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Objectives: (1) To examine predictive validity of global
neuropsychological performance, and performance on timed
tests (controlling for manual motor function) and untimed tests,
including attention, memory, executive function, on return to
productivity at 1 year after traumatic brain injury (TBI). (2) To
compare predictive validity at 8 weeks versus 5 months postin-
jury. (3) To examine predictive validity of early degree of
recovery (8wk—5mo postinjury) for return to productivity.

Design: Longitudinal, within subjects.

Setting: Inpatient neurorehabilitation and community.

Participants: Patients (N=63) with moderate to severe TBI.

Interventions: Not applicable.

Main Outcome Measures: Primary outcome: return to pro-
ductivity at 1 year postinjury. Primary predictors: neuropsy-
chological composite scores. Control variables: posttraumatic
amnesia, acute care length of stay (LOS), Glasgow Coma Scale
score, age, and estimated premorbid intelligence quotient.

Results: Return to productivity was significantly correlated
with global neuropsychological performance at 5 months
postinjury (P<<.05) and showed a trend toward significance at
8 weeks. Performance on the untimed composite score, and
more specifically executive and memory functions, mirrored
this pattern. Logical Memory performance significantly pre-
dicted return to productivity, but not other memory tests.
Timed tests showed no significance or trend at either time
point. Early degree of recovery did not predict return to pro-
ductivity. Among control variables, only acute care LOS was
predictive of return to productivity.

Conclusions: Findings validate utility of early neuropsycho-
logical assessment for predicting later return to productivity.
They also provide more precise information regarding the
optimal timing and test type: results support testing at 5 months
postinjury on untimed tests (memory and executive function),
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but not simple attention or speed of mental processing. Find-
ings are discussed with reference to previous literature.

Key Words: Outcome assessment (health care); Rehabilita-
tion; Brain injuries; Work.
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ODERATE AND SEVERE TBI are associated with cog-

nitive, physical, and emotional impairments that can
impede one’s ability to engage in productive activities, such as
work, school, parenting, and leisure pursuits. One of the more
urgent early questions of brain-injured persons and their family
members is whether return to prior activities will be possible.
However, because of the variability across brain injuries and
the wide range of factors that influence return to prior activi-
ties, our ability to predict accurately such clinical outcomes is
limited, despite extensive research to date.

Indeed, the literature examining prediction of func-
tional outcome is vast. The many predictors that have been
examined fall largely into 1 of 2 categories: injury-related
variables, such as severity of injurg/,"lo mechanism of in-
jury,'®!7 and cognitive impairment,”'®* and demographic/
premorbid variables, such as age,"*®'%%3% " educa-
tion,!-347-34:36-3840 and preinjury employment.®3%4%4¢ The
functional outcomes predicted by these variables are most
frequently measured with broad composite scales, such as
the FIM1,2,7,35,39,42,47-50 and the GOS, ,4,5,6,10,36,51-54 among
a variety of others '37:13:15:17.35.39.44.50.55-62 \any of these
global assessment tools are widely employed clinically, mak-
ing them good candidates for retrospective studies. Moreover,
their frequent use in the literature facilitates cross-study com-
parison. However, the limited sensitivity of these measures—
particularly to the more subtle deficits that persist in the later
stages of recovery”>**%*likely explains some of the discrep-
ancies in the literature, where significant associations are found
between a given predictor and an outcome (eg, age and the
Community Inte}&ration Questionnaire) in some studies,'!?!%!
but not others.*

A more specific functional outcome measure—for which
outcome prediction becomes more reliable the further from

List of Abbreviations

GCS Glasgow Coma Scale

GOS Glasgow Outcome Scale

LOS length of stay

NAART North American Adult Reading Test
PTA posttraumatic amnesia

RAVLT Rey Auditory Verbal Learning Test
RTW return to work

RVDLT Rey Visual Design Learning Test
TBI traumatic brain injury

WTAR Wechsler Test of Adult Reading
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injury—is return to work,>”-¥7-394465-68 where the passage of

time allows for differences in recovery rates to exert less of an
influence on outcome. In addition to the obvious financial
benefits, returning to paid employment has been shown to
improve motivation to integrate back into society, increase the
opportunity for social interaction, enhance self-esteem and
perceived status, and even reduce the likelihood of secondary
complications such as physical disability and substance
abuse.®””® An increased interest in RTW in recent years has
been noted by Shames et al,”' who attribute this in part to a
change in the World Health Organization’s International Clas-
sification of Functioning, Disability and Health, where RTW
was included as a key component of rehabilitation in 2001.”"
One limitation of RTW as a clinical outcome measure, though,
is that it does not subsume clinically and personally relevant
vocational and avocational activities, such as parenting, leisure
pursuits, and school. Ascertaining such premorbid productivity
information, against which to compare postinjury return to
productivity, is not straightforward because of the need for an
available, reliable historian. Nonetheless, a small number of
recent studies have been able to examine return to productivity
after TBL®®

Although RTW and return to productivity are more reliable
outcome measures than composite scales such as the FIM and
GOS, prediction studies have still shown inconsistencies. For
example, many studies employing demographic predictors
have shown significantly better outcomes with Ztyoun er
age’25,29,37,39,45,4 ,72-77 but a number have nOt.lZ’ZS' 4,65,78,79
Some studies have shown positive correlations with hi%her
income,”® lower preinjury education level,'*3%37:46:66.74.80.81
and lower preinjury substance use,'*'%*? but, again, conflicting
findings have been observed.** With regard to injury-related
predictors, previous studies have demonstrated that, overall,
injury severity is an imPortant redictor of RTW and return to
productivity®7#15:19-21:31-33.37-39.38.60.83-84, o ever many studies
have found weak or no evidence of an association between RTW/
return to productivity and length of coma, de;s)th of coma (as
measured by the GCS), or length of PTA,'3-37:44:45.768084 q¢hough
length of coma and length of PTA are consistently found to be
stronger predictors of outcome than GCS, 922972818485

Inconsistencies across studies may be attributable, in part, to
differences in the quality of predictor variable data across
studies. For example, length of coma and length of PTA are
often unrecorded,***”*% resulting in high rates of missing data
in studies.>”**S GCS scores may be confounded by intoxica-
tion at time of injury,®”®® which is prevalent but unreliably
reported in medical records.®°®® Moreover, the collection of
these variables is not required to be undertaken in a fully
standardized fashion by a trained clinician, which can itself
affect the reliability of data. Finally, these injury severity
scores are only indirectly related to functional outcome; thus,
variance accounted for would logically be limited.

There is a growing literature examining the relationship
between neuropsycholo;%ical test performance and RTW or
return to productivity.> 3 Cognitive predictors are injury-
related, but have the advantage of being more directly related
to functioning (eg, school and most jobs require a minimum
level of attention and memory). Neuropsychological tests re-
quire standardized administration, and many neuropsycholog-
ical tests require administration by trained examiners under
expert supervision. It is therefore not surprising that correla-
tions between cognitive functions and RTW and return to
productivity have been observed not only in studies of concur-
rent correlation,”®%% but also in studies employing clinically
valuable predictive designs, where neuropsychological assess-
ment has been conducted at 6 months or earlier”!#-20-23-23-28-30-32
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Sherer et al,>? for example, found a significant contribution to
return to productivity at 1 year postinjury of neuropsycholog-
ical testing conducted on resolution of PTA.

The cognitive functions that have been most strongly asso-
ciated with RTW or return to productivity are speed of pro-
Cessing’9,12,23,24,26,27,29,33 memory’12,18,20,2 ,24,27,31 and intellec-
tual status.'>'%-23-337993.94 However, as with other predictor
variables, some inconsistencies have been observed. For ex-
ample, regarding memory function, Dawson et al*° found that
recovery of memory during acute care (3 words at 24 hours)
was the sole predictor of return to productivity at 4 years
postinjury.?® Boake et al'® found that all 3 memory tests
employed in their study (ie, Logical Memory Immediate and
Delayed Recall; RAVLT) significantly predicted return to pro-
ductivity. Cifu et al*' found that memory (Logical Memory
Delayed Recall) was the only domain among several examined
that predicted later return to productivity. On the other hand,
Rassovsky et al® observed no mediating effect of memory
performance (at 6 months postinjury) for injury severity and
RTW (at 1 year postinjury), and in an earlier study, Fraser®’
showed a relationship between return to productivity and a
range of cognitive functions, with the exception of memory
(and problem-solving). Critical differences across studies in the
number and type of memory tests and subtests, as well as in the
injury severity and demographic control variables employed,
likely explain some of these discrepancies. Speed of processing
also has shown disparate findings, with most studies demon-
strating significant predictive validity of early cognitive pro-
cessing speed for later return to productivitg,g’32 but a small
number of studies showing no relationship.'®*' Lack of control
for manual motor impairments across studies (either orthopedic
or centrally mediated) may explain observed disparities. An-
other important methodologic difference across these studies, as
well as the wider literature on prediction of return to productivity,
concerns sample bias. For example, some studies have employed
retrospective designs,™'?2>6366.7993.95.96 \which are more vulner-
able to sample bias as well as constraints on choice of predictor
and outcome measures. Others studies have employed prospec-
tive designs, though it should be noted that even large, multisite
prospective studies using database registries have been vulner-
able to selective attrition and consequent sample bias, with
attrition rates reaching upwards of 75% in some stud-
ies.31,46,76,97,98

Given the clinical value of predicting return to productivity,
the important findings to date, but also the inconsistencies of
past research, further research is clearly warranted. In the
current study, we attempted to build on the strengths of previ-
ous research, to obviate past methodologic limitations, and to
address some novel questions. We recruited patients prospec-
tively from a large, urban neurorehabilitation facility where we
had the opportunity to follow every patient clinically over the
course of the study, providing clinical assessment and feedback
at each assessment. Consequently, recruitment and retention
were high, which minimized threat to reliability from sample
bias. Family involvement in the study was extensive; therefore,
access to reliable historians was available, and it was possible
to obtain very specific premorbid and current information re-
garding roles and activities. As well, we had full control over
our choice, timing, and collection of predictor and outcome
variables.

We examined early neuropsychological performance as a
predictor of return to productivity at 1 year postinjury, com-
paring the predictive validity of neuropsychological perfor-
mance at 8 weeks postinjury with performance at 5 months
postinjury. To our knowledge, no studies have compared more
than 1 early subacute neuropsychological assessment within
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the same study in the prediction of return to productivity, and
only 1 study has examined RTW: Spikman et al®® found that
from a battery of attention, speed of processing, and executive
function tests, only early performance on the Stroop Color-
Word test (a timed test of selective attention) predicted RTW at
2 to 5 years postinjury. However, the variable accounted for
only a small amount of variance. A determination of the
optimum earliest time point at which to assess cognitive func-
tioning in order to predict return to productivity reliably, along
with an understanding of which tests are most predictive,
would be of marked clinical and practical utility. Indeed, only
a handful of studies have examined early cognitive assessment
and later return to work (see Sherer et al®? for review).

We also examined whether the degree of early subacute
recovery (8wk—5mo postinjury) was a better predictor of out-
come than performance level at either of the 2 time points.
Again, only the study by Spikman®® has addressed this ques-
tion, to our knowledge, and specifically for RTW rather than
return to productivity. They found a circumscribed and small
effect: that early recovery across the first and third occasion of
testing (=1-6mo postinjury) on the Stroop Color-Word test
was predictive of 2-year to 5-year RTW. It is clinically intui-
tive that a rapid early recovery would predict a better produc-
tivity outcome than a slow early recovery. However, this ques-
tion has had only minimal empirical investigation and there is
scope for misinforming patients if this intuitively compelling
possibility is actually incorrect.

At each time point, we examined global neuropsychological
performance on a composite of cognitive tests from a range of
cognitive domains that are commonly disrupted in TBI. Al-
though a large cognitive battery offers the advantage of in-
creased reliability, a more parsimonious battery offers greater
feasibility. We therefore subdivided the global composite into
a timed test aggregate made up of tests of simple and complex
speed of processing, and an untimed test aggregate made up of
tests of memory, attention, and executive function. We also
examined a series of demographic and injury control variables
to identify any variables that might account for significant
return to productivity outcome variance, and that would be
included in analyses.

Previous studies have identified both timed and untimed tests
as predictors of RTW and return to productivity. We were
interested in distinguishing timed from untimed processing for
several reasons. First, speed of processing is arguably the most
ubiquitous and persisting complaint after moderate and severe
TBI.'® Second, whether speed of processing should be disrup-
tive to return to productivity is not self-evident. While many
activities involve time constraints, speed of processing impair-
ments can be compensated for by allotting extra time to com-
plete activities. Last, previous studies examining speed of
processing as a predictor of return to productivity have em-
ployed tasks with manual motor demands, without any reported
control for central or orthopedic injuries to motor function; in
1 study,” 3 of 4 speed of processing tests had manual motor
requirements, for example. Consequently, it has not been clear
how much outcome variance in these studies might be attrib-
uted to persisting peripheral or central motor damage. In the
present study, we employed tests of speed of processing with-
out manual motor demands or where the contribution of man-
ual motor function/dysfunction could be parceled out using a
subtraction approach (eg, Trail Making Test Part B minus Trail
Making Test Part A).

Finally, in addition to multivariate logistic regression models
to examine global predictor (timed vs untimed) and control
variables, we also conducted nested regression analyses of the
smaller cognitive domains, focusing in particular on memory

because of the ubiquitous, but also conflicting findings in this
domain. Here, we examined the respective contributions of
memory for verbal information (organized and unorganized),
and memory for visuospatial (unorganized) material.

In summary, we used regression models to identify relevant
control variables, and then examined the predictive validity of
cognitive performance for return to productivity at 1 year,
comparing 2 early, subacute time points and also using early
degree of recovery as a predictor. Composite scores of clini-
cally meaningful domains (eg, timed test aggregate, memory
test aggregate) were used; these provide greater reliability than
individual test performances, but have been little used in pre-
vious studies. We re-examined speed of processing—a predic-
tor with somewhat inconsistent previous findings— controlling
for motor impairments that may have confounded previous
research. In addition, we examined memory using two ap-
proaches to analysis (aggregate, individual test contributions)
in order to explain previous inconsistencies with this variable.

METHODS

The study protocol was approved by the research ethics
board at the Toronto Rehabilitation Institute, and the proce-
dures of the study were in accordance with the standards of the
research ethics board.

Participants

The 63 patients with TBI in this study were part of a larger
study conducted at the Neurorehabilitation Program of the
Toronto Rehabilitation Institute investigating the natural his-
tory and mechanisms of cognitive and motor recovery after
TBI. The neurorehabilitation program has a province-wide
catchment area, is located in an urban center, and sees patients
both with and without motor vehicle or private insurance.
Therefore, there is a wide range of socioeconomic status and
ethnicities represented in the program. Participants in the larger
study underwent prospective neuropsychological assessments
at 1 to 3 months postinjury, 3.5 to 5.5 months postinjury, and
11 to 13 months postinjury and met the following inclusion
criteria: (1) acute care medical diagnosis of TBI, (2) PTA 1
hour or more and/or GCS of 12 or less either at emergency or
the scene of accident and/or positive computed tomography or
magnetic resonance imaging findings, (3) age between 17 and
80 years, (4) ability to follow simple commands in English
based on speech language pathologist intake assessment, and
(5) competency to provide informed consent for study or avail-
ability of a legal decision-maker.

Exclusion criteria included the following: (1) orthopedic
injuries affecting both upper extremities; (2) diseases primarily
or frequently affecting the central nervous system, including
dementia of Alzheimer type, Parkinson’s disease, multiple
sclerosis, Huntington’s disease, lupus, and stroke; (3) history of
psychotic disorder; (4) not emerged from PTA by 6 weeks
postinjury, as measured by the Galveston Orientation Amnesia
Test'?"; (5) TBI secondary to another neurologic event (eg, a
fall caused by stroke); and (6) failure on a symptom validity
test (Test of Memory Malingering)'®* at any of the assess-
ments.

Participants were eligible for the current study if they were
at least 1 year postinjury. Of a total of 70 eligible participants
from the larger study, 5 could not be reached at 1 year postin-
jury, and 2 declined to participate. The sample therefore in-
cluded 63 participants, representing a 90% retention rate.

Table 1 shows the demographic and injury characteristics of
the study sample. The study sample was severely impaired on
average, with a typically high ratio of male to female subjects,
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Table 1: Injury and Demographic Characteristics of Sample

(N=63)
Variable Proportion Range
Age (y) 36.98+14.91 17-79
Education (y) 12.84+2.75 8-21
Premorbid intelligence quotient (n=58) 99.93+12.90 78-124
Sex (% male/female) 82.5/17.5
Socioeconomic status (%) (based on
Hollingshead Classification)
1 (Major business/professional) 11.1
2 (Medium business/minor professional,
technical) 38.1
3 (Skilled craftsperson, clerical, sales
worker) 19.0
4 (Machine operator, semiskilled worker) 30.2
5 (Unskilled laborer, menial service
worker) 1.6
Type of injury (%)
Motor vehicle collision 58.7
Fall 30.2
Assault 7.9
Sports injury 3.2

Acute care LOS
GCS (lowest of recorded scores)

37.10+16.45 9-88
6.77+3.43 2-13

Mild (13-15) (%) 11.1
Moderate (9-12) (%) 15.9
Severe (=8) (%) 63.5
Missing data (%) 9.5
Length of PTA (%)
<5min (very mild) 3.2
1-24h (moderate) 1.6
1-7d (severe) 21.0
1-4wk (very severe) 40.3
>4wk (extremely severe) 11.3
Missing data 22.6

NOTE. Values are means + SDs unless otherwise noted.

and with the most frequent cause of injury being motor vehicle
collisions.

Materials

Predictor variables: neuropsychological test aggregates. All
of the tests were selected based on a priori clinical and exper-
imental consensus regarding the cognitive domains most af-
fected by TBI,'°® and on their known validity and reliability for
TBI. Cognitive domains assessed included executive function

(working memory and abstract intellectual functioning)'®*-'%%;
10

attention span'®®; speed of processing'®'°7-1%%: verbal and

visuospatial learning, recall, and recognition'%"'%%; and verbal
intellectual function'®*'* (see table 2 for a list of neuropsy-
chological tests and the functions they measure). None of the
neuropsychological tests have appreciable floor or ceiling ef-
fects for patients with moderate to severe TBI. Tests with
alternate forms were administered on repeat testing to mini-
mize practice effects.

Classification of tests into aggregates was based on known
clinical classifications and expert knowledge. The main aggre-
gate was a global neuropsychological aggregate, made up of all
neuropsychological tests in the battery (see table 2). This
aggregate was then subdivided into timed tests and untimed
tests, with the former composed of measures of simple and
complex speed of processing (ie, parallel processing or speed
of decision-making) and the latter composed of untimed tests
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of attention, executive function, and verbal and visuospatial
memory, for both organized and unorganized material.

In order to avoid contamination of findings by orthopedic
injury or central motor deficits, all timed tests either did not
have manual motor demands or had motor contributions par-
celed out through a subtraction method (eg, Trail-Making Test
Part B minus Trail-Making Test Part A). The battery required
2 to 2.5 hours to administer on average.

Control variables: preinjury demographic characteristics
and injury severity variables. Information about age, produc-
tivity, and highest level of education attained was collected
during a structured interview from patients, and corroborated
by caregivers where necessary. Estimated premorbid intelli-
gence quotient was estimated for each participant using the
WTAR'®or the NAART.'' (Note that for the larger study
from which participants were drawn, the NAART was replaced
by the WTAR, which has been shown to demonstrate good
psychometric properties for this population.''")

Information about severity of injury (ie, GCS, PTA, acute
care LOS) was abstracted from the rehabilitation hospital
records wherever possible. Where information related to PTA
was not recorded in the medical record, questioning of the
patient and caregivers was undertaken during a structured

Table 2: Neuropsychological Assessment Battery

Aggregate Cognitive Domain and Test

SIMPLE ATTENTION: Auditory-verbal and
visuospatial span forwards'°®

EXECUTIVE FUNCTION (WORKING MEMORY):
Auditory-verbal and visuospatial span
backwards'°®

EXECUTIVE FUNCTION (VERBAL ABSTRACTION):
Similarities Test (Wechsler Adult Intelligence
Scale-1ll and Wechsler Abbreviated Scale of
Intelligence)'°41%%

MEMORY VERBAL (UNORGANIZED): Rey Auditory
Verbal Learning Test: total learning, immediate
and delayed recall, recognition subtests'®®

MEMORY NONVERBAL (UNORGANIZED): Rey Visual
Design Learning Test: total learning and
recognition subtests'®

MEMORY VERBAL (ORGANIZED): Logical Memory
(Wechsler Memory Scale-lll)'°®; immediate and
delayed recall

SPEED OF PROCESSING: SIMPLE: Stroop Test:
Speeded word reading and speeded color naming
subtests®

SPEED OF PROCESSING: COMPLEX:

Symbol Digit Modalities Test-Oral’®’ (speeded
pairing of visual symbols with digits with
responses given orally)

Hayling Sentence Completion Test (modified for
computer administration): congruent minus
incongruent conditions'®® (speeded oral
generation of words, either congruent or
incongruent with a series of target words)

Choice reaction time minus simple reaction time
(speeded, psychomotor tests of decision making
and simple response to stimulus)

Trail Making Test Part B'® minus Trail Making Test
Part A% (speeded visual scanning and attention
and set shifting [B] and speeded visual scanning
and attention [A]; both psychomotor tasks)

Untimed

Timed
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interview to ascertain length of PTA. PTA was described
according to the classification described by Lezak et al.'®
Acute care LOS was calculated from admission and discharge
dates from the acute care hospital.

Outcome variable: return to productivity. A dichotomous
classification of return to productivity was made for all pa-
tients. Activities included paid employment (full or part-time),
volunteer employment, school, parenting, home-making, and
active retirement (ie, participation in cultural and physical
activities). Information on premorbid and current activities was
collected from patients and corroborated by caregivers. Two
trained clinicians ascertained the match, or lack thereof, be-
tween current and previous level of productivity. In all cases,
clear consensus was reached, with patients either returning to
prior type and level of productivity or not.

Design and Procedures

The study employed a prospective, repeated-measures de-
sign. During the neuropsychological assessments at time 1
(8.0x2.7 weeks postinjury) and time 2 (4.8*=1.2 months
postinjury), a clinical interview of the patient was followed by
the neuropsychological assessment, which was followed by a
clinical feedback session with the patient and family/profes-
sional caregivers. Detailed information concerning premorbid
role and activities was collected in the interview and feedback
at the time 1 assessment from patients and their caregivers.
Return to productivity information was collected in person at 1
year postinjury.

The neuropsychological test battery was divided into 5
blocks of tests, with a fixed order of tests within each block,
and with test blocks counterbalanced across subjects (but con-
sistent within subjects across assessments). The battery was
designed to minimize interference between tests (eg, the verbal
memory tests contained nonverbal tests between learning and
delayed-recall phases). Test blocks were matched as much as
possible for the number of timed tests and effortful tests. Each
block contained a maximum of 1 memory test. Alternate forms,
used to minimize practice effects, were counterbalanced
across subjects.

Data Analysis

All raw test scores obtained from standardized neuropsycho-
logical measures were transformed into normative scores using
published normative data for the test. Cognitive test scores
were transformed to a common metric and combined into
larger aggregates in order to increase reliability and maximize
power; there was insufficient sample size to allow for an
examination of every test of cognitive functioning. To combine
the tests, each test with normative data was converted to a z
score using external standardization. (Percentile norms were
converted to z scores by using the normative score correspond-
ing to the percentile.) To combine tests without normative data,
we used the means and SDs of the tests in the later stages of
recovery (ie, Smo and ly postinjury) to generate a z score. The
z scores for the tests in a common aggregate were then added,
and the sum restandardized using an estimated SD derived
from the empirical correlations between the tests.

Logistic regression models were then undertaken. To build
our models, we took a conservative approach based on our
sample size and knowledge of factors that might influence
outcome. First, logistic regression models regressing return to
productivity on each of the control variables in separate regres-
sion models were carried out in order to determine which
would be included as control variables in the cognitive models.
Based on findings from previous studies, variables examined

were acute care LOS, premorbid intelligence quotient, age,
years of education, GCS, and length of PTA. Only acute care
LOS was significantly related to return to productivity; it was
therefore included in the subsequent models. For each aggre-
gate, separate logistic regressions on the time 1 results, on the
time 2 results, and, finally, on the improvement (recovery)
from time 1 to time 2 were conducted to study whether any of
these significantly predicted return to productivity at the end of
1 year postinjury.

Analyses were performed with the R Programming Lan-
guage version 2.6.2."

RESULTS

Classification of participants into those who did versus did
not return to prior level of productivity revealed that 30.2% (or
19 subjects) had returned to their prior level of productivity by
1 year postinjury, whereas 69.8% participants (44 subjects) had
not.

Early recovery as a predictor of outcome. Recovery of
cognitive function (ie, change in performance from time 1 to
time 2) did not significantly predict return to productivity for
any of the aggregates nor show a trend toward significance.
Therefore, this variable is not discussed further in the Results
section.

All cognitive tests. Global neuropsychological perfor-
mance at time 2 significantly predicted return to productivity at
1 year (8=0.940, z5,=2.135, P<.05, estimate of SE=0.44). At
time 1, this aggregate did not significantly predict return to
productivity; however, a trend toward significance was ob-
served (8=0.53, z5,=1.69, P=.09, estimate of SE=0.31).

Timed neuropsychological tests. In contrast to the findings
of global neuropsychological testing, no significant effects or
effects approaching significance were observed at either time 2
(B=047, zs,=1.16, P=.25, estimate of SE=0.41) or time 1
(B8=0.36, z,0=1.04, P=.30, estimate of SE=0.35). In order to
ensure that we were not masking an effect of 1 subdomain by
another, we examined simple versus complex subaggregates
separately. However, again, no significant effect or trend to-
ward significance was observed at either time 1 or time 2 for
either of these timed subaggregates.

Untimed neuropsychological tests. Findings from these
analyses mirrored those of the global aggregate and suggested
that outcome variance for the global aggregate was likely
attributable largely to this domain. At time 2, this aggregate
significantly predicted return to productivity (B8=0.95,
25,=2.18, P<<.05, estimate of SE=0.43) and showed a trend at
time 1 (8=0.53, z5,=1.71, P=.09, estimate of SE=0.31).

In order to understand better the source of outcome variance
at time 2, the 3 smaller aggregates were examined. Memory
performance significantly predicted return to productivity
(B=0.98, z5,=2.15, P<<.05, estimate of SE=0.45). In more
fine-grained, separate analyses for each of the 3 memory recall
tests: Logical Memory (immediate plus delayed recall) signif-
icantly predicted return to productivity (3=0.70, z5,=1.97,
P<.05, estimate of SE=0.35). RAVLT (total learning plus
short delay recall plus long-delay recall) showed a trend toward
significance (8=0.49, z5,=1.70, P=.09, estimate of
SE=0.29). RVDLT (total learning) showed no significant ef-
fect or trend toward significance: (3=0.31, z5,=1.48, P=.14,
estimate of SE=0.21). For discrimination (RAVLT plus
RVDLT recognition hits minus false alarms), a trend toward
significance was observed (8=0.80, zs;,=1.87, P=.06, esti-
mate of SE=0.43).

We next examined the contribution of executive function
and attention span subaggregates to the prediction of return to
productivity. While attention span at time 2 did not show
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evidence of predictive validity for return to productivity (S=-
0.11, z5,=-0.38, P=.70, estimated SE=0.30), executive func-
tion significantly predicted return to productivity (8=0.89,
75, =2.24, P<.05, estimated SE=.040).

DISCUSSION

We examined the predictive validity of early cognitive per-
formance after moderate and severe brain injury for return to
prior level of productivity at 1 year postinjury while controlling
for severity of injury. We found that prediction of return to
productivity was stronger at 5 months postinjury than at 8
weeks postinjury, and that while performance on global neu-
ropsychological functioning significantly predicted return to
productivity, untimed tests rather than tests of speed of pro-
cessing appeared to account for the outcome variance. More
specifically, memory function (both as a composite measure)
and individually for Logical Memory (but not RAVLT or
RVDLT) at 5 months postinjury significantly predicted return
to productivity at 1 year, as did executive function, but not
attention span. We found no evidence that early degree of
recovery was predictive of eventual return to productivity.

Return to productivity, particularly employment, is highly
valued by society.*? Our ability to predict whether or not TBI
survivors can return to their prior type and level of productivity
is critically important for clinical and economic planning, as
well as the process of adjustment to disability for patients and
their families. Our findings validate the utility of neuropsycho-
logical testing to predict return to prior type and level of
productivity, and shed more light on the timing and type of
tests that are most and least predictive for return to produc-
tivity.

The current results differ slightly from previous studies. As
in our study, Rassovsky et al® (at 6 months postinjury) found
that cognitive deficits significantly influenced return to produc-
tivity in a study using structural equation modeling to explore
mediators of the relationship between severity of injury and
return to productivity at 1 year postinjury. However, they
observed that speed of processing, but not memory (using the
RAVLT), accounted for significant outcome variance. This
discrepancy may be explained by the outcome measures em-
ployed. Using a more reliable index of memory comprising
multiple tests, memory predicted return to productivity in our
study. As well, we found that RAVLT contributed less out-
come variance to return to productivity than Logical Memory.
Arguably, Logical Memory (a measure of story recall) has
greater ecologic validity than RAVLT (a test requiring the
recall of a list of 15 words presented in an unorganized fash-
ion). Most verbal information in everyday life is presented in a
more meaningful, structured manner (eg, stories, tasks, anec-
dotes). In addition, in everyday life, there may be greater
expectation and less accommodation for persons to learn and
retain this type of information: the inability to recall a personal
anecdote, a short story, the contents of a movie, or the elements
of a structured task might be quite debilitating in many settings
and therefore highly predictive of success or failure. On the
other hand, in circumstances in which a long list of unorga-
nized information is presented (eg, a task with many unrelated
steps), there might be greater tolerance for and accommodation
of compensatory aids to be used, like note-taking. Thus, ability
to recall this type of information may be less closely tied to
success in returning to prior activities. We did not find any
evidence for the predictive validity of visual memory. How-
ever, nonverbal memory might play a predictive role for the
return to some kinds of activities that depend more heavily on
memory for visual information.*® It would be of value for
future research to examine larger samples that would enable
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subgroups analyses; in this way, activities that specifically
depend on visual memory (eg, engineering, taxi-driving, archi-
tecture, designing) could be separately examined.

With regard to timed tests, a critical difference between the
current study and that of Rassovsky® among others that found
predictive validity of speed of processing®>“® was that we
designed the present study to minimize the contribution of
manual motor capacity in order to avert contamination from
manual motor dysfunction. The timed tests either had no man-
ual motor demands or allowed for the use of a subtraction
technique to parcel out motor contributions. In the Rassovsky’
study, for example, 3 of 4 tests had manual motor demands,
and orthopedic injury, a common occurrence in TBI, was not
an exclusion criterion. By 6 months postinjury, the time of
assessment in their study, acute effects of orthopedic injury
would have resolved; but many patients can have persisting
weakness, pain, and slowness associated with orthopedic
injury,''>'"® and there was no evidence presented to rule out
the persistence of centrally mediated motor impairments at 6
months postinjury. Consequently, the relationship between
speed of processing and return to productivity in past studies
could be attributable to manual motor factors (either orthopedic
or central), rather than speed of mental processing per se. Why
might there be a lack of correlation between speed of process-
ing and return to productivity? One possibility is that there are
straightforward, self-evident adaptations that can accommodate
slower speed of processing, such as planning and allocating
more time for tasks/activities. In many jobs, staying late at
work or taking work home is possible. For school, studying for
longer hours is within the control of the student. Active retire-
ment activities (eg, cultural, gardening) are not obviously im-
peded by slower speed. Because speed of processing impair-
ment is so prevalent even many years postinjury, a lack of
correlation between speed of processing impairments and re-
turn to productivity would be a welcome outcome. Further
research with a larger sample size, similarly low attrition, and
similar controls for manual motor impairment would be clini-
cally valuable.

Our results also differed somewhat from those of Sherer
et al,*> who found that 1-month performance predicted 1-year
postinjury vocational outcome. We found only trends toward
significance at our early time point. One explanation is that the
Sherer®? study had more power because of its larger sample
size. Another explanation is that in the current study, while
attrition was only 10%, the attrition rate in the Sherer 2 study,
which was a larger, multisite study, was greater than two thirds.
Therefore, it is possible that their study was vulnerable to
selective attrition, rendering the sample biased. For example, it
is possible that those with milder impairments and greater
independence and/or those with more severe impairments and
poorer outcomes (with greater need of support) were more able
or motivated to return for follow-up examination.

Finally, we did not find any evidence that early, subacute
recovery from time 1 to time 2 was predictive of return to
productivity, in contrast with Spikment et al,”’who found that
early recovery (1-6mo postinjury only) accounted for a small
but significant amount of outcome variance for RTW. From a
clinical point of view, it is an intuitively appealing possibility
that a good early recovery bodes well for the future and that
conversely, a slow early recovery bodes poorly. On the basis of
these 2 studies, it would appear that degree of early recovery is
not a robust prognosticator of RTW/return to productivity. If
this interpretation is verified in future research, then it would be
important for clinicians to avoid such an assumption.
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Study Limitations

The current study was limited in its power because of sample
size. Greater power would have allowed for a more nuanced
analysis of the contributions to outcome variance of individual
tests. It would have also allowed for subgroup analyses of
patients returning to different types of activities that might have
been differentially affected by cognitive tests. As well, while
only acute care LOS predicted return to productivity, it is
possible that interactions between control variables may have
had an impact on return to productivity. Again, a more pow-
erful model would have included all control variables and
possible suppressor variables within the model. Similarly,
while it was necessary to conduct separate regression analyses
to examine aggregates, greater power would have permitted the
examination of all aggregates within the same model. The
absence of significance at 8 weeks postinjury may also be
explained by a dearth of power, especially because we ob-
served trends toward significance for some variables. Knowing
whether earlier performance is predictive of return to produc-
tivity would be clinically valuable. In this regard, while we
decided that reliable change indices were beyond the scope of
this study, future research might include this level of analysis
to determine whether variables are predictive at the individual
as well as group levels.

An additional limitation of the current study is the differ-
ences in task demands of the tests in the timed and untimed
aggregates. Thus, factors other than speed of processing may
have differed across the aggregates. A better means of inves-
tigating the impact of speed of processing on return to produc-
tivity would be to have timed versus untimed analogs of the
same tasks.

In the present study, we did not find a relationship between
degree of early recovery and return to productivity. Because a
higher level of initial performance leaves less room for recov-
ery, the absence of an observed relationship may have been
partially attributable to this factor if acute care LOS did not
fully control for severity of injury. Again, further research with
more powerful statistical models would help to minimize this
limitation.

In examining the predictive validity of early neuropsycho-
logical testing, one cannot escape the alternative interpretation
of the findings that differences in findings across tests may be
explained by differences in recovery rates of tests. For exam-
ple, if speed of processing and attention span impairments
recover more quickly or more completely than memory and
executive function deficits, this would provide an alternative
explanation of the lack of correlation between the former
domains and return to productivity. This explanation is ren-
dered less likely by the finding that speed of processing recov-
ers more slowly than other cognitive functions, however.!%

Finally, our results cannot be generalized to patients with the
most severe impairments because we employed as an exclusion
criterion patients whose PTA had not resolved by 6 weeks
postinjury.

CONCLUSIONS

The current study replicates previous research demonstrating
that early neuropsychological testing is a useful predictor of
return to productivity at 1 year. Our results extend previous
findings by indicating that testing at 5 months postinjury is
more effective at predicting return to productivity than testing
at 8 weeks postinjury. However, further research with a larger
sample size would be valuable to confirm or disconfirm this
finding and, moreover, to ask the more nuanced question of
whether earlier neuropsychological testing might be predictive

of later return to productivity for specific subgroups of people
with TBI (eg, those with milder injuries). Our results also
extend previous research by suggesting that a more parsimo-
nious battery based on untimed tests—rather than a compre-
hensive neuropsychological battery—may allow for effective
prediction of return to productivity. In particular, our findings
indicate that an optimal test battery would be made up of (1)
either a variety of memory tests or several tests of verbal
memory for organized information (such as Logical Memory)
and (2) tests of executive function. Also of clinical relevance
was the finding that the magnitude of early recovery did not
appear to be a useful predictor of return to productivity; if
future research confirms this finding, it will be important for
clinicians not to speculate on future outcomes based on early
recovery. Finally, our results suggest that speed of process-
ing—whether simple or complex—does not play a significant
role in return to productivity. If confirmed, the lack of prog-
nostic value of this prevalent and persisting impairment would
be a welcome finding.

Acknowledgments: The authors acknowledge the support of To-
ronto Rehabilitation Institute who receives funding under the Provin-
cial Rehabilitation Research Program from the Ministry of Health and
Long-Term Care in Ontario. The views expressed do not necessarily
reflect those of the Ministry.

We thank Kadeen Johns, BSc, for her ongoing help in the research
presented in this manuscript.

Finally, we would like to express our gratitude to Joel Verwegen for
the range of important contributions made to the preparation of this
manuscript.

References

1. Arango-Lasprilla JC, Rosenthal M, Deluca J, Cifu DX, Hanks R,
Komaroff E. Functional outcomes from inpatient rehabilitation
after traumatic brain injury: how do Hispanics fare? Arch Phys
Med Rehabil 2007;88:11-8.

2. Bondanelli M, Ambrosio MR, Cavazzini L, et al. Anterior pitu-
itary function may predict functional and cognitive outcome in
patients with traumatic brain injury undergoing rehabilitation.
J Neurotrauma 2007;24:1687-97.

3. Devitt R, Colantonio A, Dawson D, Teare G, Ratcliff G, Chase
S. Prediction of long-term occupational performance outcomes
for adults after moderate to severe traumatic brain injury. Disabil
Rehabil 2006;28:547-59.

4. Draper K, Ponsford J, Schonberger M. Psychosocial and emo-
tional outcomes 10 years following traumatic brain injury.
J Head Trauma Rehabilitation 2007;22:278-87.

5. Marmarou A, Lu J, Butcher I, et al. Prognostic value of the
Glasgow Coma Scale and pupil reactivity in traumatic brain
injury assessed pre-hospital and on enrollment: an IMPACT
analysis. J Neurotrauma 2007;24:270-80.

6. Shafi S, Marquez de la Plata C, Diaz-Arrastia R, et al. Racial
disparities in long-term functional outcome after traumatic brain
injury. J Trauma 2007;63:1263-8.

7. Sherer M, Evans CC, Leverenz J, et al. Therapeutic alliance in
post-acute brain injury rehabilitation: predictors of strength of
alliance and impact of alliance on outcome. Brain Inj 2007;21:
663-72.

8. Staudenmayer KL, Diaz-Arrastia R, de Oliveira A, Gentilello
LM, Shafi S. Ethnic disparities in long-term functional outcomes
after traumatic brain injury. J Trauma 2007;63:1364-9.

9. Rassovsky Y, Satz P, Alfano MS, et al. Functional outcome in
TBI II: verbal memory and information processing speed medi-
ators. J Clin Exp Neuropsychol 2006;28:581-91.

10. Butcher I, McHugh GS, Lu J, et al. Prognostic value of cause of
injury in traumatic brain injury: results from the IMPACT study.
J Neurotrauma 2007;24:281-6.

Arch Phys Med Rehabil Vol 89, Suppl 2, December 2008



S58

11.

12.

14.

15.

16.

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Arch

RETURN TO PRODUCTIVITY, Green

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.

Girard D, Brown J, Burnett-Stolnack M, et al. The relationship of
neuropsychological status and productive outcomes following
traumatic brain injury. Brain Inj 1996;10:663-76.

. Harrison-Felix C, Zafonte R, Mann N, Dijkers M, Englander J,

Kreutzer J. Brain injury as a result of violence: preliminary
findings from the traumatic brain injury model systems. Arch
Phys Med Rehabil 1998;79:730-7.

Holbrook TL, Hoyt DB, Anderson JP. The importance of gender
on outcome after major trauma: functional and psychologic out-
comes in women versus men. J Trauma 2001;50:270-3.
Novack TA, Bush BA, Meythaler JM, Canupp K. Outcome after
traumatic brain injury: pathway analysis of contributions from
premorbid, injury severity, and recovery variables. Arch Phys
Medi Rehabil 2001;82:300-5.

Wagner AK, Hammond FM, Sasser HC, Wiercisiewski D. Re-
turn to productive activity after traumatic brain injury: relation-
ship with measures of disability, handicap, and community inte-
gration. Arch Phys Med Rehabil 2002;83:107-14.

Hammond FM, Grattan KD, Sasser H, et al. Five years after
traumatic brain injury: a study of individual outcomes and pre-
dictors of change in function. NeuroRehabilitation 2004;19:
25-35.

. Boake C, Millis SR, High WM Ir, et al. Using early neuropsy-

chologic testing to predict long-term productivity outcome from
traumatic brain injury. Arch Phys Med Rehabil 2001;82:761-8.

. Cattelani R, Tanzi F, Lombardi F, Mazzucchi A. Competitive

re-employment after severe traumatic brain injury: clinical, cog-
nitive and behavioural predictive variables. Brain Inj 2002;16:
51-64.

Dawson DR, Levine B, Schwartz ML, Struss DT. Acute predic-
tors of real-world outcomes following traumatic brain injury: a
prospective study. Brain Inj 2004;18:221-38.

Fleming J, Tooth L, Hassell M, Chan W. Prediction of commu-
nity integration and vocational outcome 2-5 years after traumatic
brain injury rehabilitation in Australia. Brain Inj 1999;13:417-31.
Johansson U, Bernspang B. Predicting return to work after brain
injury using occupational therapy assessments. Disabil Rehabil
2001;23:474-80.

Machamer J, Temkin N, Fraser R, Doctor JN, Dikmen S. Sta-
bility of employment after traumatic brain injury. J Int Neuro-
psychol Soc 2005;11:807-16.

Mazaux JM, Masson F, Levin HS, Alaoui P, Maurette P, Barat
M. Long-term neuropsychological outcome and loss of social
autonomy after traumatic brain injury. Arch Phys Med Rehabil
1997;78:1316-20.

Dikmen SS, Temkin NR, Machamer JE, Holubkov AL, Fraser
RT, Winn HR. Employment following traumatic head injuries.
Arch Neurol 1994;51:177-86.

Fabiano RJ, Crewe N. Variables associated with employment
following severe traumatic brain injury. Rehabil Psychol 1995;
40:223-31.

Fraser R. Employability of head injury survivors: first year
post-injury. Rehabil Couns Bull 1988;31:276-88.

Najenson T, Groswasser Z, Mendelson L, Hackett P. Rehabili-
tation outcome of brain damaged patients after severe head
injury. Int Rehabil Med 1980;2:17-22.

Ruff RM, Marshall LF, Crouch J, et al. Predictors of outcome
following severe head trauma: follow-up data from the Trau-
matic Coma Data Bank. Brain Inj 1993;7:101-11.

Vilkki J, Ahola K, Holst P, Ohman J, Servo A, Heiskanen O.
Prediction of psychosocial recovery after head injury with cog-
nitive tests and neurobehavioral ratings. J Clin Exp Neuropsy-
chol 1994;16:325-38.

Phys Med Rehabil Vol 89, Suppl 2, December 2008

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Cifu D, Keyser-Marcus L, Lopez E, et al. Acute predictors of
successful return to work 1 year after traumatic brain injury: a
multicenter analysis. Arch Phys Med Rehabil 1997;78:125-31.
Sherer M, Sander AM, Nick TG, High WM, Malec JF, Rosenthal
M. Early cognitive status and productivity outcome after trau-
matic brain injury: findings from the TBI Model Systems. Arch
Phys Med Rehabil 2002;83:183-92.

Doctor JN, Castro J, Temkin NR, Fraser RT, Machamer JE,
Dikmen SS. Workers’ risk of unemployment after traumatic
brain injury: a normed comparison. J Int Neuropsychol Soc
2005;11:747-52.

Chu BC, Mills S, Arango-Lasprilla JC, Hanks R, Novack T, Hart
T. Measuring recovery in new learning and memory following
traumatic brain injury: a mixed-effects modeling approach.
J Clin Exp Neuropsychol 2007;29:617-25.

Frankel JE, Marwitz JH, Cifu DX, Kreutzer JS, Englander J,
Rosenthal M. A follow-up study of older adults with traumatic
brain injury: taking into account decreasing length of stay. Arch
Phys Med Rehabil 2006;87:57-62.

Mushkudiani NA, Engel DC, Steverberg EW, et al. Prognostic
value of demographic characteristics in traumatic brain injury:
results from the IMPACT study. J Neurotrauma 2007;24:259-69.
Nakase-Richardson R, Yablon SA, Sherer M. Prospective com-
parison of acute confusion severity with duration of post-
traumatic amnesia in predicting employment outcome after trau-
matic brain injury. J Neurol Neurosurg Psychiatry 2007;78:
872-6.

Walker WC, Marwitz JH, Kreutzer JS, Hart T, Novack TA.
Occupational categories and return to work after traumatic brain
injury: a multicenter study. Arch Phys Med Rehabil 2006;87:
1576-82.

Sherer M, Yablon SA, Nakase-Richardson R, Nick TG. Effect of
severity of post-traumatic confusion and its constituent symp-
toms on outcome after traumatic brain injury. Arch Phys Med
Rehabil 2008;89:42-7.

Connelly J, Chell S, Tennant A, Rigby AS, Airey CM. Modelling
5-year functional outcome in a major traumatic injury survivor
cohort. Disabil Rehabil 2006;28:629-36.

Dikmen SS, Bombardier CH, Machamer JE, Fann JR, Temkin
NR. Natural history of depression in traumatic brain injury. Arch
Phys Med Rehabil 2004:85:1457-64.

Hammond FM, Hart T, Bushnik T, Corrigan JD, Sasser H.
Change and predictors of change in communication, cognition,
and social function between 1 and 5 years after traumatic brain
injury. J Head Trauma Rehabil 2004;19:314-28.

Hart T, Millis S, Novack T, Englander J, Fidler-Sheppard R, Bell
KR. The relationship between neuropsychologic function and
level of caregiver supervision at 1 year after traumatic brain
injury. Arch Phys Med Rehabil 2003;84:221-30.

Bush BA, Novack TA, Malec JF, Stringer AY, Millis SR, Madan
A. Validation of a model for evaluating outcome after traumatic
brain injury. Arch Phys Med Rehabil 2003;84:1803-7.
Felmingham KL, Baguley 1J, Crooks J. A comparison of acute
and postdischarge predictors of employment 2 years after trau-
matic brain injury. Arch Phys Med Rehabil 2001;82:435-9.
Keyser-Marcus L, Bricout J, Wehman P, et al. Acute predictors
of return to employment after traumatic brain injury: a longitu-
dinal follow-up. Arch Phys Med Rehabil 2002;83:635-41.

Aras MD, Kaya A, Cakc A, Gokkaya KO. Functional outcome
following traumatic brain injury: the Turkish experience. Int J
Rehabil Res 2004;27:257-60.

Burnett DM, Kolakowsky-Hayner SA, et al. Ethnographic anal-
ysis of traumatic brain injury patients in the national Model
Systems database. Arch Phys Med Rehabil 2003;84:263-7.
Duong TT, Englander J, Wright J, Cifu DX, Greenwald BD,
Brown AW. Relationship between strength, balance, and swal-



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

RETURN TO PRODUCTIVITY, Green

lowing deficits and outcome after traumatic brain injury: a
multicenter analysis. Arch Phys Med Rehabil 2004;85:1291-7.
Englander J, Cifu DX, Wright JM, Black K. The association of
early computed tomography scan findings and ambulation, self-
care, and supervision needs at rehabilitation discharge and at 1
year after traumatic brain injury. Arch Phys Med Rehabil 2003;
84:214-20.

Hebb MO, McArthur DL, Alger J, et al. Impaired percent alpha
variability on continuous electroencephalography is associated
with thalamic injury and predicts poor long-term outcome after
human traumatic brain injury. J Neurotrauma 2007;24:579-90.
Maas Al, Steverberg EW, Butcher I, et al. Prognostic value of
computerized tomography scan characteristics in traumatic brain
injury: results from the IMPACT study. J Neurotrauma 2007;24:
303-14.

McHugh GS, Engel DC, Butcher I, et al. Prognostic value of
secondary insults in traumatic brain injury: results from the
IMPACT study. J Neurotrauma 2007;24:287-93.

Van Beek JG, Mushkudiani NA, Steyerberg EW, et al. Prognos-
tic value of admission laboratory parameters in traumatic brain
injury: results from the IMPACT study. J Neurotrauma 2007;24:
315-28.

Fong KN, Chan CC, Au DK. Relationship of motor and cogni-
tive abilities to functional performance in stroke rehabilitation.
Brain Inj 2001;15:443-53.

Benge JF, Caroselli JS, Temple RO. Wisconsin Card Sorting
Test: factor structure and relationship to productivity and super-
vision needs following severe traumatic brain injury. Brain Inj
2007;21:395-400.

Cicerone KD, Mott T, Azulay J, Friel JC. Community integration
and satisfaction with functioning after intensive cognitive reha-
bilitation for traumatic brain injury. Arch Phys Med Rehabil
2004;85:943-50.

Gerber DJ, Weintraub AH, Cusick CP, Ricci PE, Whiteneck GG.
Magnetic resonance imaging of traumatic brain injury: relation-
ship of T2*SE and T2GE to clinical severity and outcome. Brain
Inj 2004;18:1083-97.

Goranson TE, Graves RE, Allison D, La Freniere R. Community
integration following multidisciplinary rehabilitation for trau-
matic brain injury. Brain Inj 2003;17:759-74.

Harradine PG, Winstanley JB, Tate R, Cameron ID, Baguley 1J,
Harris RD. Severe traumatic brain injury in New South Wales:
comparable outcomes for rural and urban residents. Med J Aust
2004;181:130-4.

Wagner AK, Hammond FM, Sasser HC, Wiercisiewski D. Re-
turn to productive activity after traumatic brain injury: relation-
ship with measures of disability, handicap, and community inte-
gration. Arch Phys Med Rehabil 2002;83:107-14.

Wagner AK, Kline AE, Sokoloski J, Zafonte RD, Capulong E,
Dixon CE. Intervention with environmental enrichment after
experimental brain trauma enhances cognitive recovery in male
but not female rats. Neurosci Lett 2002;334:165-8.

Lau AF, Man DW. Prediction of discharge status of persons with
brain injury in rehabilitation. Int J Rehabil Res 2003;26:251-5.
Zhu XL, Poon WS, Chan CC, Chan SS. Does intensive rehabil-
itation improve the functional outcome of patients with traumatic
brain injury (TBI)? A randomized controlled trial. Brain Inj
2007;21:681-90.

Deutsch PM, Kendall SL, Daninhirsch C, Cimino-Ferguson S,
McCollon P. Vocational outcomes after brain injury in a patient
population evaluated for Life Care Plan reliability. NeuroReha-
bilitation 2006;21:305-14.

Klonoff PS, Watt LM, Dawson LK, Henderson SW, Gehrels JA,
Wethe JV. Psychosocial outcomes 1-7 years after comprehensive
milieu-oriented neurorehabilitation: the role of pre-injury status.
Brain Inj 2006;20:601-12.

67

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

S59

. McCrimmon S, Oddy M. Return to work following moderate-
to-severe traumatic brain injury. Brain Inj 2006;20:1037-46.
Sveen U, Mongs M, Rge C, Sandvik L, Bautz-Holter E. Self-
rated competency in activities predicts functioning and partici-
pation one year after traumatic brain injury. Clin Rehabil 2008;
22:45-55.

Fraser RT, Clemmons DC. Traumatic brain injury rehabilitation:
practical, vocational, neuropsychological, and psychotherapy in-
terventions. Boca Raton: CRC Pr; 2000.

Wehman P, Targett P, West M, Kregel J. Productive work and
employment for persons with traumatic brain injury: what have
we learned after 20 years? J Head Trauma Rehabil 2005;20:
115-27.

Shames J, Treger I, Ring H, Giaquinto S. Return to work fol-
lowing traumatic brain injury: trends and challenges. Disabil
Rehabil 2007;29:1387-95.

Asikainen I, Kaste M, Sarna S. Predicting late outcome for
patients with traumatic brain injury referred to a rehabilitation
programme: a study of 508 Finnish patients 5 years or more after
injury. Brain Inj 1998;12:95-107.

Testa JA, Malec JF, Moessner AM, Brown AW. Outcome after
traumatic brain injury: effects of aging on recovery. Arch Phys
Med Rehabil 2005;86:1815-23.

Franulic A, Carbonell CG, Pinto P, Sepulveda I. Psychosocial
adjustment and employment outcome 2, 5 and 10 years after TBI.
Brain Inj 2004;18:119-29.

Brooks N, McKinlay W, Symington C, Beattie A, Campsie L.
Return to work within the first seven years of severe head injury.
Brain Inj 1987;1:5-19.

Ponsford JL, Olver JH, Curran C, Ng K. Prediction of employ-
ment status 2 years after traumatic brain injury. Brain Inj 1995;
9:11-20.

Rao N, Rosenthal M, Cronin-Stubbs D, Lambert R, Barnes P,
Swanson B. Return to work after rehabilitation following trau-
matic brain injury. Brain Inj 1990;4:49-56.

Hoofien D, Vakil E, Gilboa A, Donovick PJ, Barak O. Compar-
ison of the predictive power of socio-economic variables, sever-
ity of injury and age on long-term outcome of traumatic brain
injury: sample-specific variables versus factors as predictors.
Brain Inj 2002;16:9-27.

Roberts CB, Coetzer BR, Blackwell HC. Is performance on the
Wechsler Abbreviated Scale of Intelligence associated with em-
ployment outcome following brain injury? Int J Rehabil Res
2004;27:145-7.

Gollaher K, High W, Sherer M, et al. Prediction of employment
outcome one to three years following traumatic brain injury
(TBI). Brain Inj 1998;12:225-63.

Kreutzer JS, Marwitz JH, Walker W, et al. Moderating factors in
return to work and job stability after traumatic brain injury.
J Head Trauma Rehabil 2003;18:128-38.

Sherer M, Bergloff P, High WJ, Nick TG. Contribution of
functional ratings to prediction of longterm employment out-
come after traumatic brain injury. Brain Inj 1999;13:973-81.
Groswasser Z, Reider-Groswasser II, Schwab K, et al. Quanti-
tative imaging in late TBI, part II: cognition and work after
closed and penetrating head injury: a report of the Vietnam head
injury study. Brain Inj 2002;16:681-90.

Lubusko AA, Moore AD, Stambrook M, Gill DD. Cognitive
beliefs following severe traumatic brain injury: association with
post-injury employment status. Brain Inj 1994;8:65-70.

van der Naalt J, van Zomeren AH, Sluiter WJ, Minderhoud JM.
One year outcome in mild to moderate head injury: the predictive
value of acute injury characteristics related to complaints and
return to work. J Neurol Neurosurg Psychiatry 1999;66:207-13.

Arch Phys Med Rehabil Vol 89, Suppl 2, December 2008



S60

86.

87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

Arch

RETURN TO PRODUCTIVITY, Green

Colantonio A, Ratcliff G, Chase S, Kelsey S, Escobar L, Vernich
L. Long term outcomes after moderate to severe traumatic brain
injury. Disabil Rehabil 2004;26:253-61.

Sperry JL, Gentilello LM, Minei JP, Diaz-Arrastia RR, Friese
RS, Shafi S. Waiting for the patient to “sober up”: effect of
alcohol intoxication on Glasgow Coma Scale score of brain
injured patients. J Trauma 2006;61:1305-11.

Stuke L, Diaz-Arrastia R, Gentilello LM, Shafi S. Effect of
alcohol on Glasgow Coma Scale in head-injured patients. Ann
Surg 2007;245:651-5.

Bayless JD, Varney NR, Roberts RJ. Tinker toy test performance
and vocational outcome in patients with closed-head injuries.
J Clin Exp Neuropsychol 1989;11:913-7.

Hanlon RE, Demery JA, Martinovich Z, Kelly JP. Effects of acute
injury characteristics on neurophysical status and vocational outcoe
following mild traumatic brain injury. Brain Inj 1999;13:873-87.
Melamed S, Stern S, Rahmani L, Groswasser L, Najenson T.
Attention capacity limitation, psychiatric parameters and their
impact on work involvement following brain injury. Scand J
Rehabil Med 1985;12(Suppl 1):21-6.

Weddell R, Oddy M, Jenkins D. Social adjustments after reha-
bilitation: a two year follow-up of patients with severe head
injury. Psychol Med 1980;10:257-63.

Ip RY, Dornan J, Schentag C. Traumatic brain injury: factors
predicting return to work or school. Brain Inj 1995;9:517-32.
van Praag H, Schinder AF, Christie BR, Toni N, Palmer TD,
Gage FH. Functional neurogenesis in the adult hippocampus.
Nature 2002;415:1030-4.

Leung KL, Man DW. Prediction of vocational outcome of people
with brain injury after rehabilitation: a discriminant analysis.
Work 2005;25:333-40.

Greenspan Al, Wrigley JM, Kresnow M, Branche-Dorsey CM,
Fine PR. Factors influencing failure to return to work due to
traumatic brain injury. Brain Inj 1996;10:207-18.

Hellawell DJ, Taylor R, Pentland B. Cognitive and psychosocial
outcome following moderate or severe traumatic brain injury.
Brain Inj 1999;13:489-504.

Corrigan J, Bogner J, Mysiw W, Clinchot D, Fugate L. System-
atic bias in outcome studies of persons with traumatic brain
injury. Arch Phys Med Rehabil 1997;78:132-7.

Phys Med Rehabil Vol 89, Suppl 2, December 2008

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Spikman JM, Deelman BG, van Zomeren AH. Executive func-
tioning, attention and frontal lesions in patients with chronic
CHI. J Clin Exp Neuropsychol 2000;22:325-38.

Lezak MD, Howieson DB, Loring DW. Neuropsychological
assessment. 4th ed. New York: Oxford Univ Pr; 2004.

Levin HS, O’Donnell VM, Grossman RG. Galveston Orientation
and Amnesia Test (GOAT). Washington (DC): American Psy-
chiatric Association; 1979.

Tombaugh TN. Test of Memory Malingering (TOMM). New
York: Multi-Health Systems Inc; 1996.

Burgess P, Shallice T. Hayling & Brixton Tests. Bury St. Ed-
munds: Thames Valley Test Company; 1997.

Wechsler D. Wechsler Abbreviated Scale of Intelligence
(WASI). San Antonio: Psychological Corp; 1999.

Wechsler D. Wechsler Adult Intelligence Scale—3rd Edition
(WAIS-III). San Antonio: Psychological Corp; 1997.

Wechsler D. Wechsler Memory Scale—Third Edition (WMS—
III). San Antonio: Psychological Corp; 1997.

Smith A, The Symbol Digit Modalities Test (SDMT) Manual.
Los Angeles: Western Publication Services; 1982.

Stroop JR. Studies of inference in serial verbal reactions. J Exp
Psychol 1935;18:643-62.

Wechsler D. Wechsler Test of Adult Reading (WTAR). The
Psychological Corporation 2001.

Blair JR, Spreen O. Predicting premorbid IQ: a revision of the
National Adult Reading Test. Clin Neuropsychol 1989;3:129-36.
Green RE, Melo B, Christensen B, Ngo LA, Monette G, Brad-
bury C. Measuring premorbid IQ in traumatic brain injury: an
examination of the validity of the Wechsler Test of Adult Read-
ing (WTAR). J Clin Exp Neuropsychol 2008;30:162-72.
Hanypsiak BT, Spindler KP, Rothrock CR, et al. Twelve-year
follow-up on anterior cruciate ligament reconstruction: long-term
outcomes of prospectively studied osseous and articular injuries.
Am J Sports Med 2008;36:671-7.

Stadhouder A, Buskens E, de Klerk LW, et al. Traumatic tho-
racic and lumbar spinal fractures: operative or nonoperative
treatment: comparison of two treatment strategies by means of
surgeon equipoise. Spine 2008;33:1006-17.

Supplier

a. R Development Core Team, http://www.r-project.org.


http://www.r-project.org

	Prediction of Return to Productivity After Severe Traumatic Brain Injury: Investigations of Optimal Neuropsychological Tests and Timing of Assessment
	METHODS
	Participants
	Materials
	Predictor variables: neuropsychological test aggregates
	Control variables: preinjury demographic characteristics and injury severity variables
	Outcome variable: return to productivity

	Design and Procedures
	Data Analysis

	RESULTS
	Early recovery as a predictor of outcome
	All cognitive tests
	Timed neuropsychological tests
	Untimed neuropsychological tests

	DISCUSSION
	Study Limitations

	CONCLUSIONS
	Acknowledgments
	References
	Supplier


