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ABSTRACT
Objective: To compare uterine artery flow parameters in women with Recurrent Spontaneous Abortion (RSA) and a control
group among females presenting at a tertiary care hospital.
Study Design and Settings: The study was conducted at the Department of Obstetrics and Gynecology for uterine artery
flow parameters in women with Recurrent Spontaneous Abortion (RSA) and a control group.
Methodology: 100 participants were included, with 50 in each group. The case group comprised women with RSA, defined
as three or more consecutive pregnancy losses before the 20th week of gestation, while the control group consisted of
women with uncomplicated pregnancies and at least one child born at term. Data were collected on demographic and
clinical variables, including age, parity, and BMI. Uterine artery flow parameters, including Pulsatility Index (PI) and
Resistive Index (RI), were assessed via Doppler ultrasound, and the results were subjected to statistical analysis using
SPSS.
Results: The study revealed that mean age, BMI, and median parity were similar in both groups. However, the PI and RI
were significantly higher in the RSA group. The receiver operating characteristic (ROC) curve analysis demonstrated high
diagnostic accuracy, with an area under the curve (AUC) of 88.6% for PI and 79.4% for RI, further emphasizing their
potential as predictors of RSA.
Conclusion: Uterine artery blood parameters may serve as potential predictors for identifying women at risk of RSA.
Keywords: Abortion, Miscarriages, Pregnancy Loss, Pulsatility Index, Resistive Index, Uterine artery flow parameters.
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INTRODUCTION
Recurrent spontaneous abortions (RSA), often referred to
as recurrent miscarriages, represent a profoundly distressing
reproductive health issue affecting couples worldwide.1

This condition is characterized by the loss of three or more
consecutive pregnancies before the 20th week of gestation,
and it affects approximately 1-2% of all couples trying to
conceive.2 The estimated annual incidence of miscarriage
in Pakistan is 29 in 1000 reproductive age females.3

RSA is a complex and multifactorial reproductive disorder
with numerous contributing factors, including genetic,
anatomical, hormonal, immunological, and environmental
components.1,3,4 A significant proportion of RSA cases
remain unexplained, despite comprehensive clinical
evaluation. As a result, there is a growing need to identify
reliable predictive markers that can help in the early detection
and management of miscarriages.5

Recently, uterine artery flow parameters have gained
attention as potential markers for the prediction of RSA, as
they reflect the vascular adaptability and health of the uterus.
These parameters include the resistance index (RI), pulsatility
index (PI), and peak systolic velocity (PSV).5,6 Abnormal
uterine artery flow patterns, characterized by high RI and
PI, are indicative of poor uteroplacental blood flow and
have been associated with a higher risk of pregnancy
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complications, including miscarriage.5,6 A recent study
showed that in patients with RSA, uterine artery flow
parameters were significantly higher than in the control
group (P<0.05). These parameters also exhibited high
sensitivity and specificity in predicting adverse pregnancy
outcomes with AUC values ranging from 0.638 to 0.962,
indicating that PI and RI, are high-risk factors for adverse
pregnancy outcomes.7

Despite the promising findings related to uterine artery flow
parameters in recurrent abortions prediction, several
challenges and gaps in knowledge persist.8 Variability in
measurement techniques, equipment, and the lack of
standardized cutoff values for uterine artery flow parameters
can complicate the interpretation of findings. Additionally,
there is lack of local data available related to specificity and
sensitivity for these parameters. Therefore, the aim of current
study was to assess the predictive value of uterine artery
flow parameters in RSA among females presenting at a
tertiary care hospital, Karachi, Pakistan. This study would
assist clinicians in identifying women at risk and implement
targeted interventions to improve pregnancy outcomes.
Furthermore, the uterine circulation plays a pivotal role in
ensuring adequate oxygen and nutrient delivery to the
developing fetus.9 Abnormalities in uterine artery blood
flow, especially during the peri-implantation period, may
lead to suboptimal endometrial receptivity and impaired
placentation, thereby contributing to early pregnancy loss.
Doppler ultrasound, a non-invasive imaging modality, enables
real-time assessment of uterine artery hemodynamics, offering
valuable insight into uterine perfusion status. By analyzing
specific flow parameters like PI, RI, and PSV, clinicians can
stratify patients based on their risk profile, enabling a more
tailored and proactive approach in the management of women
with a history of RSA.
Given the emotional and psychological burden that recurrent
pregnancy loss imposes on affected couples, timely
identification of at-risk individuals is crucial.10 Current
management strategies primarily focus on treating underlying
conditions; however, a significant subset of patients lacks
an identifiable cause, highlighting the importance of novel
diagnostic approaches. Evaluating uterine artery Doppler
indices holds promise not only for risk prediction but also
for monitoring the effectiveness of therapeutic interventions.
Through this study, we aim to bridge existing knowledge
gaps by providing localized data, which may enhance clinical
protocols and support evidence-based reproductive care in
the Pakistani population.
Recurrent spontaneous abortion often remains unexplained
despite thorough evaluation. Impaired uterine blood flow
may contribute to defective implantation and early pregnancy
loss. Uterine artery Doppler indices provide a non-invasive
method to assess uterine perfusion. This study aims to
generate local evidence on the predictive value of these

parameters to improve early risk identification and clinical
management.
The fundamental purpose of the study is to evaluate the
uterine artery Doppler flow parameters, particularly focusing
on pulsatility index (PI) and resistive index (RI) by making
comparison between women with spontaneous abortion and
normal reproductive outcomes. For this purpose, this study
reveals the importance of uterine artery Doppler indices as
non-invasive and cost-efficient tool regarding prediction of
risk in early phases in women with recurrent pregnancy loss.
METHODOLOGY
This study employed was a comparative cross-sectional
design, enrolling participants from the Department of
Obstetrics and Gynecology for uterine artery flow parameters
in women with Recurrent Spontaneous Abortion (RSA) and
a control group for six months. The sample size was calculated
using mean RI in RSA as 0.91±0.24 and RI in normal
pregnant females as 0.61±0.29.7 A Power analysis indicated
that a minimum of 48 samples were required to detect
significant differences with power of 90% and level of
significance as 1%. Open Epi online sample size calculator
was used for estimation. For increasing the adequacy of
results, 100 samples were included in the study (50 samples
in each group).
The case group included women with a RSA, defined as
three or more consecutive pregnancy losses before the 20th
week of gestation. The control group consisted of women
with uncomplicated pregnancies and at least 1 child born at
term. Women with endometrial diseases, uterine cavity
occupation diseases, systemic chronic disease, and use of
hormones or antithrombotic drugs within 3 months before
study entry were excluded.
This study was conducted following the ethical principles
outlined in the Declaration of Helsinki. Approval was
obtained from the Institutional Review Board of Combined
Military Hospital (CMH) IRB approval number 247/02/2022.
Informed consent was obtained from all women before
enrollment. Date regarding age, parity, and BMI were noted.
Uterine artery flow parameters, including the PI and RI were
assessed using Doppler ultrasound in the second phase of
the menstrual cycle, specifically between days 18 and 23.
A standardized protocol was followed by a trained
sonographer. All data were anonymized and stored securely,
with restricted access to authorized personnel only. Data
were entered into a dedicated database and subjected to
routine quality control checks.
Statistical analysis was performed using software SPSS
version 23. Descriptive statistics, including means and
standard deviations for continuous variables and percentages
for categorical variables, were calculated. Uterine blood
flow parameters were compared between both groups using
independent samples t-test. Sensitivity, specificity, and the
area under the curve (AUC) were determined for the uterine
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artery flow parameters in predicting adverse pregnancy
outcomes using receiver operating characteristic (ROC)
curve analysis. A p-value less than 5% was considered as
statistically significant.
RESULTS
A total of 100 women were enrolled in this study, comprising
50 women in the recurrent spontaneous abortion (RSA)
group and 50 in the control group. Demographic
characteristics, such as age, BMI, and parity, were collected,
along with uterine artery Doppler ultrasound parameters
including the pulsatility index (PI) and resistive index (RI).
Data were statistically analyzed to compare mean values
between the two groups and to determine the predictive
performance of PI and RI using ROC curve analysis.
The mean age of women in RSA group was 23.28±3.96
years and in control was 24.96±5.16 years. The mean BMI
was 25.13±3.80 kg/m2 in RSA group and 26.02±4.84 kg/m2

in control group. The median parity was in 0 in RSA group
and 1 in control group, respectively. (Table 1)
The mean PI (1.76±0.35 vs 1.21±0.29) and mean RI
(0.98±0.21 vs 0.76±0.17) were significantly higher in RSA
group than control with p-value<0.05. (Table 2)
Figure 1 shows the ROC curve of the mean PI and RI of
women with RSA. The area under the curve (AUC) was
88.6% of PI (p=0.001) and 79.4% of RI (p=0.001) for the
prediction of RSA. The sensitivity of PI was 80% and
specificity was 78% at cut-off value of 1.35, whereas, the

sensitivity of RI was 82% and specificity was 58% at cut-
off value of 0.80, respectively.
DISCUSSION
The present study compared uterine artery flow parameters
in women with RSA and a control group. In the present
study found that mean age of women in the RSA group and
control group was almost same. Similarly, in a study
conducted by Zhang et al. the mean age of women in the
RSA group and control group was 29.55±3.83 years and
28.97± 3.30 years, respectively.11 Lian et also found median
age in RSA group and in control is similar with p-
value=0.194.12 These findings support to the notion that age
may not be a significant distinguishing factor in the context
of recurrent spontaneous abortion.
Additionally, the mean BMI in the RSA group (25.13 kg/m²)
was almost similar to the control group (26.02 kg/m²).
However, in a previous study by Felisbino-Mendes et al.,
it has been observed that with every one unit increase in
BMI, the odds of spontaneous abortion significantly increased
(OR = 1.05; 95% CI=1.02-1.08).13 Another study by Eapen
et al. also showed that maternal BMI was strongly associated
with recurrent miscarriages.14 Similarly, Ghimire et al.
revealed the odds of abortion were 1.5 times more among
females with obesity than controls.15 Dissimilarities between
our study and previous studies might be due to variation in
the demographic characteristics of the study populations.
In the current study, the median parity in the RSA group
was reported as 0, while the control group had a median
parity of 1. Cohain et al. found that 43% of the females
experienced one or more first trimester spontaneous
miscarriages. A significant portion had one miscarriage
(27%), while 10% had two, 4% had three, and smaller
percentages had more. Notably, 18.5% had first trimester
miscarriages before their first live birth, and even women
with 11 or more living children experienced miscarriages
(81%). Furthermore, they found factors contributing to first
trimester miscarriages included increasing age, a history of
ectopic pregnancy, higher parity, previous cesarean surgery,
smoking during pregnancy, and a pre-pregnancy BMI =30.
These findings highlight the multifaceted nature of first
trimester miscarriages.16 and underscore the intricate nature
of first trimester miscarriages, further supporting the
complexity of their causes.
Uterine blood flow parameters in miscarriages have been
explored in various studies. One study by Yildiz et al. found
no significant difference in PI and RI values between females
with and without history of pregnancy loss.17 Zhang et al.
also found uterine artery blood flow parameters were
significantly higher in RSA group than control group. In the
study by Taylor et al. it has been observed that the mean PI
was significantly different between pregnancies that continued
to be viable and resulted in abortions.18  Elewa et al. revealed
that women with RSA have greater uterine flow resistance

PI
RI

1.76±0.35
0.98±0.21

1.21±0.29
0.76±0.17

Uterine artery
flow parameters RSA Control

0.001*
0.001*

p-value

Table 2: Comparison of uterine artery flow parameters between
RSA and control group (n=100)

Table 1: Baseline characteristics of study samples among both
groups (n=100)

 Characteristics
Age (years)

BMI (kg/m2)
Parity

RSA
23.28±3.96
25.13±3.80

0 (0-1)

Control
24.96±5.16
26.02±4.84

1 (1-2)

Table 3: Diagnostic performance of Doppler parameters using
ROC analysis

Pulsatility Index (PI)
Resistive Index (RI)

1.35
0.80

80%
82%

78%
58%

Parameter Cut-off
Value

Sensitivity
(%)

Specificity
(%)

Parameter
Pulsatility Index (PI)
Resistive Index (RI)

AUC (%)
88.6%
79.4%

p-value
0.001*
0.001*

Table 4: Area under the curve (AUC) for Doppler indices
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and lesser endometrial and subendometrial blood flow as
compared to fertile women.19 Similarly, Wahab et al. found
women with RSA had lesser endometrial blood flow and
higher uterine blood flow resistance as compared to controls.20

In the current study we also found that the mean PI and RI
values were significantly higher in the RSA group than in
the control group. This aligns with existing research that
has suggested abnormal uterine artery Doppler waveforms,
characterized by increased PI and RI, may be associated
with adverse pregnancy outcomes, including RSA.5,6,12.

Furthermore, in the current study, the ROC curve analysis
demonstrated that high AUC values (88.6% for PI and 79.4%
for RI) indicate good diagnostic accuracy. The sensitivity
and specificity values at their respective cut-off points further
emphasize the potential clinical utility of these Doppler
indices. While the ROC analysis is a valuable contribution,
it is essential to note that the sensitivity of RI is higher than
PI, which could make it a more robust predictor.
The paper presents essential insights into the association
between maternal age, BMI, Doppler parameters, and RSA.
However, several limitations should be acknowledged. First,
the sample size and demographic characteristics of the study
population are not discussed in detail, and these factors can
significantly impact the generalizability of the findings.20

Furthermore, it would be beneficial to explore other potential
confounding variables, such as medical history and lifestyle
factors, which were not included in this analysis. Lastly,
future research should focus on the reproducibility of these
findings in larger, more diverse populations to enhance the
robustness of these predictors.
The implications of the current findings are far-reaching in
the context of reproductive health, especially in countries
like Pakistan where access to advanced fertility assessments
and interventions remains limited. By demonstrating that
uterine artery Doppler indices such as PI and RI are
significantly elevated in women with RSA, this study adds
valuable evidence supporting the use of non-invasive imaging
techniques for early risk stratification.21 The observed high
AUC values in the ROC curve analysis further highlight the
diagnostic strength of these markers. While RI demonstrated
slightly higher sensitivity than PI in this study, both indices
have shown considerable clinical utility and can be considered
valuable tools for routine gynecological evaluations in
women at risk for RSA.
It is noteworthy that even though uterine artery Doppler
studies have gained attention globally, their routine integration
into standard clinical practice is still evolving. This may be
due to factors such as lack of trained personnel, limited
access to Doppler technology in resource-constrained settings,
and the need for standardized reference values. Our findings
underscore the importance of incorporating Doppler studies,
especially in tertiary care settings, to complement existing
diagnostic approaches. With increasing evidence supporting
their predictive value, uterine artery Doppler indices could

be pivotal in guiding clinical decisions such as closer
monitoring, early intervention, or the use of adjunctive
therapies like low-dose aspirin or heparin in at-risk patients.22

Another crucial aspect to consider is the timing of Doppler
assessment. Studies suggest that uterine artery Doppler
indices vary with the phase of the menstrual cycle, gestational
age, and individual physiological conditions. For optimal
predictive accuracy, standardizing the timing of these
assessments—ideally during the mid-luteal phase or early
first trimester—would allow for better inter-study
comparability. This standardization becomes especially
relevant in clinical protocols, where reproducibility and
consistency are crucial for widespread application.23

In addition to uterine artery flow, several studies have
examined the endometrial and subendometrial blood flow
as additional markers of reproductive potential. These
microvascular territories play a fundamental role in embryo
implantation and placental development. Reduced blood
flow in these regions, which has been consistently reported
in women with RSA, correlates with suboptimal endometrial
receptivity. Although this study did not evaluate endometrial
perfusion specifically, integrating this parameter in future
studies would enhance the overall understanding of uterine
hemodynamics in RSA patients.
The discussion on maternal age and BMI in relation to RSA
also warrants further elaboration. While this study found no
significant difference in age or BMI between the RSA and
control groups, literature reveals conflicting evidence. For
example, increasing maternal age has been widely recognized
as a risk factor for chromosomal abnormalities and
miscarriage. However, in populations with younger
reproductive age ranges, like those in Pakistan, this
association may be less pronounced. Similarly, BMI has
shown a complex relationship with pregnancy outcomes.
Although some studies report a positive correlation between
high BMI and RSA risk, others, including ours, suggest
minimal or non-significant differences. These discrepancies
underscore the importance of contextualizing data within
regional demographics, lifestyle patterns, and healthcare
access.16

Moreover, parity emerged as a potential differentiating factor
in our study, with RSA patients exhibiting a median parity
of zero. This finding aligns with clinical observations that
many women experiencing recurrent miscarriages often do
so before achieving a successful pregnancy. Low parity may
reflect underlying reproductive or endocrine dysfunctions,
immunologic incompatibilities, or structural anomalies that
impede the maintenance of early pregnancy.17 Thus, parity
should be further explored in future research as a potential
mediator or modifier in RSA risk prediction models.
Beyond the physiological and demographic considerations,
psychosocial dimensions of RSA also deserve attention.
Recurrent pregnancy loss is associated with significant
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emotional trauma, anxiety, depression, and relationship
stress. The diagnostic uncertainty surrounding many RSA
cases often compounds these challenges. Thus, developing
reliable, evidence-based predictors—such as uterine artery
Doppler indices—could not only guide medical management
but also provide psychological reassurance and clarity for
affected couples. This holistic approach to patient care is
particularly crucial in culturally sensitive settings where
childbearing is closely linked to social identity and familial
expectations.18

Another important consideration is the heterogeneity of
RSA causes. While Doppler parameters reflect uterine
perfusion and vascular resistance, RSA can also result from
endocrine disorders (like uncontrolled diabetes or thyroid
dysfunction),  coagulation abnormalit ies (e.g. ,
antiphospholipid syndrome), and immunological or genetic
defects. Therefore, Doppler assessments should be part of
a broader diagnostic framework, rather than standalone
tools.16 A multidisciplinary evaluation involving
endocrinologists, hematologists, geneticists, and reproductive
medicine specialists will yield a more comprehensive
understanding and management strategy for RSA patients.
One potential avenue for improving outcomes lies in
therapeutic interventions aimed at improving uterine blood
flow. Several clinical trials have investigated the efficacy
of low-dose aspirin, low molecular weight heparin, nitric
oxide donors, and even lifestyle interventions such as exercise
and weight management to improve uterine perfusion. If
future studies confirm that elevated PI and RI reliably predict
miscarriage risk, these interventions could be initiated pre-
conceptionally or in early pregnancy to enhance uterine
vascular function and potentially reduce the risk of pregnancy
loss. Personalized medicine, supported by real-time Doppler
assessments, could thus become a cornerstone of RSA
management in the future.17

Despite its valuable contributions, the current study is not
without limitations. The lack of detailed stratification by
RSA etiology limits the granularity of conclusions.
Additionally, although Doppler parameters were compared,
other relevant clinical data such as endometrial thickness,
hormonal levels, and anatomical anomalies were not
evaluated. These factors could influence uterine blood flow
and, consequently, miscarriage risk.21 Further, the study's
cross-sectional nature precludes causal inferences, and its
single-center design may limit generalizability. Multi-center
longitudinal studies with larger, ethnically diverse samples
and detailed clinical profiles would be instrumental in
validating and expanding upon these findings.
Moreover, operator variability in Doppler measurements,
even when using standardized techniques, remains a
significant limitation in clinical practice. Training
sonographers, ensuring inter-observer reliability, and using
high-resolution equipment are essential for enhancing the

accuracy and reproducibility of such assessments.22

Establishing normative reference ranges for uterine artery
PI and RI values in the local population would also facilitate
more precise risk categorization.
This study reinforces the utility of uterine artery Doppler
parameters, particularly PI and RI, as promising non-invasive
markers for assessing RSA risk. The elevated values in the
RSA group, combined with robust ROC curve metrics,
affirm their diagnostic value. While maternal age and BMI
were not significant differentiators in this cohort, the
importance of individual risk profiling remains paramount.
Future research should aim to integrate Doppler findings
with broader clinical, genetic, and psychosocial data to
develop holistic and individualized care plans.23 Ultimately,
enhancing the understanding and management of RSA
through such approaches could contribute to improved
maternal-fetal health outcomes, especially in under-resourced
settings.
When it comes to limitations, the study was conducted in
a single hospital, so the study is limited to generalize.
Meanwhile, the sample size of the study is also limited.
Importantly, the Doppler measurement is also dependent on
operator rather than considering it as a general factor.
CONCLUSION
The uterine artery blood parameters might be potential
predictors for the identification of women at risk of RSA.
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