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Background: To minimize damage to the ovarian reserve, it is necessary to evaluate the follicular 
density in the ovarian tissue surrounding endometriosis on preoperative imaging. The purpose of 
the present study was to evaluate the usefulness of subtraction pelvic magnetic resonance imag-
ing (MRI) to detect ovarian reserve. 
Methods: A subtracted T1-weighted image (subT1WI) was obtained by subtracting unenhanced 
T1WI from contrast-enhanced T1WI (ceT1WI) with similar parameters in 22 patients with ovarian 
endometriosis. The signal-to-noise ratio (SNR) in ovarian endometriosis, which was classified into 
the high signal intensity and iso-to-low signal intensity groups on the T2-weighted image, was 
compared to that in normal ovarian tissue. To evaluate the effect of contrast enhancement, a 
standardization map was obtained by dividing subT1WI by ceT1WI. 
Results: On visual assessment of 22 patients with ovarian endometriosis, 16 patients showed a 
high signal intensity, and 6 patients showed an iso-to-low signal intensity on T1WI. Although SNR 
in endometriosis with a high signal intensity was higher than that with an iso-to-low signal inten-
sity, there was no difference in SNR after the subtraction (13.72±77.55 vs. 63.03±43.90, p=0.126). 
The area of the affected ovary was smaller than that of the normal ovary (121.10±22.48 vs. 
380.51±75.87 mm2, p=0.002), but the mean number of pixels in the viable remaining tissue of the 
affected ovary was similar to that of the normal ovary (0.53±0.09 vs. 0.47±0.09, p=0.682). 
Conclusion: The subtraction technique used with pelvic MRI could reveal the extent of endome-
trial invasion of the normal ovarian tissue and viable remnant ovarian tissue.  
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Introduction 

Although pelvic ultrasonography (USG) is the initial method of 
choice for identifying and characterizing adnexal cystic structures, 
magnetic resonance imaging (MRI) is performed in patients select-
ed based on the results of USG and severity of symptoms [1-3]. 
MRI is generally performed to exclude malignancies in cases of 
intermediate USG features of ovarian masses [4-6]. Recently, an 

increased number of nulliparous women with ovarian endometri-
osis and desire to preserve ovarian function have been the main 
cause of increased MRI examinations. In addition, it is necessary 
to evaluate the follicular density in the ovarian tissue surrounding 
the endometrial cyst on preoperative imaging, especially in 
younger patients scheduled for ovarian cystectomy, to minimize 
damage to the healthy ovarian tissue and to predict the remnant 
ovarian function. 
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Typical MRI features of ovarian endometriosis include a high 
signal intensity on both T1-weighted images (T1WIs) and 
T2-weighted images (T2WIs), which persist on subsequent 
fat-suppressed T1WI [3,6]. However, chronic bleeding with accu-
mulation of high concentrations of iron and protein in the endo-
metriosis could cause gradual variations in the signal intensity 
[3,7,8]. As data are limited on gadolinium enhancement in the 
evaluation of endometriosis, the use of gadolinium is recommend-
ed as an “option” in the evaluation of indeterminate adnexal endo-
metriosis, such as for distinction from other hemorrhagic adnexal 
lesions, luteal ovarian cysts, or tubo-ovarian abscesses. In addition, 
gadolinium enhancement is crucial for depicting strongly enhanc-
ing mural nodules if atypical features suggest potential malignancy 
on USG or T2WI [9,10]. However, the surgeon needs to consider 
the remnant ovarian tissue and endometriosis involving that area 
to avoid its destruction with blood coagulation or disruption of the 
ovarian blood supply while using the appropriate surgical approach 
[11]. However, it is difficult to determine the degree of invasion of 
endometriosis from stretching of the surrounding tissues because 
of the presence of cysts with inflammatory changes due to endo-
metriosis [12]. In such cases, subtraction imaging of the ovary may 
be useful, in which the differential diagnosis includes displacement 
of the ovarian tissue and hemorrhagic endometriosis. 

After subtraction, native T1 signals disappear, and the remain-
ing signals are due solely to the enhancement associated with 
shortening of the T1 relaxation time owing to the intravenous 
contrast administration or flow effect [13,14]. This technique is 
widely used, and determining the presence/absence of enhance-
ment is critical [15]. Therefore, the purpose of the present study 
was to evaluate the usefulness of a standardization map of pelvic 
MRI for patients with ovarian endometriosis. 

Materials and methods 

Retrospective data collection and analysis were approved by the 
institutional review board of Kyungpook National University 
Hospital (IRB No: KNUK 2017-06-012). The need for informed 
consent was waived due to the retrospective design of the study.

Endometriosis was classified based on the Revised American 
Society for Reproductive Medicine classification [16]. Twelve pa-
tients had stage III endometriosis, and 10 patients had stage IV 
endometriosis. All patients underwent laparoscopic ovarian cys-
tectomy. The final diagnosis was obtained based on the histo-
pathological/cytological examination of the surgically excised 
specimen of the lesion. To avoid spontaneous T1 hyperintensity 
due to menstrual bleeding, MRI was scheduled to be performed 
after day 8 of the menstrual cycle. Before MRI examination, the 

patients underwent 6 hours of fasting, followed by an intramuscu-
lar administration of a peristaltic inhibitor. MRI examinations 
were performed on a 3.0T closed-magnet MRI machine (Skyra; 
Siemens Health Care, Erlangen, Germany). We used a set of 
8-channel phased array coils dedicated to different body parts in-
cluded in the study. Subtraction images were obtained after intra-
venous contrast injection to assess the presence of enhancement 
for adequate depiction of these lesions. Contrast-enhanced T1WI 
(ceT1WI) MRI including subtracted T1WI (subT1WI) sequences 
was performed with similar parameters, such as field of view, slice 
thickness, repetition time, echo time, and fat suppression, for both 
sequences. 

MRI scans were interpreted on a picture archiving and commu-
nications system workstation (PiViewStar; Infiniti, Seoul, Korea) 
to identify endometriosis. An objective visual assessment of MRI 
scans was used to assess the T1 signal intensity of ovarian cystic 
lesions. A single author (LHJ) qualitatively analyzed all MRI 
scans for ovarian endometriosis blinded to any information on 
clinical details. When the signal intensity of a cyst was higher than 
that of the adjacent myometrium, the cystic lesion was regarded 
to show a high signal intensity on T2WI. In contrast, when the 
signal intensity was similar to or lower than that of the myometri-
um, the cystic lesion was regarded to show an iso-to-low signal in-
tensity on T2WI [3]. 

Using the digital image analysis software ImageJ (1.47q, National 
Institutes of Health, Bethesda, MD, USA), axial pre- and post-con-
trast T1WIs, T2WIs, and subtraction images were evaluated. To 
evaluate comparability with the normal ovarian tissue, the signal-to-
noise ratio (SNR) of the ovarian endometrial cyst and of the con-
tralateral normal ovarian tissue were measured on all sequences. 

To evaluate the effect of contrast enhancement, a standardiza-
tion map (standT1WI) was obtained by dividing subT1WI with ceT-
1WI and T1WI using ImageJ. Consequently, the number of pixels 
within standT1WI was scored from 0 (not perfused) to 1 (totally 
perfused) (Fig. 1). Each region of interest (ROI) was quantified 
by outlining it using the measurement tool on the software at the 
level of the maximal diameter of lesions. The pixel information, 
including area, mean signal intensity with standard deviation, kur-
tosis, and skewness, was compared with that of the normal ovary. 
In addition, we obtained the integrated density, which is the sum 
of the values of pixels in the image or selection. 

Statistical analyses were performed using SPSS version 13.0 for 
Windows (SPSS Inc., Chicago, IL, USA). The Student t-test. was 
employed to examine the difference in numerical variables. Statis-
tical significance was set at a p-value <0.05. 
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Results 

This study included 22 patients with surgically confirmed ovarian 
endometriosis who underwent pelvic MRI. The mean age was 
31.23 ± 7.21 years. ceT1WI MRI including subT1WI was performed 
in all patients. On T2WI, the normal ovary showed cysts of vary-
ing sizes surrounded by the darker solid ovarian stromal tissue at 
the level of the maximum ovarian diameter and bright cysts sur-
rounded by the darker solid ovarian stroma. ceT1WI showed 
well-enhanced tissue in an area of 380.51 ± 75.87 mm2. The mean 
number of pixels in the included ROI in the normal ovary was 
0.47 ± 0.09 on standT1WI. 

The affected ovary showed an area of 56.15 mm2 at the level of 
the maximum ovarian diameter. In the visual assessment, 16 ova-
ries showed a high signal intensity, and 6 ovaries showed an iso-to-
low signal intensity on T2WI. However, all cysts showed a low sig-
nal intensity on subT1WI (Fig. 2). Although SNR of the endometri-
osis with a high signal intensity was higher than that with an iso-to-
low signal intensity, there was no difference in SNR after the sub-
traction (13.72 ± 77.55 vs. 63.03 ± 43.90, p= 0.126) (Table 1). 

The area of the affected ovary was smaller than that of the nor-
mal ovary (121.10 ± 22.48 vs. 380.51 ± 75.87 mm2, p= 0.002), 
but the mean number of pixels in the remaining viable tissue of 
the affected ovary was similar to that of the normal ovary 

Fig. 1. Subtraction imaging and normalization of the contrast-enhanced effect. The ceTIWI (A) is subtracted by the unenhanced T1WI (B) 
to yield the subT1WI (C). To normalize the effect of contrast enhancement, the subT1WI (C) is divided by the ceT1WI (A) using ImageJ. The 
normalized perfusion map (D) is scored 0–1. ceT1WI, contrast-enhanced T1-weighted image; subT1WI, subtracted T1-weighted image.
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Fig. 2. Multiple hemorrhagic cysts in a 36-year-old woman with endometriosis. The pre-contrast T1WI with fat suppression (A) and 
post-contrast T1WI in the arterial phase of enhancement with fat suppression (B) show multiple (arrows) high signal intensities. The 
subtraction image (C) shows low signal intensity, regardless of the pre-contrast imaging. The number of pixels ranges 0.01–0.12 (arrows) 
(D). T1WI, T1-weighted image.
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Fig. 3. The T2-weighted image (A) and standardization map of the subtraction image (B) in a woman with endometriosis. The ovary 
with endometriosis (arrow) displaces the small ovarian follicles (white arrowheads). However, the mean number of pixels in the viable 
remaining tissue of the ovary with endometriosis is similar to that of the ovary without endometriosis (black arrowheads). Plotting (C) 
for the uterus, affected ovary, endometriosis, remnant ovary, and normal ovary show similar patterns between the remnant ovary and the 
normal ovary. The x-axis represents the mean number of pixels (dot) with standard deviation (bar), and the y-axis represents the area (dot) 
with integral density of the included structure (bar).

A B

(0.53 ± 0.09 vs. 0.47 ± 0.09, p= 0.682) (Fig. 3). The integrated 
density was lower in the affected ovary than in the normal ovary 
(63.82 ± 6.35 vs. 180.40 ± 17.52, p< 0.001) (Table 2). 

Discussion 

Subtraction imaging is a readily available technique routinely used 

with MR angiography. It can adequately determine the degree of 
contrast enhancement in the background of tissues that showed a 
high signal intensity on unenhanced T1WI MRI, such as hemor-
rhage or cystic lesions with mucinous or high proteinaceous con-
tents [14,17]. There are many potential applications for this tech-
nique, including detection of neoplasms in hemorrhagic masses 
and complicated cysts and determining the presence/absence of 
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enhancement. Although a helpful tool, subtraction MRI is still 
underused for non-vascular cases. It can unambiguously evaluate 
contrast enhancement in lesions that showed initial T1 high signal 
intensity, thereby characterizing their nature. Complex ovarian 
cysts often show a high signal intensity on T1WI owing to the 
presence of intracystic hemorrhage. 

Qualitative detection of enhancement, such as visual assessment 
of such lesions, is often difficult because of hemorrhagic or protein-
aceous contents producing a high signal intensity on T1WI. Sub-
traction imaging is highly sensitive for detection of enhancement 
within these lesions and for accurate classification of benign hem-
orrhagic cysts or cystic ovarian malignancies. Although subtraction 
MRI could help evaluate ovarian lesions, its use has not been wide-
ly discussed in the radiological literature [14,17-19]. In the present 
study, the possibility of endometriosis suggested with the subtrac-
tion technique was confirmed after the surgery in all 22 patients. 
Six patients in our study presented with an iso-to-low signal inten-
sity on T2WI. In all of them, subtraction images showed the ab-
sence of enhancement within the lesions, regardless of the shading 
effect, confirming the diagnosis of endometriosis after the surgery. 
subT1WI can be useful in differentiating complex cystic lesions with 
T1 high signal intensity. In ectopic pregnancy, contrast enhance-
ment may be mild, but on subtraction imaging, the differentiation 
is clearer [20]. The role of subT1WI is crucial in unusual subtypes of 
endometriosis, including scar endometriosis, infiltrating endome-
triosis, endometriosis with infection, or endometriosis in the ade-
nomyotic uterus [3,21,22]. 

Contrast enhancement depends on many variables. Therefore, 
standardization is required of the signal intensity scale for the effect 
of contrast enhancement [23].standT1WI was obtained by dividing 
subtraction images with non-enhanced images in the current study 
to analyze images performed in different environments. standT1WI 
showed no enhancement of the lesions in the six patients with a 
chocolate cyst. Subtraction of high-resolution images can aid in 
evaluation of the remnant ovarian tissue. Endometrial invasion of 
the ovarian tissue is associated with the ovarian function. More-
over, bilateral invasion of the ovarian tissue is associated with infer-
tility. Therefore, preoperative evaluation of the viable ovarian tissue 
is important. standT1WI could be used to quantitatively analyze en-
hancement within this subset of cystic ovarian masses to prevent 
false-negative results. In addition, assessment of the extent of ovari-
an involvement is mandatory to determine the preoperative grade 
[24,25]. However, there are no definite MRI findings suggestive of 
deep invasion of the ovary. In this study, we regarded integrated 
density as the sum of pixel densities modified by area instead of the 
sum of the number of pixels. Although further clinical studies are 
required, the value could be a marker for remnant viable ovarian 
tissue. The presented technique could be useful in determination 
of the surgical approach for ovarian endometriosis. 

However, this technique has some disadvantages. Although 
subtraction MRI adds only a few extra minutes in the process after 
contrast-enhanced MRI (ceMRI), it requires strict adherence to a 
specific protocol [26,27]. The radiology staff should be trained to 
ensure that correct images are obtained, and the post-acquisition 

Table 2. Comparison of the standardization map for the subtracted T1-weighted image between ovaries with and without endometriosis

Affected ovary Control p-valuea)

Endometriosis (A) Viable ovary (B) Normal ovary (C) A&B B&C
Area 1,240.34±324.50 121.10±22.48 380.51±75.87 <0.001 0.002
Mean 0.17±0.19 0.53±0.09 0.47±0.09 <0.001 0.682
Integrated density 214.57±31.20 63.82±6.35 180.40±17.52 <0.001 <0.001
Skewness 1.03±20.79 -2.30±0.32 -1.13±0.30 <0.001 0.453
Kurtosis -0.451±1.35 3.71±2.26 2.88±1.52 <0.001 0.326

a)Student t-test.

Table 1. Comparison of the signal-to-noise ratio between ovaries with and without endometriosis

Ovarian endometriosis Control p-valuea)

T2 high SI (A) T2 iso-to-low SI (B) Normal ovary (C) A&B B&C
T2WI 945.31±116.53 557.86±72.18 574.61±155.06 <0.001 0.824
T1WI 124.98±3.91 505.80±5.76 356.52±32.23 <0.001 0.001
ceT1WI 329.40±17.56 572.25±76.21 697.48±88.97 <0.001 0.002
Subtraction 13.72±77.55 63.03±43.90 340.97±91.98 0.126 <0.001

SI, signal intensity; T2WI, T2-weighted image; T1WI, T1-weighted image; ceT1WI, contrast enhanced T1WI.
a)Student t-test.
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analysis is appropriate, including matching the exact pre- and 
post-contrast images to generate the subtracted image, which can 
be hampered by patient movement [28]. As a result, many images 
in our study were not suitable for analyses. These issues have not 
been highlighted by the previous studies on subtraction MRI. The 
utility of contrast MRI with the subtraction technique is rarely 
discussed. 

This study highlighted the role of subtraction imaging with 
MRI. Pelvic MRI with subtraction imaging revealed ovarian en-
dometriosis invasion of the adjacent healthy ovarian tissue. Sub-
traction images showed the absence of enhancement within the 
lesions, confirming the diagnosis of hemorrhage due to endome-
triosis. The normalized perfusion index map could be helpful for 
evaluating the remnant ovarian tissue. The application of ceMRI 
with the subtraction technique has rarely been discussed; howev-
er, it could be promising for the preoperative evaluation in pa-
tients who desire ovarian preservation during the surgical treat-
ment. In conclusion, the subtraction technique used with pelvic 
MRI could reveal the extent of the endometrial invasion and via-
ble remnant ovarian tissue.  
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