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Abstract.

OBJECTIVE: To describe the long-term prevalence and severity of cognitive deficits following significant (i.e., ventilation
required for >24 hours) traumatic brain injury. To assess a comprehensive range of cognitive functions using psychometric
measures with established normative, reliability, and validity data.

METHODS: A group of 71 adults was assessed at approximately five years (mean = 66 months) following injury. Assessment
of cognitive functioning covered the domains of intelligence, attention, verbal and visual memory, visual-spatial construction,
and executive functions.

RESULTS: Impairment was evident across all domains but prevalence varied both within and between domains. Across
aspects of intelligence clinical impairment ranged from 8-25%, attention 39-62%, verbal memory 16-46%, visual memory
23-51%, visual-spatial construction 38%, and executive functions (verbal fluency) 13%. In addition, 3-23% of performances
across the measures were in the borderline range, suggesting a high prevalence of subclinical deficit.

CONCLUSIONS: Although the prevalence of impairment may vary across cognitive domains, long-term follow-up docu-
mented deficits in all six domains. These findings provide further evidence that while improvement of cognitive functioning

following significant traumatic brain injury may be possible, recovery of function is unlikely.
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1. Introduction

Traumatic brain injury (TBI) is the most com-
mon cause of disability for young adults in Western
industrialised countries (Lezak, Howieson, & Lor-
ing, 2004). The consequences of TBI can be life-long
and affect multiple aspects of an individual’s qual-
ity of life (Masel & DeWitt, 2010). TBI can result
in impairment in physical, cognitive, and psychoso-
cial functioning but it is the impairment in cognitive
functioning that has the greatest impact on functional
outcomes such as employment and basic daily liv-
ing skills (Rassovsky et al., 2006). Age at injury
and severity of injury are two important predictors of
the degree of long-term impairment following TBI.
Younger age at injury is associated with less long-
term cognitive impairment (Marsh & Whitehead
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2005; Senathi-Raja, Ponsford, & Schonberger, 2010)
and the more severe the injury the greater the degree
of long-term cognitive impairment and associated
disability (Dikmen, Machamer, Powell, & Temkin,
2003; Rohling, Meyers, & Millis, 2003).

Despite evidence of improvement in cognitive
functioning over the first year following TBI (Kersel,
Marsh, Havill, & Sleigh, 2001), there is also con-
siderable evidence to indicate that in TBI of at least
moderate severity full recovery of cognitive abilities
rarely occurs (Dikmen, Corrigan, Levin, Machamer,
Stiers, & Weisskopf, 2009). Cognitive deficits remain
evident for many years following the initial injury
and make a major contribution to the long-term level
of overall disability (Draper & Ponsford, 2008; Rut-
tan, Martin, Liu, Colella, & Green, 2008; Whitnall,
McMillan, Murray, & Teasdale, 2006).

Assessment of cognitive functioning has evolved
over the last 75 years from consideration of global
constructs, such as intelligence, to a focus on spe-
cific domains of cognitive functioning (Kersel et al.,
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2001). These domains were initially conceptualised
from observations of behavioural functioning. They
have been further developed through theoretical
advances in the understanding of the possible com-
ponents of the cognitive processes that underlie overt
behaviour. Despite these developments there is also
evidence that these hypothesised constructs may
overlap (Clune-Ryberg et al., 2011). However con-
sideration of cognitive functioning from a domain
perspective continues to provide useful insights into
improving rehabilitation practices and understand-
ing the impact of cognitive impairment on real-world
functioning and quality of life (DeLuca, Schultheis,
Madigan, Christodoulou, & Averill, 2000; Silverberg
& Millis, 2009).

The cognitive domain of attention incorporates
speed of information processing, working mem-
ory, and sustained attention. Assessment of people
with TBI has consistently found impairment in all
aspects of attention (Kennedy, Clement, & Curtiss,
2003; Slovarp, Azuma, & LaPointe, 2012). Similarly
impairment in most aspects of both verbal and visual
memory functioning is also commonly reported
following TBI (Vakil, 2005; Ashton, Donders, &
Hoffman, 2005; Schwarz, Penna, & Novack, 2009).
Impairment in the domain of visual perception is
less commonly assessed for in TBI although there is
some evidence for impairment in the constructional
and organisational skills aspects (McKenna, Cooke,
Fleming, Jefferson, & Ogden, 2006). Executive func-
tion is perhaps the most multifaceted domain of
cognitive functioning and the aspect of verbal fluency
has been consistently shown to demonstrate impair-
ment following TBI (Henry & Crawford, 2004).

While there are now a number of studies that pro-
vide information on cognitive functioning following
TBI across a range of cognitive domains, the major-
ity of these studies use follow up periods of one or
two years (Dikmen et al., 2009). Given that TBI can
have life-long affects on multiple aspects of a per-
son’s quality of life (Masel & DeWitt, 2010), it is
important to develop a research base on the long-term
effects on cognitive functioning. A search of the lit-
erature found only three studies over the last 25 years
that systematically examined cognitive functioning
4-6 years following TBI.

Tate, Fenelon, Manning, and Hunter (1991) exam-
ined patterns of neuropsychological impairment in
85 adults assessed, on average, at six years fol-
lowing TBI. The three main cognitive domains
examined in this study were basic neuropsycho-
logical skills, speed of information processing, and

learning and memory. Residual deficits were com-
mon with 70% of subjects demonstrating clinically
significant deficits. The greatest prevalence of impair-
ment was in memory and learning (57%), followed
by speed of information processing (34%).

Johnstone, Hexum, and Ashkanazi (1995) reported
on the extent of impairment in specific cognitive func-
tions, relative to estimates of premorbid functioning,
for 97 adults at approximately four years follow-
ing TBI. Intelligence was the cognitive domain that
showed the least decline, followed by attention, mem-
ory, and then speed of information processing. The
greatestdecline was evidentin the cognitive domain of
executive functions, specifically cognitive flexibility.

Millis et al. (2001) presented the results from a
comprehensive assessment of cognitive functioning
at, on average, five years following TBI. Their sample
was of people who had received predominately mod-
erate to severe TBI. The sample size varied across the
measures ranging from 141 to 182 subjects. Of par-
ticular note was the wide variability in outcome on
the measures of cognitive functioning, ranging from
no measureable impairment to severe impairment.
Cognitive deficits were most frequent on measures
of verbal memory (50% significant impairment) and
attention (33-56% significant impairment across dif-
ferent measures).

The aim of this study was to describe the long-
term prevalence and severity of cognitive deficits
following significant (i.e., ventilation required for
>24 hours) TBI in a clearly defined adult sample. The
literature base in this area consists of only a few stud-
ies and these studies do not necessarily assess a wide
range of cognitive functions. In this study assessment
of a comprehensive range of cognitive abilities was
undertaken using established psychometric measures
with proven utility in the assessment of TBI. Ongoing
cognitive deficits have a major impact on the long-
term level of disability following TBI (Rassovsky
et al., 2006). Therefore the information obtained in
this study may usefully inform rehabilitation profes-
sionals when they are advising patients and family
caregivers on the future options for the person with
significant TBI.

2. Method
2.1. Subjects

The subjects for this study were selected from
those people enrolled in the Waikato Traumatic Brain
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Table 1
Demographic and clinical information for the traumatic brain
injury patients (n=71)

Gender

Female 19 (27%)

Male 52 (73%)
Age at follow-up (years)

Mean 31

Standard deviation 12

Range 16-62
Years of Education

Mean 12

Standard deviation 2

Range 8-18
Cause of TBI

Road traffic crash 55 (78%)

Fall 7 (10%)

Assault 5 (7%)

Other 4 (6%)
Glasgow Coma Scale category (on admission)

Severe injury 55 (78%)

Moderate injury 10 (14%)

Mild injury 6 (9%)
Months since TBI

Mean 66

Standard deviation 9

Range 50-91
Glasgow Outcome Scale (at follow-up)

Severe disability 14 (20%)

Moderate disability 18 (25%)

Good recovery 39 (55%)

Injury Study (Havill, Sleigh, Kersel, & Marsh, 1998).
The criterion for admission to the study was that
the patient was required to be ventilated on clini-
cal grounds for >24 hours where ventilation was, at
least in part, required for treatment of the TBI. Exclu-
sion criteria were non-English speaking and previous
hospital admission for TBI or psychiatric illness.

Five year outcome data was obtained for 104-(85%)
of the original sample of 123 patients. Of these 29
(28%) were deceased, the majority having died as a
result of their TBI. Of the surviving 75 patients, 4
(5%) were less than 16 years of age at the time of the
five-year follow-up. The remaining 71 adult patients
constitute the sample reported on here. Severity of
TBI was determined by Glasgow Coma Scale score
(Teasdale & Jennett, 1974) on admission to hospi-
tal. Overall outcome at five years was assessed by
means of the Glasgow Outcome Scale (Jennett &
Bond, 1975). The results from these two clinical vari-
ables and demographic information on the sample are
presented in Table 1.

2.2. Measures

Subjects were administered a comprehensive
battery of psychometric tests and self-report ques-

tionnaires to assess different aspects of their
neuropsychological functioning. This report details
the results from the six measures of cognitive
functioning that were administered. These psycho-
metric tests assessed the six cognitive domains of
intelligence, attention, verbal and visual memory,
visual-spatial construction, and executive functions.

Intelligence was assessed by administration of the
Wechsler Adult Intelligence Scale - Third edition
(WAIS-III; Wechsler, 1997). The WAIS-III and it ear-
lier versions are the most frequently used measures
in neuropsychological assessment (Strauss, Sherman,
& Spreen, 2006). Attention was assessed by adminis-
tration of the Symbol Digit Modalities Test (SDMT;
Smith, 1982) and the Trail Making Test (TMT;
Tombaugh, 2004). The SDMT is extremely sensitive
to the presence of cognitive impairment in both adults
and children (Strauss et al., 2006). The TMT has a
high sensitivity to the presence of cognitive impair-
ment across different neuropsychological conditions
(Mitrushina, Boone, Razani, & D’Elia, 2005). Verbal
memory was assessed by administration of the Rey
Auditory-Verbal Learning Test (RAVLT; Schmidt,
1996). The RAVLT has been used extensively to
assess memory functioning in both normal groups and
a wide variety of clinical samples (Mitrushina et al.,
2005). Visual memory was assessed by administra-
tion of the Rey Complex Figure Test (RCFT; Meyers
& Meyers, 1995). Visual-spatial constructional abil-
ity was assessed by administration of the copy trial
of the RCFT. The RCFT consists of a complex two-
dimensional line drawing containing 18 details and is
frequently used to assess visuospatial constructional
and visual memory deficits in a wide variety of clini-
cal groups (Mitrushina et al., 2005). Finally executive
functions, specifically phonemic verbal fluency, were
assessed by administration of the Controlled Oral
Word Association test (COWA; Tombaugh, Kozak, &
Rees, 1999). The COWA evaluates the spontaneous
production of words under restricted search condi-
tions and has been found to be sensitive to impairment
in executive processes in a wide variety of clinical
groups including TBI (Strauss et al., 2006).

2.3. Procedure and data analysis

Ethical approval for the study was obtained from
the Waikato Ethics Committee. Patients who had par-
ticipated in either of the previous six month or one
year follow-ups were re-contacted and asked to par-
ticipate in a further five year follow-up. Those who
agreed provided informed consent and were inter-
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viewed and assessed by postgraduate trainee clinical
psychologists. Results from the six month and one
year assessments have been reported previously for
the 65 patients who completed both assessments
(Kersel et al., 2001)

The order in which the cognitive tests were pre-
sented was the same for each TBI patient and was
as follows: RCFT (copy & immediate recall tri-
als), WAIS-III (up to Block Design subtest), RCFT
(delayed recall & recognition trials), RAVLT, WAIS-
IIT (remaining subtests), RAVLT (delayed recall &
recognition trials), SDMT (written & oral versions),
TMT (parts A & B), and COWA test. All tests were
administered and scored in accordance with the stan-
dardised instructions available for each measure.

Descriptive statistics are reported for the demo-
graphic and assessment data. Following established
conventions in determining the clinical significance
of individual scores (Mitrushina et al., 2005; Strauss
et al., 2006), obtained scores from the 2nd to the 8th
percentiles were considered to indicate borderline
performance and scores less than the 2nd percentile
were considered to indicate impaired performance.
For the TMT where higher scores indicate greater
impairment, scores from the 92nd to the 98th per-
centiles were considered to indicate borderline per-
formance and scores greater than the 98th percentile
were considered to indicate impaired performance.

3. Results

As reflected in the Glasgow Outcome Scale scores
(Table 1), some individuals still had severe physical or
cognitive impairments even five years after their TBIL.
Therefore some individuals were unable to complete
certain tests. The number of completed assessments
ranged from 67 for the RAVLT and COWA to 62 for
the RCFT Recognition trial.

On the measure of general intelligence the fol-
lowing average scores were obtained: WAIS-III
Full Scale 1Q=92.94 (SD=19.03, range =56-132,
n=66), WAIS-IIT Verbal Scale 1Q=93.79 (SD=
19.41, range=54-138, n=66), WAIS-III Per-
formance 1Q=93.05 (SD=17.33, range=59-127,
n=66), WAIS-III Verbal Comprehension Index=
93.56 (SD =19.68, range = 55-142, n = 66), WAIS-III
Perceptual Organization Index = 100.14 (SD =18.98,
range = 65-135, n=66), WAIS-III Working Memory
Index=93.02 (SD=18.82, range =50-126, n=66),
and WAIS-III Processing Speed Index=83.71
(SD=15.24, range =57-111, n=65). The prevalence

Table 2
Prevalence and severity of impairment on the Wechsler Adult
Intelligence Scale — Third edition at five years following
traumatic brain injury

Classification Level

No Impairment Borderline Impaired

Verbal 1Q 49 (74%) 9 (14%) 8 (12%)

Performance IQ 49 (74%) 10 (15%) 7 (11%)

Full Scale IQ 52 (79%) 5 (8%) 9 (14%)

Verbal Comprehension 50 (76%) 11 (17%) 5 (8%)
Index

Perceptual Organization 56 (85%) 5 (8%) 5 (8%)
Index

‘Working Memory Index
Processing Speed Index

52 (79%) 3(5%) 11 (17%)
40 (62%) 9 (14%) 16 (25%)
Borderline impairment =2nd-8th percentile, Impaired <2nd per-
centile.

and severity of impairment on the WAIS-III is pre-
sented in Table 2.

On the measures of attention the following
average scores were obtained: SDMT written=
36.62 (SD=14.06, range=6-63, n=66), SDMT
oral =42.40 (SD=15.81, range =4-76, n=65), TMT
part A =49.29 seconds (SD =35.56, range = 16-201,
n=65), and TMT part B=118.78 seconds (SD=
79.50, range =36-404, n=63).

On the measure of verbal memory the following
average scores were obtained: RAVLT trial 1 (imme-
diate recall) =5.16 (SD =2.94, range = 0-14, n=67),
RVALT sum=39.51 (SD=15.43, range=4-72, n=
67), RAVLT retention=7.55 (SD=4.10, range=
0-15, n=67), RAVLT delayed recall=6.75
(SD=4.52, range=0-15, n=67), and RAVLT
recognition = 10.60 (SD=3.79, range = 1-15,
n=065).

On the measure of visual memory the average
scores obtained were: RCFT immediate recall =
13.87 (SD=8.50, range=0-30.5, n=63), RCFT
delayed recall=13.56 (SD=28.56, range=0-29.5,
n=63), and RCFT recognition=19.42 (SD=2.28,
range = 13-23, n=62).

On the measure of visual-spatial construction,
the RCFT copy trial, the average score was 29.92
(8D =5.83, range = 11.5-36.0, n=63). On the mea-
sure of verbal fluency, the COWA, the average score
was 31.31 (SD=12.68, range =2-60, n=67). The
prevalence and severity of impairment on the five
cognitive domains is presented in Table 3.

4. Discussion

The purpose of this study was to document the
prevalence and severity of impairment in cognitive
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Table 3

Prevalence and severity of impairment across five domains of cognitive functioning at five years following traumatic brain injury

Classification Level

Domain No Impairment Borderline Impaired
Attention (Symbol Digit Modalities Test)

Written score 25 (38%) 13 (20%) 28 (42%)

Oral score 31 (47%) 9 (14%) 26 (39%)
Attention (Trail Making Test)

Part A 35 (54%) 5 (8%) 25 (39%)

Part B 23 (35%) 2 (3%) 40 (62%)
Verbal Memory (Rey Auditory Verbal Learning Test)

Immediate recall 42 (63%) 14 (21%) 11 (16%)

Total learning 26 (39%) 11 (16%) 30 (45%)

Retention 37 (55%) 7 (10%) 23 (34%)

Delayed recall 30 (45%) 11 (16%) 26 (39%)

Recognition 29 (45%) 6 (9%) 30 (46%)
Visual Memory (Rey Complex Figure Test)

Immediate recall 26 (41%) 6 (10%) 31 (49%)

Delayed recall 24 (38%) 7 (11%) 32 (51%)

Recognition 34 (55%) 14 (23%) 14 (23%)
Visual-spatial Construction (Rey Complex Figure Test)

Copy 29 (46%) 10 (16%) 24 (38%)
Executive Functions (Controlled Oral Word Association)

Total 46 (69%) 12 (18%) 9 (13%)

Borderline impairment =2nd-8th percentile, Impaired <2nd percentile. Except for Trail Making Test where Borderline impairment = 92nd-

98th percentile, Impaired >98th percentile.

functioning in adults at five years following a signifi-
cant TBI. The injuries were deemed to be significant
because the patients required ventilation for greater
than 24 hours following their injuries. Consistent with
this criterion, the Glasgow Coma Scale scores for the
sample indicated that 78% had suffered a severe TBIL.
Further, the fact that only 55% were rated as having
made a ‘good recovery’ on the Glasgow Outcome
Scale provides additional evidence of the’ signifi-
cance of the patients’ TBIs. Consistent with previous
epidemiological findings with significant TBI (e.g.,
Lezak et al., 2004), the sample was predominately
younger males who had obtained their TBI through
road traffic crashes.

Interpretation of the patients’ performance on the
measures of cognitive functioning was undertaken by
comparison to appropriate normative data. Although
such comparisons can also be made using a sam-
ple of matched control subjects, normative samples
are usually much larger giving greater confidence in
the reliability of the results from the comparisons.
Matched controls are primarily used to take into
account any impact on performance of demographic
variables such as age, gender, and years of educa-
tion. However the large normative samples used in
this study provided subgroup norms which allowed
for any possible impact of such variables to be taken
into account. Also, interpretation of the patients’ per-
formance with reference to normative data rather than

data from matched controls is more consistent with
usual clinical practice.

In terms of global and omnibus measures of cogni-
tive functioning 79% of the patients were unimpaired
on the Full Scale 1Q score. This finding was reason-
ably consistent across the subcomponents of global
cognitive functioning with 76%, 85%, and 79% being
unimpaired on the WAIS-III Verbal Comprehen-
sion, Perceptual Organization, and Working Memory
indexes, respectively. However on the Processing
Speed index only 62% were unimpaired suggesting
that long-term the cognitive functions assessed by
these tasks are relatively more impacted by TBI. This
finding of comparatively less long-term impairment
in IQ is consistent with previous findings (Johnstone
etal., 1995). Similarly, the finding of 62% unimpaired
on speed of information processing is consistent with
the 66% unimpaired reported by Tate et al. (1991).

Performance on the measures of attention showed
a high prevalence of deficits with even more sim-
ple measures such as the oral score on the SDMT
and Part A of the TMT showing 39% of the sam-
ple with impaired performance. The prevalence of
impairment increased considerably with increasing
complexity of the measures and on the most com-
plex measure of attention, Part B of the TMT, 62%
of the sample was impaired. These two findings of
both a high prevalence of impairment and an increase
in the prevalence of impairment as a function of the
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complexity of the measure used were also reported
by Millis et al. (2001) on their measures of attention.

On the measure of verbal memory 45% of the
sample was impaired. This level of impairment is
similar to that reported by other researchers who have
conducted long-term follow-up studies of adult TBI
patients (Millis et al., 2001; Tate et al., 1991). How-
ever not all aspects of verbal memory were equally
impaired with the prevalence of impairment increas-
ing as a function of time. Hence impairment was least
evident in immediate memory, followed by reten-
tion, and delayed recall with the highest prevalence
of impairment being in performance on the recogni-
tion trial (46%). Unfortunately the high prevalence
of impairment on the recognition trial suggests that a
large number of people in the current sample have
memory deficits due to problems with encoding.
Therefore they may not benefit from the strategies
based on retrieval that are commonly offered in mem-
ory rehabilitation programmes (Kersel et al., 2001).

On the measure of visual memory there was no
evidence of a differential impact of time on mem-
ory performance. Approximately half of the sample
was impaired on both the immediate and delayed
trial. While visual memory has been assessed in
other follow-up studies of adults with TBI (Ashton
et al., 2005; Schwarz et al., 2009), these other stud-
ies were completed on samples that were in the early
stages following injury. The prevalence of impair-
ment found here suggests that assessment of visual
memory should be included in long-term follow-
up studies of TBI as approximately half the sample
was still impaired at five years following injury. The
prevalence of impairment in the recognition trial for
visual memory was half that found for verbal mem-
ory. This suggests that there may be a subgroup of TBI
patients who would benefit from memory rehabilita-
tion strategies based on retrieval from visual memory
even if they are unable to benefit when such strategies
are focused on verbal memory.

On the measure of visual-spatial construction over
a third (38%) of the subjects were impaired. This
domain of cognitive functioning is even less fre-
quently researched in TBI outcome studies than
visual memory. However there is some indication that
researchers are beginning to incorporate this domain
into their assessment protocols and one short-term
follow-up study reported 26% of severe TBI patients
to have deficits in constructional skills (McKenna et
al., 2006). Given the fact that assessment of visual
memory frequently requires the drawing of geomet-
ric shapes, assessment of the domain of visual-spatial

construction is essential in order to ensure that
performance on a visual memory measure is not
confounded by impairment in visual-spatial construc-
tional abilities (Ashton et al., 2005). In the current
study performance on the copy trial was signifi-
cantly related to performance on both the immediate
(r=0.64, n=63, p<0.001) and delayed (r=0.63,
n=63, p<0.001) recall trials of the RCFT.

Verbal fluency has been commonly viewed as a
component of executive function (Mitrushina et al.,
2005). In the current study 13% of the sample was
impaired on this measure. This is less than the 18%
reported by Millis et al. (2001). However they did use
amore lenient cut-off of less than the 3rd percentile to
define impairment, and in the current study a further
18% of the sample was in the borderline range on
the measure of verbal fluency. These results provide
further support for the previously reported finding
that verbal fluency is sensitive to the effects of TBI
(Henry & Crawford, 2004).

The results from the current study demonstrated
the usefulness of taking a domain approach to the
assessment of cognitive functioning. This allows for
a better understanding of cognitive strengths and
weaknesses than that obtained from solely assessing
cognitive functioning as a global construct (e.g., intel-
ligence). Such an approach also provides information
on patient functioning in a form that is more useful to
the planning of rehabilitation. However this does not
mean that the domains are necessarily independent of
each other (Clune-Ryberg et al., 2011; Schwarz et al.,
2009). For example, the executive domain includes
organisational and planning processes, and impair-
ment in these aspects of cognition would impact on
an individual’s ability to draw a geometric shape,
hence impacting on visual-spatial construction which
would, in turn, impact on performance on a measure
of visual memory. Hence assessment of cognitive
functioning needs to be based on an understanding
that while describing cognitive functions in terms of
specific domains may be useful; multiple cognitive
systems may be involved in any single behaviour of
interest.

Overall the results from this study have demon-
strated the wide range of impairment that is evident
long-term across multiple domains of cognitive func-
tioning following significant TBI. A limitation of this
study is the cross-sectional nature of the design as
this prevents an understanding of the temporal pro-
cess of changes in cognitive functioning over time
following TBI. Despite this limitation the current
study is one of the few long-term studies available
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that has reported results for a clearly defined sample,
across a wide range of cognitive functions. There is no
basis to assume that the cognitive deficits frequently
reported in studies of acute or short-term follow-up
will be the same as those found in long-term follow-
ups. Hence, the results from the current study make a
contribution to the development of a comprehensive
understanding of long-term cognitive functioning fol-
lowing TBIL.

Obtaining concurrent information on the func-
tional abilities of people with TBI would add to
the usefulness of studies on their cognitive abil-
ity. Future research should incorporate assessment
of real world functioning along with a comprehen-
sive assessment of cognitive functioning. This would
allow researchers to establish the ecological validity
of neuropsychological assessment thereby signifi-
cantly increasing the utility of the process to the
person with TBI and their family (Silverberg & Mil-
lis, 2009). To develop a full understanding of the
consequences of TBI as a process requires infor-
mation on multiple aspects of patient functioning
throughout their life span following the injury (Masel
& DeWitt, 2010).
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