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SUMMARY
Background: There are many unresolved issues in the 
 diagnosis and treatment of persons with traumatic brain 
injury (TBI) in its post-acute and chronic phases. This 
 article deals with two problems of clinical importance:  
(i) the interrelationships between structural brain damage, 
brain function, and clinical outcome, and (ii) post-traumatic 
epilepsy.

Methods: Exploratory, retrospective analysis of clinical, 
neuroradiological (MRI), and neuropsychological data of all 
patients with TBI who were treated in a cognitive neurology 
outpatient clinic of a German university hospital over  
a period of 12 years (n=320). 

Results: 156 patients (48.8%) had brain contusions, 83 of 
them (25.9%) as the sole neuroradiological abnormality. 
Traumatic micro-hem orrhages were seen in 148 patients 
(46.2%) and were the sole neuroradiological abnormality 
in 79 of them (24.7%). 49 patients (15.3%) had no structural 
brain lesion. There was no obvious correla tion between 
the neuroradiological findings and the clinical outcome,  
as measured either by a general outcome parameter such 
as the extended Glasgow Outcome Scale (GOSE) or by 
neuropsychological testing. 47 patients (14.7%) had 
 post-traumatic epilepsy; its occurrence was positively 
 correlated with the presence of brain contusions, but not 
with an isolated diagnosis of diffuse axonal injury (DAI). 

Conclusion: A comparison of the findings of neuroradio-
logical studies and neuropsychological tests among 
 patients in the chronic phase of traumatic brain injury 
does not reveal any simple relationship between structural 
and functional brain abnormalities. Diffuse axonal injury is 
often present in combination with other findings, and it 
may well be the only structural abnormality in many 
cases; therefore, all symptomatic patients should undergo 
MRI of the brain. Patients with isolated DAI seem to be 
less prone to post-traumatic epilepsy than those with 
brain contusions.
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T raumatic brain injury (TBI) is one of the com -
monest disorders within neuropsychiatry in its 

 widest sense. The incidence of TBI in Germany is 
 approximately 332 per 100 000, in comparison to 182 
per 100 000 for strokes (1, 2). Its annual direct and indi-
rect costs amount to roughly 2.5 billion euros (2). It is 
generally accepted that its overall burden for health 
economics is equal to the total costs of other well-
known neurological diseases such as Parkinson’s dis-
ease, multiple sclerosis, Guillain-Barré syndrome, 
amyo trophic lateral sclerosis, and myasthenia com-
bined (3). However, despite an overabundance of litera-
ture—the PubMed database has more than 50 000 hits 
for the search term “traumatic brain injury”—the com-
plex area of TBI is actually somewhat overlooked in 
both medical training and subsequent general medical 
and neuropsychiatric practice.

There are many questions regarding the diagnosis, 
prognosis and best possible treatment of traumatic 
brain injury in its post-acute and chronic phases that 
cannot yet be satisfactorily answered. This article 
 focuses mainly on the clinically significant aspects of 
potential interrelationships between structural brain 
 damage, brain function, and clinical outcome, and on 
the frequency and conditions for onset of post-
 traumatic epilepsy. It is based on an exploratory, retro-
spective analysis of the clinical data of all TBI patients 
of the Cognitive Neurology Outpatient Clinic at the 
University of Leipzig, Germany from 1996 to 2007. 
The overwhelming majority (>85%) of the neuroradio-
logical information provided is derived from MRI data. 
Until now this type of evaluation, based on MRI data 
alone, has not been standard for this patient population 
in either clinical practice or larger clinical studies. It 
therefore deserves particular mention.

The descriptive findings are discussed in the context 
of searches of the literature. The research makes a 
 contribution to the diagnosis and interpretation of 
 morphological/structural and functional consequences 
of traumatic brain lesions. Ideally, this should also 
stimulate a process at the end of which this potentially 
chronic and serious brain damage is given the profes-
sional attention which it deserves on the strength of 
 epidemiological data.
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Methods
Database and data collection
Between January 1, 1996 and December 31, 2007 (the 
last day covered by this evaluation), 320 patients (18%) 
with a primary diagnosis of TBI (the inclusion cri-
terion) were treated in the Cognitive Neurology Out-
patient Clinic at the University of Leipzig. For this 
retrospective analysis, the following data on these pa-
tients were taken from electronic and original medical 
records:
● Sex
● Age on the dates of the injury and magnetic reso -

nance imaging (MRI)
● Closed or open TBI
● Glasgow Coma Scale (GCS) score (according to 

ER records or, if these do not exist or are not 
available, calculated retrospectively for the 
 patient’s condition at the site of the accident when 
attended by a professional paramedic) (e1, e2)

● Previous illnesses
● Medications taken at the time of the injury
● Cause of TBI
● Presence of polytrauma, skull fracture, general-

ized brain edema, or hypoxic encephalopathy.
The following injury patterns were recorded:
● Subarachnoid hemorrhages (SAHs)
● Subdural hemorrhages (SDHs)
● Epidural hemorrhages (EDHs)
● Hygromata
● Contusions and their locations
● Traumatic microbleeds (TMBs) and their lo-

cations as a marker of diffuse axonal injury (DAI)
● Diffuse vascular injury (DVI) or traumatic intra-

cerebral hematomas (9)

● Midbrain and/or brainstem injuries
● Injuries to blood vessels that supply the brain.
Patient subgroups had already been included in sev-

eral individual studies, particularly regarding potential 
structural and functional correlates of DAI (4 –  8).

The following were recorded as the functional and 
clinical outcome parameters at the time of patients’ 
semi-inpatient hospital stays (median 12 months post-
trauma):
● Results of standardized neuropsychological test-

ing
● Extended Glasgow Outcome Scale (GOSE) score 

(e3)
● Post-traumatic epilepsy
● Psychiatric morbidity (according to ICD-10 crite-

ria wherever possible)
● Ongoing prescription of psychoactive drugs.

MRI
274 patients (86%) underwent at least one brain MRI 
scan after having the procedure explained to them and 
after consenting to it. There were contraindications for 
MRI in 46 patients. The scans were performed using 
two 3-Tesla whole-body scanners (for information on 
machine specifications and scan protocols, see [4, 5]).

Neuropsychological examinations
All patients underwent neuropsychological exami -
nation of attention and psychomotor speed (e4), execu-
tive functions (e5, e6), learning/memory (e7, e8), and 
intelligence (e9). Where there were results for more 
than one point in time, those from the patients’ first stay 
at the clinic were used for this evaluation.

Statistical calculations
The data gathered were statistically tested for any sig-
nificant correlations between clinical variables 
(Fisher’s exact test, Mann-Whitney U test, Spearman’s 
rank correlation). Unless explicitly stated otherwise, 
the enquiry in each case was exploratory, and signifi-
cance levels are therefore not given. One exception to 
this is the hypothesis-led enquiry into statistically sig-
nificant correlations between structural findings and 
the results of neuropsychological tests (Mann-Whitney 
U test, Spearman’s rank correlation). Specifically, the 
patients’ results in the following neuropsychological 
tests were used as parameters:
● TAP (Test for Attentional Performance) test 

 battery (e4)
● Behavioral Assessment of the Dysexecutive Syn-

drome (BADS) (e5)
● Stroop test (e6)
● California Verbal Learning Test (CVLT) (e7)
● Wechsler Memory Scale—Revised (WMS-R) 

(e8)
● Multiple-Choice Vocabulary Intelligence Test 

(MWT A/B) (e9).
Altogether, confirmation of 22 hypotheses was 

sought (multiple significance level = 0.05; local signifi-
cance level following correction for multiple testing 

TABLE 1

Patients’ demographic data

n: number; M: male; F: female
MRI: magnetic resonance imaging; TBI: traumatic brain injury;

GCS: Glasgow Coma Scale; GOSE: extended Glasgow Outcome Scale

n

Sex: 
M 
F

Age at time of injury 
(years)

Age at time of head 
MRI (years)

Latency of TBI until 
MRI (months)

GCS score

GOSE score

Number/
Range

320

 
242 
78

3 to 72

15 to 77

1 to 360

244/3 to 15

313/4 to 8

Mean/
Median

32, 3/30

34, 2/31, 5

27, 6/12

6, 4/3

6/6

Percen-
tage

 
76 
24
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[Bonferroni correction] = 0.0023). All statistical calcu-
lations were carried out using SPSS software, ver-
sion 15.

Results
Clinical histories 
Table 1 provides an overview of patient demographics. 
Road traffic accidents (RTAs) were the leading cause of 
TBI, accounting for 69% of cases (221 patients). Next 
came falls, with 25.6% (82 patients); and blows to the 
head, with 5% (16 patients). In one patient (0.3%), 
brain injury was caused by a blow and a fall combined. 
Within the RTA group, car accidents (43.4%, 139 
 patients) were the leading cause, followed by bicycle/
motorcycle accidents (20.6%, 66 patients) and pedes-
trians involved in RTAs (5%, 16 patients).

Structural findings
156 patients (48.8%) had brain contusions, 83 of them 
(25.9%) as the sole neuroradiological abnormality, i.e. 
there were no other traumatic parenchymatous changes 
(Figure and Table 2). Traumatic microbleeds were seen 
in 148 patients (46.2%) and were the sole neuroradio-
logical abnormality in 79 of them (24.7%) (Figure and 
Table 2). Significant generalized brain atrophy accord-
ing to visual criteria was observed in 13 patients (4%). 
As no quantitative analyses were carried out regarding 
this, no statistical calculations were performed. How-
ever, 12 of these patients showed clear signs of trau-
matic microbleeds. 27 patients (8.4%) had isolated 
extra-axial injuries. In 49 patients (15.3%), no struc-
tural consequences of trauma were detectable on im-
aging at any time. Thus, examination of patients with 
isolated extra-axial injury included, imaging revealed 
no chronic morphological parenchymatous traumatic 
signal changes in a total of 76 patients (23.8%). 

Clinical condition
On the GOSE, 18 patients (5.6%) achieved a score of 4, 
74 patients (23.1%) a score of 5, 124 patients (38.8%) a 
score of 6, 88 patients (27.5%) a score of 7, and 9 pa-
tients (2.8%) the highest score, 8; the median of the 
sample was 6. For 7 patients (2.2%), there were not 
enough data for sufficiently accurate calculation. There 
was a weak correlation between severity of initial TBI 
according to the GCS and outcome according to the 
GOSE (Spearman’s rank correlation [rs] = 0.335, 
p<0.001).

There were also statistical correlations both between 
GCS/GOSE and evidence of a structural brain lesion in 
general (p<0.001/ p = 0.006, Mann-Whitney U test), 
and between GCS/GOSE and evidence of substantial 
cranial trauma (patients with extra-axial injury patterns 
but no parenchymatous lesions) (p<0.001/p = 0.007, 
Mann-Whitney U test). There was also evidence of stat-
istical correlations between GCS/GOSE and history of 
brain edema during the acute phase (p<0.001/p = 0.008, 
Mann-Whitney U test). Finally, there were correlations 
between the GCS and primary presence of contusions/
traumatic microbleeds (p = 0.004/p = 0.005, Mann-

Whitney U test) but not between evidence of con-
tusions/traumatic microbleeds as the primary or sole 
neuroradiological abnormality and GOSE scores (con-
tusions: p = 0.051 and p = 0.228; traumatic micro-
bleeds: p = 0.244 and p = 0.467, Mann-Whitney U test).

Correlations between imaging, clinical,  
and neuropsychological findings
Contrary to the hypothetical assumption, there was no 
correlation between GCS/GOSE and neuropsychologi-
cal test results (Spearman’s rank correlation, multiple 
significance level p = 0.05, local significance level 
p = 0.0023), nor was any statistically significant corre-
lation found between the latter and the following 
 parameters (Mann-Whitney U test, p>0.0023 in each 
case):
● Traumatic microbleeds (general or isolated)
● Contusions (general or isolated) 
● Other traumatic parenchymatous brain lesions
● Corpus callosum, midbrain, or brainstem lesions
● Generalized brain edema during the acute phase.

Post-traumatic epilepsy
47 patients (14.7%) suffered post-traumatic epilepsy. 
Onset was not correlated with TBI severity according 
to the GCS (p = 0.739, Mann-Whitney U test), but it 
was negatively correlated with outcome according to 
the GOSE (p = 0.048, Mann-Whitney U test). Post-
traumatic epilepsy occurred with detectable contusions 
in 20% of patients. In contrast, only 10% of patients 
with traumatic microbleeds were affected. There was a 

FIGURE

Frequencies and relative distribution of different types of 
primary traumatic brain damage
a) Absolute and relative frequencies of different categories of 

 primary focal traumatic brain damage in the patient group with 
radiologically detectable trauma sequelae 

b) Absolute and relative frequencies for the presence of contusions 
and traumatic microbleeds in isolation or combination (DVI: dif-
fuse  vascular injury; TMBs: traumatic microbleeds)
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statistical correlation between post-traumatic epilepsy 
and isolated contusions (p<0.001, Fisher’s exact test), 
but not between the former and isolated traumatic 
microbleeds (p = 0.713, Fisher’s exact test).

Discussion
Types and causes of traumatic brain lesions
The findings on the type, frequency, pattern, and mech-
anism of traumatic brain damage partly confirm the 
 results stated in the literature (2, 9–11). This is particu-
larly true, for example, for the distribution of 
 contusional injuries, which tend to affect the structures 
of the frontal pole/front base and temporal pole (9, 10). 
Discrepancies from the conclusions of current large 
epidemiological studies (2), such as those on the cause 
and severity of TBI, may be dependent on various dif-
ferent factors. Worthy of particular mention are the 
retrospective nature of data collection and the fact that 
all the information on the patient population was ob-
tained from a single clinic which focuses mainly on 
cognitive rehabilitation. This latter fact undoubtedly re-
sults in selection bias. Despite this limitation, however, 
the evaluation does yield well-founded information on 
the range of structural and functional findings from a 
sample of patients suffering from chronic problems as a 
result of TBI. It is therefore suitable for use as a source 
of data, including for comparative investigations of 
other establishments.

The results of the research show that traumatic 
microbleeds are present in around half of cases, either 
alone or with contusions. If we consider these changes 

to be neuroradiological markers of DAI (4), this means 
that “pure DAI” is present in around half of cases. This 
has direct consequences for imaging diagnostics: all 
symptomatic TBI patients should undergo MRI exam-
ination (Figure). Particularly suitable sequences in this 
context are currently T2*-weighted gradient-echo 
 imaging (T2*GRE), susceptibility-weighted imaging 
(SWI), and diffusion tensor imaging (DTI) (4, 14, 15).

Lack of evidence of traumatic brain damage
Patients in whom no structural brain damage is evident 
and patients with no definite evidence of substantial 
TBI (i.e. also with no isolated extra-axial injury) com-
bined represent the category “minor head injury” (12, 
e10, e11). There were significant correlations to both 
the GCS and the GOSE for both groups. The relatively 
high proportion, almost a quarter (23.8%), of patients 
who fell into these two categories is emphatic evidence 
of the significance of this problem. It also makes it 
clear that some patients suffer from chronic health dis-
orders (general, neurological, cognitive, or psychologi-
cal) comprising “post-concussion syndrome” even after 
mild TBI (12, 13, e10). After all, these sequelae were 
sufficiently pronounced for an outpatient clinic to be 
 attended and/or for the attention of primary care phys-
icians, neurologists/neuropsychiatrists, or inpatient 
 rehabilitation establishments to be considered necess-
ary. The causes and conditions for onset of such 
 disorders are hotly disputed (e10, e12). Conventional 
neuroradiological procedures have not proved help ful 
to date (14, e13, e14). Further efforts regarding 

TABLE 2

List of the most common locations of contusions and traumatic microbleeds*

*Absolute and relative, in relation to each specific injury type and location; F1: Gyrus frontalis superior
N.B.: Pathologies of the same kind in multiple locations were counted each time; for the locations of traumatic microbleeds, see also (4)

rel.: relative; n: number

Location

Frontal 
– Isolated polar 
– Isolated basal

Temporal 
– Isolated polar

Frontal + temporal

Parietal

Occipital

Cerebellar

Multiple 
– Frontal pole/front base 
– Frontal pole/temporal pole 
– Frontal pole/front base/temporal pole 
– Front base/temporal pole

Contusions

n

117 
7 
17

91 12

28

12

9

3

10
7
7
14

% (rel.)

36.6 (75) 2.2 
5.3

28.4 (58) 3.8

8.8

3.8 (7.7)

2.8 (5.8)

0.9 (1.9)

3.1
2.2
2.2
4.4

Location

Frontal 
– Isolated 
– Isolated F1

Corpus callosum 
– Corpus 
– Splenium 
– Genu 
– Corpus + splenium

Frontal + corpus callosum

Traumatic micro-
 hemorrhages

n

124 
38 
29

52 
20 
11 
4 
11

11

% (rel.)

38.8 (83.8) 
11.9 (25.7) 
9.1 (19.6)

16.2 (35.1) 
6.2 (38.5) 
3.4 (21.1) 
1.2 (7.6) 
3.4 (21.1)

3.4 (7.4)
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 objective evidence of potential underlying neuronal 
 damage (15) are therefore necessary and worthwhile, 
with respect to both diagnostic and therapeutic issues 
and medical law.

Neuropsychological data and magnetic resonance imaging 
No conclusive relationship to structural injury patterns 
has been found using either the GOSE or neuropsycho-
logical tests. This comes in addition to equivalent re-
sults of a separate study involving patients with isolated 
traumatic microbleeds (5). It is true that varying pro-
files of patients with focal and diffuse damage patterns 
were described by Wallesch et al. according to the rel-
evant clinical scales (Neurobehavioral Rating Scale, 
Frontal Lobe Score) (16, e15) and that these point to 
varying disorders, mainly in the frontal-subcortical 
neuronal circuits in the context of contusional and DAI-
compatible injuries as functional neuroanatomical 
causes. However, in general, focal and diffuse injuries 
combined probably contribute to general and neuropsy-
chological outcomes, and in this case neuropsychologi-
cal tests are of only limited use in distinguishing be-
tween these different injury patterns (17). 

Many studies of TBI involving neuropsychological 
data yield inconsistent findings on structural or func-
tional correlations (5, 16–19, e14, e16). Regarding 
 etiology, it must be borne in mind that TBI is hetero-
geneous and consists of different dynamic processes at 
different times of assessment, and that these processes 
are also affected by often multiple neuropsychiatric 
(co-)morbidities (20). There are also multiple suspected 
adaptive and neuroplastic processes about whose con-
ditions, progress, and efficacy current knowledge is 
still rudimentary (e17). Interestingly, our results are 
also in line with the evaluation of a current long-term 

psychiatric observation. This long-term observation 
concludes that most post-traumatic psychiatric dis-
orders on Axes I and II according to the Diagnostic and 
Statistical Manual of Mental Disorders (DSM) have 
only a very limited relationship to outcome and the 
 specific location of cortical contusions (Axis I: Major 
clinical disorders including developmental and learning 
disabilities; Axis II: personality disorders, mental retar-
dation) (21).

Post-traumatic epilepsy
TBI is a major cause of epileptic fits (22). Approxi-
mately 15% of patients suffered from post-traumatic 
epilepsy. This figure is higher than generally assumed 
(4% to 7%) (e18, e19) but roughly corresponds to the 
observed incidence of approximately 17% in TBI pa-
tients with non-penetrating injuries in rehabilitation 
 establishments (e20).

Contusions have been established as a risk factor 
(e21, e22). A corresponding correlation was also found 
in our patients. Worthy of note is the low prevalence of 
post-traumatic seizures in patients with isolated trau-
matic microbleeds. It could be deduced from this that 
patients with “pure DAI” are at lower risk. There are no 
systematic findings on this in the literature. This is not a 
trivial observation, as intra-cerebral hemorrhages are 
generally associated with the opposite: a higher risk of 
seizures (23, e20). A possible explanation for this may 
be the extracortical location of the majority of the as-
sociated changes. However, in most cases of epilepsy 
with “subclinical cerebrovascular disorders,” for 
example, the cerebellar white matter is also primarily 
affected (24, 25, e23), and such disorders are also as-
sociated with the onset of cerebral micro-hemorrhages 
(e24). Regardless of the possible pathogenesis, the 

Examples of classical magnetic resonance imaging (MRI) findings following traumatic brain injury 
a) Residue of traumatic subarachnoid hemorrhage in the left insula in T2*-weighted GRE imaging. The hypointense image of the cortical gyri, resulting from a buildup 

of blood or blood waste products on the brain surface, is clearly visible.
b) Right frontolateral extra-axial hematoma in the subacute phase in T1-weighted MRI. The hematoma appears significantly hyperintense. It rests on the brain  surface 

and compresses it slightly. Note the exceptionally biconvex shape of the subdural hematoma shown here.
c) Frontal pole contusion in the chronic phase (FLAIR weighting). The lesion is filled with fluid and appears hypointense. The typical (in this case double-pointed) 

 hollow or dish shape is clearly visible.
d) Multiple small traumatic hematomas at the corticomedullary boundary of the frontal lobe and in the corpus callosum (splenium) in T2*-weighted GRE MRI, sagittal 

view. This finding points very much towards a diagnosis of DAI/TAI.
T2*-GRE: T2*-weighted gradient-echo imaging; DAI/TAI: diffuse axonal injury/traumatic axonal injury (from: Scheid R. Bildgebende Diagnostik bei leichtgradigen 
 Hirntraumen im Verlauf. Der medizinische Sachverständige. 2009; 105:216–21. With the kind permission of Gentner publishing house, Stuttgart, Germanya

b c d
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finding should nevertheless be verified by further 
 research, as it may be prognostically relevant.

The literature provides no completely consistent 
 information on the relationship between post-traumatic 
seizures and clinical outcome in the literature (e20). 
The evidence found here of an inverse correlation with 
the GOSE supports the assumption that post-traumatic 
epilepsy, unlike post-traumatic early seizures, has a 
negative effect on general functional outcome as a 
 result of the other health-related, psychological, and 
potentially work-related consequences associated with 
it.
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KEY MESSAGES

● In most cases, no simplistic structural–functional rela-
tionships can be identified in the chronic phase follow-
ing traumatic brain injury (TBI).

● Due to the relative frequency of isolated traumatic 
microbleeds, in one quarter of the patients examined, 
all symptomatic TBI patients should be examined using 
suitable MRI sequences.

● Similar to contusions, traumatic microbleeds occur 
mainly in specific locations. However, the lack of a cor-
relation with neuropsychological data supports the as-
sumption that only the tip of the iceberg of the underly-
ing pathologies associated with diffuse axonal injury 
(DAI) can be portrayed using currently available im-
aging methods.

● Up to 15% of patients suffer post-traumatic epilepsy 
with probable long-term negative effects on clinical or 
functional outcome. Patients with isolated DAI seem to 
be less prone to post-traumatic epilepsy than those with 
brain contusions.

● The possibility of a neuronal basis for potentially chronic 
health problems following TBI with no detectable struc-
tural brain damage requires further intensive research.
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