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Objective: The two-dimensional multi-echo recombined gradient echo (MERGE) technique automatically
acquires and sums multiple gradient echoes at various echo times in cervical spine magnetic resonance
(MR) imaging. This technique increases the grey–white matter contrast within the spinal cord and should also
improve the depiction of cervical cord lesions. The aim of this study was to qualitatively and quantitatively
evaluate MERGE imaging compared with T2-weighted fast spin-echo (T2WFSE) imaging for depicting
multiple sclerosis (MS) lesions in the cervical cord.
Methods: Nineteen consecutive patients (10 males and 9 females; age range 22–62 years, mean age 43.6
years) with clinically diagnosed MS were examined with cervical spinal cord MR imaging at 3 T including
both MERGE and T2WFSE imaging. Qualitative evaluation for MS lesion conspicuity was performed. The
quantitative criterion utilized to compare MERGE imaging with T2WFSE imaging was the lesion-to-
background contrast-to-noise ratio (CNR).
Results: MERGE imaging showed 79 lesions and missed 1 that was depicted on T2WFSE imaging. T2WFSE
imaging showed 46 lesions and missed 34 that were depicted on MERGE imaging. MERGE imaging was
markedly superior to T2WFSE imaging in rendering greater lesion conspicuity. In the quantitative evaluation,
the lesion-to-background CNR upon MERGE imaging was significantly higher than that upon T2WFSE
imaging (P< 0.001, paired t-test).
Conclusions: MERGE imaging in the cervical spinal cord increases detection and conspicuity of MS lesions.
Strong consideration should be given to utilizing axial MERGE images in the diagnosis and follow-up study of
cervical cord MS.
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Introduction
Detection of hyperintense lesions on T2-weighted mag-
netic resonance (MR) images is important in the assess-
ment of damage to the spinal cord in patients with
multiple sclerosis (MS).1,2 Finding spinal cord lesions
can also help in differential diagnosis. Several studies
have shown that spinal cord lesions are very uncommon
in people with other neurological diseases2–8 and the
existence of T2-hyperintensities can increase the confi-
dence in the diagnosis of MS. This is true especially
when MR imaging abnormalities of the brain white
matter are interpreted as non-specific or equivocal. In
addition, hyperintense lesions on T2-weighted images
are often associated with sensory or motor symptoms

and can be a marker of disease activity.9–11 Therefore,
the detection of spinal cord lesions is critical for the
evaluation of MS.
Multi-echo recombined gradient echo (MERGE)MR

imaging is an imaging technique designed to image the
cervical spine. This technique automatically acquires
and sums multiple gradient echoes at various echo
times. MERGE increases the gray–white matter contrast
within the spinal cord and should theoretically increase
lesion conspicuity. A similar technique has been proven
to be useful for detecting abnormalities of the cervical
spinal cord, such as hemorrhage and edema, but no
patients with MS were analyzed.12 Another study also
concluded that gradient-recalled echo sequences at a
1.5 T system offer better anatomic and pathological deli-
neation of intramedullary disease, but only three
patients with definitive diagnoses of MS were included
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and only two of these cases were imaged in the axial
plane.13 The purpose of this study was to evaluate the
potential of MERGE imaging for depicting MS
lesions in the cervical spinal cord at 3 T, and to
compare it qualitatively and quantitatively with a con-
ventional technique, T2-weighted fast spin-echo
(T2WFSE) imaging.

Methods
We reviewed the medical records and imaging database
from our institution. We selected consecutive patients
with clinically diagnosed MS who underwent cervical
spinal cord MR imaging, including both MERGE
imaging and T2WFSE imaging. We excluded patients
who had cervical degenerative changes that could
cause spinal cord changes similar to MS lesions.
Nineteen patients (10 men and 9 women; age range
22–62 years, median 44 years) met the criteria and
were included in this study. Fifteen subjects were classi-
fied as having relapsing–remitting MS, two as primary
progressive type, and one as a clinically isolated syn-
drome. Axial MERGE and T2WFSE imaging are part
of our standard protocol for scanning the cervical
spinal cord in patients with MS. This retrospective
study was reviewed by an Institutional Review Board,
which approved waiver of informed consent and
Health Insurance Portability and Accountability Act
(HIPAA) authorization.

MR studies were performed in all patients on a 3.0 T
system (HDx Signa, GE Medical Systems, Milwaukee,
WI, USA). A dedicated phased array spine coil was
used. Axial MERGE images were obtained with time
to repetition (TR) of 760–1100 ms, average echo time
(TE) of 10.8 ms, field of view (FOV) of 18 × 18,
imaging matrix of 320 × 190, the number of excitations
(NEX)= 2, acquisition time of 4 minutes 17 seconds
to 7 minutes 6 seconds, and a flip angle of 15°. With a
bandwidth of 41 kHz the four TEs were obtained at
6.75, 9.45, 12.15, and 14.85 ms. Axial T2WFSE
images were obtained with TR of 3000–5300 ms, TE
of 120 ms, FOV of 20 × 20, imaging matrix of 448 ×
224, NEX= 3, bandwidth of 50 kHz, acquisition
time of 3.4–5.2 minutes, and flip angle of 90°. Each
sequence had 3.0 mm section thickness and 1.0 mm
section gap. Equal numbers of images at the same
levels were obtained with each sequence. To minimize
cerebrospinal fluid (CSF) pulsation, flow compen-
sation was used for both imaging modalities. Post-
contrast T1-weighted imaging was also performed as a
standard imaging practice, but not used as a reference
in the comparison between MERGE and T2WFSE
imaging.

The qualitative analysis was performed by a neurora-
diologist and a radiologist experienced at reading cervi-
cal spine MR imaging. The radiologists reached a
consensus regarding the presence and number of
lesions. To minimize the visual misjudgment in detecting
lesions, we varied window widths and levels for each
sequence to obtain the best depiction of the lesions.
The window width is the range of pixel values displayed
across an image and the level is the central window
width value. Blinding to image type (MERGE or
T2WFSE) could not be performed because the radiol-
ogists could easily distinguish the imaging sequence.
We added 10 normal controls to the qualitative analysis
to evaluate whether the MERGE technique may cause
false-positive lesions in the spinal cord. All images
from both patients and controls were randomly
blended for reviewing.

The MERGE images and T2WFSE images were sep-
arately evaluated regarding the presence or absence of
cervical spinal cord lesions. The number and location
of lesions depicted with each image modality were docu-
mented. Then both image modalities were re-evaluated
side-by-side to compare lesion detection on a lesion-
by-lesion basis.

The lesion conspicuity was compared between the two
image modalities. The lesions were categorized into
three groups: MERGE images were superior to
T2WFSE images; MERGE images were equal to
T2WFSE images; and MERGE images were inferior
to T2WFSE images. Statistical significance was deter-
mined with the sign test. A significant difference was
accepted if the P value was less than 0.05.

The quantitative criterion used for comparing
MERGE imaging with T2WFSE imaging was the
lesion-to-background contrast-to-noise ratio (CNR),
which was calculated according to the following
formula: CNR= (Slesion–Sbackground)/SDnoise, where
Slesion is the signal intensity of the lesion, Sbackground is
the signal intensity of the spinal cord surrounding the
lesion, and SDnoise is the standard deviation of the
image noise measured on the image along the phase-
encoding direction in an area outside the cervical spine.
The areas of the regions of interest drawn in the lesions
ranged from 5 to 25 (mean= 11) mm2 depending on
lesion size. The statistical significance of the quantitative
data was determined with the paired t-test. A significant
difference was accepted if the P value was less than 0.05.

Results
Cervical spinal cord lesions were found on MERGE
images and/or T2WFSE images in 17 of 19 cases.
When separately evaluated, 79 lesions were found on
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MERGE images and 32 on T2WFSE images. On side-
by-side comparison, 14 more lesions were found on
T2WFSE images, but no more lesions were found on
MERGE images. MERGE images showed 79 lesions
and missed 1 that was depicted on T2WFSE imaging.
T2WFSE images showed 46 lesions and missed 34 that
were depicted on MERGE images (Fig. 1). A total of
45 lesions were found on both MERGE and T2WFSE
images. No abnormal spinal cord signal, which could
be confused with an MS lesion, was found in the 10
normal controls. Motion artifact obscured evaluation
at one level for one of the normal controls.
Among the 14 lesions that were initially missed on the

T2WFSE images, 4 lesions were just slightly hyperintense
(Fig. 1) and 2 lesions were obscured by CSF flow artifact.
In the remaining eight lesions, both slight hyperintensity
and CSF flow artifact were the reasons for false-negative
results when T2WFSE images were evaluated alone. No
flow artifact was seen on the MERGE images in the 10
lesions affected by CSF flow artifact on the T2WFSE
images (Fig. 2). The lesion missed on MERGE imaging
but depicted on T2WFSE imaging was obscured on
MERGE imaging by patient movement artifact.
For the qualitative comparison of lesion conspicuity,

MERGE images were superior to the T2WFSE
images in 41 lesions (Fig. 3) and MERGE images
were identical to T2WFSE images in 4 lesions (P<
0.001). No lesion was more conspicuous on T2WFSE
images than on MERGE images.
Among the 45 lesions found on both MERGE and

T2WFSE images, the lesion-to-background CNR was
calculated for 38 lesions. Four lesions occupied nearly
the whole spinal cord on the axial section and the

Figure 1 (A) Axial MERGE, (B) axial T2WFSE, and (C) sagittal T2WFSE images of the cervical cord in a 27-year-old woman with
relapsing–remitting MS. Two lesions at the C2–C3 level are depicted in (A) (arrows). Only one lesion at the C2–C3 level is visible in (B)
(arrow). The lesion on the left side is depicted at the C2–C3 level in (C) (arrows). The lesion on the right side is not visible in sagittal
T2WFSE images (not shown).

Figure 2 (A) MERGE and (B) T2WFSE images of the cervical
cord at the C4–C5 level in a 44-year-old woman with
relapsing–remitting MS. Two lesions are depicted in (A)
(arrows). CSF flow artifact is seen in (B) and the lesions are not
visible.
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spinal cord surrounding the lesions was too small to have
the signal intensity measured. In the remaining three
lesions, signal intensity could not be accurately measured
due to either a strong CSF flow artifact on T2WFSE
images (two lesions) or a gradient artifact on MERGE
images (one lesion). The lesion-to-background CNR on

the MERGE images ranged from 1.47 to 23.27
(mean± SD, 9.3± 5.3). The lesion-to-background
CNR on the T2WFSE images ranged from 0.86 to
14.16 (mean± SD, 4.9± 3.3). There was a significant
difference between the two, with P< 0.001 (Fig. 4).

Discussion
The spinal cord is frequently involved in MS and
imaging the spinal cord is often an essential element in
the diagnosis of MS.14 T2-weighted imaging can
detect cord lesions in as many as 90% of MS
patients.3,15–18 However, low contrast of lesions to the
surrounding spinal cord may result in small lesions
being missed. Rocca et al. found that 10 of 83 lesions
were false negative on FSE sequences because of
having only slight hyperintensity.19 In our study, 12
slightly hyperintense lesions were missed when
T2WFSE images were evaluated without referring to
MERGE images, but were seen on the MERGE
images. No lesions that would be mistaken for MS
spinal cord lesions were identified on the normal
control MERGE images. These findings indicate the
superiority of the MERGE sequence.

Among the 45 lesions found on both the MERGE
and T2WFSE images, 41 lesions were more conspicuous
on the MERGE images. In contrast, no lesion was
found to be more conspicuous on T2WFSE images
than on MERGE images. Quantitatively, the lesion-to-
background CNR was significantly higher on the
MERGE images than on the T2WFSE images.

The spinal cord is a small and mobile structure.20

Detection of spinal cord lesions using MR imaging rep-
resents a problem related to the challenge of spatial
resolution and suboptimal contrast. The MERGE

Figure 3 (A) MERGE and (B) T2WFSE images of the cervical
cord at the C2–C3 level in a 47-year-old woman with secondary
progressive MS. The lesion is depicted in both images, but
more conspicuously in (A).

Figure 4 Graph shows a comparison of the lesion-to-
background CNR between MERGE (1.47–23.27) and T2WFSE
(0.86–14.16) images. The difference between the means is
statistically significant (P< 0.001). The horizontal lines indicate
the mean CNR in each group.
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technique is a gradient-echo method with multiple
bipolar gradient-echo formations that combines the
signal from the individual echoes. The early echoes
provide increased signal-to-noise ratio, while later
echoes boost contrast.21 The TEs utilized on the
T2WFSE sequence are longer than on the MERGE
sequence. The longer TEs on the T2WFSE sequence
contribute to greater phase encoding artifact (image dis-
tortion) from CSF flow effects. By contrast, the shorter
TEs on the MERGE sequence limit phase errors, redu-
cing the image distortion from CSF flow.13 These
factors likely contribute toward MERGE imaging
increasing the conspicuity of lesions to the surrounding
spinal cord, and this is extraordinarily important for
detecting MS lesions in the spinal cord.
CSF flow artifact on the FSE sequence causes subtle

changes around and in the spinal cord that causes
lesions to be missed.19,22,23 When the T2WFSE images
were evaluated without referring to the MERGE
images, 10 lesions were missed owing (or partly owing)
to the effect of the CSF flow artifact. In contrast, all
of these 10 lesions were depicted on the MERGE
images in which there was no obvious CSF flow artifact.
A plausible reason for the reduced CSF artifacts in
MERGE is its shorter echo times.13,24

Our results demonstrate that MERGE imaging is
superior to T2WFSE imaging for the detection of MS
lesions in the cervical spine. On comparison of the
MERGE images with the T2WFSE images, more
lesions were found on the T2WFSE images. However,
more lesions were not found on the MERGE images
in the case when T2WFSE images were used as a refer-
ence. In addition, the MERGE images only missed one
lesion that was shown on the T2WFSE images. In con-
trast, T2WFSE images missed 34 that were depicted on
MERGE images. Like the FSE sequence, the MERGE
sequence has a short acquisition time and the whole
length of the cervical spinal cord can be scanned
within a reasonable time (usually 5–6 minutes). The
findings suggest that for the detection of MS lesions,
MERGE should replace the T2WFSE, but further
studies from different facilities would help confirm the
clinical role of MERGE in evaluating MS.
A limitation of this study is that for the MERGE

sequence the TRs were automatically selected by the
MR sequence based on the number of slices needed
for imaging the cervical spinal cord. Therefore, there
was a variable range of TRs in the MERGE sequence.
The TR of the T2WFSE sequence was varied by the
technologist as per standard practice to optimize cover-
age without markedly changing the imaging time.
Another limitation is the sample size of this study. The

number of patients and controls were not large. In
addition, MR imaging was performed only at 3 T, and
the potential of MERGE imaging for depicting MS
lesions at 1.5 T is unclear.
In this retrospective study, we were not able to

compare MERGE with the fast short-inversion-time
inversion recovery (STIR) sequence that was not
included in our standard imaging routine. A study has
indicated that fast STIR sequence reveals more cervical
cord MS lesions than the FSE sequence.19 Moreover,
magnetization transfer and diffusion tensor imaging
have been applied for assessing spinal cord damage in
MS.19,25 Further study is needed to compare the
MERGE sequence with these imaging techniques.

Conclusion
Our results for patients with MS have shown that
MERGE images are significantly superior to
T2WFSE images in detecting cervical spinal cord
lesions and rendering greater lesion conspicuity. We
believe that MERGE images should be included in the
routine MR examination for the assessment of spinal
cord damage in patients with MS at 3 T.
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