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Abstract. — OBJECTIVE: Detection of trau-
matic brain injury (TBI) is of vital importance
in patients who apply to the emergency depart-
ment with a history of trauma. The aim of initial
imaging in patients with suspected TBl is to de-
tect trauma-related injury quickly and accurate-
ly. In this study, the effectiveness of prospec-
tively cranial computed tomography (CT) and
fluid attenuation inversion recovery (FLAIR) and
susceptibility weighted imaging (SWI) sequence
magnetic resonance imaging (MRI) examination
results of patients diagnosed with TBI in the
emergency department in terms of bleeding de-
tection was investigated in the light of the liter-
ature.

PATIENTS AND METHODS: Patients with
traumatic brain injury who applied to the emer-
gency department between 2016 and 2020
were included in this prospective study. Crani-
al CT and MRI images containing SWI-FLAIR se-
quence were taken on the same day, immediate-
ly after cranial CT, for a total of 500 patients.

RESULTS: In our study, TBI was detected in
242 males (70.8%) and 100 females (29.2%), for
a total of 342 patients. The mean age was 41.45,
the mean GCS was 13.35. There was a history of
trauma such as falling in 155 patients (45.3%),
traffic accidents in 171 patients (50%), and trau-
ma in 16 patients (4.7%). In the comparative eval-
uation of CT and FLAIR-SWI MRI examinations
no bleeding was detected in the FLAIR-SWI sec-
tions of 239 patients who did not have bleed-
ing on CT; however, bleeding was detected in
FLAIR-SWI sections in 14 patients who did not
have bleeding on CT.

CONCLUSIONS: FLAIR-SWI MR, which is a
more reliable examination method, should be per-
formed before control CT, especially in patients
with incompatible clinical and admission CT.
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Introduction

The imaging-based detection of traumat-
ic brain injury (TBI) is critical for patients who
visit the emergency department after traumat-
ic injury. These images enable determination of
injury type, potential secondary events, and the
treatment methods that may be needed to prevent
such events. In patients with head trauma, cra-
nial computed tomography (CT) is the preferred
imaging method during the initial evaluation by
emergency services, based on its rapid access and
extraction time, along with its sensitive detection
of acute hemorrhagic lesions that require surgical
intervention'. Many factors, such as the amount of
time elapsed since the onset of bleeding, as well
as the patient’s hemoglobin level, can affect the
detection of traumatic subarachnoid hemorrhage
(SAH) by CT?. Extravasated blood with a hemo-
globin concentration of 9-11 g exhibits attenua-
tion similar to the brain®. Therefore, brain paren-
chyma and bleeding may be difficult to identify
in patients with severe anemia or patients with
hyperacute bleeding’. Moreover, the sensitivity of
CT to bleeding tends to decrease over time*>. For
these situations, fluid attenuation inversion recov-
ery (FLAIR) and susceptibility weighted imag-
ing (SWI) sequence magnetic resonance imaging
(MRI) has become increasingly adopted in re-
cent years because of its effective tissue contrast.
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FLAIR sequences (in acute hemorrhage) and SWI
sequences (in acute, subacute, and chronic hemor-
rhage) are extremely informative because of their
sensitivities to deoxyhemoglobin, hemosiderin,
iron, and calcium. Although FLAIR-SWI MRI is
a sensitive method for the detection of intracrani-
al hemorrhage in trauma patients®”*, difficulties
with its interpretation in terms of bleeding have
hindered its wider use. Consequently, CT remains
routinely used in busy emergency rooms with rap-
id workflows’. In this study, the effectiveness of
CT and FLAIR-SWI MRI, in terms of detecting
bleeding, were prospectively examined in patients
diagnosed with TBI in a single-center emergency
department. The results are argued with findings
reported in the literature.

Patients and Methods

Patient Selection

Patients with TBI who visited the emergen-
cy department in our hospital between 2016 and
2020 were included in this prospective study. Cra-
nial CT immediately followed by MRI contain-
ing FLAIR-SWI sequences was performed in 500
patients. Patients were excluded from the study if
they had bleeding secondary to diseases such as
concomitant tumor, aneurysm, stroke, or arterio-
venous malformation. Additionally, 158 patients
were excluded because their image quality was
strongly affected by motion artifacts. The results
of the remaining 342 patients were analyzed.
Control CT scans were acquired on the next day
in patients who had TBI-related bleeding that did
not require urgent surgical intervention and in
whom neurological observation was continued.

MRI and CT

All magnetic resonance images in this series
were obtained using a 12-channel phased array
head coil on a 1.5 T clinical scanner (Avanto-SQ
Engine; Siemens Healthcare, Erlangen, Germa-
ny). The following FLAIR and SWI sequence pa-
rameters were used: repetition time, 48 ms; echo
time, 40 ms; flip angle, 20; bandwidth, 80 kHz;
section thickness, 2 mm, with 56 sections in a sin-
gle slab; and matrix size, 512 X 256. An echo time
of 40 ms was chosen to avoid phase aliasing, and a
flip angle of 20 was used to avoid invalidating sig-
nals from pial veins surrounded by cerebral spinal
fluid. The acquisition time was 2.58 min and iP-
AT factor-2 was used. After post-processing, 9 to
12-mm-thick minimum intensity projection slabs
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were generated along the z-axis. CT scans of the
brain were performed on a Somatom S16 scanner
(Siemens Healthcare). The following scan param-
eters were used: tube current, 200-220 mA; tube
voltage, 120 kV; convolution kernel, H4ls; slice
thickness, 1.5 mm; and field of view, 220 mm.

Data Evaluation

TBI-related hemorrhages were categorized as
subdural, epidural, or subarachnoid. Subdural
and epidural hemorrhages were each divided in-
to two regions: supratentorial and infratentorial.
Subarachnoid hemorrhage was thoroughly eval-
uated in accordance with the eight anatomical
regions described by Wu et al: frontoparietal,
temporo-occipital, interhemispheric fissure, Syl-
vian fissure, perimesencephalic cisterns, posteri-
or fossa cisterns, superior cerebellar cistern, and
intraventricular areas®. In total, 12 regions were
evaluated.

The data of TBI patients were evaluated by two
neuroradiologists with 7 and 20 years of experi-
ence. FLAIR-SWI MRI data were evaluated first,
followed by CT data. The prominence of bleeding
on both image sets was graded by consensus us-
ing a 5-point scale: 1, no visible bleeding; 2, min-
imal visible bleeding; 3, moderate visible bleed-
ing; 4, heavy visible bleeding; and 5, extremely
visible bleeding.

Statistical Analysis

Data are expressed as means and standard de-
viations or frequencies and percentages, depend-
ing on the overall variable distribution. Normality
was assessed using the Shapiro-Wilk test. Quali-
tative data were analyzed using the Pearson Chi-
Squared test and Fisher’s exact test. Groups were
compared using independent samples ¢-tests.
p-values < 0.05 were considered indicative of
statistical significance. Statistical analyses were
conducted using IBM SPSS version 23.0 for Win-
dows (IBM Corp., Armonk, NY, USA).

Results

In this study, TBI was detected in 242 male
(70.8%) and 100 female (29.2%) patients. The
mean age of the 342 patients was 41.45 years; the
mean Glasgow Coma Score was 13.35. TBI was
caused by falls in 155 patients (45.3%), traffic ac-
cidents in 171 patients (50%), and other causes
in 16 patients (4.7%). A history of anticoagulant
use was reported by 22 patients (6.4%). Bleeding
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was not detected on the initial entry CT exam-
ination of 253 patients (74%); however, SAH was
present in 67 patients (19.6%), epidural hemato-
ma was present in 4 patients (1.2%), and subdu-
ral hematoma was present in 18 patients (5.3%).
Fractures were observed on the CT images of 77
(23%) patients (in 1 patient, fracture could not be
clearly evaluated because of technical problems);
contusions were present in 5 patients (15.2%). In
the FLAIR-SWI MRI evaluation, bleeding was
detected in 52 patients (15.2%).

In the control CT performed on the day after
trauma, SAH was observed in 32 patients (9.4%),
epidural hematoma was observed in 1 patient
(0.3%), and subdural hematoma was observed in
8 patients (2.3%). Seventy-five patients (21.9%)
were discharged after 24 h of observation, 167 pa-
tients (48.8%) were hospitalized and followed up
by the daily follow-up service, and 100 patients
(29.2%) were hospitalized in the intensive care
unit. Eight patients (2.3%) died during follow-up.

Comparative evaluation of CT and FLAIR-SWI
MRI revealed the following findings. Among the
253 patients without bleeding on CT, FLAIR-SWI
confirmed the absence of bleeding in 239 patients
but showed bleeding in 14 patients (Figure 1).
Among the 67 patients with SAH on CT, only 24
exhibited SAH on FLAIR-SWI. Among the 4 pa-
tients with an epidural hematoma evident on CT,
2 also had an epidural hematoma on FLAIR-SWI.
Among the 18 patients with a subdural hemato-
ma evident on CT, 12 also had a subdural hema-
toma evident on FLAIR-SWI. Among the 290

patients without evidence of contusions on CT,
263 also showed no contusions on FLAIR-SWL.
Contusions were present in the CT images of 27
patients, but they were confirmed by FLAIR-SWI
in only 25 patients.

After 24 h of follow-up, 282 patients did not
have bleeding on control CT but 18 additional pa-
tients had SAH on FLAIR-SWI. On the follow-up
control CT, 6 patients had SAH; FLAIR-SWI
showed SAH in 26 patients. Although no addi-
tional epidural hematoma was detected on the
control CT scans, it was observed in 1 patient on
FLAIR-SWI. Subdural hematoma was detected
in 1 patient on the control CT and in 7 patients on
FLAIR-SWI.

Discussion

Head trauma is observed in most patients who
visit the emergency department after experiencing
physical trauma. Some of these patients have iso-
lated head trauma, whereas others have polytrau-
ma'®!", Patients with head trauma, that includes
TBI, may develop various deficiencies (e.g., cog-
nitive, mental, sensory, and motor) that have life-
long adverse effects on patients and their family'.
TBI is caused by external mechanical forces and
may be direct or indirect. It is often accompanied
by partial or full loss of consciousness**. CT
is the diagnostic method of choice for the initial
evaluation of acute head trauma because it is rap-
id, widely available, and able to detect skull frac-

Figure 1. 1, No SAH in the cranial tomography taken at admission. 2, Traumatic SAH appearance in the posteriolateral
aspect of the right lateral ventricle in the SWI sequence image of the patient (arrow). 3. SAH image detected in the control
tomography taken 24 hours later.
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tures and acute intracranial hemorrhage with high
sensitivity. When extensive evidence of injury is
detected on an admission CT scan, or if the clin-
ical picture does not match the radiological im-
age, follow-up scans should be performed; in one
of every six patients, evidence of hemorrhage is
first detected on the control CT™. For this reason,
all patients in our study underwent a follow-up
CT control after 24 h. MRI is recommended for
patients with acute TBI when their neurological
findings cannot be explained by CT scan results.
MRI is also the modality of choice for the eval-
uation of patients with subacute or chronic TBI.
However, mild TBI remains difficult to diagnose
with current imaging technology'*'®. Factors that
affect the radiological detection of traumatic SAH
include the time elapsed from bleeding onset and
the hemoglobin level”. Because extravasated
blood with a hemoglobin concentration of 9-11 g
has attenuation similar to the brain, brain paren-
chyma and hemorrhage may be difficult to differ-
entiate on admission CT images of patients with
severe anemia or patients with hyperacute hemor-
rhage'”. Moreover, the sensitivity of CT for detect-
ing bleeding tends to decrease over time; FLAIR
and SWI MRI can effectively demonstrate tissue
contrast and are thus increasingly used for the
detection of intracranial hemorrhage'®?'. FLAIR
sequences are informative in the acute, subacute,
and chronic stages of bleeding, whereas the sensi-
tivity of SWI sequences originates from their de-
tection of deoxyhemoglobin, hemosiderin, iron,
and calcium. In this study, CT and MRI with
simultaneous FLAIR-SWI sequences were per-
formed on admission, and CT examinations were
performed during follow-up, for 500 patients with
TBI; of these patients, 342 had data with suffi-
cient quality for evaluation. Within this group,
SAH was identified on the initial entry CT exam-
ination in 67 patients (19.6%); epidural hematoma
was identified in 4 patients (1.2%), and subdural
hematoma was identified in 18 patients (5.3%). In
the FLAIR-SWI MRI evaluation, bleeding was
found in 52 patients (15.2%). In the compara-
tive evaluation of CT and FLAIR-SWI MRI, the
FLAIR-SWI MRI findings confirmed the absence
of bleeding in 239 of the 253 patients who did not
have bleeding on CT, bleeding was detected in
the remaining 14 patients. SAH was detected in
the FLAIR-SWI sequences in only 24 of the 67
patients who exhibited SAH on CT. Only 2 of the
4 patients diagnosed with epidural hematoma on
CT exhibited hematoma on FLAIR-SWI MRI
Subdural hematoma was confirmed by FLAIR-
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SWI in 12 of the 18 patients who exhibited sub-
dural hematoma on CT. Among the 290 patients
without evidence of contusions on CT, FLAIR-
SWI confirmed this finding in 263 patients; how-
ever, contusions were identified by FLAIR-SWI
in 27 patients. Of the 27 patients with contusions
on CT, contusions were evident on FLAIR-SWI
in 25. After 24 h of follow-up, 282 patients did not
have bleeding on the control CT, but 18 addition-
al patients had SAH on FLAIR-SWI. Six patients
had SAH on the control CT, compared with 26
patients who had SAH on FLAIR-SWI. No ad-
ditional epidural hematoma was detected on the
control CT, but it was observed in 1 patient on
FLAIR-SWI MRI. Subdural hematoma was de-
tected in 1 patient on the control CT and in 7 pa-
tients on FLAIR-SWI. These results indicate that
FLAIR-SWI MRI provides more detailed and re-
liable information in patients with SAH and cere-
bral contusions, consistent with previous reports.

Limitations

This study also had several limitations. First,
we did not compare the FLAIR-SWI images of
SAH patients with FLAIR-SWI images of healthy
controls. Second, there was no external standard
to determine which of the two methods provided
accurate findings. However, CT is generally re-
garded as the standard because it is used to iden-
tify patients with SAH and to validate the results
of SWL

Conclusions

The results of this prospective single-center ep-
idemiological study are consistent with previous
findings that FLAIR-SWI MRI examinations are
effective for identifying traumatic SAH and cere-
bral contusions, even if neither is detected on CT.
As a more reliable examination method, FLAIR-
SWI MRI should be performed before control CT,
particularly for patients with incompatible clini-
cal and admission CT findings.
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