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Fast Detection of Diffuse Axonal Damage in

Severe Traumatic Brain Injury: Comparison of
Gradient-Recalled Echo and Turbo Proton Echo-
Planar Spectroscopic Imaging MRI Sequences

Elisabetta Giugni, Umberto Sabatini, Gisela E. Hagberg,
Rita Formisano, and Alessandro Castriota-Scanderbeg

BACKGROUND AND PURPOSE: Diffuse axonal injury (DAI) is a common type of primary
neuronal injury in patients with severe traumatic brain injury (TBI), and is frequently accom-
panied by tissue tear hemorrhage. T2*-weighted gradient-recalled echo (GRE) sequences are
more sensitive than T2-weighted spin-echo images for detection of hemorrhage. The purpose of
this study is to compare turbo Proton Echo Planar Spectroscopic Imaging (t-PEPSI), an
extremely fast sequence, with GRE sequence in the detection of DAL

METHODS: Twenty-one patients (mean age 26.8 years) with severe TBI occurred at least 3
months earlier, underwent a brain MR Imaging study on a 1.5-T scanner. A qualitative
evaluation of the t-PEPSI sequences was performed by identifying the optimal echo time and
in-plane resolution. The number and size of DAI lesions, as well as the signal intensity contrast
ratio (SI CR), were computed for each set of GRE and t-PEPSI images, and divided according
to their anatomic location as lobar and/or deep brain.

RESULTS: There was no significant difference between GRE and t-PEPSI sequences in the
detection of the total number of DAI lesions (291 vs. 230, respectively). GRE sequence delin-
eated a higher number of DAI in the temporal lobe compared to the t-PEPSI sequence (74 vs.
37, P < .004), while no differences were found for the other regions. The SI CR was significantly

lower with the t-PEPSI than the GRE sequence (P < .00001).

CONCLUSION: Owing to its very short scan time and high sensitivity to the hemorrhage foci,
the t-PEPSI sequence may be used as an alternative to the GRE to assess brain DAI in severe
TBI patients, especially if uncooperative and medically unstable.

Diffuse axonal injury (DAI) is one of the most com-
mon types of primary neuronal injury in patients with
severe traumatic brain injury (TBI). DAI without
massive brain damage is estimated to occur in almost
50% of patients with a severe head injury, and it is the
most common cause of vegetative states and severe
disability after TBI (1, 2). DAI is a widespread dis-
ruption of axons that occurs during abrupt accelera-
tion or deceleration. The crucial factors to the extent
of injury are the type of acceleration and deceleration
(angular rather than translational), the duration of
acceleration and deceleration (long rather than
short), and the direction of head movement (coronal
rather than sagittal) (3).
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Radiologic recognition of DAI can be of the utmost
importance to understanding the clinical syndrome
and predicting the patient’s outcome. Unfortunately,
DAL is frequently underestimated on CT and conven-
tional MR imaging (4-7).

DAL lesions tend to be multiple and small. Com-
mon sites are the corpus callosum, the gray matter—
white matter junction in parasagittal areas, the deep
periventricular white matter (especially in the frontal
area at the corner of the ventricles), the basal ganglia
and internal capsule, the hippocampal and parahip-
pocampal regions, the dorsolateral aspect of the
brainstem, and the cerebellum (4, 8, 9).

The MR imaging appearance of DAI lesions de-
pends on several factors, including the time since
injury, the presence of hemorrhage or blood-break-
down products, and the type of sequence used. In the
acute and early subacute phases, susceptibility effects
largely occur from deoxyhemoglobin and methemo-
¢globin forms of hemoglobin. The T2*-weighted gra-
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dient-recalled echo (GRE) sequence has been re-
ported to be more sensitive than T2-weighted spin-
echo (SE) sequence to the magnetic susceptibility
induced by static field inhomogeneities, arising from
paramagnetic blood breakdown products (6, 10, 11).
T2-weighted SE and fluid-attenuated inversion re-
covery (FLAIR) MR imaging sequences nicely de-
pict small, nonhemorrhagic shearing injuries as hy-
perintense lesions. Because of their sensitivity to
susceptibility changes, GRE MR images permit the
identification of most blood products, such as de-
oxyhemoglobin, methemoglobin, and hemosiderin,
which are all paramagnetic substances in the white
matter (12). Moreover, Fazekas et al (13) provided
histopathologic support for the concept that focal
areas of signal intensity (SI) loss on T2*-weighted
MR images correspond to hemosiderin deposits in
the absence of other possibly related morphologic
abnormalities, such as focal calcifications or small
vascular malformations. These foci of blood products,
caused by disruption of penetrating blood vessels, are
often undetected on conventional T1- and T2-
weighted images alone (14, 15).

If we consider that T1- and T2-weighted imaging is
necessary to obtain morphologic details of the lesions
and that GRE images improve the detection of hem-
orrhagic lesions that occur in 10-30% of patients with
DAI (15), the use of ultrafast sequences sensitive to
inhomogeneities of the static magnetic field is desir-
able to minimize the examination time.

Echo-planar imaging (EPI) is an ultrafast MR im-
aging technique that uses a train of oscillating fre-
quency-encoding gradients to traverse k-space, en-
abling the rapid acquisition of data. It has a number
of clinical applications, including perfusion and diffu-
sion imaging of acute ischemic stroke, and functional
imaging. Furthermore, the speed of EPI minimizes
motion artifacts and could improve the evaluation of
patients with trauma, especially if they are uncooper-
ative, medically unstable, pediatric, or claustrophobic
(16, 17). However, EPI has some disadvantages com-
pared with conventional T2*-weighted (e.g., GRE)
techniques, including increased geometric distortions
and magnetic susceptibility artifacts. To limit the
effect of such drawbacks, EPI with a small voxel can
be used.

The spectroscopic imaging method called proton
echo-planar spectroscopic imaging (PEPSI) (18) has
been developed into a new multi-EPI sequence that is
sensitive to static magnetic field inhomogeneities.
The turbo-PEPSI (t-PEPSI) technique has been used
to increase the sensitivity of functional MR imaging
(19) and to permit the absolute quantification of T2*
and proton density values (20). This method provides
several-echo images in a single shot at a speed com-
parable to that of conventional EPI, and it is sensitive
to static magnetic field inhomogeneities.

Compared with conventional EPI sequences, the
t-PEPSI sequence gives more information (i.e., mea-
surement of T2* weighting at several TEs) without
prolonging the examination time. To date, few have
compared the sensitivity of GRE and EPI sequences
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TABLE 1: Demographic and clinical data of 21 patients with severe TBI

Patient/ Coma Interval, TBI to Glasgow
Sex/Age Duration MR Imaging Outcome
(y) (d) (mo) Scale Score
1/M/23 30 3 5
2/M/20 18 8 4
3/M/18 25 6 4
4/F/21 7 3 5
5/F/37 18 26 5
6/M/25 30 4 5
7/M/26 21 30 4
8/M/30 10 73 5
9/M/20 26 13 3
10/M/31 30 18 4
11/M/26 27 4 4
12/M/20 5 29 4
13/M/28 15 9 4
14/M/22 15 3 5
15/M/38 15 3 4
16/M/31 30 112 4
17/M/18 21 25 3
18/M/35 40 16 3
19/M/30 15 6 4
20/M/40 80 154 4
21/M/24 20 17 3

in detecting foci of intracranial hemorrhage (21-23),
and to our knowledge, no groups have studied DAI
lesions associated with severe TBI by using t-PEPSI.
Therefore, we used this technique to determine the
optimal EPI measurement protocol to detect le-
sions with susceptibility changes in DAI. The aims
of this study were to compare the GRE and t-
PEPSI sequences in their ability to detect suscep-
tibility dephasing caused by the deposition of blood
products associated with DAI and to determine
whether the t-PEPSI sequence can be used as an
alternative to the GRE sequence to assess DAI in
patients with severe TBI.

Methods

Patients

We prospectively obtained and compared GRE and t-PEPSI
images in 21 patients with severe TBI and suspected DAI (19
men, two women; age range 18-40 years; mean age, 26.8
years). Table 1 shows their demographic and clinical data. All
patients underwent brain MR imaging at least 3 months after
trauma. By the time of their MR examination, all patients had
been clinically assessed using the Glasgow Outcome Scale (24).
Inclusion criteria were the diagnosis of severe brain injury
according to the Glasgow Coma Scale score (25) and a history
of coma longer than 48 hours. Patients with neurosurgical
sequelae and those with posttraumatic hydrocephalus were
excluded.

MR Imaging
In all patients, a 1.5-T system (Vision; Siemens Medical
Systems, Erlangen, Germany) with EPI capabilities was used
for the MR examinations. The imaging protocol was the fol-
lowing: (1) conventional SE Tl-weighted images (TR/TE/
NEX = 650/14/2, flip angle = 70°, bandwidth per pixel = 89
Hz, matrix = 256 X 256, in-plane resolution = 0.9 X 0.9 mm,
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Fic 1. Dual-echo  high  resolution
t-PEPSI sequence (TR/TE1/TE2/NEX =
5000/50/145/1, flip angle = 90°).

A, First-echo image obtained shows
good lesion-to-tissue contrast.

B, Second image in the same shot is not
of satisfactory quality for lesion detection.

and acquisition time = 4 minutes 10 seconds), (2) double-echo
turbo SE proton density—and T2-weighted images (TR/TE1/
TE2/NEX = 3800/22/90/1, bandwidth per pixel = 130 Hz,
matrix = 256 X 256, in-plane resolution = 0.9 X 0.9 mm, and
acquisition time = 2 minutes 15 seconds), (3) GRE fast low-
angle shot (FLASH, TR/TE/NEX = 777/15/2, flip angle = 15°,
bandwidth per pixel = 78 Hz, matrix = 256 X 256, in-plane
resolution = 1.0 X 1.0 mm, and acquisition time 4 minutes 15
seconds), and (4) dual-echo t-PEPSI, (TR/TE1/TE2/NEX =
5000/50/145/1, flip angle = 90°, bandwidth per pixel = 1190 Hz,
matrix = 96 X 128, in-plane resolution = 1.7 X 1.7 mm, and
acquisition time = 5 seconds).

In a subgroup of five patients, we also used a four-echo
t-PEPSI protocol (TR/TE1/TE2/TE3/TE4/NEX = 5000/23/64/
105/145/1, flip angle = 90°, bandwidth per pixel = 2080 Hz,
matrix = 64 X 64, in-plane resolution = 3 X 3 mm, and
acquisition time = 5 seconds).

For each sequence, 20 5-mm-thick axial sections with a
1-mm intersection gap were positioned to run parallel to the
anterior commissure—posterior commissure line and
co-localized.

Image Analysis

Unlike conventional EPI sequences, t-PEPSI allows for
measurement of the degree of T2* weighting at several TEs in
a single shot, without requiring extra time for the examination.
We used two versions of the t-PEPSI sequence, each with a
different voxel size and TE to determine the best imaging
parameters for the detection of DAI lesions. We compared the
sequences to establish which was best for detecting DAI
lesions.

DAI were defined as areas of abnormally low signal intensity
(SI) on GRE and t-PEPSI images. Two experienced neurora-
diologists (A.C.-S., U.S.), who were unaware of the patient’s
identity, independently reviewed all images on a computer
display in a random mode. Areas of abnormal hypointensity
were identified on both sequences by consensus. The images
could not be graded in a blinded fashion because inherent SI
characteristics and unique artifacts always differentiated the
two sequences. After the lesions were identified, a third oper-
ator (E.G.) manually drew regions of interest (ROIs). ROIs
were classified according to their anatomic location, as lobar
(frontal, temporal, parietal, occipital) and/or deep brain
regions (basal ganglia, periventricular, corpus callosum and
infratentorial). The diameter and area for each ROI were
recorded, and the total number of ROIs was calculated.
Images acquired with the two sequences were reviewed side
by side to determine the number and size of shared lesions
shown on both and the number of DAI lesions seen with either
sequence alone.
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SI in the lesions and in symmetric areas of the normal paren-
chyma in the contralateral hemisphere were analyzed. The signal-
to-contrast ratio (CR) was measured according to the following

equation: SI CR = (Sllcsion = SI contralateral normal parcnchyma)/
SIcomralatcral normal parenchyma* All image analyses Were per-
formed by using software (MEDX, version 3.0; Sensor Systems,
Inc., Sterling, VA) running on a workstation (UNIX Octane,
Silicon Graphics, Inc., Mountain View, CA).

Statistical Analysis

A Wilcoxon signed rank test was used to compare the num-
ber of hypointense lesions detected by using the GRE sequence
and the number detected by using the t-PEPSI sequence. Anal-
ysis of variance was also performed to determine significant
differences in CR between the two sequences. The level of
statistical significance was set at 1% (P < .01).

Results

The ability of t-PEPSI to depict DAI lesions was
strongly dependent on the selected sequence and,
hence, the imaging parameters. As Figure 1 shows,
the first echo of the dual-echo high-resolution
t-PEPSI sequence with a TE of 50 msec showed
excellent lesion-to-tissue contrast (Fig 1A), whereas
the second image in the same shot with a TE of 145
msec was unsatisfactory for lesion detection (Fig 1B).
In the subgroup of five patients examined by using the
four-echo t-PEPSI sequence, lesion susceptibility
could not be elicited at a TE of 23 msec correspond-
ing to the first echo image of the sequence (Fig 2A).
The best lesion-to-tissue contrast was again obtained
at a TE of around 50 msec (Fig 2B), whereas with a
longer TE of 100 or 145 msec (Fig 2C and D), lesion-
to-tissue contrast decreased substantially. We ob-
served heavy susceptibility artifacts at the air-tissue
interface, and hence lower sensitivity, for the four-
echo t-PEPSI sequences compared with the dual-
echo t-PEPSI sequence.

On the basis of these results, further analysis was
carried out by using only the first echo of the high-
resolution dual-echo t-PEPSI sequence. Table 2 sum-
marizes the results. We counted 371 DAI in 21 pa-
tients with severe TBI by using the GRE and t-PEPSI
sequences. GRE images depicted more total hypoin-
tense lesions than the t-PEPSI sequence (291 vs. 230),
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TABLE 2: DAI lesions detected with the two sequences in 21 patients
with severe TBI
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Fic 2.  Four-echo t-PEPSI images (TR/
TE1/TE2/TE3/TE4/NEX = 5000/23/64/
105/145/1, flip angle = 90°).

A, On the first-echo image, susceptibil-
ity effects of the lesion have not affected
the image contrast to a great extent.

B, Best lesion-to-tissue contrast is ob-
tained around 50 msec.

C and D, At longer TEs, contrast is lost.

TABLE 3: Characteristics of 150 small DAI lesions detected on GRE
and t-PEPSI images

Lesions Detected

Small Lesions™ GRE Sequence t-PEPSI Sequence

No. 130 (86.7) 87 (58.0)
Mean diameter (mm) 3.46 = 2.07 492 +3.12
Mean area (mm?) 12.74 = 21.73 26.56 = 39.18

Only on

GRE GRE  Only on

Location of Lesion Imaging t-PEPSI Imaging t-PEPSI
Whole brain (n = 371) 291 230 141 80
Frontal lobe (n = 158) 126 98 60 32
Temporal lobe (n = 88) 74* 37* 51 14
Parietal lobe (n = 30) 22 20 10 8
Occipital lobe (n = 9) 7 8 1 2
Basal ganglia (n = 28) 23 20 8 5
Corpus callosum (n = 22) 12 18 4 10
Periventricular (n = 13) 10 12 1 3
Infratentorial (n = 23) 17 17 6 6

* P <.004, Wilcoxon test.

but the difference was not significant (P = .07). The
consensus side-by-side review revealed that, in the
whole brain, 150 DAI lesions were visible on images
obtained with both sequences, 141 lesions were iden-
tified on only GRE images, and 80 were depicted on
only t-PEPSI images. Moreover, the GRE sequence
was superior to the t-PEPSI sequence in depicting
DAI lesions in the temporal lobe (74 vs. 37, P < .004).
In the remaining cerebral regions, both sequences

Note.—Data are the number or the mean * standard deviation.
Data in parentheses are percentages.
* Diameter =5 mm.

had similar sensitivities in lesion detection, without
any significant difference.

Among the 150 DALI lesions shown with both se-
quences, 130 (86.7%) small lesions (diameter =5.0
mm) were detected by using the GRE sequence, and
87 (58%) by using the t-PEPSI sequence (Table 3).
This result suggested that DAI lesions identified on
t-PEPSI images were larger than those on GRE im-
ages because of the stronger susceptibility effect of
hemorrhagic foci associated with the t-PEPSI
sequence.

Last, among DALI lesions shown with both se-
quences, SI CR was significantly lower with the t-
PEPSI than the GRE sequence (—0.39 * 0.17 vs.
—0.26 £ 0.14, P < .00001), resulting in improved
lesion conspicuity. For both sequences, SI CR was
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independent of lesion size, as this value did not differ
among lesions of different sizes (P = .07).

Discussion

Results of experimental studies of TBI suggest that
diffuse neuronal damage and cell loss may progress
over weeks to months after the initial insult and that
various MR imaging techniques applied at early and
delayed times can provide useful information about the
severity of injury and the clinical outcomes (26-32).

CT scans and conventional MR images provide
poor predictors of functional outcome in patients
with TBI. Specifically, DAI is frequently underesti-
mated by using these imaging modalities (4-7). Al-
though results of one study suggests otherwise (6), the
correct assessment of DAI seems important in terms
of short- and long-term outcomes and in planning
proper rehabilitation. In addition, some patients with
TBI may benefit from early treatment with amantadine
(during the first 3 months after TBI), whereas others
with damage to the substantia nigra and tegmentum
may respond to dopaminergic drug agonists (33-36).

Data from the literature suggest that GRE se-
quences are particularly suited to depict DAI lesions
(15). Because of their sensitivity to susceptibility ef-
fects, GRE sequences are recommended in patients
with TBI, in combination with conventional MR im-
aging (T1-weighted SE, T2-weighted SE, and FLAIR
imaging) to improve the detection of hemorrhagic
DALI lesions (15). Most blood products, such as de-
oxyhemoglobin, methemoglobin, and hemosiderin,
are often undetected on conventional MR images
alone. On the other hand, these images are necessary
because of their ability to depict areas of gliosis or
tissue necrosis, which are often associated with brain
trauma, and to provide detailed anatomic informa-
tion about brain lesions. Iron deposits can be detected
with T2*-weighted sequences, and the GRE tech-
nique is most commonly used. GRE sequences can be
optimized to reduce the acquisition time to less than
2 minutes, but their relatively long acquisition times is
a drawback when they are performed in addition to
routine clinical imaging. This may be a serious limi-
tation in some patients, especially if they are uncoop-
erative, claustrophobic, or medically unstable. Our
results suggest that t-PEPSI can be used as an alter-
native to the GRE sequence, given the reduction in
both acquisition time (seconds vs. minutes) and mo-
tion artifacts.

The EPI sequence is the fastest MR imaging tech-
nique currently available, owing to its efficient sam-
pling scheme that allows coverage of the whole brain
in as little as 3-5 seconds, depending on gradient
hardware. Limitations of EPI are geometric distor-
tion, increased magnetic susceptibility effects, intrin-
sic T2* effects resulting in a loss of resolution, and
chemical-shift artifacts that require fat suppression
(37, 38). Geometric distortions and susceptibility ef-
fects can be mitigated by using fast image acquisition,
which can be achieved by increasing the sampling
rate, limiting the matrix size in the read-out direction,
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and other means. Furthermore, TE affects image ar-
tifacts, where a short TE reduces susceptibility effects
at the tissue-air boundaries. On the contrary, high
resolution and optimal TE (for maximizing lesion-to-
tissue contrast) are required to detect DAI lesions.

We set out to optimize the EPI measurement pro-
tocol for the detection of lesions with susceptibility
changes in DAL We therefore used two t-PEPSI
sequences: one with few echoes and high resolution
and another with several echoes and lower resolution.
This approach enabled a direct comparison of images
obtained at different TEs with different voxel sizes.
Specifically, we found that EPI with a TE of around
50 msec and a pixel small than 2 X 2 mm gave the best
results in terms of lesion contrast and restricted sus-
ceptibility artifacts at tissue-air boundaries. On T2*-
weighted images, available SI decays with the effec-
tive transverse relaxation time, which in turn depends
on two parameters: the microscopic T2 relaxation and
an additional dephasing, T2', caused by inhomogene-
ities in the local static magnetic field, like those aris-
ing in and around hemorrhagic lesions. To image
small lesions in TBI, the lesion is generally smaller
than the voxel, and the T2’ dephasing manifests as a
constant additional contribution to the local T2 SI
decay. In practice, lesion contrast increases with TE
up to values given by the actual T2* values in tissue
with lesions and that without lesions. Beyond this
limit, contrast decreases until no appreciable contrast
between the two tissue types can be detected.

At 1.5 T, the optimal TE for lesion detection
seemed to be around 50 msec, in agreement with
previous reports (39), regardless of voxel size. Never-
theless, it may be desirable to increase the in-plane
resolution with the t-PEPSI sequence even further to
investigate whether additional lesion conspicuity can
be gained. However, exceeding the resolution applied
in the present study may bring about some potential
difficulties: The time needed for the single-shot read-
out would increase considerably, and hence, the
bandwidth would decrease. The SI-to-noise ratio
would also increase, but so would geometric distor-
tion and susceptibility artifacts, which are undesirable
for detection of lesions near air-tissue interfaces.
Moreover, to achieve a 256 X 256 resolution with a
single-shot EPI sequence and TEs around 50 msec,
the rate of gradient switching would have to increase,
and the limit for cardiac nerve stimulation could po-
tentially be exceeded. Therefore, in practice, EPI with
such high in-plane resolutions cannot be performed
on whole-body systems, but they may be considered in
future studies on head-only dedicated MR machines.

Our results suggest that the GRE and t-PEPSI
sequences are equivalent in identifying the total num-
ber of DAI lesions, except for lesions in the temporal
lobes, where the GRE sequence was superior. In
comparison, DAI lesions that were detected on both
types of images appeared to be larger and to have a
lower SI CR ratio (darker appearance), regardless of
lesion size, on t-PEPSI than on GRE imaging. The
result was more straightforward detection of the le-
sions when t-PEPSI was used.
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Only a few groups have investigated the role of the
EPI sequences for the assessment of structural brain
lesions, and, to our knowledge, none have studied the
use of an ultrafast sequence to detect DAI lesions in
patients with severe TBI (11, 21, 22). In previous
studies, GRE-type single-shot EPI was compared
with conventional GRE FLASH imaging to assess
their relative ability to depict chronic hemorrhagic
foci in patients with brain tumor, arteriovenous mal-
formation, cavernous angioma, chronic hematoma,
neurosyphilis, or brain contusion (in a single patient)
(21). This study showed that GRE EPI sequences are
comparable to FLASH sequences for the detection of
supratentorial hemorrhagic areas but inferior for the
detection of infratentorial lesions. More recently,
Tong et al (12) compared the effectiveness of a high-
spatial-resolution, susceptibility-weighted MR imag-
ing technique with conventional GRE MR imaging
for the detection of hemorrhage in children and ad-
olescents with DAI. Susceptibility-weighted MR im-
aging depicted much smaller hemorrhagic lesions
than GRE imaging. This work was based on postpro-
cessed images obtained from combined phase and
magnitude imaging, which has also proved useful for
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Fic 3. Location of DAI lesions in deep
intra-axial structures.

A and B, GRE (A) and t-PEPSI (B) im-
ages show lesions in the corpus callosum,
posterior left internal capsule, and right
thalamus.

C and D, GRE (C) and t-PEPSI (B) im-
ages show a right thalamic lesion.

the detection of occult vascular lesions (40). Although
these reports give evidence of impressive image qual-
ity, their technique may be hampered in clinical prac-
tice, requires fast image acquisition in uncooperative
patients, as the current acquisition times for suscep-
tibility-weighted MR imaging are on the order of 10
minutes.

Unlike the previous findings, we found no signifi-
cant difference between the GRE and t-PEPSI se-
quences in their ability to depict DAI lesions in 21
patients with severe TBI. In fact, both sequences
depicted a similar total number of hypointense le-
sions scattered throughout the whole brain, without
regional-dependent differences, except for the tem-
poral lobes, where the t-PEPSI sequence depicted
about 50% of the DAI lesions found with the GRE
technique. The lower sensitivity of the t-PEPSI was
most likely due to the geometric distortion and mag-
netic susceptibility artifacts at the tissue-air bound-
aries. Altogether, our results suggest that image dis-
tortion is not a major problem in the evaluation of
infratentorial DAI lesions. Of note, we optimized the
parameters of the t-PEPSI sequence to minimize im-
age imperfections: The sampling rate was decreased
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Fic 4. Location of DAI lesions in the
deep intra-axial structures.

A and B, Lesions in the periventricular
white matter and corpus callosum on GRE
(A) and t-PEPSI (B) images.

C and D, GRE image (C) shows slightly
abnormal decrease in Sl in the left mesial
temporal region and in the left posterior
lateral of the midbrain. Both lesions are
more easily identified on the t-PEPSI im-
age (D).

to 1160 Hz per pixel and 96 instead of 128 read-out
trains were acquired with the dual echo t-PEPSI
acquisition.

Nevertheless, other factors may explain the dis-
crepancy between our results and previously pub-
lished data (21). DAI lesions are a special category of
brain injury that most frequently involves the brain-
stem and structures in the deep white matter (41).
The severity and localization of shearing injury are
initially determined by mainly the direction and mag-
nitude of the rotational acceleration or deceleration
forces and by the difference in attenuation and rigid-
ity between two adjacent tissues (e.g., cerebral gray
matter and white matter) (9). The anatomy of the
skull base explains the specific vulnerability of the
adjacent cerebral tissue to rotational forces. With
t-PEPSI sequences, the centroaxial structures appear
to be free from geometric distortion and susceptibility
effects at the tissue-air boundaries, resulting in an
equal ability of both sequences to depict DAI lesions.
Similarly, our data showed that t-PEPSI sequences
were comparable to GRE sequences in the detection
of hemorrhagic lesions in the deep structures, notably
the corpus callosum (18 and 12, respectively),
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periventricular area (12 vs. 10), and basal ganglia (23
vs. 20) (Fig 3, 4). The ability of t-PEPSI to depict
injury to the corpus callosum is of utmost importance
because damage in this area indicates a shearing force
of sufficient degree to produce widespread DAI. Data
from the literature show that a combination of lesions
in the corpus callosum and the dorsolateral upper
brainstem is a frequent MR imaging feature in pa-
tients in posttraumatic vegetative states associated
with DAL Injury to the corpus callosum is an indica-
tor of other possible midline lesions, particularly in
the brainstem, which may be responsible for uncon-
sciousness (32, 42, 43).

Concerning the size of DAI lesions shown with
both sequences, our results indicate that the in-
creased size of lesions on t-PEPSI was probably due
to increased sensitivity to susceptibility effects with
this sequence, and the resulting blooming effect of
lesions with susceptibility changes could improve the
sensitivity of this sequence in case of small DAI le-
sions that may go undetected with conventional GRE
sequences. A further finding of was the significantly
decreased SI CR of lesions on t-PEPSI compared
with GRE imaging; this resulted in improved detec-
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tion of the DAI lesions even when patients could not
hold a given position for a prolonged time (seconds
vs. minutes). In other words: the EPI-based sequence
improved lesion conspicuity compared with conven-
tional methods, despite the short acquisition time. An
additional improvement that may be considered in
future studies is increasing the number of excitations,
followed by averaging: Indeed, five t-PEPSI acquisi-
tions within a 20-second acquisition time would be
acceptable in most patients with TBI.

Altogether, our results suggest that an optimized
t-PEPSI sequence, though it is less sensitive than a
conventional GRE sequence, may be used as an al-
ternative technique for identifying DAI lesions in
unstable or uncooperative patients with severe TBI.

Conclusion

Substantial benefits may be gained from rapid T2*-
weighted MR imaging in patients with severe TBI.
Patient throughput may be increased, image degrada-
tion from gross motion artifacts may be diminished,
and sensitivity for small DAI lesions (which would be
otherwise undetected) can be increased. Although
t-PEPSI sequence is less sensitive than a conventional
GRE sequence, we recommend it in patients with
severe TBI, especially if they are uncooperative or
medically unstable.
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