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Abstract

Background: Echo-planar imaging (EPI)-diffusion-weighted imaging (DVVI) may take unclear image affected by suscep-
tibility, geometric distortions and chemical shift artifacts.

Purpose: To compare the image quality and usefulness of EPI-DWI and turbo spin echo (TSE)-DWI in female patients
who required imaging of the pelvis.

Material and Methods: All 57 patients were examined with a 3.0-T MR scanner. Both TSE- and EPI-DWI were
performed with b values of 0 and 1000 s/mm” We compared geometric distortion, the contrast ratio (CR) of the
myometrium to the muscle and the apparent diffusion coefficient (ADC) values for the myometrium and lesion. Two
radiologists scored the TSE- and EPI-DWI of each patient for qualitative evaluation.

Results: The mean percent distortion was significantly smaller with TSE- than EPI-DWI (p =0.00). The CR was signif-
icantly higher with TSE- than EPI-DWI (p = 0.003). There was a significant difference in the ADC value for the uterus and
lesions between the EPI- and TSE-DWI (p < 0.05). Finally, the ADC values of cancer were significantly different from
those for the uterus and benign with both the two sequences (p < 0.05). The scores for ghosting artifacts were higher
with TSE- than EPI-DWI (p =0.019). But there were no significant differences between TSE- and EPI-DWI with regard to
image contrast and overall image quality.

Conclusion: TSE-DWI on the female pelvis by 3T MRI produces less distortion and higher CR than EPI-DWVI, but there
is no difference in contrast and image quality.
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Introduction there is no refocusing radiofrequency (RF) pulse with

Diffusion-weighted imaging (DWI) is a functional the EPI-based sequence, the spinning protons accumu-

magnetic resonance imaging (MRI) sequence that
reflects the diffusion of water molecules in tissues.
DWI is rapidly becoming a standard MRI modality
that can be used to obtain images of various parts of
the human body, including the female pelvis.'
Echo-planar imaging (EPI)-DWI is the most fre-
quently used method due to the rapid readout
sequence. However, the quality of female pelvic
images acquired by EPI-DWI can be unsatisfactory
due to intestinal tract air and peristalsis,> which tend
to cause substantial magnetic susceptibility artifacts in
images obtained with the EPI-based sequence. Because

late phase errors that lead to magnetic susceptibility
artifacts. Such artifacts often result in image distortion,
signal dropouts, and signal heterogeneity that can lead
to difficulty in reading DWI.
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The turbo spin echo (TSE) method is an alternate
approach for performing DWI. Because TSE-DWI
uses a 180° RF refocusing pulse for each measured
echo, susceptibility artifacts are smaller and image dis-
tortion is less marked than with EPI-DWI. While a
lower signal-to-noise ratio (SNR) and a long acquisi-
tion time were previously disadvantages of TSE-DWI,
recent commercial TSE-DWI sequences for 3T MRI
units have adapted the RF pulse shape to reduce the
echo space, which could result in faster scanning, a
higher SNR, and reduced blurring.***

Therefore, this retrospective study was performed to
compare the image quality and usefulness of EPI-DWI
and TSE-DWTI in patients who required imaging stud-
ies of the female pelvis.

Material and Methods

This retrospective study was approved by our
Institutional Review Board and the requirement for
informed consent was waived.

Patients

Between January and June 2019, 57 consecutive female
patients aged 13-84 years (mean age: 49.5 years) with
suspected or confirmed malignant tumors of the pelvis
underwent EPI-DWI and TSE-DWI. Among them, 10
patients had histologically confirmed uterine cancer
(five with endometrial cancer, four with cervical
cancer, and one with carcinosarcoma). Twenty-three
patients had histologically confirmed benign lesions
(12 uterine myoma, 4 endometrial hyperplasia, and 7
benign ovarian lesions), and 24 patients had suspected
benign lesions based on clinical course and repeat
imaging (9 uterine myoma, 5 cervical cyst, 8 benign
ovarian lesions, 1 urethral diverticulum, and 1 with
no abnormal findings).

MRI protocol

MRI was performed with a 3T scanner (Philips Ingenia
Elition 3T; Philips Medical Systems, Best, The
Netherlands) using a 32-element anterior torso
phased-array coil coupled with an integrated posterior
20-element array in the tabletop. All patients were
taking anti-peristaltic agent.

The MRI protocol consisted of axial and sagittal
T1-weighted imaging (T1WI), T2-weighted imaging
(T2WI) in three orthogonal planes (transverse, sagittal,
and coronal), dynamic contrast-enhanced sagittal
T1WI, contrast-enhanced axial and coronal T1WI
with fat suppression (FS), and axial EPI-DWI and
TSE-DWIL.

Axial TSE-T2WI was performed with the following
parameters: repetition time (TR)/echo time (TE), 3000

8000/100 ms; slice thickness, 5Smm; inter-slice gap,
I mm; number of slices, 20; field of view (FOV),
22 cm; number of signals acquired (NSA), 1; sensitivity
encoding (SENSE) factor, 1; and total scan duration of
2 min.

We used a single shot echo-planar imaging sequence
for EPI-DWI and a single-shot turbo spin echo
sequence for TSE-DWI. When EPI-DWI and TSE-
DWI are performed, a motion probing gradient pre-
pulse is used to obtain a diffusion signal. We employed
the same imaging parameters as much as possible for
the two DWI sequences (Table 1). Especially, we tried
to obtain equivalent spatial resolution images on the
two DWI sequences.

Diffusion-encoding gradients were applied at b
values of 0 and 1000s/mm?” in the three orthogonal
directions of the motion-probing gradients before
administration of contrast medium. Maximum intensi-
ty projection DWIs were reconstructed in the axial
plane with Smm reconstruction voxels. Apparent dif-
fusion coefficient (ADC) maps were automatically gen-
erated by using the manufacturer’s software.

Quantitative evaluation

A radiologist (R.Y.) with 14 years of experience who
was blinded to the MRI protocols recorded data from
the axial source images. We selected a representative
slice that clearly depicted the acetabulum in each
patient. Geometric distortion was evaluated by com-
paring lesion lengths between the axial TSE-T2WI
and the corresponding DWI. The anterior-posterior
(AP) body surface length and the left-right (LR) dis-
tance between the floor of both acetabula were

Table I. Imaging parameters for DWI sequences.

TSE-DWI EPI-DWI
TR/TE, ms 4113/58 4000/62
FOV, mm x mm 350 x 277 350 x 365
Matrix 100 x 127 96 x 126
Slice thickness, mm 5 5
Spatial resolution, mm?> 3.65x279 x5 3.65x288x5
Number slices 24 24
b-values, s/mm? 0.1000 0.1000
Acquisition time, min 5:29 2:08
Flip angle 90 90
Fat suppression SPAIR SPAIR
Half scan No 0.675
Averages b0 4, b1000 12 b0 3, b1000 9
Acceleration factor 3 3
Bandwidth, Hz 560 60.1

DWI: diffusion-weighted imaging; EPI: echo-planar imaging; TSE: turbo
spin echo; TR: repetition time; TE: echo time; FOV: field of view; SPAIR:
spectrally adiabatic inversion recovery.
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measured, and the percent error was calculated as DWI
distance — T2WI distance/T2WI distance x 100.

We also selected a representative slice that clearly
depicted the uterus in each patient. The signal intensity
was set for EPI-DWI and TSE-DWI to allow 30 mm?
circular regions of interest (ROI) to be placed on
the uterine myometrium (uterus), the gluteal muscles
and lesions.

The contrast ratio (CR) was determined as the ratio
between the signal intensity (SI) of the uterus and the
SI of the gluteal muscles (CR= | uterus SI — gluteal
muscle SI |/| uterus SI + gluteal muscle SI |)

On each ADC parameter map, ADC values were
measured by placing a circular ROI (30 mm?) on the
uterine myometrium (uterus) and the lesion. When
measuring the signal intensity and ADC, care was
taken to only measure the target region without includ-
ing structural borders or prominent vessels within an
anatomic segment.

Qualitative evaluation

Two radiologists performed qualitative assessment of
the DWI on an SDS DICOM Viewer (Techmatrix Ltd,
Tokyo, Japan). The image data sets were randomized,
and the readers were blinded to the acquisition param-
eters. Adjustment of the window level and width during
qualitative assessment was allowed.

Qualitative evaluation was based on a 5-point Likert
scale. Ghosting artifacts were rated as follows: 1 = defi-
nitely interfering with interpretation, 2= possibly inter-
fering with interpretation, 3 = present with little impact
on interpretation, 4 = faint, or 5=none. Image contrast
was rated as follows: 1 =marked blurring without defin-
able margins, 2=blurring with definable margins,
3 =minimal blurring, 4 =sharp definition, or 5=very
sharp definition. Overall image quality was rated as
follows: 1=non-diagnostic, 2=poor, 3 =acceptable,
4=good, or S=excellent. Each reader independently
assessed the EPI-DWI and TSE-DWI and decisions
were made by consensus when there was divergence of
opinion between them.

Statistical analysis

The Shapiro—Wilk test was used to determine whether
mean values were normally distributed. Differences of
mean values between EPI-DWI and TSE-DWI were
analyzed by Wilcoxon signed rank test after confirming
a normal distribution by using the Shapiro—Wilk test.

Inter-observer agreement between the two image
assessors was estimated by using kappa statistics,
with the following cutoff points for the level of agree-
ment: 0-0.20, poor; 0.21-0.40, fair; 0.41-0.60, moder-
ate; 0.61-0.80, good; and 0.81-1.00, excellent.’

The correlation between the reviewers’ scores was deter-
mined by the Kendall test. Qualitative scores were com-
pared using the Wilcoxon signed-rank test.

The ADC values of each lesion on each DW were
compared by using the Kruskal-Wallis test, followed
by Mann—Whitney U tests with Bonferroni’s correction
for multiplicity of testing.

All statistical analyses were performed with 1BM
SPSS version 22.0 for Windows (IBM Corp.: Armonk,
NY), and a p value <0.05 was considered to indicate
significance.

Results

Quantitative analysis

The mean percent distortion was significantly smaller
with TSE-DWI than EPI-DWI (AP length: 0.6% £+ 0.6
vs. 1.7% 4+ 1.2; LR width: 1.4% +1.3 vs. 2.6% £ 1.9)
(respectively, p =0.00) (Fig. 1).

The CR of the myometrium to the muscle was sig-
nificantly higher with TSE-DWI than EPI-DWI
(0.52+0.11 vs. 0.4740.12, p=0.003) (Fig. 2).

There was a significant difference of the ADC value
for the uterus between the two sequences (1.49+
0.22 x 10 mm?/s with EPI-DWI vs. 1.40+0.23 x
10~* mm?/s with TSE-DWI, p =0.002). Significant dif-
ferences of the ADC values for lesions were also noted
between each sequence (malignant lesions: 0.81 +
0.07 x 10 *mm?/s with EPI-DWI vs. 0.84+0.08 x
10> mm?/s with TSE-DWI, p =0.043; benign lesions:
1.6040.64 x 10 *mm?/s with EPI-DWI vs. 1.52+
0.60 x 10> mm?/s with TSE-DWI, p=0.00). Finally,
the ADC values of malignant lesions were significantly
different from those for the uterus and benign lesions
with both EPI-DWI (uterus: 1.49 +0.22 x 10~ mm?/s,
benign lesions: 1.60+0.64 x 10~*mm?/s, malignant
lesions: 0.81£0.07 x 10 *mm?/s; all p<0.05) and
TSE-DWI (uterus: 1.40+0.23 x 10" mm?/s, benign
lesions: 1.52+0.60 x 10> mm?/s, malignant lesions:
0.8440.08 x 10> mm?/s; all p <0.05) (Fig. 3).

Qualitative analysis

The scores for ghosting artifacts were higher with TSE-
DWI than EPI-DWI (3.1 £0.4 vs. 2.8 +£0.8, p=0.019).
However, there were no significant differences between
TSE-DWI and EPI-DWI with regard to image contrast
(3.4+0.6 vs. 3.24+0.5, p=0.073) and overall image
quality (3.64+0.6 vs. 3.4+0.7, p=0.110) (Table 2)
(Figs. 4 and 9).

The median kappa statistics between the two
reviewers were moderate: EPI-DWI 0.540 (95% confi-
dence interval (CI), 0.398-0.681) and TSE-DWI 0.492
(95% CI, 0.341-0.643). The average Kendall r
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Fig. |I. Box-and-whisker chart showing the geometric distortion evaluated by comparing lesion lengths between axial T2WI and the
corresponding DWI. The mean percentage error of distortion was significantly lower on TSE-DWI than EPI-DWI (AP length: 0.6% =+
0.6 vs. 1.7% £ 1.2, LR width: 1.4% £ 1.3 vs. 2.6% £ 1.9) (p =.00). The boxes show the 25th—75th percentiles, and the horizontal line

indicates the median value and x show the mean values.

0.5
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Contrast ratio
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Fig. 2. Box-and-whisker chart showing the association the CR
between EPI-DWI and TSE-DWI. The CR of the myometrium to
the muscle was significantly higher on TSE than EPI-DWI (0.52 £
0.11 vs. 0.47 £0.12, p =0.003). The boxes show the 25th—75th
percentiles, and the horizontal line indicates the median value
and X show the mean values.

correlations were significantly positive (EPI-DWI:
r=0.665, p<0.001; TSE-DWI: r=0.648, p <0.001).

Discussion

We found that TSE-DWI on the female pelvis by 3T
MRI produces less distortion, and higher CR than
EPI-DWI, though TSE-DWI required a longer acqui-
sition time than EPI-DWI to obtain equivalent spatial
resolution images. In qualitative analysis, the scores for
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Fig. 3. Box-and-whisker chart showing the association the ADC
between uterus, the benign lesions, and malignant lesions on EPI-
DWI and TSE-DWI. There were significant differences in the
ADC values of uterus, the benign lesions, and malignant lesions
on each sequence (¥p < .05). Moreover, there were significant
differences in the ADC of malignant lesions from uterus and
benign lesions on each sequence (¥p <.05). The boxes show the
25th—75th percentiles, and the horizontal line indicates the
median value and X show the mean values.
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ghosting artifacts were higher with TSE-DWI than
EPI-DWI, but image contrast and overall image qual-
ity had no significant differences between the two DWI
sequences. Therefore, based on our findings, in the
female pelvis by 3T MRI, TSE-DWI obtained a stron-
ger signal with less distortion than EPI-DWI, but the
contrast and image quality were almost the same as
EPI-DWI.

DWI assesses random microscopic movements of
water molecules and other small molecules elicited by
thermal collisions, which means that rapid image
acquisition minimizes the effects of bulk movements
such as vessel pulsation.® The EPI sequence is a type

Table 2. Qualitative scores between the two reviewers.

Ghosting Image Overall image
artifacts contrast quality
Reader |
EPI-DWI 2.8l 3.12 341
TSE-DWI 3.06 3.23 341
p 0.033 0.763 |
Reader 2
EPI-DWI 2.71 3.28 3.29
TSE-DWI 3.24 3.52 3.71
p 0.004 0.016 0.014

DWI: diffusion-weighted imaging; EPI: echo-planar imaging; TSE: turbo
spin echo.

of gradient echo sequence that represents the fastest
MR image acquisition method (<100 ms/slice). It uses
rapid phase oscillation and frequency gradients that
generate multiple gradient echoes.” As each echo is
acquired with a different echo time, blurring artifacts
occur in the phase encoding direction due to loss of the
signal from later echoes because of T2* decay. This
tends to result in low spatial resolution of images
obtained with a short acquisition time. Also, there
are no RF refocusing pulses in the EPI sequence, lead-
ing to accumulation of phase errors for spinning pro-
tons that produce position errors in the phase-encoding
direction and result in significant distortion. These
effects are particularly prominent in anatomical regions
with air-tissue interfaces.

The TSE sequence is another rapid imaging method
in which multiple echoes are acquired with each exci-
tation,® and it can also be used for DWI. Blurring of
images can occur as with the EPI sequence. However,
there is less severe blurring with TSE than EPI sequen-
ces because the T2 relaxation time is much longer than
the T2* relaxation time and magnetic field inhomoge-
neity is reduced by the RF refocusing pulses. In addi-
tion, these RF pulses prevent accumulation of phase
errors and image distortion. Previous reports have sug-
gested that a decrease of the SNR and a long acquisi-
tion time are disadvantages of TSE-DWI.*? However,
recent commercial TSE-DWI sequences for 3T MRI

(c)

Fig. 4. A 64-year-old female with uterus cervical cysts. (a) T2WI, (b) EPI-DWVI, (c) TSE-DWI. A uterus (arrow) is difficult to identify
on the EPI-DWI image (b), whereas it is detectable on the TSE-DWI (c). The distortion at the air interface is obviously seen on

EPI-DWI in comparison to that on TSE-DWI.

Fig. 5. A 68-year-old female with uterus cervical cancer. (a) T2WI, (b) EPI-DWVI, (c) TSE-DWI. Intestinal gas is causing artifact (arrow)
to a uterine cervical cancer (arrow head) on the EPI-DWI image (b). Intestinal gas is not causing artifact to a uterus cervical cancer

(white arrow head) on the TSE-DWI (c).
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have modified the RF pulse shape to reduce the echo
space, which is expected to result in faster scanning
with a higher SNR and less blurring.

Our findings in this study suggested that the CR of
TSE-DWI was superior to EPI-DWI for imaging of the
female pelvis, because of less geometric distortion and
signal loss due to propagation of susceptibility artifacts
in the phase encoding direction.'” These distortions
increase with longer gradient echo times and mimic
encoding of spatial information during image recon-
struction. TSE-DWI uses an RF refocusing pulse for
each measured echo, which reduced susceptibility arti-
facts on images of the female pelvis. However, in
qualitative analysis, though the ghosting artifacts of
TSE-DWI showed significant improvement compared
to that of EPI-DWI, image contrast and overall image
quality had no significant differences between the two
DWI sequences. In the female pelvis by 3T MRI, though
TSE-DWI required an acquisition time twice as long as
EPI-DWI to obtain images of equivalent spatial resolu-
tion, it is a clinical disadvantage of TSE-DWI.

However, in this study, TSE-DWI (5:29 min) required
twice longer acquisition time than EPI-DWI (2:08 min)
to obtain equivalent spatial resolution images which is
the clinical disadvantage of TSE-DWI. The female pelvis
by 3T MRI may also reduce quality of DWI due to
intestinal peristalsis. Therefore, though TSE-DWI
required a longer acquisition time, TSE-DWTI is useful
when EPI-DWI cannot obtain good images due to intes-
tinal artifacts in female pelvis by 3T MRI.

Reproducibility of ADC values is important for com-
parison of different imaging techniques. Therefore, we
compared the ADC values between EPI-DWI and TSE-
DWI, revealing a statistically significant difference in
ADC values. However, the ADC values of malignant
lesions were significantly lower than those of the
uterus and benign lesions with both sequences, which
was similar to the results of previous studies.” *°1°
Image noise can significantly influence the calculation
of diffusion parameters, with the parameters showing
lower values as noise increases.'' The CR was higher
with TSE-DWI compared to EPI-DWI. Thus, ADC
measurements of the female pelvis obtained with TSE-
DWI might be more accurate than those obtained with
EPI-DWI. The chief disadvantage of TSE-DWI is a
longer acquisition time compared with EPI-DWI. TSE
sequences include an RF refocusing pulse in read/out, so
this method will necessarily take longer than EPIL.'?
However, our findings suggest that the TSE-DWI
sequence may be particularly useful for improving
image quality with 3T and higher-field MR systems.

Our study had some limitations. First, it was a
single-center study and the patient population was
small. We did not evaluate diagnostic accuracy because
we focused on comparing the image quality between

different acquisition protocols. Therefore, our findings
and conclusions should be interpreted as preliminary
and need to be confirmed by further investigation.
Second, we cannot extrapolate data acquired with a
3T scanner to 1.5T systems. Susceptibility artifacts
are less problematic with 1.5T scanners because these
scale directly with the magnetic field strength, suggest-
ing that the advantages of TSE-DWI over EPI-DWI
may be smaller when images are acquired at 1.5T.
However, distortion of female pelvic images was
much lower with TSE-DWI than EPI-DWI. Third, dif-
ferent scanning parameters were employed for the two
DWI sequences. Theoretically, it would have been
better to use identical parameters. However, we used
clinically applicable sequences and performed imaging
within a limited time in the routine clinical setting.

In conclusion, based on our findings, TSE-DWI on
the female pelvis by 3T MRI produces less distortion
and higher CR than EPI-DWI, but there is no differ-
ence in contrast and image quality. When an EPI-DWI
sequence does not provide an adequate image due to
artifacts, a TSE-DWI is useful although it requires a
longer acquisition time.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iDs

Takeshi Yoshizako (® https://orcid.org/0000-0003-1623-1375
Rika Yoshida (® https://orcid.org/0000-0002-9157-643X
Hiroya Asou (® https://orcid.org/0000-0002-8120-4034
Megumi Nakamura (@ https://orcid.org/0000-0003-2361-2424

References

1. Koh DM, Collins DJ. Diffusion-weighted MRI in the
body: applications and challenges in oncology. Am J
Roentgenol 2007;6:1622-1635.

2. Yoshizako T, Wada A, Uchida K, et al. Apparent diffu-
sion coefficient of line scan diffusion image in normal
prostate and prostate cancer — comparison with single-
shot echo planner image. Magn Reson Imaging
2011;1:106—-110.

3. Panyarak W, Chikui T, Yamashita Y, et al. Image qual-
ity and ADC assessment in turbo spin-echo and echo-
planar diffusion-weighted MR imaging of tumors of the
head and neck. Acad Radiol 2019;26:€305-€316.

4. Hirata K, Nakaura T, Okuaki T, et al. Comparison of
the image quality of turbo spin echo- and echo-planar
diffusion-weighted images of the oral cavity. Medicine
2018;19:e0477-e0483.


https://orcid.org/0000-0003-1623-1375
https://orcid.org/0000-0003-1623-1375
https://orcid.org/0000-0002-9157-643X
https://orcid.org/0000-0002-9157-643X
https://orcid.org/0000-0002-8120-4034
https://orcid.org/0000-0002-8120-4034
https://orcid.org/0000-0003-2361-2424
https://orcid.org/0000-0003-2361-2424

Yoshizako et al.

5.

6.

Kundel HL, Polansky M. Measurement of observer
agreement. Radiology 2003;2:303-308.

Le Bihan D, Breton E, Lallemand D, et al. MR imaging
of intravoxel incoherent motions: application to diffusion
and perfusion in neurologic disorders. Radiology
1986;2:401-407.

. Poustchi-Amin M, Mirowitz SA, Brown JJ, et al.

Principles and applications of echo-planar imaging: a

review for the general radiologist. Radiographics
2001;3:767-779.
. Kolff-Gart AS, Pouwels PJ, Noij DP, et al

Diffusionweighted imaging of the head and neck in
healthy subjects: reproducibility of ADC values in differ-
ent MRI systems and repeat sessions. Am J Neuroradiol
2015;2:384-390.

10.

11.

12.

. Juan CJ, Chang HC, Hsueh CJ, et al. Salivary glands:

echo-planar versus PROPELLER diffusion-weighted
MR imaging for assessment of ADCs. Radiology
2009;1:144-152.

Wang J, Takashima S, Takayama F, et al. Head and neck
lesions: characterization with diffusion-weighted echopla-
nar MR imaging. Radiology 2001;3:621-630.

Dietrich O, Heiland S, Sartor K. Noise correction for the
exact determination of apparent diffusion coefficients at
low SNR. Magn Reson Med 2001;3:448-453.

Kolff-Gart AS, Pouwels PJ, Noij DP, et al
Diffusionweighted imaging of the head and neck in
healthy subjects: reproducibility of ADC values in differ-
ent MRI systems and repeat sessions. Am J Neuroradiol
2015;2:384-390.



	table-fn1-2058460121994737
	table-fn2-2058460121994737

