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General introduction




Chapter 1

The Netherlands has a population of approximately 16.5 million people. It is estimated that
in the Netherlands each year 12,500 persons (that is 79 people per 100,000 inhabitants) are
admitted to the hospital because of a traumatic brain injury.! Traumatic brain injury is
defined as an injury to the brain caused by an external mechanical force. Nowadays
traumatic brain injury is the number one cause of mortality and disability in young adults in
modern Western societies.? The group of patients with a moderate or severe traumatic
brain injury numbers 3200 to 4000 (that is an incidence of 20 to 25 per 100,000 persons per
year); it more often affects younger age groups and there are more male than female
patients.>* In 2005 in the Netherlands, about 700 adults with traumatic brain injury were
admitted for inpatient rehabilitation, whilst nearly 3000 adult patients with traumatic brain
injury (24%) received outpatient rehabilitation.®

In traumatic brain injury, both spontaneous recovery to pre-traumatic status as well as
serious long-lasting disability can occur.>* Motor problems or dependency in self-care and
mobility, although important for most people early after injury and for a few on the longer
term, are not typically the most disabling long-term consequences of traumatic brain injury.
Traumatic brain injury affects behaviour and disability differently than, for instance, physical
or mental health impairments.’>*?

Rehabilitation outcomes are highly dependent on the level of severity of the patient’s
disability on admission.?? Because factors outside the injury and even outside the person
affect the long-term outcome, return to work and/or social activities are correlated with
pre-injury employment and/or social activities.****

An important issue in traumatic brain injury rehabilitation is the selection of outcome
measurement instruments.'® These instruments should incorporate (basic) activities of
daily living, cognitive, behavioural and emotional functioning, as well as employment
activities. Rehabilitation specialists perceive that, with very few exceptions, the existing
outcome monitoring systems in rehabilitation care are technically inadequate to evaluate
traumatic brain injury patients. Most of the neurological and neuropsychological tests
currently used do not reflect the improvement of functional outcome that can be achieved
in patients with a traumatic brain injury.”?® Because some patients suffer from major
cognitive disabilities, outcome measurement tools must be suitable for use in interviewing
the patients and their caregivers or ‘significant others’. Measurement tools, which may
reflect the consequences of traumatic brain injury for daily life, have not yet been evaluated
for their sensitivity to change of function.

Inthe USA, the American Congress of Rehabilitation Medicine has called upon the profession
to reach a consensus on the establishment of a national information system for acute and
subacute traumatic brain injury rehabilitation services.?® This has led to the “Traumatic
brain injury model systems national database”. In the Netherlands there is no consensus on
the most suitable outcome measurement instruments for traumatic brain injury, and we
are still far away from developing a structured database on this subject.
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Patients and their relatives, as well as rehabilitation professionals, have many questions
about prognosis. However, the available information on the determinants of functional
outcome is limited by the above-mentioned problems related to outcome measurement
instruments, and has mainly focused on outcome at 6 or 12 months post-injury.1*1%20-23 The
severity of impairments, limitations in activities, and restrictions in participation are major
factors in rehabilitation care, because the final prognosis is mainly dependent on the
severity of impairments, limitations and restrictions at the start of the rehabilitation
process.’® Furthermore, patients are appointed to different care levels of rehabilitation on
the basis of this severity. If determinants of functional prognosis could be identified, this
would enable rehabilitation professionals to develop optimal treatment strategies,
determine gross functional outcome, and make prognostications for specific functions and
specific outcomes.?

The Rotterdam Traumatic Brain Injury Study is a prospective follow-up study on the outcome
measurement instruments and determinants of functional outcome among adults who
sustained a traumatic brain injury, and was embedded within the research program entitled
‘Functional prognostication and disability study on neurological disorders’ (FuPro). The
FuPro research program studied four neurological disorders, multiple sclerosis (MS), stroke,
amyotrophic lateral sclerosis (ALS), and traumatic brain injury (TBI). This program was
supervised by the Department of Rehabilitation Medicine of the VU Medical Center in
Amsterdam and supported by the Netherlands Organization for Health Research and
Development (grant no.1435.0001), and Stichting Rotterdams Kinderrevalidatie Fonds
Adriaanstichting (KFA). The four projects were individually coordinated by the Department
of Rehabilitation Medicine of the VU Medical Center, Amsterdam (MS), by the De Hoogstraat
rehabilitation center and the University Medical Center Utrecht (stroke and ALS), and the
department of Rehabilitation Medicine of the Erasmus MC, Rotterdam (TBI).

The aim of the study was twofold: first, to establish the most optimal set of measurement
instruments for the evaluation of the consequences of a traumatic brain injury and, second,
to identify determinants of functional outcome.
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Measurement instruments for traumatic brain injury

To establish an optimal set of measurement instruments for the evaluation of traumatic
brain injury outcome a literature review was performed, which is described in chapter 2. In
chapter 3 we compared the inter-observer reliability and sensitivity to change of the
selected measurement instruments in order to compile a data set for use in traumatic brain
injury research at different points in time. To assess the usefulness of the ‘significant other’
as rater, in chapter 4 the ratings on the Functional Independence Measurement, the
Sickness Impact Profile-68, and the Rand SF 36 of the patient versus the patient’s caregiver
were compared.

Determinants of functional outcome in traumatic brain injury

In chapter 5 the Rotterdam traumatic brain injury hospital based cohort is compared with
inpatient rehabilitation cohorts and the question of selection bias is addressed. chapter 6
addresses the question as to which factors are associated with discharge destination after
leaving the hospital. In chapter 7 the association between the coping style of family
members and functional outcome of the patient is described. Finally, chapter 8 presents
the determinants of functional outcome one year after trauma.
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Abstract

Purpose: The aim of the present manuscript is to review current methods for classifying
initial severity and final outcome in traumatic brain injury (TBI), and to suggest a direction
and form of further research.

Method: We reviewed the literature on valid and reliable measurements used in TBI-
research for classifying initial severity and final outcome.

Results: Classifying initial severity in patients with head injury according to clinical condition
or CT-parameters is valid. Classifying outcome according to measurement tools of disability
showed adequate validity and reliability.

Conclusions: Future research in TBI outcome, particularly in rehabilitation medicine, should
focus on determinants of outcome, identifying those patients who will have the greatest
chance of benefiting from intensive rehabilitation programs. More research is needed to
determine the long-term functional outcome in TBI, the long-term socio-economic costs,
and the influence of behavioural problems on family cohesion. Finally, validation of outcome
measures is required in the TBIl-population; the relative value of various outcome
measurement instruments needs to be determined, and the usefulness and applicability of
measures for health related quality of life in TBI should be established.
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Introduction

The disease traumatic brain injury (TBI) has been termed a silent epidemic.! In the USA
approximately 95 per 100,000 inhabitants sustain a fatal or severe enough injury to require
hospital admission each year.! In the Federal Republic of Germany, the annual incidence of
severe head injury is estimated at 10,000.? In the Netherlands the incidence is 79 per
100,000 inhabitants.® Whilst this incidence, compared to other causes of brain injury, such
as stroke, is lower, the long-term effects and socio-economic costs are equal or even higher,
as in contrast to the stroke population TBI primarily affects younger age groups.
Classification at the two ends of the spectrum of TBI, i.e. at the beginning (initial severity)
and at the end (final outcome) may be considered important for a variety of reasons.
Classification of initial severity and estimation of risks of complications is important when
determining what level of care, and which facilities individual patients require. In studies
where treatment effect is investigated, or results of treatment presented, the initial severity
is @ major prognostic factor which has to be considered. Classifying patients in the initial
period is essential when specific therapies require targeting to a subset of the population.
Likewise, the results of therapy in the acute or subacute (rehabilitation) phase, or accuracy
of prognostic studies can only be evaluated if the final outcome is measured accurately.

In rehabilitation medicine, the main goal is to prognosticate for future outcome in order to
develop treatment strategies. Functional outcome expressed as the extent of disability and
handicap after sustaining a TBI covers a wide range from very minor to very severe.
Spontaneous recovery to pre-traumatic level of functioning may occur but, especially in the
more severe cases, a complex array of long-term sequelae may persist. All areas of life may
be affected by TBI, resulting in various cognitive, social, behavioural, emotional, and/or
physical problems. The set of relevant domains is large and there is no direct relation
between neurological impairments and long-term disabilities. Most studies focus on
functional outcome at six to twelve months post injury (using the Glasgow Outcome Scale
and the Disability Rating Scale), and much less is known about the lifelong consequences of
TBI.

Whatever the focus of interest, outcome in TBI is usually assessed by healthcare
professionals, and seldom includes self-assessment. Yet, self-assessment is an essential
partin determining quality of life (QoL) in patients surviving TBIl. QoL assessment has proven
particularly useful in the fields of oncology and cardiovascular disease, but its usefulness
and applicability in TBI is still under investigation. Outcome assessment should not so much
reflect the interest of health care professionals, but rather integrate the various components
of the outcome spectrum, including aspects of physical wellbeing, activities of daily life,
neuropsychological impairments, and social reintegration as perceived by health care
professionals, as well as by the patients

themselves and caregivers. Nevertheless, the focus of outcome will vary according to the
time after injury and the specific focus of interest.

The aim of the present manuscript is to review currently employed methods for classifying
initial severity and final outcome in TBI. This review was carried out to answer our question
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about the optimal set of measurement tools needed for a prospective study on the
determinants of (future) disability and handicap. We therefore focused on the most used
and/or best documented scales.

Classification of initial severity

TBl is a heterogeneous disease, encompassing a wide range of pathologies, including diffuse
axonal injury, focal contusions and space occupying intra- and extradural hematomas.
Following the primary damage, due to the initial impact, secondary brain damage ensues
due to intrinsic pathophysiologic mechanisms, development of mass lesions and is
frequently exacerbated by systemic insults. Patients with head injury may be classified
according to clinical severity, mechanism of injury, or morphologic changes. Presence of TBI
and clinical severity thereof is evidenced by presence and duration of post traumatic
amnesia (PTA), and in more severe cases by the degree and duration of a depressed level of
consciousness. PTA can be reliably measured with the Galveston Orientation and Amnesia
Test and level of consciousness by the Glasgow Coma Scale.

Galveston Orientation and Amnesia Test

The presence of PTA is a prerequisite for the diagnosis of TBI. The duration of PTA is related
to the severity of injury and has shown a robust correlation with treatment costs and
general outcome.* The duration of PTA can accurately be measured with the Galveston
Orientation and Amnesia Test (GOAT). The GOAT is a short mental status exam devised to
evaluate the extent and duration of confusion and amnesia following TBI. Standardised
questions are asked relating to orientation to person, to time, to place, and to the possibility
to recall events, just prior to and after injury. In administering GOAT each client starts out
with 100 points and points are deducted for errors made in answering the questions. A
score of 76 to 100 on the GOAT may be considered as normal, a score of 66 to 75 as
borderline, patients with a score below 75 may be considered to be still in a state of PTA. A
graph of serial scores obtained over time can be depicting the recovery of the TBI patient
from the phase of PTA.® Inter rater reliability has been demonstrated. PTA, as measured by
the GOAT, appears capable of predicting specific functional capacity in the population of
TBI patients. This predictive value can be enhanced by taking age into account.®

Glasgow Coma Scale

The Glasgow Coma Scale (GCS) is widely accepted as standardised method for evaluating
level of consciousness in patients with acute neurological disorders.” The GCS is comprised
of three response scores (eye opening (E), motor score (M), verbal score (V)), which for
purposes of research and classification may be summated to a total EMV score (3-15). Coma
is commonly defined as GCS score < 8% and inability to open the eyes. TBI patients with a
GCS < 8 on admission are classified as severe head injury, patients with an admission GCS
of 9 to 13 as moderate. Formerly, moderate head injury was defined as a GCS of 9-12, but
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recently it has been suggested to include patients with a GCS of 13 in the moderate head
injury group, as the risk of complications is equal to patients with a GCS score of 9 to 12.°
Within the mild head injury (i.e. GCS 14, 15) patients may be recognised to be at high,
moderate or low risk for developing intra-cranial mass lesions.*

Inter and intra rater reliability in the use of GCS is high. The GCS score has been shown to
be highly associated with acute morbidity and mortality, but less strongly with long term
functional outcome.™

Mechanism of injury

According to the mechanism of injury patients may be differentiated in closed versus
penetrating head injury (PHI). This makes sense, since the type of lesions resulting as also
outcome differs significantly. In closed head injury (CHI) acceleration, deceleration forces,
such as frequently occur in road traffic accidents cause diffuse injuries and more local
impact forces contusions. In PHI the penetrating object primarily causes local destruction
and, dependingonthekineticenergy transmitted to the tissue, more widespread devastating
injuries. In civilian situations PHI is predominantly caused by gunshot wounds, often self-
inflicted. The risk of infection and epilepsy are more prominent features in penetrating
head injury. Outcome in PHI is much poorer than in CHI. Within the Traumatic Coma Data
Bank study, including patients with only severe injuries, overall mortality in the closed head
injury group was 32.5%'? and in patients with penetrating head injury 88%.'* Poorer
outcome in PHI is primarily determined by mortality. In PHI sequelae are primarily caused
by physical disabilities versus more severe cognitive impairment in patients with closed
head injury.

Morphology

Assessment of clinical severity of injury according to the GCS is impaired by the fact that
many patients today already arrive in the hospital sedated, paralysed, and ventilated. In a
survey performed by the European Brain Injury Consortium on severe and moderate TBI,
the full GCS was only testable in 77% of patients on admission to hospital.® For these reasons
interest has focused on more technical examinations, such as CT or MRI, for classifying TBI.
In the acute phase MRI, though more sensitive, is impractical. CT examinations permit
evaluation of structural damage, detection of mass lesions, traumatic subarachnoid
hemorrhage, and may show evidence of raised intra-cranial pressure. In 1991 Marshall et
al, analysing the US Traumatic Coma Data Bank, proposed a scale for classifying TBl according
to CT findings.!2 This scale differentiates patients into six categories, according to presence
or absence of abnormalities, obliteration of basal cisterns, presence of midline shift, and
mass lesions. A clear correlation between CT classification and outcome has been shown.
Although the composition of the scale has not been scientifically validated, in practice it has
proven validity and demonstrated prognostic significance. Whether a different classification
system for PHI is required remains to be investigated.
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Determination of outcome

Inthe various fields of interest of health care professionals, the focus of interest on outcome
is different. Acute care physicians, focusing primarily on treatment results, desire a simple
general outcome scale. In this field the Glasgow Outcome Scale and Disability Rating Scale
are commonly used. In rehabilitation medicine it has become common practice to classify
the consequences of disease according to the International Classification of Disabilities and
Handicaps (ICIDH).}**> The first version, developed in 1980, classified impairments,
disabilities and handicaps. In December 1999 the 'Beta-2 draft' of the second version was
published. The ICIDH-2 provides a description of situations with regard to human functioning
and disability. It is organised according to three dimensions: 1) body level, named body
functions and structure, 2) individual level, named activities, and 3) society level, named
participation. The body functions are the physiological or psychological functions of body
systems, and the body structures are anatomical parts of the body. Impairments are
problems in body functions or structure as a significant deviation or loss. An activity is the
performance of a task or action. Activity limitations are difficulties an individual may have
in the performance of activities. Participation is an individual's involvement in the life
situations in relation to health conditions, body functions and structures, activities and
contextual factors (contextual factors represent the background of an individual's life and
living). Participation restrictions are problems an individual may have in the manner or
extent of involvement in life situations. What is often called 'functional outcome' should
encompass at least the relevant domains of the dimensions activity and participation.

The question in TBI rehabilitation is what these relevant domains are. One study classified
55% of patients 3 to 7 years post-traumatic as having a cognitive disability, while 45% had
emotional and behavioural disabilities.®> There were less problems with locomotor and
personal care functions. It is not difficult to imagine that these cognitive, behavioural and
emotional problems may have a major impact on family and social relations, and the ability
to lead a gainful life. And not only does the injury affect the patient himself but it can also
have large effects on the lives of the people in the immediate environment of the patient
like partner, children or parents. In our opinion future scientific research should focus on
these aspects.

Having defined the area of functional outcome one must establish the manner in which to
measure its aspects. The complexity of relevant outcomes, combined with the limited
resources for research, has led to the use of assessment tools not specifically developed
and validated for the TBI population. The current state of the art leads both researchers
and clinical managers to question how function and progress of patients with TBI should be
assessed.
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General outcome scales

Glasgow Outcome Scale

The Glasgow Outcome Scale (GOS) is widely accepted as measure for general outcome after
TBI; prognostic studies have focused on GOS at discharge or six months after injury, and the
GOS dichotomised into unfavourable / favourable outcome has been uniformly utilised as
primary outcome measure in clinical trials. The full GOS encompasses five outcome
categories: death, vegetative state, severe disability, moderate disability, and good
recovery.’® Overall recovery is categorised on the basis of the following determinants:
consciousness, independence in the home, independence outside the home, work, social &
leisure activities, and family & friendships. The GOS has been criticised because there are
no guidelines for dealing with commonly encountered problems, such as the effects of
extra-cranial injury, epilepsy, and pre-injury unemployment'-*® and because of relative
insensitivity in patients with more favourable outcomes. GOS-ratings tend to plateau at 6
months, and therefore the instrument will be insensitive to the gains shown by patients
after this period.® Several schemes for extending the GOS, allowing for further differentiation
inthe upper categories have been suggested.?*?? Detailed criteria for assessing the extended
GOS have been proposed by Wilson et al.?® The extended GOS (GOSE) subdivides the upper
three categories of the scale (severe disability, moderate disability and good recovery) in an
upper level and a lower level.? Traditionally, outcome assessed by the GOS, has been
assigned after a short interview, usually unstructured and not involving a written protocol.
This open-ended format encourages impressionistic use of the scale, sometimes causing
variable results between individual assessors? and there is evidence of systematic bias
between different professional groups.!® Assessment of the GOS and GOSE using a standard
format with a written protocol is practical and reliable.?® A disadvantage in using the
structured interview however is the impossibility to correct for pre-injury deficits. In the
original assessment of the GOS a patient was assigned to the category good recovery if he
attained the same level of functioning as pre-trauma. The structured interview format
however does not allow for taking such aspect into consideration and is limited to a
description of the present situation. Consequently, although permitting more standardised
assessment, the use of the proposed structured interviews may carry some risk of
underestimating the actual degree of recovery in comparison to the pre-trauma level.

Disability Rating Scale

Although termed a disability rating scale the Disability Rating Scale (DRS) includes
determination of the level of consciousness and degree of social adaptability, and hence is
better qualified as general outcome measure.

The DRS was developed as an instrument to provide quantitative information to chart the
progress of severe head injury patients from coma to community, particularly through the
mid-zone of the recovery spectrum, between early arousal from coma and early sentient
functioning.®
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The DRS measures changes in the following categories:

a. level of arousal and awareness - identical to the GCS.

b. cognitive ability to deal with problems of feeding, toiletting and grooming.

c. degree of physical dependence on others.

d. psychosocial adaptability as reflected primarily by the ability to do useful work as
independently as possible in a socially relevant context.

For each category points are given for the disability present, and summation of these

permits defining 10 outcome categories: no disability (0), mild disability (1), partial disability

(2-3), moderate disability (4-6), moderately severe disability (7-11), severe disability (12-16),

extremely severe disability (17-21), vegetative state (22-24), extremely vegetative state

(25-29), death (30). The DRS is a reliable and valid measure, which has been shown to be

associated with long-term disability after moderate and severe TBI.19?%2% |n addition, it

proved to be significantly associated with neurophysiologic measures of brain dysfunction

as reflected in brain evoked potential abnormality scores.?®2° It has however not been

shown to be superior to the GOS, in fact results of a recent study evaluating the relative

value of GOS and DRS showed the GOS to provide a more complete assessment of disability

than obtained by the DRS.3!

Measures of Disabilities

A disability refers to any restriction or lack of ability to perform an activity within the
manner or the range that is considered normal for a human being. Disability represents a
disturbance at the level of the acting person and may arise as a direct consequence of
impairment. Disability may result from (psychological) response of the individual to a
physical, sensory or other impairment.’*** Various assessment scales for disabilities have
been utilised in TBI, primarily in rehabilitation medicine. These scales include the Barthel
Index, the Rancho Los Amigos Levels of Cognitive Functioning Scale, the Functional
Independence Measure and Functional Assessment Measure, as well asthe Neurobehavioral
Rating Scale.

Barthel Index

The Barthel Index was initially developed to follow progress in self-care and mobility skills
during in-patient rehabilitation of stroke patients, and to indicate the amount of care
required. It has evolved into one of the commonly employed measures for physical
disabilities in rehabilitation in general.*? It is an index of daily living,*? registering the actual
performance of a patient. The five outcome categories are: extremely severe disabled (0-4),
severe disabled (5-9), disabled (10-14), mildly disabled (15-19), and not disabled (20). The
index is however limited in scope: it does not take psychological status, social functioning
or household activities into account. Consequently, a ceiling effect prevents the detection
of further relevant improvements in TBI-patients.?** The reliability and validity of the Barthel
Index in neurological disease has been primarily established in stroke research but not in
TBI research.
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Rancho Los Amigos Levels of Cognitive Functioning Scale

The Level of Cognitive Functioning Scale (LCFS) was originally designed as a description of
the eight stages of cognitive functioning through which brain injured patients typically
progress in hospital and acute rehabilitative care.?® The eight levels of functioning cover
much of the observable range of psychosocially relevant behaviours.3® The scale ranges
from no response, in which the patient is in deep coma and completely unresponsive, to
purposeful and appropriate functioning, where the patient is alert and oriented, able to
recall and integrate past and recent events, and is aware of and responsive to his
environment). Although this scale reflects common trends in recovery, it doesn’t clarify the
status of the individual patient’s cognitive processes at a particular time.? There is some
debate about the usefulness of the LCFS in TBIl-research. Some state that, because the
reliability and validity of the LCFS is less than of the DRS, it should not be used.?” Others
argue that, because of the simplicity and clinical utility of the LCFS, and its widespread use
in the United States, it is an asset to any data set.™

Functional Independence Measure and Functional Assessment Measure

The Functional Independence Measure (FIM) was developed to resolve the longstanding
problem of lack of uniform measurement and data on disability and rehabilitation outcomes.
The FIM is an 18-item ordinal scale, measuring changes in functional status within an
individual over the course of a comprehensive medical rehabilitation program.® The areas
examined include: self-care, sphincter control, mobility, locomotion, communication, and
social cognition. The FIM item-scores range from 1 (needs total assist, performing less than
25% of the task) to 7 (complete independent). Good reliability across a wide variety of
settings, raters, and patients has been reported.3¥* Because of the complex functional
sequelae of TBI, ceiling effects of the FIM have been reported. The psychosocial and
cognitive disabilities, common in TBI, have therefore led to an extension of the FIM called
the Functional Assessment Measure (FAM).*® The twelve FAM-items are: swallowing, car
transfer, community access, reading, writing, speech intelligibility, emotional status,
adjustment to limitations, employability, orientation, attention, and safety judgement. The
scores, like the FIM-items, range from 1 to 7.

Neurobehavioural Rating Scale

The Neurobehavioural Rating Scale (NRS) is a modification of the Brief Psychiatric Rating
Scale.*” This 27-item scale has been developed for head trauma patients, and measures
common behavioural and psychiatric symptoms after TBI.*®%° Examples of these symptoms
are: inattention/reduced alertness, somatic concern, disorientation, anxiety, conceptual
disorganisation, agitation, and motor retardation. Ratings are made on a 7-point scale from
non-present to extremely severe. Satisfactory inter-rater reliability was reported and both
severity and chronicity of closed head injury was reflected in the NRS. Brief structured
interviews or observations in a naturalistic setting can be used to administer the NRS.
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Measures of handicaps

Handicap is defined by the disadvantages experienced by the individual at the level of the
interaction with the social environment. The WHO-model emphasises that for the same
type of impairment and degree of disability, the level of handicap can vary considerably
from individual to individual depending on personal background, pre-morbid lifestyle, and
circumstances after the illness. It is therefore clear that derivation of a standard against
which to measure handicap is not easy.>® Measures of handicap are strongly related to
health-related quality of life assessment. Berger et al (1999)°* have discussed the literature
on quality of life after traumatic brain injury. In terms of quality of life domains they
identified the physical, psychological, social and especially cognitive aspects of quality of
life. This review highlighted the lack of standardised definitions and multidimensional
assessment of quality of life in TBI.

In measuring handicaps and quality of life, disease specific instruments may be identified in
contrast to more generic measures. Generic measures include the Sickness Impact Profile,
the SF-36, the Wimbledon Self Report Scale and the Coop/Wonca charts. More disease
specific scales include the Supervision Rating Scale, Community Integration Questionnaire
and the Aachener Life Quality Inventory.

Sickness Impact Profile

The Sickness Impact Profile (SIP) is a multidimensional general health status instrument,
which measures perceived changes in behaviour judged by the patient as the consequence
of being sick. The test-retest reliability of the SIP, in terms of various reliability measures,
was investigated using different interviewers, forms, administration procedures, and a
variety of subjects who differed in terms of type and severity of dysfunction. The results
provided evidence of feasibility of collecting reliable data using the SIP under these various
conditions. The SIP is comprised of 136 items which are all statements regarding behaviour.
Respondents are asked to check those items that both apply to their situation on the day
they fill out the list and that are related to their health status.> The 136 items are divided
over 12 categories and result in three scores: the Physical SIP-score, the Psychosocial SIP-
score and the Total SIP-score. It has been used in many studies addressing a wide variety of
objectives and involving many study populations from various countries.>**¢ The SIP has
been used in several studies of TBI.>’-5* Modifications to make the SIP more sensitive for
TBI-patients showed to be very inferior to the original SIP.%2 The time needed to assess the
SIP has been regarded as an obstacle to routine use.5*®* In order to make the SIP less time-
consuming but maintaining its widely accepted internal properties, a short generic version
was developed. This so-called SIP-68 was developed in the Netherlands and contains 68
items, which are divided over six sub-scales: somatic autonomy, mobility control, psychic
autonomy and communication, social behaviour, emotional stability, and mobility range.
These six sub-scales together were able to predict total SIP136-scores almost perfectly.
Pearson’s correlation coefficient for the total-scores SIP136-SIP68 is 0.97 in the TBI
population.®* No studies on TBI patients using this short form have been published so far.
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Rand-36-item Health Survey 1.0 / MOS SF-36

The Rand-36 is a multidimensional questionnaire measuring health-related quality of life. It
is suitable for use in the general population in patients with various conditions.®® The
Rand-36 comprises eight sub-scales: physical functioning, role limitations as a result of
physical problems, bodily pain, general health perception, social functioning, role limitations
as a result of emotional problems, mental health, and health change. It has been tested
extensively and has shown good psychometric properties.®”® Floor and ceiling effects have
been reported. Although some health concepts, like sleep, cognitive functioning, health
distress, self-esteem, eating, and communication are not measured specifically, the scales
of the Rand-36 have been proven to be associated with these concepts.”®

Wimbledon Self Report Scale

The Wimbledon Self-Report Scale (WSRS) provides a measure of emotional state and
detects mood disorders. It was standardised on a hospitalised population in which the
majority of the patients had neurological disorders, and it provides a general appraisal of
mood state rather than being limited to specific symptoms of anxiety and / or depression.
Intra-rater reliability is high. The WSRS consists of 30 adjectives and phrases describing
feelings (e.g. nervous, rejected, happy, desperate) in which the participant rates the
frequency of occurrence in the previous week on a 4-point scale, ranging from ‘never’ to
‘almost always’.”*

The Coop/Wonca Charts

The Dartmouth Coop Functional Health Assessment Charts/Wonca (Coop/Wonca) is a
short, self-completed questionnaire and was developed for patients in primary care,
specifically for use in office practices.”?”* Additionally, it has been used in other settings,
including hospital in-patients, patients in day-care and in nursing homes, and in the general
populations. The Coop/Wonca is intended to measure the patient’s functional status by
assessing ‘the actual performance (or capacity to perform) of a wide range of physical,
social, and work activities that are normal for people in good health.”” The following
dimensions are assessed: physical function, emotional status, role function, social function,
health change, overall health, and pain. In the Netherlands the Coop/Wonca Charts has
been proven valid and reliable and its sensitivity to change has been demonstrated.”®

Supervision Rating Scale

The Supervision Rating Scale (SRS) measures the level of supervision that a patient receives
from caregivers. The SRS rates levels of supervision on a 13-point ordinal scale that can
optionally be grouped into five ranked categories (independent, overnight supervision,
part-time supervision, full-time supervision, and full-time direct supervision).'® SRS ratings
are strongly associated with ratings on the DRS and GOS.% No report of its use or specific
validity in TBI has been found since its original publication.
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Community Integration Questionnaire

The assessment of community integration, i.e. the degree to which TBI victims return to life
in their families, neighbourhoods, and communities, in spite of impairments and disabilities,
is essential to any TBl-outcome study. The Community Integration Questionnaire (CIQ) is a
15-item scale with three sub-scales assessing home integration, social integration, and
productive activity in persons with TBl. Home integration includes five items associated
with domestic activities, housework, caring for children, shopping, etc. Social integration
includes six items related to visiting friends and engaging in leisure activities among others.
Higher scores indicate greater integration.”” The productive activity domain contains four
items involved with work, school, volunteer activities and the use of transportation, which
is found to be the most reliable and sensitive sub-scale. In its current format the CIQ is a
measure of the community integration of persons with TBI that appears useful for research
andrehabilitation program evaluation. However, the establishment of pre-injury community
integration status, and the association of CIQ-scores with impairment and disability have to
be investigated yet. No validity studies have been reported.”®

The Aachener Life quality Inventory

The Aachener Life Quality Inventory was developed for evaluative and predictive purposes
from the SIP, more specifically focusing on patients with brain damage. It concerns a patient
self report and relative rated form, also available as an interview. It has been tested for
psychometric criteria in neurological patients including those with TBI. This inventory
containing 117 items, measuring eight dimensions, has primarily been used in Germany,
and to our knowledge an English version is not yet available.”

Discussion and recommendations for future research

Classifying head injury both concerning initial severity as well as long-term outcome, can be
considered important. When attempting to classify the ultimate goal of the assessment
should be keptin mind. Inthe early assessment of initial severity both the clinical assessment
as well as CT-classification is used for allocation of resources, for reasons of prognosis and
inclusion / exclusion criterion for clinical studies. In this regard it has been stated that
patients with a GCS < 9, classified as severe, should receive ICP monitoring and be admitted
to a specialised centre. But does this mean that other patients with moderate injury require
a different approach? Results of recent studies have shown moderate head injury not to be
such a benign disease as previously thought: mortality rates of 11 to 15% are reported.®’ The
coexistence of moderate TBI with extra-cranial injury is associated with a doubling of
predicted mortality throughout the injury severity ranges studied.®®° Relevant questions
when considering allocation of resources, necessity for referral, and admission to ICU are
what the risks are for development of problems, such as mass lesion, raised intra-cranial
pressure, secondary insults or compromised cerebral perfusion pressure, and whether the
possibility exists that such complications can be earlier detected, prevented and treated in
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the appropriate situation. Such an approach would favour calculation of an individualised
risk assessment, rather than an overall classification. In head injury trials the treatment
under investigation should be targeted not only to patients in whom the pathophysiologic
mechanism at which a new therapy is targeted is active, but equally important to a
population in which chances of demonstrating improvement is possible and realistic. Both
from a point of view of clinical trial design as also from a prognostic perspective it should
be realised that the head injury population includes patients with an a priori poor chance
of survival, as well as patients with an a priori high chance of favourable outcome. Although
classifying patients with head injury according to clinical condition or according to CT
parameters is valid, a different approach, and one which in our opinion deserves more
attention, is attempting to classify patients according to prognostic estimates, identifying
patients with a certain risk profile. These risk profiles may relate to different endpoints,
such as risk of secondary insult, risk of intra-cranial mass lesion, and hence for an evidence
based allocation of intensive care facilities to appropriately targeted patients, or to overall
outcome measures, permitting better comparisons between series concerning treatment
results and affording opportunities for quality assurance. Further studies on prognostic
modelling in head injury, cross validating prognostic equations over various databases are
necessary to permit classification of patients according to prognostic profiles. Such an
approach would further be of value in analysis of future clinical trials on neuroprotective
agents and provide possibilities of targeting such therapy to a population in whom effect
might be demonstrated. Furthermore, such an approach could be utilised in targeting and
evaluating the effect of specific rehabilitation programs in TBl. Whatever the endpoint
chosen, a prerequisite is that such an endpoint is appropriate and, clearly defined and
evaluation performed at a specific time. Physical and neurological recovery is greatest in
the first six months post-injury. Overall outcome measures such as the GOS, the Extended
GOS or the DRS are appropriate, when evaluating results of early management and based
on results obtained it would seem valid to perform such estimation at six months post
injury, as indeed is generally accepted. However, following the first six month period other
problems become more apparent, both in the patient and his relatives, particularly
concerning aspects of social reintegration and perceived quality of life. Even in mildly
injured TBI patients major problems may occur even years after injury. Assessment of long-
term functional outcome would ideally require a lifelong follow-up, but this is not a realistic
goal for scientific research. Given the available data showing that most problems are
revealed during the first three years post-injury, a follow-up of three years would appear
appropriate for determining long-term functional outcome.
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Future research in outcome in TBI, particularly in rehabilitation medicine, should focus on
determinants of outcome, identifying those patients who will have greatest chance of
benefiting from intensive rehabilitation programs; more research is needed to determine
the long-term functional outcome in TBI, the socio-economic costs involved in the long
term, and the influence of behavioural problems on family cohesion. Validation of generic
outcome measures is required in the TBI-population; the relative value of various outcome
measures needs to be determined, and furthermore the usefulness and applicability of
measures for health related quality of life in TBI is required. Such measures should permit
differentiation in patient perceived, caregiver perceived and significant other perceived
quality of life. To this and more disease specific scales are required.
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Abstract

Objective: To compile a minimum data set for the follow-up of traumatic brain injury (TBI)
patients from discharge from hospital to one year post-injury to assess functioning and
participation in the physical, cognitive, and psychosocial domains, and in quality of life.
Design: Repeated questionnaire interviews by two observers to establish interobserver
reliability of the measurement instruments at discharge and at one year post-injury, as well
as their sensitivity to change over time in TBI patients.

Setting: Department of neurosurgery of anacademic hospital, department of a rehabilitation
center, and at the patients’ home in the Netherlands.

Subjects: The study at discharge included 25 patients aged 18-50 years with a moderate to
severe TBI (Glasgow Coma Scale score 3-14), whereas the one year post-injury study
included 14 patients aged 19-51 years.

Main (outcome) measures: Physical domain: Barthel Index (Bl), Functional Independence
Measurement (FIM), Glasgow Outcome Scale (GOS), GOS Extended (GOSE). Cognitive
domain: Disability Rating Scale (DRS), Functional Assessment Measurement (FAM), Levels
of Cognitive Functioning Scale (LCFS), Neurobehavioural Rating Scale (NRS). Psychosocial
domain: Community Integration Questionnaire (ClQ), Employability Rating Scale (ERS),
Frenchay Activity Index (FAI), Multi Health Locus of Control (MHLC), Rehabilitation Activities
Profile (RAP), Social Support List (SSL), Supervision Rating Scale (SRS), Wimbledon Self
Rating Scale (WSRS). Quality of life: Coop/Wonca Charts (Coop), Rand SF-36 (RAND-36),
Sickness Impact Profile-68 (SIP-68).

Results: At both discharge and at one year post-injury, in the physical domain the FIM
showed excellent Squared Weighted Kappa (SWK ranging from 0.75 to 0.80), and Intraclass
Correlation Coefficient (ICC ranging from 0.75 to 0.92), and a relatively small Standard Error
of Measurement (SEM 3.22) and Smallest Detectable Difference (SDD 8.92). In the cognitive
domain the FAM and the NRS showed excellent SWK, and ICC, and a relatively small SEM
and SDD. In the psychosocial domain the FAI showed excellent SWK (0.89), and ICC (0.87),
and a relatively small SEM (2.64) and SDD (7.31). For quality of life, at both discharge and at
one year post-injury the SIP-68 and the Coop showed excellent SWK (0.87), and ICC (0.89),
and a relatively small SEM (3.79) and SDD (10.51). At both time points SWK and ICC ranged
from 0.80 to 0.89, SEM ranged from 1.47 to 1.98, and the SDD was 4.07.

Conclusions: An example of a reliable minimum data set that is also able to detect changes
over time is: the FIM, the FAM and the Coop for the early stages in recovery, extended with
the NRS, the FAIl, and the SIP-68 later in recovery, thereby covering all relevant domains
after TBI.




Reliability and sensitivity to change of measurement instruments used in a TBI population

Introduction

Functional outcome after sustaining a traumatic brain injury (TBI) can cover a wide range of
limitations and restrictions. Spontaneous recovery to pre-traumatic status as well as serious
long-lasting activity limitations and participation restrictions can occur.r®* Motor problems
or dependencies in self-care and mobility, although important for most individuals early
after injury and for a few individuals over the longer term, are not typically the most
disabling of long-term consequences of TBI. TBI mainly gives rise to distinct cognitive
impairments (e.g.,, memory, attention, and problem-solving limitations). TBI affects
behaviours and disability differently than, for instance, physical or mental health
impairments.”® Until recently, outcome studies in TBI usually focussed on outcome at 6 or
12 months post-injury using rather global measurement instruments like the Glasgow
Outcome Scale (GOS) or return to work.**? In the last decade, however, knowledge on the
determinants of functional outcome, i.e. prognostic factors, has increased.”**1*

The long-term consequences of TBI often become apparent long after the patient has left
hospital and/or rehabilitation care, i.e. when the subject returns to his or her community.
To investigate these long-term consequences, measurement has to start early in recovery,
preferably at the moment of discharge from hospital, and be continued when admitted to
rehabilitation care and/or when returned home®®. Functional outcome studies need to start
early in recovery in order to make an accurate prediction of functional prognosis. Because
TBI patients usually have a short concentration span early in recovery and problems in
concentration have also been reported later in recovery, it is important to have short
interviews using a minimum set of measurement instruments. Relevant in TBI rehabilitation
are the physical, cognitive, and psychosocial domains, as well as quality of life. Animportant
step in TBI research on functional outcome is to check the validity, interobserver reliability
and sensitivity to change of the measurement instruments used at different time points in
order to select the most appropriate measurement instruments.

Prior to the present study a literature review was performed to determine which
measurement instruments might be useful to assess the different aspects of TBI outcome
at various times post-injury.”” To investigate whether or not certain measurement
instruments can be considered reliable to assess the consequences of TBI over time the
present study assessed the interobserver reliability at hospital discharge, and at one year
post-injury, as well as the sensitivity to change of the measurement instruments to assess
functioning and participation in the physical, cognitive, and psychosocial domains, and in
quality of life.

At hospital discharge nine measurement instruments were tested for their reliability to
assess TBI patients on (basic) activities of daily living, and on cognitive, behavioural and
emotional functioning. The one year post-injury study was performed to investigate the
interobserver reliability of 19 measurement instruments; the same nine measurement
instruments used in the hospital discharge study were used to assess the level of activity as
well as 10 additional measurement instruments to assess different aspects of personal,
social and work-related participation and quality of life. The sensitivity to change study was
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performed to judge whether the measurement error is small enough to justify the use of
the measurement instruments to detect change over time at the level of activity,
participation and quality of life.

Methods

Patients

The Rotterdam TBI study is a prospective follow-up study on the determinants of long-term
functional outcome in patients who sustained a TBI. The source population is formed by all
TBI patients (aged 18-65 years) admitted to the department of Neurosurgery of the Erasmus
MC with a (on arrival at the Emergency Unit of the hospital) Glasgow Coma Scale (GCS)
score of 14 (with brain damage on CT) or less. This study was approved by the hospital’s
Medical Ethical Committee, and written informed consent was obtained from all patients
either directly or by legal proxy. The study’s psychologist (BvB) recruits the patients. From
our literature review we established measurement instruments used in the physical,
cognitive, psychosocial and socio-economic domain to classify functional status at discharge
from the hospital, rehabilitation center or nursing home, as well as at 3,6, 12, 18, 24 and 36
months after injury.”

Interobserver study at hospital discharge

Twenty-five consecutive respondents to the main study (described above) were invited to
participate in the present study. In addition to the study’s psychologist (BvB), a resident in
rehabilitation medicine (MvW) also interviewed the patients 1 to 4 days before or after
discharge from the hospital. Time between the two assessments ranged from 1 to 7 (mean
3) days. Each interviewer used the same nine measurement instruments.

Interobserver study one year post-injury

Fourteen patients were invited to participate. In addition to the study’s psychologist (BvB),
another psychologist (MvK) also visited the patients one year post-injury at their homes.
Time between the two assessments ranged from 6 to 31 (mean 13) days. Each psychologist
used the same 19 measurement instruments.

Prior to the start of both interobserver studies, the two observers reached consensus on
how the various measurement instruments should be applied. During the assessment
interviews they were not aware of each other’s assessments.

Sensitivity to change study
Sensitivity to change was assessed by using the data from the interobserver study one year
post-injury.
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Measurement instruments

We categorized the measurement instruments into the physical, cognitive and psychosocial
domains, and the quality of life. More information about the measurement instruments is
given in the Appendix.

Physical domain

Barthel Index."*®

Functional Independence Measurement.'719-23
The Glasgow Outcome Scale.'”%

Glasgow Outcome Scale Extended.'

Sl A

Cognitive domain

Disability Rating Scale.'”2¢

Functional Assessment Measurement.'”?’

7. The Rancho Los Amigos Levels of Cognitive Functioning Scale.?”?8

o w

Psychosocial domain
8. Rehabilitation Activities Profile.?®

Quality of life
9. The Dartmouth Coop Functional Health Assessment Charts/Wonca.'”3°

Additional measurement instruments used for the one year post-injury study

For the one year post-injury study 19 measurement instruments were used. In addition to
the nine measurement instruments mentioned above, the following 10 measurement
instruments were used:

Cognitive domain
10. Neurobehavioural Rating Scale.?”3!

Psychosocial domain
11. Community Integration Questionnaire.'”3
12. Employability Rating Scale.*
13. Frenchay Activities Index.3*
14. Multi- dimensional Health Locus of Control Scale.**
15. Social Support List Interactions and Social Support List Discrepancies.3®
16. Supervision Rating Scale.”%”
17. Wimbledon Self Reporting Scale.'”-3

Quality of life
18. Rand-36.1739-42
19. Sickness Impact Profile-68.17:43-48
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Statistical analyses

Interobserver studies

The percentage of agreement was determined by calculating the percentage of patients
rated identically by the two observers. To determine whether a measurement instrument
is capable of differentiating between patients, the Squared Weighted Kappa statistic (SWK)
was calculated. The Kappa statistic is defined as the percentage of the total agreement that
occurs beyond the contribution by chance. The SWK also takes into account the amount of
disagreement between the two observers.*® Statistical analysis for SWKs was done using
the Dos Academic Agree program.

Thelntraclass Correlation Coefficient (ICC)isthe preferred method to quantify reproducibility
taking systematic variability into account.>® ICC is calculated as the ratio of the variance
between subjects (i.e. variance of interest) over the total variance (composed of variance of
interest and error variance). If Var is the amount of variance between subjects, Var_the
amount of variance between observers, and Varpo the variance attributed to the interaction
between patient and observer, the ICC s calculated as: Varp/(Varp +Var_+ Varpo).sl'52 ICCcan
only be calculated for measurement instruments with sumscores (BI, DRS sumscore, FIM,
FAM, NRS, RAP, WSRS, CIQ, Coop, Rand, SIP-68, and SSL).

The amount of measurement error can be expressed as the Standard Error of Measurement
(SEM), which is derived by taking the square root of the error variance, i.e. Var_ + Var .
Similar to the ICC, the error variance and SEM include both random and systematic
components of measurement error. The advantage of the SEM is that it is expressed in the
metric unit of the measurement instrument. Assuming that measurement errors are
distributed normally, the 95% confidence interval (Cl) of the SEM (+ 1.96 x SEM) can be used
to express the expected distribution of error around a measurement result.%>?

To determine whether a measurement instrument can be considered reliable we followed
a commonly used ranking of the estimates, i.e. values of SWK and ICC > 0.75 are excellent,
from 0.60 to 0.74 are good, from 0.40 to 0.59 are moderate, and values less than 0.40 are
poor.>?

A disadvantage of the SEM is that no clear criteria for an acceptable value are available. In
this study we expressed the SEM as a percentage of the total possible range of the
instrument, and stated that a percentage lower than 10 is satisfactory.

Sensitivity to change study

The smallest detectable difference (SDD) is an indicator of sensitivity to change. The SDD
can only be calculated for the measurement instruments with sumscores. Based on the
SEM, the SDD with 95% confidence is calculated as 1.96 X V2 X SEM. Only differences
between two consecutive measurements greater than the SDD can be interpreted with
95% certainty as real change. There is an essential difference between “clinically relevant
change” and SDD. The SDD is a clinimetric property of a measurement instrument, while
the “clinically relevant change” is the change which clinicians and researchers minimally
expect or judge as being an important change.>>>* However, for the domains of functional
outcome measured with the instruments in the present study, the “clinically relevant
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change” is not known.

Therefore, we used an alternative approach to judge whether the measurement error is
small enough to make a test valuable in clinical practice; for this judgment different methods
have been proposed,>>°® but no criteria exist. We expressed the SDD as a percentage of the
total possible range of the measurement instrument to get a relative value. We judged that
a measurement instrument with an SDD percentage smaller than 15 shows an acceptable
sensitivity to change, as it can distinguish 7 steps in the total measurement range.>’*® In
addition, we calculated the differences between the data at discharge and at one year post-
injury, to estimate clinically relevant changes for this phase of recovery. We also checked
whether the SDD of the measurement instrument is small enough to detect this
difference.

Results

Interobserver study at hospital discharge

Twenty-five patients (17 males and 8 females) were invited to participate. Two patients
were excluded from the analyses because the time between the two interviews was
considered too long (over three weeks); another patient was excluded because one observer
interviewed him at the hospital and the other 7 days later at the rehabilitation center.
Finally, data on 22 patients (14 males and 8 females) were available for this interobserver
study. The mean length of stay at the hospital was 35 days with a standard deviation (SD) of
19 days. Eleven patients were discharged home, 9 to a rehabilitation center, and 2 patients
to a nursing home. The mean age of the participants was 35.3 years (SD 12.8), and the
median GCS score was 7 (interquartile range 6.5).

Table 1 gives the (observed) score ranges, the percentage of agreement, SWK values, ICCs,
and SEMs of the measurement instruments for 22 patients at discharge from the hospital.
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In the physical domain, a low percentage of agreement was found for the FIM (i.e. 0), but
the FIM shows excellent SWK and ICC. Table 1 also gives the SEMs and the 95% CI of the
measurement instruments. For example, the SEM for the FIM is 6.17, and the 95% Cl is
+/-12.09. This implies that when a patient is scored 80 on the FIM one can be 95% sure that
this patient’s real score ranges from 67 to 93. By expressing the SEM as a percentage of the
total possible range in the last column of Table 1, the measurement instruments can be
compared according to their measurement error. The FIM has the smallest measurement
error. In the cognitive domain, a low percentage of agreement was found for the FAM (i.e.
0), but the FAM shows excellent SWK and ICC.

Interobserver study one year post-injury

Fourteen patients (9 males and 5 females) participated in the interobserver study one year
post-injury. The mean length of stay at the hospital was 38 days with a SD of 33 days. At the
time of hospital discharge (one year earlier) 6 persons were discharged home, 7 to a
rehabilitation center, and 1 patient was discharged to a nursing home. The mean age of the
participants was 34.6 years (SD 11.1), and the median GCS score was 7 (interquartile range
6.5).

Table 2 gives the (observed) score ranges, the percentage of agreement, SWK values, ICCs,
and SEMs of the measurement instruments one year post-injury.

In the physical domain a low percentage of agreement, but excellent SWK and ICC was
found for the FIM. The SEM for the FIM one year post-injury is 3.22, and the 95% Cl is +/-
6.31. Now, when a patient is scored 80 on the FIM one can be 95% sure that this patient’s
real score ranges from 73 to 87. For the cognitive scores a low percentage of agreement
was found for the NRS, but excellent SWK, ICC with satisfactory SEM percentages were
found for the FAM, and the NRS. In the psychosocial domain a perfect agreement was
found for the SRS-5 (i.e. percentage of agreement is 100) and excellent SWK for the SRS-5.
For the quality of life scales excellent SWK, ICC and satisfactory SEM percentage was found
for the SIP-68.
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Sensitivity to change study

Table 3 presents the SDDs for all the measurement instruments. The 95% SDD for the Bl is
2.11, meaning that for the Bl a change of at least 3 points is needed between two sessions
to be 95% confident that a real change has occurred.

Based on the SDD expressed as a percentage of the total possible range, measurement
instruments with a satisfactory SDD in the physical domain are the FIM and the BI. For the
cognitive domain satisfactory SDDs were found for the FAM, the DRS sumscore and the NRS
sumscore. In the psychosocial domain the RAP sumscore and the FAl sumscore had
satisfactory SDDs. For the quality of life domain, Rand-physical Functioning, Coop and the
SIP-68 had satisfactory SDDs.

Only for the BI, FIM, DRS, FAM and Coop was it possible to calculate the differences between
the scores at hospital discharge and at one year follow-up. Except for the Coop, differences
between these scores were larger than the calculated SDDs (see Table 3).

Therefore, in this study a clinically relevant change was detected by all the measurement
instruments, with the exception of the Coop.

Discussion

Because of the importance of having short interviews among TBI patients, we identified
interobserver reliability and sensitivity to change of different measurement instruments at
different time points to form a minimum data set.

Reliability at discharge

Based on the results of this study, at the time of discharge from hospital the limitations in
the physical domain can be assessed with the Bl and the FIM, in the cognitive domain with
the FAM, and the Coop is most appropriate for assessing quality of life.

Reliability one year post-injury

At one year post-injury, limitations in the physical domain can be assessed with the FIM and
in the cognitive domain with the FAM and the NRS. Restrictions in the psychosocial domain
can be assessed with the FAI, the CIQ, and the WSRS, whereas the Coop, all Rand subscales
(except Rand mental health), and the SIP-68 are reliable measurement instruments for
quality of life.

Sensitivity to change

The measurement instruments most sensitive to clinically relevant change are the BI, the
FIM, the DRS and the FAM. In addition, the NRS, the Coop and the SIP-68 are promising
regarding sensitivity to change, as they are able to detect relatively small differences in a
patient over time.
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Instrument SDD** SDD % range*? mean A (SD)
Physical

BI 2.11 10.1 2.69( 4.3)
FIM 8.92 8.2 10.62 (15.8)
Cognitive

DRS sumscore 1.83 5.9 3.46( 1.6)
FAM 3.66 5.0 11.38(10.4)
NRS sumscore 13.28 7.0 -

Psychosocial

RAP sumscore 5.29 13.6

clQ 6.18 20.6 -
FAl sumscore 7.31 15.9 -
SSL-I 21.65 21.0 -
SSL-D 20.76 20.2 -
WSRS 11.03 35.6 -
Quality of life

Coop 4.07 14.0 2.25( 3.8)
Rand 36 VT 17.46 17.3 -
Rand 36 MH 16.41 16.3 -
Rand 36 SF 27.97 27.7 -
Rand 36 GH 16.24 16.1 -
Rand 36 BP 41.74 41.3 -
Rand 36 RE 31.02 30.7 -
Rand 36 RP 39.30 38.9 -
Rand 36 PF 29.16 28.9 -
SIP68 10.51 15.2 -

Table 3. Data on the change in scores of thirteen measurement instruments between
hospital discharge and one year post-injury.

SDD*!= smallest detectable difference; SDD%range*?= smallest detectable difference as percentage of total possible range.
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Other clinimetric criteria

Although establishing interobserver reliability and sensitivity to change are important steps
in deciding which measurement instruments to use in a prospective follow-up study, they
are not the only criteria:

First, the measurement instrument must cover the whole range of long-term consequences
after the injury. Traditionally, outcome after TBI is assessed by the GOS. However, because
the GOS ratings tend to plateau at 6 months this measurement instrument will be insensitive
to the gains shown by patients after this period?. The Bl is also limited in scope because it
does not take into account psychological status, social functioning or household activities.
Again, a ceiling effect will prevent the detection of further relevant improvements in TBI
patients (one year post-injury mean Bl score is 19). Our one year post-injury study shows
that for the Bl there is no variance between patients (Var P is zero) and therefore it follows
that the ICC is zero. So, despite excellent SWK and a Bl score with a small SEM and a small
SDD, the Bl is not the preferred measurement instrument in TBI follow-up research.
Second, measurement instruments must be uni-directional. For example, in the relationship
domain the RAP does not indicate the direction of a change in quality. Early after injury
personal and social relationships tend to be better, but they can worsen later on. In both
cases, the score will be 3 (i.e. great change in relationships), but without clarifying the
direction of the change. Therefore, we did not use the domain relationship in the present
study.

Third, the simplicity and clinical utility of a measurement instrument can be important in
deciding which measurement instrument to use. An example is the LCFS which has achieved
almost universal acceptance in the United States.*®

Limitations of the present study

The main limitation is the small sample sizes; however, having additional subjects would not
change the mean values but would only make the confidence interval smaller.

Another limitation is that we used different observers at different time points, and these
observers were not experienced in using these measurement instruments. However, we
believe that the statistical data of this study can only be improved by using the same
observers (with the same amount of experience as the study psychologist) at both hospital
discharge and one year post-injury.

In this study all our TBI patients had been admitted to the neurosurgery unit. Because the
rehabilitation population is part of the neurosurgical population, the reliability data, and
sensitivity to change would be even better when measured in the rehabilitation population
only.
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Conclusion

In this study, at hospital discharge the FIM is the most appropriate measurement instrument
to assess limitations in the physical domain, the FAM is most appropriate for assessing
limitations in the cognitive domain, and the Coop for assessing quality of life. At later stages
of recovery this minimum data set can best be extended with the NRS for assessing the
limitations in the cognitive domain, the FAI for assessing restrictions in the psychosocial
domain, and the SIP-68 for assessing quality of life.

Clinical message

1. Because of the small concentration span often reported in TBI patients, it is
important to have short interviews with a minimum data set.

2. At the moment of discharge from hospital a reliable minimum set is the FIM, the
FAM, and the Coop.

3. At follow-up the data set can be extended with the NRS, the FAI and the SIP-68 which
are most sensitive to change, thereby covering all relevant domains of functioning
and participation after TBI.
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Abstract

Background: In traumatic brain injury (TBI) the presence of cognitive and linguistic problems
may make it difficult to complete measurement instruments or to set realistic rehabilitation
goals. Therefore, in both the research and clinical setting, the patient’s family is often asked
to complete questionnaires or to set rehabilitation goals. It is, however, unknown whether
assessment of the functional level and quality of life of TBI patients and their significant
others correspond. Therefore, this study examined the level of agreement between TBI
patients and their proxies in the first year post-injury, and investigated whether proxies
underestimate or overestimate compared with the patient’s own rating, and whether these
differences change in the first year post-injury.

Methods: In this random sample 26 pairs (the patient and his/her proxy) completed the
Functional Independence Measurement (FIM), the Sickness Impact Profile 68 (SIP68),
and the Rand SF-36. For the patients the questionnaires were read aloud, whereas the
caregivers filled in the questionnaires themselves.

Results: The level of agreement between the FIM motor score, the FIM cognition score, the
SIP68, and the Rand SF-36 were moderate for the Rand subscale social functioning; good
to excellent agreement was found for all the other measurement instruments. No clinically
relevant underestimation or overestimation of the proxy compared with the patient’s own
rating was found.

Conclusion: In the first year post-injury, the FIM, the SIP68 and the RAND SF-36 can be used
either by the TBI patient or by the patient’s proxy to assess the patient’s functioning.
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Introduction

Traumatic brain injury (TBI) often results in long-term physical, cognitive, emotional and
psychosocial impairments. As a consequence, TBI patients may experience activity
limitations and restrictions in participation in many domains of their lives, as well as a
lowered quality of life. Several measurement instruments can be used to determine the
functional level and quality of life of these patients.»? Although it is generally agreed that
patients themselves are the best raters of their own functioning, in the presence of cognitive
and linguistic problems it may be difficult for them to complete measurement instruments.
For example, in the early phase after TBI the patient’s awareness may be reduced or the
patient may not be able to concentrate for more than about 30 minutes. Therefore, in TBI
research and clinical practice, the patient’s family is often asked by researchers, physicians
and therapists to complete questionnaires or to set rehabilitation goals. However, it is
unknown whether assessment of the functional level and quality of life of TBI patients and
their significant others actually correspond.

Earlier reports in other patient populations have shown that proxies tend to overestimate
the limitations experienced by the patients and underestimate the quality of life experienced
by the patient,®*® with highest agreement usually found for the concrete, observable
domains.” Most of those studies were conducted in an attempt to minimize exclusion bias
when investigating health-related quality of life as an outcome measure. Others were
performed to evaluate the proxy rater’s accuracy in rating the patient’s problems for use in
care situations when the patient can no longer speak for himself.®
Underestimation/overestimation of the patient’s functioning may have consequences for
the interpretation of the outcome measurement instruments, as well as for the planning
of interventions and for functional prognosis of the individual patient in the subacute and
chronic phase.

The purpose of the present study was: 1) to examine the level of agreement between the
Functional Independence Measurement (FIM) motor-score, the FIM cognition-score, the
Sickness Impact Profile-68 (SIP68), and the Rand SF-36 ratings provided by TBI patients and
by their proxies in the first year post-injury, 2) to examine whether proxies underestimate
or overestimate when compared with the patient’s own rating, and 3) to examine whether
these differences change in the first year post-injury.

Material and methods

The population for the present study is a random sample of 26 patient/proxy pairs, drafted
from the 126 patients that were included in the longitudinal Rotterdam TBI study. The
Rotterdam TBI study is a prospective follow-up study in which patients are followed for up
to three years post-injury. The patients were recruited between January 1999 and June
2004 from either the neurosurgery intensive care unit of the Erasmus MC in Rotterdam
(January 1999 to March 2004), the intensive care unit of the Medical Center Haaglanden
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location Westeinde in The Hague (September 2002 to June 2004), or the neurosurgery unit
of the Utrecht University MC in Utrecht (January 2003 to June 2004). All participating
hospitals are level-one trauma centers with protocol-guided acute care facilities, including
intracranial pressure monitoring.

Inclusion criteria were: (1) admittance to hospital for moderate or severe TBI due to a blunt
or penetrating trauma. A moderate TBI is defined as having a Glasgow Coma Scale (GCS)
score of 9-13 (13 with visible brain damage on CT scan), and a severe TBl is defined as having
a GCS score of 3-8;° (2) age at time of injury between 18 and 65 years; (3) having a primary
caregiver.

Exclusion criteria were: (1) insufficient knowledge of the Dutch or English language to
participate in the study; (2) serious (pre-traumatic) co-morbidity which may interfere with
the assessment of TBI-related disability.

Patient characteristics

Patient characteristics included gender, age (in years), TBI severity (i.e. moderate or severe),
discharge destination, and patient’s status at the time of being discharged from the hospital.
Patient’s physical status was assessed with the Barthel Index (BI)* and dichotomised into:
not limited (Bl 19-20) or limited (Bl <19).!! Patient’s cognitive status was assessed with the
Rancho Level of Cognitive Functioning Scale (LCFS)*? and dichotomised into: not limited
(LCFS=8) or limited (LCFS <8).12

This study was approved by the hospital’'s Medical Ethics Committee. Primary caregivers
were invited to participate by the researcher and were provided with both written and
verbal information.

Procedure of testing

Caregivers completed part of the measurement instruments used for the longitudinal
Rotterdam TBI study, namely the FIM, the SIP-68, and the Rand SF-36. The research
psychologist (BvB) read the questionnaires aloud to all the patients; the caregivers filled in
the questionnaires themselves. The proxy forms asked caregivers to choose the answers that
best described their ‘partner’s/child’s/parent’s situation’. In all other respects, the wording
and format of the items were identical for the caregiver and the patient.

Measurement instruments

Functional independence measurement (FIM)

The FIM measures changes in functional status. This 18-item ordinal scale includes 13
motor items and 5 cognition items. The score ranges from 18 -126; the higher the score the
higher the functional level.**

The FIM was administered at all points in time.

Sickness Impact Profile-68 (SIP68)
The SIP68 measures on the level of participation and consists of 68 statements. The SIP68
can be divided into SIP-physical and SIP-psychosocial. The psychometric properties of the
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SIP68 have been described previously.***’
The SIP68 was not used at the time of being discharged from the hospital.

Rand SF-36

The Rand SF-36 is a questionnaire measuring health-related quality of life comprising 36
questions in 8 categories: physical functioning, role-physical, bodily pain, general health,
vitality, social functioning, role-emotional and mental health. The psychometric properties
of the Rand SF-36 are reported to be good.*®

The Rand SF-36 was not used at the time of being discharged from the hospital.

Data analysis

First, descriptive statistics were collected regarding patients’ age, severity of TBI, and the
study measurement instruments.

Intraclass correlation coefficients (ICCs) were calculated to estimate the inter-rater reliability
of patient and proxy responses to the FIM motor-score, FIM cognition-score, SIP68, and
Rand SF-36. The ICC is the preferred method to quantify reproducibility taking systematic
variability into account;* it is calculated as the ratio of the variance between subjects (i.e.
variance of interest) over the total variance (composed of variance of interest and error
variance).?>?! |CC values less than 0.4 were considered to indicate poor agreement, values
ranging from 0.4-0.75 indicate moderate to good agreement, and values greater than 0.75
indicate excellent agreement.?

The amount of measurement error can be expressed as the Standard Error of Measurement
(SEM), which is derived by taking the square root of the error variance, i.e. Var_+ Var . Similar
to the ICC, the error variance and SEM include both random and systematic components of
measurement error. The advantage of the SEM is that it is expressed in the metric unit of the
measurement instrument. Assuming that measurement errors are distributed normally, the
95% confidence interval (Cl) of the SEM (+ 1.96 x SEM) can be used to express the expected
distribution of error around a measurement result. A disadvantage of the SEM is that no
clear criteria for an acceptable value are available. In the present study, as well as in our
previous study,? we expressed the SEM as a percentage of the total possible range of the
instrument, and stated that a percentage less than 10 is satisfactory.
Toevaluateanysystematictendencyfor proxyrespondentstooverestimate orunderestimate
health status compared to the patients’ reports, the patient/proxy mean differences on the
FIM motor-score, FIM cognition-score, SIP68, and Rand SF-36 were computed. A mean
difference significantly above or below (using the Wilcoxon rank sign test at a 0.05 level)
provides evidence of systematic bias. Because of the structure of the FIM and Rand SF-36,
a mean difference score less than zero indicates that proxy respondents tend to
underestimate the health status of the patient, and a mean difference score higher than
zero indicates that the proxy overestimates. For the SIP68 a mean difference score above
zero indicates that proxy respondents tend to underestimate, whilst a mean difference
score less than zero overestimates.
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Results

Sample characteristics

In this study 26 patient/proxy pairs participated. In total, 24 pairs completed the FIM (10
pairs participated on one occasion, 9 pairs on two occasions, 3 pairs on three occasions,
and 2 pairs completed the FIM at all points in time). In total 26 pairs completed the SIP68
(15 pairs participated on one occasion, 5 pairs on two, and 6 pairs on all three occasions).
In total, 22 pairs completed the Rand SF-36 (14 pairs participated on one occasion, 5 pairs
on two, and 3 pairs on all three occasions). Table 1 presents data on the distribution of the
completed measurement instruments over time.

Time postinjury FIM+FAM SIP-68 Rand 36
hospital discharge 4 - -

3 months 13 13 12

6 months 15 15 14

9 months* 1 1 -

12 months 12 14 7

Table 1. Distribution of used measurement instruments.

*rehabilitation discharge

Table 2 presents data on the patients at the time of discharge from hospital. Although the
inclusion criterion for age was set at 18-65 years, the observed range was 16-66 years.

Men (n=18) Women (n=8) Total (n=26)

age (in years)

range 16 - 66 17 - 53 16 - 66
mean age 31 + 14.1 32.7 + 14.3 31.5 + 13.9
severity (*) n % n % n %
moderate 8 44 4 50 12 46
severe 10 56 4 50 14 54

discharge destination
home 12 67 4 50 16 62
rehabilitation center 6 33 4 50 10 38

patient status

physically limited 6 33 6 75 12 46
physically not limited 11 61 2 25 13 50
physical status missing 1 6 - - 1 4
cognitively limited 7 39 1 13 8 31
cognitively not limited 9 50 7 87 16 62
cognitive status missing 2 11 - - 2 7

Table 2. Characteristics of the participants in the correspondence study.
(*) moderate TBI: GCS 9-13, severe TBI: GCS 3-8
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No gender effect was found for severity.

Twice as many men were discharged home compared to a rehabilitation center, whereas
the number of women discharged home was the same as that discharged to a rehabilitation
center.

According to our definition of being physically and cognitively limited, 46% of the patients
were physically limited and 31% of the patients could be considered cognitively limited.
More women than men were physically limited (75% versus 33%), while more men than
women were cognitively limited (39% versus 13%). Women were five times more likely to
be physically than cognitively limited.




Chapter 4

“JuaWiNJISul JUBWAJINSeaw ay) Jo asued a|qissod [e101 a8y Jo a8ejuadiad e se passaldxa |NJS = 93UBI%INIS 4
‘IN3S JO |BAISIUI DUSPLUOI %56 = INIS%SE »x FUSWSINSEIA JO J0LIT PIEPURIS = |AITS ¢4 FUSIOYJS0D) UOLR|SII0D SSB|IRIIU| = DD o4 ‘@8UeI 3|11 eNbISIUI = Y 14
.mw_XOLQ JI9y} pue mu:w_..—mo_ 9¢ Ul passasse sjuawnJisul juswalnseaw 994yl a9yl uo ejeq g ajqeL

0 0 0 0T LTE 9'LT 00T 00T (r'1e)oes (1127 ¥8 (0oot-07)  (oo0T-€€)  (0OT-0 ) dg
SL LYt S'L 8 STe 74 oL oL (7'LT)9°0L (T'81T)v'69 (oot-0¢)  (s6 -07)  (00T-0) HO
vLT Tve vLT Iy 8y €€ SL 579 (T60)T0L (0'v2)e69 (oot-0)  (oot-€1)  (00T-0 ) EN
€5 70T €5 6 44 9z 9L 08 (602)€°€L (6°02)v"9L (oot-91)  (00T-07)  (0OT-0 ) HIA

0 0 0 0T S'LT S'LE 09 0s (6'02)Z'8S (zoz)zss (oot-07) (06 -02)  (00T-0 ) 1A
1T [44 TT 0T 00T £99 00T 00T (L¥¥)9°29 (0°6€)£°89 (oot-0)  (00T-0)  (0OT-0) ENY
v'6 78T v'6 6 SL 74 14 0 (r"6€)E°EE (£92)8'81 (oot-0) (0o1-0)  (00T-0 ) dy
¥'S 90T ¥'S 6 w4 74 08 S8 (9€r)eoL (s'6T)0'SL (oot-027)  (S6 -S7)  (00T-0 ) 4d

9¢-puey

- - - - 49 49 9 6 (e9)e'L (T°9)9'8 (€z-0) (vz-0) (62-0) d0ssd dIS

- - - - 1T 6 S L (6€)T°e (g€)ee (€1-0) (st-0) (68-0) shyd dis
T 9T 8 0T 9 S T [4 (ze)e0oT (6'8)8'TT (9¢-0 ) (se-0) (89-0) 89-dIS

100

L8 TS 9 9 9 14 143 gee (9v)L1E (sz)8ze (ge-11) (s -vz)  (s€ -9) 800 NI4
anmuso)

o€ 94 €T 9 T L 16 06 (62)s°68 (s'v)9'L8 (T6-L2) (t6 -€£) (16 -€T) Jojow AII4
leaisAyd

sx93uel e Axoud juaped Axoud juaped Axoud juaped Axoud jusaped

VALEN %56 exN3S 2+ 0| x| uelpsaw (a@s) uesw a3uel panIasqo (93ueJ) suawinJisu|




Assessment of patient’s functioning: correspondence TBI patients and their significant others

Table 3 gives the (observed) score ranges, ICCs, and SEMs of the administered measurement
instruments.

Significant differences (alpha = 0.05) in scoring of the total group between patient and proxy
were found on the FIM motor-score, SIP psychosocial, and Rand role physical functioning.
Good ICCs were found for both the FIM motor-score and FIM cognition-score. The SEM
for the FIM motor-score is 2.3 and the 95% Cl is +/- 4.5. This implies that when a patient
scored 65 on the FIM motor-score, it is 95% certain that this patient’s real score ranges from
60-70.

Excellent ICCs and a satisfactory SEM percentage were found for the SIP68 and both
subscales.

A moderate ICC was found for the Rand-SF, whereas all other subscales showed excellent
ICCs. All but the Rand-SF showed satisfactory SEM percentages.

Table 4 presents the mean differences (and Cls) between patients and significant others for
the FIM motor-score, FIM cognition-score, SIP68 and Rand-36 in the first year post-injury.
At 3 months post-injury there was a significant difference between patient and proxy for
the FIM motor-items, with the proxy scoring higher than the patient; at later measurement
times this difference no longer exists.

The differences on the SIP68 score between patients and significant others also change over
time; however, the differences are not significant. Patients are less positive at 3 months
post-injury, but the differences gradually lessen and at one year post-injury patients and
proxies have the same scores.

The Rand-36 subscales vary inconsistently over time but with no significant differences.
Rand-physical functioning, Rand-social functioning, and Rand-general health show a positive
difference at 3 months post-injury (i.e. the proxy underestimates), a negative difference
at 6 months (i.e. the proxy overestimates), and a positive difference at 12 months. The
difference found on the Rand-role physical functioning becomes less negative over time;
patient and proxy tend to agree. For the Rand-bodily pain, Rand-mental health and Rand-
vitality the differences change from negative at 3 and 6 months post-injury to positive at
12 months post-injury; over time the proxies tend to change from an overestimation to an
underestimation compared with the patient’s own rating. Again, none of these differences
were significant.
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Discussion

The present study found a high level of agreement between patient and proxy on rating of
the patient’s functioning, and quality of life. Only at 3 months post-injury was a significant
difference found on the FIM-motor score, with proxies rating the patients higher than the
patients rated themselves. After 3 months no significant differences were found between
ratings of the patient and proxy on the measurement instruments used in this study. No
significant change in overestimation or underestimation over time was found between
patients and their proxies in rating the motor functioning, cognitive functioning, or
experienced quality of life of the patient.

Concerning limitations of the study; information and confounding bias are risks in all studies.
Selection bias could have occurred in the present study because of the random factor, i.e.
we randomly asked all family members, but generally only those who were present at the
interview. Information bias is also a matter of concern. Interviews with the patient were
frequently held together with the caregiver in the same room; therefore, the caregiver may
have been influenced by the interview when filling in the questionnaires at a later time.
Finally, confounding bias due to differences in the relationship with the patient should be
taken into account. A good relationship and frequently seeing the patient in daily life will
promote seeing things in the same way.

Unlike results from earlier reports, in the present study no underestimation or overestimation
of the patient’s limitations by the proxies was found. Most of the differences found here
were only trends and not significant. Moreover, because the differences found between
patients and their proxies are very small, they are not of clinical importance.

Conclusion

In the first year post-injury the FIM, the SIP68 and the RAND SF-36 can be used either by the
TBI patient or by the patient’s proxy to assess the patient’s functioning.
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Abstract

Objectives: To examine whether the inclusion of only inpatient rehabilitation traumatic
brain injury (TBI) patients results in selection bias.

Design: Cross-sectional study.

Setting: Level | trauma centers.

Participants: One hundred twenty six TBI patients from a hospital-based cohort in the
Netherlands.

Interventions: Not applicable.

Main outcome measures: Glasgow Outcome Scale, Disability Rating Scale, Barthel Index,
Functional Independence Measurement, Functional Assessment Measurement, Rancho
Level of Cognitive Functioning Scale, Neurobehavioural Rating Scale.

Results: Patients in this hospital-based cohort were younger, and more patients were
married and/or working pre-injury compared with the Traumatic Brain Injury Model Systems
data. Differences were also found for cause of injury. GCS score was higher, and a prolonged
length of stay as well as a better general, physical, and cognitive functioning was found in
the hospital-based cohort.

Conclusion: In this study, 46% of our TBI cohort is discharged home and will not be taken
into account in the usual prognostic studies on TBI in rehabilitation medicine. The hospital-
based cohort described here is different from inpatient rehabilitation cohorts. Studies
which include only those patients that are in an inpatient rehabilitation setting, result in a
selection bias.

Key words: Traumatic brain injury, rehabilitation setting, selection bias.
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Introduction

In rehabilitation medicine there is a growing interest in performing prognostic studies.
Since traumatic brain injury (TBI) has been termed a silent epidemic,* knowledge about
prognosis is relevant. TBl is a common cause of death, disability and handicap among young
adults in modern Western societies.® In Europe, an average hospitalized TBI rate of 235
per 100,000 is assumed,* and with a current European Community population of about 330
million, 775,500 new TBI patients per year are to be expected. When assuming an average
duration of disability of 10 years (which is a conservative figure) the prevalence of disability
after TBI in Europe will be about 7,775,000.* Prognostic studies are, obviously, important
for patients and their families to provide information about future functioning. They are,
however, also important for health care organizations in planning health care programs; it
enables health care professionals to evaluate and adjust treatments in order to minimize
long-lasting limitations in activity or restrictions in participation, as well as health care
costs.

Different health care professionals have a different focus on outcome. Acute care physicians,
focusing primarily on treatment results (e.g. intracranial pressure monitoring), require a
simple general outcome scale; in this field the Glasgow Outcome Scale (GOS) and Disability
Rating Scale (DRS) are commonly used. In rehabilitation medicine, as well as in rehabilitation
research, the focus is on activity and participation.

The group under study in rehabilitation medicine is generally a selection of the patients, i.e.
the patients referred to inpatient rehabilitation treatment. By including only the inpatient
rehabilitation TBI patients, who are probably more limited in activities and restricted in
participation than the patients discharged home, the consequences after TBI may be
overestimated.

The USA has a national database called the Traumatic Brain Injury Model Systems (TBIMS)
national database. The TBIMS inclusion criteria limit the dataset to persons 16 years and
older who receive comprehensive inpatient rehabilitation as part of a systematic continuum
of care, including acute neurotrauma services in a designated TBIMS center. A series of
prognostic studies have emerged from this database.>!* However, because the TBIMS
studies only those patients who receive inpatient rehabilitation, the results can not be
representative for the entire population of TBI patients.® Therefore, TBIMS studies were
compared with acute care studies from the South Carolina TBI Follow-up Registry (SCTBIFR).
As hypothesized, TBIMS participants showed greater initial injury severity and frequency of
abnormal CT scans, as well as longer periods of acute care hospitalization. Counter to a
priori hypotheses, there were also differences in racial and ethnic background and source
of insurance payer. Unfortunately it was not possible to compare functional outcome
between the cohorts because, although both databases assessed functional outcome, the
variables were not comparable.?
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The present study was designed to explore the question of selection bias. Specifically, does
a hospital-based cohort of TBI patients differ from the inpatient rehabilitation cohorts of
TBI patients regarding: 1) basic demographic characteristics, 2) injury variables, and 3)
functional status at the time of being discharged from the acute care hospital.

Material and methods

The Rotterdam TBI study

The Rotterdam TBI study is a prospective follow-up investigation on determinants of daily
functioning in patients with a moderate or severe TBI. TBI is defined as an injury to the
brain caused by an external mechanical force.

Population

The study population consists of all patients aged 18 to 65 years with a moderate or severe
TBI, who were admitted to one of three hospitals between January 1999 and June 2004.
The participating hospitals were the Erasmus University Medical Center (Erasmus MC),
Rotterdam (January 1999 to March 2004), the Medical Center Haaglanden, location
Westeinde, The Hague (September 2002 to June 2004), and the Utrecht University Medical
Center (UMC) (January 2003 to June 2004).

Patients were classified as having a severe TBI when the worst Glasgow Coma Scale score
(GCS-score) within 24 hours post-injury was 3 to 8. Moderate TBI was defined as a GCS-
score of 9-13.2213 Furthermore, patients with a GCS-score 14 or 15 and mass lesion on the
head CT-scan were also classified as having a moderate TBI.*

Patients were followed-up from the emergency department of the hospital up to three
years post-trauma.

Recruitment

During the study period all consecutive TBI patients admitted to the hospital were eligible
to participate in the study. That s, all consecutive admitted patients, irrespective of severity,
were screened for eligibility. Patients were not included in the study when they had serious
(pre-traumatic) neurological, psychiatric, oncological or internal impairments expected to
interfere with TBI-related disabilities. Also, if the patient or their next of kin/caregiver did
not speak Dutch or English they were not invited to participate in the study. All patients
were recruited by two psychologists who also carried out the study.

All eligible patients and their next of kin/caregiver were given oral and written information
about the goal and research methods of the study. Participating patients signed the
informed consent form; in some cases this was after their legal representative had signed
the informed consent form at an earlier stage.

The study was approved by the Medical Ethical Committees of the participating hospitals.
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Methods

Most data were collected during interviews with the patient and/or their next of kin/
caregiver. Data on the cause of injury, TBI severity (GCS-score), and length of stay were
retrieved from the patient files.

The patient’s physical and cognitive functioning was assessed with a set of measurement
instruments that we selected based on a review of the literature.”®

Measurement instruments

Glasgow Outcome Scale (GOS)

The GOS measures the consequences of a TBI and categorizes them in five categories of
severity: 0 = dead, 1 = vegetative state, 2 = severely limited, 3 = moderately limited and 4 =
good recovery.'® For the GOS a standard form and written protocol was used.?’

Disability Rating Scale (DRS)

The DRS measures changes in four categories: 1) level of arousal and awareness (identical
to GCS score), 2) cognitive ability to deal with problems of feeding, toileting and grooming,
3) degree of physical dependence on others, and 4) the ability to do useful work as
independently as possible. The total score ranges from 0-30, where 0 = no disability, 1 =
mild disability, 2,3 = partial disability, 4-6 = moderate disability, 7-11 = moderately severe
disability, 12-16 = severe disability, 17-21 = extremely severe disability, 22-24 = vegetative
state, 25-29 = extreme vegetative state, and 30 = death.!®

Barthel Index (BI)

The Bl was initially developed to follow progress during inpatient rehabilitation of stroke
patients. This measurement instrument has evolved into one of the most commonly
employed instruments for physical disabilities in rehabilitation in general; it measures the
actual performance of daily activities of a patient.!®?° The score ranges from 0-20. Although
a ceiling effect exists, the Bl can reliably be used in a TBI population.?

Functional Independence Measurement (FIM)

The FIM was developed to measure changes in functional status within an individual over
the course of a comprehensive medical rehabilitation program. The 18-item ordinal scale
examines the following functions: self-care, sphincter control, mobility, locomotion,
communication, and social cognition.?? The score ranges from 18-126.

Functional Assessment Measurement (FAM)

The FAM (an extension of the FIM) measures the psychosocial and cognitive disabilities that
are common in TBI.2 The 12 FAM items are: swallowing, car transfer, community access,
reading, writing, speech intelligibility, emotional status, adjustment to limitations,
employability, orientation, attention, and safety judgment. The score ranges from 12-84.
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Rancho Los Amigos Levels of Cognitive Functioning Scale (LCFS)

The LCFS describes the eight stages of cognitive functioning through which a TBI patient
typically progress in hospital and acute rehabilitation, and can range from no response = 1
(in which the patient is in deep coma and completely unresponsive), to purposeful and
appropriate functioning = 8 (where the patient is alert and oriented, able to recall and
integrate past and recent events, and is aware of and responsive to his environment).?*2°

Neurobehavioural Rating Scale (NRS)

The NRS is a modification of the Brief Psychiatric Rating Scale.?® This 27-item scale has been
developed for TBI patients and measures common behavioural and psychiatric symptoms
after TBI. Examples of these symptoms are inattention/reduced alertness, somatic concern,
disorientation, anxiety, conceptual disorganization, agitation, and motor retardation. The
NRS gives 4 subscales: energy, meta-cognition, anxiety, and language.?” The score ranges
from 0-162.

Data analysis

Descriptive statistics of mean, standard deviation, median, percentage, and/or range were
generated to describe the variables under study, the Student’s t-test for comparisons with
data from the literature (a p-value < 0.05 was considered significant).

From the various measurement instruments, measures for general functional status,
physical and cognitive functional status at hospital discharge were constructed.

In order to present prevalence data, the measurement instruments were dichotomized.
From the dichotomized measurement instruments the three functional status categories
were calculated and dichotomized.

General functioning

General functioning (GF) is reflected by the scores on the GOS and DRS. Those scores were
dichotomized as: GOS-score 5 = not limited, and GOS < 5 = limited. DRS-score 0 = not limited
and DRS > 0 = limited.

The dichotomized scores of the GOS and DRS were taken together and categorized into: GF
not limited = not limited on GOS and DRS, GF limited = limited on one of these two, GF
severely limited = limited on both these measurement instruments.

Physical functioning

Physical functioning (PF) is measured with the Bl and FIM. The Bl was dichotomized as: BI-
score 19/20 = not limited and BI<19 = limited,?® and the FIM-score as 2108 = not limited and
FIM< 108 = limited.?

For PF the following categories were formed: PF not limited = not limited on Bl and FIM, PF
moderately limited = limited on one of these measurement instruments, PF severely limited
= limited on both the Bl and FIM.
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Cognitive functioning

Cognitive functioning (CF) is measured with LCFS, FAM and NRS. The LCFS-score was
dichotomized as 8 = not limited, and LCFS <8 = limited.?® A score on the FAM >72 = not
limited and FAM <72 = limited.?° The NRS was cut-off at 28, in which a score <28 = not
limited and 228 = limited.

For CF this generated the following categories: CF not limited = not limited on FAM, LCFS,
and NRS; CF mildly limited = limited on one of these measurement instruments; moderately
limited = limited on two of these measurement instruments; and CF severely limited =
limited on all three of these measurement instruments.

Results

Response

Erasmus University Medical Center (Erasmus MC)

From January 1999 to March 2004, 549 patients with a TBI were admitted to the Erasmus
MC. Figure 1 describes why a large part of them (n=420) was not eligible for our study.
Besides death (28%) and age (16%), patients were not recruited because they had a mild TBI
(i.e. GCS-score >13) without CT-abnormalities (11%), went to another country or remote
part of the Netherlands (8%), had so much co-morbidity that it would interfere with the
TBI-related consequences (8%), or the patient did not speak Dutch or English (1%). In a
period of 5.25 years, 167 patients (549 minus 382; i.e. 30%) admitted to the Erasmus MC
were eligible to participate in this study. Of these 167 patients, 38 (23%) were not reported
to us during their stay at the hospital and could not be located by us after their discharge
from the hospital. Of the remaining 129 eligible participants, 14 refused to participate (11%
of 129). Finally, 115 patients from the Erasmus MC participated in the study.

Medical Center Haaglanden, location Westeinde
The total number of TBI patients admitted could not be provided. From September 2002 to
June 2004 we included two patients from The Hague.

Utrecht University Medical Center
The total number of TBI patients admitted could not be provided. From January 2003 to
June 2004 we included nine patients from Utrecht.
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Figure 1. Flow chart of response in the Rotterdam TBI study.
patients discharged to a nursing home than in those discharged to a rehabilitation center

(92% versus 66%).

Erasmus MC
total TBI population
n =549

deceased mild TBI comorbidity other area language

n=153 n=46 n =45 n=42 n==6

Erasmus MC
eligible patients
n =167

untraceable
45

refused
14

Erasmus MC MC Haaglanden|§ Utrecht UMC
participants participants participants
n=115 n=2 n=9

Total response
Finally, the total number of participants in the study was 126 (i.e. 115 + 2 + 9 patients). At

the time of discharge from hospital, 103 (82%) patients were interviewed.
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Demographics
Table 1 presents demographic data on the participating patients.

total (n=126) male (n=92) female (n=34) TBIMS>3°
age (in years)
mean + SD 340 = 131 344 + 13.0 328 + 134 36.7°8§
median 32.8 34.0 29.1
range (16.4 - 67.0) (16.4 - 67.0) (17.2 - 63.7)

N % N % N % %

marital status 126 100.0 92 100.0 34 100.0
not married 67 53.2 50 54.3 17 50.0 68.8%§
married/living together 59 46.8 42 45.7 17 50.0 31.2%§
educational level 112 100.0 80 100.0 32 100.0
primary 7 6.3 6 7.5 1 3.1
secondary 91 81.3 64 80.0 27 84.4 897"
college/university 14 12.5 10 12.5 4 12.5 10.33
work 122 100.0 88 100.0 34 100.0
fulltime 73 59.8 62 70.5 11 32.4
parttime 25 20.5 13 14.8 12 353 26%8
not 24 19.7 13 14.8 11 324 543§

Table 1. Age, marital status, educational level, and work at time of admittance.
(8) significant at p<0.05

Of all 126 patients, 73% was male; this same percentage was found in the TBIMS cohort.*
Asignificant difference in age was found; the Rotterdam TBI cohort was significantly younger
than the TBIMS cohort (34.0 versus 36.7 years). Half of the patients were married or living
together, whereas in the TBIMS cohorts significantly less patients were married. No
differences were found for level of education between the cohorts. Prior to the injury, in
the Rotterdam TBI study significantly more patients were working compared with the
TBIMS cohorts (80.3 and 56.0, respectively).




Chapter 5

Cause of injury, TBI severity, length of stay and discharge destination
Table 2 gives the cause of injury, TBI severity, number of days in the hospital, as well as
discharge destination.

total (n=126) male (n=92) female (n=34) TBIMS?3!
Cause of injury n % (*) n % (*) n % (*)
traffic 93 73.8 70 76.1 23 67.6 65.3°
falls in and around house 14 111 7 7.6 7 20.6 17.72
work 8 6.3 8 8.7 unknown/not given
sports / recreation 6 4.8 3 3.3 3 8.8 1.3%
violence 4 3.2 3 3.3 1 2.9 14.9°
other 1 0.8 1 1.1 0.8°
GCS
mean * SD 75 % 3.3 75 £ 35 75 £ 29 6.8 +£3.8%§
median 7.0 7.0 7.0
range (3 - 15) (3 - 15) (3 - 14)
TBI severity (1) n % n % n %
moderate 42 333 32 34.8 10 294 10.0%
severe 84 66.7 60 65.2 24 70.6 19.5%
mild/other/unknown 70.5%

Length of stay in days (f)

mean * SD 38.0 + 276 39.7 + 301 335 19.2 21.238
median 31.0 32.0 30.5

range (4 - 173) (4 - 173) (7 - 76)

Discharge destination n % n % n %

home 62 49.2 46 50.0 16 47.1

rehabilitation center 45 35.7 29 31.5 16 47.1

nursing home 19 15.1 17 18.5 2 5.9

Table 2. Cause of injury, GCS, TBI severity, length of stay in hospital, and discharge

destination after hospital.
(*) % of known cause, (t) moderate TBI: GCS 9-13; severe TBI: GCS 3-8, (1) length of stay in days, § significant at p<0.05

Almost 75% of the TBIs were caused by road traffic accidents, followed by accidents in and
around the house (11%). Women were more often injured as a result of a fall in and around
house compared with men (21% versus 8%). Only 3.2% of the TBIs in our cohort were caused
by violence compared with 14.9% in the TBIMS cohorts.
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A mean GCS score of 7.5 was found in the Rotterdam TBI cohort; this is significantly higher
than the known GCS score of the TBIMS cohort.*® Two times as many more severe than
moderate TBI patients were included in the Rotterdam TBI study.

Length of stay in hospital was significantly longer in the Rotterdam TBI study than in the
TBIMS cohorts (38.0 and 21.2 days, respectively).

From our cohort of 126 patients, 61 (46%) went directly and definitively home, 51 (38%)
were admitted to a rehabilitation center, and 21 (16%) patients were discharged to a nursing
home.

Functional status at the time of discharge from hospital
Table 3 gives the raw scoring of the measurement instruments administered at hospital
discharge.

Instrument (score range) (obs range) mean (SD) median
General

GOS (1 - 5) (2 - 5) 3.3 ( 0.5) 3.0

DRS* (0 - 30) (0 - 23 6.1§ (3.5) 5.0

Physical

BI (0 - 20) (0 - 20) 15.8 (6.1) 19.0
FIM* (18 - 126) (18 - 126) 101.5§ (26.3) 1115
Cognitive

LCFST (1 - 8) (2 - 8) 7.0§ (1.4) 8.0

FAM (12 - 84) (12 - 84) 62.4 (15.1) 66.0

NRS (0 - 162) (0 - 84 17.6 (17.4) 12.0

Table 3. Raw scores on the measurement instruments at hospital discharge.
(t) tested against TBIMS cohort at p<0.05, (§) significant at p<0.05

DRS, FIM, and LCFS of the hospital-based cohort (6.1, 101.5, and 7.0, respectively) were
tested against available data from the TBIMS cohort® (12, 57.5, and 5.2, respectively).
Hence, general, physical, and cognitive functioning was significantly better in the Rotterdam
TBI cohort at the time of discharge from the acute care hospital.

Table 4 presents prevalence data on general, physical and cognitive limitations.

A significant difference in gender was found for the prevalence of general limitations. The
prevalence of physical limitations differed for TBI severity and discharge destination. The
severe TBI patients were significantly more limited compared with the moderate TBI
patients. For the cognitive limitations, again, a difference in gender and a difference in
discharge destination were found. Of the men, 49% were at least moderately injured
compared with 21% of the women.




Chapter 5

S0°0>d 1e Jueayiudis (§)

payWI| = SYN + S4D7 + INV4 = 2J9A3S ‘SJUBWINIISUI JUSWSINSEIW 7 UO PAYWI| = 9}BJIPOW ‘paiwl| = SYN 40 S4D7 40 A4 = p|IW ‘paNwWI| 10U = SYN + S4D7T + IANV4 = 30U ‘DARIUS0D (4)
payWI| = Al + |9 = 949A3S ‘paYIWI| = NI 40 |g = 91EJOPOW ‘PAUWI| 10U = |A|4 + I = 10U {|edisAyd (1)

pajwi| = SYQ PUB SOD = 2IAASS ‘PAWI| = SYJ 10 SOO = SILIIPOW ‘PAYWI| J0U = SYJ + SOD =10U |esauads ()

‘uopeunsap wmhmcuﬂ_u pue \>u_‘_w>wm

|91 ‘@8e Jspuad Aq |endsoy ayl wouy 984eydsip Jo sawn e uluonduny aAnIuS0d pue ‘|eaisAyd ‘|edauad ul suonelwl| JO S9dUd|eAdld ‘b d]qeL

L'SE 0'0s €Vl 00 €9 9'8¢ L 6C6 TL 00 awoy suisinu
0'0¢ TLE €ve 98 0°09 6C TLE T'L6 6°C 00 J31u3d uoneyjiqeyal
€S 8'sT §v°07 §9'8¢ §8'8 §9°LT §L€L L'v6 €S 00 awoy

uopeuysap agieyasiq

6'/T €Te 6'6¢ 6°0¢ 8y 0’6 €97 S'S6 Sy 00 9J9N3S
L'L S0¢ 9'EY '8¢ §8°CT T'ee T'v9 676 s 00 ojelapow
Auanas 191

9'LT S'9¢ Ty 8'8 [any 9'LT [any L6 8'C 00 siedh o <
ST 8'LC (44 9'0¢ '6C ST €89 €6 L'S 00 sieah op >
a8y

L0T L0T £°09 6LT L'SE 7'1e 6'Ch 0°00T 00 00 dlewa}
§¥'ST §E'€E 9'S¢ §9°GC Tce ST1 7’98 §9'€6 7’9 00 olew
J3puan

[a) v'Le 6'vE 9'€¢ 0'€e [ 8¢S €96 L'y 00 |ejoL

9J19A3S 91eJapo! plw 9J19A3S 2leldapow 9J9A3S o2leldapow

(1) @An1u80d ) |eaisAyd (%) |esoua8




Selection bias in research on rehabilitation after moderate or severe TBI

Discussion

Rehabilitation research on TBI usually includes only a selection of the TBI patients, i.e. the
TBI patients admitted for inpatient rehabilitation treatment. In the Rotterdam TBI study,
however, we included all moderate and severe TBI patients admitted to an acute care
hospital with a regional neurotrauma unit. In the present study, we questioned whether
this hospital-based cohort of TBI patients is different from the TBIMS cohorts with regard
to demographics, injury-related characteristics and level of functional status.

The total number of participants available to be studied in our hospital-based cohort was
126. Gender distribution was the same for both cohorts.® The hospital-based cohort was
significantly younger compared with the TBIMS cohorts; it consists of all patients aged 18
to 65 years, whereas the TBIMS cohorts include all patients aged over 16 years. Significantly
more patients were married and working pre-injury in the Rotterdam TBI cohort. Because
the TBIMS cohorts also include retired patients (i.e. all patients aged over 16 years), the
lower percentage of persons working pre-injury among the TBIMS participants is not
surprising. No differences were found for level of education between the cohorts.

The TBIMS and hospital-based cohort differ regarding cause of injury. In the TBIMS, in 58%
of the cases the injury resulted from road traffic accidents, 18% resulted from a fall, and
15% was caused by violence,® whereas in the Rotterdam TBI study only 3% of the causes is
attributed to violence. These results are, however, in accordance with the European
literature; almost 75% of the injuries are reported to be caused by road traffic accidents.* A
significant difference was found for GCS score; a lower mean GCS score was found for the
TBIMS compared with the Rotterdam TBI study (6.8 and 7.5, respectively). Classifying TBI
patients according to their GCS score into moderate or severe and thereafter comparing
them, was not possible due to the large numbers in the category of mild severities, other,
or unknown scores (i.e. 70.5%).

In this hospital-based study a mean length of stay (LOS) of 38 days (SD 27.6) was found. This
is a significantly higher LOS compared with the 21.2 days which was found for the TBIMS
studies.? Very few studies have provided information on LOS in hospital,* and comparing
our results with earlier studies is difficult for a number of reasons. First, the inclusion criteria
are different and a mild TBI will of course entail a shorter LOS. When compared with the
European studies providing LOS data* we included more severe TBI patients. Probably most
important, however, are the differences in health care systems that have an important
effect on LOS. For instance, LOS was significantly higher for patients discharged to an
institution than for those patients who were discharged home. Besides the fact that the
more severely injured patients need more time to become medically stable, another
explanation may be that the institution, to which the patient is referred, has a waiting list.
Because relatively few beds are available in rehabilitation centers and nursing homes, a
patient may need to stay in the hospital (i.e. in the ‘wrong’ bed) until a bed is available at
the appropriate institution.

The data derived from the functional measurement instruments differ significantly between
the inpatient rehabilitation cohorts and our cohort, with better functioning in our hospital-
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based cohort. Unfortunately, because of differences in health care system and study design,
the significant differences are probably not clinically significant. In the TBIMS studies the
first assessment took place at 22 days post-injury, whilst in our study this was 53 days post-
injury. In the TBIMS studies the first assessment took place when being admitted to the
inpatient rehabilitation ward. In the Rotterdam TBI study, the first assessment took place
when being discharged from the neurological or neurosurgical ward; i.e. when discharged
home, discharged to a rehabilitation center, or discharged to a nursing home. As a result,
the first assessment was 31 days later than that in the TBIMS studies. In future TBI research
standard assessment in both groups, at for example 20 days post-trauma, will provide more
insight on this subject.

General, physical, and cognitive status was constructed from dichotomized measurement
instruments. As was expected, most limitations were mentioned by the patients discharged
to a rehabilitation center or nursing home. However, these data also show that about 25%
of the patients discharged home were physically limited and over 60% were cognitively
limited (ranging from mild to severe). No differences were found for general status; almost
all were generally limited.

Severe TBI patients were significantly more physically limited compared to the moderate
TBI patients. As expected, significant differences were found on physical limitations when
considering discharge destination. Patients discharged to a rehabilitation center or nursing
home had the highest prevalence of being severely limited; however, even for those
discharged home a prevalence of 8.8 was calculated.

For the cognitive limitations a gender difference and a difference in discharge destination
was found. Of the men, 49% were at least moderately injured while for the women this
figure was 21%. Again, as expected, the persons discharged home experienced less cognitive
limitations compared with the patients discharged to a rehabilitation center or nursing
home.

Limitations of the study

One limitation of the study is the small sample size (n=126). The greatest limitation, however,
is the difficulty in comparing cohorts recruited from different countries. Social and cultural
differences may be responsible for differences between the cohorts; for example, the
differences in health care system might explain the prolonged LOS in the Netherlands. In
both study designs, the first assessment took place at the time of discharge from acute
care. Therefore, assessment in the Rotterdam TBI study was 31 days later than in the TBIMS
study. Assessment at a standard time (i.e. 20 days post-trauma) may overcome this problem
and will allow a more valid comparison of functional status between the cohorts. The
difference found between the cohorts for violence-related injury may also be considered as
a social or cultural difference, rather than resulting from different inclusion criteria.
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Conclusion

The results from this hospital-based cohort indicated that almost half of the moderate or
severe TBI population (e.g. 46%) is discharged home, and will not be taken into account in
the usual prognostic studies on TBI in rehabilitation medicine. The cohort described here is
different from inpatient rehabilitation cohorts with respect to age, marital and working
status pre-injury, percentage of violence-related TBIs, mean GCS score, length of stay, and
level of functional status. Studies which include only those patients that are in an inpatient
rehabilitation setting, suffer from a selection bias.
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Abstract

Purpose: To determine which basic and functional status characteristics of patients with a
moderate or severe traumatic brain injury (TBI) are associated with discharge destination.
Method: Cross-sectional study among TBI patients TBI. The study included 111 patients
aged 16-67 years with a moderate to severe TBI [Glasgow Coma Scale (GCS) score 3-14].
Functional outcome was assessed with Barthel Index (BI), Functional Independence
Measurement (FIM), Level of Cognitive Functioning Scale (LCFS), Functional Assessment
Measurement (FAM), Supervision Rating Scale (SRS), and Neurobehavioural Rating Scale
(NRS). Patients were interviewed at the time of being discharged from hospital. Outcome
variable was discharge destination; 1) home versus institution, and 2) rehabilitation center
versus nursing home.

Results: Gender, age and length of stay were not associated with discharge destination. TBI
severity, physical status, level of arousal and cognitive status were univariately associated.
Multivariate analyses, however, showed that the risk of being admitted to an institution
was significantly higher for those with severe TBI (adjusted OR = 14), and/or lowered
cognitive status at the time of discharge from hospital (adjusted OR = 12).

Conclusions: Discharge destination is associated with TBI-severity at admittance to the
hospital and cognitive status at discharge from the hospital.




Cognitive status at discharge from the hospital determines discharge destination in TBI patients

Introduction

Patients experiencing a moderate to severe traumatic brain injury (TBI) are admitted to a
hospital, and preferably to an intensive care unit of a hospital specialized in the care of
these patients. If the patient survives, additional rehabilitation or nursing care is often
required. The discharge destination after hospital admission is a major issue for patients
and their relatives.

In the Netherlands it is common practice that a rehabilitation specialist is consulted to
determine discharge destination after hospital discharge. After a TBI spontaneous recovery
to pre-traumatic level of functioning does occur but, especially in the more severe cases, a
complex array of long-term sequelae may persist. All areas of life can be affected by a TBI,
resulting in various cognitive, social, behavioural, emotional, and/or physical problems. The
set of relevant domains is large and there is no direct relation between neurological
impairments and long-term limitations or restrictions.! Nevertheless, the rehabilitation
specialistis asked to make a prognosis for the sub-acute phase (that is discharge destination),
and preferably also for the chronic phase (for example, adjustments needed for one’s job).
In the population of patients sustaining a stroke, decision rules regarding discharge
destination are established.? A patient is discharged home when the functional status is at
a level at which he can function safely in daily activities, with or without help, and, if needed,
is able to attend to outpatient rehabilitation. Discharge from hospital to inpatient
rehabilitation is indicated when the patient is not yet able to live at home and/or to attend
outpatient rehabilitation, but returning home is expected to be possible after some weeks
of additional rehabilitation care. For referral to inpatient rehabilitation the patient needs
an adequate cognition and physical condition to participate in therapy.® However, well-
accepted algorithms to determine “adequate cognition and physical condition” do not
exist.* When the patient is not expected to increase the functional status to such a level
that he can live at home, discharge to a nursing home is indicated.?

A first step in determining ‘adequate cognition and physical condition’ is to measure the
cognition and physical condition at the time of being discharged from the hospital, and
then relate it to the actual discharge destination. This may provide the rehabilitation
specialist with a tool in order to make his decision-making more transparent, and based on
numbers and/or figures. More transparency will be better for a variety of reasons.
Surprisingly, only few studies were found in the literature examining discharge destination
of persons with TBI.>® To our knowledge, in the Netherlands no study exists on this subject.
But with the prospective payment system for rehabilitation medicine starting soon it is
important to create more transparency.

The Rotterdam TBI study is a prospective follow-up study on the determinants of functional
outcome of adult patients sustaining a TBI. In earlier reports we presented the rationale
and reliability of the measurement instruments of functional status used in this study.?’

In this report, we present the association between functional status at discharge from
hospital and discharge destination. We hypothesized that the three destination groups (i.e.
home, rehabilitation center, and nursing home) can be distinguished according to their
scores on functional outcome.
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Patients and methods

The Rotterdam TBI study
The Rotterdam TBI study is a prospective follow-up study on the determinants of functional
outcome of adult patients sustaining a TBI”. The Rotterdam TBI study focuses on moderate
and severe TBI. Patients are followed-up from admission at the emergency department up
to three years post-injury.

Recruitment

This study was approved by the hospital’s Medical Ethical Committee, and written informed
consent was obtained from all patients either directly or by legal proxy. The study’s
psychologist (BvB) recruited the patients. Most were capable to give informed consent
themselves, whereas some had to be recruited by asking the legal proxy for informed
consent.

Population

The study population constists of all adult consecutive patients with a moderate or severe
TBI, admitted to the Erasmus MC Rotterdam (January 1999 - March 2004).

Exclusion criteria were: (1) insufficient knowledge of Dutch or English language to participate
in the study; (2) serious (pre-traumatic) co-morbidity which may interfere with the
assessment of TBI-related disability.

Demographic variables

Age was assessed in years. Marital status was scored as never married, married, living
together, divorced, or widowed. Level of education had three categories; ranging from
primary school to university. Work status was scored as not having a job, having a part-time
job, or a full-time job.

Severity of TBI

TBI was defined as the result of an external mechanical force causing damage to brain
tissue. The worst Glasgow Coma Scale (GCS) score, administered in the first 24 hours after
trauma, was used for categorization. Patients are classified as having a severe TBI when
their GCS-score on admittance to the hospital is 3 to 8. Moderate TBI is defined as a GCS-
score of 9-13.8%° Furthermore patients with a GCS-score 14 or 15 and mass lesion on the
head CT-scan were also classified as having a moderate TBI.1!

Length of stay
Length of stay at the hospital was assessed in days.

Comorbidity

Comorbidity as a consequence of the trauma (i.e. cardiovascular, locomotor, nervous
senses, internal, psychiatric or other) was recorded at the time of trauma, during hospital
stay, and at time of discharge from hospital.
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Functional outcome measurement instruments

Various valid and reliable measurement instruments of functional outcome are available
for different time points after a TBI. A detailed description of the measurement instruments
and their pros and cons is given elsewhere.” For this study the following measurement
instruments were used.

Physical functioning

Barthel Index (BI). The Bl is an index of daily living, registering the actual performance of a
patient.!? It measures self-care, mobility skills and indicates the amount of care required.
The score ranges from 0 to 20.

Functional Independence Measurement (FIM). The FIM measures changes in functional
status. This 18-item ordinal scale includes: self-care, sphincter control, mobility, locomotion,
communication, and social cognition.!®* The score ranges from 18 to 126.

Cognitive functioning

Rancho Los Amigos Level of Cognitive Functioning Scale (LCFS). The LCFS gives a description
of the eight stages of cognitive functioning through which brain injured patients typically
progress in hospital and acute rehabilitative care. The scale ranges from 1 to 8.141°
Functional Assessment Measurement (FAM). The psychosocial and cognitive disabilities,
common in TBI have led to the FAM (which is an extension of the FIM). The 12 FAM items
are swallowing, car transfer, community access, reading, writing, speech intelligibility,
emotional status, adjustment to limitations, employability, orientation, attention, and
safety judgment.'® The score ranges from 12 to 84.

Supervision Rating Scale (SRS). The SRS measures the level of supervision that a patient
receives from the caregivers. The SRS rates levels of supervision on a 13-point ordinal scale
that can optionally be grouped into five ranked categories, i.e. independent, overnight
supervision, part-time supervision, full-time supervision, and full-time direct supervision.”
Neurobehavioural Rating Scale (NRS). This 27-item scale measures common behavioural
and psychiatric symptoms after TBI. Examples of these symptoms are inattention/reduced
alertness, somatic concern, disorientation, anxiety, conceptual disorganization, agitation,
and motor retardation. The score ranges from 0 to 162.*

Data analysis

First, the distribution of discharge destination by gender, age, and initial severity of the TBI
was investigated.

Second, the prevalence of limitations in activity was estimated by gender, age, initial
severity, and discharge destination. For this purpose the total scores of the various outcome
measurements were dichotomized. The Bl score was dichotomized into 19/20 (‘not
physically limited’) and <19 (‘physically limited’).® The FIM score into =108 (‘not limited in
activities’) and <108 (‘limited in activities’; another person is needed).?° The LCFS score
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into 8 (‘not limited’; alert and oriented, aware and responsive to environment) and <8
(‘limited’; from coma to automatic responding).?* The FAM score into 272 (‘not limited’) and
<72 (‘limited’).?° The ranked categories (1-5) of the SRS were dichotomized into 1 (‘not
limited’; no supervision is required) and >1 (‘limited’; supervision is required).?’ The NRS
score was dichotomized into <28 (‘not cognitively limited’) and 228 (‘cognitively limited’).
Univariate odds ratios of discharge destination were calculated for demographic variables,
comorbidities, severity of TBI (GCS score) and the various outcome measurement
instruments (BI, FIM, LCFS, FAM, SRS, and NRS). Discharge destination was dichotomized
into 0= home, and 1= institution (rehabilitation center or nursing home). The demographic
variables were dichotomized as follows: gender; men= 0, women= 1, age; < 40=0, > 40=1.
Work status was dichotomized into no job= 0, and having a job = 1. Marital status was
dichotomized as living alone= 0 and living together= 1. Level of education was dichotomized
into high (bachelor’s or master’s degree) score = 1, or low (=0). The median length of stay
was 31 days; a score < 31 was considered as a short stay=0, while a score > 31 was considered
as a long stay=1. Comorbidity was dichotomized into no comorbidity = 0 and comorbidity =
1. The GCS score was dichotomized into moderate= 0 and severe= 1. The outcome
measurement instruments were dichotomized as described above.

To determine which variables are independently associated with discharge destination, the
adjusted odds of discharge destination were calculated in a multivariate logistic regression
model. The variables that were significantly associated with discharge destination in the
univariate analyses were used in a backward multivariate logistic regression model of
discharge destination. The backward removal criterion was F > 0.05.

Results

Basic characteristics of the study group
The Rotterdam TBI study recruited 111 patients. The main characteristics of the study
population are given in table 1.

There were 82 (74%) men and 29 (26%) women. The age at time of injury ranged from 16.4
to 66.2 years; mean 34.0 years (SD 12.5).

The GCSscores ranged from 3 to 14; 35% of the patients were classified as having a moderate
TBI and 65% as having a severe TBI. The distribution of TBI severity was not significantly
different for gender and age.

The length of stay at the hospital ranged from 4 to 173 days. Again, no significant differences
were found for gender and age.
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Age (in years)

range

mean (SD)

median [IR]

Length of stay (in days)
range

mean (SD)

median [IR]
Severity

moderate

severe

Marital status
never married
married

living together
divorced

Residence

alone

with parents

with partner

with partner and children
with children

with others
Educational level
primary

secondary
college/university
unknown

Work, time

not

part-time

full-time

unknown

Discharge destination
home

rehabilitation center

nursing home

total (n=111)

16.4-66.2
34.0 (12.5)
33.9[22.2-43.1]

4-173
38.1(27.8)
31.0[18.0-51.0]
n %
39 35.1
72 64.9
51 46
45 41
10 9

5 5
15 14
35 32
20 18
35 32

7 6
81 72
11 10
12 11
22 20
22 20
65 59

2 2
57 51.4
38 34.2
16 14.4

men (n=82)

16.4-66.2
34.3(12.3)
34.3[23.0-43.2)

4-173

40.9 (29.3)
35.0[20.5-54.2]
n %

3 36.6
52 63.4
40 49
33 40

6

3 4
14 17
25 31
13 16
27 33

3 4

6 7
59 72

7 9
10 12
13 16
12 15
55 67

2 2
41 50.0
26 31.7
15 18.3

women (n=29)

17.2-63.7
33.1(13.3)
30.7 [20.2-42.8]

8-91

30.2 (21.4)
22.0[16.0-34.5]
n %

9 31.0
20 69.0
11 38
12 41

14
7

1 3
10 34

7 24

8 28

2 7

1 3

1 3
22 76

14
7

9 31
10 34
10 34
16 55.2
12 41.4

1 3.4

Table 1. Demographic variables of the Rotterdam TBI population.
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Discharge destination after hospital
Fifty-seven patients (51.4%) were discharged home, 38 patients (34.2%) were discharged to
a rehabilitation center, and 16 patients (14.4%) to a nursing home.

home RC NH
n % n % n %

Total 57 51.4 38 34.2 16 14.4
Gender

male 50.0 31.7 18.3
female 55.2 414 34
age (in years)

<40 50.7 34.7 14.7
> 40 52.8 3.3 13.9
severity

moderate 76.9* 12.8* 10.3
severe 37.5 45.8 16.7

Table 2. Prevalence (%) of discharge destination by gender, age, and TBI severity.

RC= rehabilitation center, NH= nursing home * p<0.05

Of all male and of all female patients, 51% were discharged home. The gender distribution
within each discharge destination was skewed only for those who were discharged to a
nursing home; more men than women were admitted to a nursing home. The difference,
however, was not significant (p=0.054).

Of the patients aged less than 40 and older than 40 years 50% were discharged home.
There were no significant differences in age distribution within the discharge destinations.
Almost 77% of the patients with a moderate TBI were discharged home, while 62.5% of the
severe TBI patients were discharged to an institution. In the group of patients who were
discharged home, there were significantly more moderate than severe TBI patients, whilst
the rehabilitation center group comprised significantly more severe TBI patients than
moderate TBI patients. No significant differences in TBI severity were found in the nursing
home group.
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Functional status at discharge from hospital
The prevalence for limitations in daily activities at the time of discharge from hospital is
given in table 3 according to gender, age, initial severity, and discharge destination.

total gender age (in years) TBI severity discharge destination

male female <40 >40 moderate  severe home institution

RC NH

physical functioning

Bl 42.4 39.2 52.0 38.8 50.0 324 48.4 24 1¥* %S 57.6 83.3

FIM 36.4 324 48.0 328 43.8 18.9%** 46.8 13.0%***S  60.6 75.0

cognitive functioning

LCFS 46.9 53.4* 28.0 478 45.2 32.4% 55.7 25.9%***S  65.6%#  91.7
FAM 68.0 63.9 80.0 9.1%** 87.1 69.4 67.2 52.8*%***s 844 91.7
SRS 67.1 63.5 78.9 60.0* 81.5 57.6 73.5 45.5%***5 889 100.0
NRS 20.0 23.8 9.1 17.2 25.9 13.3 23.6 8.5%*$ 30.0 50.0

Table 3. Prevalence (%) of limitations in activities by gender, age, TBI severity, and discharge
destination.
(S)home compared with institution (RC and NH). (#) rehabilitation center compared with nursing home

* p<0.05, ** p<0.01, *** p<0.005, **** p<0.001

Physical limitations were present in 42% (assessed with BI) and 36% (assessed with FIM) of
the total patient group. Gender and age were not associated with physical limitations.
There were significantly more patients with a severe TBI who were limited according to the
FIM; 19% of the moderate TBI patients were physically limited compared with 47% of the
severe TBI patients. Significantly fewer patients with a physical limitation were discharged
home.

The level of arousal, as assessed by the LCFS, was significantly different between men and
women. Among the male participants 53% had a lowered level of arousal, while only 28%
of the female participants had a lowered level of arousal. Fewer patients with a moderate
TBI are cognitively limited (32%) than those with a severe TBI (56%). Significantly more
patients with a lowered level of arousal were discharged to an institution; within the group
discharged to an institution this cognitive limitation is significantly more frequent in the
patients discharged to a nursing home than in those discharged to a rehabilitation center
(92% versus 66%).
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Higher cognitive functioning, as assessed with the FAM, differed significantly between the
age categories. Of the patients younger than 40 years 59% is cognitively limited, whereas
87% of the patients being 40 years or older was classified as cognitively limited. Again, the
prevalence of cognitive limitations was significantly lower in patients discharged home.
The need for supervision, as assessed by the SRS, is significantly higher when a patient is 40
years or older (82%) as opposed to when he or she is younger than 40 years (60%);
significantly more patients needing supervision are discharged to an institution.

Gender, age, and TBI severity were not associated with neurobehavioural disturbances as
measured with the NRS. In the group of patients discharged to an institution the prevalence
of disturbances was significantly higher than in the group that was discharged home.

Table 4 shows odds ratios of the basic characteristics and functional status for discharge
destination (i.e. home versus institution). The first column gives the univariate odds ratios
of the various variables. For the basic characteristics, the odds ratios were not significant.
However, patients discharged to an institution had significantly lower GCS scores, and were
more physically and cognitively limited than patients discharged home.

The last column of table 4 shows the significant multivariate odds ratios. Only the variables
that were univariately significantly associated were entered in the backward multivariate
analyses. The GCS score and cognitive status were independently significantly associated
with discharge destination. Patients with a moderate TBI were 14 times more likely to be
discharged home than those classified with a severe TBI. Patients with cognitive limitations
(i.e. FAM score < 72 or NRS score <28) were 12 times more likely to be discharged to an
institution.

In order to understand the differences between those who were discharged to a
rehabilitation center and those discharged to a nursing home, the analyses were re-run but
then with destination being rehabilitation center as opposed to nursing home. The odds
ratios for the basic characteristics and functional status at the time of being discharged
were not significant.
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univariate multivariate

95%Cl 95%Cl

basic characteristics

gender 0.8 [0.3 - 1.9]
age category 1.1 [0.5 - 24]
work status 2.3 [09 - 6.2]
marital status 1.4 [0.7 - 2.9]
level of education 2.0 [0.7 - 6.1]
length of stay in days 0.7 [0.3 - 1.5]
comorbidity

at time of injury 0.8 [0.5 - 1.4]
during hospital stay 1.0 [0.8 - 1.4]
at discharge from hospital 1.1 [09 - 14

measurement instruments

GCS 5.6 23 - 13.5] 13.9 29 - 587]
BI 5.7 2.4 - 13.7]
LCFS 76 B1 - 187
FIM 12.2 4.5 - 33.1]
FAM 5.7 2.0 - 15.6] 11.9 2.7 - 520]
SRS 14.0 37 - 524]
NRS 5.6 1.6 - 19.0] 11.9 [1.6 - 89.4]

Table 4. Odds ratios for discharge destination home versus institution.
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Discussion

The present study investigated the association between functional status at discharge from
the hospital and discharge destination. We hypothesized that three destination groups (i.e.
home, rehabilitation center, and nursing home) could be distinguished according to their
scores on functional outcome.

Discharge destination was significantly associated with severity of TBl and level of cognitive
functioning at discharge from the hospital. Gender, age, length of stay and physical
functioning were not independently associated with discharge destination, which is in
contrast with the results known from other studies, where age was associated with
discharge destination.>® More specific, a higher percentage of elderly patients (i.e 60-99
years) went to inpatient rehabilitation or to long term care facilities. In our study patients
over 66 years were not included, which may be the explanation of not finding an age-effect.
Discharge home was also found to be less probable for mild TBI patients with positive
cerebral imaging.® In our study, only mild TBI patients with positive cerebral imaging were
included.

Selection and information bias is a risk in all studies. By recruiting all consecutive patients
from the academic hospital, the Erasmus MC, we believe to have avoided the risk of
recruitment selection. We are reassured by the fact that the basic characteristics of the
present cohortis in accordance with other published TBI populations. Itis a relatively young
group (68% is younger than 40 years; mean age is 34.0 SD 12.5) and there is an
overrepresentation of men (men: women is 2.8:1). Information bias is also not likely to have
been occurred because all data were assessed using validated questionnaires in a
standardized interview setting.

The GCS score is strongly associated with acute morbidity and mortality, but less strongly
with long-term functional outcome. Because of this low association with long-term
functional outcome, the use of GCS scores in rehabilitation medicine is still under debate.?*
However, in this study we looked at the subacute phase and, again, for this relatively early
phase it seems to be an adequate instrument since it is significantly associated with the
discharge destination.

Physical and cognitive status at the time of being discharged from hospital is univariately
associated with discharge destination. Patients discharged home are significantly less
limited than those discharged to a rehabilitation center or nursing home. However, the
multivariate analysis, in which the association between the independent variables was
accounted for, revealed that only TBI severity and cognitive status were associated with
discharge destination.

Furthermore, the patients discharged to a nursing home seem more likely to be cognitively
impaired than those who attend a rehabilitation center. The nursing home group is, however,
small (n=16) and therefore no firm conclusions should be drawn. Despite the small numbers
in the nursing home group, the results for this subgroup are valuable as they confirm our
common sense; i.e. patients with a lowered level of arousal are more likely to be discharged
to a nursing home.
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Conclusion

In TBI patients the initial severity according to the worst GCS score in the first 24 hours after
the trauma and the cognitive status at the time of being discharged from the hospital are
significantly associated with the patient either being discharged home or admitted to an
institution. The physical status of the TBI patient is not associated with discharge destination.
There is an indication that the group discharged to an institution can be subdivided into a
rehabilitation center group and a nursing home group; with the patients discharged to a
nursing home being more cognitively limited. Further research in larger studies (with more
patients in the nursing home group) is needed to substantiate the association.
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Abstract

Purpose: To examine whether the caregivers’ coping style is associated with the functional
outcome of the traumatic brain injury (TBI) patient one year post-injury.

Method: A cross sectional study among patients with a TBI, including their primary
caregivers. The study included 51 patients aged 17-64 years with a moderate to severe TBI,
and 51 caregivers (23 parents and 28 partners) aged 23-67 years. The coping preferences of
the caregivers were assessed at minimum 6 and maximum 12 months post-injury, by filling
out the Utrecht Coping List (UCL) and were related to limitations in activity, as measured
with the Frenchay Activities Index and with restrictions in participation as measured with
the Sickness Impact Profile-68 of TBI patients one year post-injury. The patients were
interviewed at their homes; the caregivers received and returned the UCL by mail.
Results: The patients’ age and the caregivers’ coping style are independently associated
with restrictions in participation one year post-injury.

Conclusions: A passive coping style of the primary caregiver is negatively associated with
the patient’s functional outcome in terms of participation in society.
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Introduction

In the Netherlands the annual incidence of severe traumatic brain injury (TBI) is estimated
at 79 per 10,000 inhabitants. Whilst this incidence is much lower compared to other causes
of brain injury such as stroke, the long-term effects in terms of limitations in activity and
restrictions in participation are often much higher. In contrast with the stroke population,
TBI affects younger age groups with a longer life expectancy and therefore the socio-
economic costs will consequently be higher.!

TBI not only affects the person who sustains the injury, but also has a large impact on the
entire family system of the subject as well.>* Caregivers report substantial perceived stress
orinjury-related burden, which increases during the first year and may persist up to 7 years
post-injury.®> Family functioning, and the support the family offers to the patient, is an
important key to success in rehabilitation.® The family supports the patient to cope with the
stressful realities ensuing from chronic physical, cognitive, emotional, and behavioural
problems.” It is well-known that the caregivers’ coping styles and perceptions of social
support are more predictive of their emotional distress than the injury severity or disability
level of the person that they take care of >

To our knowledge no studies exist that examine the association of the caregivers’ coping
style and the functional outcome in terms of level of activity and/or level of participation of
the adult TBI patient. The present study therefore investigated whether the coping style of
a caregiver can be of influence on the functional outcome of the patient.

Coping is defined as the cognitive, emotional, and social behavioural response of a person
toanadjustment-demanding situation. Coping strategies are not considered to be invariable,
but are the preference of a person for certain combinations of coping behaviours used in
different situations: i.e. the coping style.*

We hypothesized that patient characteristics as well as caregiver characteristics may be
associated with the functional outcome of the patient: the type of caregiver (i.e. being a
partner or a parent), and the preferred coping style of the caregiver.

Population and methods

Population

The population for the present cross-sectional study is a sample of the first 51 consecutive
patients with a primary caregiver, drafted from the 125 patients that were included in the
longitudinal Rotterdam TBI study.! The Rotterdam TBI study is a prospective follow-up study
in which patients are followed up to three years post-injury. The patients were recruited
from January 1999 to June 2004 from either the neurosurgery intensive care unit of the
Erasmus MC in Rotterdam (January 1999 till March 2004), the intensive care unit of the
Medical Center Haaglanden location Westeinde in The Hague (September 2002 to June
2004), or the neurosurgery unit of the Utrecht University Medical Center in Utrecht (January
2003 to June 2004). All participating hospitals are level-one trauma centres with protocol-
guided acute care facilities, including intracranial pressure monitoring.
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Inclusion criteria were: (1) admittance in hospital for moderate or severe TBI due to a blunt
or penetrating trauma. A moderate TBI is defined as having a Glasgow Coma Scale (GCS)
score of 9-13 (13 with visible brain damage on CT-scan), and a severe TBI is defined as
having a GCS score of 3-8;'2 (2) age at time of injury between 18 and 65 years; (3) having a
primary caregiver. Exclusion criteria were: (1) insufficient knowledge of Dutch or English
language to participate in the study; (2) serious (pre-traumatic) co-morbidity which may
interfere with the assessment of TBI-related disability.

This study was approved by the hospital’s medical ethical committee. Primary caregivers
were invited to participate by the researcher (BvB) and were given written and oral
information. The caregivers signed an informed consent before participating in the study. A
total of 51 caregivers participated in the study, i.e. 28 partners and 23 parents.

Methods

Dependent variables

Frenchay Activities Index (FAI)

The FAl measures activities that reflect a higher level of independence and social survival.'
It consists of 15 items measuring complex activities in categories of household, recreation,
transportation, and work. The items deal with activities that require some decision making
and organizing on the part of the patient both in the home and outside. The FAIl scoring is
based on the frequency with which an activity has been performed in the preceding 3 or 6
months and ranges from 0 (inactive) to 45 (highly active).® Data were collected by
interviewing the patient. The mean pre-morbid FAl score of all 125 patients in the Rotterdam
TBI study was 29. This is comparable with FAIl scores found in the general population which
range from 26 to 28.>'7 We dichotomized our data according to the mean pre-morbid score
of 29. A FAl score > 29 was considered as not limited in activities.

Sickness Impact Profile 68 (SIP-68)

The SIP-688 is a shortened version of the original Sickness Impact Profile (SIP) of 136 items.
The SIP is a multidimensional general health status instrument, which measures perceived
changes in behaviour judged by the patient as the consequence of being sick.'® The SIP-68
was developed in order to get a more concise yet reliable measurement instrument. It
contains 68 items which are divided over six subscales: somatic autonomy, mobility control,
psychological autonomy and communication, social behaviour, emotional stability, and
mobility range that proved to be valid and reliable.! The SIP68 totalscore was used as a
measure of level of participation in society. To dichotomize the SIP-68 we used the median
score.? In our study the median score at 12 months was 9, and therefore a SIP-68 score <9
was considered as not being restricted in participation, whereas a score 29 was considered
as being restricted.
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Independent variables

Patient characteristics

Patient characteristics included gender, age (younger/older than 40 years), TBI severity,*
and level of education. Level of education was dichotomised into high (bachelor’s or
master’s degree = 1) or low (=0).

Patient’s physical status at one year was assessed with Barthel Index (Bl) and dichotomised
into not limited (Bl 19-20) or limited (Bl <19). Patient’s cognitive status at one year was
assessed with Rancho Level of Cognitive Functioning Scale (LCFS) and dichotomised into not
limited (LCFS=8) or limited (LCFS <8).

Caregiver characteristics

Primary caregivers were defined as the persons taking the primary responsibility for the
care of the patients after discharge. With respect to caregiver type, we distinguished
parents and partners.

Coping style is defined as the preference of a person to respond in a certain way to different
situations.! The coping style of the caregiver was assessed at minimum 6 and maximum 12
months after injury with the Utrecht Coping List (UCL). The UCL is a Dutch coping
questionnaire with well-documented validity and reliability.*>?2 It consists of 49 items, with
7 subscales: the Palliative score (Pal), representing seeking distraction (e.g. trying to relax,
going out, decreasing pressure by smoking and/or drinking); the Expressive score (Exp),
representing expressing emotions (e.g. showing anger and letting off steam); the Social
support score (Soc), representing seeking social support (e.g. asking for help and sharing
worries with someone); the Avoidance score (Avo), representing avoiding (e.g. let things
take their course and waiting to see which way the wind blows); the Reassurance score
(Rea), representing fostering reassuring thoughts (e.g. encouraging oneself, telling oneself
everything will be alright); the Passive score (Pas), representing passive coping (e.g. isolating
oneself from others, worrying about the past, and taking refuge in fantasies); and finally the
Active score (Act), representing active coping (e.g. tackling a problem at once, seeing
problems as a challenge, and remaining calm in difficult situations). Caregivers were asked
to score on a four-point scale how often they made use of certain coping behaviours
(‘seldom or never/ sometimes/ often/ very often’).

Data analysis

First, we estimated the mean scores for FAl and SIP-68 for the patients by gender, severity
of injury (moderate or severe), and for age category (below and above 40 years) and were
tested on their differences. Second, we estimated the prevalence of limitations in activity
and restrictions in participation. Scores for the UCL-subscales were estimated by gender.

Univariate logistic regression analyses were carried out for all independent variables, i.e.
education, gender, age-category, severity of injury (GCS score), physical (Bl score) and
cognitive (LCFS score) status of the patient, and UCL scores on all 7 scales, and age, gender,
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and type of caregiver (parent or partner).

The independent variables significantly associated with the dependent variable were
introduced in a stepwise logistic regression at a 0.05 level. Backward elimination was used
to keep the variable in the model.

Results

Table 1 presents some basic characteristics of the patients and their primary caregivers.
Although the inclusion criterion for age was set at 18 to 65 years, here the observed range
was 17 to 64 years of age. Within the patient-group there were as many children as partners.
There were more patients with a low education than with a high education (78% versus
14%). According to our definition of physically and cognitively limited only 12% of the
patients were physically limited and only 16% of the patients could be considered cognitively
limited.

There were more female caregivers in this group than male caregivers (34 versus 17). In the
male caregiver group there were more partners than parents (i.e. 64% versus 35%); partners
and parents were equally distributed among female caregivers.
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Table 2 presents data on the FAl and SIP-68.

FAI SIP-68

\ mean(zsd) range median N mean(tsd) range median
Total 41 24.8(+ 8.4) 5-42 25 46 11.4(¢10.1) 0-39 9
Gender
men 29 24.3(+ 9.4) 5-42 25 32 9.7(+10.2) 0-39 6
women 12 25.9(+ 5.4) 17-33 26 14 15.1(¢ 9.1) 1-30 12.5
Severity (*)
moderate 14 25.0(+10.1) 5- 4 24 15 10.7(£10.0) 0-30 6
severe 27 24.7(+ 7.6) 6-36 27 31 11.7(+10.3) 0-39 9
Age (in years)
<40 30 23.9(+9.1) 5-42 23.5 33 9.4(+10.0) 0-39 6
>40 11 27.1(£5.7) 17-35 27 13 16.2(+ 8.9) 5-30 13

Table 2. Mean, standarddeviation, range, and median of the FAI and SIP-68 in TBI patients
one year post-injury by gender, severity and age.
(*) moderate TBI: GCS 9-13, severe TBI: GCS 3-8

Of the 51 caregivers, 41 patients completed the FAI and 46 the SIP-68. No significant
differences were found with respect to gender, severity of injury, or age on the FAI. On the
SIP-68 however, the difference found for age was significant (p=0.038), whereas the
difference found for gender almost reached significance (p=0.098). No differences were
found for severity of injury.

Table 3 presents data on the prevalence of limitations in activity and restrictions in
participation by gender, severity of injury, and age category.

limitations in activity (*) restrictions in participation (?)

number % 95%Cl number % 95%Cl
Total 41 61.0 (46.1-75.9) 46 52.2 (37.7-66.6)
Gender
men 29 62.1 (44.4-79.7) 32 43.8 (26.6-60.9)
women 12 58.3 (30.4-86.2) 14 71.4 (47.8-95.1)
Severity (§)
moderate 14 64.3 (39.2-89.4) 15 40.0 (15.2-64.8)
severe 27 59.3 (40.7-77.8) 31 58.1 (40.7-75.4)

Age (in years)
<40 30 63.3 (46.1-80.6) 33 424 (25.6-59.3)
240 11 54.4 (25.1-84.1) 13 76.9 (54.0-99.8)

Table 3. Prevalence and 95% confidence interval of limitations in activity and restrictions in
participation in TBI patients one year post-injury.
(*) FAI-score less then 29;(?) SIP-68-score: 9 or higher; (§) moderate TBI: GCS 9-13, severe TBI: GCS 3-8.
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There were no significant differences in the prevalence of limitations in activity with respect
to gender, severity of injury, or age category. No significant differences in the prevalence of
restrictions in participation with respect to gender or severity of injury were found. The
prevalence of restrictions in participation in the group < 40 years was significant lower than
in the group > 40 years of age (p=0.03). Again, the prevalence of restrictions in participation
in women was almost significantly higher than in men (p=0.083).

Coping styles
Table 4 gives the scores on the seven subscales of the UCL.
No differences were found on the UCL scales with respect to gender.

Limitations in activity
As can be seen in Table 5 univariate logistic regression analyses showed no significant
associations. Therefore, a multivariate logistic regression analysis was not performed.

Restrictions in participation

Table 5 also shows the univariate and multivariate (backward) logistic regression analyses
on restrictions in participation. From the univariate logistic regression analyses followed,
age category of the patient (OR=4.5) and the UCL PAS-score (OR=1.3) were significantly
associated with being restricted in participation.

The multivariate (backward) logistic regression analysis demonstrated that both variables
were independently related to restrictions in participation. Here, the OR for age category
of the patient increased from 4.5 to 5.0; it is 5 times more likely that restrictions in
participation are present in patients over 40 years compared to patients younger than 40
years of age.
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limitations in activity restrictions in participation

univariate univariate multivariate

patient variables OR 95%Cl OR 95%Cl OR 95%Cl
gender 9 (.2 - 34 32 (.8 - 124

age category 7 (.2 - 2.8) 45 (1.0 - 19.5) 50 (1.1 - 23.8)
TBI severity 1.2 (.3 - 479) S5 (a1 - 17

education 6 (.1 - 32 6 (.1 - 32

physical status at 1 year 21 (.2 - 21.6) *

cognitive status at 1 year * 9 (.2 - 50

caregiver variables

type 21 (6 - 77) 3 (1 - 12
gender 1.3 (.3 - 4.3) 7 (.2 - 22
age category 9 (.2 - 4.2) 1.0 (.2 - 4.3)
UCL act 10 (.8 - 11) 10 (.9 - 1.2)
ucL pal 9 (.7 - 1.0 1.1 (1.0 - 1.3)
UCL avo 9 (.8 - 11) 10 (.9 - 12
UCL soc 9 (.7 - 11) 9 (.8 - 1.1)
UCL pas 11 (.9 - 1.4 13 (10 - 17) 13 (10 - 17)
UCL exp 9 (6 - 14) 11 (.7 - 16)
UCL rea 9 (.7 - 11 11 (.9 - 1.3)

Table 5. Univariate and multivariate (backward) logistic regression on limitations in activity
and restrictions in participation.

* it was not possible to calculate OR due to empty cells
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Discussion

How caregivers cope with a TBI patient has a huge bearing on the caregivers themselves,
but also on the outcome of the TBI patient. The more adept caregivers deal with the
situation, the better the patients recover.?® The importance of including family functioning
as a variable in models to predict rehabilitation outcome, as well as the importance of
family intervention as part of the rehabilitation process is already emphasized in previous
studies. Less improvement on the Disability Rating Scale, level of functioning, and
employability scores was measured in TBI patients when their family functioning was
unhealthy.?* Furthermore, problem-solving and behavioural coping strategies in response
to TBI of a proxy was significantly related to lower levels of depression in TBI patients.? The
results of our study seem to underscore the importance of caregiver characteristics on
functional outcome of the TBI-patient. After correcting for age of the patient, our data
show that when the primary caregiver has a preference for passive coping, the patient is
more prone to restrictions in participation. However, because of several limitations the
present study doesn’t allow firm conclusions. Because of a small sample size, we had to
leave out potential predictors of the patient, such as co morbidity, period of posttraumatic
amnesia, or having children at home. Only the GCS score, physical and cognitive status,
patients’ gender, age and education, and the caregivers’ type (parent or partner), gender
and age were used as independent variables. The use of the GCS score to predict long-term
functional outcome is still under debate, but is probably not a good predictor for
rehabilitation purposes.?6-2®

Information bias is a second limitation of the study. Some data were missing: data on FAI
were available for only 41 patients; these missing data for 10 patients might explain not
finding a significant association between being limited in activities and the independent
variables.

A third limitation may be found in the assessment scales used. The FAI originally was
developed for use in the stroke population and not for the TBI population. The Bl was used
for expressing the physical status and the LCFS for expressing the cognitive status. According
to the Bl one year post-injury 12% is physically limited, whereas the LCFS categorizes 16%
as cognitively limited which are low numbers. Possibly the Bl and the LCFS lack the sensitivity
to detect long term sequelae of TBI.
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Conclusion

From this study we can conclude that when patients are aged over 40 years they are 5 times
more likely to be restricted than when the patient is younger than 40. Furthermore, from
this study we can also conclude that TBI patients with a caregiver with a preference for a
passive coping style are more restricted in participation than TBI patients with a caregiver
with another preference for coping.

Therefore, sub-acute TBI rehabilitation should probably focus on both the patient and the
primary caregiver. A passive coping style of the primary caregiver is negatively associated
with the patient’s functional outcome in terms of participation. Counselling the caregiver
aimed at changing ones’ coping style into a less passive coping style may be an effective
intervention. Further research however, in larger studies, with more independent variables,
is needed to clarify the associations found here.
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Abstract

Objectives: To study the prognosis of functioning and quality of life (Qol) in patients one
year after having sustained a moderate or severe traumatic brain injury (TBI).

Design: Prospective hospital-based cohort study.

Setting: Level | trauma centers.

Interventions: Not applicable.

Participants: One hundred twenty six TBI patients from a hospital-based cohort in the
Netherlands.

Main outcome measures: Glasgow Outcome Scale, Disability Rating Scale, Barthel Index,
Functional Independence Measurement, Functional Assessment Measurement, Rancho
Level of Cognitive Functioning Scale, Neurobehavioural Rating Scale, Wimbledon Self-
Reporting Scale, Frenchay Activity Index, Community Integration Questionnaire, Sickness
Impact Profile-68 and the Rand SF-36.

Results: One year post-injury 75% of the patients reported problems in their general
functioning, 13% in physical functioning, 35% in cognitive functioning, and 26% in their
emotional functioning. In total, 76% of the patients were limited in psychosocial activities,
72% experienced work restrictions, and 91% of all patients reported a reduced QoL. General
functioning was predicted by physical and cognitive limitations at discharge (Risk Ratio (RR)
0.3). Physical functioning was predicted by physical limitations at discharge only (RR 0.4).
Cognitive functioning was predicted by severity of TBI (RR -0.2), and physical and cognitive
limitations at discharge (RR 0.3 and 0.4, respectively). Psychosocial functioning was
predicted by gender (RR 0.3) and physical limitations at discharge (RR 0.3). Return to work
was predicted by severity of TBI (RR -0.2), and physical and cognitive limitations at discharge
(RR 0.3 and 0.4, respectively). QoL was only predicted by physical limitations at discharge
(RR0.3).

Conclusion: Gender, severity of TBI, as well as physical and cognitive status at discharge
from hospital, are important variables in predicting functional outcome and Qol one year
after TBI.

Key words: traumatic brain injury (TBI), functional prognosis, quality of life.
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Introduction

An important question frequently asked by patients and their families after a traumatic
brain injury (TBI) is: what can we expect regarding recovery? Early after injury the questions
mainly concern survival and complications. At a later stage, however, the focus shifts to the
patient’s functioning in the community. Apart from the patient and their family, also
therapists, insurance companies and employers are interested in the patient’s prognosis of
future outcome. Functional prognosis helps in the planning of healthcare programs or
projects specifically aimed at job reintegration.

Although the number of studies on functional prognosis has increased over the last decade,
the results are not uniform.® For instance, productivity and success in return to work,
return to school, handicap and social integration, and even life satisfaction, are examples
of outcomes that are reported to be influenced by the severity of initial injury.® Other
studies, however, suggest that the Glasgow Coma Scale (GCS) score is strongly associated
with acute morbidity and mortality, but less strongly with long-term functional outcome.®
Corrigan and colleagues found that outcome could not be predicted based on premorbid
characteristics, injury severity, and initial functional abilities.®

Knowledge on the determinants of functional outcome would support rehabilitation
physicians in their task to develop more ‘tailor-made’ treatment protocols and give a more
detailed prognosis on specific disabilities.®

The Rotterdam Traumatic Brain Injury Study investigates functional prognosis in TBI
patients. A prospective hospital-based cohort is followed up to one year post-injury;
patients are between 18 and 65 years with a moderate or severe TBI.

Our previous reports have described the measurement instruments used to determine
functional outcome, as well as the functional status and discharge destination after
admittance to the hospital.”*®

The present study aims to establish which factors are predictive of the patient’s functioning
and quality of life (QoL) one year post-injury. In order to place the results in a meaningful
context, the following secondary questions were formulated, 1) what is the prevalence of
problemsin general, physical, cognitive, and emotional functioning, 2) what is the prevalence
of being limited in psychosocial activities, 3) what is the prevalence of work restrictions,
and 4) what is the prevalence of a lowered QoL.

Patients and methods

The Rotterdam TBI study

The Rotterdam TBI study is a prospective follow-up study on determinants of daily
functioning in patients with a moderate or severe TBI. TBI was defined as an injury to the
brain caused by an external mechanical force.
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Population

Patients were eligible for the study if they were aged between 18 and 65 years, sustained a
moderate or severe TBI, and were admitted to one of three hospitals from January 1999 to
June 2004. The participating hospitals were the Erasmus Medical Center (Erasmus MC),
Rotterdam (January 1999 to March 2004), the Medical Center Haaglanden, location
Westeinde, The Hague (September 2002 to June 2004) and the Utrecht University Medical
Center (UMC) (January 2003 to June 2004).

Exclusion criteria were: 1) insufficient knowledge of the Dutch or English language to
participate in the study, and 2) serious (pre-traumatic) neurological, psychiatric, oncological
or internal impairments that were expected to interfere with TBI-related disabilities.

Recruitment

During the study period all consecutive TBI patients admitted to the hospital, irrespective
of the severity of TBI, were screened for eligibility. All patients were recruited by two
psychologists who also carried out the study.

All eligible patients and their partner or caregiver were given oral and written information
about the goal and research methods of the study. Participating patients signed the
informed consent form (sometimes after their legal representative had signed the informed
consent form previously). The study was approved by the Medical Ethical Review Committee
of the Erasmus MC.

Methods

Data on demographics were collected during interviews with the patient and/or their
proxies.

Interviews were held at the time of discharge from hospital and at one year after injury. To
assess the physical, cognitive, and psychosocial limitations we used a set of questionnaires
based on a review of the literature.”

The three participating hospitals provided data about the origin and severity of the trauma
(GCS score), as well as length of stay at the hospital.

Demographic variables

Age was assessed in years and two groups were formed: i.e. those aged < 40 years and an
older group aged > 40 years. Marital status was classified as: not married, or married/living
together. Level of education was categorized in: only primary education, secondary
education, or college/university. Work status was categorized in: not working or working.

Severity of TBI

Patients were classified as having a severe TBI when their worst GCS score in the first 24
hours after TBI was 3-8. Moderate TBI was defined as a worst GCS score of 9-13.10
Furthermore, patients with a GCS score of 14 or 15 and with mass lesion on the head CT
scan were also classified as having a moderate TBI.1%13
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Measurement instruments

General functioning

Glasgow Outcome Scale (GOS)

The GOS measures the consequences of a TBI and categorizes them in five categories of
severity: 0 = dead, 1 = vegetative state, 2 = severely limited, 3 = moderately limited, and 4
= good recovery.' For the GOS a standard form and written protocol was used.?®
Disability Rating Scale (DRS)

The DRS measures changes in four categories: 1) level of arousal and awareness (identical
to the GCS score), 2) cognitive ability to deal with problems of feeding, toileting and
grooming, 3) degree of physical dependence on others, and 4) the ability to do useful work
as independently as possible. The total score ranges from 0-30, where 0 = no disability, 1 =
mild disability, 2, 3 = partial disability, 4-6 = moderate disability, 7-11 = moderately severe
disability, 12-16 = severe disability, 17-21 = extremely severe disability, 22-24 = vegetative
state, 25-29 = extreme vegetative state, and 30 = death.'®

Physical functioning

Barthel Index (BI)

The Bl was initially developed to follow progress during inpatient rehabilitation of stroke
patients. This measurement instrument has evolved into one of the most commonly
employed instruments for physical disabilities in rehabilitation in general; it measures the
actual performance of daily activities of a patient.'”!® The score ranges from 0-20. Although
a ceiling effect exists, the Bl can reliably be used in a TBI population.®

Functional Independence Measurement (FIM)

The FIM was developed to measure changes in functional status within an individual over
the course of a comprehensive medical rehabilitation program. The 18-item ordinal scale
examines the following functions: self-care, sphincter control, mobility, locomotion,
communication, and social cognition.?® The score ranges from 18-126.

Cognitive functioning:

Functional Assessment Measurement (FAM)

The FAM (an extension of the FIM) measures the psychosocial and cognitive disabilities that
are common in TBI.?*° The 12 FAM items are: swallowing, car transfer, community access,
reading, writing, speech intelligibility, emotional status, adjustment to limitations,
employability, orientation, attention, and safety judgment. The score ranges from 12-84.
Rancho Los Amigos Levels of Cognitive Functioning Scale (LCFS)

The LCFS describes the eight stages of cognitive functioning through which a TBI patient
typically progress in hospital and acute rehabilitation, and can vary from no response = 1
(in which the patient is in deep coma and completely unresponsive), to purposeful and
appropriate functioning = 8 (where the patient is alert and oriented, able to recall and
integrate past and recent events, and is aware of and responsive to his environment).2%-22
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Neurobehavioural Rating Scale (NRS)

The NRS is a modification of the Brief Psychiatric Rating Scale.? This 27-item scale has been
developed for TBI patients and measures common behavioural and psychiatric symptoms
after TBI. Examples of these symptoms are inattention/reduced alertness, somatic concern,
disorientation, anxiety, conceptual disorganization, agitation, and motor retardation. The
NRS gives 4 sub-scales: energy, meta-cognition, anxiety, and language.? The score ranges
from 0-162.

Emotional functioning

Wimbledon Self-Reporting Scale (WSRS)

The WSRS gives a measure for the emotional status and detects mood disturbances. The
WSRS comprises 30 adjectives and sentences describing feelings (i.e. nervous, rejected,
happy, desperate). The patient rates on a 4-point scale (ranging from never to almost
always) the frequency of occurrence in the past 4 weeks.?

Rand-36 mental health (Rand MH)

Rand MH is a subscale of the Rand-36. The Rand-36 is a multidimensional questionnaire
measuring health-related QoL. The measurement instrument is suitable for use in the
general population as well as in specific patient populations. The Rand-36 is comprised of
eight subscales: physical functioning (PF), bodily pain (BP), general health perception (GH),
social functioning (SF), vitality (VT), mental health (MH), and role limitations as a
consequence of physical (RP) or emotional problems (RE).?®

Psychosocial functioning

Frenchay Activities Index (FAI)

The FAl is a 15-item (score 0-3) questionnaire measuring at the level of activities and is
developed for use in the stroke population. It counts the frequency of housholding activities,
shopping, leisure activities and visiting others. The higher the score, the more socially active
the patient is.?” The reliability of the FAl in the TBI population is established.®

Community Integration Questionnaire (CIQ)

The CIQ is a 15-item scale with 3 sub-scales measuring home integration (hi), social
integration (si), and productivity (p) in TBI patients. A higher score indicates a better
integration.?®

Return to work
Return to work (RTW) is scored by using one question from the DRS regarding work.®

Quality of life
Sickness Impact Profile-68 (SIP-68)

The original Sickness Impact Profile-136 (SIP-136) measures the changes in health behavior
experienced by patients as a consequence of their disease.?® The SIP-136 has been used in
various TBI studies.®3%33 A shortened version of the SIP-136 has been developed in the
Netherlands and comprises 68 items.3*
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Rand-36
The Rand-36 has been described previously.?®

The measurement instruments for general, physical and cognitive functioning were
administered at time of discharge from the hospital, and again one year post-injury. The
guestionnaires concerning psychosocial functioning, emotional functioning, and the
instruments for measuring RTW and QoL were administered at one year post-injury only;
that is, if the patient was already living at home.

The pre-injury level of psychosocial functioning was assessed by administering the FAl and
the CIQ with the instruction to answer the items according to the patient’s functioning
before trauma.

Data analysis

First, the distribution of gender, age, and pre-injury marital status, level of education, and
work status was investigated. Then the injury-related characteristics (initial severity of the
TBI as measured with the GCS and total length of stay in hospital) were investigated.

The scores of all measurement instruments are given and, where possible, compared with
studies from the Traumatic Brain Injury Model Systems (TBIMS) national dataset.
Measures for general, physical, and cognitive functioning at hospital discharge and measures
for general, physical, cognitive, emotional, psychosocial functioning, as well as measures
for return to work and Qol one year post-injury, were constructed using the various
guestionnaires. In order to present prevalence data on functional outcome and QolL, the
various measurement instruments were first dichotomized. From the dichotomized
measurement instruments the functional status and QoL categories were constructed.

General functioning

General functioning (GF) was reflected by the scores on the GOS and DRS. Those scores
were dichotomized as follows: GOS score 5 = not limited and GOS < 5 = limited. DRS score 0
= not limited and DRS > 0 = limited.

The dichotomized scores of the GOS and DRS were taken together and categorized into: GF
not limited = not limited on GOS and DRS, GF limited = limited on one of the two, GF severely
limited = limited on both measurement instruments.

Physical functioning

Physical functioning (PF) was measured with the Bl and FIM. The Bl was dichotomized as: Bl
score 19/20 = not limited and BI<19 = limited,? and the FIM score as 2108 = not limited and
FIM< 108 = limited.3®

For PF the following categories were formed: PF not limited = not limited on Bl and FIM, PF
moderately limited = limited on one of these measurement instruments, PF severely limited
= limited on Bl and FIM.
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Cognitive functioning

Cognitive functioning (CF) was measured with LCFS, FAM and NRS. The LCFS score was
dichotomized as 8 = not limited and LCFS <8 = limited.?® A score on the FAM 272 = not
limited and FAM <72 = limited.?® The NRS was cut-off at 28, in which a score <28 = not
limited and 228 = limited.

For CF this generated the following categories: CF not limited = not limited on FAM, LCFS,
and NRS, CF mildly limited = limited on one of these measurement instruments, CF
moderately limited = limited on 2 of the measurement instruments, and CF severely limited
= limited on 3 measurement instruments.

Emotional functioning

Emotional functioning (EF) was measured with the WSRS and the Rand MH. The WSRS was
dichotomized as < 8 = not limited and WSRS > 8 = limited.* The score on the Rand-MH >
58.4 = not limited and Rand-MH < 58.4 = limited.*®

The following categories could be made: EF not limited = not limited on WSRS and Rand
MH, EF moderately limited = limited on one of these measurement instruments, EF severely
limited = limited on WSRS and Rand MH.

Psychosocial functioning

Psychosocial Functioning (PSF) was measured with the FAIl and the subscales home
integration (HI) and social integration (Sl) of the CIQ. The scores one year post-injury were
compared with the scores on the pre-injury scores and thereafter dichotomized. When the
score on the FAIl at one year was lower than the pre-injury FAl-score the patient was
categorized as limited. Also, when the score on the CIQ scores were lower than the pre-
injury scores the patient was considered to be limited.

For PSF this generated the following categories: PSF not limited = not limited on FAI, CIQhi,
and ClQsi, PSF mildly limited = limited on one of these measurement instruments, PSF
moderately limited = limited on 2 of the measurement instruments, and PSF severely
limited = limited on 3 measurement instruments.

Return to work

Return to work (RTW) was scored by using one question from the DRS regarding work. The
following four categories were generated: RTW not limited = work on pre-injury level, RTW
mildly limited = competitive, adapted, RTW moderately limited = sheltered, not competitive,
RTW severely limited = not possible.

Quality of life

Quiality of life (QoL) was measured with the SIP68 and the Rand. The SIP68 was cut-off at
score 0 (score >0 = limited) and the Rand-scores at Rand-PF < 58.6 = limited, Rand-RP < 43.9
= limited, Rand-RE < 51.8 = limited, Rand-P < 53.9 = limited, Rand-SF < 66.4 = limited, Rand-
MH <58.4 = limited, Rand-VT < 47.5 = limited.3® No Rand total score exists, but in the present
study all dichotomized subscales were summed. If the summated dichotomized Rand-score




Functional prognosis and quality of life in traumatic brain injury (TBI) patients

was >0 = limited. QoL = not reduced if SIP68 and Rand = not limited, moderately reduced =
SIP68 or Rand = limited, and severely reduced if SIP68 and Rand = limited.

Subsequently the prevalence of limitations, restrictions, and reduced QoL was estimated.
Univariate linear relative risks of limitations in general, physical, cognitive, emotional, and
psychosocial functioning, as well as return to work and reduced QoL at one year post-injury,
were estimated for the independent variables (i.e. gender, pre-injury marital status, pre-
injury work status, level of education, age, severity of TBI, and general, physical and
cognitive functioning at discharge). Associations between the independent variables were
also examined.

Finally, multivariate relative risks of limitations in general, physical, cognitive, emotional,
and psychosocial functioning, as well as RTW and reduced QoL at one year post-injury,
were estimated for the significantly associated variables, using a multivariate linear
regression model with backward removal criterion of F > 0.05.

In the regression analyses demographic variables and severity of TBI were dichotomous
variables; all others were entered as ordinal variables.

Results

A total of 126 patients participated in the study. One year post-injury 16 patients had been
lost to follow-up. Of the remaining 110 patients, 2 were still in a vegetative state, 1 was still
in a rehabilitation center, and 4 could not be reached in time for the study. Therefore, one
year post-injury measurements were carried out in 103 (94%) patients.

Demographic and injury-related characteristics
Table 1 presents the demographic and injury-related characteristics of the patients at time
of injury and at one year post-injury.

Of the 126 patients (age range 16-67, mean 34.0 years), 73% was male, 81% had at least
secondary education, 11% had a college/university degree, and 78% had a job at the
moment of sustaining the TBI. On admission, 67% of the patients had a severe TBI (GCS
score 3-8). At time of hospital discharge all patients were limited in general functioning,
almost 50% were physically limited, and 76% were cognitively limited. One year post-injury,
data on demographics were available from 110 patients: 75% were generally limited, 13%
were physically limited, and 35% were cognitively limited.
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Functional prognosis and quality of life in traumatic brain injury (TBI) patients

Functional status
Table 2 gives the raw scoring of all measurement instruments administered one year post-
injury.

Instrument* (score range) (obs range) median

general

GOS a - 5) 3 - 5) 4.1 ( 0.6) 4.0
DRS (0 - 30) o - 13) 2.5 (2.7) 1.0
physical

BI (0 - 20) o - 20) 19.0 ( 3.4) 20.0
FIM (18 - 126) (23 - 126) 115.5 (16.4) 121.0
cognitive

LCFS a - 8) @ - 8) 7.7 ( 0.8) 8.0
FAM (12 - 84) (24 - 84) 74.2 (10.4) 77.0
NRS (0 - 162) (0 - 59) 13.8 (12.5) 11.0
emotional

WSRS (0 - 30) o - 23) 4.5 ( 5.6) 2.0
Rand MH (0 - 100) (28 - 100) 73.3 (17.4) 76.0

psychosocial

FAI (0 - 45) (5 - 42) 25.3 (7.9) 25.0
clQhi (0 - 10 (o - 9) 3.9 ( 2.5) 3.0
clasi 0 - 12) @ - 12 8.3 ( 2.3) 9.0
clap o - 7 (o - 7) 4.0 (2.1) 5.0

return to work
DRS work (o - 3) (0 - 3) 1.5 (1.2) 1.0

quality of life

SIP-68 (0 - 100) (0 - 39 11.2 (9.5) 9.0
Rand PF (0 - 100) (11 - 100) 81.9 (19.6) 87.5
Rand RP (0 - 100) (0 - 100) 51.6 (40.6) 50.0
Rand RE (0 - 100) (0 - 100) 72.8 (36.7) 100.0
Rand BP (0 - 100) (12 100) 82.6 (21.2) 89.8
Rand SF (0 - 100) (0 - 100) 80.3 (24.4) 87.5
Rand GH (0 - 100) (11 - 24) 18.1 (2.1) 18.0
Rand VT (0 - 100) (25 - 100) 59.6 (17.8) 60.0

Table 2. Raw scores on the measurement instruments one year post-injury.
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All measurement instruments, except Rand general health (Rand GH), used the total scoring
of the scale. Scoring of the Rand GH ranged from 11-24, which is only 13% of the total
scale.

Comparison with the TBIMS was possible for DRS (2.6), FIM (115.6), and CIQ (15.4)%; for
these items no significant differences were found compared with the present study.

Table 3 gives the prevalence of limitations in general, physical, cognitive, emotional, and
psychosocial functioning, as well as in work and QoL one year post-injury, by gender, age,
severity of TBI, and by the limitations which were present at discharge from the hospital.
One year post-injury, 75% of the patients were limited in their general functioning. Of the
patients who were physically limited at discharge, almost all (92%) considered themselves
as limited in general functioning one year post-injury.

Only a small proportion of the patients (13%) experienced physical limitations one year
post-injury, with the older patients reporting more limitations (24%) compared with the
younger patients (10%). Of the patients physically limited at hospital discharge, 28% was
still physically limited one year post-injury.

In the total patient group, 35% was cognitively limited. The younger group experienced
fewer limitations than the older group (32% and 42%, respectively). Moderately injured TBI
patients experienced more limitations than severely injured TBI patients (42% and 32%,
respectively).

Only 25% of the total group considered themselves as emotionally limited; older patients
being more often limited (38%) compared with younger ones (22%).

One year post-injury, 76% of the patients rated themselves as being limited in psychosocial
functioning. More women than men found themselves limited in psychosocial functioning.
One year post-injury, 72% of the total group was limited in work. Women experienced more
difficulties in returning to work compared with men. Compared with severe TBI patients,
twice as many moderate TBI patients returned to work without limitations one year post-
injury. Of the patients who were physically limited at hospital discharge, 56% did not work
at all at one year post-injury.

Over 90% of the total group experienced a lowered Qol; moreover, QoL was reduced in all
women.




Functional prognosis and quality of life in traumatic brain injury (TBI) patients

‘PaNWI| =puBY+89d|S = 349A3S ‘PRYWI| =pUBY JO 89d|S = d}BJIPOW ‘PAIIWI| J0U =pUBY+89dIS = 30U 10D (v)

*9]q1ssod 10U = 349A3s ‘@ARNAdWOI 10U ‘PaIBY|3Ys = 31eIapOW ‘paisnipe ‘@Annadwod = pjiw ‘|aA3| pigJowald 1e y1om =10u M LY ($)

"PaHWI| =ISDID+IYDID+IV4 = 249135 ‘PIHWI| SIUSWNIISUI JUSWBINSEIW 7 = 31I3POW ‘PYIWI| =ISDID 40 14DID 40 V4 = P|IW ‘PIHWI| JOU =ISDID+YDID+IV4 = 30U {[e19050ydAsd (#)

“PANWI| =HIAPUBY+SHSM = 19A35 ‘Pa}WI| =HINPUEY 10 SYSM = 93eJ3POW ‘PIYII| 10U =HINPUEY+SYSM = 10U ‘[euolows (y)

"98.4eyodsip 1e suoneliwy)|

| =SUN+SDT+AVH = 949A8s ‘payl

S]USWINJISUI JUSWSINSEAW 7 = 91BJ9POW ‘PaliWi| =SYN 40 $47740 V4 = P|IW ‘paliwl| 10U =SYN+S4DT+AIVS = 10U { 9AnIUS0D ($)

PANWI| =|AI|4+]9 = DIBASS ‘PAWI| =|A[4 1O |g = 91LISPOW ‘PAYIWI] 10U =|A[4+]g = J0u ‘|ed1sAyd (#)
‘PaYIWI| =SYQ+SOD = 2J9A3S ‘palIWI| =SY[ 40 SOO = 91LIIPOW ‘PAYIWI| 10U =SYQ+S0D = 10U ! [eauas ()

pue ‘|91 jo Auanas ‘@3e Uapuad Aq Aunful-1sod seaA T Suluonduny ul suopelWi| JO dJUd|eARId “E d|qeL

LeL
8'¢8
§'s9

€9

6°€L

7’89

L9

008

(4]

L'L9

L'ee
8'el

Tve

98¢

0°€T

T'1e
6°€C

00¢

v've

T€ee
pow

(v) 100

Sy
v'e
€01

TL

0'€T

L8

00

€el

L'y
9'ss

9LE

£'ee

€Er

S'Sv

6'1¢

Tee

8'LE

€9¢

LL
68
6'S

€8
00

Ten

6°C

TL

v's

L'Le
T1e

TLT

1'9¢

€€T

8T

8've

oy

0'ee

69T
vy
414

cee

€Er

(a4

'oe

€Vl

8'ee

'8¢

8'LT
6'S¢

8Vl

90T

0've

0's¢

S'TT

0've

901

€61

€'ee
0'Le

6°LT

LLe

00t

00€

T'ee

o0'ze

€'1e

0'st

pow

9'se
9'6¢

T9¢€

v'ov

08¢

00€

S'8¢€

0'9€

[l

1ot

plIw

(#) |e1o0soydAsd

€et
VL
€'1e

€'1e

08¢

0'sT

6'9¢

08

6°'1¢

9'€T

08T 09T
0°0¢ L9T
Al 61T
€1t €1t
T'9¢ L8
8'€C el
L'CT T'6
00C 0ct
L'ET 8'6
8'sT S0t

A3S  pow

(4)leuonows

099 61T vO0T vee ¢SS tvEl 09 908 L'9% v'sc  6LT aApugos
€€9  vLT ST LT¢ LSy 961 L8 LTL 969 L1C L8 |ea1sAyd
9'TL 6 08 €61 9€9 0T Sv TS8 99y €LC T9C |esauad

as4eydsip 1e suonejwr]

v/L T8 80T SE€T 979 80T LT 98 98 v'8 O0€T a1anas
7S9 L6 §9 8ST T8 S99 S9 T/8 TSy 8ST 0%6C aeapow
191 Asanas

619 TZT  ¢ST TST 945 Q€T €0l 6SL 909 T8I It Jeah oy 2
78L 69 69 T8 18 &8 LT 868 LTvr 6T1€ 19T Jeak oy >
asy

089 00 €€T €€ €€9 €€ 00T L98 005 €€ L9 uawiom
§9. 0TT 08 Lv¥T €S9 0T €T  L98 L9y €ST 08T uaw
13puan

L€L 98 S6 TLT 8Y9 S6 8€ L98 9Ly 9Ll 8T |ejoL

jou pow pjw pow pow

($) @An1us0d (#) |ea1sAyd () [e42uad




Chapter 8

(S0°0>d) xPI10qy pa1ulid a.e sysid JuedyIudIs (#)
‘Aunfui-1sod JeaA T a41] Jo Ayijenb paonpaJ pue suonelwi| JO (#) SYSIY SALR|9Y S1eleAIUN *{ d]qeL

LE°0-00°0
v¥°0-90°0
0°'T-85°0-
T€°0-8¢€°0-

8¢°'0-55°0-
61°0-99°0-
L¥'0-61°0-
L€°0-S€°0-
99°0-70°0-

12 %56

100

ST0
€€°0
800
€0°0-

80°0-
10
170
T0°0
o

elag

16°0-v°0
L6°0-v¥°0
T19'T-€8°0-
¥9°0-Sv7°0-

8€'0-06°0-
¢Co-v0'T-
60°T-€T°0

60°0-56'0-
§9'0-S¥°0-

12 %56
MLY

€S0
0s’0
900
00

80°0-
€10
Fral]
910~
700

elag

£S°0-00°0 SC°'0 €€0-800- ST'0O 990620 6V'0 SE0-600 S€'0 99°0-vT0 80  984eydsip 1e paywi| D
69°0-¥1°0 LE'0  GE'0-L00- 9T'0 89°0-LT°0 Vv¥'0 ¥¥'0-LT0 vv’'0  19°0-92°0 87°0  98Jeydsip 1e payl
68'T-€E¥’'0-  9T°0 €0'T-6£0- €00 €6'0-£80- 100 TVO-¥£0- 900- £LL0-940- 000 984eydsipie pay
8€'0-¢9'0- 90°0- O0T'0-¥9'0- LT'0- €€'0-05'0- +0°0- T€0-TC0- Y00 SP0-9¢0- SO0 191 Ajianas

paiejas-Ainful

Tv'0-£8'0- 60°0- 6£0-€T0- LT'0O 090-8¢€0- ¥00 €S0-S00- 9T0 [T0-85°0- LOO- Snjels yiom
61°0-00°T- LT'0- TS'0-L€0- ¥0O0 TE0-850 900- TT0O-Ce0- ¥O0- €T0-090- 600 uopedINpa JO [3AI)
£8°0-£0'0- 0C'0 L¥V'0-€C'0- 800 18°0-L0°0 €¢°0 0¥'0-L00- ¥I'0 TL0-80°0 174 sniels |ejew
90°0-86'0- T¢'0- 1IT°0-99'0- 9T'0- 1IT'0-0L0- ¥T'0- OTOTvr'0o- <¢T0- O0T0-850- ¥I°0- Aio3a3es age
60°T-vT°0 6C°0 ¢S'0-¢C’0- 600 SC0-650- 800- 8T0-S€0- £L00- 0S0-TC0- 800 Japuas

saoydesSowap
12 %S6 12 %S6 elag 12 %S6
4Sd 4d 19




Functional prognosis and quality of life in traumatic brain injury (TBI) patients

Table 4 gives the univariate relative risks of limitations and restrictions, as well as reduced
Qol one year post-injury, for demographic and injury-related variables. Gender was related
to psychosocial functioning, indicating that women are at higher risk to develop psychosocial
limitations. Marital status was significantly associated with general outcome, cognitive
outcome, and RTW; with married persons being at higher risk of being limited in general
and cognitive functioning, and RTW. The 95% confidence intervals (Cl), however, were very
wide; for example, for RTW the 95% Cl was [0.13-1.03]. Physical and cognitive limitations at
discharge were associated with all functional outcomes, except with emotional outcome;
i.e. when being physically and/or cognitively limited, one is at a higher risk to be limited on
all but emotional outcome.

Table 5 presents associations between the independent variables. Age was significantly
associated with pre-injury marital status, and with patients older than 40 years more often
married. Marital status was significantly associated with being physically and cognitively
limited at discharge from hospital, with married patients experiencing more limitations.
Severity of TBI was associated with physical limitations at time of being discharged from
hospital, with moderate TBI patients having more physical limitations at time of discharge.
Physical limitations were significantly associated with cognitive limitations.

gender age marital edu work severity GLatdis PLatdis CLatdis

demographics

gender -

age ns -

marital status ns 0.55# -

education ns ns ns -

work ns ns ns ns -

injury-related

severity TBI ns ns ns ns ns -

GL at dis ns ns ns ns ns ns -

PL at dis ns ns 0.23 ns ns 0.27 ns -

CL at dis ns ns 0.23 ns ns ns ns 0.54 -

Table 5. Associations between the independent variables.

(#) significant associations are printed *bold* (p<0.05)

marital = marital status, edu = education, severity = severity TBI.

GL at dis = generally limited at discharge from hospital, PL at dis = physically limited at discharge from hospital

CL at dis = cognitively limited at discharge from hospital

Table 6 summarizes the results of the multivariate analyses, with adjustment of the
associated independent variables.
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Functional prognosis and quality of life in traumatic brain injury (TBI) patients

Being physically limited at time of discharge from the hospital enhances the risk of an
unfavourable outcome in all areas. Cognitive limitations at discharge increase the risk of
experiencing cognitive limitations and not having returned to work one year post-injury.
Patients with a moderate TBI have a worse prognosis on cognitive functioning and on RTW
compared with patients with a severe TBI. Women are at higher risk for being limited in
psychosocial functioning compared with men.

Discussion

In this hospital-based prospective follow-up study we evaluated the functional prognosis
and Qol of patients with a moderate or severe TBI. The main research question was: which
factors are predictive of the patient’s functioning and quality of life one year post-injury?
Prevalence of problems in the patient’s functioning, limitations in psychosocial activities,
return to work, and QoL were investigated. The strongest significant predictor variables for
an unfavourable outcome were physical and cognitive functioning at discharge, severity of
TBI, and gender.

Prognosis

Severity of TBI and cognitive limitations at discharge are prognostic factors for cognitive
functioning and return to work (RTW) one year post-injury. The direction, however, is not
as expected; a moderate TBI increases the risk of being limited in cognitive functioning and
decreases RTW within the first year post-injury. However, this counter-intuitive finding is
similar to an earlier study showing that people with mild TBI report more symptoms than
those with more severe TBI.4 Perhaps persons with the more severe TBI lack insight into
their own functioning. Another explanation may be that the less injured are more involved
in society and are therefore more aware of any limitations in their functioning.

Physical limitations are usually not the most disabling consequences after TBI. However,
from this study we conclude that being physically limited at discharge enhances the risk of
being limited in functioning and having reduced QoL one year post-injury.

This study differs from other prognostic studies with regard to the inclusion criteria. In the
present study 46% of the patients were discharged home; these latter patients are generally
not included in prognostic studies on TBI in rehabilitation medicine. Based on the reported
prevalences of unfavourable outcome in the present study, we conclude that limitations in
activities, restrictions in participation, as well as a reduction in Qol, are not limited to
patients discharged to a rehabilitation center.

Prevalences

This study showed that a substantial percentage of persons hospitalized with moderate or
severe TBI report unfavourable outcomes. One year post-injury 75% of the patients
reported (more or less) problems in their general functioning.

In accordance with the literature, the percentage of our patients reporting physical
limitations was low.*%4!
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Surprisingly, only 35% of the patients considered themselves as being cognitively limited.
This is in contrast to the 55% reported elsewhere 40 and to the impression we have in
clinical practice. A possible explanation for this may be that we asked our patients to rate
their own functioning, and the patient’s lack of insight may have prevented them from
giving an objectively reliable response.*? Patients often have complaints at the level of
activity or participation, and may not be aware of the underlying dysfunction which causes
the limitations or restrictions.

In total, 76% of the patients reported limitations in psychosocial activities, with more
women than men being limited. Since the FAI is known for its gender effect,* we compared
the patient’s FAI scores one year post-injury with their own pre-injury FAIl scores - and
found the same gender difference.

In our group of patients only 28% returned to work (i.e. 43% moderate and 22% severe) at
the pre-traumatic level and time. These percentages are low compared with an earlier
study (78% moderate and 47% severe);*? however, in the latter study the percentages of
those employed at one year post-injury were irrespective of the pre-traumatic level.
Almost all of our patients (i.e. 91%) reported a reduced QoL, which is a very high percentage;
an earlier study reported that only 29% of the patients (including the mild TBIs) responded
that QoL was reduced at one year post-injury.*

Study limitations

Selection bias is a risk in all studies. However, by recruiting all consecutive patients we
probably avoided the risk of recruitment selection. We are reassured by the fact that the
basic characteristics of the present cohort is in accordance with other published TBI
populations: i.e. age range from 16 to 67 (mean 34.0) years, with an over-representation of
men (73% men).

Because of the small sample size (n=126) we had to leave out other potential predictors of
the patient, such as co-morbidity, period of post-traumatic amnesia, and period of
hypoxia.

Another limitation may be found in the construction of the various outcome categories;
this makes it difficult to compare our results (especially the prevalence numbers) with those
of other studies. For reasons of comparison we also present the raw scoring on frequently
used measurement instruments in TBI rehabilitation research.

The data in Table 6 include the univariate significant variables as well as the independent
variables significantly associated with each other (i.e. age, marital status, and severity of
TBI). Repeating the analyses by entering all independent variables in the model did not
change the outcome of the analyses. Therefore we are certain that we identified all possible
risk factors; however, additional data are needed to confirm our results and to elaborate on
other factors that may be relevant for prognosis.
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Conclusion

Limitations in activities, restrictions in participation, as well as a reduction in QolL, are not
only limited to patients discharged to a rehabilitation center; prognostic studies should also
include patients discharged home.

Patients that experience problems in physical and cognitive functioning at discharge from
hospital have the highest risk for an unfavourable outcome one year later. Women have a
higher risk than men to develop restrictions in psychosocial participation. Patients with a
moderate TBI have a higher risk of problems in cognitive functioning and return to work
one year post-injury.




Chapter 8

References

1. Dikmen SS, Machamer MA, Powell JM, Temkin NR. Outcome 3 to 5 years after moderate to severe traumatic
brain injury. Arch Phys Med Rehabil 2003;84:1449-1457.

2. Bushnik T, Hanks RA, Kreutzer JS, Rosenthal M. Etiology of traumatic brain injury: characterization of
differential outcomes up to 1 year postinjury. Arch Phys Med Rehabil 2003;84:255-262.

3. Hammond, FM, Grattan KD, Sasser H, Corrigan JD, Bushnik T, Shull W. Five years after traumatic brain injury:
a study of individual outcomes and predictors of change in function. NeuroRehabil 2004;19:25-35.

4.  Whiteneck GG, Gerhart KA, Cusick CP. Identifying environmental factors that influence the outcomes of
people with traumatic brain injury. J Head Trauma Rehabil 2004;19:191-204.

5.  Zasler ND. Prognostic indicators in medical rehabilitation of traumatic brain injury: a commentary and
review. Arch Phys Med Rehabil 1997;78(Suppl 4):512-S16.

6.  Corrigan JD, Smith-Knapp K, Granger CV. Outcomes in the first 5 years after traumatic brain injury. Arch
Phys Med Rehabil 1998;79:298-305.

7. van Baalen B, Odding E, Maas AIR, Ribbers GM, Bergen MP, Stam HJ. Traumatic brain injury: classification
of initial severity and determination of functional outcome. Disabil Rehabil 2003;25:9-18.

8. vanBaalenB, OddingE, van Woensel MPC, van Kessel MA, Roebroeck ME, Stam HJ. Reliability and sensitivity
to change of measurement instruments used in a traumatic brain injury population. Clin Rehabil 2006;20:
686-700.

9. van Baalen B, Odding E, Stam HJ. Cognitive status at discharge from the hospital determines discharge
destination in traumatic brain injury (TBI) patients. Brain Inj 2008;22(1):25-32.

10. Teasdale G, Jennet B. Assessment of coma and impaired consciousness: a practical scale. Lancet 1974;2:
81-84.

11. Marshall LF, Gautille T, Klauber MR, Eisenberg HM, Jane JA, Luerssen TG, Marmarou A, Foulkes MA. The
outcome of severe closed head injury. J Neurosurg 1991;75: S28-S36.

12. Hall KM. Establishing a national traumatic brain injury information system based upon a unified data set.
Arch Phys Med Rehabil 1997;78:512-516.

13. Gomez PA, Lobato RD, Ortega JM, De La Cruz J. Mild head injury: differences of prognosis among patients
with a Glasgow Coma Scale score of 13 to 15 and analysis of factors associated with abnormal CT findings.
Brit J Neurosurg 1996;10(5):453-460.

14. Jennett B, Bond M. Assessment of outcome after severe brain damage a practical scale. Lancet
1975;1:480-485.

15. Wilson JTL, Pettigrew LEL, Teasdale GM. Structured interviews for the Glasgow Outcome Scale and the
Extended Glasgow Outcome Scale. J Neurotrauma 1998;15:573-585.

16. Rappaport M, Hall KM, Hopkins Belleza T, Cope DN. Disability Rating Scale for severe trauma: coma to
community. Arch Phys Med Rehabil 1982;63:118-123.

17. Wade DT. Measurement in neurological rehabilitation. Oxford University Press, 1996.

18. Collin C, Wade DT, Davies S, Horne V. The Barthel ADL Index: a reliability study. Int Disabil Stud 1988;10:
61-63.

19. Granger CV, Hamilton BB, Keith RA, Zielezny M, Sherwin FS. Advances in functional assessment for medical

rehabilitation. Topics Ger Rehabil 1986;1:59-74.




Functional prognosis and quality of life in traumatic brain injury (TBI) patients

20.

21.

22.

23.

24,

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Hall KM, Hamilton BB, Gordon WA, Zasler ND. Characteristics and comparisons of functional assessment
indices: disability rating scale, functional independence measure, and functional assessment measure.
J Head Trauma Rehabil 1993;8:60-74.

Hagen C. Language cognitive disorganization following closed head injury: a conceptualization. In: Trexler,
LE, ed. Cognitive rehabilitation: conceptualization and intervention. Plenum Press, 1982, pp 131-151.
Lezak MD. Neuropsychological Assessment, (3rd edn). Oxford University Press, 1995.

Overall JE, Gorham DR. The brief psychiatric rating scale. Psychol Rep 1962;10: 799-812.

Levin HS, High WM, Goethe KE, Sisson RA, Overall JE, Rhoades HM, Eisenberg HM, Kalisky Z, Gary HE. The
neurobehavioural rating scale: assessment of the behavioural sequelae of head injury by the clinician.
J Neurol Neurosurg Psychiatry 1987;50: 183-193.

Coughlan AK, Storey P. The Wimbledon Self-Report Scale: emotional and mood appraisal. Clin Rehabil
1988;2:207-213.

Ware JE, Sherbourne CD. The MOS 36-Item Short-Form Health Survey (SF-36). I: Conceptual framework and
item selection. Med Care 1992;30:473-483.

Holbrook M, Skilbeck CE. An activities index for use with stroke patients. Age Ageing 1983;12:166-170.
Willer B, Ottenbacher KJ, Coad ML. The community integration questionnaire. A comparative examination.
Am J Phys Med Rehabil 1994;73:103-111.

Pollard WE, Bobbit RA, Bergner M, Martin DP, Gilson BS. The sickness impact profile: reliability of a health
status measure. Med Care 1976;14:146-155.

Smith JL, Magill-Evans J, Brintnell S. Life satisfaction following traumatic brain injury. Can J Rehabil 1998;
11(3):131-140.

Van Balen HGG, Mulder Th. Beyond the stereotype: an epidemiological study on the long-term sequelae of
traumatic brain injury. Clin Rehabil 1996;10:259-266.

Moore AD, Stambrook M, Gill DD, Lubusko AA. Differences in long-term quality of life in married and single
TBI patients. Can J Rehabil 1992;6(2):89-98.

Fleming JH, Strong J, Ashton R. Cluster analysis of self-awareness levels in adults with traumatic brain injury
and relationship to outcome. J Head Trauma Rehabil 1998;13(5):39-51.

De Bruin AF, Diederik JPM, Witte de LP, Stevens FCJ, Philipsen H. The development of a short generic version
of the Sickness Impact Profile. J Clin Epidemiol 1994;47:407-418.

Weimar C, Ziegler A, Konig IR, Diener HC. Predicting functional outcome and survival after acute ischemic
stroke. J Neurol 2002;249:888-895.

Hall KM, Bushnik T, Lakisic-Kazazic B, Wright J, Cantanagallo A. Assessing traumatic brain injury outcome
measures for long-term follow-up of community-based individuals. Arch Phys Med Rehabil 2001;82:
367-374.

Bowen A, Wenman R, Mickelborough J, Foster J, Hill E, Tallis R. Dual-task effects of talking while walking on
velocity and balance following a stroke. Age Ageing 2001;30:319-323.

Gezondheid getroffenen vier jaar na de vuurwerkramp Enschede. RIVM-rapportnummer 630930005,
2004.

Mammi P, Zaccaria B, Franceschini M. Early rehabilitative treatment in patients with traumatic brain

injuries: outcome at one-year follow-up. Eura Medicophys 2006;42:17-22.




Chapter 8

40.

41.

42.

43.

van Balen HGG, Mulder Th, Keyser A. Toward a disability-oriented epidemiology of traumatic brain injury.
Disabil Rehabil 1996;18:181-190.

Whiteneck G, Brooks CA, Meillick D, Harrison-Felix C, Terrill MS, Noble K. Population-based estimates of
outcomes after hospitalized for traumatic brain injury in Colorado. Arch Phys Med Rehabil 2004;85(452):
$73-S81.

Prigatano GP. Disturbances of self-awareness of deficit after traumatic brain injury. In:Prigatano GP,
Schacter DL, Eds. Awareness of deficit after brain injury: clinical and theoretical issues. Oxford University
Press,1991,pp 111-126.

Schepers VPM, Visser-Meily JMA, Ketelaar M, Lindeman E. Prediction of social activity one year post stroke.
Arch Phys Med Rehabil 2005;86:1472-1476.




General discussion




Chapter 9

Introduction

Traumatic brain injury (TBI) is an important public health problem. TBI is the number one
cause of mortality and morbidity in young adults in modern Western societies, and is often
referred to as the ‘silent’ epidemic.2 The impact on the injured person, his or her family,
friends, as well as society, and the healthcare system is well known, and so is the need for
prevention, efficient acute care, rehabilitation, and follow-up. TBI is not an incident, but a
lifelong disorder in which changing contextual demands may generate new needs for
professional support.

Because of those changes TBI rehabilitation should be a lifelong, well- coordinated process
with the patient and his or her family as the main focus. This process is frustrated by
capacity problems, health insurance policies and reimbursement practices, lack of
cooperation between different healthcare organizations, and simple lack of long-term
follow-up of individual patients. Although this problem is well known (reported as early as
1996), it still does not have priority. Progress is hindered by lack of urgency at national and
local political levels, and by health insurers.?

An important issue in TBI rehabilitation is the selection of outcome measurement
instruments.® These instruments should incorporate activities of daily living, cognitive,
behavioural and emotional functioning, as well as employment activities and quality of life.
Rehabilitation specialists perceive that, with very few exceptions, the existing outcome
monitoring systems in rehabilitation care are technically inadequate to evaluate TBI
patients. Most of the neurological and neuropsychological tests used do not reflect the
improvement of functional outcome that can be achieved in patients with a TBL.*> Moreover,
most measurement tools, which reflect the consequences of TBI for daily life, have not yet
been evaluated for their sensitivity to change. Administering the measurement instruments
in TBI patients can be difficult, or even impossible, because of the patient’s cognitive
disabilities. Therefore, a reliable use of outcome measurement tools with patients, as well
as with their caregivers or ‘significant others’, is required.

The questions for this thesis were:

1) Which outcome measurement instruments are most reliable, and especially most
sensitive to change, for the assessment of functional outcome and quality of life in TBI
patients?

2) What are prognostic determinants of functional outcome and quality of life after TBI?

In this chapter the main results and clinical implications will be discussed, limitations of the
study will be addressed, and an outline of future research will be presented.
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International Classification of Functioning and Health

In rehabilitation medicine, the International Classification of Functioning and Health (ICF) is
a widely used conceptual model.® The ICF, published by the World Health Organization in
2001, is a globally agreed framework and classification system. ICF describes how people
live with their health condition. ICF is a classification of health and health-related domains
that describe body functions and structures, activities and participation. The domains are
classified from the perspective of the body, the individual and society. Since an individual's
functioning and disability occurs in a context, ICF also includes a list of environmental
factors.

Study results

For this study, the research population consisted of all patients aged 18 to 65 years with a
moderate or severe TBI who were admitted from January 1999 until June 2004 in one of the
three participating hospitals. These hospitals were the Erasmus MC, Rotterdam (January
1999 until March 2004), the Medical Center Haaglanden, location Westeinde, The Hague
(September 2002 until June 2004), and the Utrecht University Medical Center (UMC)
(January 2003 until June 2004).

Patients were classified as having a severe TBI when the worst Glasgow Coma Scale score
(GCS score) within 24 hours post injury was between 3 and 8. Moderate TBI was defined as
a GCS score of 9 to13. Furthermore, patients with a GCS score of 14 or 15 and mass lesion
on the head CT-scan were also classified as having a moderate TBI. Patients were not
included in the study when they had serious (pre-traumatic) neurological, psychiatric,
oncologic or internal impairments which could interfere with TBI-related disabilities. If the
patient or their next of kin did not speak Dutch or English they were not invited to participate
in the study.

1) Which outcome measurement instruments are most reliable, and especially most
sensitive to change, for the assessment of functional outcome and quality of life in TBI
patients?

From our literature review (Chapter 2) we identified measurement instruments which can
be used in TBI rehabilitation research; these are the Glasgow Outcome Scale (GOS),” the
GOS-Extended (GOSE),® the Disability Rating Scale (DRS),° the Barthel Index (BI),° the
Rancho Los Amigos Levels of Cognitive Functioning Scale (LCFS)', the Functional
Independence Measurement (FIM),*2 the Functional Assessment Measurement (FAM),:
the Neurobehavioural Rating Scale (NRS),** the Sickness Impact Profile (SIP),** the SIP-68,®
the Rand-SF 36, the Wimbledon Self-Report Scale (WSRS),*® the Dartmouth Coop
Functional Health Assessment Charts/Wonca (Coop),* the Supervision Rating Scale (SRS),?
the Community Integration Questionnaire (CIQ),?* and the Aachener Life Quality Inventory.??
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A conclusion drawn from our review is that, although apparently useful, most of those
instruments still need to be validated in a TBI population.

Due to our participation in the FuPro study, we added the Rehabilitation Activities Profile
(RAP),% the Frenchay Activities Index (FAI),?* the Multi-dimensional Health Locus of Control
Scale (MHLCS),* the Social Support List Interactions (SSL-1), and the Social Support List
Discrepancies (SSL-D),?® and then investigated the inter-observer reliability (Chapter 3) of
the following instruments.

For the subacute phase we studied the BI, FIM, GOS, GOSE, DRS, FAM, LCFS, RAP, and Coop
for their inter-observer reliability. Based only on the inter-observer reliability, we
recommend the use of the FIM for the physical domain, the FAM for the cognitive domain,
and the Coop to measure quality of life.

For the inter-observer study at 12 to 18 months post injury the following measurement
instruments were added: the NRS, CIQ, Employability Rating Scale (ERS),?” FAI, MHLCS, SSL-I
and SSL-D, SRS, WSRS, Rand-36, and SIP-68. For later stages in recovery, based only on the
inter-observer reliability, we recommend the FIM for the physical domain, the FAM and the
NRS for the cognitive domain, the SRS for the psychosocial domain, and the SIP-68 for the
quality of life measurement.

We also determined the sensitivity to change of the above-mentioned instruments. The
instruments which are most sensitive to change are: the FIM and the Bl for the physical
domain; the FAM, the DRS, and the NRS for the cognitive domain; the RAP and FAI for the
psychosocial domain; and the Rand-physical functioning, Coop and the SIP-68 for quality of
life.

In conclusion: at hospital discharge, the FIM is the most reliable measurement instrument
to assess limitations in the physical domain, and is also the most sensitive to change. The
FAM is the most reliable to assess limitations in the cognitive domain, and the Coop to
assess quality of life. At later stages of recovery this minimum data set can best be extended
with the NRS to assess limitations in the cognitive domain, the FAI to assess restrictions in
the psychosocial domain, and the SIP-68 to assess quality of life.

Although inter-observer reliability and sensitivity to change are important in determining
which measurement instruments are to be used, other criteria (such as availability of the
measurement instrument) are also important. As stated above, the FIM is the most reliable
measurement instrument to assess limitations in the physical domain and is also the most
sensitive to change. However, to be able to use the FIM, prior training is necessary.
Furthermore, since an officially approved translation of this instrument is still lacking, this
instrument is not officially available in the Netherlands. However, because we followed the
Adult FIM™ Workshop prepared by the Uniform Data System for Medical Rehabilitation we
are certain that we have administered the FIM correctly.
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TBI patients may not be able to speak for themselves, and the patient’s caregiver is often
asked for information on the patient’s level of functioning or even about their experienced
quality of life. Our investigations led us to conclude (Chapter 4) that in the first year post-
injury the FIM, SIP-68, and Rand 36 can be reliably used to assess functional status and
quality of life of the patient by administrating these questionnaires to the caregiver.
However, it should be noted that this conclusion is based on a relatively small population
and more studies are needed to validate these findings.

2) What are prognostic determinants of functional outcome and quality of life after TBI?

At discharge from hospital

Initial severity according to the GCS and cognitive status at the moment of discharge from
the hospital is associated with being discharged home or to an institution (rehabilitation
center or nursing home) (Chapter 6). However, clinicians must be alert to other non-injury-
related variables which may also influence discharge destination. For example: the
availability of a rehabilitation center in the area, level of organization of home care facilities,
or level of assistance from family members and/or friends in the neighbourhood.

Our research population was too small to distinguish between patients discharged to a
rehabilitation center and those discharged to a nursing home. More research with a larger
population is needed to assess the differences between these groups.

An association was found between the coping style of the patient’s caregiver and the
patient’s outcome (Chapter 7). The level of participation after a TBI is negatively associated
with a passive coping style of the caregiver. In other words, when the patient’s caregiver
has a passive way of coping with problems (i.e. isolating oneself from others, worrying
about the past, and taking refuge in fantasies), the patient is at higher risk to be more
restricted in participation. In clinical practice this means that we need to explore the coping
preference of the caregiver and keep in mind that a passive coping preference is a signal for
more restrictions in participation. A subsequent step in this line of research is to investigate
whether changing the coping style of the caregiver will influence the patient’s outcome.
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One year post-injury

In our study group, one year post-injury 75% of all patients with a moderate or severe TBI
reported problems in their general functioning, 13% in physical functioning, 35% in cognitive
functioning, and 26% in their emotional functioning. Of all patients, 76% reported limitations
in psychosocial activities, 72% experienced work restrictions, and 91% of all patients
reported a reduced quality of life (Chapter 8). At 1 year post-injury only 50% of the patients
whowere discharged home made afull returntowork, whereas only 10% of the rehabilitation
group returned to his or her previous work at 1 year post injury. There is a challenge here
for both the rehabilitation physician as well as for the occupational physician. More
interaction is needed between those two specialties. Remarkably, we found no published
studies reporting the percentage of limitations in physical functioning after TBIl. Apparently,
it seems so obvious to clinicians that the physical limitations are not the most disabling
ones that the prevalence of physical limitations was not yet studied.

Gender, severity of TBI, as well as physical and cognitive status at discharge from hospital
are important variables in predicting functional outcome and quality of life one year after
TBI. Patients that experience problems in physical and cognitive functioning at discharge
from hospital are at highest risk for an unfavourable outcome 1 year later. Women have a
higher risk than men to develop restrictions in psychosocial participation, whereas patients
with a moderate TBI have a higher risk of problems in cognitive functioning and return to
work 1 year post-injury. For clinical practice this means that when treating a moderate TBI
patient, the clinician needs to be aware of difficulties in return to work (even more than one
should already be), since having sustained a moderate TBI is a risk factor for experiencing
problems in return to work. The fact that the risk in the moderate group is more pronounced
than in the severe group is somewhat counterintuitive, but may be explained by the lack of
awareness frequently associated with the severe TBI patients. Another explanation may be
that the less injured (classified as moderate TBI) are more involved in society and therefore
may be more aware of any limitations in their functioning.

Study limitations

One limitation of the study is the relatively small sample sizes. For the inter-observer
studies, however, having additional subjects would not have changed the mean values but
would only have made the confidence interval smaller; e.g. more precise. In the prognostic
studies potential predictors, such as co-morbidity, period of posttraumatic amnesia, and
period of hypoxia could not be included because of the small sample size.

Selection bias is a risk in all studies and, being aware of that risk, we took preventive
measures. By recruiting all consecutive patients (aged between 18 and 65 years) from the
hospitals we believe to have avoided selection bias of the source population based on
severity of injury. We even state (Chapter 5) that other TBI studies only use a selection of
the total TBI population, namely the inpatient rehabilitation population. Nevertheless, no
study is completely free from selection bias. Because we wanted to provide the prevalence
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data of limitations in functioning caused only by the TBI, we excluded the patients with
serious pre injury disabilities. Therefore, generalization to the total TBI population is not
possible. Also excluded were patients who did not speak Dutch or English; however, this
may not be a problem because for the Erasmus MC this is only 1% of the total TBI population.
Selection bias could have occurred in the study reported in chapter 4 (the correspondence
study); we randomly asked all family members of the patient, but generally only those who
were present at the interview.

Information bias of the direct assessment of the patients is also not likely to have occurred.
Allinterviewers wereinstructed on how to use the validated questionnairesin a standardized
interview setting. However, in the correspondence study (chapter 4) information bias is a
matter of concern. Interviews with the patient were frequently held together with the
caregiver in the same room; therefore, the caregiver may have been influenced by the
interview when filling in the questionnaires at a later time. The study reported in chapter 7
(the coping study) may also be influenced by information bias. Data were missing on the
FAI, which might explain the absence of a significant association between limitations in
activity and the independent variables.

Comparing our results with other published studies is difficult for several reasons. First,
there are major differences in constructing outcome between the studies. Other studies
did not give details about their scoring; we hope that having also provided our raw scorings,
that we may set a trend. Meanwhile, comparison at this level is almost impossible. Second,
differences in social, cultural, and health care systems are responsible for differences not
related to the TBI at all. For instance, in our study, as well as in the American studies, the
first assessment took place at hospital discharge. Due to differences in health care
organization, mean hospital discharge in our cohort is about 20 days later than in the USA.
Those data are therefore not comparable.
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Recommendations for future research

The study cohort that was followed-up in our investigation was a hospital-based population.
Our studies allow to conclude that limitations in activities, restrictions in participation, as
well as reductions in quality of life, are not only limited to patients discharged to a
rehabilitation center. Therefore, we recommend that prognostic studies should also include
patients discharged home or to a nursing home. As stated earlier, TBI rehabilitation should
be a lifelong, well-coordinated process with the patient and his or her family as center of
focus.

Preferably, outcome after TBI needs to be assessed in the same way throughout the world.
A possible worldwide construction is given in detail in chapter 8. The first recommendation
is to (at least) give the raw scoring of the measurement instruments to allow future
comparison. Another recommendation is that the first assessment needs to take place after
astandard time post-injury (e.g. 20 days post-injury) and not be related to hospital discharge,
in order to minimize differences in social, cultural, and health care systems.

Future studies should also incorporate the need, use and outcome of outpatient
rehabilitation treatment in order to establish the role of outpatient rehabilitation on
outcome. However, not all patients could distinguish between single physiotherapy,
occupational therapy, and a multidisciplinary treatment (i.e. outpatient rehabilitation
treatment). Therefore, outpatient rehabilitation treatment could not be reliably registered,
and was not used in the present study. Closer cooperation with health insurance companies
can probably solve this problem. This could then be a win-win situation for all parties
concerned. The researchers will receive more reliable data and the health insurance
companies will gain more insight into the effect of rehabilitation treatment.

For assessment of the level of psychosocial functioning, patients were also asked about
their pre injury level. Having a lower score post injury than pre injury was defined as having
limitations in psychosocial activities. Unfortunately, the pre injury psychosocial functioning
scoring was not administered at a predefined and standardized time. This may mean that,
with the passage of time, a person’s subjective perception of pre injury functioning may
become blurred; with patients either underestimating or overestimating themselves. When
working with TBI patients it is very important to have insight into this process. It would be
valuable to study whether the patient’s perception of their pre-injury functioning changes
over time. If this proves to be the case, then the patient’s perception as well as the patient’s
stage post injury should be taken into account when setting realistic rehabilitation goals
with the patient.

Environmental factors are important and need to be considered in future research. For
example, for social support we need to establish whether the amount of support or the
need for support changes over time, and to what extent this is relevant for clinical
practice.
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An example of a personal factor is the locus of control regarding one’s health. An important
qguestion is whether the functional outcome of a patient with an internal locus of control is
better than that of a person with an external locus. If this proves to be so, then the question
will be whether a person’s locus of control can be influenced by therapeutic strategies.

As already stated in our introduction, TBI is not an incident but results in a lifelong disorder
in which changing contextual demands may generate new needs for professional support.
TBI rehabilitation should therefore be a lifelong, well- coordinated process focusing on the
patient and their family. In the Netherlands, a long-term follow-up of TBI patients is still
lacking. The unique cohort of TBI patients described in this thesis may be helpful to study
the long-term follow-up of TBI patients and their relatives in order to improve the
coordinated process.
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The work presented in this thesis is based on findings of the FuPro-TBI (Functional Prognosis
in Traumatic Brain Injury) study, which was part of the larger FuPro research programme
which investigated the functional prognosis of four neurological disorders: multiple sclerosis
(MS), stroke, amyotrophic lateral sclerosis (ALS), and traumatic brain injury (TBI).

The main research questions were formulated as follows:

1) Which outcome measurement instruments are most reliable, and especially most
sensitive to change, for the assessment of functional outcome and quality of life in TBI
patients?

2) What are prognostic determinants of functional outcome and quality of life after TBI?

The research population consisted of all patients aged 18 to 65 years of age with a moderate
or severe TBI who were admitted from January 1999 until June 2004 in one of the three
participating hospitals. Those were the Erasmus MC, Rotterdam (January 1999 until March
2004), the Medical Center Haaglanden, location Westeinde, The Hague (September 2002
until June 2004) and the Utrecht University Medical Center (UMC) (January 2003 until June
2004). Patients were classified as having a severe TBl when the worst Glasgow Coma Scale
score (GCS score) within 24 hours post-injury was between 3 and 8. Moderate TBI was
defined as a GCS score of 9-13. Furthermore, patients with a GCS score 14 or 15 dnd mass
lesion on the head CT-scan were also classified as having a moderate TBI. Patients were
excluded from the study when they had serious (pre-traumatic) neurological, psychiatric,
oncologic or internal impairments which could interfere with TBI-related disabilities. If the
patient, or their next of kin, did not speak Dutch or English they were not invited to
participate in the study.

Chapter 2 presents a review of the literature on the most applied and/or best documented
measurement instruments used in TBI research to classify initial severity and final outcome.
Patients with head injury may be classified according to clinical severity, mechanism of
injury, or morphologic changes. In the acute phase CT examination is preferred to MRI.
Presence of TBI and clinical severity is also evidenced by duration of post-traumatic amnesia
(PTA), and in more severe cases by the degree and duration of a depressed level of
consciousness. PTA can be reliably measured with the Galveston Orientation and Amnesia
Test (GOAT) and the level of consciousness by the Glasgow Coma Scale (GCS). According to
the mechanisms of injury, patients may be differentiated in closed head injury (CHI) versus
penetrating head injury (PHI). Poorer outcome in PHI is primarily determined by mortality.
In PHI the sequelae are primarily caused by physical disabilities versus more severe cognitive
impairments in patients with CHI. The complexity of relevant outcomes, combined with the
limited resources for research, has led to the use of measurement instruments not
specifically developed for the TBI population. We divided the instruments into 1) general
outcome scales: i.e. Glasgow Outcome Scale (GOS), Glasgow Outcome Scale Extended
(GOSE), and Disability Rating Scale (DRS), 2) disability scales: i.e. Barthel Index (Bl), Rancho
Los Amigos Level of Cognitive Functioning Scale (LCFS), Functional Independence
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Measurement (FIM), Functional Assessment Measurement (FAM), and Neurobehavioural
Rating Scale (NRS), and 3) handicap scales: i.e. Sickness Impact Profile (SIP), Rand SF-36
(Rand), Wimbledon Self-Report Scale (WSRS), the Coop/Wonca charts (Coop), Supervision
Rating Scale (SRS), Community Integration Questionnaire (ClQ), and the Aachener Life
Quality Inventory. Adequate validity and reliability of these instruments has been shown,
but mostly in other settings (i.e. a neurosurgical setting) and/or in other conditions such as
stroke, multiple sclerosis, and chronic pain. However, validation of the above-mentioned
measurement instruments is required in the TBI population. Based on those results a
minimum data set of measurement instruments may be proposed.

In chapter 3, the inter-observer reliability of the measurement instruments used in our
study was established. Different studies on reliability have been published, but our study is
the first in which the measurement instruments were investigated in one population (i.e. a
hospital population) at various time points. We also aimed to determine sensitivity to
change. Because of the short concentration span often reported in TBI patients, it is
important to have short interviews with a minimum data set. We identified inter-observer
reliability and sensitivity to change of different measurement instruments at different time
points to form such a minimum data set. At time of discharge from the hospital, 22 moderate
or severe TBI patients (aged 18-50 years) were interviewed by two observers within one
week from each other with the BI, FIM, GOS, GOSE, DRS, FAM, LCFS, Rehabilitation Activities
Profile (RAP), and Coop. One year post injury another 14 moderate or severe TBI patients
(aged 19-51 years) were interviewed, again by two observers but now within one month
from each other. The same set of measurement instruments was used as was used at time
of discharge, but for the one-year study the set was extended with the NRS, CIQ,
Employability Rating Scale (ERS), Frenchay Activities Index (FAI), Multi Health Locus of
Control Scale (MHLCS), Social Support List-Interaction (SSL-1) and SSL-Discrepancies (SSL-D),
SRS, WSRS, Rand-36, and Sickness Impact Profile-68 (SIP-68). The data from the one year
post injury inter-observer study were also used to calculate the sensitivity to change over
time in TBI patients. Early in recovery, i.e. at time of discharge from hospital, limitations in
the physical domain can reliably be assessed with the Bl and the FIM, in the cognitive
domain with the FAM, and the Coop is most reliable to assess quality of life. One year post
injury, limitations in the physical domain can be assessed with the FIM and in the cognitive
domain with the FAM and the NRS. Restrictions in the psychosocial domain can be assessed
with the FAI, the ClQ, and the WSRS, whereas the Coop, all Rand subscales (except Rand
mental health), and the SIP-68 are reliable measurement instruments for quality of life. The
BI, the FIM, the DRS and the FAM are most sensitive to detect change. In addition, the NRS,
the Coop and the SIP-68 are promising, as they are able to detect relatively small differences
in a patient over time. At the moment of discharge from hospital a reliable minimum set is
the FIM, the FAM, and the Coop. At follow-up the data set can be extended with the NRS,
the FAI, and the SIP-68 which are most sensitive to change, thereby covering all relevant
domains of functioning and participation after TBI.
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In chapter 4 we investigated whether the patient and their proxy’s ratings about the
patient’s functioning correspond. A high level of agreement was found between patient
and proxy on rating of the patient’s functioning, and quality of life. Only at 3 months post
injury a significant difference was found on the FIM motor score, with proxies rating the
patients higher than the patients rated themselves. After 3 months no significant differences
were found between ratings of the patient and proxy on the measurement instruments
usedinthisstudy. Unlike resultsfromearlierreports, inthe present study nounderestimation
or overestimation of the patient’s limitations by the proxies was found. Most of the
differences found in our study were non-significant trends. Moreover, the differences found
between patients and proxies were very small and were not of clinical importance. In the
first year post-injury the FIM, the SIP-68 and the Rand SF-36 can be applied either to the TBI
patient or to the patient’s proxy to assess the patient’s functioning.

Few rehabilitation studies include patients from acute care hospitals; only patients referred
toinpatient rehabilitation settings are usually included. In chapter 5 we questioned whether
inclusion of inpatient rehabilitation TBI patients results in a selection bias. Data on
demographics were collected during interviews with the TBI patient and/or their next of
kin/caregiver, data on cause of injury, GCS score, and length of stay were retrieved from
patient files, and data on the patient’s general, physical and cognitive functioning were
assessed in interviews at the time of discharge from the hospital (i.e. the neurosurgery
ward). These data were compared with data available from the Traumatic Brain Injury
Model Systems (TBIMS) national database from the USA. The TBIMS inclusion criteria limit
the data set to persons aged 16 years and older who receive comprehensive inpatient
rehabilitation as part of a systematic continuum of care, including acute neurotrauma
services in a designated TBIMS center. Patients in our hospital-based cohort were younger,
more patients were married and/or working pre-injury, and in our population fewer injuries
were caused by violence compared with the TBIMS data. In addition, in our hospital-based
cohort the GCS score was higher, the length of stay was longer, and general, physical, and
cognitive functioning was better. In our study, 46% of the patients was discharged home
and would not be taken into account in the usual prognostic studies on TBI in rehabilitation
medicine. The hospital-based cohort described hereis different from inpatient rehabilitation
cohorts with respect to age, marital and working status pre-injury, percentage of violence-
related TBIs, mean GCS score, length of stay, and level of functional status. We conclude
that studies which include only those patients that are recruited from an inpatient
rehabilitation setting, suffer from selection bias.

In chapter 6 the association between patient characteristics (age, gender, TBI severity,
functional outcome) and discharge destination was investigated in a cross- sectional study.
This gave us a study population of 111 patients with a moderate or severe TBI, aged 16 to
67 years. Functional outcome was assessed with the BI, FIM, LCFS, FAM, SRS, and NRS. The
patients were interviewed at the time of discharge from the neurosurgery ward. The
outcome variable was discharge destination; 1) home versus institution, and 2) rehabilitation
center versus nursing home. Gender, age and length of stay were not associated with




Summary

discharge destination. TBI severity, physical status, level of arousal and cognitive status
were univariately associated with discharge destination. Multivariate analyses, however,
showed that the risk of being admitted to an institution was significantly higher only for
those with severe TBI [adjusted odds ratio (OR) = 14], and lowered cognitive status at the
time of being discharged from hospital [adjusted OR = 12]. The physical status of the TBI
patient was not associated with discharge destination. There is an indication that the group
discharged to an institution can be subdivided into a rehabilitation center group and a
nursing home group; with the patients discharged to a nursing home being more cognitively
limited. Further research in larger studies (with more patients in the nursing home group)
is needed to substantiate this finding.

In chapter 7 we examined whether the caregivers’ coping style is associated with the
functional outcome of the TBI patient one year post injury. A cross-sectional study among
patients with a TBI, including their primary caregivers, was performed. The study included
51 patients aged 17-64 years with a moderate or severe TBI, and 51 caregivers (23 parents
and 28 partners) aged 23-67 years. The coping preferences of the caregivers were assessed
at minimum 6 and maximum 12 months post injury, by filling out the Utrecht Coping List
(UCL) and were related to limitations in activity (as measured with the FAI) and with
restrictions in participation (as measured with the SIP-68) of TBI patients one year post
injury. The patients were interviewed at their homes; the caregivers received and returned
the UCL by mail. We found that the patients’ age and the caregivers’ coping style are
independently associated with restrictions in participation one year post injury. Our results
show that patients older than 40 years are more likely to be restricted in activities compared
with younger patients, and that patients with a caregiver with a preference for a passive
coping style (i.e. isolating oneself from others, worrying about the past, and taking refuge
in fantasies) are more restricted in participation than patients with a caregiver with another
preference for coping. In clinical terms this means that it is important to gain insight in the
coping preference of the caregiver.

The study in chapter 8 investigated the prognosis of functioning and quality of life (Qol) in
patients one year after having sustained a moderate or severe TBI. The study included 126
patients (aged 16-67 years) with a moderate or severe TBI. General outcome was assessed
with GOS and DRS, physical outcome by Bl and FIM. Cognitive outcome was assessed by
FAM, LCFS, and NRS, emotional outcome by WSRS and the subscale Mental Health from the
Rand SF-36. Psychosocial outcome was constructed by FAl and two subscales of the CIQ
(home integration and social integration). Return to work was taken from the DRS. The
SIP-68 and the Rand SF-36 were used to assess QoL. One year post injury 75% of the patients
reported problems in their general functioning, 13% in physical functioning, 35% in cognitive
functioning, and 26% in their emotional functioning. In addition, 76% of the patients were
limited in psychosocial activities, 72% experienced work restrictions, and 91% of all patients
reported a reduced Qol. General functioning was predicted by physical and cognitive
limitations at discharge [risk ratio; RR 0.3]. Physical functioning was predicted by physical
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limitations at discharge from hospital only [RR 0.4]. Cognitive functioning was predicted by
severity of TBI [RR -0.2], and by physical and cognitive limitations at discharge from hospital
[RR 0.3 and 0.4, respectively]. Psychosocial functioning was predicted by gender [RR 0.3]
and by physical limitations at discharge from hospital [RR 0.3]. Return to work was predicted
by severity of TBI [RR -0.2], and physical and cognitive limitations at discharge from hospital
[RR 0.3 and 0.4, respectively]. QoL could only be predicted by physical limitations at
discharge from hospital [RR 0.3]. Being a woman, having sustained a moderate TBI, and
having a low physical or a low cognitive status at discharge from hospital are important
predictor variables in poor functional prognosis and QoL one year after TBI.

Finally, chapter 9 discusses the conclusions of the studies, their limitations and clinical
implications, and presents directions for future research.
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In dit proefschrift wordt verslag gedaan van het FuPro TBI onderzoek (Functionele Prognose
natraumatisch hersenletsel) watonderdeelisvan het landelijk FuProonderzoeksprogramma
waarin de functionele prognose van vier neurologische aandoeningen (Multiple Sclerose
(MS), cerebro vasculair accident (CVA), Amyotrofisch Lateraal Sclerose (ALS) en traumatisch
hersenletsel (THL)) werd onderzocht.

De belangrijkste onderzoeksvragen zijn als volgt geformuleerd:

1) Welke meetinstrumenten zijn het meest betrouwbaar en vooral het meest gevoelig
om verandering van functionele uitkomst en kwaliteit van leven vast te stellen?

2) Wat zijn de determinanten van functionele prognose en kwaliteit van leven bij THL
patiénten, op één jaar na trauma?

De onderzoekspopulatie bestaat uit alle patiénten in de leeftijd van 18 tot 65 jaar met
matig of ernstig hersenletsel die werden opgenomen van januari 1999 tot juni 2004 in één
van de drie deelnemende ziekenhuizen. De deelnemende ziekenhuizen waren het Erasmus
MC te Rotterdam (januari 1999 tot maart 2004), het Medisch Centrum Haaglanden, locatie
Westeinde te Den Haag (september 2002 tot juni 2004) en het Universitair Medisch Centrum
te Utrecht (januari 2003 tot juni 2004). Patiénten werden geclassificeerd als ernstig THL
wanneer de slechtste Glasgow Coma Scale score (GCS score) in de eerste 24 uur na letsel 3
tot 8 was. Matig THL werd gedefinieerd door een GCS score van 9-13. Daarnaast werden uit
de groep patiénten met een mild THL (GCS score van 14 of 15) ook de patiénten waarbij
sprake was van een traumatische laesie met massawerking (op de CT-scan) geclassificeerd
als matig THL. Patiénten werden niet geincludeerd wanneer zij ernstige (pre-traumatische)
neurologische, psychiatrische, oncologische of interne stoornissen hadden die kunnen
interfereren met de THL gerelateerde beperkingen. Als de patiént of zijn familie geen
Nederlands of Engels sprak, dan werden zij ook niet gevraagd voor deelname aan het
onderzoek.

In hoofdstuk 2 werden de meest voorkomende en/of best gedocumenteerde in THL onder-
zoek gebruikte meetinstrumenten (hier: vragenlijsten) voor het classificeren van initiéle
ernst en uiteindelijke uitkomst onderzocht en besproken. Patiénten met hoofdletsel kunnen
geclassificeerd worden naar klinische ernst, oorzaak van het letsel of morfologische
veranderingen. In de acute fase is CT-onderzoek te prefereren boven MRI-onderzoek.
Aanwezigheid van THL en klinische ernst kan ook worden aangetoond door de aanwezigheid
en duur van posttraumatische amnesie (PTA) en in meer ernstige gevallen door de graad en
duur van een verlaagd bewustzijn. PTA kan betrouwbaar gemeten worden met de Galveston
Orientation and Amnesia Test (GOAT) en niveau van bewustzijn door de Glasgow Coma
Scale (GCS). Patiénten kunnen naar oorzaak van het letsel worden verdeeld in gesloten
hoofdletsel (CHI) versus gepenetreerd hoofdletsel (PHI). De slechtere uitkomst bij PHI wordt
voornamelijk bepaald door mortaliteit. Bij PHI worden gevolgen voornamelijk veroorzaakt
door fysieke beperkingen versus meer ernstige cognitieve stoornissen bij patiénten met
een CHI. De complexiteit van relevante uitkomsten in combinatie met beperkte bronnen
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van onderzoek heeft geleid tot het gebruik van meetinstrumenten die niet specifiek
ontwikkeld zijn voor de THL populatie. Wij verdeelden de meetinstrumenten in algemene
uitkomstschalen (Glasgow Outcome Scale (GOS), Glasgow Outcome Scale Extended (GOSE)
en Disability Rating Scale (DRS)), beperkingen schalen (Barthel Index (BI), Rancho Los Amigos
Level of Cognitive Functioning Scale (LCFS), Functional Independence Measurement (FIM),
Functional Assessment Measurement (FAM) en Neurobehavioural Rating Scale (NRS)) en
handicap schalen (Sickness Impact Profile (SIP), Rand SF 36 (Rand), Wimbledon Self Report
Scale (WSRS), Coop/Wonca kaarten (Coop), Supervision Rating Scale (SRS), Community
Integration Questionnaire (CIQ) en Aachener Life Quality Inventory)). De meetinstrumenten
beschikken allen over een adequate validiteit en betrouwbaarheid, maar vaak vastgesteld
in andere settings (bijv. neurochirurgische setting) en/of andere diagnoses zoals CVA, MS
en chronisch pijn. Valideren van bovengenoemde instrumenten is nodig in de THL populatie.
Gebaseerd op die resultaten kan een minimale dataset worden voorgesteld.

In hoofdstuk 3 werden de door ons gebruikte meetinstrumenten onderzocht op hun
betrouwbaarheid. Verschillende betrouwbaarheidsstudies zijn gepubliceerd, maar deze
studie is de eerste waarin de meetinstrumenten in één populatie (de ziekenhuis-populatie)
op verschillende tijdstippen werd onderzocht. Ook werd de gevoeligheid voor verandering
vastgesteld. Door de korte aandachtsspanne die vaak wordt gemeld bij THL patiénten is het
belangrijk om korte interviews te houden, gebruikmakend van een minimale dataset. Op
moment van ontslag uit het ziekenhuis werden 22 matig of ernstig THL-patiénten in de
leeftijd van 18 tot 50 jaar geinterviewd door twee observatoren met de Bl, FIM, GOS, GOSE,
DRS, FAM, LCFS, Revalidatie Activiteiten Profiel (RAP) en Coop. Eén jaar na letsel werden
nog eens 14 matig of ernstig THL-patiénten in de leeftijd van 19 tot 51 jaar geinterviewd;
ook weer door twee observatoren. Dezelfde set vragenlijsten werd gebruikt als die werd
afgenomen ten tijde van ontslag uit het ziekenhuis, maar voor de éénjaars interbeoordelaar-
studie werd de set uitgebreid met de NRS, CIQ, Employability Rating Scale (ERS), Frenchay
Activities Index (FAl), Multi Health Locus of Control Scale (MHLCS), Sociale Steun Lijst-
Interactie (SSL-1) en SSL-Discrepanties (SSL-D), SRS, WSRS, Rand-36 en Sickness Impact
Profile-68 (SIP-68). De data van de éénjaars interbeoordelaarstudie werden ook gebruikt
om de gevoeligheid voor verandering in de tijd bij THL patiénten te berekenen. In de vroege
fase van herstel (moment van ontslag uit het ziekenhuis) kunnen beperkingen in het fysieke
domein betrouwbaar worden vastgesteld met de Bl en de FIM, in het cognitieve domein
met de FAM, en is de Coop het meest geschikt voor het vaststellen van kwaliteit van leven.
Eén jaar na letsel kunnen beperkingen in het fysieke domein betrouwbaar worden vast-
gesteld met de FIM, in het cognitieve domein met de FAM en de NRS. Restricties in het
psychosociaal domein kunnen worden vastgesteld met de FAI, de CIQ, en de WSRS, terwijl
de Coop, alle Rand subschalen (behalve subschaal geestelijke gezondheid), en de SIP-68
betrouwbare meetinstrumenten zijn voor kwaliteit van leven. De BI, de FIM, de DRS en de
FAM zijn het meest gevoelig om veranderingen te kunnen opsporen. Bovendien zijn de
NRS, de Coop en de SIP-68 veelbelovend, aangezien zij in staat zijn relatief kleine verschillen
op te kunnen sporen. Op moment van ontslag uit het ziekenhuis bestaat een betrouwbare
minimum dataset uit de FIM, de FAM en de Coop. In een later stadium van herstel kan deze
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minimum data set worden aangevuld met de NRS, de FAI en de SIP-68 die het meest
gevoelig blijken voor verandering, zodat alle domeinen van functioneren worden
onderzocht.

In hoofdstuk 4 onderzochten we of de beoordeling over het eigen functioneren van de
patiént overeenkwam met het idee dat de naastbetrokkene heeft over het functioneren
van de patiént. Een hoge overeenstemming werd gevonden tussen patiént en naast-
betrokkene voor het beoordelen van functioneren en kwaliteit van leven van de patiént.
Alleen op drie maanden na letsel werd een significant verschil gevonden op de FIM-motor
score, met de naastbetrokkenen die patiénten hoger scoorden dan de patiénten zelf. Na
drie maanden werden geen significante verschillen meer gevonden tussen de patiént en
naastbetrokkene op de meetinstrumenten die in deze studie werden gebruikt. In tegen-
stelling tot eerdere studies werd in deze studie geen onder- of overschatting gevonden
tussen patiénten en hun naastbetrokkene. De meeste verschillen die werden gevonden,
waren niet-significante trends. Aangezien de verschillen tussen patiénten en hun naast-
betrokkene erg klein waren, zijn ze niet klinisch relevant. In het eerste jaar na letsel kan de
FIM, de SIP-68 en de Rand SF36 zowel door de THL-patiént als ook door zijn naastbetrokkene
worden gebruikt om zo het functioneren van de patiént vast te stellen.

Weinig revalidatie studies includeren patiénten vanuit het ziekenhuis; alleen patiénten die
worden doorverwezen voor klinische revalidatie worden gewoonlijk geincludeerd. In
hoofdstuk 5 vroegen we ons af of inclusie van alleen klinisch opgenomen THL patiénten een
selectie-bias geeft. Demografische gegevens werden verzameld tijdens interviews met de
patiént en/of zijn naastbetrokkene. Data op het gebied van oorzaak van het letsel, ernst van
het THL en opnameduur werden gegeven door de ziekenhuizen die deelnamen aan het
onderzoek. Data op het gebied van fysiek en cognitief functioneren van de patiént werden
verzameld in een interview op het moment van ontslag uit het ziekenhuis (hier de afdeling
neurochirurgie). Deze data werden vergeleken met data uit de ‘Traumatic Brain Injury
Model Systems (TBIMS) national database’ uit de Verenigde Staten. De TBIMS inclusie
criteria beperken hun dataset tot personen van 16 jaar en ouder die klinische revalidatie
ontvangen als onderdeel van een systematisch aangeboden continuiim van zorg, waaronder
ook acute neurotrauma interventies in een TBIMS centrum. Patiénten uit ons onderzoeks-
cohort zijn op moment van het ongeval jonger en meer patiénten zijn getrouwd en/of aan
het werk in vergelijking met de TBIMS data. Verschillen werden ook gevonden voor oorzaak
van het letsel; minder letsels worden veroorzaakt door geweld. De GCS score is hoger en er
wordt een verlengde opnameduur en een beter algemeen, fysiek en cognitief functioneren
gevonden in ons ziekenhuiscohort. In deze studie werd 46% van de patiénten naar huis
ontslagen welke in de gebruikelijke prognostische studies in THL revalidatie niet wordt
meegenomen. Het ziekenhuiscohort dat hier is beschreven is verschillend van klinische
revalidatie cohorten wanneer gekeken wordt naar leeftijd, huwelijkse staat en arbeidsstatus
voor letsel, percentage geweldsgerelateerde THL's, gemiddelde GCS score , opnameduur
en niveau van functioneren. Geconcludeerd kan worden dat studies die alleen patiénten
includeren die in aanmerking komen voor klinische revalidatie lijden aan selectie-bias.
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In hoofdstuk 6 werd de associatie tussen patiéntkenmerken (leeftijd, geslacht, THL-ernst,
functionele uitkomst) en ontslagbestemming onderzocht in een cross-sectionele studie. De
studiepopulatie bestond uit 111 patiénten met matig of ernstig THL in de leeftijd van 16 tot
67 jaar. Functionele uitkomst werd vastgesteld met de BI, FIM, LCFS, FAM, SRS, en NRS. De
patiénten werden geinterviewd op moment van ontslag uit het ziekenhuis (afdeling neuro-
chirurgie). De uitkomst variabele was ontslagbestemming; 1) naar huis versus naar een
instituut, en 2) revalidatie centrum versus verpleeghuis. Geslacht, leeftijd en opname-duur
waren niet geassocieerd met ontslagbestemming. Ernst, fysieke status, niveau van
bewustzijn en cognitieve status zijn univariaat geassocieerd met ontslagbestemming.
Echter, multivariate analyses toonden aan dat het risico om opgenomen te worden in een
instituut alleen significant hoger is voor de patiénten met een ernstig THL [adjusted odds
ratio (OR) = 14] en met een verlaagd bewustzijn op moment van ontslag uit het ziekenhuis
[adjusted OR= 12]. De fysieke toestand van de patiént is niet geassocieerd met ontslag-
bestemming. Er zijn aanwijzingen gevonden voor het verder kunnen onderverdelen van de
groep die werd ontslagen naar een instituut in een groep revalidatiecentrum en een groep
verpleeghuis; waarbij de patiénten die werden ontslagen naar het verpleeghuis meer
cognitief beperkt zijn. Verder onderzoek in grotere studies (met meer patiénten in de
verpleeghuisgroep) is nodig om deze aanwijzing te kunnen onderbouwen.

In hoofdstuk 7 onderzochten we of de copingstijl van de naastbetrokkene geassocieerd is
met de functionele uitkomst van de THL-patiént een jaar na letsel. Hiervoor werd een cross-
sectionele studie onder THL-patiénten en hun primair naastbetrokkenen uitgevoerd. Er
namen 51 patiénten met een matig of ernstig THL in de leeftijd van 17-64 jaar deel, en 51
naastbetrokkenen (23 ouders en 28 partners) in de leeftijd van 23 tot 67 jaar. De coping
voorkeuren van de naastbetrokkenen werden mimimaal 6 en maximaal 12 maanden na
letsel vastgelegd door de Utrecht Coping Lijst (UCL) in te vullen en werden gerelateerd aan
beperkingen in activiteit, gemeten met de FAI, en met restricties in participatie, gemeten
met de SIP-68 van THL-patiénten een jaar na letsel. De patiénten werden thuis geinterviewd;
de naastbetrokkenen ontvingen en retourneerden de UCL per post. We vonden dat leeftijd
van patiént en copingstijl van de naastbetrokkene onafhankelijk is geassocieerd met
restricties in participatie een jaar na letsel. Onze resultaten laten zien dat patiénten ouder
dan 40 jaar, meer beperkt zijn in participatie dan patiénten jonger dan 40, en dat patiénten
met een naastbetrokkene met een passieve copingstijl (je volledig afzonderen van anderen,
piekeren over het verleden, en niet in staat iets aan de situatie te doen) ook meer beperkt
zijn in participatie dan patiénten met een naastbetrokkene met een andere coping voorkeur
Voor de klinische praktijk betekent dit dat het van belang is inzicht te hebben in de coping
voorkeur van de naastbetrokkene van de patiént.
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In hoofdstuk 8 werd de prognose van functioneren en kwaliteit van leven in patiénten een
jaar na het doormaken van matig of ernstig THL bestudeerd. De onderzoekspopulatie
bestond uit 126 patiénten in de leeftijd van 16 tot 67 jaar met een matig of ernstig THL. De
algemene uitkomst werd vastgesteld met behulp van de GOS en de DRS, de fysieke uitkomst
met de Bl en de FIM. Cognitieve uitkomst werd vastgesteld middels de FAM, de LCFS en de
NRS, emotionele uitkomst met de WSRS en subschaal geestelijke gezondheid van de Rand
SF-36. Psychosociale uitkomst werd geconstrueerd door de FAI en twee subschalen van de
ClQ (thuisintegratie en sociale integratie). Terugkeer naar werk kwam uit de DRS. De SIP-68
en de Rand SF-36 werd gebruikt om kwaliteit van leven vast te stellen. Een jaar na letsel
rapporteert 75% van de patiénten problemen in algemeen functioneren, 13% in fysiek
functioneren, 35% in cognitief functioneren en 26% in emotioneel functioneren. Van alle
patiénten geeft 76% aan beperkt te zijn in psychosociale activiteiten, 72% van de patiénten
geeft beperkingen in terugkeer naar werk aan en 91% van alle patiénten rapporteert een
verlaagde kwaliteit van leven. Algemeen functioneren wordt voorspeld door aanwezige
fysieke en cognitieve beperkingen op moment van ontslag uit het ziekenhuis [risk ratio (RR)
0.3]. Fysiek functioneren wordt alleen voorspeld door fysieke beperkingen, aanwezig ten
tijde van ontslag uit het ziekenhuis [RR 0.4]. Cognitief functioneren kan worden voorspeld
door ernst van het THL [RR -0.2] en door fysieke en cognitieve beperkingen op het moment
van ontslag uit het ziekenhuis [RR van 0.3 respectievelijk 0.4]. Psychosociaal functioneren
wordt voorspeld door geslacht [RR 0.3]. Terugkeer naar werk wordt voorspeld door ernst
van het THL [RR -0.2] en fysieke en cognitieve beperkingen op moment van ontslag uit het
ziekenhuis [RR van 0.3 respectievelijk 0.4]. Kwaliteit van leven kan alleen worden voorspeld
door de fysieke beperkingen op moment van ontslag uit het ziekenhuis [RR 0.3]. Het vrouw-
zijn, het doorgemaakt hebben van een matig THL en het hebben van een lage fysieke of een
lage cognitieve status op moment van ontslag uit het ziekenhuis zijn belangrijke predictor
variabelen voor een slechte functionele prognose en kwaliteit van leven een jaar na letsel.

In hoofdstuk 9 uiteindelijk, worden de conclusies van de studies, de beperkingen en de
klinische implicaties besproken en worden aanwijzingen gegeven voor verder onderzoek.




Samenvatting







Appendix

Measurement instruments
used in this thesis




Appendix

Barthel Index* (Bl)

BI

Glasgow Outcome Score? (GOS)

GOS score

Range 0-20

1 =dead
2 = vegetative
3 =severe disability

4 = moderate disability

5 = good recovery

Disability Rating Scale* (DRS)

DRS sum-score

Range 0-30

DRS level-score 0 = no disability

1 = little disability

2 = partial disability

3 = moderate disability

4 = moderately severe disability
5 = severe disability

6 = very severe disability

7 = vegetative

8 = extreme vegetative

9 =dead

Functional Independence Measurement® (FIM)

FIM-score

Range 18-126

Functional Assessment Measurement® (FAM)

FAM-score

Range 12-84

sum of 10 items each scored 0-2or0-1

Glasgow Outcome Scale Extended® (GOSE)
GOS-E score

1 =dead

2 = vegetative

3 = low severe disability

4 = high severe disability

5 = low moderate disability
6 = high moderate disability
7 = low good recovery

8 = high good recovery

sum of score of 8 items scored 5 x 0-3, 1 x 0-4, 2 x 0-5

IfDRSss= 0 thenDRSIs=0
IfDRSss= 1 thenDRSIs=1
If DRSss= 2-3 thenDRSIs=2
If DRSss= 4-6 thenDRSIs=3
If DRSss= 7-11then DRSIs=4
If DRS ss = 12-16 then DRSIs =5
If DRS ss = 17-21 then DRSIs =6
If DRS ss = 22-24 then DRS Is = 7
If DRS ss = 25-29 then DRSIs = 8
IfDRSss=  30thenDRSIs=9

sum of 18 items scored 1-7

sum of 12 items scored 1-7

Los Amigos Levels of Cognitive Functioning Scale’ (LCFS)

LCFS-score

1 =noresponse

2 = general response

3 =localized response

4 = confused/agitated

5 = confused undirected
6 = confused directed

7 = automatic directed
8 =directed, adequate
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Neurobehavioural Rating Scale® (NRS)

NRS-score Range 0-162 sum of 27 items scored 0-6
NRS-energy Range 0- 42 sum of 7 items scored 0-6
NRS-metacognition Range 0- 36 sum of 6 items scored 0-6
NRS-anxiety Range 0- 36 sum of 6 items scored 0-6
NRS-language Range 0- 18 sum of 3 items scored 0-6

Rehabilitation Activities Profile® (RAP)
RAP score Range 0-36 sum of 12 items scored 0-3

Community Integration Questionnaire® (CIQ)

ClQ home integration Range 0-10 sum of 5 items scored 0-2
ClQ social integration Range 0-12 sum of 6 items scored 0-2
ClQ productive activity =~ Range 0- 7 sum of 3 items scored 0-2

Employability Rating Scale! (ERS)

ERS-score 1 =not working/ not at school
= sheltered limited

= sheltered unlimited

= small aspects of a job

= unskilled

= simple, administrative

= skilled, high administrative
= school, skilled, complex

= step back of former level
= school or work at former level

O 00N O Ul B WN

=
o

Frenchay Activity Index*? (FAI)

FAI Range 0-45 sum of 15 items scored 0-3
FAI 3 months Range 0-30 sum of 10 items scored 0-3
FAl 6 months Range 0-15 sum of 5 items scored 0-3

Multi Health Locus of Control Scale** (MHLCS)

internal Range 6-36 sum of 6 items scored 1-6
others Range 6-36 sum of 6 items scored 1-6
chance Range 6-36 sum of 6 items scored 1-6

Social Support List* (SSL)
SSL-Interactions Range 1-136 sum of 34 items scored 1-4
SSL-Discrepancies Range 1-136 sum of 34 items scored 1-4
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Supervision Rating Scale-5 (SRS-5)

1 = independent

2 = supervision at night

3 = parttime supervision

4 = fulltime indirect supervision

5 = fulltime direct supervision

COOP/ WONCA charts*® (COOP)

COOP Range 7-35
Rand-36"

Vitality Range 0-100
Mental health Range 0-100
Social functioning Range 0-100
General health Range 0-100
Bodily pain Range 0-100
Role emotional Range 0-100
Role physical Range 0-100
Physical functioning Range 0-100
SIP-68

SIP-68 Range 0-68
SIP physical Range 0-39
SIP psychosocial Range 0-29

Supervision Rating Scale-13*> (SRS-13)
1 =living alone
2 =living with partner or children
3 =supervision at night
4 =out alone for short period
5 =not out alone
6 =supervision at night and most of the day
7 =supervision at night and all day
8 =fulltime indirect supervision
9 =8+ safety measures
10 = fulltime supervision
11 = closed environment
12 =11 + fulltime supervision
13 = limited freedom

sum of 7 items scored 1-5

sum of 4 items divided by 20 times 100
sum of 5 items divided by 25 times 100
sum of 2 items divided by 8 times 100
sum of 5 items divided by 20 times 100
sum of 2 items divided by 49 times 100
sum of 3 items divided by 3 times 100
sum of 4 items divided by 4 times 100
sum of 10 items divided by 20 times 100

sum of 68 items scored 0-1
sum of 39 items scored 0-1
sum of 29 items scored 0-1

Wimbledon Self reporting Rating Scale'® (WSRS)

WSRS-score Range 0-30

sum of 30 items scored 0-1




Measurement instruments used in this thesis
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