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Objectives: To identify parameters at first presentation after mild traumatic brain injury (MTBI) that are
predictive of the severity of post-traumatic complaints (PTC) after six months. Early recognition of
patients with MTBI who are at risk of developing PTC would be useful because early follow up at the
outpatient clinic may help to reduce the severity of these complaints in the long run.
Methods: The presence of symptoms in the emergency room (ER) (headache, dizziness, nausea, vom-
iting, and neck pain) and biochemical markers (neurone specific enolase and S-100B) in serum were
assessed as possible predictive variables for the severity of PTC. Outcome variables were the severity
of 16 PTC six months after the trauma.
Result: After six months, the severity of most complaints had declined to pretrauma levels but medians
for headache, dizziness, and drowsiness were still increased. In a series of 79 patients, 22 (28%)
reported one or more PTC after six months. After adjustment for baseline variables, an at least twofold
increased severity of all PTC subgroups was reported by those patients reporting headache, dizziness,
or nausea in the ER. A twofold increased severity of “cognitive” and “vegetative” PTC was also found
in those with increased concentrations of biochemical serum markers at first presentation. The preva-
lence of full recovery after six months increased from 50% in patients with three symptoms to 78% in
those with no symptoms in the ER. Inclusion of biochemical markers showed that all 10 patients with no
symptoms in the ER and normal markers recovered fully.
Conclusions: The presence of headache, dizziness, or nausea in the ER after MTBI is strongly associ-
ated with the severity of most PTC after six months. Identifying MTBI patients in the ER without
headache, dizziness, nausea, or increased serum marker concentrations may be a promising strategy
for predicting a good outcome.

Mild traumatic brain injury (MTBI) accounts for about
90% of traumatic brain injuries.1–3 Historically, studies
of traumatic brain injury have been difficult to

compare because the terms “traumatic brain injury “and
“head injury” have often been used synonymously. Both are
the result of contact or acceleration-deceleration trauma of the
head. However, only traumatic brain injury is associated with
loss of consciousness, post-traumatic amnesia, and focal
neurological signs. The usual diagnostic criterion for MTBI has
been a Glasgow coma scale (GCS) score of 13 to 15.4 Terms
such as commotio cerebri, concussion, and mild head injury
have also been used. On the basis of more recent studies
evaluating the association of GCS scores with the presence of
intracerebral contusions on computed tomograms and with
long term outcome, however, it has been suggested that the
term MTBI should be limited to cases of short post-traumatic
amnesia or loss of consciousness at presentation and a GCS
score of 15 (optimal) within six hours.5–8

Post-traumatic complaints
Although the mortality rate is negligible, the post-traumatic

sequel after MTBI is appreciable. During the past decade,

many disciplines have been involved in the evaluation of out-

come after MTBI (table 1). While different outcome variables

have been measured, most can be interpreted as post-

traumatic complaints (PTC). These PTC comprise a large

number of symptoms, including headache, dizziness, drowsi-

ness, loss of memory, and concentration problems. It is

believed that these complaints are caused by a combination of

brain injury and psychological, emotional, and motivational

factors. The severity of most PTC declines during the first

three months but the prevalence of having any complaints six

months after the trauma is still estimated to be

20–80%.5 9 16 17

Educating patients at the outpatient clinic shortly after

MTBI about the expected prognosis of possible complications

may help to reduce the severity of PTC in the long run.18–20

Since many MTBI patients do not experience persistent PTC at

all, reducing needless follow up would save money and

prevent medicalisation of these mainly young and healthy

people. Against this background, early recognition of patients

who are not at risk of persistent PTC would be useful.

Prediction of PTC
MTBI patients have been studied to find prognostic indicators

of PTC.2 17 21 It was found that female sex, more advanced age,

and prior MTBI are associated with poor outcome. Apart from

headache within 24 hours after MTBI, which is also associated

with poorer outcome, 2 17 no associations between presenting

MTBI symptoms and outcome have been reported.

The predictive value of serum concentrations of the specific

serum markers S-100B and neurone specific enolase (NSE) for

the Glasgow outcome score after severe head injury has been

established.22 23 NSE and S-100B in serum and cerebrospinal

fluid have been reported to be markers of cell damage in the

human central nervous system.24 25 NSE is an isoenzyme of
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enolase and is located mainly in neurones but also in smooth

muscle fibres and adipose tissue.26 S-100 is an acidic calcium

binding protein found in the brain as the isoforms S-100B

(95%) and S-100A (5%).24 S-100B is found in high concentra-

tions in glial cells and Schwann cells and is highly specific for

lesions of the central nervous system. After brain tissue dam-

age, increased concentrations of NSE and S-100B can be

measured in peripheral blood serum.23 27 Serum S-100B and

NSE concentration peaks have been measured within six

hours following traumatic brain injury and these concentra-

tions seem to reflect the severity of the mechanical disruption

of the brain tissue.22 28 29 Serum S-100B concentrations shortly

after severe brain injury correlate not only with radiological

abnormalities and clinical parameters such as the GCS and

Marshall classification but also with the Glasgow outcome

scale.22 30 An association between early serum NSE concen-

trations and survival after severe head injury has been found

by Yamazaki et al.31 Woertgen et al found no association

between NSE concentrations and the Glasgow outcome

scale.22 In contrast to severe traumatic brain injury, not much

is known about the pathophysiology and natural history of

MTBI, whose pathophysiological mechanism is hypothesised

to involve traumatically induced axonal damage.32

Biochemical markers confirming traumatically induced

axonal damage may be helpful in measuring the severity of

brain damage.

Increased NSE and S-100B serum concentrations were also

recently found in MTBI patients within six hours after the

trauma.29 33 34 Although early increased S-100B and NSE

concentrations in serum seem to predict neuropsychological

dysfunction,35 36 the relation between increased biochemical

marker concentrations and PTC after MTBI has not been

studied so far.

The aim of the present study was to identify symptoms and

biochemical markers at first presentation after MTBI that are

predictive of the severity of PTC six months later. To develop a

clinically useful test to determine which MTBI patients do not

require follow up at the outpatient clinic, we also tried to find

a combination of variables that could predict a favourable out-

come after six months.

METHODS
Participants
The study was conducted at the University Hospital Maastricht,

the Netherlands, as part of an intervention study on the efficacy

of bed rest after MTBI.37 The study was approved by the hospi-

tal’s ethics committee and each patient provided written

informed consent. Patients were eligible for this study if they

were older than 15 years and presented to the emergency room

(ER) within six hours after the trauma. MTBI was defined as a

blunt blow to the head resulting in (a) GCS of 14 or 15 on pres-

entation at the emergency department; (b) presence of

post-traumatic amnesia (of less than one hour); (c) initial loss

of consciousness lasting less than 15 minutes; and (d) absence

of focal neurological signs. This definition results in a clear dis-

tinction from moderate traumatic brain injury and traumatic

non-brain injury such as whiplash. It was derived from recent

MTBI review literature.5 38 Patients were excluded if they

suffered from multitrauma or acute alcohol intoxication or if

there was a necessity for clinical observation. Patients with a

history of traumatic brain injury, alcohol abuse or a psychiatric

disorder were also excluded.

Predictive variables
The present study assessed the presence of symptoms at the

ER (headache, dizziness, nausea, vomiting, and neck pain)

and biochemical markers (NSE and S-100B) in serum taken

within six hours after the trauma as possible predictive

variables for the severity of PTC. Age, sex, and intervention

(bed rest within 10 days after the trauma) were considered to

be possible confounders.

Outcome variables
Outcome variables were the severity of 16 PTC six months

after the trauma. Selection of these PTC was based on a study

of Bohnen et al.13 Bohnen and colleagues investigated the pat-

tern of behavioural and bodily complaints in MTBI patients

and in matched non-concussed control subjects. A hetero-

geneous item pool questionnaire consisting of 41 items, both

traditional PTC and functional, was completed by both

patients and controls. Three subgroups of intercorrelated

items were selected by means of factor analysis. Bohnen and

colleagues defined these subgroups as “dysthymic”, “vegeta-

tive”, and “cognitive”. Univariate analysis showed significant

differences in the degree of symptom endorsement between

patients and controls for 16 symptoms. In the present study

we constructed a fourth subgroup (“physical”), comprising

the six significant symptoms that did not belong to a specific

subgroup in the study of Bohnen et al. The complaints assessed

in the present study were very similar to the symptoms used in

the Rivermead postconcussion symptoms questionnaire,

which was developed and standardised by the Oxford Head

Injury Service.12 16 In the present study, PTC were measured on

a visual analogue scales (VAS) with a range of 0–100 mm.

Using a VAS score allowed us to measure the severity of the

complaints in detail, rather than merely determining the

presence or absence of these complaints.

Study design
If patients fulfilled all admissibility criteria, a written and oral

explanation of the study was given by the physician in

Table 1 Studies evaluating outcome after mild traumatic brain injury (MTBI)

Study (reference) Measured outcome Conclusion

Thornhill et al 20002 Problem oriented questionnaire 47% of MTBI patients disabled after one year
Van der Naalt et al 19999 Head injury symptom checklist One in seven patients completely free of

complaints after one year
Voller et al 199910 Neuropsychological examination and neuroimaging Functional impairment could be identified in

MTBI patients six weeks after the trauma
Deb et al 199811 Glasgow outcome scale, Edinburgh rehabilitation status scale, Barthel

index, mini-mental state examination and postconcussional symptoms
Substantial proportion of MTBI patients
showed neuropsychiatric reliable problems

Crawford et al 199612 Rivermead head injury follow up questionnaire Impairment could be measured three and six
months after MTBI

Bohnen et al 199513 Postconcussional complaints in subgroups out of many non-specific
symptoms

MTBI patients reported more symptoms than
controls at one year

Newcombe et al 199414 Neuropsychological tests No difference between MTBI patients and
controls at one month

Levin et al 198715 Neurobehavioural tests and postconcussion symptoms No difference between MTBI patients and
controls at three months
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attendance (neurology resident) and consent was requested for

participation in the study. The presence of headache, neck pain,

nausea, vomiting, and dizziness was recorded at first examina-

tion. Blood samples for NSE and S-100B measurements were

taken within six hours after the trauma. NSE and S-100B con-

centrations were measured using commercially available immu-

noluminometric assays (Pharmacia NSE RIA, Pharmacia &
Upjohn, Uppsala, Sweden and LIA-mat Sangtec 100, Sangtec

Medical, Bromma, Sweden). NSE and S-100B serum concentra-

tions were defined as increased if they were higher than,

respectively, 10 µg/l and 0.3 µg/l.29 34 At the follow up sessions

(two weeks and six months), all patients were questioned at the

outpatient clinic about the severity of PTC. At the first follow up,

patients were questioned not only about the severity of PTC at

that moment but also about the severity of these complaints

before the trauma.

Statistical analysis
Baseline data including demographics, acute clinical symp-

toms, and serum marker concentrations were summarised.

Medians and 5th and 95th percentiles of VAS scores for all PTC

were recorded for each follow up session. The sums of the VAS

scores for the four subgroups of PTC after six months were

also calculated. This was done by simply adding up the scores

of each item in the subgroups. The interrelations between the

severity levels of these four PTC subgroups were expressed as

Spearman’s correlation coefficients.

Associations between PTC after six months and possible

predictive variables were estimated by multiple linear

regression analysis, adjusting for sex, age, and type of bed rest

advice after trauma. The summed VAS scores of the 4 PTC

subgroups and the VAS scores on the five most relevant PTC

were used as outcome variables. Because of their non-normal

Table 2 Patients’ characteristics

Patients followed up at two
weeks (n=103)

Patients followed up at six
months (n=79)

Demographic characteristics
Women (%) 43 44
Age range

(years) (mean 37.2, range 15–75) (%)
15–25 28 28
26–35 20 16
36–45 20 20
46–55 16 18
56–65 9 9
>65 7 9

Acute symptoms (%)
Headache 61 62
Nausea 27 25
Dizziness 18 15
Neck pain 17 15
Vomiting 6 6

Serum markers (n=89)
NSE > 10 µg/l 40 35
S-100B > 0.3 µg/l 38 34

NSE, neurone specific enolase.

Table 3 Severity of post-traumatic complaints at two week and six month follow ups, showing median (5–95
percentile)

Post-traumatic complaints

VAS score

Before trauma*
(n=103) Two weeks (n=103) Six months (n=79)

Cognitive (range 0–100)
Trouble concentrating 0 (0–50) 6 (0–92) 1 (0–80)
Easily overwhelmed by problems 0 (0–45) 0 (0–48) 0 (0–66)
Forgetful 1 (0–45) 10 (0–60) 1 (0–70)
Cognitive sum (range 0–300) 7 (0–90) 28 (0–147) 13 (0–186)

Vegetative (range 0–100)
Flushing easily 0 (0–53) 0 (0–41) 0 (0–20)
Feeling short of breath 0 (0–55) 0 (0–63) 0 (0–52)
Feeling faint 0 (0–59) 0 (0–59) 0 (0–53)
Vegetative sum (range 0–300) 6 (0–98) 11 (0–186) 5 (0–82)

Dysthymic (range 0–100)
Depressed 0 (0–48) 0 (0–54) 1 (0–59)
Drowsy 0 (0–43) 13 (0–94) 3 (0–90)
Crying more easily 0 (0–41) 0 (0–51) 0 (0–19)
Confused 0 (0–22) 1 (0–57) 0 (0–49)
Dysthymic sum (range 0–400) 7 (0–101) 31 (0–179) 8 (0–190)

Physical (range 0–100)
Headache 1 (0–59) 12 (0–97) 3 (0–75)
Dizziness 0 (0–32) 12 (0–95) 3 (0–60)
Nausea 0 (0–14) 0 (0–58) 0 (0–26)
Lightheadedness 0 (0–33) 3 (0–60) 1 (0–60)
Paraesthesia of arm(s) 0 (0–29) 0 (0–53) 1 (0–62)
Sleeping problems 1 (0–83) 1 (0–83) 0 (0–57)
Physical sum (range 0–600) 18 (0–164) 63 (0–314) 28 (0–233)

*Measured retrospectively at first follow up. VAS, visual analogue scale.
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distribution, these outcome scores were first transformed to

their natural logarithms (ln). α = 0.05 was used as the

significance level for statistical testing.

Variables with a significant association with PTC were

selected and predictive values for combinations of these

symptoms were calculated. For this purpose, patients were

divided into two groups, “fully recovered” and “not fully

recovered”, after six months. Patients were considered to be

fully recovered when severity of PTC at six months was the

same as before the trauma (or better). This was considered

to be the case when the individual VAS scores of all PTC

after six months were lower than the 95th percentiles of the

pretraumatic VAS scores of all patients. If one or more VAS

scores after six months were higher than the pretraumatic

95th percentile, outcome was defined as “not fully

recovered”. This method was chosen instead of individual

change scores because preinjury severity of PTC relies on

patients’ late self assessment. It seems likely that such self

assessment of severity of pretraumatic complaints is unre-

liable, especially if PTC persists.

RESULTS
Patient characteristics and acute variables
Between October 1996 and June 1999, approximately 1125

patients with MTBI were seen at the University Hospital

Maastricht.3 One hundred and seven of these patients were

enrolled in the study. The rest met the exclusion criteria,

refused to be included, or were not asked by the attending

specialist to participate. After two weeks, 103 patients showed

up for follow up examination (96%), versus 79 (74%) after six

months. Baseline variables were described for the 103 patients

showing up after two weeks and the 79 patients showing up

after six months (table 2). Slightly more men than women

were included (57% v 43%) in the study. More than half of the

patients (61%) reported headache at the ER. Nausea,

dizziness, neck pain, and vomiting were reported by 27%, 18%,

17%, and 6%, respectively. Eleven patients (13%) did not con-

sent to have blood samples taken in the ER. Eventually, serum

markers were measured in 89 patients. NSE concentrations

were increased in 40% of patients, while S-100B concentra-

tions were increased in 38% of patients. Comparing patients

showing up at two weeks and six months did not indicate

selective loss to follow up.

Outcome variables
Table 3 summarises VAS scores of PTC after two weeks and six

months. Forgetfulness, drowsiness, headache, dizziness, trou-

ble concentrating, and lightheadedness were the severest

complaints after two weeks. After six months, the severity of

most complaints had declined to pretrauma levels, though

medians for headache, dizziness, and drowsiness were still

increased. Strong correlations were found between the sum

scores of all PTC subgroups after six months (table 4).

Associations between acute symptoms and outcome
variables
After adjustment for sex, age, and advised bed rest, linear

regression analysis of ln sum VAS scores of the four PTC sub-

groups after six months showed an at least twofold increased

sum VAS score for all PTC subgroups in those patients report-

ing headache, dizziness, or nausea at the ER (table 5). Twofold

increased cognitive and vegetative sum VAS scores were found

in those with, respectively, increased S-100B and NSE concen-

trations.

For patients reporting headache, dizziness, or nausea at the

ER, linear regression analysis of ln VAS scores for five specific

PTC (adjusted for sex, age, and advised bed rest) showed an at

Table 4 Spearman correlation coefficients for
severity of post-traumatic complaints (PTC) after six
months in four subgroups

Sum of VAS score
of:

Cognitive
PTC Vegetative PTC Dysthymic PTC

Vegetative PTC R=0.68*
Dysthymic PTC R=0.75* R=0.75*
Physical PTC R=0.67* R=0.72* R=0.72*

*p<0.01 (two sided test).

Table 5 Associations between PTC (sum of VAS, scores in subgroups) and predictors in the emergency room

Acute parameters

PTC subgroups after six months, exp B (95% CI)

Cognitive Vegetative Dysthymic Physical

Dizziness 3.8 (1.1 to 12.8)* 2.6 (0.8 to 8.0) 3.3 (0.9 to 12.1) 3.2 (0.9 to 11.5)
Headache 2.1 (0.9 to 5.2) 2.9 (1.3 to 6.5)* 3.1 (1.2 to 7.9)* 3.2 (1.3 to 16.0)*
Nausea 2.1 (0.8 to 5.6) 2.0 (0.8 to 5.0) 3.7 (1.3 to 10.1)* 3.9 (1.4 to 10.5)*
Vomiting 0.9 (0.2 to 5.3) 0.5 (0.1 to 2.4) 1.7 (0.3 to 11.4) 4.3 (0.7 to 26.8)
Neck pain 0.9 (0.3 to 3.1) 1.5 (0.5 to 4.8) 1.0 (0.3 to 3.76) 0.8 (0.2 to 2.9)
Increased S-100 2.0 (0.8 to 5.0) 1.2 (0.5 to 2.8) 1.4 (0.5 to 3.7) 1.5 (0.6 to 4.0)
Increased NSE 1.6 (0.5 to 4.9) 2.0 (0.8 to 5.5) 1.3 (0.4 to 4.2) 1.4 (0.5 to 4.5)

CI, confidence interval; exp B, coefficient from linear regression analysis of ln outcome variable (severity of PTC after six months) on acute parameters after
adjustment for sex, age, and advised bed rest after trauma. *p<0.05 (two sided test).

Table 6 Associations between five specific, PTCs (sum of VAS scores) and predictors at first presentation with MTBI

Acute parameters

Specific PTC after six months, exp B (95% CI)

Trouble concentrating Forgetfulness Dizziness Headache Drowsiness

Dizziness 3.5 (1.2 to 10.3)* 2.6 (0.9 to 7.1) 1.5 (0.5 to 4.3) 2.4 (0.9 to 6.4) 3.8 (1.3 to 11.3)*
Headache 2.9 (1.3 to 6.2)* 1.2 (0.6 to 2.5) 3.7 (1.9 to 7.6)* 1.9 (0.9 to 3.9) 2.4 (1.1 to 5.4)*
Nausea 2.6 (1.1 to 6.3)* 1.3 (0.6 to 3.0) 3.1 (1.4 to 6.8)* 2.8 (1.3 to 6.1)* 3.7 (1.3 to 10.1)*
Vomiting 0.8 (0.2 to 4.1) 0.8 (0.2 to 3.5) 6.8 (1.6 to 29.0)* 1.6 (0.4 to 6.6) 1.8 (0.4 to 9.0)
Neck pain 0.8 (0.3 to 2.6) 1.1 (0.4 to 3.2) 0.6 (0.2 to 1.63) 0.8 (0.3 to 0.9) 1.0 (0.3 to 3.3)
Increased S-100 1.2 (0.5 to 2.8) 2.2 (1.0 to 4.9)* 1.2 (0.5 to 2.6) 1.2 (0.6 to 2.5) 1.0 (0.4 to 2.5)
Increased NSE 1.5 (0.6 to 4.0) 1.3 (0.5 to 3.2) 2.3 (0.9 to 5.6) 2.2 (1.0 to 5.0)* 1.2 (0.4 to 3.3)

*p<0.05 (two sided test).
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least twofold increased severity of one or more PTC after six

months (table 6). Vomiting was associated (sevenfold) only

with dizziness. A twofold increased severity of forgetfulness,

dizziness, or headache after six months was found in patients

with increased early serum NSE or S-100B concentrations.

No correlation was found between neck pain at the ER and

outcome after six months.

Clinical tests to predict outcome
Twenty two of 79 patients (28%) were classified as not fully

recovered after six months. We tested the clinical value of

headache, dizziness, and nausea at the ER in predicting full

recovery after six months. Vomiting was not included because

only 6% of the patients suffered this symptom. The prevalence

of full recovery increased from 50% to 78% as the number of

symptoms at the ER decreased from three to zero (table 7).

Because of the small numbers, we did not statistically analyse

these data. When we included serum markers of 68 patients as

additional variables, full recovery was predicted in all 10

patients with no symptoms and normal serum markers. Of the

58 remaining patients with one or more symptoms or

increased serum markers at presentation, 39 (67%) had no

PTC at six months.

DISCUSSION
Principal findings
According to the criteria used in the present study, 28% of

patients were not recovered fully six months after an MTBI.

The presence of headache, dizziness, or nausea at the ER after

MTBI is strongly associated with the severity of most PTC after

six months. The absence of these symptoms in combination

with normal serum marker concentrations within six hours

after the trauma seems highly predictive of full recovery after

six months.

Relation to other studies
Using the same set of PTC, Bohnen et al reported that

symptoms in 25% of patients persisted for up to six months.13

Other studies found that 20–80% of patients with MTBI did

not recover completely within the first year after the

trauma.2 9 17 This huge variation probably reflects the different

definitions of MTBI and the use of different outcome variables

in these studies. Cut off points for the GCS used to define

MTBI ranged from 13–15. Outcome variables used were PTC,

neuropsychological test results, or both after the trauma.

Even though there was a strong association between the

subgroups in severity of PTC, physical complaints scored

highest. The finding that headache and dizziness are

important specific PTC confirms the findings of previous

studies.9 17 19 39 40 Patients in the present study reported only

marginally more forgetfulness and trouble concentrating after

six months than before the trauma. These specific variables,

however, were included in the analysis because they had been

mentioned as important outcome variables in earlier

studies.19 39 41 42

It was shown that the presence of headache, nausea, and

dizziness in MTBI patients at the ER is associated with the

severity of PTC after six months. Though the presence of

headache within 24 hours after the trauma has previously

been described as a prognostic factor for outcome after

MTBI,2 17 the relation with nausea and dizziness had not been

reported before.

Vomiting was associated with only the subgroup of physical

PTC. This seems to be due mainly to the strong association

with dizziness. In the literature, a twofold increased risk of

skull fractures has been reported for post-traumatic

vomiting.43 However, no association between vomiting and

severity of PTC has been described before. In our study, the

relation between vomiting in the ER and dizziness after six

months may be explained by the occurrence of peripheral ves-

tibular injury (labyrinthal contusion).

Increased biochemical marker concentrations were signifi-

cantly associated with only headache and forgetfulness after

six months. The association of S-100B with the severity of for-

getfulness seems to support earlier findings that increased

S-100B is predictive of poorer cognitive functioning.35 36

Increased NSE concentrations were positively associated with

severity of dizziness and headache after six months. Post-

traumatic headache is believed to be mainly muscle related.44

Therefore, the increased NSE concentrations may originate

from damaged muscle tissue.

The presence of neck pain in the ER was not at all associated

with PTC after six months. This finding is notable, since com-

plaints reported after whiplash injuries without MTBI are

generally similar to those found in the present study.45

Strengths and weaknesses of the present study
In the present study, MTBI was defined on the basis of the

most recent literature5 8 46 and, as explained in the methods

section, the outcome variables were virtually the same as

those used in recent studies.12 13 16

The number of patients in our study was lower than

expected, given the large number of MTBI patients presenting

at our hospital during the inclusion period. Since the rate of

non-inclusion was caused mostly by work strain in the emer-

gency department, it seems unlikely that the enrolled patients

represented a selection of MTBI patients with a different out-

come.

Although headache, nausea, and dizziness were strongly

associated with severity of PTC after six months, half of the

patients with a combination of these three symptoms in the

ER still had PTC after six months, whereas the other half had

fully recovered. The prevalence of full recovery increased fur-

ther in patients reporting two symptoms (62%) or one symp-

tom (77%). Patients reporting no symptoms in the ER had a

78% chance of full recovery. The negative predictive value

increased to 100% when increased S-100B and NSE concen-

trations were added to the selection variables. All MTBI

patients without increased serum markers or symptoms in the

ER were free of PTC after six months. Although biochemical

marker data were missing for 11 patients, this did not seem to

explain this finding because slightly more patients in the

“markers missing” group than in the “markers not missing”

group recovered fully (81% and 64%, respectively). Because of

the small sample size in the study, the results of the clinical

tests using the combination of symptoms and serum markers

should be interpreted with caution. However, these results

seem interesting enough to warrant larger studies.

Our choice not to base recovery status on individual change

scores of PTC was supported by the fact that that 86% had one

or more PTC at six months that were higher than their

pretraumatic score (data not presented). This would have led

to an unrealistically low number of recovered patients. There-

fore, the chosen definition of “full recovery” seems the best of

two admittedly non-ideal options.

Table 7 Presence of symptoms in the emergency
room as a diagnostic test for the presence of PTC six
months after MTBI

Number of symptoms*
in the emergency room

Presence of
PTC (n=22)

Absence of
PTC (n=57)

Full recovery
(%)

3 (n=8) 4 4 50
2 (n=13) 5 8 62
1 (n=31) 7 24 77
0 (n=27) 6 21 78

*Headache, nausea, and dizziness

Prediction of post-traumatic complaints after MTBI 731
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In this study the real life performance such as time off work

or study was not examined although it is a very important

subject. When designing the study we feared that interview-

ing patients about these aspects would influence the patients’

scores on the severity of their PTC. For example, a patient who

has not returned to work would probably have overestimated

the severity of his or her headache if we had asked at the same

follow up session whether or when he or she had returned to

work.

Implications for MTBI patients
Identifying MTBI patients in the ER without headache, dizzi-

ness, nausea, and increased serum marker concentrations may

be a promising strategy to reduce unnecessary follow up

because these patients probably will not develop persistent

PTC. However, these results should be verified in future stud-

ies.

. . . . . . . . . . . . . . . . . . . . .
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