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Intravoxel incoherent motion magnetic 
resonance imaging and derived parameters 
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Abstract 

Background:  Polycystic ovary syndrome (PCOS) is the most common endocrinologic disorder in reproductive age. 
Diagnosis is based on clinical, laboratory, and ultrasonography findings. However, the application of ultrasound for 
the diagnosis of PCOS in overweight and sexually inactive patients may be limited. The purpose of this study was to 
display the imaging characteristics of intravoxel incoherent motion (IVIM) magnetic resonance imaging (MRI)-derived 
parameters as Dtrue (slow diffusion coefficient), D* (perfusion-related diffusion), f (perfusion fraction), and apparent 
diffusion coefficient (ADC) in PCOS.

Results:  A total of 43 women, 20 with PCOS (mean age, 24.09 ± 3.92 years) and 23 healthy control (mean age, 
23 ± 1.67 years), were included. IVIM MRI-derived parameters of the ovarian stroma were measured by two observers. 
Mean D* and f values were found to be higher in PCOS patients than in individuals in the control group (p = 0.011 
and p = 0.004, respectively). The ADC value was found to be significantly lower in the patient group (p = 0.003). There 
was no statistically significant difference between two groups in Dtrue (p = 0.742). The interclass correlation analysis 
of two observers for both groups showed a good-to-excellent agreement. The ROC produced an AUC of 0.521, a 
sensitivity of 50%, a specificity of 57%, and a cut-off value of 1.48 × 10−3 mm2/s for Dtrue; an AUC of 0.769, a sensitivity 
of 55%, a specificity of 67%, and a cut-off value of 22.25 × 10−3 mm2/s for D*; an AUC of 0.734, a sensitivity of 55%, a 
specificity of 62%, and a cut-off value of 20.87% for f; an AUC of 0.893, a sensitivity of 90%, a specificity of 33%, and a 
cut-off value of 1.37 × 10−3 mm2/s for ADC.

Conclusions:  IVIM MRI would be an alternative imaging tool in the diagnosis of PCOS with a good-to-excellent 
agreement and with acceptable sensitivity and specificity.

Keywords:  Polycystic ovary syndrome (PCOS), Intravoxel incoherent motion (IVIM), Magnetic resonance imaging 
(MRI), Diffusion, Perfusion
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Background
Polycystic ovary syndrome (PCOS) is one of the most 
commonly seen endocrinologic disorders, with a preva-
lence of 6%–15% in reproductive age[1]. Although the 

etiology of PCOS is not clarified, it is accepted as a mul-
tifactorial with several genetic, metabolic, and endocrine 
disorders [1]. The defect in secretion or action of the 
follicle-stimulating hormone (FSH) pathway is suggested 
to be the reason for impaired dominant follicle selection 
(1). Furthermore, hypothalamic-pituitary-gonadotropin 
imbalance causing more remarkable luteinizing hormone 
(LH) pulse amplitude and frequency lead to an altered 
LH / FSH ratio that results in follicular arrest [1]. PCOS 
is suggested to be associated with infertility, psychiatric 
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disorders, and metabolic diseases [2]. Thus, an accurate 
and certain diagnosis is essential.

PCOS has been defined as a condition of ovulatory dis-
order, hyperandrogenism, and polycystic appearance of 
ovaries on ultrasound in a consensus of the Rotterdam 
ESHRE/ASRM, 2003 [3]. For the diagnosis, 2 of 3 crite-
ria are required with the elimination of other etiologies. 
Among these three criteria, ultrasonographic evaluation 
(12 or more follicles with 2–9 mm in diameter per ovary) 
and/or increase in ovarian volume (larger than 10  ml) 
is the most challenging component of the diagnosis [4]. 
Recommendation of ultrasonographic assessment of 
ovaries based on transvaginal approach [5, 6]. However, 
the transvaginal approach is contraindicated in virgin 
patients [5, 6]. And also, it has limited visualization of 
the ovaries because of the abdominal fat in overweighted 
patients [5]. Magnetic resonance imaging (MRI) dem-
onstrated that ovarian morphology would be evaluated 
accurately and offered to be an alternative technique to 
ultrasound in overweighted and virgin patients [6–9]. 
In a study by Yoo et al., MRI is suggested to provide an 
increased spatial resolution of ovarian morphology with 
a higher follicle number than that revealed by transab-
dominal ultrasound [8]. However, functional MRI has not 
been applied yet. A noninvasive imaging technique not 
only for characterizing ovarian morphology but also for 
providing physiological information without using con-
trast agents is needed for diagnosis or monitoring the 
response to therapy.

Intravoxel incoherent motion (IVIM) MRI is a non-
invasive modality that evaluates the tissue diffusion 
and microcapillary perfusion in separate calculations 
by a biexponential equation as distinct from diffusion-
weighted imaging (DWI), which uses a monoexponential 
equation [9, 10]. In IVIM MRI, three additional param-
eters as true or slow diffusion coefficient, perfusion-
related (pseudo or rapid) diffusion, and perfusion fraction 
(f) can be measured [9, 11–13]. It has been widely applied 
in liver pathologies, including hepatosteatosis, liver fibro-
sis, or in various malignancies such as ovarian, cervical, 
and breast carcinomas in recent years [14, 15]. As far as 
we know, IVIM MRI in the assessment of PCOS has not 
been performed yet. This study aimed to assess IVIM 
MRI-derived parameters in PCOS and to evaluate the 
IVIM MRI as a new diagnostic approach.

Methods
Subjects
Ethical approval of this prospective study was obtained 
from the Ethical Committee of the university hospital, 
and written informed consent was obtained.

A total of twenty patients who were diagnosed with 
PCOS according to the revised consensus on diagnostic 

criteria [3, 4] by a ten years experienced gynecologist 
and endocrinologist and twenty-three healthy volunteers 
were included in this study between January 2019 and 
October 2020. The diagnosis of PCOS was performed 
according to the presence two criteria of three of the fol-
lowing: (1) ovarian dysfunction (oligo- or anovulation), 
(2) clinical and/or biochemical signs of hyperandrogen-
ism, and (3) polycystic ovaries (presence of 12 or more 
follicles in each ovary measuring 2–9 mm) [3, 4].

The inclusion criteria were patients with 17 and 
38 years of age. The exclusion criteria were the individuals 
with any endocrine (diabetes mellitus, hypothyroidism, 
hyperthyroidism, hyperprolactinemia, adrenal enzyme 
abnormality, etc.), systemic, and neoplastic disorders 
were excluded. The patients had ovarian cyst (larger than 
3  cm) on transabdominal ultrasound. The patients who 
had claustrophobia and metallic implants /implantable 
devices contraindicated to MRI were also excluded.

Demographic and clinical data, including luteiniz-
ing hormone (LH), follicle-stimulating hormone (FSH), 
dehydroepiandrosterone, and dehydroepiandrosterone 
sulfate (DHEA), free testosterone, free T4, thyroid-stim-
ulating hormone (TSH), glucose, insulin resistance, LH / 
FSH ratio, were retrieved from the data system.

Transabdominal ultrasound and pelvic MRI were 
obtained within the first week following the menstrua-
tion for all individuals in the control and patient groups. 
All transabdominal ultrasound evaluations were per-
formed with an Aplio 500 ultrasound system machine 
(Toshiba Medical Systems, Tokyo, Japan) and a 9  MHz 
frequency convex array transducer by ten years experi-
enced radiologist.

IVIM MRI examination and analysis
All MRIs were performed on a 1.5 T magnet field scan-
ner (450  W; General Electric Medical Systems, Wauke-
sha, Wisconsin, USA) with a 32-channel phased-array 
abdominal coil without contrast agent administration. 
Pelvic images were obtained in the axial plane using a 15 
to 20  s breath-hold T2 weighted image and IVIM MRI 
sequence. Imaging parameters of the T2 weighted images 
sequence were applied as follows; repetition time 3.1 ms; 
the echo time 1 ms; flip-angle 58°; bandwidth ± 108 kHz; 
matrix 192 × 228; FOV 380  mm; the number of exci-
tations 1; slice thickness 5  mm; gap 1  mm. Ten (10) b 
values (0, 10, 20, 30, 50, 80, 100, 200, 400, 800  s/mm2) 
were applied during the IVIM MRI sequence. The other 
parameters were as follows; repetition time 4.2  ms; the 
echo time 1.4–11 ms; flip-angle 35°; bandwidth ± 55 kHz; 
matrix 320 × 198; FOV 345  mm; Number of excitations 
1; slice thickness 5 mm; gap 1 mm. The average scan time 
was 5–10 min for T2 weighted image and 5–10 min for 
IVIM MRI sequence.
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All the MRI examinations were assessed by two radi-
ologists with at least 8  years of experience blinded to 
patient information. IVIM MRI images were automati-
cally processed on the device, and IVIM MRI-derived 
parameters [Dtrue, D*, f, and apparent diffusion coef-
ficient (ADC) maps] were produced. All the measure-
ments were performed on a workstation (Advantage 
Workstation, General Electric Medical Systems, 
Waukesha, Wisconsin, USA). During the evaluation, 
an axial T2 weighted image was used to differentiate 
ovarian stroma from follicles to evaluate the number 
of ovarian follicles and ovarian volume (Fig.  1). Cop-
ied two round regions of interest (ROI) with 2–3 mm2 
were placed manually within each ovarian stroma in 
the IVIM MRI sequence (Fig. 1). The mean Dtrue, D*, 
f, and ADC values were calculated by averaging the 
four measurements (two ROIs for left and two ROIs 
for right ovaries) for both observers. The mean values 
of IVIM MRI-derived parameters were recorded as 
average measurements of both observers.

Diffusion‑weighted and intravoxel incoherent motion 
magnetic resonance imaging
DWI is a single-shot echoplanar imaging sequence with 
a long time to echo value with a motion-probing gradient 
pulse used to reduce the signal intensity of moving water 
molecules [16].

The magnitude of the water diffusion was described 
by the ADC. S0 is the baseline signal intensity (b = 0) 
recorded before the image acquisition, and the Sb is a 
signal intensity at a prescribed b value. Therefore, the 
signal intensity of different tissue decreases at differ-
ent rates defined by their baseline signal intensity, ADC, 
and the b values [16]. IVIM MRI sequence is established 
on a bi-compartment model, which was first presented 
by Le Bihan et  al. [9, 11]. According to this model, the 
increased signal in DWI was originated from the motion 
of water molecules in different compartments such as 
extracellular, intracellular, and intravascular space or per-
fusion [17]. Differentiating the motion of water molecules 
in intravascular space from diffusion in the extravascular 

Sb = S0 exp (−b× ADC)

Fig. 1  a 20-year-old girl with polycystic ovary syndrome. a–c Axial T2 weighted images (fast imaging employing steady-state acquisition) sequence 
shows peripheral ovarian follicle and central stoma in the left ovary (a), two regions of interest (ROI) replaced in the ovarian stroma in a single-shot 
echo-planar diffusion-weighted image (b = 800 s/mm2) (b) and apparent diffusion coefficient (ADC) map (mm.2/s (c), corresponding IVIM MRI 
sequence that used for derived parameters (d)
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space is presented by the methodology of IVIM imaging 
[16]. Sb is the signal at a diffusion weighting with a spe-
cific b value, and S0 is the signal intensity at baseline.

Dtrue showed the apparent diffusivity of water and is 
affected by an increment of density in cellular structure 
[9, 18, 19]. D* or pseudo-diffusion coefficient indicates 
intravascular blood flow velocity and perfusion fraction 
(f) shows blood volume, which reflects the capillary per-
fusion [19]. Thus, a lower D* or f value indicates impaired 
capillary perfusion. In lower b-values, the intravoxel spin 
dephasing caused by the pseudorandom blood flow in 
the presence of diffusion gradient will promote more sig-
nal attenuation. During the following phase of the signal 
decay, the attenuation was mainly the result of the diffu-
sion of water molecules because the blood signal would 
be suppressed to the higher diffusion gradients [20].

Statistical analysis
Normally distributed data are described as mean ± SD. 
Non-normally distributed data (free testosterone, free 
T4, and TSH) are presented as medians with interquar-
tile range (interquartile range, IQR 25–75). Differences 
between two groups in IVIM MRI-derived parameters 
and laboratory findings were evaluated using an inde-
pendent sample t test or Mann–Whitney U test. Labora-
tory findings were assessed with respect to IVIM-derived 
parameters using the Pearson or the Spearman cor-
relation tests. All variables were analyzed for normal-
ity using Shapiro–Wilk tests, and a p-value of < 0.05 was 

Sb = S0 (1− f ) exp(−b× D)+ f exp(−b× D∗)

considered a statistically significant difference. Statistical 
analyses were done using SPSS (SPSS 20, Chicago, Illi-
nois, USA).

Interclass correlation coefficient (ICC) was assessed 
by a two-way mixed model. Both observers measured 
at 2 points of each ovary (4 ROI measurements for each 
patient). ICC (95% confidence interval [CI]) values of 
average measurements were obtained by the mean rating 
of 2 measurements for each observer. An ICC coefficient 
value higher than 0.8 indicates excellent agreement, 0.8–
0.6 substantial agreement, 0.6–0.4 moderate agreement, 
and lower than 0.4 poor agreement [21]. Receiver operat-
ing characteristic (ROC) curve analyses were performed 
to determine the optimal cut-off values for each covariate 
(D, D*, f, and ADC).

Results
A total of 43 females, 20 patients diagnosed with PCOS, 
and 23 healthy controls, were included in this study. 
There was no significant difference between the two 
groups in terms of the patient age: 24.09 ± 3.92  years 
(ranges: 18–31  years) vs. 23 ± 1.67  years (ranges: 
21–26  years) (p = 0.239). Body mass index was higher 
in patient group (28.41 ± 7.14 vs.22.14 ± 2.69  kg/m2, 
p = 0.001). Demographic details with blood tests and 
ovarian morphologic characteristics are provided 
(Table  1). Blood tests showed PCOS patients had 
increased hormone levels compared to the control 
group. LH, DHEAS, free testosterone, TSH, insulin 
resistance and LH/FSH ratio were significantly higher 
in PCOS patients compared with the control group 

Table 1  Demographic characteristics and laboratory parameters of polycystic ovary syndrome and control groups

PCOS patients (n = 20) Control group (n = 23) p value t value

Age (years) 24.09 ± 3.92 23 ± 1.67 0.239 1.193

Body mass index (kg/m2) 28.41 ± 7.14 22.14 ± 2.69 0.001 3.645

LH (U/L) 5.93 ± 5.49 2.12 ± 0.76 0.008 2.931

FSH (U/L) 4.44 ± 2.14 4.56 ± 1.37 0.873  − 0.163

DHEA (µg/dL) 430.59 ± 178. 08 170.44 ± 58.91  < 0.001 5.142

Free testosterone (nmol/lc) 2.29 (1.68–2.75) 1.017 (0.99–1.048)  < 0.001 5.991

Free T4 (ng/dL) 0.96 (0.86–1.04) 0.98 (0.96–1.07) 0.613  − 0.510

TSH (mIU/L) 1.76 (1.26–2.24) 1.29 (0.93–1.83) 0.048 2.047

Glucose (mmol/L) 89.09 ± 8.98 87.42 ± 8.77 0.605 0.524

Insulin resistance 1.67 ± 1.33 1.41 ± 1.05 0.018 2.445

LH/FSH ratio 1.22 ± 0.76 0.67 ± 0.46 0.013 2.614

Follicle count per ovary 20.84 ± 3.61 7.97 ± 2.82  < 0.001 12.882

Ovarian volume (cm3) 13.41 ± 3.15 8.05 ± 2.20  < 0.001 6.368

Dtrue (× 10−3 mm2/s) 1.51 ± 0.17 1.53 ± 0.25 0.742 0.331

D* (× 10−3 mm2/s) 27.88 ± 9.21 19.85 ± 10.52 0.011  − 2.670

f (%) 23.15 ± 3.56 18.74 ± 5.61 0.004  − 3.115

ADC (× 10−3 mm2/s) 1.23 ± 0.26 1.42 ± 0.06 0.003  − 3.292
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(p = 0.008, p < 0.0001, p < 0.0001, p = 0.048, p = 0.018, 
p = 0.013, respectively). There was no significant dif-
ference between the two groups in terms of the FSH, 
free T4, and glucose (p = 0.873, p = 613, and p = 605, 
respectively). The mean follicle count and ovarian vol-
ume for single ovary were calculated as 20.84 ± 3.61 
and 13.41 ± 3.15 cm3 in PCOS group and 7.97 ± 2.82 
and 8.05 ± 2.20 cm3 in control group (p < 0.0001, 
p < 0.0001, respectively).

The mean D* and f values in patient group (patient 
group: D*; 27.88 ± 9.21 × 10 − 3 10−3 mm2/s, f; 
23.15 ± 3.56%, control group: D*; 19.85 ± 10.52 × 10−3 
mm2/s, f; 18,74 ± 5,61%) were significantly higher 
(p = 0.011 and p = 0.004, respectively). The ADC value 
was significantly lower in patient group compared to 
the control group (ADC; 1.23 ± 0.26 × 10 − 3 mm2/s, 
ADC; 1.42 ± 0.06 × 10−3 mm2/s, p = 0.003). There was 
no statistically significant difference in terms of Dtrue 
(p = 0.742). IVIM MRI-derived parameters of bilat-
eral ovaries in PCOS patients and controls are shown 
in Table  1. There was no statistically significant cor-
relation between laboratory findings and IVIM MRI 
parameters in both groups (Table 2).

The interclass correlation analysis of two observers for 
both groups showed a good-to-excellent agreement for 
Dtrue, D*, f, ADC values (Table  3). The interobserver 
agreement was for Dtrue: 0.844 (95% CI = 0.612–0.938), 
for D*: 0.891 (95% CI = 0.725–0.957), for f: 0.711 (95% 
CI = 0.257–0.887), for ADC: 0.820(95% CI = 0.583–0.923) 
in PCOS group, respectively. And also the interobserver 
agreement was for Dtrue: 0.907 (95% CI = 0.780–0.961), 
for D*: 0.915 (95% CI = 0.798–0.964), for f: 0.964 (95% 
CI = 0.915–0.985), for ADC: 0.853 (95% CI =  − 0.139–
0.967) in control group, respectively.

ROC curves were developed for each covariate (D, D*, 
f, ADC) (Table 4). The ROC produced an AUC of 0.521 
(ranges, 0.341–0.701), a sensitivity of 50%, a specific-
ity of 57%, and a cut-off value of 1.48 × 10−3 mm2/s for 
Dtrue; an AUC of 0.769 (ranges, 0.625–0.914), a sensi-
tivity of 55%, a specificity of 67%, and a cut-off value of 
22.25 × 10−3 mm2/s for D*; an AUC of 0.734 (ranges, 
0.584–0.896), a sensitivity of 55%, a specificity of 62%, 
and a cut-off value of 20.87% for f; an AUC of 0.893 
(ranges, 0.774–1.013), a sensitivity of 90%, a specificity of 
33%, and a cut-off value of 1.37 × 10−3 mm2/s for ADC. 
Positive and negative predictive values are 53% and 58% 

Table 2  Correlation of the values for IVIM MRI-derived parameters and laboratory findings of polycystic ovary syndrome group

Dtrue (D slow) (× 10−3 
mm2/s)

D* (Dfast) (× 10−3 mm2/s) f (perfusion fraction) (%) ADC (apparent 
diffusion coefficient) 
(× 10−3 mm2/s)

p value t value p value t value p value t value p value t value

LH (U/L) 0.188  − 0.215 0.276  − 0.142 0.448  − 0.032 0.106  − 0.301

FSH (U/L) 0.054  − 0.380 0.103  − 0.140 0.486 0.009 0.201  − 0.204

DHEA (µg/dL) 0.368  − 0.088 0.097  − 0.337 0.352  − 0.099 0.347 0.103

Free testosterone (nmol/lc) 0.165  − 0.260 0.303 0.140 0.271 0.164 0.066 0.393

Free T4 (ng/dL) 0.285 0.128 0.296  − 0.121 0.056 0.349 0.417 0.047

TSH (mIU/L) 0.447  − 0.030 0.132  − 0.249 0.072  − 0.322 0.419  − 0.046

Insulin (mmol/L) 0.476 0.015 0.436  − 0.039 0.178  − 0.231 0.117  − 0.311

Insulin resistance 0.345  − 0.088 0.178  − 0.202 0.215  − 0.173 0.266 0.263

LH/FSH ratio 0.338 0.094 0.278  − 0.102 0.254 0.147 0.105  − 0.278

Table 3  Mean values for IVIM MR-derived parameters and interobserver correlations in polycystic ovary syndrome and control groups

Observer 1 Observer 2 ICC (95% CI) p value

PCOS patients (n = 20) Dtrue (× 10−3 mm2/s) 1.52 ± 0.18 1.49 ± 0.25 0.844 (0.612–0.938)  < 0.0001

D* (× 10−3 mm2/s) 27.44 ± 11.88 28.38 ± 7.80 0.891 (0.725–0.957)  < 0.0001

f (%) 23.27 ± 4.45 23.02 ± 0.23 0.711 (0.257–0.887)  < 0.0001

ADC (× 10−3 mm2/s) 1.27 ± 0.29 1.21 ± 0.25 0.820 (0.583–0.923)  < 0.0001

Control patients (n = 23) Dtrue (× 10−3 mm2/s) 1.59 ± 0.36 1.53 ± 0.25 0.907 (0.780–0.961)  < 0.0001

D* (× 10−3 mm2/s) 19.89 ± 11.21 19.81 ± 10.72 0.915 (0.798–0.964)  < 0.0001

f (%) 18.93 ± 5.94 18.54 ± 5.47 0.964 (0.915–0.985)  < 0.0001

ADC (× 10−3 mm2/s) 1.47 ± 0.12 1.38 ± 0.36 0.853 (− 0.139–0.967)  < 0.0001
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for Dtrue, 61% and 64% for D*, 58% and 63% for f, 62% 
and 86% for ADC, respectively.

Discussion
DW-MRI and ADC values are mentioned to have the 
potential of imaging biomarkers in Diffusion-Weighted 
Magnetic Resonance Imaging as a Cancer Biomarker: 
Consensus and Recommendations, 2009 [22]. Mono-
exponential DWI has been applied in various ovar-
ian pathology, including ovarian tumors [23–25]. ADC 
measurement in gynecological disorders has been usually 
performed either in the evaluation of malignant tumors 
or in response to therapy. However, ADC assessment 
of PCOS is scarce [26, 27]. The study by Samancı et  al. 
assessed ovarian stroma by monoexponential DWI and 
demonstrated significantly lower stromal ADC values in 
PCOS patients [27]. Similar findings were also revealed 
in a study by Deveer et al. [26]. In concordance with the 
results of the study by Deveer et  al. and Samancı et  al. 
[26, 27], we found decreased stromal ADC value in PCOS 
patients.

Decreased ADC values in malignant tumors are sug-
gested to be related to a combination of increased cel-
lularity and higher extracellular space tortuosity, all 
contributing to the reduced motion of water [23]. It is 
suggested that decreased ADC value is associated with 
increased stromal collagen and vascular endothelial 
growth factor (VEGF), which plays an important role in 
the neovasculature formation in tumor stroma [28]. Ma 
et  al. also observed significant negative correlations of 
ADC with the VEGF expression and grade in prostate 
cancer [29]. Huang et  al. also found a negative correla-
tion between VEGF expression and the ADC values of 
hepatocellular carcinoma [30]. In another study, it was 
demonstrated that the diffusion of water molecules is 
also restricted by extracellular components, such as col-
lagen fibers and extracellular matrix [31]. On the other 
hand, overexpressed VEGF, which is linked to increased 

permeability of thecal blood vessels, angiogenesis, 
and connective tissue stroma generation in the ovar-
ian stroma of PCOS, has been reported [32]. Moreover, 
Papachroni et  al. revealed that increased distribution of 
collagen type IV in the polycystic ovary tissue induces 
cystogenesis [33]. The main principle of the monoexpo-
nential model of DWI is the quantification of Brownian 
motion which reflects the diffusion motion of water mol-
ecules in tissues [34]. In this model, obtained ADC infor-
mation reflects both diffusion motion of water molecules 
and capillary perfusion of the microcirculatory network 
[10, 34–36]. This limitation could be overcome by the 
IVIM MRI, which separates molecular diffusion and 
microcirculatory perfusion-related diffusion, assessing 
the motion of the water in non-exchanging intravascular 
and extravascular compartments [10]. In IVIM MRI, both 
D* and f reflect the perfusion in the capillary network 
and the blood volume in the tissue. A diminished D* or 
f value is meaningful for diminished capillary perfusion 
and blood volume [11, 37]. In our study, we revealed 
higher D*, f with reduced ADC values in patients with 
PCOS than healthy controls. However, we found no sig-
nificant difference between patient and control groups in 
comparison with Dtrue. Although we did not assess the 
cellular mechanism of PCOS, we suggest that decreased 
ADC values with increased IVIM MRI-derived perfu-
sion parameters (D* and f values) would be explained 
increased extracellular matrix, angiogenesis, and vascu-
larization. This was also mentioned in various Doppler 
ultrasound studies performed on PCOS patients [38–40]. 
Battaglia et al. showed increased vascularization and high 
pulsatility index with a typical decreased resistive index 
in the ovarian stroma [39]. Lam et al. also demonstrated 
lower resistive index and pulsatility index in two-dimen-
sional Doppler and higher vascularization flow index and 
vascularization index in three-dimensional power Dop-
pler in patients with PCOS [40]. Our study is the only 
study that assessed IVIM MRI-derived parameters in 

Table 4  Receiver operating characteristic analysis sensitivity–specificity analysis and determination of cut-off values for IVIM MRI-
derived parameters

Dtrue (× 10−3 mm2/s) D* (× 10−3 mm2/s) f (%) ADC (× 10−3 mm2/s)

AUC (CI 95%) 0.521 (0.341–0.701) 0.769 (0.625–0.914) 0.734 (0.584–0.896) 0.893 (0.774–1.013)

Cut-off value 1.48 22.25 20,87 1.37

p value 0.817 0.003 0.009  < 0.001

Sensitivity% 50 55 55 90

Specificity% 57 67 62 33

PPV% 53 61 58 62

NPV% 58 64 63 86

Standard error 0.092 0.074 0.077 0.061
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patients with PCOS. Moreover, Panchal et  al. [41] sug-
gested that elevated LH level increases stromal vasculari-
zation by stimulating neoangiogenesis in patients with 
PCOS. Increased ovarian fibrosis was demonstrated in 
androgen-induced PCOS rats [42]. Cıracı et al. [43] also 
showed the increased stromal stiffness by real-time ultra-
sound elastography in patients with PCOS. In this study, 
they found an increased strain ratio which showed mod-
erate positive correlations with ovarian volume and fol-
licle count. However, we found no significant difference 
in terms of Dtrue between the two groups. In liver fibro-
sis, decreased Dtrue value with perfusion parameters (D* 
and f values) was found compared to the healthy liver, 
which is negatively correlated with the severity of hepatic 
fibrosis [44, 45]. However, they found no significant dif-
ference in terms of Dtrue in further studies [20, 46]. The 
result of our study may be caused by the variation of the 
disease, such as the peripheral or general cystic patterns 
of PCOS and different ages of fibrosis. Differences in 
treatment, complex and multifactorial pathogenesis (pol-
ycystic ovarian morphology, hyperandrogenemia, insulin 
resistance, obesity, etc.) suggest the multifactorial nature, 
including genetic, environmental components, and het-
erogeneity of the syndrome [47].

The main advantages of the technique are to be non-
invasive, are not requiring contrast agents and ioniz-
ing radiation, and provide quantitative information, fast 
and easy to performance into routine practice. In recent 
years, ovarian morphology has been increasingly evalu-
ated by MRI in several studies [7, 9, 48]. MRI has an 
advantage for imaging ovaries with high-contrast reso-
lution in adolescents and obese women. Although per-
fusion MRI was not studied in patients with PCOS, it is 
mentioned that DWI and MRI perfusion have approxi-
mately the same sensitivity and positive impact on opera-
tive management [49]. Further studies comparing IVIM 
MRI-derived perfusion and diffusion parameters with 
either histopathological findings of perfusion MRI will 
be useful for elucidating the hypothesis underlying the 
pathogenesis. Additionally, compared IVIM MRI studies 
that assess the response to the therapy are required.

Our study has some limitations, including a small sam-
ple size and a lack of correlation between IVIM MRI-
derived parameters and the factors that play a role in 
the PCOS mechanism. And also, we did not assess the 
IVIM MRI-derived parameters of the ovarian stroma in 
PCOS patients in response to the various treatments. 
Moreover, the IVIM DWI has its own limitations. Scan-
ner and field intensities, physiological activities of the tis-
sue [50], and motion artifacts may affect the result. Lack 
of consensus on the number and distribution of b values 
is the other limitation of the DWI and IVIM MRI tech-
niques. To overcome these limitations, the measurement 

was revealed from the mean of four ROI values for each 
observer. Further research correlated with the factors 
that play a role in the mechanism of PCOS in a larger 
cohort is required.

Conclusions
In conclusions, our study results showed that values 
of IVIM-derived parameters of the ovarian stroma are 
higher in patients with PCOS than in control subjects. 
IVIM MRI may be a useful imaging tool in diagnosis of 
PCOS with a good-to-excellent agreement and with an 
acceptable sensitivity and specificity. It can be revealed 
routinely and safely without radiation exposure and using 
a contrast agent. IVIM MRI would be added to image 
ovaries especially in overweighted and virgin patients.
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