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Diffusion-Weighted Echo Planar Imaging of Ovarian Tumors:
Is It Useful to Measure Apparent Diffusion Coefficients?

Motoyuki Katayama, Takayuki Masui, Shigeru Kobayashi, Tatsuhiko Ito, Harumi Sakahara,

Atsushi Nozaki, and Hiroyuki Kabasawa

Purpose: Our goal was to test the hypothesis, as previously reported in other
studies, that apparent diffusion coefficients (ADCs) provide specific information to
diagnose ovarian tumors, especially to discriminate between benign and malignant
lesions.

Method: T1- and T2-weighted spin echo imaging and diffusion-weighted echo
planar imaging were performed in 31 women with 61 cystic components of ovarian
tumors.

Results: The lesions that showed typical watery intensity, hypointensity in T1-
weighted imaging, and hyperintensity in T2-weighted imaging had similar ADCs,
ranging from 1.54 to 1.84 x 10~ mm?® /s. The lesions that showed signal intensity
different from typical watery intensity in conventional MRI tended to have low ADCs.
In endometrial cysts, the mean ADC of the subgroup that showed typical watery

intensity was higher than that of other subgroups.
Conclusion: With conventional MRI, a tendency of ADCs could be predicted.
ADCs may not provide additional information, especially to discriminate benign from

malignant lesions.

Index Terms: Ovary—Echo planar imaging.

INTRODUCTION

Magnetic resonance imaging has played an important
role in diagnosis of ovarian tumors (1-4). Especially im-
portant clues are signal intensities in the fluid contents on
T1- and T2-weighted MR images with and without fat
suppression. One of the criteria to diagnose dermoid
cysts is the detection of fat-suppressed contents with the
fat-suppressed technique (5). Endometrial cysts are di-
agnosed on the specific findings of multiple cystic com-
ponents, which showed hyperintensity on T1-weighted
images and hypointensity on T2-weighted images (6,7).
In routine clinical settings, however, it is sometimes dif-
ficult to make a diagnosis of cystic tumors with only T1-
and T2-weighted images.

Water self-diffusion is the thermally induced behavior
of water molecules moving in a microscopic random
pattern, which is known as Brownian movement. Diffu-
sion-weighted MRI is sensitive to this microscopic mo-
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tion (8). Moteki.and colleagues (9-11) evaluated the di-
agnostic performance of MRI for cystic ovarian tumors
using apparent diffusion coefficients (ADCs). They re-
ported that the cystic components of endometrial cysts
and malignant ovarian tumors had lower ADCs than
other lesions did. However, they provided no clear in-
formation about the relationship between signal intensi-
ties on T1- and T2-weighted imaging and ADCs for each
cystic component. It is useful to clarify the relationship
between signal intensities in T1- and T2-weighted imag-
ing and ADCs for each cystic component. Then, we may
be able to understand when we should use diffusion-
weighted MRI for ovarian tumors in routine clinical ex-
amination and whether ADCs are useful to diagnose cys-
tic ovarian tumors.

The purpose of this study was to clarify the relation-
ship between the signal intensities in T1- and T2-
weighted imaging and ADCs for the cystic components
of the ovarian tumors and to evaluate the supplementary
use of ADCs, especially to discriminate between benign
and malignant lesions.

MATERIALS AND METHODS

Patients

During the 14-month period from July 1998 to August
1999, we performed diffusion-weighted echo planar im-
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aging in 45 patients who were suspected of having ovar-
ian tumors. Among them were 31 patients who under-
went pelvic laparotomy or laparoscopy after MRI. The
mean age was 39.1 years, ranging from 20 to 61 years.
The final pathologic diagnoses were dermoid cysts (n =
10), endometrial cysts (n = 9), serous cystadenoma (n
= 1), mucinous cystadenoma including borderline ma-
lignancy (n = 4), endometrial adenocarcinoma (n = 1),
clear cell adenocarcinoma (n = 3), and serous adeno-
carcinoma (n = 3).

MR Protocol

MRI was performed on a 1.5 T magnet (Horizon LX
Echo-Speed; GE Medical Systems, Milwaukee, WI,
U.S.A.) with a torso phased array multicoil (GE).

The imaging protocol comprised (a) T2-weighted fast
spin echo imaging in the sagittal plane with chemical
shift-selective fat saturation pulse using the following
imaging parameters: TR of 4,000 ms, effective TE of 85
ms, echo train length of 16, slice thickness of 5 mm with
a 1 mm interslice gap, receiver bandwidth of 32 kHz,
matrix of 256 x 256 with 512 zero fill interpolation (ZIP)
(apparent in-plane resolution of 512 x 512), FOV of 26
x 19 cm, and NEX of 2. Imaging time was 2 min 8 s for
20 slices. (b) T1-weighted fast spin echo imaging in the
axial plane without chemical shift-selective fat saturation
pulse using the following imaging parameters: TR of 600
ms, TE of 11 ms, echo train length of 3, slice thickness
of 7 mm with a 2 mm interslice gap, receiver bandwidth
of 20.8 kHz, matrix of 256 x 192 with ZIP (apparent
in-plane resolution of 512 x 512), rectangular FOV of 26
x 19 cm with 70% rectangular FOV technique, and NEX
of 1. Imaging time was 1 min for 19 slices. (c) T1-
weighted fast spin echo imaging in the axial plane with
chemical shift-selective fat saturation pulse using the
same parameters as T1-weighted imaging without
chemical shift-selective fat saturation: Imaging time was
1 min 31 s for 19 slices. (d) Diffusion-weighted imaging
with the single section spin echo type single shot echo
planar sequence in the sagittal plane using the following
parameters: TR of 4,999 ms, effective TE of 99 ms,
thickness of 7 mm, bandwidth of 146 kHz, matrix of 128
x 128, FOV of 40 cm with one-half rectangular FOV
technique, and NEX of 1. In this sequence, 90 and 180°
radiofrequency (RF) pulse series were applied as well as
two motion-probing gradients, one before and one after
the 180° RF pulse. Motion-probing gradients were ap-
plied along all three directions: the slice-select, phase-
encoding, and frequency-encoding directions. The
strength of the motion-probing gradient was the same for
the three directions, and the duration of the motion-
probing gradient was 31 ms. A spectral spatial fat satu-
ration RF pulse was used to exclude chemical shift arti-
facts. Diffusion sensitivity is governed by the gradient
factor b = g>G*d*(D — d/3), where g is gyromagnetic
ratio, G and d are, respectively, the strength and duration
of the motion-probing gradient pulse, and D is the sepa-

ration between the motion-probing gradient pulses. Dif-
fusion-weighted single shot echo planar imaging by ap-
plying different three b values of 200, 400, and 600
s/mm~ was performed during one breath-holding to ex-
clude motion-induced artifacts (Figs. 1 and 2). In addi-
tion, gadolinium-enhanced T1-weighted MRI with fat
suppression in the transverse and sagittal planes was per-
formed in all patients.

Image Analysis

All images were reviewed on a workstation (Advan-
tage Windows 3.1; GE). Circular regions of interests
(ROIs) were placed within each cystic component that
was =15 mm in diameter. When the regions appearing
with various signal intensities of =15 mm in diameter
were present in the same lobules on fat-suppressed T2-
weighted images, each region was respectively evalu-
ated. The outer margins of the ROIs were placed at least
3 mm away from the capsule, septa, and solid compo-
nents that were defined as gadolinium-enhanced areas.
Consequently, 66 components in 31 tumors were evalu-
ated. The mean signal intensities of the cystic compo-
nents of each lesion, subcutaneous fat tissue, and CSF in
the lumbar spinal canal were measured on fat-suppressed
T2-weighted images in the same sections as echo planar
images. The mean signal intensities of the cystic com-
ponents-of .each lesion, subcutaneous fat tissue, and
psoas major muscle were measured on T1-weighted im-
ages with and without fat suppression. Because T1-
weighted MRI was performed in a transverse plane, the
ROIs on T1-weighted images were placed by means of a
computer-navigated- technique with T2-weighted imag-
ing in the referred sagittal section on the workstation. In
addition, the SDs of background signal intensity (SD,;.)
on T1- and T2-weighted images were obtained from an
ROI in a phase-encoding direction outside the anterior
abdominal wall.

Signal-to-noise ratios (SNRs) of each cystic compo-
nent were; calculated in all lesions in T1- and T2-
weighted imaging by using the following formula: tumor
SNR = SI,,o/SD,;» Where SI is signal intensity. Fat-
suppressed indexes of each component of dermoid cysts
were also calculated by using the following formula:
fat-suppressed index = (SImor ON fT1/SI,  cle ON
fT1)/(SLiymor 00 T1/SI e On T1), where fT1 is fat-
suppressed T1-weighted images, T1 is non-fat-
suppressed T1-weighted images, and the subscript
muscle refers to the psoas major muscle.

We calculated the ADCs with a set of echo planar
images using a commercial program (Func-tool; GE).

We classified the signal intensities of each lesion into
two ranks on non-fat-suppressed T1-weighted and fat-
suppressed T2-weighted images. On non-fat-suppressed
T1-weighted images, lesions with signal intensity that
was equal to or lower than that of CSF were classified as
hypointense and lesions with signal intensity that was
higher than that of CSF as hyperintense. On T2-weighted
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FIG. 1. A 41-year-old woman with uter-
ine adenomyosis [U] and endometrial
cysts [A and B]. A: Transverse T1-
weighted fast spin echo image without fat
suppression shows hypointensity on the
anterior cystic component and hyperin-
tensity on the posterior one. B: Trans-
verse T1-weighted fast spin echo image
with fat suppression shows no signal
changes on each cystic component.
C and D: Sagittal T2-weighted echo pla-
nar (b =400 s/mm?) images show hyper-
intensity on the anterior cystic .compo-
nent [apparent diffusion coefficient
(ADC) = 1.87 x 10~® mm?/s] and hypoin-
tensity on the posterior one (ADC = 0.96
x 107° mm?/s).

images with fat suppression, lesions with signal intensity
that was lower than that of CSF were classified as hypo-
intense and lesions with signal intensity that was equal to
or higher than that of CSF as hyperintense. Conse-
quently, we categorized all of the cystic components into
four subgroups with signal intensities on T1- and T2-
weighted images.

Furthermore, we classified the cystic components,
which were histopathologically diagnosed as dermoid
cyst, into three groups with the fat-suppressed index:
well-fat-suppressed group (<0.5), intermediate-fat-
suppressed group (=0.5 and <0.9), and non-fat-
suppressed group (=0.9).

Statistical Analysis

The mean tumor SNRs on T1- and T2-weighted im-
ages and ADCs for each cystic component (more than
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four) were compared by using the Scheffé test, which is
a one way analysis of variance. A p value of <0.05 was
considered significant.

RESULTS

Tumor Characterization with ADC and T1- and
T2-Weighted Imaging

On T1-weighted images, the mean SNR of endome-
trial cysts was highest and significantly differed from
those of mucinous cystadenomas and malignant ovarian
tumors (p = 0.011 and p = 0.044, respectively). The
mean SNR of serous cystadenomas was lowest, although
this was not statistically evaluated because of its small
number of the cases (Table 1).

On T2-weighted images, the mean tumor SNR of der-
moid cysts was significantly lower than those of mucin-
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FIG. 2. A 46-year-old woman with mucinous cystad-
enoma of borderline malignancy. A and B: Trans-
verse T1-weighted fast spin echo images with (B)
and without (A) fat suppression show hypointensity
on the huge cystic component. C and D: Sagittal
T2-weighted fast spin echo image with fat suppres-
sion (C) and sagittal single-shot diffusion-weighted
echo planar image (b = 400 s/mm?) (D) show hyper-
intensity (apparent diffusion coefficient = 1.54 x 107°
mm?/s) on the huge cystic components.

ous cystadenomas and malignant ovarian tumors (p = nant ovarian tumors (p = 0.439 and p = 0.390, respec-
0.005 and p = 0.001, respectively). The mean tumor tively) (Table 1).

SNR of endometrial cysts showed no significant differ- In terms of the mean ADCs, it was not statistical dif-
ence compared with mucinous cystadenomas and malig- ferent among the histopathologic groups; notably, the

TABLE 1. TISNRs, T2SNRs, and ADCs in each cystic ovarian component

No. of Diameter ADC
components (cm) TISNR T2SNR (1073/mm?/s)
Endometrial cyst 18 53+£23 616239 50.7+263 1.24 £ 0.46
Dermoid cyst 29 4.1x19 499+29.6 32.7+19.7° 1.27 £0.66
Serous cystadenoma 2 53+48 10.0 £0.1 52.6+ 1.6 1.64 £ 0.14
Mucinous cystadenoma 7 81+59 226+11.3* 662+13.1" 1.61 £0.61
Malignant ovarian tumors 10 58+32 326+17.1¢9 651x17.7° 1.64 +0.48

Numbers are means + SD. TISNR, signal-to-noise ratio on T1-weighted images; T2SNR, signal-to-
noise ratio on T2-weighted images.

“p < 0.05, significant difference in TISNR of endometrial cyst versus those of mucinous cystadeno-
mas and malignant ovarian tumors.

> p < 0.05, significant difference in T2SNR of dermoid cysts versus those of mucinous cystadenomas
and malignant ovarian tumors.

ADC, apparent diffusion coefficients.
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mean ADCs of malignant ovarian tumors showed no
significant difference compared with the others. The
mean ADCs of endometrial cysts and dermoid cysts
(1.24 and 1.27 x 107> mm? /s, respectively) were lower
than those of serous and mucinous cystadenomas and
malignant ovarian tumors (1.64, 1.61, and 1.64 x 1073
mm /s, respectively). There were two cystic components
>12 cm in diameter (one mucinous cystadenoma of 14.2
cm, the other mucinous cystadenoma of borderline ma-
lignancy of 18.5 cm). Their ADCs were 1.55 and 1.54 x
10~ mm? /s, respectively (Table 1).

Relationship Between ADCs and T1- and
T2-Weighted Imaging

In terms of endometrial cysts, 10 of 18 components
were classified into the subgroup having hyperintensity
on Tl-weighted images and hypointensity on T2-
weighted images. Four of 18 components were classified
into the subgroup having typical watery intensity, hypo-
intensity on T1-weighted images, and hyperintensity on
T2-weighted images (Table 2). The mean ADC of the
subgroup that showed typical watery intensity on con-
ventional MR images was significantly higher than that
of the subgroup of hyperintensity on T1-weighted im-
ages and hypointensity on T2-weighted images (p =
0.008) (Table 3; Fig. 3).

In terms of dermoid cysts, all of the well-fat-
suppressed components were classified into the subgroup
of hyperintensity on T1-weighted images and hypointen-
sity on T2-weighted images. On the other hand, five of
seven non-fat-suppressed components were classified
into the subgroup that showed typical watery intensity on
conventional MRI (Table 2). The mean ADC of the sub-
group having typical watery intensity was higher than
that of the others. In addition, the mean ADC of the
non-fat-suppressed components was higher than that of
the well-fat-suppressed components (Table 3).

Regarding serous cystadenomas, all of the two com-
ponents were classified into the subgroup having hypo-
intensity on T1-weighted images and hyperintensity on
T2-weighted images. Regarding mucinous cystadenomas
and malignant ovarian tumors, cystic components were
classified into each subgroup (Table 3).

Among each histopathologic subgroup, the mean
ADCs of lesions that showed typical watery intensities
were similar, ranging from 1.54 to 1.84 x 107> mm? /s
(Fig. 4). Furthermore, the SDs of dermoid cysts and ma-
lignant ovarian tumors were larger than those of other
histopathologic subgroups.

DISCUSSION

The current study demonstrates a relationship between
signal intensities in T1- and T2-weighted imaging and
ADCs. The lesions showing typical watery intensity
tended to have higher ADCs than the lesions showing
atypical watery intensity on T1- and T2-weighted im-
ages. The differences in ADCs, therefore, were more
closely related to the signal intensity of the fluid rather
than a histopathologic group. The SDs of ADCs for each
histopathologic group were large. Therefore, no useful
information was added to diagnose cystic ovarian tu-
mors.

There were some reports about the clinical application
of diffusion-weighted imaging to diagnose cystic ovarian
tumors (9-11). These authors reported that the cystic
components of endometrial cysts and malignant ovarian
tumors had lower ADCs than those of other lesions. In
our study, the mean ADC of endometrial cysts was lower
than that of serous and mucinous cystadenomas; how-
ever, no statistical differences were observed.

The signal intensities in T1- and T2-weighted imaging
and ADCs are affected by protein concentrations, vis-
cosity, magnetic ‘susceptibility, and volume of H,O
(12,13). In our study, comparing the same histopatholog-
ic lesions in T2-weighted imaging, there was a tendency
for lesions that showed hypointensity to have lower
ADCs than the lesions that were hyperintense. Som and
colleagues (14) reported the relationship between total
protein concentrations and signal intensities in T1- and
T2-weighted imaging. On Tl-weighted imaging, 20—
25% of proteins in solution showed high signal intensity.
Less than 20% and higher than 25% of proteins in solu-
tions showed low signal intensity. In T2-weighted imag-
ing, >25% of proteins in solutions had low signal inten-
sity. In our study, the cystic components that exhibited

TABLE 2. Distribution of signal intensities of each component on T1- and
T2-weighted images

T1-weighted images Hypointense Hyperintense
T2-weighted images Hypointense Hyperintense Hypointense Hyperintense
Endometrial cyst 0 4 10 4
Dermoid cyst 4 5 19 1
Fat-suppressed part 0 0 16 0
Equivocal 2 0 3 1
Non-fat-suppressed part 2 5 0 0
Serous cystadenoma 0 2 0 0
Mucinous cystadenoma 1 4 1 1
Malignant ovarian tumors 3 4 1 2

Numbers indicate numbers of components.
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TABLE 3. Relationship between apparent diffusion coefficients and signal intensities on

T1- and T2-weighted images

T1-weighted images Hypointense Hyperintense
T2-weighted images Hypointense Hyperintense Hypointense Hyperintense
Endometrial cyst 1.78 £0.13¢ 1.01 £0.31¢ 1.34 +0.57
Dermoid cyst 1.66 = 0.20 1.84 +£0.34 1.00 £ 0.58 2.13
Fat-suppressed part 0.86 +£0.29
Equivocal 1.58 +0.30 1.70 = 1.23 2.13
Non-fat-suppressed part 1.74 £ 0.05 1.84 +0.34
Serous cystadenoma 1.64+0.14
Mucinous cystadenoma 1.40 1.73+0.13 1.71 1.27
Malignant ovarian tumors 1.68 +0.68 1.54+0.45 1.24 1.95 +0.42

255

Numbers are means + SD.

“p < 0.05, significant difference between subgroups of endometrial cysts.

typical watery intensity on T1- and T2-weighted images
had similar mean ADCs, ranging from 1.54 to 1.84 X
10* mm? /s, while it has been reported that the expected
ADC of H,O in the phantom at body temperature is 3:24
x 107 mm? /s (15). We speculate this discrepancy might
be due to proteins in the fluid of cystic ovarian tumor.
Some authors reported that the ADCs increased linearly
with decreasing protein concentrations (16,17). In con-
trast to T1- and T2-weighted imaging, the ADC is sen=
sitive to a small amount of protein. Some authors re-
ported that the ADCs increased linearly with decreasing
protein concentrations (16,17). Our result supported this
theory to some extent.

Comparing the subgroups of endometrial cysts, the
components that showed hyperintensity on T1-weighted
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FIG. 3. Scatter-plots (Xs) of apparent diffusion coefficients of
cystic components of endometrial cysts. Means (filled circles)
and SDs are linked with a line. Hypo and hyper indicate hypoin-
tensity and hyperintensity on T1- and T2- weighted images, re-
spectively.

images had lower ADCs than the components that
showed hypointensity. We speculate this phenomenon
would be caused by two factors: First, as the protein
concentrations of the cystic components are increased up
to 25%, their T1 values are shortened and ADCs are
decreased. Second, endometrial cysts usually have
bloody contents that contain some amounts of hemosid-
erin (18). Hemosiderin contains iron, a strong paramag-
netic substance, which could shorten their T1 values and
decrease their ADCs (19,20).

In our study, the mean ADCs of dermoid cysts were
lower than those of mucinous cystadenomas and malig-
nant ovarian tumors. The ADC of the fat-suppressed
components was markedly decreased. However, this fact
is‘a-contentious issue. The cystic components of dermoid
cysts contain various contents of fat. Because we per-
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FIG. 4. Scatter-plots (Xs) of apparent diffusion coefficients of
cystic components that showed typical watery intensities in T1-
and T2-weighted imaging. Means (filled circles) and SDs are
linked with a line. End, Der, Ser, Muci, and Mali indicate endo-
metrial cysts, dermoid cysts, serous cystadenomas, mucinous
cystadenomas, and malignant ovarian tumors, respectively.
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formed diffusion-weighted imaging with echo planar se-
quence that used a spectral spatial fat saturation RF
pulse, the signal intensities of fat were suppressed.
Therefore, the measurements of the ADCs of fat-
suppressed components became inaccurate.

In the group of malignant ovarian tumors, we could
not find a clear relationship between signal intensities in
T1- and T2-weighted imaging and the ADCs. In each
subgroup classified with conventional MRI, the variance
of the ADCs was large. We speculated this would result
from their morphologic variety. Malignant ovarian tu-
mors usually have some amounts of solids, hemorrhage,
and other components in solution. Furthermore, necrotic
tissue may sometimes be regarded as a cystic component
even when contrast enhancement with gadolinium is per-
formed.

We performed diffusion-weighted imaging with echo
planar sequence. Because echo planar sequence is one of
the most rapid imaging acquisitions, motion artifacts,
which affect the quality of diffusion-weighted imaging,
can be reduced. Furthermore, this sequence has good
tissue contrast. However, the currently used diffusion-
weighted images tend to be affected by susceptibility
artifact and provides poor spatial resolution (21,22).

Our study had some limitations. The number of cases
was small. The ADCs of the cystic components were
variable among the same lesions and histopathologic
groups. In previous reports, the highest and lowest ADCs
of each component in the tumors were measured (9=11).
Although this method was advantageous to distinguish
endometrial cysts from other tumors, it is necessary to
measure the ADCs repeatedly because of their large
variance. Furthermore, many artifacts were present. By
using the echo planar sequence, the ADCs could be in-
accurate because of motion and susceptibility artifacts. It
has been reported that lesions larger than 12 cm in di-
ameter could have unrealistically high ADCs owing to
the sloshing effect (11). In our study, however, two com-
ponents of mucinous cystadenomas larger-than 12 cm in
diameter had ADCs of about 1.5 % 10~ mm?® /s. These
values were slightly lower than the mean ADCs of mu-
cinous cystadenomas. Consequently, these factors would
cause the large variance and low reproducibility for the
ADCs.

CONCLUSION

Although the ADC might provide other information, it
is difficult to determine the threshold of the ADC for
diagnosing cystic ovarian tumors because of their large
variance. A tendency of ADCs could be speculated upon
with T1- and T2-weighted imaging. We could not find
additional clinical information with the ADC for diag-
nosing ovarian tumors.
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