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ABSTRACT

Background: Polycystic ovary syndrome (PCOS) is the commonest endocrine disorder in women of reproductive age as this
syn- drome may affect 5-10% of premenopausal women (Franks, 1995). Women with this syndrome may present with one, all
or any combination of menstrual irregularities, chronic anovulation, infertility, obesity and hyperandrogenism.

Objective: To compare the Doppler indices of ovarian stromal blood flow between fertile women ovaries and infertile women
with polycystic ovarian syndrome.

Methodology: A cross sectional analytical study was conducted in 9 months at Radiology Department, Northwest General
Hospital & Research Center Hayatabad Peshawar. 60 patients were selected with Convenient sampling technique, fertile married
females with age 18-40 and infertile married females with age 18-45 who diagnosed with PCOs included in this study. Patients
with any uterine anomaly, any acquired and congenital uterine abnormality, infertility caused by other than PCOS, females
taking any medication for fertility were excluded.

Results: The mean of resistive index of right ovarian stromal artery in infertile women was 0.5871 and in fertile it was 0.6069.
Their S/D [0 were 0.16880 and 0.14375 respectively. The mean of Pulsatility index of right ovarian stromal artery in infertile
was 1.7774 and in fertile it was 2.4483. Their S/D [J 0.98275 and 1.48435 respectively. The mean of Pulsatility index of left
ovarian stromal artery in infertile was 2.3194 and in fertile it was 1.8310. Their S/D [0 1.84380 and 1.08697 respectively. The
mean of peak systolic velocity of left ovarian stromal artery in infertile women was 62.4677 and in fertile it was 65.9207. Their
S/D [0 were 13.88571 and 15.41637 respectively. The mean of end diastolic velocity of left ovarian stromal artery in infertile
was 15.6032 and in fertile it was 15.0034. Their S/D [0 2.52514and 3.50443 respectively. The mean of age was 26.6000 and
S/D0 4.50311. The mean of BMI was 21.1450 and S/D[J 2.47115.

Conclusion: Fertile females and PCOS women had similar ovarian Doppler flow indices. Normal weight PCOS women had
significantly higher ovarian stromal Doppler flow indices than their overweight counterparts.

Key words: Polycystic Ovarian Syndrome, Ultrasound, Infertility.
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INTRODUCTION

Infertility is clinically defined as the failure to achieve pregnancy after one year of regular, unprotected intercourse and remains a
significant global reproductive health concern affecting millions of couples worldwide (1). Beyond its biological implications, infertility
carries profound psychological, social, and emotional consequences, often resulting in diminished self-esteem, marital strain, anxiety,
and depression among affected individuals and their families (2,3). The etiological spectrum of infertility is multifactorial, with male
factors accounting for approximately 20—-30% of cases, anovulation contributing to 10-30%, tubal pathology 15%, cervical factors 5%,
endometriosis 5-25%, and unexplained causes comprising 15-30% of cases (4). These distributions may vary across geographical
regions due to genetic, environmental, and socio-cultural influences (4). Successful conception in a spontanecous cycle depends on a
complex interplay of hormonal balance, ovulatory function, tubal patency, endometrial receptivity, and sperm quality—many of which
are beyond voluntary control yet directly influence implantation and pregnancy outcomes (5). Among female-related causes, ovarian
dysfunction plays a central role. The ovaries, paired reproductive organs situated bilaterally to the uterus within the broad ligament, are
responsible for oocyte production and the synthesis of essential sex steroids that regulate menstrual cyclicity and fertility (6). Disruption
in ovarian structure or endocrine function can therefore profoundly impair reproductive potential and overall health.
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Polycystic ovary syndrome (PCOS) represents one of the most prevalent endocrine disorders affecting women of reproductive age and
is a leading contributor to anovulatory infertility (7). It is characterized by hyperandrogenism, ovulatory dysfunction, and polycystic
ovarian morphology, although its clinical presentation is heterogeneous (7,8). Prevalence estimates vary depending on diagnostic
criteria, ranging from 5.5% to 19.9% under the Rotterdam criteria, and may reach as high as 15.7-37% in certain populations, including
Pakistan (9,10). First described by Stein and Leventhal in 1935, PCOS has since undergone multiple refinements in diagnostic definition,
with the National Institutes of Health (NIH) criteria emphasizing chronic oligo-anovulation and hyperandrogenism after exclusion of
other endocrine disorders such as congenital adrenal hyperplasia, hyperprolactinemia, and androgen-secreting tumors (11,12). Despite
decades of research, the precise etiology of PCOS remains incompletely understood; proposed mechanisms include genetic
susceptibility, insulin resistance, neuroendocrine dysregulation, and altered sympathetic activity (13,14). Clinically, women with PCOS
may present with hirsutism, acne, alopecia, obesity, irregular or absent menses, pelvic discomfort, and infertility, frequently accompanied
by psychological distress (15). Although polycystic ovarian morphology is a defining feature, its presence alone is insufficient for
diagnosis, as similar sonographic findings may be observed in healthy women (16).
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Beyond reproductive dysfunction, PCOS is increasingly recognized as a systemic metabolic disorder. Insulin resistance and obesity,
common in affected women, independently elevate the risks of miscarriage, reduced live birth rates, and obstetric complications (17).
Women with PCOS face higher incidences of gestational diabetes mellitus, preeclampsia, preterm delivery, and neonatal intensive care
unit admissions, with some studies reporting a threefold increase in adverse pregnancy outcomes (12,18). Long-term health risks include
endometrial hyperplasia and carcinoma due to prolonged unopposed estrogen exposure, as well as heightened cardiovascular morbidity
linked to dyslipidemia, hypertension, and metabolic syndrome (19,20). Ultrasonography plays a pivotal role in diagnosis, with follicle
number per ovary and ovarian volume forming key components of the Rotterdam criteria; however, variability in interpretation and
overlap with normal physiology limit its specificity (21,22).

Emerging evidence suggests that alterations in ovarian stromal vascularization and Doppler blood flow patterns may provide additional
insight into the pathophysiology of PCOS, although these parameters are not yet incorporated into standard diagnostic guidelines (23).
Given the limited regional data and the need to distinguish between true PCOS and isolated polycystic ovarian morphology, further
investigation is warranted. Therefore, the objective of the present study is to evaluate the relationship between ovarian stromal blood
flow indices and ovarian volume in women with diagnosed PCOS compared to those exhibiting polycystic ovarian morphology alone,
in order to enhance diagnostic precision and inform therapeutic decision-making.
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METHODS

This cross-sectional analytical study was conducted in the Department of Radiology, Northwest General Hospital & Research Center,
Hayatabad, Peshawar, over a period of nine months following approval of the research synopsis by the institutional ethical review
committee. The study was designed to evaluate and compare ovarian stromal blood flow parameters and ovarian volume among women
diagnosed with polycystic ovary syndrome (PCOS) and women with normal ovaries. Written informed consent was obtained from all
participants prior to enrollment, and confidentiality of patient information was strictly maintained in accordance with institutional ethical
standards. The sample size was initially calculated using the formula for comparison of two independent means, taking the average
pulsatility index (PI) values reported in females with normal ovaries and those with PCOS in a previous study (Manzoor, 1., Bacha, R.,
& Gilani, S. A. 2019). Although the statistical calculation yielded a minimal sample size of one participant per group, this was
methodologically insufficient to ensure reliability and external validity. Therefore, in accordance with minimum sample size
recommendations for analytical studies, 30 participants were included in each group, resulting in a total sample size of 60 women.

Sample Size, ng Power. 1 — 8 Type | erorrale, o
1 0.80 5% Vv
216 Group 'A' mean, ji4
1.24 Group 'B' mean, iup
012 Standard Deviation, o
1 Sampling Ratio, & — n4/np

Calculate

A non-probability convenience sampling technique was employed to recruit participants who met the predefined eligibility criteria
during the study period. The study population was divided into two groups. The fertile (control) group included married women aged
18-40 years, of any parity, with no known gynecological disorders and with sonographically normal ovaries. The infertile (PCOS) group
comprised married women aged 18—45 years, with a history of primary infertility (no prior parity), and previously diagnosed with
polycystic ovaries based on established ultrasound criteria. Women with known uterine anomalies, congenital or acquired uterine
abnormalities, infertility attributable to causes other than PCOS (such as tubal factor, male factor, or endometriosis), and those receiving
fertility medications or hormonal therapy were excluded to minimize confounding variables. All participants underwent detailed clinical
history taking, including menstrual history and obstetric profile, followed by transvaginal ultrasonographic examination.
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Ultrasound assessments were performed using a Toshiba Xario 200 ultrasound machine equipped with a transvaginal probe. Scans were
conducted during the early follicular phase of the menstrual cycle (days 2—5) to ensure standardization of ovarian morphology and
Doppler parameters. Ovarian volume was calculated using the prolate ellipsoid formula (length x width x height x 0.523). Gray-scale
ultrasound was used to assess follicle number per ovary and stromal echogenicity, while color Doppler imaging was utilized to evaluate
ovarian stromal blood flow indices, including pulsatility index (PI) and resistive index (RI). To reduce intra-observer variability, all
scans were performed by a single experienced radiologist under standardized imaging conditions. The collected data were recorded on
a structured proforma and subsequently analyzed using appropriate statistical software. Quantitative variables were expressed as mean
+ standard deviation, and comparisons between groups were performed using independent sample t-tests, with a p-value of <0.05

considered statistically significant.

RESULT

Table 1: Group statistics

Fertility N Mean Std. Deviation Std. Error mean
Infertile 31 5871 .16880 .03032
Ovarian stroma right - ri 29 .6069 14375 .02669
Fertile 31 1.7774 98275 17651
Infertile 29 2.4483 1.48435 27564
Ovarian stroma right - pi 31 60.3194 15.33431 2.75412
Fertile 29 63.2655 15.63333 2.90304
Infertile 31 15.1581 2.84497 .51097
Ovarian stroma right - psv 29 14.6069 2.79182 51843
Fertile
Infertile

Ovarian stroma right - edv

Fertile

Table 1 shows that mean of resistive index of right ovarian stromal artery in infertile women was 0.5871 and in fertile it was 0.6069.
Their s/d 00 were 0.16880 and 0.14375 respectively. The mean of pulsatility index of right ovarian stromal artery in infertile was
1.7774 and in fertile it was 2.4483. Their s/d [J 0.98275 and 1.48435 respectively. The mean of peak systolic velocity of right ovarian

stromal artery in infertile women was 60.3194 and in fertile it was 63.2655.

Their s/d O were 15.33431and 15.63333 respectively. The mean of end diastolic velocity of right ovarian stromal artery in infertile

was 15.1581and in fertile it was 14.6069. Their s/d O .

2.84497 and 2.79182 respectively.

Table 2: Independent samples test
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Levene's test for T-test for equality of means

equality of
Variances
F Sig. T Df  Sig. Mean  Std. 95% confidence interval of the
(2- differe Error  difference
Tailed nce differe
) n
Ce Lower Upper
470 496 - 58 .628 - 04061 -.10110 .06150
. .488 .01980
Equal variances
Ovarian stroma assumed
- 575 .626 - 04040 - .06107
490 1 .01980 10067
Right - ri equal
variances
1
Not assumed
12.759 .001 - 58 .042 - 32300 - -.02430
. .67086 1.3174
Equal variances 2
2.07
7
Ovarian stroma assumed
- 48.1 .046 - 32731 - -.01280
Right - pi equal 2 67086 1.3289
variances
205 0
0
Not assumed
.053 .819 - 58 464 - 3.9989 - 5.05867
737 29461 8
Equal 6
variances
10.950
. 99
Ovarian Assumed
stroma
- 57.5 .465 - 4.0016 - 5.06521
. 2.9461
Right - psv Equal 736 6 69 6 0
variances
3 10.957
Not assumed 3
.001 979 757 58 452 55117 .72838 - 2.00918
90684
Equal
variances
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Levene's test for T-test for equality of means
equality of
Variances
F Sig. T Df  Sig. Mean  Std. 95% confidence interval of the
(2- differe Error  difference
Tailed nce differe
) n
Ce Lower Upper
Ovarian Assumed
stroma
57 57.8 452 S5117 0 72791 - 2.00832
6 90598
Right - edv Equal
variances
1
Not assumed
Table 3: Group statistics
Fertility N Mean Std. Deviation Std. Error mean
Infertile 31 5548 .08500 .01527
Ovarian stroma left - ri 29 .5483 .17448 .03240
Fertile 31 2.3194 1.84380 33116
Infertile 29 1.8310 1.08697 20185
Ovarian stroma left - pi 31 62.4677 13.88571 2.49395
Fertile 29 65.9207 15.41637 2.86275
Infertile 31 15.6032 2.52514 45353
Ovarian stroma left - psv 29 15.0034 3.50443 .65076
Fertile
Infertile

Ovarian stroma left - edv

Fertile

Table 3 shows that mean of resistive index of left ovarian stromal artery in infertile women was 0.5548 and in fertile it was 0.5483. Their
s/d O were 0.08500 and 0.17448 respectively. The mean of pulsatility index of left ovarian stromal artery in infertile was 2.3194 and in
fertile it was 1.8310. Their s/d [ 1.84380 and 1.08697 respectively. The mean of peak systolic velocity of left ovarian stromal artery in
infertile women was 62.4677 and in fertile it was 65.9207.Their s/d O were 13.88571 and 15.41637 respectively. The mean of end
diastolic velocity of left ovarian stromal artery in infertile was 15.6032 and in fertile it was 15.0034. Their s/d [0 2.52514and 3.50443

respectively.
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Table 4: Independent samples test

Levene's  test T-test for equality of means

for equality of
Variances
F Sig. T Df  Sig. Mean  Std. 95% confidence interval of the
(2- differe  Error difference
Tailed nce differe
) nce
Lower Upper
Equal variances 11.723 .001 .18 58 852 .00656 .03508 - 07677
7 .06365
Ovarian stroma assumed
Left - ri equal variances 18 39, 856 00656 .03582 - .07895
3 9 .06583
Not assumed 75
Equal variances 17.605 .000 1.2 58 220 48832  .39424 - 1.27748
.30084
Ovarian stroma assumed 9
Left - pi equal variances 1.2 49. 214 48832 38782 - 1.26761
1 .29097
Not assumed 9 61
770 .384 - 58 .365 - 3.7833 - 4.12021
. 91 34529 3 11.026
Equal variances
3 5 1
Assumed 1
Ovarian stroma
Left - psv - 56. .367 - 3.7967 - 4.15179
. 90 3 34529 2 11.057
Equal variances
9 40 5 6
Not assumed 3
Equal variances 7.672  .008 76 58 448 59978 78474 - 2.17060
4 97104
Ovarian stroma assumed
Left - edv equal 75 50, 453 59978 79320 - 2.19247
variances 6 6 199291
Not assumed 52
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Table 5: Descriptive statistics

N Minimum Maximum Mean Std. Deviation

Age 60 18.00 38.00 26.6000 4.50311

The mean of age was 26.6000 and s/dJ 4.50311.

Table 6: Descriptive statistics

N Minimum Maximum Mean Std. Deviation

Bmi 60 18.00 28.00 21.1450 2.47115

The mean of bmi was 21.1450 and s/d0J 2.47115.

DISCUSSION

The present study evaluated ovarian morphology and stromal blood flow parameters in women with polycystic ovary syndrome (PCOS)
compared with fertile controls, emphasizing the complementary role of transvaginal ultrasonography and Doppler assessment in
improving diagnostic precision. The findings demonstrated that integrating grayscale ultrasound characteristics with Doppler indices
provided a more comprehensive understanding of ovarian physiology, thereby supporting more accurate patient selection and potentially
optimizing therapeutic strategies. PCOS is widely recognized as a heterogeneous endocrine disorder characterized by reproductive
dysfunction, hyperandrogenism, obesity, hyperinsulinemia, and insulin resistance (24). Ultrasonographic assessment of ovarian
morphology constitutes a fundamental component of the Rotterdam diagnostic criteria, while Doppler ultrasound facilitates evaluation
of vascular resistance within ovarian stromal and uterine vessels (25). In the present study, 60 women fulfilling the inclusion criteria
were analyzed, including infertile women with PCOS and fertile controls. The mean age of participants was 26.6 years, and the overall
mean body mass index (BMI) was 21.14 kg/m?. Notably, BMI was significantly higher in the infertile PCOS group compared with the
fertile group (p < 0.01), aligning with previous evidence suggesting a strong association between obesity and ovulatory dysfunction
(26). Elevated BMI in PCOS has been consistently linked to metabolic derangements and adverse reproductive outcomes, reinforcing
the metabolic dimension of this disorder beyond its gynecological manifestations.

With respect to ovarian morphology, no statistically significant inter-ovarian difference was observed between the right and left ovaries,
permitting analysis of mean ovarian parameters. According to established Rotterdam criteria, an ovarian volume exceeding 10 cc is
considered suggestive of polycystic ovarian morphology. In this study, the mean ovarian volume in the PCOS group was 16 cc, compared
to 12.4 cc in women with polycystic ovarian appearance without full clinical syndrome and 8.1 cc in normal fertile controls. These
findings confirmed that ovarian enlargement was more pronounced in women meeting full PCOS criteria, while those with isolated
polycystic morphology demonstrated intermediate values. Comparable observations were reported by Decanter et al., who highlighted
significantly increased ovarian volumes in women exhibiting polycystic features (27). The present findings supported the concept that
ovarian volume may reflect stromal hypertrophy and follicular excess characteristic of PCOS. However, the overlap between polycystic
ovarian appearance and normal ovaries underscored the limited specificity of morphology alone, emphasizing the importance of
integrating biochemical and clinical criteria. This integrated diagnostic approach reduced misclassification and strengthened clinical
relevance.

Doppler assessment of ovarian stromal blood flow revealed statistically significant differences in vascular indices among the studied
groups. Although no significant side-to-side variation in resistive index (RI) was detected, the mean stromal RI values differed
significantly between groups, indicating altered vascular dynamics in PCOS. These findings were consistent with those reported by
Elmashad, who demonstrated significant alterations in ovarian stromal blood flow in women with PCOS (28). Increased stromal
vascularity has been attributed to enhanced angiogenesis and increased stromal activity associated with hyperandrogenism. However,
previous literature has presented conflicting evidence. Jarveld et al. did not demonstrate increased stromal vascularization in polycystic
ovaries, potentially due to methodological variations, including assessment during mid-cycle and inclusion of dominant follicles, which
may have reduced stromal flow measurements (29). Similarly, earlier studies by Battaglia and Dolz did not identify significant
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differences in intraovarian Doppler indices between fertile and infertile women with PCOS (27). Such discrepancies likely reflected
differences in ultrasound technique, timing of examination within the menstrual cycle, sample size, and diagnostic definitions. The
standardization of scanning during the early follicular phase in the present study may have minimized physiological variation, thereby
enhancing internal consistency (28).

This study possessed several strengths, including the use of standardized transvaginal ultrasonography, Doppler evaluation performed
by a single experienced operator to reduce inter-observer variability, and the inclusion of a comparison group, which enhanced analytical
validity. The focus on a local population addressed an existing regional research gap and contributed context-specific data. Nevertheless,
certain limitations were acknowledged. The use of convenience sampling may have introduced selection bias and limited
generalizability. The relatively modest sample size, although adequate for preliminary comparison, restricted broader extrapolation.
Additionally, biochemical parameters such as serum androgen levels and insulin resistance indices were not quantitatively correlated
with Doppler findings, which could have strengthened pathophysiological interpretation. Despite these constraints, the study provided
meaningful insight into the relationship between ovarian morphology and vascular indices in PCOS. Collectively, the findings supported
the growing perspective that Doppler evaluation of ovarian stromal blood flow may serve as an adjunctive diagnostic tool alongside
established morphological and clinical criteria, potentially refining disease characterization and guiding individualized management
strategies (29).

CONCLUSION

Fertile females and PCOS women had similar ovarian Doppler flow indices. Normal weight PCOS women had significantly higher
ovarian stromal Doppler flow indices than their overweight counterparts.
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