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Introduction
The annual incidence of traumatic brain injury 
(TBI) in Europe is reported to be 235–
262/100,000.1,2 Many patients present with 
chronic neurological and neuropsychological 
impairment after TBI.3–8 Diffuse axonal injury 
(DAI) can be found in 72% of patients with 

moderate or severe head injury9–12 and is regarded 
as an important factor for neurological and neu-
ropsychological disorders in the acute and chronic 
phase after TBI.13–17 First described in 1956, DAI 
has been defined as small hemorrhagic brain 
lesions of less than 15 mm maximum diameter 
located in the gray–white matter junction and 
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Abstract
Background: The present study evaluates the possible prognostic benefits of 7 T susceptibility 
weighted imaging (SWI) of traumatic cerebral microbleeds (TMBs) over 3 T SWI to predict 
the acute clinical state and subjective impairments, including health-related quality of life 
(HRQOL), after closed head injury (CHI).
Methods: The study group comprised 10 participants with known TMBs All subjects underwent 
3 T magnetic resonance imaging (MRI) and 7 T MRI, respectively. Location and count of TMBs 
were independently evaluated by two neuroradiologists. The initial Glasgow Coma Scale (GCS), 
the duration of coma and further clinical data were taken from the patients records. HRQOL 
was assessed by means of a questionnaire. Memory complaints and neurological symptoms 
were inquired at the time of the MRI examinations.
Results: SWI revealed a total of 485 TMBs at 3 T, 584 TMBs at 7 T with similar spatial resolution, 
and 684 TMBs at 7 T with a factor of 10 higher spatial resolution. The TMBs depicted by 7 T 
high-resolution SWI were correlated with the duration of coma (Spearman’s rho of 0.77). The 
corresponding association with TMBs in 3 T MRI SWI showed a Spearman’s rho of 0.71. The initial 
GCS score and TMBs correlated with a Spearman’s rho of −0.35 at 3 T SWI MRI and a rho of −0.33 
at 7 T high-resolution SWI, respectively. The physical aspect of HRQOL correlated substantially with 
the count of TMBs (rho = 0.44 for 3 T SWI and rho = 0.35 for both 7 T SWI sequences, respectively).
Conclusions: The number of TMBs showed a substantial association with indicators of the acute 
clinical state and chronic neurobehavioral parameters after CHI, but there was no additional 
advantage of 7 T MRI. These preliminary findings warrant a larger prospective study for the future.
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midline structures.18,19 Axonal degeneration is 
not only limited to the acute and subacute phase 
of TBI, but may be followed by a progressive, 
long-term neurodegeneration with the disconnec-
tion of brain networks.20–22 In the last few dec-
ades, MRI evolved as the imaging modality of 
choice to detect traumatic microbleedings 
(TMBs) following TBI.23–26 However, TMBs as a 
consequence of damage to vessels are only an 
indirect marker of DAI as damage to axons. 
Therefore, TMBs can only be regarded as implicit 
indicators of DAI while their relationship remains 
rather hazy.27–32 Some authors suggest that these 
two are not necessarily closely related.28–32 Only 
in pediatric patients do correlations between 
TMBs and neuropsychological functioning 
including other aspects of outcome occur consist-
ently.33–35 In contrast, studies on adults after TBI 
especially focusing on TMBs and their prognostic 
significance are far from being conclusive.28–32 
Currently, T*

2 weighted gradient echo (GRE) 
sequences and susceptibility weighted imaging 
(SWI) sequences are used for the detection of 
TMBs23–26,36–38 whereas 3 T T*

2 weighted 
sequences have been demonstrated to be twice as 
sensitive compared with 1.5 T MRI, with the 
highest sensitivity for the detection of hemosid-
erin for SWI sequences.22–24,26,39–41 As a conse-
quence, SWI is increasingly applied in the clinical 
routine after TBI.38,42,43 An improved depiction 
of small TMBs at 7 T may be helpful to better 
predict the acute state and the later outcome in 
patients after TBI. In an earlier publication, we 
focused on the significance of different field 
strengths on the detection of small TMBs dem-
onstrating the superiority of 7 T ultra-high-field 
(UHF) SWI.44 The purpose of the present study 
was to correlate the number of TMBs at 3 and 7 
T with the acute clinical state and their later 
impairments of health-related quality of life 
(HRQOL) in order to evaluate the clinical signifi-
cance of 7 T SWI over 3 T MRI in patients after 
TBI. The present publication is based on the 
same patients and neuroradiological data as the 
earlier work.44

Patients and methods

Study sample
This retrospective study was performed between 
July 2012 and April 2014. The study was con-
ducted in conformance with the Declaration of 
Helsinki and approved by the Ethics Commission 

of the Medical Faculty of the University Duisburg-
Essen (study number 11–4898-BO). Inclusion 
criteria were as follows: treatment for closed head 
injury (CHI) at the Department of Neurosurgery 
of the University Hospital Essen, aged between 18 
and 75 years, TMB confirmed by 1.5 T MRI per-
formed between 3 and 8 weeks after the acute 
trauma, and residence in the catchment area of 
the city of Essen. Exclusion criteria were: con-
traindications against MRI examinations (e.g. 
pacemaker, metallic implants with unknown com-
patibility at 7 T, claustrophobia), neurological dis-
ease other than TBI (including history of stroke or 
migraine), psychiatric disease, uncontrolled 
hypertension, diabetes mellitus, alcohol or drug 
abuse, anticoagulant or antiplatelet therapy, and a 
neurological result according to the Glasgow 
Outcome Scale (GOS) at the time of the 6-month 
follow-up examination from grade I to grade II. In 
addition, patients had to be excluded from the 
study if the neurological exam performed before 
the first MRI exam revealed any information sug-
gesting the presence of one of the above-men-
tioned exclusion criteria. According to these 
criteria, 72 patients were eligible for the present 
study. Of these, 16 (22%) were ready to take part 
in the study and gave written informed consent. 
The neurological exam necessitated the exclusion 
of three patients. A further three patients left the 
study during the period of MRI examinations. 
Therefore, the study group comprised 10 patients 
(4 men, 6 women) with TMBs after CHI. The 
median age of the study participants was 41.5 
(range 54 years). The median time elapsing 
between TBI and MRI examinations was 
18.5 months (range 107 months). The trauma 
severity was evaluated at the time of admission to 
the neurosurgical unit by means of the Glasgow 
Coma Scale (GCS).45 Table 1 lists the clinical and 
sociodemographic data of the study participants.

According to the criteria of the GCS, six patients 
exhibited a severe, three a moderate, and one patient 
a mild TBI. The duration of coma was protocolled 
in hours during the stay at the intensive care unit. 
Coma was diagnosed in intubated and sedated 
patients if the patient did not show any sign of awak-
ening after a substantial reduction of the sedation. 
From the beginning of the stay at the intensive care 
unit of the Department of Neurosurgery at the 
University Hospital Essen, this procedure was 
repeated every 6 h in order to control for the neuro-
logical state including consciousness in every 
patient. The median duration of coma was 60 h 
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with a range of 6–504 h (Table 1). The patient with 
an initial GCS of 13 who became comatose for 6 h 
(Table 1) had sustained a sharp short increase of 
intracranial pressure that declined quickly. 
Computed tomography (CT) scanning excluded 
any kind of intracranial bleeding in this patient. A 
total of six patients were hurt in traffic accidents, the 
other four had sustained a fall from great height 
(Table 1). Of our 10 study participants, 6 had sus-
tained a polytrauma encompassing fractures of the 
skull, bones, and the lumbar spine and abdominal 
contusions. In all patients a CT of the head was per-
formed routinely immediately after admission to the 
hospital. For the assessment of brain damage the 
last CT of those obtained within the first 3 days after 
admission was evaluated. At that point of time, in 
three patients a traumatic subarachnoid hemor-
rhage (tSAH) could be detected, while one patient 
presented with a left parietal contusion. The neuro-
logical state at the time of the 6-month follow-up 
examination was assessed according to the GOS.46 
At that time, four patients had a good neurological 
result (GOS = I) and six were slightly to moderately 
impaired (GOS = II) (Table 1).

Study design
The study design encompassed two different 
appointments for data acquisition. The MRI 

examinations were performed at two different 
days with a scan order of 3 T followed by 7 T 
within 1 week in 9 of 10 patients. One patient was 
examined for organizational reasons at both field 
strengths with a delay of 8 weeks. The patients 
received a set of questionnaires via mail with the 
request to fill them out at home and bring them 
back to their first MRI exam. On the first day 
before the MRI scanning, all patients received a 
comprehensive neurological examination in order 
to ensure that they currently fulfill all required 
criteria. After that, one coauthor of the present 
study (J.A.) checked whether the questionnaires 
had been completed correctly and interviewed the 
patients about the circumstances of the trauma, 
presence of anosmia since the traumatic event, 
and subjective memory problems as frequent typ-
ical late sequelae of CHI that were coded dichot-
omously as present or not present. Furthermore, 
the patients were informed about details of the 
scanning procedures and the presence of any con-
traindications was excluded.

MRI examinations
The MRI examinations and their methods have 
been described in detail in an earlier publication.44 
The SWI 7 T acquisition time was about 13 min. 
UHF MR examinations were performed on a 7 T 

Table 1. Clinical and sociodemographic data of the patients.

Patient 
no.

Sex Age Initial 
GCS

TMB 
grade 
(MRI)

Coma 
duration 
(h)

MRI after 
trauma 
(months)

GOS Anosmia Epilepsy Kind of trauma

1 m 20 4 3 48 45 I No No TA (cyclist)

2 f 23 5 3 120 38 II No No fall

3 f 39 7 1 72 96 II No No fall

4 f 74 13 1 6 6 II No No TA (pedestrian)

5 m 44 8 3 12 240 I No No TA (cyclist)

6 f 57 10 1 24 26 I No Yes fall

7 f 25 12 2 96 11 II Yes No TA (car driver)

8 f 20 5 3 504 14 II No Yes TA (car driver)

9 m 61 9 1 12 17 I No No fall

10 m 59 5 1 24 3 II No No TA (cyclist)

f, female; GCS, Glasgow Coma Scale; GOS, Glasgow Outcome Scale; m, male; MRI, magnetic resonance imaging; TA, traffic accident;  
TMB, traumatic microbleeding.
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whole-body research system (Magnetom 7T, 
Siemens Healthcare, Germany). Imaging at 3 T 
was performed on a clinical MR system (Magnetom 
Skyra, Siemens Healthcare, Germany). Both MR 
systems were used in combination with 32-channel 
radiofrequency head coils. Further details of image 
acquisition were given previously.44

Image analysis
The radiological grading of TMB (grade 1–3) is 
based on the cerebral location of TMBs. Three 
grades of TMB were differentiated: in grade 1 
TMB is found in the white matter of the cerebral 
hemispheres; in grade 2 additional focal lesions in 
the corpus callosum can be detected; and in grade 
3 further brain stem lesions are present.11 For 
TMB grading, both 3 and 7 T (including UHF) 
sequences were employed. Table 1 gives the 
TMB grades of the study participants. More 
details of image analysis and lesion definition 
have been published in an earlier paper.44 Image 
analysis was performed by two experienced neu-
roradiologists (C.M., M.S.) who had been 
blinded regarding the patients characteristics. 
Both observers rated SWI data sets for frequency 
of TMBs independently. Ratings by both observ-
ers differed in six subjects. Therefore, scans were 
reevaluated in consensus in order to define the 
final rating. More details about image analysis 
can be found in the precursor publication.44

Assessment of HRQOL
HRQOL was measured by means of the Aachen 
Life Quality Inventory (ALQI), which is based on 
the modified German version of the Sickness 
Impact Profile (SIP).47–49 The original American 
SIP has also been shown to be applicable in 
patients after TBI.50 The ALQI was developed in 
particular for the use in patients with brain dam-
age.49 The psychometric properties of the ALQI 
were examined in a sample of 231 patients with 
brain damage of different etiology including 
TBI.49 The internal consistency (Cronbach’s 
alpha) ranged from 0.79 to 0.94 for the individual 
subscales, whereas the respective scores for the 
ALQI summary scales ranged between 0.93 and 
0.97.49 The ALQI consists of 11 subscales, the 
first 10 of which contain 10 items each, whereas 
the subscale Cognitive capacity contains 17 items. 
The ALQI assesses the following areas of HRQOL: 
1. Activation; 2. Mobility; 3. Housework; 4. Social 
contact; 5. Family relations; 6. Ambulation; 7. 

Work; 8. Free-time activities; 9. Autonomy; 10. 
Communication; 11. Cognitive capacity. The 
ALQI encompasses exclusively items covering ill-
ness-related physical and psychosocial restrictions 
in daily life on a concrete behavioral level that are 
objectively observable (e.g. for the most of the 
day, I lay down to relax). All 117 items have 
dichotomous response categories (yes/no). The 
ALQI allows the calculation of summary scores of 
total impairment (ALQI Total Score), psychoso-
cial (ALQI Psycho-social Score), and physical 
impairment (ALQI Physical Score). The ALQI 
Psycho-social Score consists of the following 
 subscales: Social contact, Family relations, Free-
time activities, Communication, and Cognitive 
 capacity. The ALQI Physical Score encompasses 
the subscales Activation, Mobility, Housework, 
Ambulation, and Autonomy. The subscale Work 
stands alone and will not be added to any sum-
mary score. A higher score, whether in the sub-
scales or in the summary scores, means a higher 
degree of impairment indicating worse HRQOL.

Statistical analysis
The data were statistically analyzed using SPSS 
version 19 in order to compute descriptive statis-
tics if adequate and Spearman rank-ordered cor-
relations. Median and range are given as 
descriptives in the case of small group size or 
deviations from the assumption of normal distri-
bution. Owing to the small sample size, we did 
not compute descriptives for most variables and 
instead gave the raw scores for every single 
patient. Again owing to the small sample size, 
correlation coefficients obtained were not tested 
for statistical significance. Only coefficients 
greater than 0.32 were regarded as substantial 
and thus reported as they explain more than 10% 
of the shared variance. Scatterplots illustrate the 
associations, which met the previously mentioned 
criteria. In particular, the ALQI summary scores 
were not normally distributed. Owing to the 
problematic data (small group size and deviations 
from the assumption of normal distribution) we 
computed specially developed statistical proce-
dures adjusted to the current problematic data 
(program package StatXact encompassing algo-
rithms for small n analyses from Cytel Software). 
We applied for ordinally scaled figures the 
Permutation test using an algorithm adjusted par-
ticularly to small n analyses. In order to underline 
the reproducibility of the rank-ordered correla-
tions obtained between the physical score and the 
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TMB count we computed Somers’ D as a con-
servative nonparametric measure of association 
between pairs of ordinal variables applying an 
algorithm adjusted for small n. The permutation 
tests and the Somers’ D were computed using the 
software CytelStudio version 9.0.0 (program 
package StatXact encompassing algorithms for 
small n analyses from Cytel Software). For these 
analyses asymptotic p values were calculated.

Results

Associations between TMB count and 
neurological parameters
Permutation tests revealed no substantial associa-
tions between the number of TMBs counted in 3 
T SWI, 7 T SWI, or high-resolution 7 T SWI 
scans and the presence of tSAH in the acute stage 
(p > 0.05). Therefore, a confounding effect of 
hemosiderin deposits stemming possibly from 
tSAH can be excluded. However, the number of 
TMBs as identified in 7 T MRT high-resolution 
SWI correlated with a Spearman’s rho of 0.77 
with the duration of coma. The corresponding 
association with the TMB count in 3 T MRT SWI 
showed a Spearman’s rho of 0.71. The significant 
relationship between a higher TMB grading and a 
longer duration of coma could be shown by per-
mutation testing (asymptotic statistic −1.869; 
p = 0.03). Furthermore, substantial relationships 

could be detected between the initial GCS score 
and the number microbleeds in the chronic state 
after TBI with a Spearman’s rho of −0.35 (3 T 
SWI sequences) and a Spearman’s rho of −0.33 at 
7 T high-resolution SWI. There were no substan-
tial relationships between the delay since trauma/
MRI examination (Table 1) and the number of 
TMBs in 3 T SWI, 7 T SWI, and high-resolution 
7 T SWI. Spearman’s rho coefficients were mark-
edly below 0.33.

Associations between TMB count, HRQOL, and 
subjective memory complaints
All patients filled in their questionnaires at home 
answering all questions with no missing items. 
Table 2 lists scores for ALQI summary scales of 
individual patients and whether they complained 
of subjective memory problems. There were large 
differences in the degree of impairment between 
the patients (Table 2). In the ALQI subscales, the 
most frequent complaints were reported in the 
areas of Cognitive capacity, Free-time activities, 
Family relations, and Housework. On the other 
hand, according to the ALQI subscale Autonomy, 
no single patient felt any restriction concerning 
these items. Given the small sample size, the 
other ALQI subscale scores were too low to give 
them here in detail. However, the summary scores 
showed a larger span and were therefore employed 
for further analyses.

Table 2. Scores of the ALQI summary scales and subjective memory impairment.

Patient no. ALQI psycho-social 
score

ALQI physical 
score

ALQI total score Subjective memory 
impairment

1 11 2 13 Yes

2 9 2 11 Yes

3 0 0 0 Yes

4 12 1 13 No

5 5 0 5 No

6 1 0 1 Yes

7 24 14 38 No

8 17 5 22 Yes

9 26 2 28 Yes

10 32 11 43 Yes

ALQI, Aachen Life Quality Inventory.
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The degree of impairments in the chronic state 
after TBI showed a large variance, ranging from 
completely unrestricted (a total score of impair-
ment of 0) to substantially impaired with a total 
score of 43 (Table 2). The delay between the 
acute trauma and the MRI follow-up correlated 

negatively at a modest degree (Spearman’s rho 
−0.44 to −0.58) with the three summary scores 
of the ALQI indicating a decrease of impair-
ment over time. Table 3 shows the rank-ordered 
correlations between ALQI summary scores and 
counts of microbleeds at 3 T SWI, 7 T SWI, 
and high-resolution 7 T SWI, respectively.

Only the physical score consistently exhibited sub-
stantial correlations with the TMB count (Table 3). 
Spearman’s rho was 0.44 for 3 T SWI imaging and 
0.35 for both 7 T SWI sequences. (Table 3). Figures 
1–3 show the respective scatterplots of the associa-
tions regarded as substantial.

The Somers’ D between the number of TMB 
counts in 3 T SWI and the physical score was 
0.333 [95% confidence interval (CI) –0.081 to 
0.751]. The respective Somers’ D for the strength 
of association between the DAI-associated micro-
bleeds in 7 T SWI and the physical summary 
scale was 0.281 (95% CI –0.192 to 0.756) while 
it was 0.282 (95% CI –0.192 to 0.756) for the 
high-resolution 7 T SWI sequence.

Table 3. Spearman rank-ordered correlations between the ALQI summary scores and the frequency of 
microbleeds in MRI.

3 T SWI 7 T SWI 7 T SWI HR*

Physical score 0.44 0.35 0.35

Psycho-social score 0.21 0.12 0.15

Total score 0.10 –0.01 0.01

ALQI, Aachen Life Quality Inventory; HR, high-resolution; MRI, magnetic resonance imaging; SWI, susceptibility weighted 
imaging.
*HR 7 T SWI; bold figures, substantial associations of >10% shared variance.

Figure 1. Scatterplot 3 T SWI: ALQI physical 
impairment.
ALQI, Aachen Life Quality Inventory; SWI, susceptibility 
weighted imaging.

Figure 2. Scatterplot 7 T SWI: ALQI physical 
impairment.
ALQI, Aachen Life Quality Inventory; SWI, susceptibility 
weighted imaging.

Figure 3. Scatterplot high-resolution 7 T SWI: ALQI 
physical impairment.
ALQI, Aachen Life Quality Inventory; SWI, susceptibility 
weighted imaging.
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Discussion

General
The clinical significance of 7 T SWI high-field 
imaging seems to be questionable according to 
the present findings. This is in apparent contra-
diction to a previous publication in which we 
could demonstrate the superiority of 7 T SWI 
over 3 T SWI in detecting TMBs in the chronic 
state after TBI.44 However, the inflated error vari-
ance when detecting an increased number of 
small and clinically irrelevant TMBs using 7 T 
SWI may attenuate the association of microbleed-
ings with clinical and functional parameters. In 
detail, the duration of comas and the number of 
TMBs showed a substantial association without 
further diagnostic advantage for higher magnetic 
field strength SWI. Park and colleagues51 also 
showed a significant relationship between the 
count of TMBs and the duration of comas in 
patients after CHI. The strongest relationship 
between the duration of coma and the TMB 
grade in our patients, sharing about 50% of the 
common variance, may appear large on first view. 
However, from a statistical point of view, the 
strength of this association could only be regarded 
as modest. On the other hand, complex patho-
physiological processes initiated by TBI and a 
variety of other factors make these results appear 
differently. In fact, the number of TMBs is not a 
very strong prognostic factor and other clinical 
factors, in particular the anatomical location of 
the TMBs, had to be taken into account.31,32,52 
Furthermore, SWI data may also be related to 
extracranial factors and not to axonal pathol-
ogy.27,29 In pediatric patients after CHI, the SWI 
TMBs in terms of number, volume, and location 
were shown in several studies to be reliable cor-
relations with neuropsychological function and 
the outcome in general.33–35 In contrast, in adult 
patients and especially in studies focusing strictly 
on TMBs the results are at best mixed.29,30,32,52–54 
Van der Horn and colleagues30 could not find any 
differences in terms of number, depth, and ana-
tomical location of TMBs in patients after CHI 
with or without posttraumatic complaints. 
Furthermore, a substantial relationship between 
the initial GCS score and trauma-associated 
microbleeds emerged in the present study. This is 
in line with the results of Scheid and colleagues25 
who reported an initially worse GCS score to be a 
good predictor for an unfavorable late outcome 
that was associated with increased microbleeds in 
their patients. However, we could not find any 

advantage of 7 T SWI, using equal or higher spa-
tial resolution, in comparison with a conventional 
3 T SWI to predict the initial GCS, the duration 
of coma, subjective memory problems in the 
chronic state, and late HRQOL. Only the physi-
cal aspects of HRQOL showed a substantial rela-
tionship with the TMB counts at 3 T SWI and 7 
T SWI with a proportion of 10% of shared vari-
ance at both field strengths. This raises the ques-
tion about the diagnostic benefit of using 7 T 
SWI after CHI. Yuh and colleagues55 reported 
that TMBs were a significant predictor of poor 
outcome. In addition, Spitz and colleagues56 
found a similar association between lesion load 
(TMBs) and clinical outcome. Griffin and col-
leagues53 identified TMBs beyond other clinical 
factors as independent predictors of disability 
after TBI. A retrospective analysis of 3 T MRI 
examinations including 274 patients with TBI 
revealed TMBs in 148 (46%) patients without 
chronic signs of traumatic tissue alterations in 76 
(23.8%) patients.57 In this study, a relationship 
between traumatic structural and functional brain 
alterations could not be revealed after comparing 
neuroradiological findings and neuropsychologi-
cal exams.57 De Haan and colleagues31 could not 
find a significant correlation between the number 
of TMBs and the number of posttraumatic com-
plaints. However, a significant association 
explaining 44% of the variance emerged between 
the number of TMBs in the corticotemporal area 
and an unfavorable outcome.31 Recent work sug-
gests that TMB localization is much more impor-
tant than pure lesion count or volumetry.29,31,32,52 
It would be interesting for future work to analyze 
whether 7 T reveals lesions in more regions than 
3 T and to analyze the clinical significance of a 
potential difference. However, the present sample 
size was too small to make such analyses on a sta-
tistically sound basis. Beyond the number of 
TMBs, the localization of TMBs is relevant for 
the prognosis after TBI.33,54 In the study by Park 
and colleagues54 TMBs exhibited characteristic 
anatomical localizations and were related to ini-
tial states and prognosis after CHI. The presence 
and quantity of TMBs were closely related to a 
lower GCS score and a worse outcome 1 year 
later according to the GOS.54 Izzy and col-
leagues52 found that the presence of TMBs in the 
brainstem is not, per se, prognostically significant. 
Rather the exact anatomical location of TMBs in 
the brainstem correlated substantially with the 
1-year outcome.52 Recent work demonstrates that 
diffusion tensor imaging (DTI) and DTI fiber 
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tractography are sensitive and useful methods to 
visualize and quantify DAI-related white matter 
lesions at field strengths up to 3 T.58–66 Several 
studies have already demonstrated the feasibility 
of DTI at 7 T.67–69 Several studies included DTI 
beyond identification of TMBs in order to com-
pare direct and indirect indicators of DAI.28,29,32 
In general, TMBs can only be regarded as indi-
rect markers of DAI but the exact relationship is 
unclear as of yet and needs to be elucidated. An 
increasing body of evidence shows that TMBs are 
only precariously related to DAI.28,29,32 Toth and 
colleagues29 studied a sample of 38 patients after 
CHI traumatic bleedings by means of SWI imag-
ing and white matter integrity by DTI. They 
found that DAI was associated with TMBs as 
well as with nonhemorrhagic lesions.29 On the 
other hand, Studerus-Germann and colleagues28 
found that the amount of TMBs in the acute 
phase was significantly associated with cognitive 
symptoms 1 year later. However, structural integ-
rity as measured by DTI at the acute stage was 
not. DTI may be prognostically significant only in 
a later postacute more stable phase. Andreasen 
and colleagues32 found in 14 patients in the suba-
cute phase after severe TBI that TMBs were not 
strictly related to DAI in the midsagittal region as 
assessed by DTI. TMBs and DTI-based DAI 
were only able to predict individual disturbances 
of consciousness in deep but not in superficial 
regions.32

Limitations of the present study
The small number of study participants is the pri-
mary limitation of this study. Furthermore, the 
variable time span between trauma and examina-
tion biases the results and was intrinsically related 
to the retrospective design. This led to error vari-
ance that may have attenuated the associations in 
the present study. We could identify one single 
outlier (case #8) with a TMB count substantially 
deviating from the other patients. Rank-order cor-
relation mitigates this issue. We reanalyzed the 
data after exclusion of this outlier but found rather 
similar figures, with rhos becoming gradually 
smaller between TMBs and the physical life qual-
ity, and greater with the acute clinical state. The 
delay between trauma and MRI is very variable in 
the present study. Furthermore, this time span is 
highly related to the late HRQOL. Other predic-
tors (such as coma duration, initial GCS score, 
etc.) in combination with delay might explain 
HRQOL much better than the TMB count alone. 

However, because of the small sample size, we 
chose not to perform such multivariate analyses. 
This issue should be pursued in future work by a 
prospective study including more TBI patients 
with a homogeneous delay between trauma and 
follow-up. Another bias stems from the heteroge-
neous age distribution in the study sample. On the 
other hand, all MRI examinations have been per-
formed in the same group of patients that might 
have substantially reduced the interindividual var-
iability by minimizing this source of error vari-
ance. Since our most important conclusions 
concerning the clinical significance of 7 T as com-
pared with 3 T imaging hinge on Spearman cor-
relations, we tried to confirm our figures vicariously 
by means of the Somers’ D nonparametric associ-
ation test for small n. Owing to the narrow data 
base, only the fact that the empirical rho does not 
exceed the estimated confidence interval can be 
regarded as a bland validation of the correlations 
found. However, the large width of the estimated 
intervals underlines the relative uncertainty in our 
findings resulting from the small sample size.  
The so-called ‘blooming effect’ causes earlier 
dephasing of the surrounding tissue signal and 
increases with higher field strengths and longer 
echo time.70–72 This effect additionally improves 
the depiction of very small TMB and venous 
 vessels, which thus become detectable. On the 
other hand, adjacent microbleeds merge with each 
other at higher field strengths, which reduces their 
discriminability. Furthermore, the MR sequence 
protocols were adapted to both field strengths to 
ensure high diagnostic image quality and spatial 
resolution in a reasonable acquisition time. Adapting 
sequence parameters at 3 and 7 T was not possi-
ble under the circumstances of the present study 
and might have led to further bias.73 In the present 
study, 3 and 7 T were used in combination for the 
grading of TMB, but it would be interesting to 
explore in larger patient samples whether 3 or 7 T 
reveal a different grade of TMB and if this has a 
different influence on the acute and chronic prog-
nosis after TBI. Moreover, we only used the count 
of microbleeds as an indirect indicator of fiber dis-
ruption and did not perform fiber tracking (DTI) 
to directly detect fiber damage. This should be 
implemented in forthcoming work. A comprehen-
sive neuropsychological exam is also missing in 
the present study and should be included in the 
future. Therefore, the current pilot study can only 
be regarded exploratory with preliminary findings, 
which can help to state clear hypotheses for future 
investigations.
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Conclusion
The present findings, even though preliminary, 
imply that the prognostic power of 3 T SWI is 
comparable with that of 7 T SWI even in the case 
of UHF sequences. Larger prospective studies 
are warranted to confirm the present findings in 
larger, more homogenous patient samples. 
Furthermore, it would be interesting to study if a 
TMB is diagnosed by 7T and not by 3T. Also, it 
would be a question for future work if 3 and 7 T 
differ in the localization of TMBs and if this is 
relevant for the acute state and the late com-
plaints after TBI. Therefore, the analysis of pos-
sible differences in the anatomical pattern of 
TMB as revealed by 3 and 7 T is promising for 
the future.
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