102M)

Mortality (6M)/
GOS (1M/6M)

Mortality(12M): 80%.
Outcome (12M): 11% favorable.

All Mortality: 53.6%, Favorable (COS4-5): 68.8%, Mortality:
GCS<5:77.5%, GCS>5: 40%, Favorable: GCS<5: 5%, GCS>s5:
46%

Mortality (surgery): 32.9%, favorable: 47.1%

Mortality (conservative): 88.1%, favorable: 4.8%

Overall mortality: ICU 48%, Hospital 57%,1Y and last follow
up: 77%. Bad outcome (GOS1-3): Hospital discharge and 1Y:
82%. Mortality: GCS3-5:100%

Good outcome (GOS4-5): GCS6-8=20%, GCS>8 =50%.
Overall mortality (1M): 55.1%, (6M): 67.2%

Mortality (6M): GCS3—4: 82.4%, GCS14-15:14.3%
Functional recovery (6M): GCS3—4: 5.9%, GCS14-15: 42.9%
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Pediatric patients

Four studies contained pediatric patients, with one using prospectively collected data
(Table V) 5558

Brain Trauma Foundation (BTF) Guideline adherence for ICP monitoring in the pediatric
cohort was low. Close to 8% of patients meeting criteria was actually monitored and
monitoring only showed mortality reduction in patients with a GCS of 3 (OR0.64, 95%
Cl 0.43-1.00).5 ICP-monitoring was related to significant longer ICU and hospital LOS
(12.6 vs. 6.3 and 21.0 vs.10.4 days) and higher costs.>

Although unfavorable outcome (up to 71.6%) and mortality rates were high (range
36-56.7%), favorable outcome was achieved in 40% to 45% of the patients.ss 55 |n
patients with postresuscitation GCS Score 3 and 4; one-year survival was 43.3%, of
which almost12% was normal in every respect and 3% scored COS=5.%

One article mentioned GCS <5 to be a significant predictor for poor outcome.** Another
stated that compared to the GCS 4 patient group, patients with a GCS=3 showed
significantly more hypoxia (65.9% vs. 39.1%), single seizure (2.3% vs. 17.4%) and
open cisterns on CT scan (68.2% vs. 91.3%) but did not find a statistically significant
difference in survival or outcome (P=0.2) 5

A normal pupillary reaction resulted in 87% chance of survival, which dropped to
23% when at least one eye was abnormal. Pupillary abnormalities resulted in 1-year
poor outcome (GOS 1-3) in 92% of cases and 0% good outcome (GOS >4) for the
combination of absent pupillary reflex and hypothermia. Pupillary response was
considered the factor most predictive of both survival and outcome.®

Other negatively correlated factors for survival seemed to be a delayed presentation
>150 minutes (P=0.010), DC >4 h after hospital arrival (P=0.042), intraoperative blood
loss >300 mL (P=0.001) and mechanism of injury (abuse), hypothermia, hypotension,
major concurrent symptoms, midline shift on CT scan, and assessment of the
fontanelle.s

Penetrating brain injury

Three articles in our vs-TBI article selection focussed on PBI.* 4% |n case of PBI by a
firearm projectile, admission GCS of 3-5 resulted in a poor prognosis (COS 1-3) in up
to 94.11%.%° A second article, investigating gunshot wounds to the head, presents a
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mortality rate of 65% for all patients and 98.5% for patients with admission GCS 3-5.48
After surgery, mortality rates dropped to 92.5%, but all survivors were in persistent
vegetative state.® In contrast to these dramatic results, one study showed 2-year
functional outcome (GOS 4-5) in 66% of all patients and in 32% of patients with
admission GCS 3-5.%

PBI occurs both in military and civilian setting (Table VI). In the context of civilian
population, PBI is mainly caused by gunshot wounds, either self-inflicted or caused
by (mass) violence. In combat situations, TBI is most commonly caused by improvised
explosive devices (IEDs), but also by artillery, rocket and mortar shells, mines or booby

traps, aerial bombs and rocket-propelled grenades.®®

Emergency management in patients with PBI should include aggressive resuscitation
like described in the ATLS guidelines, since it appears to be associated with significant
improvement of survival ¢ Initial mortality after gunshot wounds is high, with one
study reporting a prehospital mortality rate of 76% in a civilian PBI population.® If
patients reach the hospital and survive initial resuscitation and stabilization, a head
CT scan provides information on bullet trajectory, missile fragments, bony destruction
and brain damage, including (hemorrhagic) mass lesions. Hemorrhagic contusion and
intraventricular bleeding are the most common CT finding.®*%

The surgical management for PBI differs in many aspects from that of closed TBI. PBI
represents an openand contaminated type of brain injury, for which prophylactic broad
spectrum antibiotics is common practice.® Surgical management in PBl consequently
should include the prevention of infection ¢ and treatment of CSF fistulas.*°Principles
of wound debridement have evolved under influence of experience in military settings
from extensive debridement with repeated removal of retained fragments to more
limited procedures. During the Second World War and Vietnam war, it was disproven
that retained bone fragments were linked to the development of brain abcesses.®”
7073 Moreover, studies have revealed significant morbidity and mortality associated
with repeated and aggressive surgery to remove retained fragments.’*” During the
Israeli-Lebanese and Croatian conflicts, rapid evacuation and improved medical care,
including use of CT-scanning, was broadly available, which led to a less aggressive
surgical approach to preserve brain tissue.”®7
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Tabel V Pediatric Patients

Study Purpose Population 3 Age Typeof GCS  Pupils
Information score

Fulkerson Clinical outcome N=67 60  1:49,8M 2: Post- Asymmetry:
(2015)% inchildrenwith ~ 1: GCS3:44 66.9M resuscitation  1:20.4%
USA, TBI. 2:GCS4:23 (Modified for  2:13.0%
1988-2004 pediatric)

Prospective

Khan (2014)%¢ Risk factors N=25 84 6 Presentation  Anisocoria: 24%
Pakistan, in pediatric GCS3-5:11

2000-2010 patients with BE 80%

Retrospective DC. ASDH 24%

Alkhoury Effect of ICP N=4141 62  +8.6 Emergency NP
(2014)5 USA, monitoring on GCS3:1942 department

2001-2006 survival ins-TBI.  GCS4:167

Retrospective GCS5:169

Guresir (2012)*®  Outcome of N=34 60 12 Admission Normal=6
Cermany, DC for sustained DC for TBI: 23 UDP=7
2000-2009 high ICP (67.7%) BDP=10
Retrospective

Table V: Abbreviations: &: Male; ASDH: Acute Subdural Hematoma; BDP: Bilateral Dilated Pupils; BE: Brain
Edema; DBS: Diffuse Brain Swelling; DC: Decompressive Craniectomy; EVD: Extraventricular Drain; GCS: Glasgow
Coma Scale; GOS: Clasgow Outcome Scale; ICP: Intracranial Pressure; mRS: modified Rankin Scale; NP: Not
provided; R-ICH: Refractory Intracranial Hypertension; s-TBI: severe Traumatic Brain Injury; TBI: Traumatic Brain
Injury; UDP: Unilateral dilated pupil.

Table VI: Differences Civilian & Military patients suffering PBI

Civilian Military
Age All Young, healthy
Cause CSW —near contact injury Explosion; low-velocity shell/shrapnel injury
Mechanism (self-)assault Mainly explosive blasts
Time to hospital 30-45 minutes Upto2,5hours
Protection None Body armor and helmets
GCS lower higher
Mortality 19-88% 5-30%

Table VI: Abbreviations: GSW: gunshot wounds; GCS: Glasgow Coma Scale

Over the past decades multiple studies have been published suggesting a less
aggressive approach, with an important adjuvant role for antibiotics.” 82 However,
more recently, Charry et al. suggested that early DC as a damage control procedure in
civilian patients suffering PBl in a hospital setting with limited resources on ICU neuro-
monitoring is a treatment option to improve survival and outcome in these patients.®
Rapid exploration and exenteration of the injured air sinuses is recommended to
prevent infectious complications 8% CSF fistulas pose a very high risk for deep
infections ¢ %78 with nosocomial organisms and should be closed watertight, and if
needed with placement of lumbar drainage.®
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Surgical intervention Outcome measure Results
Surgery: Modified GOS (long term:  Discharge: Overall mortality: 55.2%, GCS3: GOS1: 61.4%,
1:55% mean10.2Y) COS2: 6.8%, COS3:11.4%, GOS4:15.9%, COSS: 4.6%
2:87% CGCS4: COST: 43.5%, GOS2:17.4%, GOS3:17.4%, GOS4:
ICP/EVD: 13.0%, CGOSS: 4.6% 1 year (N=29): COS1: 56.7, COS2: 4.5%,
1:55% G0S3:10.4%, GOS4: 6.0%, GOS5: 3.0%, “Normal”: 11.9%,
2:78% Unknown: 7.5%. Long term (N=22): 45% COSs5 or “normal”.
DC: 9 DBS, 15 mass GOS (sM) Overall mortality 36%. GOSs: 40%
lesions + DBS, 1 R-ICH. GCS<ssignificant predictor for poor outcome (GOS1-3),
Bilateral: 7 (Univariate analysis p=0.009)
ICP: 318 Mortality Mortality ICP (GCS3): OR0.64; 95%Cl, 0.43-1.00.
-GCS3-5: 224 No effect on mortality for other GCS groups.
DC mRS Only TBI data used:

(6M) Favorable (mRSo-2): 40%

*We didn'tinclude additional review data.

DISCUSSION

This literature review shows that mortality rate in vs-TBI patients is high and the chance
to reach good outcome low. Moreover good outcome is defined quite heterogeneously.
Interestingly however, in some studies low mortality and relatively good outcome
rates were reported for specific patient groups. It is difficult to point out exactly what
contributed to this better outcome in these patients. Good outcome seemed to be
associated with factors that are known to have a positive effect such as higher GCS (at
least >5), absence of pupillary abnormalities and lower age (<65 year). Factors, which
might have contributed were immediate and accurate treatment. However, because
comparison of studies showed huge heterogeneity, correlations between the factors
mentioned above and outcome could not be determined. Nevertheless, we strongly
suggest that, given the chance for successful recovery, surgical intervention should be
considered in every very severe TBI patient.

Importantly, treatment-limiting decisions should not be based on the GCS alone.
Although a recent review showed adequate reliability of the GCS Score, the use and
general applicability has been widely criticized.®® In our review, outcome results are
probably more favorable because of the exclusion of patients with a “true” GCS of 3
and inclusion of patients with a “false” GCS of 3 as a result of intubation and sedation.
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Indeed, better survival rates were reported in patients with a “false” compared to a
“true” GCS of 3 (61% vs. 45%) .4+

Decisions on treatment intensity and in particular withholding and withdrawal of
life-sustaining therapies will clearly affect outcome and mortality rates. A random
selection of Canadian TBI patients showed that 70% of all deaths were associated with
withdrawal of therapy, half within the first three days.*” In Oslo, 17% of s-TBI patients
had treatment limiting decisions, of which the majority (70%) was made within the
first 2 days after injury. In 93% of in-hospital deaths, treatment limiting decisions were
documented.® Worryingly, around 80% of physicians felt at best uncomfortable with
withdrawal of care decisions and there were major differences among them regarding
neuro prognostication and decision-making.® By early withholding/withdrawal, no
chance of recovery is offered. The short term of the decision is worrying, given that
although the majority (71.4%) of TBI patients with a favorable outcome followed
commands (GCS motor score=6) within 1 week, almost 15% regained that ability for
the first time from two weeks after injury.

Premature and inappropriate treatment limiting decisions are of particular concernin
the elderly. Elderly vs-TBI patients showed higher mortality (80%, 82%, 100%),2>: 55
compared to the whole s-TBI group (53.6-77%) .5 In literature a mortality of 78.5% in
elderly s-TBI patients was reported, compared to >80% in vs-TBI patients (GCS 3-5) and
92.6% for patients aged>80 years.® Understandably, high mortality rates contribute
to the overall belief that aggressive treatment in the elderly population is not effective.
A decrease of treatment intensity can have accompanying negative influence on
outcome, forming self-fulfilling prophecies.” ®* Despite the reported high mortality
rates, two studies showed that realizing good outcome in elderly vs-TBI survivors was
not impossible (5.9-11%).2° % Although severity according to the GCS was lower, a
recent meta-analysis reported a similar percentage of 7.9% for elderly s-TBI patients.®

Although surgical intervention can reduce mortality and unfavorable outcome rates,
not all studies agree on justifying intervention for vs-TBI patients. ** Guidance
from evidence is lacking, as patients aged >65 years are not included in most clinical
studies and not in the BTF Guidelines, resulting in absence of guidance, subjective
critical care and thus treatment variation. This is of increasing concern because TBI is
increasing in the elderly population (>65 years old) ¢ and because elderly patients
often necessitate a different approach. Specific features include mostly a low energy
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mechanism of trauma (fall), the frequent occurrence of contusions and (sub)acute
subdural hematomas, the use of anticoagulants, but also the presence of some degree
of brain atrophy that may allow for more volume compensation. Conversely, however,
the lack of cognitive reserve may adversely affect outcome.

Future research is needed to identify specific (subgroups of) patients in whom
aggressive surgical intervention will resultin good outcome, preferably with a certainty
that can be useful in multidisciplinary decision-making. Until that time, physicians
should not withhold aggressive treatment options in s-TBI patients, young or old, who
have some potential of achieving good outcome even with ominous neurological signs.
A more reserved attitude regarding aggressive therapy may be justified in patients
in whom a combination of different features indicate very low chances of regaining
an acceptable quality of life and no signs of any improvement exist following initial
optimal therapy.

ICP monitor

We found no consensus of benefit on mortality rates from ICP monitoring because
all three possible outcomes were reported: reduced mortality,>?* no difference and
higher mortality.?® The same inconclusiveness was found in a recent review and meta-
analysis® and other studies reporting both benefit,**” and no benefit %%

Both the sickest and least sick patients appear to receive less ICP monitor placement
22100 and ICP monitoring placement seemed to be influenced by high age,*? which
reflects a tendency towards overall lower intensity of care in elderly TBI patients.”

The reported lower mortality rates for vs-TBI patients compared to s-TBI patients, can
be explained by a decreased advantage of ICP monitoring guided therapy for less
severe TBI patients with ongoing, potentially disadvantageous, exposure to intensive
therapies.” ICP monitoring guided therapy was associated with increased mortality
for GCS 7-8 patients (OR12.89) 7 and had a larger protective impact on patients with
GCS=3.2% Included studies showed ICP monitored patients with longer duration of
mechanical ventilation, 7 higher need for tracheostomy #” and significantly longer
ICU stays.?> 2577 These results were confirmed by literature * and are likely to
influence outcome.
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Insertion of ICP monitor would appear to be based on physicians’ judgement, rather
than guidelines, possibly inducing confounding by indication. More severely injured
patients are more likely to receive ICP monitoring guided care, but, because being in
a worse condition they are prone for worse outcome. Also, patients can be considered
to be unsalvageable and because of withholding aggressive therapy (including ICP
monitoring), only the patients with an expected chance of survival get a chance,
resulting in better outcome in ICP monitored cohorts.

Lack of adherence to guidelines has been previously reported in various studies.
A recent study ™ reported major variation in adherence between studies (range 18-
100%), with only 31% for the BTF ICP monitoring guidelines, possibly caused by
scepticism resulting from the absence of high quality evidence and the invasive
character of the intervention." Substantial variation in ICP monitoring indications
and subsequent treatment decisions is also reported.”°* We expected high rates of
ICP monitoring in included s-TBI cohorts, but found an unweighted mean of 42%. Two
studies found poor adherence rates (10.8% and 46% in two studies), corresponding
with the literature.? 22 Investigating the effect of adherence on survival, literature
delivers non-conclusive evidence of benefit,”® no benefit ® and even an increase in
complications and use of hospital resources.™

The relative lack of guideline adherence for ICP monitoring for patients with vs-TBI
may also reflect the lack of specific recommendations for this group. International
TBI guidelines from BTF and NICE organizations are largely based on best available
level 11l evidence and use GCS 3-8 as s-TBI category.’®* % In the BTF-Guidelines the
vs-TBI subgroup is separately mentioned only three times and are considered to be
part of the GCS 3-8 s-TBI group.™* There is no mentioning of the GCS 3-5 subgroup in
the 2 edition of the BTF Guidelines for the Acute Medical Management of s-TBI in
Infants, Children, and Adolescents.’® Recent studies conclude both absence of benefit
197 as higher survival and improved outcome, without higher hospital costs following
guidelines 108109

We suggest that therapy guided by ICP monitoring following the guideline
recommendations should also be used in vs-TBI patients, since positive effects and
good outcome are reported. Because worse results are most likely due to complications,
ICP monitoring devices should be removed as soon as possible, hopefully avoiding
adverse effects of overtreatment.
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Decompressive craniectomy
Although it is clear that DC can decrease ICP effectively and good outcome is

reported,™ its value remains controversial ™"

Mortality rates for s-TBI patients after DC range between 11% and 68.5%,** " up to
80% for vs-TBI patients **® and even 100% for patients with a GCS of 3.2°3¢ The overall
mortality rate difference is most likely the result of different patient samples, with
variationinvariables associated with worse prognosis. The cohort with 68.5% mortality
rate contained more older patients with GCS=3 and bilaterally dilated pupils (50 vs.
42.8 years). The study with 1% mortality (60% vs-TBI), provided no information on
pupillary status or potential “false” GCS. The potential beneficial effect of early surgery
(<1hour after admission) in 85.9% of patients, remains uncertain. A low mortality rate
is not necessarily a good result, since it can be related to a high percentage (37% in
GCS 3-5and 7% in GCS 6-8) of patients remaining in a vegetative state.” Since certain
traumatic lesions result in worse outcome, by nature of the injury, composition of
cohorts regarding traumatic lesions is likely to contribute to confounding by indication
and outcome results. One study confirmed this by showing less mortality in s-TBI
patients with mass lesion receiving DC compared to DC for diffuse injury and swelling
(14 vs. 43.4%).

Factors related to timing of surgery and surgical technique may be relevant to outcome.
Two studies studied timing of DC and the first found better results for performing early
DC within 4 hours,*® while the second found that early bilateral DC showed better
results compared to DC as secondary treatment option.® Two others mentioned
early DC to be related to better outcome, one only for GCS 6-8 subgroup.™# Although
many physicians will agree with early timing of surgery, a review found that timing
of surgery was not significantly related to outcome in 11 out of 16 included studies.
Looking at DC studies, 4 out of nine reported a significant effect of time to surgery on
patient outcome." As is also recommended in the BTF-Guideline, a large sized bone
flap resulted in significantly more satisfactory outcome (GOS 3-5), especially in vs-TBI
subgroup (63.0% vs. 36.7%, P<0.01).* Thus, according to the present evidence, in cases
in which decompressive surgery is decided upon, bone flaps should be made large.

We suggest a certain restraint against the early withholding and withdrawal of

therapy, especially because prognostication is still inaccurate and decision can result
in potentially avoidable deaths. After the (sub) acute setting, additional treatment
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decisions depending on neurological improvement should be made, preferably after
proxy consultation.

Penetrating brain injury

The difference between combat and civilian PBI can explain outcome results. Combat
casualties include more blast injury and civilian more gunshot wounds. Also, almost
90% of patients (mean age 25 years) underwent neurosurgical intervention. The
combination of young healthy military patients with aggressive neurosurgical
intervention might be beneficial. However, in the study reporting favorable results
there is 43% loss to follow-up and only 22% of total PBI patients were treated at this
institution. In the literature, PBI mortality rates range from 23 to 93% with higher rates
(87-100%) in presence of well-known risk factors for poor outcome: GCS <5, pupillary
abnormalities, hypotension, high ICP and higher age.™

As in all TBI patients, surgical treatment should be meaningful and the indication for
surgery balanced against the likelihood of survival, particularly in patients with a low
GCS in the civilian setting. Some authors dont recommend surgical intervention in
patients with small to zero change of achieving favorable outcome,**# low admission
GCS scores and extensive brain injury ™™ or patients with a GCS 3 to 5 without
operable hematomas.® Nevertheless, it does not preclude possible recovery and some
patients may survive. A recent study for example, reported a survival rate of 40% in
patients with a GCS of 3-4 on admission, whilst 1% achieved favorable outcome.
These investigators attribute their better results to a more aggressive management

policy.

We believe that clinical (GCS Score and presence of pupillary abnormalities) and
radiological signs should guide physicians decision-making. We advocate minimal
surgery in civilian PBI cases with a GCS of 3-5 and optimal medical management for
at least 24 hours. In case of improvement, more extensive surgery can be considered.
An early decompressive craniectomy with watertight dural closure is a valid surgical
option. The removal of retained bone fragments at the cost of healthy brain tissue
is not advised and in case of dural defects grafting is possible by using autologous
materials like fascia lata or periosteum. Finally, the adequate cranialization of violated
air sinuses and the watertight closure of CSF fistulas should be performed as soon as
possible.
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Limitations of the study

Our strict inclusion criteria resulted in the inclusion of studies reporting on surgical
treatment and outcome of vs-TBI patients with a definite GCS 3-5. Most included
studies were relatively small observational single center cohort studies and only few
used prospectively collected data. As is typical for TBI itself, the huge heterogeneity
between patient cohorts regarding injury, treatment and outcome, resulted in
inevitable selection bias and makes comparing results and drawing conclusions
difficult. For this reason, it was considered impossible to conduct a solid meta-analysis.
The independent effect of surgical treatment on outcome is also hard to establish
because parameters known to be associated with outcome, were often not mentioned
or investigated. Results of this review should be interpreted with care and conclusion
only drawn with the recognition of the remarks.

Three promising studies (DECRA, RESCUEicp, STITCH) from the past years did not
meet our inclusion criteria but unfortunately also didnt change the controversy of
decompressive craniectomy.""? We are looking forward to the results of two ongoing
trials, respectively comparing primary DC with craniotomy in adults with an ASDH
(RESCUE-ASDH: www.rescueasdh.org) and investigating the effect of therapeutic and
prophylactic DCin s-TBI patients with mass lesions (PRECIS).™2°

Future research

Given the current heterogeneity and variability, future research should focus on
patient cohorts, (surgical) treatments and outcome measures that are as equal as
possible, to improve comparability and generalizability of study results. Alternatively,
variability can also contribute to investigating the effectiveness of (surgical) treatment
by comparing variation in local practice using a method called “Comparative
Effectiveness Research” (CER). International initiatives like CENTER-TBI (www.center-
tbi.eu),and a Dutchinitiative called Net-QuRe (www.net-qure.nl) are using this method
investigating (surgical) treatment effectiveness. Because postdischarge information is
considered very important, Net-Qure has a 24 month follow-up period and includes
data on the rehabilitation phase. Knowing how much a specific patient will benefit
from which specific treatment in terms of functional recovery and quality of life is
essential in future decision-making and informed consent conversations. Therefore a
long-term follow-up period is necessary and particularly relevant to patients with vs-
TBI, as reports show that improvement may not be uncommon between 1 and 3 years

afterinjury.
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In addition, a humanistic approach on the quality of life after TBI is needed to explore
what can be considered a favorable and desirable outcome for patients, their proxies
and for society as a whole. Also, an accurate calculation of hospital and postdischarge
healthcare costs following TBI must be undertaken, to improve hospital and public
management planning and allocation of appropriate budgets.

Finally, we believe that the currently used s-TBI category remains very heterogeneous.
Future research should aim for better characterization and understanding of
individual pathophysiology, and identification of subgroups of patients more likely to
benefit from specific therapies. Both could hopefully inform more targeted treatment
according to specific patient needs.

CONCLUSIONS

The most severely injured TBI patientsincluding patients with penetrating brain injury,
frequently confront physicians with great medical and ethical conflicts. This literature
review reports that although mortality rates are high and unfavorable outcome is
frequent, good outcome is possible for patients with very severe TBI. Multiple different
patient and injury specific factors, combined with treatment timing and type of
intervention, showed to be related to intervention and outcome. Most important are
age, GCS and pupillary abnormalities. Clearly, vs-TBI patients are different from the
less severe TBI patients (GCS 6-8) and therefore should be recognized and treated
as such. Until the availability of solid evidence, physicians must find an equilibrium
between falsely withholding surgical intervention from patients with potential good
outcome and aggressive treatment with an inevitable unwanted outcome.
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ABSTRACT

Background: The in-hospital treatment of patients with traumatic brain injury (TBI) is
considered to be expensive, especially in patients with severe TBI (s-TBI). To improve
future treatment decision-making, resource allocation and research initiatives, this
study reviewed the in-hospital costs for patients with s-TBI and the quality of study
methodology.

Methods: A systematic search was performed using the following databases: PubMed,
MEDLINE, Embase\Web of Science, Cochrane library, CENTRAL, Emcare, PsychINFO,
Academic Search Premier and Google Scholar. Articles published before August 2018
reporting in-hospital acute care costs for patients with s-TBI were included. Quality
was assessed by using a 19-item checklist based on the CHEERS statement.

Results: Twenty-five out of 2372 articles were included. In-hospital costs per patient
were generally high and ranged from $2,130 to $401,808. Variation between study
results was primarily caused by methodological heterogeneity and variable patient
and treatment characteristics. The quality assessment showed variable study quality
with a mean total score of 71% (range 48% - 96%). Especially items concerning cost
data scored poorly (49%) because data source, cost calculation methodology and
outcome reporting were regularly unmentioned or inadequately reported.

Conclusions: Healthcare consumption and in-hospital costs for patients with s-TBI
were high and varied widely between studies. Costs were primarily driven by the length
of stay and surgical intervention and increased with higher TBI severity. However,
drawing firm conclusions on the actual in-hospital costs of patients sustaining s-TBI
was complicated due to variation and inadequate quality of the included studies.
Future economic evaluations should focus on the long-term cost-effectiveness of
treatment strategies and use guideline recommendations and common data elements
to improve study quality.
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INTRODUCTION

Healthcare expenditures are rising worldwide and endanger the affordability of
national healthcare systems. "* To secure their future existence, a thoughtful and
righteous distribution of limited resources is essential. Policy makers and healthcare
professionals are therefore increasingly expected to study the effectiveness of
treatments and its associated costs. >* After all, the input from high quality cost
research is required to make healthcare systems efficient and to achieve the highest
quality of care for the lowest costs. ®

Also in the field of traumatic brain injury (TBI), with an estimated total global annual
burden of US¢ 400 billion, research efforts are increasingly conducted towards cost-
effectiveness. 7 After sustaining a TBI, in-hospital treatment is frequently required
and generally associated with high costs. ™ In the USA, the 2010 TBl-related in-
hospital charges totalled US$ 21.4 billion. * In-hospital costs after TBI are increasing
annually and represent a substantial part of the total financial TBI burden. ™ The highest
individual costs in TBI patients are generally seen in patients with severe TBI (s-TBI). "
These patients also have the longest hospital or intensive care unit (ICU) length of stay
(LOS) and the highest number of (neuro)surgical and medical interventions. " Despite
their substantial healthcare consumption, these vulnerable patients show high rates of
mortality and unfavourable outcome. Especially for these patients with poor outcome
at high costs, a critical appraisal of treatment cost-effectiveness is essential to avoid
ineffective expenditures and improve treatment decision-making.

Two recent reviews on healthcare costs after TBI have reported about the considerable
variation in healthcare costs after TBI between different studies and about the
insufficient quality of the available cost studies.”* These reviews however were mainly
focussed on the methodological quality of economic evaluations and therefore did
not report the actual in-hospital costs. Insight into in-hospital costs and important
components of the costs, such as healthcare utilization and other factors that drive
these costs were not provided. This is important information for physicians and
policymakers, because this information is needed for decision-making and for correct
allocation of resources.
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In this systematic review, we have therefore focussed on: (1) providing a detailed
insight in the reported in-hospital costs for patients with s-TBI and (2) assessing the
(quality of) study methodology.

METHODS

This systematic review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. ? The study protocol was
registered in the PROSPERO International Prospective Register of Systematic Review
with registration number CRD42018081131.

Literature search

A final systematic literature search was performed on the 8" of August 2018 using the
following databases: PubMed, MEDLINE, Embase, Web of Science, Cochrane library,
CENTRAL, Emcare, PsychINFO, Academic Search Premier and Google Scholar. The
search strategy was developed and conducted with the assistance of a trained clinical
librarian. All relevant information on the literature search can be found in S1 Appendix.
In addition to the search, the reference lists of all included articles were manually
checked for additional relevant studies.

Inclusion/exclusion criteria

Studies were included when the in-hospital costs or in-hospital charges of a cohort
of >10 patients with s-TBI were reported. Because the appellation “severe TBI”
encompassed a range of brain injuries considered to be too varied for appropriate
comparison the two most widely used classifications for s-TBI were applied: Clasgow
Coma Scale (GCS) <8 and/or Abbreviated Injury Scale (AIS) >4. 7% We excluded
reviews, commentaries, editorials, conference and meeting abstracts, unpublished
data, non-English studies and studies that could not be found or retrieved in full
text. Studies were also excluded when in-hospital costs related to acute care were not
distinguishable from other costs like indirect non-healthcare related costs (e.g. loss of
productivity), (in-hospital) rehabilitation or long-term costs. There were no restrictions
on publication date or patient characteristics.
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Article selection and data extraction

First, duplicates, non-English and unretrievable records were excluded. Second, two
reviewers (JD,MD) independently screened the titles and abstracts of the remaining
studies and selected all potential eligible studies. Full-texts were independently
reviewed by the same researchers and studies were included according to the above
mentioned criteria. During the process, all disagreements were resolved through
discussion until consensus or after consulting a third researcher (RO). Data extraction
was performed in duplicate using pre-created data extraction sheets. Extracted
data was then discussed and combined. Variables that were collected included:
study details, study population, definition of TBI (including severity), healthcare
consumption, details of costs research methodology and cost outcome results.

Quality assessment

A 19-item checklist was used to assure an accurate quality assessment for the
evaluation of in-hospital costs following s-TBI. The checklist was based on the CHEERS
statement, which is developed to improve the reporting on economic evaluations.
7730 \We slightly adjusted the items from the CHEERS statement by specifying items
like ‘target population and subgroups’ in clear definition of illness and TBI severity,
because this was deemed necessary for proper interpretation of study results. Also we
intentionally left out items like cost perspective, time horizon and discounting costs
since these were considered not relevant for short term in-hospital costs. The final
checklist covers items in the areas of study details, population, clinical data, cost data
and study methodology. All relevant details can be found in S2 Appendix.

The quality assessment was independently performed by three reviewers (JD, MD, RO).
Disagreements were reassessed and discussed in several meetings until consensus was
reached. All items were scored according to a predefined scoring manual thatincluded
fouroptions: yes (1), suboptimal (0.5), no (0) and not applicable (N/A). Adouble weight
was assigned to several items that were considered to be particularly important in
calculating and reporting in-hospital costs. Final scores represented study quality and
were presented as a percentage of the maximum score per study. Scores per item and
item category were also calculated. All items that were not applicable were excluded
from score calculation. When studies used a statistical model, items were scored

considering the clear use and description of the model input parameters and sources.
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Outcome

All relevant data was reported in a descriptive manner. In line with the inclusion criteria,
patients were included from three different severity groups as they were reported in
the included studies (CCS<8, AlS>4, AIS>5). These subgroups were also used in the text
and figures. In one figure, hospital LOS was presented by using black indicators (M) and
ICU LOS by white indicators (). A clear distinction between hospital costs and hospital
charges, when known, was made by using black and white indicators respectively.
In-text, both the reported hospital charges and hospital costs were presented as in-
hospital costs. The Gross Domestic Product (GDP) per capita of the study country was
included as reference value, to improve comparability between the reported costs. The
reference year that was used, corresponded with the currency year. > All costs, including
GDP per capita, were converted to US dollars (2015) using the CCEMG — EPPI-Centre
Cost Converter. 2 This web-based tool utilizes Gross Domestic Product deflator index
values and Purchasing Power Parities conversion rates provided by the International
Monetary Fund. * In case a reference year was not provided we used the last year in
which patients were included or, when unknown, the year of publication. Figures were
designed with GraphPad Prism version 7.0.2.

RESULTS

Literature search and study selection

The systematic literature search identified 2372 studies (Fig 1). First, a total of 283
duplicate, non-English or unfindable studies were removed. The remaining 2089
studies were screened on title and abstract, resulting in 204 studies considered
eligible for full-text assessment. Studies were excluded because; (1) they did not
include a s-TBI cohort defined by a GCS<8 and/or AlS>4 (N=134), (2) they did not report
hospital costs for patients with s-TBI (N=28) or (3) in-hospital acute care costs were not
distinguishable from other costs (N=13). No additional studies were identified through
the reference check. Ultimately, 25 articles were included in this systematic review.

Study characteristics

The main study characteristics can be found in Table 1. Twelve studies were published
after 2010, nine between 2000 and 2019, and four before 2000. Cohort size ranged
from 20 to 7774 patients. ** Nineteen studies were conducted in high income
countries of which sixteen in the USA. The majority of studies focused on adult
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patients, while some studies focused on paediatric 2% and elderly patients. %
Nineteen studies (76%) had cost research in TBI patients as a research objective. TBI
was often only defined by mentioning “TBI” or “head injury” (N=9). Six studies provided
only little additional information and nine studies used ICD (N=8) and/or AlIS codes
(N=2). Severity was defined by GCS (68%), by AIS (28%) or both (4%). The used GCS
was obtained at admission (n=7), the emergency department (n=3) and the time
remained unknown in 5 studies. A retrospective study design was used in 60% %7290,
followed by a prospective design (16%) % or a combination of both (12%). %% Three
studies used a statistical model. #5758

Fig1. Flow chart of the article selection process.

Records identified through
literature search: 2372

Excluded: 283

- Duplicate: 161

- Non-English: 118
- Not found: 4

)

Title & abstract
screening: 2089

Non-eligible
——>| records excluded:
1885

Full-text screening: 204 Records excluded: 179
- No s-TBI cohort
(GCS<8 and/or
AlIS>4): 134

- No costs specified for
s-TBI cohort: 28

- In-hospital costs non
distinguishable: 13

- Other: 4

Final selection: 25 |<—— ig;;?g;ifﬁzzk 0
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Table1: Study details & results

# Study info * Purpose Study Design  Patient(N)  Definitionof TBI Severity
definition
1 - Ahmed*  Evaluatethe Retrospective  55s-TBI TBI, not further ~ GCS<8 at
- 2007 impact of early cohort study specified admission
- 2002-2005  tracheostomy on
- USA s-TBI patients
2 - Albrecht®  Provide charge Retrospective  GCS<9:247  ICD-9-CM codes  GCS<9 at
- 2017 estimates of TBI cohortstudy — AlS4:688 admission, AIS>3
- 2008-2012  treatment for AlS5:368
- USA elderly patients
3 - Andelic” Estimate long-term  Decision-tree 59 s-TBI ICD-10 codes GCS<8 before
- 2014 cost-effectiveness ~ model intubation
- 2005-2007 of rehabilitation
- Norway trajectories
4 - Brooks* Determine the Retrospective 28 s-TBI TBIwithAlS>0  AlSzands
- 1995 costs of health care  cohort study
- 1989-1990  services for TBI
- USA patients
5 - Bryant® Finda high-quality ~ Retrospective 47 s-TBI TBI, not further ~ GCS<8in ED
- 1993 cost-effective cohort study specified
- NP strategy for head
- USA injury rehabilitation
6 - Fakhry® Determine effect Cohortstudy ~ 830s-TBI TBI defined as GCS<8
- 2004 of following BTF with historical blunttraumatic
- 1991-2000  guidelineson controls head injury with
- USA outcome and AlS-head >2
charges
7 - Farhad# Compare Retrospective  317/288 ICD-9-CM codes  ICD/AIS 4—6
- 2013 TBl-related analysis of NIS  s-TBI
- 1993-1994/  hospitalization data
2006-2007  outcomes between
- USA 2 periods
8 - Craves® Evaluate guideline  Retrospective  235s-TBI ICD-9 codes, GCS<8at
- 2016 adherence on cohort study head AIS > admission
- 2007-2011  outcome and costs 3, history
- USA for paediatric s-TBI of trauma,
patients abnormal
admission head
CTscan
9 - Ibrahim*®  CEA of two neuro Prospective 62 s-TBI Severe head GCS<8and CT-
- 2007 monitoring observational injury, traumatic  scan features
- 2003 modalities ins-TBI  CEA study in nature, not
- Malaysia management further specified
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Costdata source Details on cost Included costs ~ Currency Results ($ 2015)
calculation (Y)/GDP (% of GDP per capita)
per capita®
Hospital accounting NP most likely Total hospital USs$ (NP) / ET (GCS 4.3+1.9): median $348,858
database directly obtained  charges $52,876 (660%)
from database (95% Cl: $293,682-$468,908)
LT (CCS 4.5 +1.8): median $396,917
(751%)
(95% Cl: $334,441-$520,808)
Finance and billing NP most likely Hospital and US$ (2012) / CGCS <9:$58,899 (110%) + $74,194
department of directly obtained  physician $53,681 AlS 4:$37,503 (70%) + $58,025
(trauma) hospital from database charges. (Cost- AIS >5:$59,146 (110%) + $87,230
and university to-charge ratio:
140.65%).
Expected costs DRC Total acute NOK (2009) All: $112,808 (128%) + $68,327
calculated froma reimbursement hospitalization /87,894 Trajectory 1: $123,526 (1419%) +
reimbursement multiplied by the  costs for first5 $50,911
system using DRG cost weight  years post-injury Trajectory 2: $101,822 (116%) +
diagnosis related for each patient $81,725
groups (DRC)
Charges are obtained  Services and Initial care US$ (1993) / Acute care: $123,303 (307%)
directly from all billing records charges $40,211 Physicians: $25,767 (64%)
service providers wereaddedupto including EMS, Emergency Medical Services
calculate actual/ acute care (EMS): $1,855 (5%)
estimated charges charges and
physicians
charges of initial
hospitalization
Costsareestimated ~ Unit costs are Acute medical USs$ (NP) / All: $24,205 (60%)
from financial multiplied by care costs $40,21
records of the utilized services using actual
health maintenance operational
organization (HMO) costs.
Trauma registryand NP most likely Total charges US$ (1997) / 1991-1994 (GCS 4.0): $51,634
individual chart directly obtained  (hospital $44,428 (116%)
review from registry of room, critical 1995-1996 (GCS 3.5): $42,558
charts care, nursing (96%)
services, direct 1997-2000 (GCS 3.5): $40,002
and indirect (90%)
expenses,
general hospital
charges)
National Inpatient NP most likely Total chargesof  US$ (2006- 1993-1994: $21,427 + $21,315
Sample (NIS) directly obtained  hospitalization ~ 2007) / corrected for inflation: $29,999
database (1993-1994/  from database $53,764 (56%)
2006-2007) 2006-2007: $65,002 (121%) +
$60,900
Total charged Obtained charges  Total costs of US$ (2012) / Hospital mean: $106,969 (199%)
amounts most likely  converted to costs  hospitalization  $53,681 (95% Cl: $96,355 - $117,582)
from hospitals, CCR  with institution +ICU care ICU mean: $84,843 (156%)
from HCUP-KID or specific cost- (95%Cl: $76,364 - $93,322)
institution's billing chargeratio (CCR)
office
All treatment costs Macroand micro  Only direct US$ (2002) / Croup1 (GCS median 5.5,1QR
measured using costing approach  provider costs $5,379 2.0): $10,356 + $6,526 (1219%)
budget information calculated Croup 2 (CCS median 6.0, IQR
during 2.0): $11,646 + $8,168 (152%)
admission
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Table 1: Study details & results
# Study info * Purpose Study Design  Patient(N)  Definitionof TBI Severity
definition
10 - Jaffe* Assess acute and Prospective 205s-TBI Non-penetrating CCS<8,atEDor
- 1993 rehab costs of cohort study TBlIwithlossof  before paralyzing
- 19871988  paediatric TBI consciousness agents
- USA patients
1 - Lehmkuhl* Investigate factors  Retrospective ~ 111s-TBI, TBI, defined GCS<8, lowest
- 1993 thatinfluence and 108 vs-TBI as brain tissue scorein first24
- 1989-1992  hospital charges for  prospective damage caused  hours
- USA persons with TBI cohort study by external force
12 - Li® Epidemiological Retrospective 5238 s-TBI ICD-9-CM codes ~ AlS4: severe
- 2017 characteristics of analysis of 2536 c-TBI AlS5-6: critical
- 2001-2007 elderly TBI patients  Chinese
- China Trauma
Database
data
13 - Martini* Resource utilization Retrospective 629 s-TBI TBI, not further ~ GCS<8 at
- 2009 of brain tissue cohort study specified admission
- 2004-2007 oxygen monitoring
- USA
14 - McCGarry*  Examinetreatment Retrospective  2580s-TBI ICD-9-CM codes  ICD/AIS4: severe
- 2002 outcomes and costs  analysis of 1147 c-TBI ICD/AISs: critical
- 19971999  of TBI database
- USA
15 - Morris ¥ Investigate costof ~ Retrospective 2460 s-TBI TBI defined AlS4: severe
- 2008 care for hospitalised analysis of 2573 ¢-TBI using1998 AIS  AlSs: critical
- 2000-2005 TBI patients database codes
- England/
Wales
16 - Palmer® Reportimpact Cohort 93s-TBI Closed head GCS<8at
- 2001 of TBI guideline study using injury and admission
- 1994-1999  implementationon retro-and evidence of
- USA outcome in s-TBI prospective brain injury on
patients data examination or
CT-scan
17 - Prang® Describedetailsof ~ Analysisof a 316 s-TBI Transport GCS3-8: severe
- 2012 careservicesafter ~ compensation related-TBI, not
- 19952004  transport related database further specified.
- Australia TBI
18 - Salim® Evaluate outcome  Prospectively 28 s-TBI+ Blunt trauma Head AlIS>4
- 2008 of ARDS in patients  collected ARDS patients with
- 2000-2004  withs-TBI cohortin 565s-TBI TBI, AIS defined.
- USA ARDS dataset
19 - Schootman Hospitalization Population 1789 s-TBI ICD-9-CM codes  ICD/AIS 4-6
“9 charges for acute based
- 2003 care in TBl patients  descriptive
- 1996 inthe USA study
- USA
20 - Siddiqui® Identifyimpactof  Cohort 100s-TBI TBI, not further ~ GCS<8
- 2015 early tracheostomy  study using specified
- 2002-2009 ins-TBI patients retro-and
- Pakistan prospective
data
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Cost data source Details on cost Included costs  Currency Results ($ 2015) ¢
calculation (Y)/GDP (% of GDP per capita)
per capita®
Hospital/physician NP most likely Chargesusedas US$(1988)/ - GCS3-8:$93,934 (247%) (range:
charges from directly obtained  proxy forcosts.  $38,048 $8,881-$328,857)
hospitals and from billing office  Initial acute care - AlS4: $32,375 (85%) ($16,378-
physicians billing $81,852)
office - AISs: $145,573 (383%) ($36,096-
$328,857)
Copy of final billed NP mostlikely the  Hospitalization ~ US$ 1989- - GCS6-8: $90,291 (200%) + $72,243
charges submittedto  submitted charges costs (billed 1992) / - GCS3-5: $141,813 (314%) + $84,216
designated payer charges) for $45,150
acute care
excluding
physicians fee
Chinese Trauma NP most likely Hospitalization  US$ (NP)/ - AlS4: $2,130 (70%) + 3,881
Database dataset. directly obtained  costs $3,039 - AlS5-6: $3,586 (118%) +5,384
from dataset
Hospital Charges converted  Hospital costs US$ (2007)/ - Group1(GCS5.6+2.3): $116,387
administrative to costs with $54,204 (215%) + $85,034
records institution specific - Group2 (CCS5.142.2): $143,453
CCR (265%) +$88,079
Billed charges from  Charges converted Hospitalization — US$ (1999)/ - AlS4: $23,017 (48%)
alarge multihospital  to costswithCCR  costs of acute $47,467 - AISS: $45,981(97%)
database treatment
Trauma Auditand Resource use from  National Health £ (NP)/ - AlS4:$16,110 + $30,088 (60%)
Research Network database and unit  Service hospital ~ $49,803 - AlS5: $29,504 + $29,944 (60%)
database and count multiplied  costs
reference unitcosts by unit costs for
from different other costs
sources
Patientrecordsand/ NP most likely Hospital US$ (NP)/ - Beforeimplementation (GCS
or financial data directly obtained  charges $47,467 6.4+0.7): $268,902 (567%) +
from records or $31,761
financial data - Afterimplementation (GCS
6.9+0.5): $401,808 (846%) +
$27,364
Accepted claims Mean costs Direct cost of AUD $ - Acute hospital services: $45,384
from Compensation  calculated foreach healthcare over  (2009) / (98%) +$38,720
Research Database  service category 5-year period $46,885
post-injury
Hospital's trauma NP most likely Hospital US$ (NP)/ - TBI+ARDS group (GCS 4+2):
registry directly obtained  charges $51,638 $258,790 (501%6) + $296,186
from trauma - TBI group (GCS 5+2): $142,074
registry (275%) + $198,248
National Inpatient Database contains Hospitalization  US$ (1996)/ - Mean $47,004 (109%) + $3,238;
Sample (NIS) of 1996  patient-level billed charges $43,035 - Median $20,886
clinicaland foracute care
resource use
information
Institution's billing NP most likely Inpatient US$ (2009)/ - Group1(GCS5.4+1.7):
department directly obtained  treatmentcosts  $1,105 $8,811(797%)
from billing (ED, ICU, ward, - Group 2 (GCS 6.0+1.7): $10,934
department lab,imaging, (990%)
surgery)
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Table 1: Study details & results

# Study info * Purpose Study Design  Patient(N)  Definitionof TBI Severity
definition
21 - White¥ Determine Retrospective 136 s-TBI Non-penetrating GCS<8at
- 2001 predictors in cohort study head injury,not  admission to ED
- 1991-1995  paediatrics-TBI further specified
- USA patients
22 - Whitmore  Determine the Decision- N/A TBI, not further ~ GCS<8 and motor
s cost-effectiveness  analytical specified component of <5
- 2012 of treatment model atadmission
- N/A strategies in s-TBI
- USA patients
23 - You® Assign costs to Retrospective 26 s-TBI ICD-10 codes CCS3-80n
- 2018 treatment of cohort study presentation

- 20152016  surgically treated
- Malaysia patients with TBI

24 - Yuan?* Acute treatment Prospective 2500 s-TBI TBI diagnosis GCS<8at
- 201) costs for TBI observational was made admission
- 2004 multicentre by admitting
- China study neurosurgeons
or ER physicians
and confirmed
by CT
25 - Zapata- Cost-effectiveness  Decision-tree  Based on TBI, not further ~ GCS3-8
Vazquez®  of ICP monitoring ~ model 33s-TBI specified
- 2017 in paediatrics-TBI patients
- N/A patients
- Mexico

This table shows the main study characteristics and results

AlS, Abbreviated Injury Scale; ARDS, Adult Respiratory Distress Syndrome; BTF, Brain Trauma Foundation; CCR, Cost
to Charge Ratio; CEA, Cost Effectiveness Analysis; CT, Computed Tomography; c-TBI, critical TBI; DRG, Diagnosis
Related Groups; ED: Emergency Department; EMS, Emergency Medical Services; ET, Early Tracheostomy; GCS,
Glasgow Coma Scale; HCUP-KID, Healthcare Cost and Utilization Project - Kids’ Inpatient Database; HMO, Health
Maintenance Organization; ICD-10, International Classification of Diseases, 10" Revision; ICD-9-CM, International
Classification of Diseases, Ninth Revision; ICP. Intracranial Pressure; ICU, Intensive Care Unit; LOS, Length of Stay;
LT, Late Tracheostomy; N/A, not applicable; N, Number; NIS, National Inpatient Sample; NP Not provided; s-TB,
severe Traumatic Brain Injury; TBI, Traumatic Brain Injury; vs-TBI, very severe Traumatic Brain Injury; Y, Year

Legend:

“Name first author [reference #] - year of publication - Cohort inclusion period - Study country.

®GDP per capita from year of currency and converted to $ 2015.

¢ When available, severity defined by GCS was further specified by adding the mean GCS + SD. (Unless stated
otherwise)
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Cost data source Details on cost Included costs  Currency Results ($ 2015) ¢
calculation (Y)/GDP (% of GDP per capita)
per capita®
NP: “were available”  Charges converted Hospitalization  US$(1998)/ - Survivors (CCS 5.4+1.9): $12,247
to costs using costs $45,866 (27%) ($2,199-$127,555)
hospital based - Non-survivors (GCS 3.4+0.8):
CCR $7,081 (15%) ($2,305-$32,622)
Obtained Costcalculations  Directacute US$ (2011)/ - Comfort care: GOS1: $60,582
from literature follow general medical care $52,910 (115%) GOS2-3: $111,067 (210%)
and Medicare principles earlier  costs, primarily COS4-5:$43,753 (83%)
reimbursementrates described in associated - Routine care: GOS1: $77,410
literature and with the initial (14696) GOS 2-3: $136,309 (258%)
methods section  hospitalization GOS4-5: $52,167 (99%)
- Aggressive care: GOS1-5: $124,725
(236%)
Hospital revenue Micro-and macro- Total cost of US$ (2016) | - GCS3-8:$8,964 (95%) + $5,753
department, finance  costing methods.  treatment $9,416
departmentand Activity units (including
financial reports multiplied by unit  hospitalization,
costs surgery and
investigations)
Unsubsidized total NP most likely Total acute US$ (2004) / - GCS3-8: median $3,115 (168%)
hospital billings directly obtained  hospitalization 1,859 ($1,468 - $6,046)
from hospital treatment costs - lsolated TBI: $2,844 (153%)
billings - TBlwith otherinjury: $3,207
(173%)
Most costs taken Amount Costs of Mex$ (2015) - ICP monitoring group (GCS
from official journal  of supplies hospitalization ~ /$9,291 5.5+1.7): $66,263 (713%) + $31,436
of the federation. multiplied by unit  (direct medical - Control group (GCS 7.0+1.5):
Medicine price price costs +clinical $41,783 (450%) +$10,622
catalog, ICP probe complications)
price provided by medicines,
supplier. laboratory,
imaging,
surgery, LOS
ICU/Ward.

Quality of study methodology

The results of the quality assessment are presented in detail in S1 Table. Study quality
was variable with an average total score of 71% and a range of 48% to 96%. Seven
studies achieved a score above 80%, representing “high quality”. 3383947505358 Especially
items in the ‘cost data’ subgroup scored poorly (49%). All but one study mentioned
their cost data source, but a clear description was missing in 24%. Also, the design and
methods of costs analysis were not mentioned in 36% and were unclear in another
16%. Eleven studies properly assessed hospital activity data but only three studies
appropriately valued and reported unit costs. Hospital costs were disaggregated in
20% of studies and in 52% charges were reported instead of costs. Major assumptions
were tested in a sensitivity analysis in only 16% and a reference year was missing in
14% of the studies. The subgroups ‘study details’ ‘population” and ‘methodology’
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had the highest scores (100%, 87% and 78%). There were infrequent statements on
source of funding and conflicts of interest, unsatisfying TBI definitions and inadequate
evaluation of study findings.
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Fig 2. In-hospital costs and in-hospital charges of a patient with s-TBI

Figure 2 shows the in-hospital costs and in-hospital charges of a patient with s-TBI, as reported in the included
studies. Black indicators represent in hospital costs, while white indicators represent in-hospital charges. A bigger
indicator size, represents a bigger study cohort size.
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Hospital costs & healthcare consumption

The median reported in-hospital costs per patient were $55,267 (mean $87,634) and
ranged from $2,130to $401,808 (Fig2). The lowest costs were seenin studies from China,
Pakistan and Malaysia ($2,130 t0 10,356) 555356 and in a subgroup of paediatric non-
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survivors in the USA ($7,081). ¥ The highest in-hospital costs ($258,790 to $401,808)
were found in three studies describing different patient cohorts from the USA. #5255
The in-hospital costs as percentage of the CDP per capita (median 128%, mean 234%)
were highly variable and ranged from 15% to 990%. ¥ Mean percentages were not
significantly different between high and lower income countries and between charges
and costs (204% vs. 333% and 289% vs. 202%).
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Fig3.ICU and hospital length of stay of a patient with s-TBI

Figure 3 shows the ICU and hospital length of stay of a patient with s-TBI, as reported in the included studies. Black
indicators represent hospital length of stay, while white indicators represent ICU length of stay. A bigger indicator
size, represents a bigger study cohort size.
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Fourteen studies reported LOS for patients with s-TBI, also showing major variation
(Fig 3). 38363840.43.4547.5052.5456 |ClJ LOS ranged from 7.9 to 25.8 days (GCS<8) *°4, 6 to 19
days (AlS>4) and 6 to 21 days (AlS>5). ** Hospital LOS ranged from 10 to 36.8 days
(GCS<8) 54 10 to 26.1 days (AlS>4) 52 and 11 to 17.5 days (AlS>5). 44

Some studies reported costs related to acute care to be 46% to 67% of total
hospitalization costs, while inpatient rehabilitation costs accounted for 26% to 41%.
41425457 \arious studies found that costs related to hospital LOS and ICU LOS were
the main drivers of hospital costs. 263822475053 Costs related to ICU care comprised
the biggest part of total hospital costs (51-79%), followed by costs related to ward
admission (12-38%), surgery (4-8%) and imaging/laboratory (<3%). 334" Physician
charges were reported to be 12% to 20% of total costs. 4 One study included the
salary of paramedics and found salary to be the most important contributor (71-79%)
to total provider costs. ¥4 The majority of costs, up to 90%, were made in the first
year after trauma and were generally associated with TBI-related hospitalization costs.
#4857 The share of acute hospital services (18%) and rehabilitation (27%) on total costs
decreased when a long-term follow-up period was used. *

Several studies provided some additional information on clinical factors that were
associated with reported costs. A higher TBI severity was generally related with an
increased LOS and costs, 3#3+373941424650535¢ Fyen among patients with a s-TBI, patients
with a GCS3-5 or AlS=5 were more expensive than patients with a GCS6-8 or AlS=4,
respectively. 3#35324046475¢ A higher overall injury severity was also related with higher
costs. #4753 Male gender was linked with higher costs 33 and two studies mentioned
that a higher age was more expensive. ° Costs were also influenced by trauma
mechanism and were higher for motor vehicle accidents and gunshot wounds
and lower after an assault to the head. 3435394525 The use of surgical intervention,
intracranial pressure monitoring or mannitol were all related to longer LOS and higher
costs. 738455354 Also, the introduction of guidelines and evidence based medicine
protocols appeared to increase LOS and hospital costs %, while improvement of
guideline adherence did not change ICU and hospital costs in another study. ** Three
studies related costs to outcome and found lower costs for patients that died or made
a good recovery. 275358
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DISCUSSION

This systematic review demonstrates that the in-hospital costs related to acute care for
patients with s-TBl are generally high and increase with severity of TBl and overall severity of
the injury. Both healthcare consumption and in-hospital costs are highly variable between
studies and associated with factors such as mechanism of injury and treatment strategy.

Three previous reviews on costs after TBl were generally in line with our results, but results
were difficult to compare with the present review due to differences in study objectives
and substantial variation between the included studies that was mainly caused by
differing methodological and clinical characteristics. 75*° Elaborating on these reviews,
we specifically investigated the in-hospital costs related to acute care for patients with
s-TBI aiming to reduce variation and improve study comparability. Methodological and
clinical heterogeneity remained present, likely contributing to the variation in in-hospital
costs between studies. The highest in-hospital costs were found in studies from the USA
that reported charges instead of costs. Because hospital charges are not actual costs and
usually higher than hospital costs, this increased total amounts. Charges are also often
non-transparent and the resultant of deals between hospitals and insurance companies
or other stakeholders. It is therefore preferred to calculate and report total costs by
using healthcare utilization with its corresponding unit costs. Also, USA healthcare
expenditures are twice as high as expenditures in other high-income countries. > While
healthcare utilization patterns were rather similar between high-income countries,
the higher expenditures were especially caused by higher prices of labour, goods,
pharmaceuticals and administrative costs. % Large international differences were also
seen between European countries when assessing injury related hospitalization costs. ©
Likewise, the lowest in-hospital costs were found in studies from lower-income countries,
which is also in accordance with literature. ¢ These absolute costs are lower because of
lower prices, lower treatment intensity and higher mortality rates with associated lower
resource utilization. % In-hospital costs reported as percentage of GDP per capita were
however not significantly different between high and low income countries, suggesting
a similar financial impact for patients. Differences in costs might also be caused by
hospital associated factors (e.g. level of trauma center, volume, treatment protocols) and
by the major epidemiological differences of trauma populations between countries. °©
The different timeframes included in this review could also contribute to variation, since
treatment strategies have changed over time and healthcare costs have been increasing
globally over the years. %% Comparing in-hospital costs from different healthcare
systems in different timeframes is therefore problematic.
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Asin literature, theidentified in-hospital costs increase with higher TBI severity. °'6¢°¢ Costs
increase because they primarily consist of costs related to LOS and surgical interventions
and because the utilization of both is higher in more severely injured TBI patients. 7 After
all, healthcare expenses are equal to utilization multiplied by associated prices. ¢ Also in
other studies, physician charges are another important contributor to in-hospital costs. 272
Length of stay results and its variability seemed to be in accordance with literature, but
were difficult to compare due to this variation. % Like in previous research, extracranial
injuries and overall injury severity contributed to higher healthcare consumption and in-
hospital costs. 7737 Distinguishing costs that are related to TBIl orassociated extracranial
injuries is nearly impossible. Therefore, four studies explicitly investigated patients with
isolated-TBI. #5556 Motor vehicle accidents and gunshot wounds were reported to be
related to higher costs, most likely because of higher injury severity and accompanying
extracranial injuries. Although a higher age is often considered to be more expensive,
only few studies mentioned this and comparison between the age groups did not show
obvious differences in LOS or in-hospital costs. 377

Hospital and acute care costs were reported to be important constituents of total costs
followed by in-patient rehabilitation. However, the limitations of a short follow-up
period have been recognized before.” Although the in-hospital costs are obviously an
important part, post-discharge rehabilitation and other long term care costs are also
major contributors to the total costs after TBI. » When including the enormous long-
term or lifetime costs and the loss of productivity, the share of in-hospital costs on the
total burden significantly decreases. »'+7° A long-term follow up period would provide
a better overview for two reasons. First, the assessment of patient outcome will be
more accurate, because health problems might persist, improve or deteriorate several
years after trauma. 77 Second, the cost analysis will be more comprehensive, since
a changing health situation influences healthcare consumption and productivity for
both patients and relatives. Therefore, especially for establishing the cost-effectiveness
of treatments, a long-term follow-up should be included.

The identified most important reasons for (outcome) variation were probably all
caused by different study objectives. Study objectives determined study methodology
and consequently also the studied participants, interventions and outcome. Although
most study objectives included costs research, the major differences between
them likely caused the aforementioned methodological and clinical heterogeneity.
Heterogeneity has earlier been reported for TBI cost studies and complicates study

comparison and outcome interpretation. 7% Heterogeneity is not limited to TBI
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cost research, but is very common in general TBI research and likewise complicates
comparability, generalizability and interpretation of other studies. 72

Study quality also influenced interpretation of study results, since poor methodological
quality compromises quality and therefore value of data. Two recent reviews specifically
assessed the methodological quality of TBI cost evaluation studies and identified
important limitations regarding the adherence to the methodological principles of
economic evaluations. 7° More specifically, these limitations include not reporting
all relevant costs on a long-term or lifetime horizon, not discounting future costs, not
performing incremental analysis of cost-effectiveness and applying sensitivity analysis.
Our quality assessment found variable and overall inadequate study quality. Only few
studies were considered high quality and especially items concerning the calculation
and reporting of costs scored poorly. Cost results were often provided without relevant
context. A description of costs analysis methods, required to understand and interpret
the results, was frequently missing. Studies also rarely calculated in-hospital costs by
transparently multiplying healthcare consumption with associated unit costs. Almost
no study reported the highly informative and important disaggregated costs. Even
reference years were missing in several studies. Because several studies did not focus
on reporting costs after TBI, they might have scored low on our quality assessment,
despite appropriately investigating their specific study objectives.

Strengths and limitations

This systematic review benefits from an extensive literature search in multiple
databases and strict inclusion criteria, which improve study comparability and
interpretation of results. The PRISMA guidelines were used during the review process
and the quality assessment made use of a checklist that was based on the CHEERS
statement and allowed the critical appraisal of the included articles. Although the
assignment of scores is partly subjective, our experiences regarding the quality
assessment using this checklist were positive. In addition, this is by our knowledge, the
first detailed overview of in-hospital costs in patients with s-TBI.

This study also has several limitations. The article selection criteria resulted in the
exclusion of some patients, that were severely injured but lacked the required severity
classification. Also, regarding in-hospital costs, studies were excluded that not clearly
distinguished acute care in-hospital costs from rehabilitation costs, indirect costs or
other non in-hospital costs. Data from these patients could have contributed to our
results, but the introduction of additional methodological and clinical heterogeneity
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would have compromised comparability and interpretation of study results. In addition,
the used TBI severity criteria have their limitations. The GCS has been criticized for its
general applicability although it shows adequate reliability in a recent review. 24% A
patient can be scored false-low’ due to intubation and sedation overestimating injury
severity, while the severity of patients who quickly deteriorate after admission will be
underestimated. Also, a decreased GCS is not always caused by TBI and could also be
caused by extracranial injury alone. ® Last, patients could be at the lower or the higher
end of the spectrum within the GCS 3-8 group. This could have substantial impact on
study results, because severity is related to costs. Regarding AlS, the classification system
changed over time and the 2005 version codes similar injuries with a lower severity score
compared to the 1998 version. ® Also, some researchers suggest using AlS>5 as severe,
instead of AlS>4. % Despite this, using both criteria is very relevant because they are
the most widely used criteria for s-TBI. 2* Limiting the selection to patients with s-TBI
improves comparability, but fails to assess the financial burden caused by minor and/
or moderate TBI. Although individual costs are lower for these injuries, the total burden
on society is much higher because of their more frequent occurrence. * Although the
distinction is clearly made throughout, including hospital charges and hospital costs may
have compromised comparability of study results. Since both are frequently reported, it
did however make a comprehensive review of in-hospital expenses possible and points
out the difficulty of cost research. Last, the focus on in-hospital costs, dramatically
underestimated the total financial burden caused by s-TB|. 2476

Future research

Because arighteous and ethical distribution of limited healthcare resources is essential
to secure the future existence of successful healthcare systems around the world,
policymakersincreasingly requesthigh quality evidence regardingthe costeffectiveness
of treatments. > To improve the future quality of TBI cost research, investigators should
equalize methodological and clinical heterogeneity by using specific methodological
guidelines and common data elements. 27 As seen in this systematic review, one of
the biggest challenges in TBI cost research is heterogeneity. Checklists could be helpful,
but the development of international guidelines on economical evaluations for TBI
patients is preferred. Patient outcome should be investigated along with the financial
burden of treatments. Therefore, cost-effectiveness analysis should be included in
upcoming trials investigating TBI treatment strategies. Patients from all ages should
be investigated because all are confronted with the consequences of TBI. Because
TBI related consequences and associated costs are variable over time, economic
evaluations should include a long-term or even lifetime horizon. ¢ All associated costs
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addingto the total burden on society, like indirect costs and loss of productivity, should
be included to accurately map expenditures. Also, health and financial implications
for family and proxies deserve investigation. Last, the use of accurate cost calculation
methods using exact healthcare consumption and cost price data could further
improve the accuracy of cost calculations and thus outcome results. %5

CONCLUSIONS

We conclude that healthcare consumption and in-hospital costs for patients with
s-TBI are generally high. In-hospital costs mostly consist of costs related to LOS and
surgical interventions. The major variation of study results is primarily caused by
methodological and clinical heterogeneity. Study quality was variable but often
inadequate and especially items considered important in calculation and reporting
of in-hospital costs scored poorly. High quality future economic evaluations could
guide physicians and policy-maker in improving clinical decision-making and resource
allocation. Studies should therefore focus on the long-term cost-effectiveness of
treatments and improve both study quality and equality by using guidelines and
common data elements.
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ABSTRACT

Background: The decision whether to operate or not in patients with a traumatic acute
subdural hematoma (t-FASDH) can in many cases be a neurosurgical dilemma. There
is a general conception that operating on severe cases leads to the survival of severely
disabled patients and is associated with relatively high medical costs. There is however
little information on the quality of life of patients after operation for t-ASDH, let alone
on the cost-effectiveness.

Methods: This study retrospectively investigated patient outcome and in-hospital costs
for 108 consecutive patients with a t-ASDH. Patient outcome was assessed using the
Glasgow Outcome Score (GOS) and the Traumatic Brain Injury (TBI) -specific QOLIBRI
questionnaire. The in-hospital costs were calculated using the Dutch guidelines for
costs calculation.

Results: Out of 108 patients, 40 were classified as having sustained a mild (Glasgow
Coma Scale (GCS) 13-15), 19 a moderate (GCS 9-12), and 49 a severe (GCS 3-8) TBI. As
expected, mortality rates increased with higher TBI severity (23%, 47% and 61%
respectively), whereas the chance for favourable outcome (GOS 4-5) decreased
(72%, 47% and 29%). Interestingly, the mean QOLIBRI scores for survivors were quite
similar between the TBI severity groups (61, 61 and 64). Healthcare consumption and
in-hospital costs increased with TBI severity. In-hospital costs were relatively high
(€24,980), especially after emergency surgery (€28,670) and when additional ICP
monitoring was used (€36,580).

Conclusions: Although this study confirms that outcome is often “unfavourable” after
t-ASDH, it also shows that “favourable” outcome can be achieved, even in the most
severely injured patients. In-hospital treatment costs were substantial and mainly
related to TBI severity, with admission and surgery as main cost drivers. These results
serve as a basis for necessary future research focusing on the value-based cost-
effectiveness of surgical treatment of patients with a t-ASDH.

Keywords: Acute subdural hematoma; traumatic brain injury; treatment; patient
outcome: healthcare costs
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INTRODUCTION

Traumatic brain injury (TBI) is accompanied by an acute subdural hematoma (t-ASDH)
in around 10-20% of admitted TBI patients. ' Despite neurosurgical treatment, the
mortality rate is high (40-60%) and outcome often unfavourable (up to 70%). ™
This frequently poses an ethical dilemma for neurosurgeons, especially in the more
severe cases. Neurosurgical evacuation of the hematoma, sometimes with additional
decompressive craniectomy (DC), can save patients’ lives by decreasing intracranial
pressure and preventing secondary edema, ischaemia and inflammatory cell death,
but at the same time, it may result in the survival of severely disabled patients. 5
Alternatively, early treatment limiting decisions (TLD) reduce any chance of recovery
and normally result in death. 7¢ To assist physicians in these difficult life-or-death
decisions, experts in the field have provided statements and guidelines on the
preferred treatment strategies in these patients. " However, the overall adherence to
these guidelines is low, probably because the general conception is that outcome for

these patients is rather “unfavourable” 072

Unfortunately, in the literature there is little information on the health-related quality
of life (HRQol) after surgical treatment of patients with a t-ASDH. Until recently
researchers used functional indicators like the Glasgow Outcome Scale (GOS) or
generic HRQolL instruments because a TBI-specific HRQoL instrument was not
available. ¥ These methods however lacked the perspective of subjective well-being
and were considered to be less sensitive. ™ To overcome these limitations, the Quality
Of Life after Brain Injury questionnaire (QOLIBRI) was developed. ™ This TBI-specific
HRQoL measure covers six dimensions typically affected after TBI and provides more
precise information on quality of life. It has been validated in multiple study settings,
but has not been used frequently to measure outcome after t-ASDH in clinical studies.
®Therefore, the TBI-specific HRQoL was investigated in addition to functional outcome
(GOS) after the surgical treatment of patients with a t-ASDH.

Furthermore, we analyzed the in-hospital costs associated with both conservative
and different surgical treatments in patients with a diagnosed t-ASDH. Costs for the
treatment of TBI are high and annually increasing. In the US for example the national
hospital costs for all subdural hematomas were estimated to be $US1.6 billion in 2007,
a60% increase compared to1998. "7 There is an increasing pressure from governments,
insurance companies and healthcare providers to control healthcare costs. ™ The
demand for high quality evidence regarding the cost-effectiveness of treatments is
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also seenin TBI, where it lacks and where expensive life-saving surgical treatments can
also resultina poor HRQoL. ##°

Because patient outcome and in-hospital costs of patients with a t-ASDH are of
great individual and societal importance, the aim of this study is threefold: (1) assess
functional outcome and TBI-specific HRQolL, (2) calculate the in-hospital costs and (3)
serve as a basis for future research that focusses on the cost-effectiveness of surgical
treatment of patients with t-ASDH.

METHODS AND MATERIALS

Study setting

This retrospective cohort study was conducted at the neurosurgical departments
of two collaborating level | trauma centres in The Netherlands (Leiden University
Medical Center, Leiden and Haaglanden Medical Center, The Hague). The study reports
in-hospital costs and long term HRQoL follow-up data of patients that are part of a
cohort partly used in a separate study by the same investigators. # The research ethics
committees of South-West Holland and Leiden University Medical Center provided
ethical approval (study number P12.196).

Patients

All consecutive patients with TBI (2008-2012) treated by the department of
neurosurgery were identified by screening the hospital registration system. In
addition, the national trauma registry was checked for potential missed inclusions.
Inclusion criteria were (1) closed head injury due to a traumatic event (2) direct
presentation to the emergency department of a referring or study hospital following
trauma (3) a hyperdense, crescent shaped lesion on CT, indicative of an ASDH and
(4) age >16 years. To pursue a homogenous patient cohort, patients were excluded in
case of non-survivable extracranial injuries, a non-traumatic ASDH, when the ASDH
was accompanied by concomitant intracranial lesions (i.e. intracerebral hematoma or
epidural hematoma) requiring immediate surgical management and when the ASDH
was secondary to an earlier procedure or penetrating brain injury. Eligibility for the
QOLIBRI questionnaire was assessed based on exclusion criteria: GOS<3, inability to
provide informed consent and inability to understand, cooperate and answer QOLIBRI
questions. TBI severity was defined according to the commonly used Glasgow Coma
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Score scale (GCS) categories (GCS13-15: mild, GCS 9-12: moderate, GCS 3-8: severe). 2 In
addition, a subgroup of patients with a very severe TBI (vs-TBI), represented by a GCS
of 3-5, was analysed. The first GCS score documented at the emergency room (ER) was
used and in case of intubation and/or sedation, the last score before intubation and/or
sedation was used.

Clinical & follow-up data

Data was collected independently by two authors in a predefined database using
electronicor paper patient records. It encompassed demographics, patientand trauma
specific information and pre and in-hospital parameters including medical/surgical
interventions and length of stay. Non-ICU admission included admission on the ward
and medium care. Focal neurologic symptoms included paresis, aphasia or cranial
nerve deficit. Pupils were defined abnormal when at least one pupil was unresponsive
to light upon arrival in the emergency room. CT characteristics were assessed from
the first CT-scan. Outcome data included in-hospital mortality and Glasgow Outcome
Score (GOS) dichotomized in favourable (COS 4-5) and unfavourable (GOS 1-3)
outcome obtained from discharge or outpatient clinic letters 3-9 months after trauma.
'+ To determine the TBI-specific HRQoL, we used the postal Quality of Life after Brain
Injury (QOLIBRI) questionnaire. After receiving ethical approval to approach patients,
we obtained informed consent and asked patients to complete and return the
questionnaire two to six years after trauma. Mortality at this time-point was also noted.
The QOLIBRI is a comprehensive 37-item questionnaire investigating six dimensions
that are typically affected after TBI. ** Patients rate their (dis)satisfaction (1-5 scale) on
six subscales representing the dimensions: cognition, self, daily life & autonomy, social
relationships, emotions and physical problems. Scores are transformed to total scores
ranging from o (worst possible quality of life) to 100 (best possible quality of life). > A
score lower than 60 is believed to represent a low orimpaired HRQoL.  In case patients
did not return the questionnaire, the investigators attempted a telephone interview, or
family members were asked to assist in completing the forms. In addition, the reason
for not returning (e.g. death, persistent unresponsive state etc.) the questionnaire was
collected at this time point.

Costdata

Costdata analysis was performed from a health care provider perspective and focussed
on in-hospital healthcare costs. The Dutch National Health Care Institute guidelines
for healthcare cost calculation were followed. %
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First, data on health care consumption were collected from electronic patient records
and recorded in a predefined cost assessment database. Units were counted in five
main categories: (1) admission; including length of stay (LOS) in (non-)ICU with
consultations, (2) surgical interventions, (3) imaging, (4) laboratory; including blood
products and (5) other; including transportation and outpatient visits. Since this study
focused on in-hospital acute healthcare costs, only post-discharge costs associated
with re-admissions and outpatient clinic visits related to the initial trauma were
included.

Second, as hospital specificcosts prices were notavailable forexternal research purposes,
units were valued by using external sources in accordance with the guidelines.  Some
units were valued using the reference prices from the guideline, being cost prices
based on large patient cohorts. ?* The use of these prices is recommended for costs
research and preferred for cost outcome interpretation and generalization, because
prices are non-site-specific. % Units that were not available in the guidelines were
valued using the maximum amount per unit that healthcare providers are allowed to
charge according to the -The Netherlands Healthcare Authority (NZa)-, an autonomous
administrative authority falling under the Dutch Ministry of Health, Welfare and Sport.
6 The remaining units were valued by using their average national price, based on
declared fees including hospital costs and physicians’ fees. 7 A detailed overview of all
used unit costs and corresponding sources can be found in supplement1.

Third, we corrected all unit costs expressed in different base years to 2012 EURO
using the national general consumer price index (CBS). This year was chosen because
it was the last year of patient inclusion. And finally, to calculate in-hospital costs, all
counted units were multiplied with its corresponding price and rounded to the nearest
ten euros. No discounting of costs was deemed necessary. In January 2012, one euro
equalled $1.28 dollar.

Statistical analysis

Baseline data were presented as absolute numbers and percentages. Continues
variables, like costs and LOS, were presented as mean + standard deviation, unless
stated otherwise. Subgroups were made based on age, TBI severity, pupillary
abnormalities, surgical intervention and outcome. Comparison between groups was
done by using an independent t-test. A p-value of <0.05 was considered statistically
significant. All analyses were performed using IBM's statistical package for social
sciences version 23 (SPSS). Figures were designed with GraphPad Prism version 7.02.
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RESULTS

Out of 294 initially identified TBI patients, 140 patients did not have a t-ASDH, 6 had
penetrating injuries, 9 required surgery for concomitant intracranial lesions and 31
patients were excluded following the other exclusion criteria. Ultimately, 108 patients
were included in this study. The final study cohort included 57 males (52.8%) and had
a mean age of 65 years (range 18-91) (Table 1). Most ASDH patients (N=49) sustained a
severe TBI (s-TBI) followed by mild (N=40) and moderate TBI (N=19). Of patients with
s-TBI, 22 were classified as having sustained a vs-TBI. A quarter of all patients had at least
1 non-reactive pupil (N=27) and 38.9% had focal neurologic symptoms. A concomitant
intracranial hematoma that not required surgical intervention was present in 44.4%
of patients and 11.1% had clinically relevant extracranial injuries. Neurosurgical
intervention was performed in 90 patients (60 craniotomies, 29 decompressive
craniectomies and 1 burr hole) and an ICP monitoring device was placed in 40 patients.
Most of the conservatively treated patients (N=18) were classified as mild TBI (83%).

Table 1. Patient cohort information

Number of patients 108 Number of patients 108
Age (years) 65+17.3 Age (years) 65+17.3
Male 57 (52.8) Male 57 (52.8)
Trauma mechanism Treatment
Fall 58(53.7) Conservative 18 (16.7)
Assault 5(4.6) Emergent surgical 90 (83.3)
Motor vehicle accident 12 (11.1) intervention:
Fall from bike 12(11.1) - Craniotomy -60 (55.6)
Other 21(19.4) - Decompressive craniectomy  -29 (26.9)
TBI severity A o
Very severe (GCS3-5) 22 (20.4) - ICP monitoring -40(37.0)
Severe (GCS3-8) 49 (45.4) In-hospital mortality 41(37.9)
!\r\;\\ﬁjercelées(CCSQ—1z) 19(17.6) Functional outcome
ild (GCS13-15) 40(7.0) GOS1-3 (unfavourable) 56 (51.9)
Clinical parameters COS4-5 (favourable) 50 (46.3)
GCS score 9,63+4.3 Missing GOS 2(1.9)
Eup|ll aanorrlﬂal.\ty . 27 (22.7) QOLIBRI response
N(\)c_a ELt“O og|;s|ynjp oms 42(38.9) FU time, months 46 £16
ajor extracranial injury 12 (11.1) Yes 25(23.1)
CT parameters No (died; too disabled) 53 (48;5)
Thickness (mm) 13.6+6.1 No, other 30(27.8)
Midline shift (mm) 11.4+6.6
Concomitant lesion 48 (44.4)
Basal cisterns compressed 39 (36.1)

Table 1 provides general information about the patient cohort.

Legend:

N (%) or mean + SD, unless stated otherwise

"At least one pupil unresponsive to light upon arrival in the emergency room (missing for 7 patients)
Abbreviations:

SD, standard deviation; GCS, Glasgow Coma Score; CT, computed tomography; DC, decompressive craniectomy;
ICP intracranial pressure; GOS, Glasgow outcome score; QOLIBRI, quality of life after brain injury; FU: Follow-up
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Patient outcome

In-hospital mortality was 38% and mortality increased to 44% during follow up (mean 37+
17 months). Mortality ranged from 23% for initial mild-TBI to 64% for patients with vs-TBI
(Table 2). Favourable outcome (GOS 4-5) was seen in 46% of all patients, 72% of patients
with mild-TBI and in 23% of patients with vs-TBI (Figure 1). High rates of unfavourable
outcome (GOS 1-3) were seen in patients with a GCS of 3 (90%), ICP monitoring (75%),
decompressive craniectomy (72%), pupillary abnormalities (70%) and age<65 (63%).

Twenty-five patients (42% of survivors) returned a completed QOLIBRI questionnaire.
Return percentages were lower for patients with higher initial severity scores (9% for
vs-TBI and 35% for mild TBI) and lower for patients with worse functional outcome
(4% for GOS 1-3 vs. 46% for GOS 4-5). Mean QOLIBRI scores however were rather
similar between TBI severity groups (61 + 25 for s-TBl and 64 + 24 for mild TBI). Patients
with post-trauma pupillary abnormalities (49.8), ICP monitoring (55.1) and patients
with unfavourable outcome (COS 1-3) (50.5) showed mean QOLIBRI scores suggesting
an impaired HRQoL. Patients receiving a craniotomy showed better scores (68.4) than
patients receiving a decompressive craniectomy (53.2).

Healthcare consumption

Patients with vs-TBI had a significant longer ICU LOS than patients with mild TBI (6 vs.
2 days, P<0.001). (Table 3). Mean LOS for non-ICU admissions was longest for patients
with moderate TBI (16 days), followed by 12 and 9 days for patients with vs-TBl and mild
TBI. All vs-TBI and 98% of s-TBI patients received cranial surgery, compared to 89.5%
of moderate and 62.5% of mild TBI patients. ICP monitoring was most frequently used
in patients with vs-TBl and s-TBI (63.6% and 57.1%), but also in 12.5% of patients with
mild TBI. ICP monitoring was associated with significant longer ICU and non-ICU LOS
compared to non ICP-monitoring.
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Patient category N N (%) N (%) N (%) returned  QOLIBRIscore  QOLIBRI follow
death” COS1-3 QOLIBRI* up (months)

All patients 108 48 (44) 56 (53) 25 (23) 62.8+23.5 37+17
Age >65 65 21(32) 29 (45) 16 (25) 66.8 +22.1 38+18
Age <65 43 19 (44) 27 (63) 9 (21) 55.7+25.6 35+16
GCS3 10 7 (70) 9 (90) o N/A N/A
GCS3-5 22 14 (64) 17 (77) 2(9) 66.0+7.07 13+2
GCS3-8 49 30 (61) 35(71) 704) 61.4+24.8 34+19
GCS9—12 19 9 (47) 10 (53) 4 (21) 61.0+25.5 50+ 21
GCS13—-15 40 9(23) 11 (28) 14 (35) 64.0+24.1 35+14
Pupillary abnormality 27 15 (56) 19 (70) 5(19) 49.8+19.4 47423
No abnormalities” 74 29 (39) 32 (43) 18 (24) 64.5+24.6 32+13
Emergency surgery

No 18 3017) 3017) 4(22) 56.3+28.6 33415
Craniotomy 60 26 (43) 32 (53) 15 (25) 68.4+21.0 36+17
Decompressive 29 18 (62) 21(72) 6 (21) 53.2+26.3 42+ 21
craniectomy

ICP monitoring 40 20 (50) 30 (75) 9 (23) 55.1+20.4 36+24
No ICP monitoring 68 28 (47) 26 (38) 16 (24) 671+24.7 37£13
Outcome (GOS)

Favourable 50 4(8) N/A 23 (46) 63.9+233 37417
Unfavourable 56 42 (75) 56 (100) 2 (4) 50.5+2.1 37+25
Missing 2

Table 2 provides an overview of mortality, functional outcome and health related quality of life per subgroup.

Legend:

Results presented as number (row percentage) and mean + SD
# The response rate is reported as percentage of survivors from the specific category.
*Pupillary abnormality information was missing for 7 patients
A Mortality at time of QOLIBRI follow-up

Abbreviations:

LOS, length of stay; GCS, Glasgow Coma Score; ICP, intracranial pressure; QOLIBRI, quality of life after brain injury;

M, months:- N/A not annlicahle
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Figure 1. Patient outcome
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Fig.1 shows both functional outcome (favourable: COS 4-5, unfavourable GOS 1-3) and TBI-specific health related
quality of life (QOLIBRI) for all patients and for severity subgroups
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Outcome versus in-hospital costs: a neurosurgical paradox?

Healthcare Costs

Mean in-hospital costs were € 24,980 per patient and primarily the result of costs
related to admission (€ 14,980) and surgical intervention (€ 6,890). Mean in-hospital
costs were significantly higher for vs-TBI (€ 30,230), s-TBI (€ 29,660) and moderate TBI
(€ 27,650) subgroups compared to the mild TBI (€ 17,980) subgroup (P<0.05) (Table
3). For these severity subgroups, mean costs specifically related to ICU admission
were € 13,230, € 13,150, € 7,550 and € 5,460 respectively (Figure 2). Patients’ healthcare
utilization were more expensive after surgical intervention than conservative treatment
(€ 28,670 vs. € 6,520). Patients with a decompressive craniectomy showed the highest
cost specifically related to surgery. Patients with additional ICP monitoring (€ 36,580)
showed highest total costs, of which 64% was related to admission. A lower initial GCS
and pupillary abnormalities show an increase in patient LOS and in-hospital costs,
except for patients with a GCS of 3. Other characteristics associated with significantly
increased total costs were: age < 65, a concomitant intracranial hematoma that not
required surgical intervention, presence of pupillary abnormalities and unfavourable
outcome.

Five patients (23%) from the vs-TBI subgroup achieved favourable outcome (COS4-5)
at mean in-hospital costs of € 132,610 per patient. Mean costs for patients achieving
favourable outcome were € 103,790 for s-TBI patients (N=14; 29%), € 58,150 for
moderate TBI patients (N=9; 47%) and € 24,800 per mild-TBI patient (N=29; 72%).
Mean in-hospital costs were highest (€ 246,920) for one patient from the GCS=3
subgroup (N=10) that reached favourable outcome.

Figure 2. In-hospital costs
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Figure 2. In-hospital costs

Fig.2 shows mean and total in-hospital costs for all patients and for severity subgroups. Also, a distinction has
been made between investigated cost categories to show their share to the total in-hospital costs
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DISCUSSION

“Favourable” outcome with a good HRQoL was achieved in an important quarter
proportion of the seemingly most severely injured patients. This retrospective cohort
study, however, also shows high rates of mortality and so called “unfavourable’
outcome in patients with a t-ASDH and relatively high healthcare consumption and in-
hospital costs. These costs increased with higher injury severity scores and in patients
with a surgical intervention. The majority of costs were related to (ICU) admission and
surgical intervention. According to the investigators, this study shows a trend that
surgical treatment of t-ASDH can realize favourable outcome in s-TBI at for society
acceptable in-hospital costs.

Patient outcome

Accurate comparison of the reported patient outcome results with literature is
challenging because outcome in TBI is highly variable and dependent on patient
characteristics, circumstances, social context and treatment. *#'2?® Nonetheless, the
important result that even the most severely injured TBI patients can, although a
small number, achieve favourable outcome (COS) and good quality of life (QOLIBRI) is
supported by recent literature. 2%°

Our QOLIBRI results are not applicable to study patients with a cognitive dysfunction
and/or impaired self-awareness that is too severe to complete the questionnaire. The
unmeasured HRQol of these patients might have negatively influenced the reported
HRQolL per TBI severity group. The applicability of the QOLIBRI for all patients with TBI
remains unclear since it has only been validated in patients without substantial post-
traumatic cognitive restraints. ' Proxy completion is impossible for many QOLIBRI
items and misses the essence of measuring the ‘self-perceived’ HRQoL. It also remains
unclear whether the cut-off point of 60 is satisfying for quantifying a good HRQoL.
2 Therefore, validity should be confirmed for patients with TBI associated persisting
cognitive restraints or suitable new (HRQol) measurement options need to be
developed.

In contrast to earlier published reports on t-ASDH, the mean cohort age of 65 years
was relatively high, but in accordance with changing TBI epidemiology. * Also, a large
number of patients had an initial low GCS and/or pupillary abnormalities. These three
factors are known to negatively influence outcome and sometimes these patients are
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even considered unsalvageable. 7% Nevertheless, neurosurgical intervention was
performed in up to 98% of patients with s-TBI. This percentage is high compared to
otherstudies, butseemsrational,since neurosurgical evacuation of thehematomaand/
or DC can be lifesaving and prevent secondary injury by decreasing ICP 23632 The high
percentage can also be explained by the specific selection of patients with a t-ASDH
where neurosurgical consultation was considered necessary, suggesting a higher
vulnerability. Although the present study did not evaluate treatment effectiveness, a
separate analysis by the authors seemed to support the more aggressive approach.
7 Even so, superiority between hematoma evacuation or DC remains unknown and
no clinical trial has proven primary DC to be effective in improving patient outcome.
+3 Surgical intervention is even controversial because patients may survive with
‘unacceptable severe disabilities with an accompanying high burden on proxies and
society. * This is fundamental in neurosurgical treatment decision-making and as a
result, a ‘surgical treatment strategy as seen in this study, which follows the guidelines,
is not standard day-to-day care in all hospitals. 7032

Instead, treatment limiting decisions in s-TBI are common in some countries and
often made within the first 2 days after trauma. 7# Limiting treatment offers no serious
chance of recovery and regularly results in quick death. ”® We acknowledge that these
decisions are sometimes inevitable and could be in a patients’ best interest when there
is no realistic chance to achieve a “favourable” outcome. But what can be considered a
favourable or an unfavourable outcome after s-TBl and vs-TBI?

Therefore, according to the investigators, it would be catastrophic to limit or withhold
treatment in patients that could have still benefitted from it. Physicians should be
careful in making early treatment limiting decisions when there is still uncertainty,
because uncertainty implies a possibility for favourable outcome. Unfortunately,
uncertainty in predicting who will benefit from what treatment is very common. There
issubstantial variation in the perception of neurologic prognosisamong physicians and
high treatment variation. 234 In line with some literature, we believe that treatment
limiting decisionsin the early phase cannot be justified, because prognostication is not
yet accurate enough. * In a later stage, when clinical and neurological improvement
remain absent, further treatment might be considered futile with more certainty.
Then, treatment limiting decisions should be discussed with all involved healthcare
professionals and proxies.
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Healthcare consumption & in-hospital costs

The costs related to admission and surgical intervention cost categories appeared to
be the most important contributors to the reported in-hospital costs. In literature,
costs related to ICU admission were also high and in-hospital costs also increased
with higher injury and TBI severity (defined by GCS), ICP monitoring and surgical
intervention. 2 The surprisingly lower LOS and in-hospital costs for elderly patients
in this study could be explained by the fact that only 33.8% of elderly patients was
classified as severe, compared to 62.8% of patients younger than 65.

Overall, the reported healthcare consumption and in-hospital costs seem to be
quite similar to literature. 344 However, comparison was difficult due to substantial
methodological variation and often inadequate methodology of available TBI cost
studies. ?° The detailed calculation of healthcare consumption and in-hospital costs
is an important strength of this study. The electronic patient file setup reduced the
risk to a minimum that unregistered activities contributed to an underestimation
of in-hospital resource utilization. Still, the numbers in this study are an enormous
underestimation of the total healthcare consumption and total costs associated with
t-ASDH and TBI, because the majority of costs are indirect and arise after hospital
discharge. *424 Also, interpretation and generalization of the results should be
done carefully since included patients represent a specific selection of patients with
a t-ASDH with a suspected higher vulnerability, where patients with a concomitant
hematoma requiring surgical intervention were excluded. Also, the inevitable presence
of coexisting injuries causes that results are not solely attributable to TBI.

Despite these remarks, the reported costs give rise to the question whether or not
the in-hospital costs may be justified by the achieved outcome. The mean in-hospital
costs per patient appear to be acceptable for all TBI severity groups. However, when
adding up the in-hospital costs that are made to have one patient achieve a favourable
outcome, especially the most severely injured patients appear to be expensive.
Unfortunately, true cost-effectiveness could not be established in this study and
because there is no consensus in literature, additional research is needed to establish
cost-effectiveness and justification of expenses in TBI care. 4+

Future perspective

Future research should establish long-term outcome of ASDH patients after different

treatment strategies. A high-quality cost-effectiveness research should incorporate
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a long-term follow up and should use accurate resource utilization and cost price
information. ## Future research should also explore the societal impact of t-ASDH,
including productivity loss of both patients and proxies. Investigators should aim
at comparability and generalizability by using common data points and guideline
recommendations. % Ultimately, researchers should explore what health states and
associated costs can be considered ‘acceptablé to patients, proxies and society.

CONCLUSIONS

Although outcome was often “unfavourable’, several of the most severely injured
patients, often even considered unsalvageable, achieved favourable outcome on
both GOS and QOLIBRI. Associated hospital costs were relatively high, especially
for the most severely injured patients, but may be justified considering the realized
favourable outcome in part of these patients. Patients should not prematurely be
considered unsalvageable and adequate (surgical) therapy should not be withheld
in the acute phase. More research is necessary to establish the cost-effectiveness of
treatment strategies for patients with a t-ASDH.
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ABSTRACT

Background: The high occurrence and acute and chronic sequelae of traumatic brain
injury (TBI) cause major healthcare and socioeconomic challenges. This study aimed
to describe outcome, in-hospital healthcare consumption and in-hospital costs of
patients with TBI.

Methods: We used data from hospitalized TBI patients that were included in the
prospective observational CENTER-TBI study in three Dutch Level | Trauma Centres
from 2015 to 2017. Clinical data was completed with data on in-hospital healthcare
consumption and costs. TBI severity was classified using the Glasgow Coma Score
(GCS). Patient outcome was measured by in-hospital mortality and Glasgow Outcome
Score — Extended (GOSE) at 6 months. In-hospital costs were calculated following the
Dutch guidelines for cost calculation.

Results: A total of 486 TBI patients were included. Mean age was 56.1+22.4 years and
mean GCS was 12.7+3.8. Six-month mortality (4.2%-66.7%), unfavourable outcome
(COSE<4) (14.6%-80.4%), and full recovery (COSE=8) (32.5%-5.9%) rates varied from
patients with mild TBI (GCS13-15) to very severe TBI (GCS3-5). Length of stay (8+13 days)
and in-hospital costs (€11,920) were substantial and increased with higher TBI severity,
presence of intracranial abnormalities, extracranial injury, and surgical intervention.
Costs were primarily driven by admission (66%) and surgery (13%).

Conclusion: In-hospital mortality and unfavourable outcome rates were rather
high, but many patients also achieved full recovery. Hospitalized TBI patients show
substantial in-hospital healthcare consumption and costs, even in patients with mild
TBI. Because these costs are likely to be an underestimation of the actual total costs,
more research is required to investigate the actual costs-effectiveness of TBI care.

Keywords: Traumatic brain injury; in-hospital costs; mortality; functional outcome
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INTRODUCTION

Recent estimates indicate that worldwide up to sixty-nine million people a year sustain
a traumatic brain injury (TBI). ' The high incidence of TBI and the associated acute
and chronic sequelae cause substantial healthcare and socio-economic challenges.
2 Available treatments are unfortunately still largely unproven or unsatisfactory. ™
Patients suffer from the medical consequences of TBI, which range from headache and
fatigue to severe disabilities and even death. ® The total global accompanying costs of
around US$ 400 billion a year are a major challenge from a socioeconomic perspective.
2 Especially considering the fact that TBI related healthcare costs are rising, while
healthcare budgets remain limited. ' The in-hospital costs related to TBI represent
a substantial part of the total utilized resources. ™ Unfortunately, understanding and
generalizing the in-hospital costs of individual TBI patients from available literature
remains difficult because methodological heterogeneity of TBI cost studies is high and
study quality often inadequate. ">

Accurate insight in TBI related costs is essential to substantiate research initiatives
that aim to improve treatment efficiency. It also guides policymakers on the rational
allocation of resources without compromise of patient outcome. To allow healthcare
professionals to continue to provide optimal care for their patients, high quality cost-
analysis studies are urgently needed. »™

Therefore, the aim of this study is to describe outcome, in-hospital healthcare

consumption and in-hospital costs of hospitalized TBI patients.

MATERIALS AND METHODS

This study followed the recommendations from the ‘Strengthening the Reporting of
Observational Studies in Epidemiology’ STROBE statement. ™

Study design and patients

Patients were included in three level 1 trauma hospitals from January 2015 to
September 2017. All hospitals are located in an urban area in the mid-Western part
of the Netherlands and participated in the Collaborative European NeuroTrauma
Effectiveness Research in Traumatic Brain Injury (CENTER-TBI) project. The CENTER-
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TBI Core study (clinicaltrials.gov NCT02210221; RRID: SCR_015582) is a prospective
multicentre longitudinal observational study conducted in 65 centers across Europe
and Israel.™ The project aimed to improve TBI characterization and classification and
to identify best clinical care. The responsible institutional review board (METC Leiden)
approved this study (P14.222).

Patients were included in the CENTER-TBI Core study using the following criteria: (1)
clinical diagnosis of TBI, (2) clinical indication for head CT scan, (3) presentation to
study center within 24 hours after injury and (4) informed consent following Dutch
requirements, including patient, proxy and deferred consent. Patients were excluded
when they had a severe pre-existing neurological disorder that would confound
outcome assessments or in case of insufficient understanding of the Dutch or English
language.

Clinical data

Clinical data were prospectively collected by using a web-based electronic case report
form (CRF) (QuesCen System Incorporated, Burlingame, CA, USA). Data were obtained
from electronic patient files and patient interviews and when necessary initially
recorded on a hardcopy CRF. Data collection was completed by alocal research staff that
was specifically trained for this project. The site's principal investigator supervised the
project. Data were de-identified by using a randomly generated GUPI (Global Unique
Patient Identifier) and was stored on a secure database, hosted by the International
Neuroinformatics Coordinating Facility (INCF, www.incforg) in Stockholm, Sweden.

Data was extracted in December 2019 (version 2.1) using a custom-made data access
tool Neurobot (http://neurobot.incforg), developed by INCF (RRID: SCR_01700).
Extracted data included: baseline demographic, trauma and injury information,
results of neurological assessments, imaging (first head CT scan) and patient outcome.
This database was merged with separately collected data on in-hospital healthcare
consumption and in-hospital costs, which is explained later. Discrepancies were
resolved by source data verification.

Baseline Glasgow Coma Scale (GCS) Total Score, GCS Motor Score and pupillary
reactivity variables were collected. TBI severity was then classified by using the GCS
(GCS13-15; mild TBI, GCS9-12; moderate TBI, GCS3-8; severe TBI, GCS3-5; very severe
TBI). 7 These values were derived variables that were centrally calculated using the
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IMPACT methodology, taking a post stabilisation value and if absent work back in time
towards prehospital values. Out of 19 missing GCS values, 8 were completed by using
emergency department arrival GCS score. Intubation was calculated as a GCS Verbal
score of 1. Major extracranial injury was defined by AlS body region >3. Characteristics
from the first head CT-scan were assessed by a central review panel. ® Six out of
seven missing central assessments were completed by using the assessments of local
radiologists. Outcome data included in-hospital mortality and 6-month Glasgow
Outcome Score — Extended (COSE). COSE outcome was dichotomized in favourable
(GOSE=>5) and unfavourable (COSE<4).™

In-hospital healthcare consumption

We collected in-hospital healthcare consumption data from electronic patient
records by using a predefined cost assessment database. The Dutch National Health
Care Institute Guidelines for healthcare cost calculation were followed. 2° Units (e.g.
number of admission days, number of diagnostics) were collected independently by
two researchers from the electronic patient files. There were five main categories: (1)
admission; including length of stay (LOS) in (non-)ICU with consultations, (2) surgical
interventions, (3) imaging, (4) laboratory; including blood products and (5) other;
including ambulance transportation and outpatient visits. ? Non-ICU admission was
defined as admission to a ward or medium care. In-hospital healthcare consumption
and costs were calculated for all included patients. (Supplement1)

In-hospital costs

We focused on the in-hospital costs from a healthcare perspective. Costs of re-
admissions and costs of visits to the Outpatient Clinic related to the trauma were also
included. The methods and reference prices as described in the Dutch Guidelines for
economic healthcare evaluations were used to calculate in-hospital costs. ° Costs were
calculated by multiplying the number of consumed units with the corresponding
guideline reference price. Guideline reference prices are based on non-site specific
large patient cohorts which improves their generalizability and interpretation. 2
When reference prices were not mentioned, the remaining units were valued by
using amounts per unit as reported by The Netherlands Healthcare Authority (NZa)
(i.e. diagnostics) # or by using their average national price, based on declared fees
(i.e. surgical interventions, consultations). 2 All costs were converted to the last year
of patient inclusion (2017) using the national general consumer price index (CBS) and
rounded to the nearest ten euros. One EURO equalled $1.05 dollar on the 1°* of January
2017. (Supplement1)

115



Chapters

Statistical methods

Data were analyzed using descriptive statistics. Baseline data were presented as
absolute numbers and percentages. Continuous variables, like LOS and costs, were
presented as mean + standard deviation or median (interquartile range 25-75).
Subgroups were made using age, TBI severity, pupillary abnormalities, intracranial
abnormalities, surgical intervention and outcome. ANOVA and x* were used for
comparison of continuous and categorical variables across different subgroups. A
p-value of <0.05 was considered statistically significant. All analyses were performed
using IBM's statistical package for social sciences version 25.0 (SPSS). Figures were

designed using GraphPad Prism 8.

RESULTS

A total of 486 patients with TBI were included in this study. Patients had a mean age
of 56.1+22.4 years and were predominantly male (60.5%). (Table 1) Nearly all patients
sustained a closed head injury (98.4%). TBI was mainly caused by incidental falls
(54.3%) or road traffic accidents (36.2%) and occurred on streets (56.2%) or at home
(31.5%). The mean baseline GCS was 12.7 + 3.8 and mean injury severity score (ISS) was
20 +16. Patients sustained mild TBI (N=354, 72.8%), moderate TBI (N=43, 8.8%) and
severe TBI (N=78, 16.1%), of which 51 were very severe (10.5%). Loss to follow-up was
14.2% and not significantly different between severity groups.

116



ininjury

Functional outcome and in-hospital costs after traumatic bra

(00)o (00)o (c0)o (W% Sz 3uissiw
(6'%S) 82 (ezp) €c (Ly)z (90)¢ (9°2) L 3unoeal-uou yog
8HY (06)L (LY)e ruys [CxR 4" 3unoealauQ
(€Lg)6L (L'8t) 8¢ (L 06) 6€ (0'g6) £¥€ (o'Lg) €z Sunoeal yrog
LOO 0> Sailjewiouqe Arejidng
- - - - €L 3uissiw
(ooL) LS (7°59) LS - - (SoL) LS S-€50D
- (ool) 8L - - (roL) gL 8-€50D
- - (oou) £v - (8'9) e¥ Z1-6 50D
- - - (ool) ¥S¢ (8°2L) ¥s¢ SL-ELSDD
8OFVL L'LFET €LFOS ¥'0F09 9LFES 21025 4030l $DD
V/N LOFS¢E 6LFLY 6'0F90L 90FLYL 8EFLTL 2100G BWOD MOSSE|D
(69 ¢ (r9)s (o€ [CEIE (€P) 1z UMowuUN/IaylQ
69 (%97 ¢ €L (00)o (90)€ 1dwane apnms
(00)o (0o0)o (LY)e €28 (tg)oL 1 NEBSSB/aDUB|OIA
(o2 L Ent (LY)e €28 SoeL Ainlur jeuonuajul-uoN
(z6g) 0T (6'7¥) S¢ (8'8h) 1z (S'95) ooz (€¥S) ¥9¢ |8} |RIUSPIDU|
(o'6t) Se (6'v¥) S¢ (92¢) L (€5¢) SeL (z9€) 9/L 1UaPIDdB DUJBI) pROY
9€L'0 Amlujjo asney
(co)o (0)o (00)o (6°0) € (90) ¢ umouun/iayao
(CARS (09 [((CARS (¢t)SL (Ls) Se uo13ed0| dI|qNnd
(00)o Ent (LY)e (ov)vL (£e)sL |euonealdal/uods
ot €L [CEDES (€28 62 PL |00Y2S/540MN
(r'62)SL (Leg) Se (9°S2) LL (6'1€) €LL (SL€) €SL 211S9WOP/aWOH
(8°09) LE (LLS) Sy (z'1S) 2z (899) LoT (2'9S) €Lt Kemysiy/199.1s
LEL'O “AInlujjo uoneso]
(c'06) 9 (5°88) 69 (8729) Lz (9'81) 99 (ve) LoL ]
(86)S Sty 6 (zLg)9L ('18) 88¢ (9°99) 61€ uoISSIWpY
LOO 0> wniens
(€L€) 6L (5°8¢) o€ (8'8Y) 1T (L'zh) 6¥L (#'z¥) 90z S92
(8'85) o€ (0'6S) 9 (g8¥) 1z (0'29) v8L (S2S) sSsz 9-61
L[9v'0 (CR3K4 (92)¢ €L (69) 1z (1S) Se gL>
7270 €E€CF6°0S 97CFTTS Y7z F58S TTCF 995 Y ZTF L9S (s1eak) 23y
5920 (9°0L) 9¢ (¢69) ¥S (1'gs) Sz (9°65) Lz (S'09) ¥6T Bl
(15=N) (82=N) (ev=N)
onjend 19.L 213035 A1ap 191 949135 191 21e49poy (¥S€=N) 19L PI'W (987=N) IV

oW02IN0 pue solislialdeieyd Jusiled Lajqel

117



Chapters

219M 9|GeINOABJUN PUE 3|qEINOAE] ‘SSUISSIWU Bulpnjoxa pale|ndjed
“PaAalial 90 10U PIN0I UBS-| ) L WOI) BIEP 0S|y 'Sjuaned LL

a3eyioWay plouydBIEgNS \HYS

11UN 4B dAISUIU| ND)|
Papualxg — 24025 dWOANNQ MOSSE[D IS0
91005 BWOD) MOSSE|D :SDD
ueds AydesSowo] pandwo) :ueds-|)

9|eas Ain(ul paieinaiqqe S|y

'suolelnalqqy

‘Ajonadsal v-1 350D pue 8-S 3SOD Se pauyap

10J BUISSILI SEAM BIEP SO 9UI|9SB] 95NEIaq Sjualied ||e Joy patiodal ale 1ey)

siaqLunu ay3 yarew sAemje Jou op sdnoidqns ALanas |g | Woij SIIqUINN |,

591103918 A114aASS |g | U9MIB] SaURIAYIP OU JO SIsaylodAy |nu m:t
yum Ajigiredwod passasse anjead ay] (191 p|iw |91 91eJopow ‘g | 249A3S)
so1108018d Auanas |91 Sunedwod sa1IsLaIdeIBYD [BI110S31ED JOf SIIISIIBIS
X pUB SD13511330B4BYD SNONUIIUO0D 40} YAQNY WOlJ PaALIap alam sanjen d

ds + ueapy
(28®'3uad4ad) JaqunN
‘Se pajlodai ale sanjep
‘puasdal

2Wo023n0 Jualied pue salsuRIdeIEYD JUSlIEd SMOYS La|qe] ‘uonnde)

‘spuadal Lajqe]

0590 (86)S Se6 [CHDE) (o'SL) €S (z¥L) 69 dn mo||oj 015507
69 € (r9)s 98y 8 (Seg) st (0°£2) 1€L 8
[CAR% (gzy)oL €6 (€927) €6 (9z7)oLL L
©9tL (8¢ €e)r (8'9) 1€ (8°2) 8¢ 9
(oL (99 (9L S (LS) 8L (LS) Sz S
69) ¢ Aw £)¢ €L (¥ mv 6L L)€z 14
(c0)o €L (o9 (8z)oL (S¢LL /
000> (L'99) v ﬁ 1S) S (€€2) oL () SL (CEDEA L
L0O'0> %1 08/%9 61 9%0'LL[9%0"6T %L YY[%ESS %9 VL/%Y'S8 %L L2[%6TL +xx2|JBINOABJUN /3| GBINOARS
STFve LTF6C LTF9Y gLFS9 SSTFeLS SyauoWw 918 350D
LOO 0> (Lz9)cg (8'€S) ¢t (9818 (€28 (€z1) 09 JI[elow [eydsoy-uj
L00"0> lZF e TTF6E 9LF T 6FSL 9LF 0t SS|
L0O'0> TL¥F8 Y TL¥F9Y TLFLE 60FLT TLFLE SV Anluj uresg
RsAss Amtuy
(o0)o (00)o €6 Frns (L2)oL L2|gqeraidiauiun
L00" 0> (015) 92 [CaA2AS (929 vL (€4) 9z (S9L) 08 22 §Z< UOIS| SSBIA|
LOO 0> (z6€) 0T (L6g) L€ (€€ oL (69) L2 (€L s9 wwS<ylys aulpiw
L0O' 0> (£99) ¥€ (€09) LY (600)6 (S'g) o€ (r'gL) 88 BUJDISID [BSBQ Passaidwio)
L00" 0> (S'92) 6¢ (S0L)SS (L1'gS) Se (PLe) L6 (0'£€) oL (s)adnioeuy ||myS
LOO 0> (6'19) 82 (L'ss) ev (z18) 2z (z61) 89 (0°82) 9¢L (s)eworeway |einpgns
L0O' 0> (9oL1)6 (Lo €L (€91 L (94) L2 (L6)Ly (s)ewojewsay |eanpid3y
LOO 0> (SzL) L€ (8'1L) 95 (S09) 92 (S'g7) 1oL (1'gg) SgL HVS d13ewnel|
L00"0> (0'1S) 9z (Lgv) 8¢ (z'19) 2z (z°61) 89 (L'92) ofL uoIsnIuo)
L0O' 0> (€¥g) eV (¢18) 89 (8'69) o€ (¢'S¥) o9L (L'¥S) €92 'S9111|BWIOUQE |BIUBIDBIU|
Ueds [)3siy s3uipuly
(15=N) (82=N) (e¥=N)
«2N[end 19.L 910135 K17 191 349n8S 191 91esapoy (S€=N) 191 PIIW (987=N) [IV

panuiuod Lajqer

118



Functional outcome and in-hospital costs after traumatic brain injury

Patient outcome

Mean in-hospital mortality was 12.3% and ranged from 2.3% for patients with mild
TBI to 62.7% for patients with very severe TBI. (Table 1) The 6-month GOSE follow-up
was available for 417 patients (85.8%). Favourable outcome (COSE>5) was achieved by
85.4% of patients with mild, 55.3% with moderate, 29.0% with severe, and 19.6% with
very severe TBI. (Figure 1) A GOSE of 2-4 was found in 40 survivors (8.2%), of which
17 (3.5%) were in a vegetative state (COSE=2) or required full assistance in daily life
(GOSE=3). Nearly a third of patients reported full recovery (COSE=8) after mild (32.5%),
18.6% after moderate, 6.4% after severe, and 5.9% after very severe TBI.

100% - I
80% I B Favourable
Unfavourable
60%
B Mortality
40%
- I I

0% =
All Mild Moderate Severe Very severe

Figure 1. Patient outcome

Figure 1 shows in-hospital mortality and functional outcome (favourable: COS 5-8, unfavourable COS 1-4) at 6
month follow-up for patients with TBI in different severities.

Length of stay and surgical interventions

Meantotal LOSwas8days (2dayson ICUand6days non-ICU). LOSsignificantlyincreased
with TBI severity, presence of major extracranial injury, surgical intervention(s) and
presence of all types of intracranial abnormalities except epidural hematoma. (Table
2, Figure 2) Patients that required ICP monitoring and/or a decompressive craniectomy
showed longest mean LOS (27 and 28 days respectively). LOS was short in patients
withoutintracranial abnormalities (5 days). Patients with two non-reacting pupils also
showed a significantly shorter LOS (5 days) compared to those with either one (17 days)
or two reacting pupils (8 days).

Atotal of 126 patients (27.2%) received a surgical intervention, of which 67 intracranial
(13.8%) and 65 extracranial (13.4%). Intracranial surgery was significantly more
common in more severely injured TBI subgroups (6.2% for mild, 34.9% for moderate,
and 35.9% for severe TBI). (Table 2).
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Table 2. Length of stay and in-hospital costs

Patient category N Total ICU  Non-ICU Total costs
LOS LOS LOS
All patients 486 8+13 2+5 6+10 11,920; 5,200 (2,780-12,500)
Age
<18 25 3+4 14 2+2 6,100; 2,550 (1,830-6,470)
19-64 255 8+15 245 6+11 12,640; 4,560 (2,720-12,630)
>65 206 8+M 2+5 7+8 11,720; 6,240 (3,070-13,060)
TBI severity ’
GCS13-15 354 6+8 143 5+6 7,800; 3,880 (2,550-8,630)
GCS9-12 43 14 +15 4+6 10+12 20,210; 12,480 (5,370-27,220)
CCS3-8 78 15422 6+9 9+18 26,600; 12,340 (7,730-41,260)
CCS3-5 51 14 +20 6+8 7+17 26,350; 12,500 (7,730-42,430)
Pupil reactivity * *
Both reacting 423 8+13 2+5 6+10 11,270; 4,650 (2,700-12,290)
One reacting 14 17416 8+ 9+7 31,940; 13,600 (5,070-51,490)
None reacting 37 5+6 3+5 2+5 13,210; 8,210 (6,220-14,060)
Early CT scan
Yes abnormalities 263 15,780; 8,240 (3,690-15,750)"
No abnormalities. 212 6,490; 3,180 (2,350-6,670)
Contusion 139 18,060; 9,810 (4,100-21,560)"
Traumatic SAH 185 17,730; 9,090 (4,130-20,640)"
Epidural hematomaf(s) 47 16,320; 8,240 (3,170-14,060)
Subdural hematomaf(s) 136 16,670; 8,800 (4,210-20,290)*
Skull fracture(s) 180 15,450; 8,190 (3,350-16,560)"
Compressed basal cisterna 88 21,0005 10,520 (6,500-26,030)
Midline shift >5mm 65 21,290;12,410 (6,810-26,440)"
Mass lesion >25 cc 80 21,590; 11,840 (6,960-25,230)"
Surgical intervention:
Intracranial surgery 67 21+23°  8+9° 13+18"  36.870; 26,440 (13,210-48,500)"
No intracranial surgery 419 6+8 144 5+7 7,930; 4,110 (2,600-8,960)
ICP monitoring 40 27+28% 12+9° 16+22°  47,260; 41,850 (21,480-63,500)"
No ICP monitoring 446 6+9 144 5+7 8,750; 4,510 (2,640-10,900)
Craniotomy 33 19421 7497 12£16 33,200; 21,410 (12,210-42,430)"
Decompressive craniectomy 24 28+27°  11+9° 17+21 49,750; 41,970 (26,400-68,830)
Extracranial surgery 65 12414 246  10%12 19,960; 13,900 (10,740-24,630)"
No extracranial surgery 421 7+13 2+5 6+9 10,680; 4,130 (2,610-10,050)
In hospital mortality
Yes 60 719 4+6 3+6 17,250; 9,020 (6,540-22,550)
No 8+13 245 7+10 11,170; 4,530 (2,640-11,890)
GOSE 6 months * *
1 73 9+13 4+7 4+10 18,240; 8,960 (5,860-21,560)
2/3 17 30+29 7+9 23+ 21 36,190; 17,260 (12,290-48,500)
4 23 8+8 246 6+6 13,160; 7,940 (2,890-15,700)
5 25 9+8 2+3 7+6 13,080; 10,150 (3,840-15,130)
6 38 7+8 1+2 7+7 10,480; 5,350 (3,330-13,220)
7 110 7+9 1£5 5+7 9,100; 4,010 (2,780-9,550)
8 131 4+4 o+1 4+4 5,780; 3,210 (2,310-7,260)

Table 2 legends:

Caption: Table 2 shows the length of stay and the in-hospital costs of patients with traumatic brain injury.

Legend:
Values are reported as:

Mean + SD or Mean; Median (IQR 25-75)
“P value <0.05: p values were derived from ANOVA for continuous characteristics. The p value assessed
compatibility with the null hypothesis of no differences in mean values between row categories.

Costs were rounded to the nearest ten euros

Favourable and unfavourable were defined as GOSE 5-8 and GOSE 1-4 respectively.

120



Functional outcome and in-hospital costs after traumatic brain injury

Admission costs

Surgery costs

Radiology costs

Laboratory costs

7,900; 2,670 (1,430-7,090)

4,110; 1,840 (1,180-2,600)
8,230; 2,440 (1,370-6,810)
7,940; 3,800 (1,840-7,620)

4,900; 2,050 (1,430-5,250)
13,900; 8,680 (2,500-18,910)
18,630; 6,570 (2,670-26,410)
18,140; 6,230 (2,670-30,600)

7,540; 2,600 (1,430-7,070)
22,330; 6,420 (2,890-33,050)
7,570; 2,670 (2,340-7,210)

10,830; 4,340 (1,880-10,290)*
3,860; 1,840 (1,180-3,950)
12,740; 5,580 (2,340-15,670)°
12,250; 4,930 (2,340-13,520)"
11,390; 4,670 (1,840-11,520)
11,180; 4,680 (1,880-13,170)*
10,620; 4,140 (1,970-12,300)*
13,890; 5,710 (2,670-17,210)°
13,950; 6,530 (2,670-16,940)*
14,620; 6,630 (2,670-15,060)*

24,970; 15,560 (6,740-33,050)"
5,170; 2,400 (1,430-5,300)
33,670; 26,530 (13,100-50,180)*
5,590; 2,500 (1,430-5,840)
21,790: 11,900 (5,690-26,650)*
34,370; 26,530 (14,120-50,400)"
11,620; 6,190 (3,350-13,510)
7.320; 2,500 (1,430-6,400)

10,790; 4,330 (2,670-14,540)
7,490; 2,500 (1,430-6,740)

11,890; 4,520 (2,670-13,520)
26,570; 13,010 (5,420-34,890)
8,420; 2,890 (1,620-8,270)
8,180; 5,140 (2,220-11,600)
6,210; 2,790 (1,370-6,430)
6,130; 2,030 (1,430-5,840)
3,560; 1,880 (1,180-4,570)

1,490; 0 (0-1,820)

650; 0 (0-0)
1,760; 0 (0-3,160)
1,270; 0 (0-0)

1,000; 0 (0-0)
3,010; 0 (0-4,520)
2,950; 0 (0-4,520)
2,790; 0 (0-4,530)

1,400; 0 (0-0)
4,210; 3,840 (0-7,440)
1,800; 0 (0-4,520)

1,860; 0 (0-3,720)*
870; 0 (0-0)
2,190; 0 (0-3,720)
2,120; 0 (0-4,520)*
1,980; 0 (0-1,820)
2,290; 0 (0-4,520)
1,730; 0 (0-3,160)
3,190; 1,580 (0-4,520)*
3,630; 4,520 (0-4,530)"
3,230; 3,530 (0-4,520)"

6,670; 4,530 (4,520-8,250)"

670; 0 (0-0)

7,220; 5,430 (4,520-8,250)*

980; 0 (0-0)

7,200; 4,530 (4,520-9,060)*
8,880; 8,240 (4,530-10,500)*
5,010; 3,350 (3,160-6,490)

950; 0 (0-0)
.

2,320; 0 (0-4,520)
1,380; 0 (0-0)

2,370; 0 (0-4,520)
4,710; 3,720 (0-7,070)
1,760; 0 (0-3,250)
1,930; 0 (0-1,820)
1,810; 0 (0-3,160)
840; 0 (0-0)
670; 0 (0-0)

840; 670 (350-1,080)

460; 300 (130-440)
900; 780 (370-1,160)
810; 650 (350-980)

720; 570 (310-930)
1,140; 890 (480-1,560)
1,240; 980 (720-1,650)
1,310; 1,010 (760-1,940)

830; 650 (340-1,070)
1,250;1,290 (290-2,260)
880; 840 (660-1,010)

930; 760 (400-1,190)*
700; 500 (290-920)
970; 800 (500-1,210)*
990; 840 (450-1,280)"

910; 790 (400-1,140)

950; 790 (460-1,200)

900; 770 (400-1,190)
1,080; 860 (590-1,520)"
1,050; 820 (570-1,480)"
1,120; 840 (590-1,540)"

1,510; 1,230 (840-2,100)*
730; 600 (310-960)
1,690; 1,710 (870-2,310)*
760; 630 (310-980)
1,300; 970 (610-1,750)"

1,840;1,880 (1,110-2,310)*

1,250;1,190 (750-1,680)*
770; 610 (310-970)

980; 840 (640-1,160)
820; 640 (310-1,070)

980; 820 (570-1,200)
1,850;1,750 (1,320-2,260)
1,180; 1,040 (270-1,800)
900; 830 (520-1,140)
1,000; 880 (530-1,190)
770; 650 (370-980)
560; 410 (270-780)

650;130 (59-580)

210; 50 (0-70)
620;100 (60-470)
740; 200 (70-780)

330; 80 (60-240)
1,170; 570 (160-1,820)
1,660; 730 (240-2,550)
1,730; 790 (240-2,980)

560; 110 (60-480)
2,330;1,120 (370-4,480)
1,160; 570 (210-1,230)

940; 240 (70-1,080)*
260; 70 (60-190)
1,010; 370 (70-1,230)
1,080; 400 (80-1,280)*
720; 220 (60-710)
1,100; 410 (100-1,350)
900; 240 (60-1,070)*
1,460; 570 (200-1,930)*
1,420; 770 (240-1,910)*
1,420; 560 (220-1,520)*

2,300; 1,480 (570-4,280)"
390; 90 (60-300)
2,880; 1,960 (1,040-4,780)*

450; 110 (60-400)
1,890; 1,080 (500-2,750)
3,230; 2,850 (1,290-4,940)"
820; 310 (130-1,070)
630; 110 (60-530)

*

1,490; 910 (240-1,940)
530;100 (60-420)

1,510; 970 (240-1,960)
2,060; 1,460 (220-4,280)
670;120 (60-460)
730; 180 (70-920)
370; 80 (60-370)
410; 80 (60-360)
220; 70 (60-200)

Abbreviations:
AlS: abbreviated injury scale

CT-scan: Computed Tomography scan

GCS: Glasgow Coma Score

GOSE: Clasgow Outcome Score — Extended

ICU: Intensive care unit
SAH: subarachnoid hemorrhage
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Figure 2. In-hospital healthcare consumption & in-hospital costs

Figure 2 shows the mean in-hospital costs for patients with TBI, specified per severity category and per cost
category to show their contribution to the total in-hospital costs.

In-hospital costs

Mean in-hospital costs were €11,918. €7,896 was related to admission (66%), € 1,493 to
surgery (13%), and € 1,042 to other (9%). (Table 2) Costs related to radiology (7%) and
laboratory (5%) were smaller contributors. Average in-hospital costs were € 7,795 for
mild, €20,207 for moderate € 26,595 for severe, and € 26,349 for very severe TBI patients.
(Figure 2) Presence of intracranial abnormalities on the first CT-scan nearly doubled total
in-hospital costs (€ 15,783 vs. € 8,238). Intracranial surgery or ICP monitoring quadrupled
the costs (respectively € 36,866 vs. € 7,928 and € 47,255 vs. € 8,748). Patients with a
decompressive craniectomy (€ 49,754), ‘regular’ craniotomy (€ 33,195) or extracranial
surgery (€ 19,957) were also more expensive compared to non-surgically treated patients.
Patients with a 6-month GOSE score of 8 showed the lowest in-hospital costs of € 5,774,
while patients with a GOSE score of 2/3 showed costs of € 36,190.

DISCUSSION

The current study found substantial in-hospital healthcare consumption and high in-
hospital costs for hospitalized TBI patients, even after mild TBI. Both length of stay and
in-hospital costs increased with TBI severity and presence of intracranial abnormalities
and extracranial injuries. The most important cost drivers were admission and surgical
intervention. Patients from all TBI severity categories were able to achieve full recovery,
even after sustaining very severe TBI. Nonetheless, mortality and unfavourable
outcome rates were high and the majority of patients reported remaining deficits or

disabilities after 6 months.
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Study cohort

The predominance of male gender, injury mechanisms (road traffic accidents and falls)
and distribution of TBI severity were in accordance with recent literature. 2% The mean
age of 56 years was rather high compared to earlier research , but matched changing
epidemiological patterns. > The number of intracranial CT abnormalities in mild TBI
patients was higher compared to literature (45.2% vs. 16.1%). 7 This is likely caused by
different inclusion criteria (hospital admission after TBI vs. ED presentation with head
CT after suspected TBl)and differences in accuracy between central and local radiological
reading. ® The number of patients with major extracranial injury (AIS>3) and pupillary
abnormalities was also higher compared to literature ??° and the overall CENTER-
TBI Core study cohort. ® These factors, with other factors like comorbidities and use of
anticoagulants, could have negatively influenced patient outcome and/or increased the
reported in-hospital healthcare consumption and in-hospital costs in this study.

Patient outcome

Mortality rates were generally high, but difficult to compare with other studies due to
methodological differences. 2*°* One meta-analysis reported higher ‘all time point’
mortality rates for patients of all TBI severities 32, while other studies showed lower
mortality rates for mild TBI #, moderate TBI *, and severe TBI. *°* Favourable outcome
(6-month GOSE) rates were generally higher in literature. * 3° ¥ Differences in patient
outcome can largely be explained by patient related factors thatare knownto be associated
with worse outcome. Such factors include higher age, higher injury severity, poorer initial
neurologic condition and higher TBI severity (defined by GCS) and are reported above
average in our cohort. 3% For instance, the inclusion of patients with a CCS=3 and/or
bilateral pupillary abnormalities influences the comparison of patient outcome, as they
are typically excluded in literature because of their often-perceived dismal prognosis.
Thateven the most severely injured patients were able to achieve favourable outcome and
even full recovery, although rarely, has been reported previously.

The increase in mortality rates (12.3% to 15%) and data on persisting deficits and
disabilities after 6 months confirm the need for increased vigilance and attention
for rehabilitation or long-term care opportunities. Sustained health problems after
TBI have also been reported by long-term follow up studies ***?, some reporting
deterioration between 5 and 10 years ®, others reporting remaining functional
limitations up to 20 years after moderate and severe TBI. * Long term impairments
are not limited to severe TBI, but are also reported after mild TBI. 7¢ Despite the short
6-month follow up, our results support statements that consider TBI to be an acute
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injury resulting into a chronic health condition that requires continued care for
most patients. TBI should therefore be addressed as such by healthcare providers,

researchers and policymakers. #4¢

Length of stay

Healthcare consumption in terms of length of stay and surgical intervention was
substantial. However, when comparing our overall results to numbers for patients
(age <65) from Canada, our mean LOS (days) was shorter for all patients (8 vs. 13), for
patients with mild TBI (6 vs. 9) and severe TBI (15 vs. 22) but similar for moderate TBI
(14 vs. 14).  Median LOS was also shorter for mild TBI (3 vs. 9), moderate TBI (7 vs. 11)
and severe TBI (7 vs. 12) compared to recent numbers from England and Wales. > In a
review on hospital costs for severe TBI patients, total LOS ranged between 10 and 36.8
days and ICU LOS between 7.9 and 25.8 days. *? The large ranges are exemplary for the
existing variation, that is primarily caused by patient case-mix and treatment-related
factors. “® Several factors that we found to be associated with an increased total LOS
were also mentioned in literature: lower GCS, higher TBI severity and the presence of
extracranial injury #4°, ICP monitoring *>*"and decompressive craniectomy. *>*3

There were several exceptions. For instance, the most severely injured TBI patients were
sometimes admitted to the ward because of treatment limiting decisions shortly after
presentation. ** This could explain the lower LOS and lower in-hospital costs for very
severe TBI patients and patients with two non-reacting pupils. Similarly, some mild
TBI patients could have been admitted to the ICU because of (suspected) deterioration
or over-triage or non-TBI related issues such as age, comorbidities, and concomitant

extracranial injuries. *5%¢

In-hospital costs

The median costs and interquartile range indicate that costs were skewed by a small
group of patients with very high costs. The reported costs were generally similar to
available literature. One Dutch study reported that the direct and indirect costs for all
TBI patients were€18,030.% Costs were higher for Dutch patients with severe TBI (range
€40,680 - €44,952), but these costs included rehabilitation and nursing home costs.
A recent systematic review reported median in-hospital costs per patient with severe
TBI of €55,267 (range €2,130 to €401,808). "> Mean hospital and healthcare charges
for TBI in the USA were $36.075 and $67.224 respectively. ¢ Differences between
studies could be explained by variation, methodological heterogeneity, differences in
case mix, but also by geographical location. For example, healthcare expenditures in
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the USA are generally double of other high-income countries due to prices of labour,
goods, pharmaceuticals and administrative costs, while healthcare utilization was
similar. © These issues are also reported in non-TBlI literature. ¢

As in other studies, the main cost drivers in this current study were LOS and/or
admission (66%), surgery (12%), radiology (7%), labs (4%) and other costs (11%).
606465 |n-hospital costs were generally higher for the more severely injured patients
5264 with a lower GCS 264558 or pupillary abnormalities. # Higher costs were related
to an increased healthcare consumption with longer LOS %, specialized intensive
care unit (ICU) treatment ® and a more frequent use of ICP monitoring %% and
surgical procedures. #¢47° The presence of TBI normally increases the LOS of general
admissions ¥, but extracranial injury and higher overall injury severity in addition to
TBI also contributed to higher in-hospital healthcare consumption and in-hospital
costs. #7°7 |t is however impossible to distinguish costs related to extracranial injury
fro