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OBJECTIVES: The aim of the study is to determine the prevalence of deranged ovarian artery Doppler indices
RI and PI in women s concerning for polycystic ovarian syndrome. STUDY DESIGN: Descriptive, cross-sectional
study. SETTINGS: Armed Force Institute of Radiology and Imaging Rawalpindi from 30th December 2020 to 29th

June 2021. METHODOLOGY: A total of 134 women with polycystic ovarian syndrome as per-operational definition
of duration >3 months with age range between 18 to 40 and mean age of 28.87 – 4.81 years of age were included.
Patients with hypothyroidism and increased prolactin levels were excluded. All patients were then undergone
trans-abdominal USG to localize the anatomical location of ovarian arteries in the region of ovarian hilum
bilaterally. Pulsed Doppler range gate was set across vessel and average of three waveforms was obtained.
Ovarian Doppler artery indices mainly including values of PI (Pulsatility index =S-D/mean)) and RI (Resistive
index=S-D/S) were computed. The value of deranged ovarian artery Doppler indices was recorded. RESULTS:
Patients between age ranges from 18 to 40 years with mean age of 28.87 – 4.81 years were included. Majority
of the patients being n=71 (52.99%) were between 18 to 30 years of age group. Mean time duration of PCOS
complains was around 3.64 – 1.59 years. Mean BMI of the patients was 28.95 – 2.41 kg/m2. Frequency of
deranged ovarian artery Doppler indices in women with polycystic ovarian syndrome was found in 94 (70.15%)
patients. CONCLUSION: This study concluded that prevalence of deranged ovarian artery Doppler indices RI
and PI in women with polycystic ovarian syndrome (POCS) is quite high.
Keywords: Polycystic ovarian syndrome, deranged, ovarian artery colour Doppler indices.

ABSTRACT

Introduction

Patients who suffers from infertility have high pre-
valence of signs and symptoms along with abnormal
hormonal levels that can be classified in the spectrum
of polycystic ovarian syndrome.1 Even though the
exact underlying cause of polycystic ovarian syndrome
is elusive, it is well established fact that several
hormonal disturbances, including increased androgen
levels, insulin resistance (IR) such as in diabetic
patients and raised insulin levels.2 Hypothalamus-
hypophysis-ovary axis is disrupted by insulin. Insulin
resistance by ovarian parenchyma results in defective

normal metabolic signalling with maintained mitogenic
and steroidogenic activity which results in increased
androgen levels which is the main hormone to produce
symptoms in patients with PCOS e.g increased facial
hair growth e.t.c.3 Polycystic ovarian syndrome
(PCOS) is one of the leading endocrinological problem
in women of reproductive age group affecting about
1 out of every 10 women.  About 20 to 30 percent of
women within their reproductive age group show
radiological sign concerning for polycystic ovaries on
ultrasound scan.4 The three primary reasons for
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referral of these patients to radiology department are
inability to conceive (74%), menstrual abnormalities
e.g prolonged cycles (66%) and an increase in the
level of androgens levels leading to abnormal facial
hair growth (48%).5 It has been defined that lack of
ability to conceive naturally was one of the leading
complaints associated with PCOS. Research have
shown evidence to suggest that PCOS is the known
to be leading cause of ovarian dysfunction, which in
turn is associated with an increased frequency of
inability to conceive.6  Polycystic ovaries are primarily
often diagnosed through hormonal testing. The main
screening tests include determinations of gonadal
hormones including FSH and LH (follicle stimulating
hormone and luteinizing hormone), thyroid-stimulating
hormone (TSH), and prolactin (PL) blood serum
levels. The ratio of FSH to the LH level is most helpful
in the evaluation of patients diagnosed with PCOS.
TSH or PL levels are recommended in diagnosing
other pathological causes, such as hyperthyroidism
or prolactinoma which also be related to infertility/
sub-fertility. Furthermore in some patients other
laboratory test which could be preformed includes
male hormones including testosterone and dihydroepi-
androsterone sulfate (DHEAS) levels or a proges-
terone challenge.7

Predominantly, radiologic assessment for polycystic
ovaries is done for patients who have normal levels
of laboratory evaluation results.  Radiologist’s guidance
can be requested in making diagnosis of polycystic
ovarian syndrome for patients. The modality of choice
is trans-abdominal and/or trans-vaginal ultrasono-
graphy which is easily available, convenient and
economical. Magnetic resonance imaging (MRI) is
considered as higher modality to get useful as an
additional detail; even though MRI has higher
sensitivity than ultrasonography in detecting polycystic
ovaries, however findings are considered less specific.
In recent studies, the benefits of combination of cross-
sectional imaging such MRI and functional neuro-
imaging have been considered and practiced.8

Determination of anti-Mullerian hormone levels may
give new pathway for assessment of the presence of
PCOS.7 Polycystic ovarian syndrome is a combination
of clinical and laboratory findings and not just a
primary disease. When the diagnosis of polycystic
ovaries is considered at radiologic examination, needs
to be further assessed with diagnostic tests to

determine the underlying aetiology. The assessment
of ovarian pathology with ultrasound is considered
to be crucial in the diagnosis of PCOS and is also
considered as gold standard for defining PCO.9

Sonography has given much new information regar-
ding the morphological and pathophysiological details
regarding blood flow dynamics within the female
pelvis.10,11 Recent studies have shown that many
important changes occur within the blood flow and
vascularization of ovaries at the level of ovarian
arteries.11,12 In a study conducted by Khan A in year
2019 showed that ovarian artery Doppler indices
were abnormal in 85.4% women who presented with
clinical and laboratory abnormalities diagnosed with
PCOS.13 Main rationale of this study was to evaluate
a non-invasive approachable, economical, readily
available and time efficient modality of Doppler
ultrasound and its utmost importance in diagnosis of
polycystic ovaries. I wished to determine the accurately
diagnosed cases of PCOS using ultrasound Doppler
of ovarian artery PI and RI as if found acceptable
then this can be used routinely in our practice.

Methodology

The study was conducted at Armed Forces Institute
of Radiology and Imaging, Rawalpindi from 30th

December 2020 to 29th June 2021.  After approval
from institutional ethical review committee (IERB
approval certificate no. 0031). Sample size was cal-
culated by using open epi calculator (https://www.
openepi.com/SampleSize/SSPropor.htm) and having
95% confidence level, 6% margin of error and
incidence of deranged ovarian artery Doppler indices
in women with polycystic ovarian syndrome as
85.4%.13 134 patients with mean age of 28.87 – 4.81
years (18 to 40 years) presenting to Armed Forces
Institute of Radiology And Imaging, Rawalpindi,
fulfilling the inclusion criteria were included in the
study by non-probability and consecutive sampling.
Patients were briefed about the procedure and study
details after which they were asked to sign the consent
form before being included in the study.

a. Inclusion Criteria:
 All women with polycystic ovarian syndrome as per-
operational definition of duration >3 months.



Table 1: Distribution of patients according to BMI (n=134).
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Mean – SD = 28.95 – 2.41 kg/m2
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Figure 1: Distribution of patients according to marital status
(n=134).
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Figure 2: Frequency of deranged ovarian artery Doppler indices
in women with Polycystic ovarian syndrome (n=134).
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 Age 18-40 years.
 Both married and unmarried.

b. Exclusion Criteria:
 Patients diagnosed with hypothyroidism (TSH >5.2

mIU/L and FT3 <1.5 pg/ml, FT4 <0.8 pg/ml, T3 <70
ng/dl, T4 <5.2 g/dl).
 Hyperprolactinemia i.e. prolactin levels >500 mIU/L.
 Women receiving oral contraceptive pills.

Patients (n=134) who had fulling the inclusion criteria
were enrolled in the study after obtaining well informed
written consent. All patients were than assessed by
ultrasound to localize the ovarian arteries in the region
of hilum of ovaries. The gate of Pulsed Doppler range
was than set across vessel lumen to acquire an
average of three waveforms. Ovarian Doppler artery
indices including Pulsatility index (PI=S-D/mean) and
Resistive index (RI=S-D/S) were analyzed. Pulsatility
and Resistive indices of ovarian artery were labelled
deranged if above or below the normal range of PI
(range: 2.01to 4.30) and RI (range: 0.80 to 0.95).
Deranged ovarian artery Doppler indices were noted.
This all data (age, duration of PCOS, BMI, place of
living (rural/urban), pulsatility index, resistive index
and deranged ovarian artery Doppler indices (yes/no))
was documented on  Performa. Data was statistical
analysed using SPSS version 25.0. Mean and
standard deviation were calculated for age, BMI,
duration of PCOS, pulsatility index and resistive index.
Place of living (rural/urban), marital status (unmarried/
married) and deranged ovarian artery Doppler indices
(yes/no) were presented as frequency and per-
centage.
Effect modifiers like age, body mass index, marital
status (unmarried/married), and duration of PCOS
and place of living (rural/urban) were controlled
through stratification and post-stratification chi square
test was applied to see their effect on deranged
ovarian artery Doppler indices. P-value = 0.05 was
considered as significant.

of age. Mean duration of PCOS was 3.64 – 1.59
years. Mean BMI was 28.95 – 2.41 kg/m2 (Tab.1).
Distribution of patients according to marital status
(Fig.1) showed 90 (n= 70.9%) were married and 39
(29.10%) were unmarried. Distribution of patients
according to place of living showed that 55 patients
(41.04%) lived in rural areas and 79 patients (58.96%)
lived in urban areas. Frequency of abnormal ovarian
artery Doppler indices in women with polycystic
ovarian syndrome was found in 94 (70.15%) patients
as shown in (Fig.2). Stratification of deranged ovarian
artery Doppler indices with respect to age of patient
(P- value= 0.941) showed that between age range

Results

Age range in this study was from 18 to 40 years with
mean age of 28.87 – 4.81 years. Majority of the
patients 71 (52.99%) were between 18 to 30 years

of 18 to 30, there was predominance of derange
indices seen in 50 patients with 21 patients showed
normal Doppler artery indices. In age rages from 31
to 40 years 44 patients showed deranged artery



Table 2: Stratification of deranged ovarian artery Doppler indices
with respect to BMI.
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Table 3: Stratification of deranged ovarian artery Doppler indices
with respect to place of living.
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of symptoms of PCOS 48 patients showed deranged
artery indices while only 22 patients showed normal
Doppler artery indices. Stratification of deranged
ovarian artery Doppler indices with respect to BMI
(P-value= 0.037) (Tab.2) showed that in case of BMI
less than 30 Kg/m2 showed deranged indices in 69
patients while 20 patients showed normal Doppler
artery indices. In case of BMI more than 30 Kg/m2,
25 patients showed deranged artery indices while
only 18 patients showed normal Doppler artery indices.
Stratification of deranged ovarian artery Doppler
indices with respect to Marital status (P-value= 0.882)
showed deranged indices in 27 patients, who were
married 12 patients showed normal Doppler artery
indices. In case patients who were unmarried, 67
patients showed deranged artery indices while only
28 patients showed normal Doppler artery indices.
Stratification of deranged ovarian artery Doppler
indices with respect to place of living (P-value =0.823)
showed deranged indices in 38 patients, who lived
in rural area while 17 patients showed normal Doppler
artery indices. In case patients living in urban areas,
56 patients showed deranged artery indices while
only 23 patients showed normal Doppler artery indices
is shown (Tab.3).

in women who developed abnormal FSH to LH ratio
and clinical complains of polycystic ovary syndrome.
However it is not necessary that all women diagnosed
with polycystic ovaries will demonstrate ever single
clinical and biochemical features that would catego-
rized them in the category of patients suffering from
polycystic ovarian syndrome. The commencement of
TVS (trans-vaginal Doppler sonography) for pelvic
examination has given a tremendus contribution in
correct ultrasound diagnosis. Furthermore it has
provided knowledge regarding much new aspects
regarding anatomical and pathophysiological details
on blood flow mechanism within the female pelvis. It
has revealed that in patients who presented with
polycystic ovarian syndrome demonstrates important
modifications/alterations in ovarian vascularization
occur at the level of the ovarian arteries within the
region of ovarian hilum. Two-14 or three-dimensional15

ultrasonography has confirmed these hypotheses
with help of colour Doppler systems analysis.
I have conducted this study to know about the
prevalence of abnormal range of ovarian artery
Doppler indices in women who are labelled with
polycystic ovarian syndrome. In my study, frequency
of abnormal ovarian artery Doppler indices was
demonstrated in women with polycystic ovarian
syndrome in 94 (70.15%) patients. In a study, done
by Khan A in year 2019 showed that ovarian artery
Doppler indices  including RI and PI were abnormal
in 85.4% women with PCOS.13 A study on PCOS:
Assessment with colour Doppler angiography and
three dimensional ultrasonography  presume that
uterine artery Doppler indices including both pulsatility
index (PI) and resistive index (RI) are above 95th

percentile in patients with PCOS.16 Study conducted
by Mala YM in 2009 Polycystic ovary syndrome:
relationship between insulin sensitivity, sex hormone
levels and ovarian stromal blood flows  culminated
that mean uterine artery PI and RI were both below
50th percentile in women diagnosed with PCO.17

Multiple studies conducted on measurements on
blood flow with uterine and ovarian arteries have
showed elevated resistance index above 95th per-
centile having correlation with deranged hormonal
assay. One of these studies had showed a strong
association between serum LH: FSH ratio and artery
pulsatility index (PI) of ovaries.18

Zaidi et al 199520 conducted study within the intra-

Discussion

Ultrasound evaluation of ovarian abnormalities is
known to be utmost important in the diagnosis of
patients with PCOS and known to be criterion standard
for definition of polycystic ovary (PCO).14 The
polycystic ovary is the structural ovarian phenotype
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ovarian artery vasculature which demonstrates raised
intensity of colour flow on colour Doppler index in the
ovarian parenchyma of patients with PCOS. The
impedance in the blood flow of the ovarian artery
was significantly lower in women with PCOS, i.e. the
ovarian RI was appreciably lower in PCOS group
(0.52 – 0.09 in cases and 0.71 – 0.08 in controls)20

as previously reported by Mohammed et al. 2003
(0.55– 0.16),21 Bostanci et al. 201322 (ovarian RI 0.56
– 0.05) and  Aleem and Predanic 1996 (ovarian RI
0.55 – 0.01 in cases and 0.78 – 0.06 in controls).23

In a study, the PI of the ovarian stromal artery was
notably lower (1.15 – 0.45 in case and 4.2 – 0.78 in
control),20 i.e., blood flow in ovarian stromal artery
was raised in patients with PCOS in comparison with
the control group as documented by Adali et al. 2009
(Ovarian PI, 1.40 – 0.63 in cases and 2.90 – 0.20 in
controls) and  Dhingra 201724 (0.96 + 0.19 in cases
and 2.6 + 0.26 in controls). In comparison done
between PCOS and PCO only group showed that
uterine artery PI was above 95th percentile in PCOS
group. Strong correlations have been seen in PCOS
group as previously documemted25 with raised uterine
artery PI and abnormal DHEAS and AS level.
PCOS patients have an increased tendency to
atherosclerosis which results in stiffness and thicke-
ning of vessel walls causing increased systemic
vascular resistance. Crucial long term risk factor to
be considered in patient with PCOS is possibility of
myocardial infarction and coronary artery disease.
These limited available research in the literature
concerning the uses of Doppler ultrasound parameters
in women with PCO only and PCOS, which is crucial
in the interpretation of the main mechanism of PCOS.

Conclusion

This study concluded that prevalence of deranged
ovarian artery Doppler indices in women with
polycystic ovarian syndrome is quite high. So, we
recommend that deranged ovarian artery Doppler
indices should be used for early and timely diagnosis
of polycystic ovarian syndrome for taking proper
lifestyle changes or pharmacological treatment in
order to reduce the morbidity.

Conflict of Interest: Declared none by authors.
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