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We searched the literature on the epidemiology, diagnosis,
prognosis, treatment and costs of mild traumatic brain
injury. Of 428 studies related to prognosis after mild
traumatic brain injury, 120 (28%) were accepted after
critical review. These comprise our best-evidence synthesis
on prognosis after mild traumatic brain injury. There was
consistent and methodologically sound evidence that chil-
dren’s prognosis after mild traumatic brain injury is good,
with quick resolution of symptoms and little evidence of
residual cognitive, behavioural or academic deficits. For
adults, cognitive deficits and symptoms are common in the
acute stage, and the majority of studies report recovery for
most within 3–12 months. Where symptoms persist, com-
pensation/litigation is a factor, but there is little consistent
evidence for other predictors. The literature on this area is of
varying quality and causal inferences are often mistakenly
drawn from cross-sectional studies.
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INTRODUCTION

The incidence of hospital-treated mild traumatic brain injury
(MTBI) is high, at 100–300/100,000 population per year,
making this a public health problem, disproportionately among
teenagers and young adults (1). The outcome and course of
recovery after MTBI is important to patients, healthcare
professionals, researchers and policymakers, and impacts on
decisions about compensation after an injury. Knowledge about
the usual course of recovery after MTBI allows clinicians to
provide appropriate advice to patients, and to recognize when
recovery is not taking place as expected. Identification of pre-
morbid and injury-related factors affecting recovery after MTBI

may also help clinicians to screen individuals who are at greatest
risk for sub-optimal outcome. However, there is great variability
in opinions and research findings about prognosis after MTBI, as
well as great variability in the quality of research.

The most informative studies of prognostic factors and
outcome after MTBI employ a longitudinal design, and identify
a comprehensive and representative cohort of subjects with
MTBI as soon as possible after the injury. These individuals
should then be followed over time to identify time to recovery,
and prognostic factors affecting recovery or symptom persis-
tence. Both cohort and case-control studies can be used to
identify and test the strength of the association between potential
prognostic factors and outcome.

Strength of the evidence within longitudinal studies also
needs to be considered. One paradigm that has been used for
ranking evidence of prognostic factors in breast cancer and
whiplash classifies cohort studies into a 3-level hierarchy of
knowledge (2, 3). Phase I studies explore associations between
potential prognostic factors and disease outcomes in a descrip-
tive way. For example, a cohort study exploring the crude
relationship between age and recovery after MTBI is considered
a phase I study. Phase II studies are more extensive exploratory
studies using controls, stratified analyses and/or multivariable
analyses to focus on sets of prognostic factors. For example, if a
study of the association between age and recovery after MTBI is
stratified by other factors thought to be important (such as
positive or negative intracranial findings), it would be classified
as a phase II study, since the association between age and
recovery has considered the confounding of intracranial abnor-
malities. Phase III are confirmatory studies, where the goal is to
confirm or refute the independence of the relationship between a
particular prognostic variable and the outcome of interest. For
example, a phase III study examining the strength and
independence of the relationship between age (the exposure)
and recovery after MTBI (the outcome of interest) would test
that relationship while explicitly controlling for possible con-
founders of that relationship. A confounder is defined as a third
factor that is associated with both the exposure and the outcome.
It is not in the causal pathway between the exposure and the
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outcome, but accounts for some or all of an observed relation-
ship between that exposure and the outcome. In our example,
this might involve examining the relationship between age and
recovery from MTBI after explicitly controlling for such
confounders as MTBI severity, pre-injury health, other injuries
and others. Using this hierarchical framework, a phase I study
might identify a potential prognostic factor for recovery from
MTBI. A phase II study would explore that relationship further
by also considering other possible prognostic factors. A phase III
study would then confirm the strength and independence of that
relationship, given a wide range of possible confounders. In the
current paper, this hierarchy is employed to interpret the
prognostic studies.

The main objective of the task force was to perform a
systematic search of the literature on MTBI in order to produce a
best-evidence synthesis on the epidemiology (incidence, risk
and prevention), diagnosis, treatment and prognosis of MTBI. In
this paper, we report the best-evidence regarding prognosis
MTBI, and we identify factors that determine variations in
prognosis. Our purpose was to create a baseline of the best
scientific evidence that can inform clinicians, researchers and
policymakers about MTBI.

METHODS

The literature search and critical review strategy is outlined in detail
elsewhere (4). Briefly, we performed a systematic search of the world
literature on MTBI using the following electronic databases: Medline
and PsycINFO (1980–2000), Cinahal (1982–2000) and Embase (1988–
2000), and screened these abstracts for relevance to the task force
mandate. Articles were considered relevant if they examined diagnosis,
incidence, risk factors, prevention, prognosis, treatment and rehabilita-
tion or economic costs of mild traumatic brain injury; if they contained
data and findings specific to MTBI; or if they described a systematic
review of the literature on MTBI. We also checked reference lists from
relevant articles and solicited literature from experts in the field of
MTBI, and we report 2 original research studies performed as part of the
task force mandate (5, 6). Rotating pairs of Scientific Secretariat
members (listed at the front of this supplement) independently reviewed
each article relevant to MTBI, identifying strengths and weaknesses and
extracting data for our evidence tables. The Scientific Secretariat as a
whole then discussed each article, and made a consensus judgement
about its scientific merit (4).

We classified the cohort studies identifying prognostic factors into
phase I, II or III studies, depending whether the associations were
described in a descriptive or univariate way (phase I); described in a
more extensive exploratory manner using comparisons with controls
groups or multivariable approaches (phase II); or described in a
confirmatory manner, in which the strength, direction and independence
of a particular hypothesized prognostic factor is examined in a focused
manner (phase III) (2, 3). Accepted articles are summarized in evidence
tables and included in the best-evidence synthesis (7, 8), which follows.
The best-evidence synthesis links summary statements and conclusions
to the evidence tables so that the strength of the evidence on which these
statements are based is obvious. Strength of the evidence considers both
the design of the study and methodological quality. Information from
sound phase III studies is confirmatory, and considered the strongest
evidence, followed by evidence from methodologically sound phase II
studies. Phase I studies do not consider confounding and are considered
more limited evidence, but still potentially more informative about
prognosis than cross-sectional and case series designs. Evidence from
case series and cross-sectional studies is included in these summary
statements, but carries less weight than more robust designs and is
considered suggestive.

RESULTS

We found 427 articles in our literature search pertaining to
prognosis of MTBI. After critically reviewing these studies plus
the original research study pertaining to prognosis (5), we
considered 120 (28%) to be of sufficient scientific merit to be
accepted for our best-evidence synthesis. These studies are the
basis for our findings and consist of 67 cohort studies, 2 case-
control studies, 17 cross-sectional studies, 1 controlled trial of
intervention identifying prognostic factors, 7 studies of diag-
nostic procedures relating to prognosis, 1 systematic review and
25 case series or other variant study designs. Of the cohort
studies, 25 were phase I, 40 were phase II and 2 were phase III
prognostic cohorts. The heterogeneity of the study populations,
study designs, prognostic factors, follow-up periods, outcomes
and analyses does not support statistical pooling of results, and
therefore our findings are presented for each study in our
evidence tables and form the basis for our recommendations.

Prognosis of mild traumatic brain injury in children

Twenty-eight longitudinal (9–36), 1 cross-sectional study (37)
and 1 case series (findings reported in 2 publications) (38, 39)
examined outcome and prognostic factors of MTBI in children
(Table I). These studies included a variety of control groups;
such as children with other injuries (11–13, 30, 34), children
hospitalized for other reasons (37), healthy school children
(9, 10, 14, 15, 18–20, 29, 35, 36), or 2 or more control groups
(24, 26).

Post-concussion symptoms, cognitive and behavioural se-
quelae.Two phase II cohort studies indicate that post-concus-
sion symptoms in children appear to be largely resolved within
2–3 months of the injury (13, 30) and the majority of studies
report no short- or long-term cognitive problems, or post-injury
behavioural deficits attributable to MTBI (9, 10, 12, 14–22,
26, 29–33, 35–37). These studies used a broad range of control
groups and included a broad range of MTBI severity. Because of
the strength of these studies and the consistency of findings, the
evidence that MTBI has little short- or long-term effect on
children’s cognitive functioning or behavioural development
can be considered persuasive. However, 2 studies report
discrepant findings. One described more hyperactivity in
children with MTBI, but the authors state that hyperactivity
could have been present before the injury, and it may have been
a causal factor for the head injury, rather than an outcome of it
(11). The other reported the development of a slight visual
closure deficit in young children (34). The visual closure deficit
was assessed by a timed test of the child’s ability to find partially
concealed objects embedded in pictures. The MTBI cases and
controls (having other injuries) showed no differences in
performance on this test within the first month of injury, but
there were differences at 6 and 12 months after the injury. Visual
closure test scores were not related to reading ability when the
children were again assessed at the age of 6.5 years, 2–4 years
after the injury.

Most studies found no MTBI-attributable deficits in school
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performance (11, 14, 15, 17–22, 26, 29, 31, 35, 36). There is 1
report that more children with a history of MTBI were enrolled
in remedial reading post-injury, but no other teacher-rated
deficits were reported (34). Two phase II cohort studies report
that, where deficits are found in functioning, the determinants
are personal and social factors, such as pre-morbid stressors and
poverty, rather than the MTBI itself (12, 17).

Only 2 studies examined whether a prior head injury is a risk
factor for persistent symptoms after a second MTBI. The
findings are inconsistent, with 1 study which did not consider
confounding suggesting a positive relationship (30), and the
other study, a larger one in which the analysis adjusted for other
factors, reported no relationship (12).

Two studies suggest that injured children have more post-
traumatic behavioural disturbances than uninjured children,
regardless of whether the injury was a head injury or another
type of injury (26, 37). These findings emphasize the importance
of using an appropriate comparison group when attempting to
evaluate sequelae in children with head injuries. Use of an
appropriate comparison group assists in differentiating any
effects of a head injury from outcomes that may be due to pre-
injury characteristics, extra-cranial influences or the general
deleterious effects of a traumatic event.

Mortality and disability.Children’s mortality after traumatic
brain injury (TBI) is low, ranging from 0% (23, 25, 27, 28) to
0.25% (39). In the latter study, the fatalities were characterized
by an initial Glasgow Coma Score (GCS) of 13 with deteriora-
tion after admission to hospital. The Glasgow Outcome Scale
(GOS) (40) is a frequently used outcome measure for gross
assessment of disability after traumatic brain injury. Scores are
usually determined through an interview, usually unstructured,
and classify patients into 5 categories: dead, vegetative, severely
disabled (conscious but dependent), moderately disabled (in-
dependent but disabled) and good recovery (may include mild
residual effects). Despite its widespread use in assessing
outcome after brain injury, several limitations should be
considered in interpreting the findings of studies using GOS to
assess outcome after MTBI. The GOS is limited in its ability to
distinguish mild disability and complete recovery, it does not
consider pre-injury status in assigning a disability score, nor
does it distinguish disabilities attributable to the MTBI from
disabilities resulting from injuries to other parts of the body (41).

Disability (as assessed by GOS or equivalent measure) on
discharge was uncommon, and in most studies, it is unclear
whether the disability noted was caused by the MTBI or by other
associated injuries. The overall frequency of moderate to severe
disability in children with admission GCS score of 13–15 ranged
from 0% to 1% (23, 25, 38). One small study (n = 51) of a group
of more severely injured children (initial GCS 13–14 or GCS 15,
deteriorating within 24 hours) reports that 2% have moderate to
severe disability at 6 months (28). Only 1 of the above 4 studies
(23) provides sufficient information to clearly attribute the
disability to the MTBI, rather than to other associated injuries.

Neuroendocrine and metabolic response after MTBI.One
study reports higher initial serum glucose levels in injured

children (MTBI and other injuries), with lower serum sodium
and serum potassium in the MTBI cases (24). These abnormali-
ties resolve spontaneously within 24 hours.

Summary of prognosis after MTBI in children.There is a
great deal of uniformity in the findings of the methodologically
acceptable studies on the prognosis of MTBI in children. Where
post-concussion symptoms are present, they are usually transient
in nature, and by 2 weeks to 3 months, symptoms are similar to
groups of children who have sustained other types of injuries
(such as orthopaedic injuries). The evidence also suggests few
short- or long-term cognitive deficits. Most of the evidence also
suggests that children with MTBI do not have higher rates of
subsequent behavioural or school problems than children with
other types of injuries.

Prognosis of mild traumatic brain injury in adults

There were 66 accepted studies relating to prognosis of MTBI in
adults, 10 of which relate to MTBI sustained in athletic events
(Table II). There were 34 cohort studies, of which 18 were Phase
I (42–59) and 16 were phase II studies (5, 27, 60–73). One study
was a randomized controlled trial, in which a phase I analysis
provides information on prognosis (74), another 1 was a sys-
tematic review (75), 10 were cross-sectional studies (76–85) and
20 (86–103) were case series or variant designs.

Cognitive sequelae.This section summarizes the evidence
about cognitive sequelae after a single MTBI, as identified
through formal cognitive assessments. The accepted studies
provide consistent and methodologically sound evidence of
cognitive deficits within the first few days after the injury,
including problems of recall of material, speed of information
processing and attention (42, 44, 53–56, 59, 70, 83, 84). Only 4
studies used an injured control group, and only 1 of these
compared pain and distress between them, finding greater levels
in the MTBI group (42). Consequently, we cannot rule out the
possibility that injury-related pain and distress play a role in the
observed cognitive deficits immediately after MTBI.

There are consistent findings that early cognitive deficits in
MTBI are largely resolved within a few months post-injury, with
most studies suggesting resolution within 3 months (44, 53, 54,
70, 79, 96). Since this evidence is based on a variety of study
designs, in a number of different MTBI populations and through
comparisons with both injured and non-injured control groups,
we consider it persuasive and consistent evidence.

Predictors of cognitive functioning after MTBI.None of the
accepted studies examining the question found an association
between loss of consciousness and increased deficits in cognitive
functioning after MTBI (55, 59, 80, 80, 94). However, a phase I
study provides limited evidence that focal brain lesions and/or
depressed skull fractures are risk factors for poorer cognitive
functioning within the first 3 months after MTBI (58). It should
be noted that a number of experts consider the presence of focal
brain lesions or depressed skull fracture to reflect a moderate,
rather than a mild brain injury (104).

Few accepted studies examined the effect of multiple con-
cussions on cognitive ability, although cross-sectional studies
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indicate that athletes who have sustained repeated head blows
and concussions while playing soccer frequently show deficits in
cognitive functioning (77, 81). However, no causal inferences
can be made and these findings should be considered suggestive
only, due to the use of a cross-sectional design. For example, the
design cannot rule out the possibility that there are prior
differences in players who are more likely to sustain multiple
concussions. However, given the dose-response relationship
found between head blows/concussions and cognitive deficits,
this research question merits further attention in the form of a
longitudinal study which clearly assesses the existence of an
independent causal association between multiple concussions
and cognitive functioning.

Self-reported symptoms and functional recovery after MTBI.
This issue was examined in 7 phase II prognostic cohort studies,
5 phase I, 3 cross-sectional, and 3 case series or descriptive
studies. Those injured in sports commonly experience symptoms
of headache, blurred vision, dizziness, self-perceived memory
problems and confusion immediately after concussion
(48, 53, 55, 71). Other populations of adults with MTBI report
similar physical and self-perceived cognitive symptoms after
their injury, most commonly headache, fatigue, forgetfulness
and sleep difficulties (42, 68, 74, 82, 89, 94, 95). These symp-
toms are not unique to MTBI, although they are more common
within the first month after MTBI than after other injuries or in
the general population (42, 68, 82). In particular, patients with
non-head injured chronic pain report frequent and severe post-
concussion symptoms, including substantial degrees of self-
perceived cognitive deficits (92).

Findings from studies of sports-related injuries (including
injuries sustained in American football and Australian football
or rugby) consistently indicate resolution of symptoms within 15
minutes to 2 weeks (48, 53, 55, 71). However, where studies
address other adult populations, findings on duration of
symptoms after MTBI are mixed. One phase I cohort reports
that symptoms after MTBI are largely resolved within 3 weeks
(as assessed by self-reported absence of acute post-MTBI
symptoms) (74); 1 phase II study reported resolution within 3
months (for MTBI cases not seeking compensation compared
with non-injured matched controls) (67); and 1 phase I and 1
phase II study report resolution within 1 year (compared with
injured controls) (47, 64). In the last 2 studies, no interim follow-
up was done, so it is unclear when in that year symptoms had
subsided. However, in another large study, more symptoms were
reported in MTBI cases than injured controls, as long as 5 years
after the injury, although some of these symptoms (pain and
depression) were attributable to injuries other than MTBI (66).
There was also no measure of other factors emerging during that
period, such as changes in life circumstances, or health status
that might confound the association between type of injury and
symptoms at 5 years. Likewise, in a cross-sectional study of
injuries that had occurred 1–5 years previously, MTBI cases
reported more self-perceived cognitive problems than uninjured
controls. Again, however, no differentiation was made between
long-term sequelae specific to MTBI and sequelae possibly

attributable to associated injuries, pre-morbid factors, or post-
injury events (76).

Since symptoms are most often ascertained through self-
report, it is important to consider the possible role of recall bias
or selective differences in reporting of symptoms after MTBI.
There has been little empirical study of these issues in the MTBI
population, but 1 study addressed accuracy in recall of pre-
injury symptoms. This study found that subjects, who had
sustained a concussion an average of 6 months previously,
underestimated their pre-concussion symptoms by 97% (78).
This highlights the importance of using an appropriate control
group, as significant recall bias may influence the internal
validity of studies in which concussed subjects are asked to
estimate their pre-injury symptoms, or report current symptoms
as compared with pre-injury symptoms.

Summary.There is consistent evidence that adults experience
symptoms, especially headache, in the acute stage and during the
first month after MTBI. Although symptoms are common after
MTBI, they are not unique to this type of injury since they are
also evident in chronic pain patients, in other types of injuries
and in healthy controls. Therefore, post-concussion symptoms
should be assessed in the light of the background prevalence of
these symptoms and with attention to other possible contributing
factors. Few studies, for example, have adequately assessed the
role of psychological distress and depression after an injury,
medication effects or pain from associated injuries in the
aetiology of symptoms in the acute stage of MTBI.

Prognostic factors for persistent symptoms

The stronger studies, utilizing appropriate control groups and
controlling for confounding factors, suggest that post-concus-
sion symptoms are largely resolved within 3 months to a year.
However, some individuals experience persistent symptoms
after MTBI, and several studies have attempted to identify
reasons for this. There is evidence that some of the observed
long-standing post-concussion symptoms may be attributable to
factors other than the MTBI. Studies that examine the relation-
ship between litigation and/or compensation issues and slower
recovery after MTBI consistently report an association between
them (5, 42, 67, 69, 75, 91, 99, 102, 103). For example, a meta-
analysis of 17 studies found that financial compensation was a
strong risk factor for long-term disability, symptoms and
objective findings after MTBI (75). Subsequent to that meta-
analysis, Paniak et al. (67, 69) found that compensation-seeking
strongly predicted delayed return to work, more long-term
symptoms and greater symptom severity, independent of MTBI
injury severity. Amongst individuals with MTBI making
insurance claims after motor vehicle collisions, the insurance
compensation system (tort, compared with no-fault) was one of
the strongest factors associated with slower recovery, again
independent of injury severity (5). However, there is a need for
further study of this issue, particularly phase III (confirmatory)
studies.

Other than litigation or compensation, there is little uni-
formity in the identification of predictors of delayed recovery
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after MTBI, since there is little consistency in predictors being
studied and no confirmatory studies in this area. This makes
comparisons between studies difficult and inconsistencies
difficult to interpret. Some studies identify female gender as a
predictor of persistent symptoms (42, 70), but others found no
independent relationship (5, 73). In a study of motor vehicle
injury insurance claimants with MTBI, being married, being off
work due to the injury, not being at fault for the collision, post-
injury symptoms of nausea or memory problems and other
injuries (percentage of body in pain after the collision) were
independently associated with slower recovery (5). History of
pre-existing physical limitations (73), prior brain illness or
neurological problems (70, 73), prior head injuries, psychiatric
problems, life stressors, being a student, sustaining MTBI in a
motor vehicle collision (70) and age over 40 years (73) have also
been identified as predictors of prolonged symptoms. Severity of
the MTBI itself was not an independent predictor of persistent,
long-term symptoms in any study. However, there is a report of
concussed ice hockey players with prior concussions missing an
average of 1–2 more games or practices than those with no prior
history of concussion (60). It is unclear whether the delay in
returning to play was because the injury was more severe,
because it took longer for symptoms to resolve or because the
history of concussion lead to increased caution on the part of the
team physician in approving the return to play.

It is difficult to study the question of whether pre-morbid
personality is an important predictor of persistent symptoms
after MTBI. One study that addresses this issue in a unique and
highly selected sample of individuals who had been adminis-
tered psychological tests prior to their injury, found that post-
MTBI psychological problems reflected pre-morbid personality,
rather than the effects of the injury (49). This study is suggestive,
but should be considered a preliminary step in the investigation
of this question.

Several reports from 1 cohort of subjects examined the role of
acute stress disorder and post-traumatic stress disorder in the
outcome of individuals with MTBI associated with a motor
vehicle injury. They show that prior psychiatric history is a risk
factor for acute stress disorder following a motor vehicle
collision, whether the injury included MTBI or not. In addition,
acute stress disorder was a strong predictor of later development
of post-traumatic stress disorder, which was, in turn, associated
with more self-reported symptoms (45, 50, 61, 85). Acute post-
traumatic stress after a traffic injury was also associated with
delays in functional measures of recovery, such as return to work
(62).

Mortality and disability

Eleven accepted studies report mortality, GOS scores, or some
other measure of disability as a primary outcome. Mortality after
MTBI is rare, with rates from 0% to 0.9% (27, 63, 88). However,
none of these studies specify how many deaths were directly
related to the MTBI vs other injuries sustained in the event.

Most studies utilizing the GOS found that patients with MTBI
have a good outcome (as defined by the scale), in both the shortA
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and the long-term (51, 52, 63, 66, 97). One study reported good
outcome in 100% of all hospitalized patients with MTBI (52)
and another reported 98% good outcome for GCS 15, 93% for
GCS 14 and 76% for GCS 13 (51). In that study, poor outcome
in GCS 15 with normal radiographic findings was rare (0.2%)
and was due to factors other than the MTBI. Two studies
compared outcome in injured individuals with MTBI and
controls with other injuries judged to be similar in severity.
They both report no differences in rates of disability (63, 66),
and both conclude that the poor outcome in the MTBI cases was
not due to TBI itself. Similarly, where disability pensions were
awarded after MTBI, the pension was granted because of
problems that are risk factors for MTBI, such as alcoholism,
rather than because of the MTBI itself (57). Behavioural
problems, alcohol/drug use and criminal convictions are more
frequently cited as reasons for discharge from the US military in
those with a history of MTBI (43). However, these reasons for
discharge cannot be attributed to the MTBI, because they are
also risk factors for experiencing head injuries. Similarly, the
other studies that report disability after MTBI do not distinguish
whether the disabilities are attributable to the MTBI, to pre-
existing conditions, or to other injuries sustained in the event.

Most studies suggest a generally good outcome (little or no
disability) for individuals with MTBI. However, 1 notable study
suggests a much more negative prognosis. Thornhill et al. (73)
followed 362 Glasgow residents aged 14 years or older, who had
been admitted to hospital with MTBI. At 1 year, 47% had
moderate or severe disability, according to the Extended
Glasgow Outcome Scale (GOSE). They found that age over
40 years, pre-existing physical limitations and history of brain
illness (e.g. stroke) were associated with poor outcome.
However, the high frequency of pre-existing and concurrent
co-morbid health conditions may result in questionable general-
izability of these findings to other populations. In addition, since
there was no follow-up prior to 1 year post-injury, it is unclear
whether other events may have occurred which influenced the
outcome.

Prognostic factors for disability.A small study provides
some evidence that disseminated intravascular coagulation
immediately after MTBI predicts poor score on the GOS at 6
months (72). Patients with GCS 13 at admission have higher
rates of disability than GCS 15 (51), however, again, it is not
clear how much disability is attributable to the MTBI or to other
injuries.

Outcome and prognostic factors in specific subgroups of
patients with MTBI

Some studies examined outcome in particular subgroups of
MTBI cases.

Alcohol use.It is clear that alcohol is an important risk factor
for injury occurrence. However, the role of alcohol as a predictor
of poor prognosis is an under-studied area, and no conclusions
can be drawn on its importance. Only 1 study specifically
examined this question in a systematic manner, and concluded
that blood alcohol level testing was performed too selectively to

accurately determine the relationship between blood alcohol and
outcome at discharge (65). Alcoholism is likely to be associated
with markers of poor outcome, even in the absence of injury.
However, a high blood alcohol level at presentation to
emergency departments after a head injury appears to be a
marker for a history of problem drinking (46). Clearly, the
question of whether alcohol use is a determinant of outcome
after MTBI deserves further study.

Complicated MTBI.There is some evidence from a phase I
study that there is a lower rate of good recovery as assessed by
the GOS when MTBI is complicated by a focal brain lesion and/
or depressed skull fracture, than when such complications are
not present (58). A descriptive study reports that adults with
initial GCS 15, who required surgery after developing acute
intracranial haematoma, are at risk for poorer outcome than
those not requiring surgery (only 65% in the former group had
good outcome), and there was a suggestion that delays in
diagnosis in this group are also associated with poor outcome
(98). While these results are not surprising, there is still a need
for good studies of these patients.

MTBI in elderly people.The effect of older age on recovery
from MTBI has not received much research attention. There
were several case series or descriptive studies that suggest that
elderly people have poorer recovery after MTBI (86, 100, 101).
Unfortunately, none of these studies report information that
would permit us to distinguish disabilities due to the head injury
vs other injuries.

MTBI and severe associated injuries.The role of severe
associated injuries in recovery from MTBI has not been well
studied. One series of patients hospitalized for MTBI with
severe associated injuries suggests poor outcome (only 62% had
good outcome at 4–5 years post-injury). However, it was unclear
whether these residual disabilities were attributable to the head
injury (90).

MTBI with associated seizures.One large descriptive study
explored the prognosis for adults who developed seizures after
MTBI, and reported that 7% required intracranial surgery, but
that 92% had good recovery at 6 months (93).

Summary.In general, the studies examining prognosis of
MTBI in adults make less use of control groups than the studies
of children. Where controls are used, they are usually uninjured
controls, often volunteers, who may be matched on socio-
demographic factors, but may be dissimilar on pre-injury
symptoms or personality characteristics. Injured controls are
rarely used, and the possible contributions of psychological
distress or pain associated with other (non-brain) injuries have
not been adequately considered.

Measures used to assess prognosis in MTBI

No separate literature search was performed to assess the
reliability and validity of tests or questionnaires used to assess
prognosis of MTBI, however a number of such studies were
identified in the course of our search. Many of the common
measurement tools have not been validated on an MTBI
population. Of the studies we identified in our search that
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specifically assessed the ability of these measurement tools to
accurately reflect prognosis of MTBI, 4 were accepted. Two of
these studies confirm the reliability of the Rivermead Post-
Concussion Symptoms Questionnaire and the Rivermead Head
Injury Follow-up Questionnaire (87, 105) and 1 study confirms
the reliability (inter-observer agreement) of the GOSE (41). The
fourth study supported the ability of the Problem Checklist (106)
and the SF-36 (107), but not the Community Integration
Questionnaire (108), to distinguish MTBI cases from normal
controls (82).

Poor outcome after MTBI

Two widely used sets of diagnostic guidelines, the Diagnostic
and Statistical Manual of the American Psychiatric Association
(DSM-IV) and the International Classification of Diseases (ICD-
10) provide possible criteria for diagnosing what might be
referred to as poor outcome after MTBI (109, 110). The DSM-
IV has proposed Postconcussional Disorder as a diagnostic
category, but states that further research is required to determine
the utility of the category and to study the criteria suggested.
Proposed criteria for Postconcussional Disorder include a
history of head trauma causing loss of consciousness (LOC) of
more than 5 minutes, post-traumatic amnesia (PTA) lasting
longer than 12 hours or onset of seizures within 6 months. The
proposed diagnosis also specifies evidence from cognitive
assessments of attention or memory deficits, 3 or more
symptoms lasting at least 3 months, and resulting significant
impairment in social or occupational functioning. Furthermore,
Postconcussional Disorder must be distinguished from Facti-
tious Disorder or Malingering.

ICD-10 criteria indicate that Postconcussional Syndrome
occurs following head trauma, usually severe enough to result
in LOC. Further criteria include a number of disparate symp-
toms such as headaches, dizziness, fatigue and difficult concen-
trating. It acknowledges that the aetiology of the symptoms is
not always clear, and that both organic and psychological factors
have been proposed to account for them. At least 3 of these
features should be present for a definite diagnosis.

In comparing these 2 sets of criteria, there are similarities,
although the DSM-IV research criteria appear to be clearer and
easier to operationalize than the ICD-10 diagnostic criteria.
However, the research reviewed earlier does not support the
importance of injury severity threshold proposed in either the
DSM-IV criteria (more than 5 minutes LOC or PTA of more
than 12 hours) or the ICD-10 criteria (head trauma usually
sufficient to result in LOC). We also found no evidence that
length of PTA or onset of seizures after MTBI are prognostic of
slower recovery or prolonged symptoms. Therefore there is little
evidence-based justification in the literature for setting a
particular threshold of injury severity in the diagnosis of this
disorder.

There is some justification for considering a threshold of 3
months to reflect prolonged recovery, especially for children.
The research reviewed earlier in this document indicates that
symptoms in children are largely resolved within 2–3 months of

the injury, and the great majority of paediatric MTBI studies
report no short- or long-term cognitive problems or post-injury
behavioural deficits attributable to MTBI. The literature on
recovery time is less clear for adults, and although there is
support for the idea that most adults recover within 3 months,
this needs further study.

The most serious problem in the diagnosis of Postconcus-
sional Disorder or Postconcussional Syndrome is linking
residual symptoms to the MTBI. The ICD-10 criteria explicitly
recognize that the cause of subjectively reported symptoms is
not always clear. Nor, as noted previously in this paper, are these
symptoms specific to MTBI. The most consistent predictors of
delayed recovery after MTBI are compensation and litigation
factors, independent of MTBI injury severity. However, it
should not be assumed that all patients pursuing a compensation
claim or litigation are experiencing a delayed recovery; that
these factors are the only predictors of prolonged symptoms; or
that settling a claim will result in quick recovery. The mech-
anisms through which compensation/litigation issues impact on
rate of recovery are not well studied or understood.

Malingering or incomplete effort in poor outcome of MTBI.
The DSM-IV diagnostic criteria require differentiation of
Postconcussional Disorder from malingering, although the
ICD-10 diagnostic criteria for Postconcussional Syndrome do
not. Malingering is described by the DSM-IV as a condition in
which desire for compensation leads to the production or
prolongation of symptoms. Although, according to this descrip-
tion, seeking financial compensation or litigation after MTBI is a
necessary condition for malingering, it should not be assumed
that all or most individuals seeking compensation after MTBI
are malingering.

We accepted 11 studies relating to what is frequently referred
to in the literature as possible/probable malingering or incom-
plete effort (111–121) (Table III). Seven of these identified
measures that might be useful in identifying possible or probable
malingering (112–115, 118, 119, 121). However, few of these
tests have yet been extensively researched, and further work is
needed to cross-validate them in other samples, and to
investigate their accuracy.

Seven studies report that persons with MTBI who are seeking
compensation or litigating, and who are considered possible or
probable malingerers, perform as badly or worse on cognitive or
motor tests than do individuals with more severe brain injuries
(111, 113, 115–118, 120). One of these studies (117) reports that
external verbal motivation to perform well leads persons with
chronic complaints after MTBI to improve their vigilance and
attention test scores from the level of the severe brain injury
survivor up to the level of normal controls.

However, all studies relating to malingering or incomplete
effort were cross-sectional in design, and studies were
performed many months or years after the injury. The studies
provide no information about the frequency of malingering after
MTBI, or the frequency of malingering in individuals seeking
compensation or litigating. Nor can causal directions be
ascertained from the current literature.
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Summary.Neither the DSM-IV category of Postconcussional
Disorder nor the ICD-10 category of Postconcussional Syn-
drome is strongly supported by the best available evidence. The
proposed injury severity thresholds are not supported by most of
the available research and the symptoms listed under each
diagnosis are not specific to MTBI, thus making it difficult to
link the presence of symptoms to the MTBI. There is some
evidence, which is especially convincing in paediatric cases, to
support the 3-month threshold proposed by the DSM-IV to
reflect the time period during which most MTBI cases have
recovered. However, the best studies on children with MTBI
show little or no evidence of persistent problems suggestive of
this disorder. In adults, the most consistent correlates of delays
in recovery after MTBI relate to compensation/litigation factors
and related motivational issues. This means that where there are
prolonged and significant complaints after MTBI, it is important
to investigate thoroughly other factors that may be contributing
to the problems. The use of terms such as “Postconcussional
Disorder” or “Postconcussional Syndrome” to describe long-
term bad outcomes after MTBI may be misleading because of
the implication that these problems are a result of the MTBI or
concussion.

Is MTBI a risk factor for development of seizures/seizure
disorder?

Two large population-based cohort studies examined whether
MTBI is a risk factor for development of seizure disorders
(122, 123) (Table IV). The second of these studies extends the
findings of the first by including all subjects from the first study,
and extends both the inception and follow-up periods. Therefore,
findings from the later report are more informative. MTBI was
found to increase the risk of seizures by 50%, primarily during
the first 4 years after the injury. However, the absolute risk of
seizure after MTBI remains low, and the 5-year cumulative
incidence of seizure activity after MTBI is 0.7%. Neither age nor
gender affected the risk of seizure activity. A much smaller,
descriptive study reported that 5.9% of children hospitalized
with MTBI had seizures after their injury, usually within the first
24 hours, but no information is available on how many children
continued to have seizures after discharge (38, 39).

Is MTBI a risk factor for dementia?

Three studies, 2 cohort studies and 1 case-control study,
addressed this issue (Table IV). Given the small number of
exposed cases in the case-control study and the infrequency of
dementia cases in the cohort studies, statistical precision is
problematic for all 3, and results are inconsistent. Overall, the
larger study concludes that head injuries are not a risk factor
(124) and the 2 smaller studies conclude that head injuries are a
risk factor for dementia (125, 126). All 3 studies were well
designed, but the small numbers of exposed cases limits any
convincing conclusions. In addition, information bias is of
concern in studying this question, since ascertaining the history
of head injury requires recall of past events. Ascertaining the
timing of the outcome (onset of dementia) is also clinically

problematic and uncertain. In summary, findings regarding the
role of MTBI as a risk factor for dementia should be considered
inconclusive.

Is MTBI a risk factor for intracranial tumours?

Three accepted studies examined traumatic brain injury as a risk
factor for development of intracranial tumours (127–129) (Table
IV). The 2 cohort studies utilised national hospital databases
from Denmark (128) and Sweden (129), and the case-control
study (127) utilized data from a large American cancer registry
and matched controls. In examining traumatic brain injury as a
risk factor for tumours, diagnostic lead-time should be con-
sidered in order to ensure that the tumour was not present
undetected at the time of the head injury. Both Nygren et al.
(129) and Inskip et al. (128) utilized a 1-year buffer period to
address this possibility; although Gurney et al. (127) did not. The
larger confirmatory study (129) found no increased risk of brain
tumour after head injury of any severity. However, in the
exploratory cohort study (phase II) (128), a small increased risk
was noted. Neither cohort study found any risk difference due to
age; but the case-control study (127) reported an increased risk
of brain tumour in children after head injury. This last study,
though, was more susceptible to both diagnostic lead-time bias
and recall bias, and the best evidence suggests little or no risk of
brain tumour attributable to TBI.

Does whiplash injury result in cognitive deficits (MTBI)?

Because this was not our primary research question, no specific
search was performed to attempt to capture all possible studies
relating to this issue. However, studies of cognitive deficits after
whiplash that were identified in our search were reviewed, as
were studies cited in this literature and studies brought to our
attention by members of the task force. We reviewed 22 studies
on this topic and accepted 5 studies (Table V). These consisted
of 1 phase II cohort (130), 1 cross-sectional (131) and 3 case
series (132–134). Two of the case series report on 1 group of
whiplash patients, and these studies suggest that subjective
cognitive disturbances are frequent. However, objective cogni-
tive testing failed to confirm the presence of these deficits
(132, 134). The 2 stronger studies, a cohort and a cross-sectional
study (130, 131) suggest that where cognitive deficits are found
in patients with whiplash, these deficits are mild and likely
associated with pain (130, 133), anxiety (133), pain medications
and other psychosocial factors (130, 131), rather than brain
damage (131). Given this evidence, it is unlikely that any long-
term cognitive deficits in patients with whiplash are related to a
mild brain injury.

DISCUSSION

We found only 2 acceptable phase III studies on prognosis for
MTBI; 1 relating to risk of brain tumour and the other relating to
the risk of epilepsy after MTBI. Of the cohort studies reporting
children’s prognosis for recovery after MTBI, approximately
85% were phase II, with the remainder being phase I. However,
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of the cohort studies reporting prognosis after MTBI in adults,
only half were phase II studies. This difference may account in
part for the greater degree of variability in findings for the adult
MTBI population, and this problem leads to less certainty in
conclusions. Cross-sectional studies can also suggest hypotheses
about outcome and prognostic factors, although this design
makes it difficult to assess causal roles. Case series and
descriptive studies can identify potential prognostic factors,
but because the generalizability of these findings is poor and the
potential for bias and confounding is high, such studies are very
limited in their ability to provide meaningful information about
prognosis.

The findings on prognosis for recovery after MTBI in children
are quite consistent and positive. Drawing evidence from a
variety of study designs, subject populations and comparing
cases with a variety of control groups leads us to conclude that
post-concussion symptoms and cognitive deficits are largely
resolved within 2 or 3 months after MTBI in children. A number
of studies point out the similarities between children sustaining a
MTBI and those sustaining other kinds of injuries, suggesting
that where deficits are observed, it is likely due to pre-morbid
characteristics and/or the experience and aftermath of sustaining
any injury.

The evidence for prognosis after MTBI in adults is less clear,
partially because there has been less effective use of appropriate
control groups and inadequate consideration of the possible
confounding effect of other factors. The latter include pain,
medications, the disabling effect of associated injuries, emo-
tional distress and medicolegal or financial compensation
factors. Follow-up is often too short to capture time to resolution
of symptoms; or too long with no intervening follow-up periods,
and there is no consideration of other factors that may have
emerged in the interval that might explain the observed
associations. Many measures of post-concussion symptoms
ask subjects to identify symptoms that are either new or more
intense since the injury, and thus may be seriously affected by
failures of recall and/or reporting bias influenced by compensa-
tion issues. This is especially true when subjects are asked
weeks, months or even years after the injury to recall pre-injury
symptoms, injury-related events or acute post-injury symp-
toms.

The best evidence consistently suggests there are no MTBI-
attributable, objectively measured, cognitive deficits beyond
1–3 months’ post-injury in the majority of cases. Self-reported
symptoms are common after MTBI; however there is little
consistency in findings about how long such symptoms persist.
On the other hand, symptoms usually resolve rapidly in athletes
after a sports concussion, although it could be argued that they
may under-report symptoms in order to resume play. With
respect to other populations, the stronger studies of MTBI,
which use appropriate control groups and consider the effects of
other non-MTBI factors, generally show resolution of symptoms
within weeks or a few months. There is also evidence that some
of the observed long-standing post-concussion symptoms may
be attributable to factors other than the MTBI. However, there isT
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a great need for well-designed, prospective, phase III confirma-
tory studies in this area.

Litigation and/or compensation have been consistently identi-
fied as prognostic of poor outcome in those cases that experience
persistent symptoms and disability after MTBI, although again,
no confirmatory study has been performed. Furthermore, a
general lack of confirmatory studies similarly prevents firm
conclusions about the role of other predictors of recovery after
MTBI, although exploratory studies have suggested a number of
possible factors, including mechanism of injury, pre-injury
health, pain from associated injuries, and age. No study reported
that severity of the MTBI was an independent predictor of
persistent post-concussion symptoms. However, those sustain-
ing more serious MTBI (e.g. GCS 13 or 14, focal brain lesions,
depressed skull fractures) appear to have increased rates of
disability, as assessed by the GOS or awarding of disability
pensions. Most studies examining this issue, however, do not
distinguish MTBI-related disabilities from those associated with
injuries to other parts of the body. Thus, the independent role of
severity of MTBI in long-term disability cannot be confirmed.

The best evidence suggests that MTBI increases the risk of
seizures during the first 4 years post-injury, although the
absolute risk is still low; but there is little or no increased risk
of brain tumours following MTBI. No conclusions can yet be
reached on the role of MTBI as a risk factor for dementia.

There is an ongoing debate as to whether whiplash injuries to
the head and neck can commonly result in MTBI, and our task
force reviewed the available evidence. The evidence shows that
mild cognitive complaints do occur after whiplash, but are not
specific to MTBI and are not likely due to a brain injuryper se.
These same cognitive complaints are also reported in patients
with chronic pain (92), depression, anxiety, post-traumatic stress
disorder, chronic fatigue syndrome, malingering and in patients
involved in personal injury litigation (135).

CONCLUSION

The task force has found convincing evidence that, for children,
prognosis for complete recovery after MTBI is good. Children
suffering minor injuries frequently have transient symptoms
regardless of whether the injury is MTBI or to some other part of
the body. The evidence indicates that MTBI has little short- or
long-term effect on cognitive functioning, school performance
or behavioural development, and that post-concussion symp-
toms are largely resolved within 2–3 months of the injury.
Where deficits in these areas are present, the determinants
appear to be personal and social factors, rather than the MTBI
itself. The mortality rate in children after MTBI is low, and
studies report a minimum of 0% to a maximum of 0.25% death
rate, where fatalities were characterized by an initial GCS score
of 13 with subsequent deterioration. Although there are reports
of disability as assessed by the GOS, most studies do not provide
adequate information to clearly attribute the disability to the
MTBI rather than to associated injuries.

Adults with MTBI frequently experience early cognitive

deficits and post-concussion symptoms (most commonly head-
ache) in the early weeks after the injury. However, there has
been insufficient attention paid to the role of psychological
distress or pain from associated injuries in the aetiology of these
symptoms. Although the evidence indicates good recovery for
most adults sustaining MTBI, where symptoms and disability
are persistent, compensation and litigation factors are important,
and exploratory studies suggest that prior health, age and life
stressors are also determinants of poorer outcome. Future studies
of prognosis in adults after MTBI should consider the con-
founding factors of pre-injury symptoms and personality
characteristics, pre- and post-injury psychological distress,
factors related to litigation and compensation and pain asso-
ciated with injuries to other parts of the body.

ADDENDUM

Two recent studies (136, 137) concerning prognosis after MTBI
in children came to the attention of our task force at our first
presentation of findings at the 5th World Congress on Brain
Injury (May, 2003). Time constraints did not permit a formal
review of this research or inclusion in our best-evidence
synthesis. However, the studies are phase II cohorts, with
long-term follow-up of the same birth cohort of children with
MTBI, and the findings are notably discrepant from other strong
evidence included in this report. These findings, which need to
be reproduced in other samples, definitely raise the possibility of
an association between MTBI and later onset of hyperactivity/
inattention and conduct disorder, especially in children under the
age of 5 years who were hospitalized for MTBI.
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du Québec, Canada; AFA Insurance Sweden; Folksam Insur-
ance, Sweden; the Volvo Car Company, Sweden; and Trygg-
Hansa, Sweden. Drs Cassidy and Carroll are supported by
Health Scholar Awards from the Alberta Heritage Foundation
for Medical Research.

REFERENCES

1. Cassidy JD, Carroll LJ, Peloso PM, Borg J, von Holst H, Holm L, et
al. Incidence, risk factors and prevention of mild traumatic brain
injury: results of the WHO Collaborating Centre Task Force on
Mild Traumatic Brain Injury. J Rehabil Med 2004; (suppl 43): 28–
60.

2. Altman DG. Methodological challenges in the evaluation of prog-
nostic factors in breast cancer. Breast Cancer Res Treat 1998; 52:
289–303.
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