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Magnetic resonance imaging texture analysis for the
evaluation of viable ovarian tissue in patients with
ovarian endometriosis: a retrospective case-control
study
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Background: Texture analysis has been used as a method for quantifying image properties based on textural features. The aim of the
present study was to evaluate the usefulness of magnetic resonance imaging (MRI) texture analysis for the evaluation of viable ovari-
an tissue on the perfusion map of ovarian endometriosis.

Methods: To generate a normalized perfusion map, subtracted T1-weighted imaging (TTWI), TIWI and contrast-enhanced T1W1 with
sequences were performed using the same parameters in 25 patients with surgically confirmed ovarian endometriosis. Integrated den-
sity is defined as the sum of the values of the pixels in the image or selection. We investigated the parameters for texture analysis in
ovarian endometriosis, including angular second moment (ASM), contrast, correlation, inverse difference moment (IDM), and entropy,
which is equivalent to the product of area and mean gray value.

Results: The perfusion ratio and integrated density of normal ovary were 0.52 +0.05 and 238.72 + 136.21, respectively. Compared with
the normal ovary, the affected ovary showed significant differences in total size (p<0.001), fractional area ratio (p<0.001), and perfu-
sion ratio (p=0.010) but no significant differences in perfused tissue area (p=0.158) and integrated density (p=0.112). In comparison
of parameters for texture analysis between the ovary with endometriosis and the contralateral normal ovary, ASM (p=0.004), contrast
(p=0.002), IDM (p<0.001), and entropy (p=0.028) showed significant differences. A linear regression analysis revealed that fractional
area had significant correlations with ASM ( =0.211), IDM (¥ =0.332), and entropy (¥ =0.289).

Conclusion: MRI texture analysis could be useful for the evaluation of viable ovarian tissues in patients with ovarian endometriosis.
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Introduction Therefore, for a patient with endometriosis who wants to conceive

through ovarian preservation, the surgeon should use the appro-
Endometriosis occurs in 6% to 10% of women of reproductive age, priate surgical method to avoid destruction due to blood coagula-
among whom approximately 30% to 50% are infertile [1,2]. tion or destruction of the ovarian blood vessels to reduce damage
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to the residual ovarian tissue [3]. In addition to advances in surgi-
cal technology, various studies on clinical data have been attempt-
ed to find preoperative biomarkers useful in predicting the likeli-
hood of pregnancy after surgery. Therefore, the need for preopera-
tive imaging to assess ovarian tissue around endometriosis is raised
to minimize damage to the ovarian reserve.

Recently, the increasing prevalence of ovarian endometriosis in
young nulliparous women, who desire to preserve their ovarian
function raised the necessity of magnetic resonance imaging
(MRI) examination. Because the ovaries contain several stages of
follicles, they are easily identified in most women’s pelvic MRIs
during the reproductive period [4,5]. T2-weighted images
(T2WI) are the most useful sequences in the diagnosis of disor-
ders in the ovaries and ovarian follicles in women of reproductive
age [6]. The ovarian stroma shows a contrast enhancement similar
to that of the myometrium, and its contrast enhancement pattern
on T1-weighted images (T1WI) correlated with age and meno-
pausal status [6]. Cystic follicles and functional ovarian cysts were
found frequently and with variable appearances. Most cysts show
discrete enhancement of the wall. In contrast to poorly perfused
endometrial cysts, regardless of T1 high signal intensity, remnant
ovarian tissue could appear well perfused. However, when the en-
dometriosis involves the ovary, the typical magnetic resonance
(MR) findings were displacement of the affected ovarian tissue by
cystic lesions with high signal intensity on TIWI and T2WI [7,8].
However, hemosiderin deposit due to repeated bleeding within the
endometriosis can cause a change in MR signal [7,9,10]. Ultimate-
ly, ovarian reserve can be defined as the quantity and quality of the
remaining follicular pools that can grow in the presence of gonado-
tropin. Therefore, evaluating the state of the residual ovary in the
image can be a biomarker for evaluating ovarian reserve.

In the present study, the effect of ovarian tissue enhancement
was normalized by dividing the subtracted contrast enhancement
T1WI by contrast enhancement T1WI. In addition, integrated
density was defined as the sum of the values of the pixels in the im-
age or selection. Texture characteristics are the intrinsic properties
of an image and provide an efficient image classification system by
which subtle alterations in the gray level distribution of an image
can be detected [ 11]. We investigated the parameters for texture
analysis in ovarian endometriosis, including angular second mo-
ment (ASM), contrast, correlation, inverse difference moment
(IDM), and entropy, which is equivalent to the product of area and
mean gray value. Consequently, the aim of this study was to evalu-
ate the usefulness of texture analysis for the normalized perfusion
map of pelvic MRI for predicting remnant ovarian tissues in pa-

tients with endometriosis.

Methods

Ethical statements: The Institutional Review Board (IRB) of
Kyungpook National University Hospital (IRB No: KNUH
2017-06-012) approved the retrospective data collection and
analysis. The need for informed consent was waived for the
retrospective design of the study.

In this study, female patients who underwent ovarian cystectomy
for endometrioma by surgery between January 2016 and Decem-
ber 2019 were included. After surgical cystectomy, histopathologi-
cal examination was performed for final diagnosis in all the cases.
To evaluate the diseased ovary in comparison with the normal ova-
ry, the patients with endometriosis only on one side were included,
and those with disease on the other side were excluded. Normal
ovary was defined as that without endometriosis on preoperative
ultrasonography and MRI.

All the examinations were performed on a 3.0-tesla MR machine
(Skyra; Siemens Health Care, Erlangen, Germany). Before MRI
examination, the patients underwent 6 hours of fasting followed by
intramuscular administration of 20 mg of hyoscine butylbromide
(Buscopan; Boehringer Ingelheim, Ingelheim am Rhein, Germa-
ny) to inhibit bowel movement. In the study, a set of 8-channel
phased-array body coils was applied. We performed the MRI ex-
amination using the same parameters for field of view, slice thick-
ness, echo time, repetition time for T1WI, and contrast-enhanced
T1WI acquisition to generate a normalized perfusion map. To ob-
tain a normalized perfusion image, the non-contrast-enhanced im-
age was subtracted from the contrast-enhanced image and then di-
vided by the contrast-enhanced image. As a result, each pixel con-
stituting the normalized perfusion map was theoretically coded
from 0 for no perfusion to 1 for complete perfusion (Fig. 1). Each
region of interest (ROI) was measured by specifying an outline of
the ovaries affected by endometriosis at the level with the largest
area of the remaining ovary and the normal contralateral ovary on
T2WI by one radiologist who was blinded to the clinical informa-
tion. To measure only the perfusion of the surviving ovarian tissue,
pixels corresponding to the endometriotic cysts with a low perfu-
sion state of < 0.2 and high perfusion state of > 0.9 were removed
using the threshold technique. The fractional area ratio was de-
fined as the ratio of tissue area with a perfusion ratio between 0 and
0.2 to the total area.

The area, mean and standard deviation of signal intensity, and
integrated density of the affected ovary with endometrioma were
compared with those of the normal ovary. Integrated density, as
the sum of all pixel intensities in the ROI, indicates the total
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Fig. 1. (A) Region of interest (ROI) for normal ovary (arrow) and endometriosis (arrowhead) is defined on the T2-weighted image. (B, C)
Division of the subtraction image by the contrast-enhanced T1-weighted image generates a normalized perfusion map. To measure only
the perfusion of the surviving ovarian tissue, pixels corresponding to endometriotic cysts with a low perfusion state of 0.2 or less were
removed using the threshold technique. (D) The saved ROl is applied to the normalized perfusion map.

amount of contrast enhancement effect in this study. The parame-
ters included in the ASM, contrast, correlation, IDM, and entropy
for the same ROl in the perfusion map, were calculated using the
GLCM plugin using Image] (1.50i; National Institutes of Health,
Bethesda, MD, USA; https://imagej.nih.gov/ij). Statistical analy-
ses were performed using IBM SPSS version 23.0 for Windows
(IBM Corp., Armonk, NY, USA). The paired t-test was used to ex-
amine the difference in numerical variables from those in the tex-
ture analysis. Statistical significance was set at a p-value of <0.0S.

Results

This study included 25 patients with pathologically confirmed
ovarian endometriosis after cystectomy. The mean age was
28.21+5.71 years. Normal ovary was defined in all the patients.
The normal ovaries showed variable-sized multiple cysts sur-
rounded by solid ovarian stromal tissue on T2WI. At the level of
the maximal diameter, normal ovaries showed 537.70+331.80
mm’ of area. Compared with the normal ovaries, ovaries affected
by endometriosis had a higher number of pixels, with a perfusion
ratio between 0 and 0.2 with poor perfusion due to the endometri-
otic cysts (Fig. 2). As a result, the perfused tissue area was
430.79+272.98 mm’ for the area of the tissue in the range of 0.2 to
0.9. The ratio of the fractional area with a perfusion ratio of 0.2
to 0.9 to the total area was 0.89 +0.11. The perfusion ratio and
integrated density of the normal ovary were 0.52 £0.05 and
23872+ 136.21, respectively.

Compared with the normal ovary, the total size (p < 0.001), frac-
tional area ratio (p < 0.001), and perfusion ratio (p=0.010) of the
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affected ovary showed significant differences, but the perfused tis-
sue area (p=0.158) and integrated density (p=0.112) had no sig-
nificant differences (Table 1).

In the comparison with the parameters for texture analysis be-
tween the ovary affected by endometriosis and the contralateral
normal ovary, ASM (p=0.004), contrast (p=0.002), IDM
(p<0.001), and entropy (p =0.028) showed significant differenc-
es (Table 2). However, all the cysts showed a low perfusion ratio
on the normalized perfusion map (Fig. 3). Linear regression analy-
sis revealed a significant coefficient of determination between the
fractional area with ASM (¥ =0.211), IDM (¥’ =0.332), and en-
tropy (r* =0.289; Fig. 4). The standard coefficients of ASM, IDM,
and entropy were —0.459 (p=0.021), -0.577 (p=0.003), and
0.538 (0.006), respectively (Table 3).

Discussion

Until now, the effect of contrast enhancement on the evaluation of
endometriosis using MRI has been shown to differentiate between
other hemorrhagic adnexal lesions, luteal cysts, ovarian abscesses,
or potentially malignant tumors [ 12,13]. However, this study fo-
cused on the role of contrast agents in the evaluation of adjacent
surviving ovarian tissue invaded by endometriosis. The perfusion
map could be used for the analysis of viable tissue within this sub-
set of cystic ovarian masses according to the severity of endometri-
osis for preoperative evaluation [ 14-16].

In the present study, the total perfusion ratio of the normal ovary
ranged from 0.2 to 0.9 as compared with that of cysts caused by en-
dometriosis, which was < 0.2 [17]. In this study, we suggest inte-
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Fig. 2. Comparison of the number of pixels for the perfusion ratio between normal ovary (black line) and affected ovary by endometriosis

(red line).

Table 1. Comparison of parameters of normalized perfusion map between affected ovary by endometriosis and contralateral normal ovary

Parameter Affected ovary by endometriosis Contralateral normal ovary p—valuea]
Total area (mm?) 2,050.40+1,067.99 537.70+331.80 <0.001
Perfused tissue area (mm?), 0.2 < perfusion ratio <0.9 550.43+270.22 430.79+272.98 0.158
Fractional area ratio” 0.33%£0.19 0.89+0.11 <0.001
Perfusion ratio within perfused tissue area 0.49+0.06 0.52+0.05 0.010
Integrated density 290.25+150.83 238.72+136.21 0.112
Values are presented as mean * standard deviation.

IPaired t-test. “Ratio of tissue area with perfusion ratio between 0 and 0.2 to the total area.

Table 2. Comparison of histogram analysis between affected ovary by endometriosis and contralateral normal ovary

Variable Affected ovary by endometriosis Contralateral normal ovary p—valuea]
Angular second moment 0.10+0.15 0.01+0.03 0.004
Contrast 779.96+396.83 1,040.45 £ 559.94 0.002
Correlation 0.00062+0.00175 0.00066 +0.00154 0.440

Inverse difference moment 0.31+0.18 0.14£0.08 <0.001
Entropy 6.40+1.53 7.10£0.75 0.028

Values are presented as mean *standard deviation.
IPaired t-test.

grated density modified by area instead of pixel number. Although
the further clinical study is needed, integrated density could be a
potential biomarker of remnant ovarian tissue. In the present study,
severe endometriotic invasion showed a smaller area with a mod-
erate perfusion ratio similar to that of the ovary, which suggests
that the perfusion map could predict remnant ovarian preserve.
However, it is difficult to discriminate between the infiltration by
the cyst accompanied by inflammatory changes due to endometri-
osis and the surrounding surviving ovarian tissue. Our results

showed an increased pixel count at perfusion ratios between 0.4

and 0.9 in endometriosis, which suggests an increase in inflamma-
tory changes in endometriosis and cystic lesions. These results
may suggest that assessment of the degree of ovarian involvement
may be helpful in determining the preoperative grade [14,15]. In
this study, cysts were subtracted from the ovaries affected with en-
dometriosis, and the remaining surviving ovarian tissues were
compared with normal ovaries. The remainder after excluding the
cyst site is presumed to be the changes caused by endometriosis,
including inflammation and neovascularization, which will affect
the texture analysis.
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Fig. 3. Comparison of texture analysis parameters, including (A) angular second moment, (B) inverse difference moment, and (C) entropy,
between affected ovary by endometriosis and the contralateral normal ovary.
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Fig. 4. Linear regression analysis of the parameters for texture analysis, including (A) angular second moment, (B) inverse difference mo-
ment, and (C) entropy, of the affected ovary according to fractional area.

Table 3. Linear regression analysis between parameters of texture analysis with fractional area of ovarian tissue affected by endometriosis

Unstandardized coefficient

Model 3 Standard error Standardized coefficient p t r p-value”
Angular second moment -0.359 0.145 -0.459 -2.478 021 0.021
Inverse difference moment -0.567 0.168 -0.577 -3.384 0.332 0.003
Entropy 4.430 1.448 0.538 3.061 0.289 0.006

JPaired t-test.

Texture analysis has been used as a method for quantifying im-
age texture, which is concerned with the description of the image
properties based on textural features [ 18]. Texture analysis of med-
ical images has expanded its applications to segmentation of specif-
ic anatomical structures, detection of lesions, differentiation, and
prognosis of pathological and healthy tissues [19]. ASM, also
called uniformity or energy, represents image homogeneity. A high
ASM value represents good homogeneity of the image and re-
markable similarity of pixels. The IDM score implies the local ho-
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mogeneity of the image. A high IDM score indicates uniformity in
the gray level of the image. Entropy refers to the amount of image
information required for image compression. The loss of image in-
formation or message can be measured by entropy. Texture analy-
sis has been applied in various clinical areas and imaging methods
but rarely applied in the evaluation of gynecological diseases, espe-
cially endometriosis, using MRI. Recently, histological analysis has
been used to distinguish between cystic lesions of endometriosis
and hemorrhagic cysts on MRI; therefore, images of selected le-
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sions were from T2WI [20]. However, the present study was con-
ducted to compare infected endometrial tumors with normal ova-
ries; therefore, texture analysis was performed using a perfusion
map based on contrast-enhanced TTWI.

However, this study has several limitations. First, the number of
enrolled patients was too small for comprehensive understanding
of the relationship between imaging results and clinical outcomes.
For the validation of usefulness of texture analysis for prediction
ability for pregnancy, a larger study population is mandatory. Sec-
ond, the acquisition of perfusion maps requires that a trained ra-
diologist strictly adheres to a specific protocol for obtaining an ac-
curate image. Despite the need to create an image subtracted from
correct pre- and postcontrast images, risk of disturbance caused by
the patient’s voluntary or involuntary movements remain [21,22].
Third, each ROI measurement was performed by a single observ-
er, and the inter- and intraobserver variations were not assessed.
However, these variations are expected to be small and barely affect
the results of whole-volume measurements.

All the measurements and calculations after ROI measurement
are made in the image postprocessing application, so these chang-
es are limited and have little effect on texture analysis. Finally, the
texture analysis result may vary depending on the image acquisi-
tion parameters, including image resolution, field size, and hetero-
geneity. Some of the features required to describe the structure of
the tissue being examined can reflect the uneven sensitivity of the
scanner, which can lead to inadequate description of the tissue.

This study focused on the role of texture analysis on perfusion
imaging in patients with ovarian endometriosis. Normalized perfu-
sion maps showed the extent of invasion of ovarian endometriosis
to adjacent remnant ovarian tissue. The parameters of the perfu-
sion map, including the perfusion ratio and integrated density in
the residual ovary represented by the region with a perfusion ratio
0f 0.4 to 0.9, showed a correlation with the degree of endometrial
invasion. In conclusion, texture analysis for the perfusion map of
pelvic MRI could be useful for revealing the extent of endometrial
invasion and viable remnant ovarian tissue. Until now, texture anal-
ysis of perfusion maps of pelvic MRI has been studied very rarely
and may be a promising tool for preoperative evaluation of residual
ovarian tissue in patients who wish to preserve their ovaries during

surgical treatment.
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