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Abstract

Background: Infertility is a major reproductive health burden in Sub-Saharan Africa, where prevalence rates reach 20–46%. En-
dometrial receptivity, critically dependent on adequate uterine perfusion, is a key determinant of successful implantation. Doppler
ultrasound provides a non-invasivemeans to assess uterine hemodynamics, yet locally derived data fromNigerian populations remain
scarce.

Objectives: This study aims to determine and compare uterine artery Doppler indices and subendometrial blood flow patterns be-
tween infertile and fertile parous women in Maiduguri, Nigeria, a region within Africa’s high-prevalence infertility belt.

Methods: This prospective case-control study was conducted over a 13-month period involving 300 newly diagnosed cases of infertile
women and 300 age-matched fertile parous controls. Transvaginal Doppler ultrasound was performed during the mid-luteal phase.
Uterine artery pulsatility index (PI) and resistivity index (RI) weremeasured, and subendometrial blood flowwas classified into zones
(1–4). Main outcome measures were mean uterine artery PI, RI, and distribution of subendometrial blood flow zones.

Results: The mean age was 30.3±7.0 years for cases and 34.7±6.9 years for controls (p<0.001). Infertile women exhibited signifi-
cantly higher uterine artery impedance: mean RI was 0.79±0.07 vs. 0.73±0.06 (p<0.001), and mean PI was 2.15±0.56 vs. 1.69±0.30
(p<0.001). Subendometrial perfusion was markedly reduced in the infertile group (p<0.001); while all controls (100%) displayed op-
timal Zone 3 flow, only 54.3% of infertile women did. Furthermore, 45% of infertile women had a clinically high RI (>0.8) compared
to none in the control group. Age-adjusted ANCOVA confirmed that Doppler differences persisted independently of age (RI: F=112.45,
p<0.001; PI: F=128.73, p<0.001). Subgroup analysis showed both primary and secondary infertility had similarly elevated Doppler
indices compared to controls (p<0.001 for all comparisons).

Conclusion: Infertile women in this population demonstrate significantly impaired uterine perfusion, evidenced by elevated Doppler
indices and reduced subendometrial blood flow. These findings support the integration of Doppler ultrasound into the diagnostic
work-up for infertility in similar resource-limited settings, as it identifies a potential, reversible contributor to poor endometrial re-
ceptivity.
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Introduction

Infertility, defined as the failure to achieve a clini-
cal pregnancy after 12 months of regular, unprotected

intercourse, is a global reproductive health chal-
lenge with profound psychosocial and economic con-
sequences (Ombelet et al., 2008; Zegers-Hochschild et
al., 2017). The burden is disproportionately high in
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Sub-SaharanAfrica, often termed the “infertility belt,”
where prevalence rates range from 20–46%, com-
pared to 10–15% in developed nations (Mascarenhas
et al., 2012; Obuna et al., 2012). In Nigeria, infertility
is a leading reason for gynecological consultations and
is associated with significant stigma, particularly for
women (Oladokun et al., 2018; Panti & Sununu, 2014).

The evaluation of infertility requires reliable, ac-
cessible, and cost-effective diagnostic tools. While
etiologies are multifactorial, successful implantation
hinges on a receptive endometrium, which is critically
dependent on adequate uterine perfusion (El-Mazny
et al., 2011; Wang et al., 2010). Doppler ultrasonog-
raphy provides a non-invasive, real-time, and afford-
able method to assess uterine hemodynamics bymea-
suring impedance indices – the pulsatility index (PI)
and resistivity index (RI) – in the uterine arteries, and
by visualizing subendometrial blood flow (Kupesic &
Kurjak, 1993; Steer et al., 1990). Studies in other popu-
lations have linkedhighuterine artery impedance and
poor subendometrial flow with implantation failure,
recurrent pregnancy loss, and reduced success in as-
sisted reproduction (Cacciatore et al., 1996; Steer et al.,
1994).

Despite the high prevalence of infertility in Nige-
ria, there is a paucity of local data on uterine hemody-
namic parameters. While hysterosalpingography and
MRI have roles in infertility evaluation, these tools
are invasive or inaccessible in resource-limited set-
tings. Doppler ultrasound offers a non-invasive, af-
fordable alternative that directly assesses the vascu-
lar component of endometrial receptivity (Steinkeler
et al., 2009). This study, therefore, aimed to deter-
mine uterine artery PI, RI, and subendometrial blood
flow patterns in infertile women compared to fertile
controls inMaiduguri, North-Eastern Nigeria. We hy-
pothesized that infertile women would exhibit signif-
icantly higher uterine artery impedance and poorer
subendometrial perfusion.

Materials and Methods

Study Design and Setting

This was a prospective case-control study conducted
at the Department of Radiology, University of Maid-
uguri Teaching Hospital (UMTH), from April 2022 to
May 2023. Ethical approval was obtained from the
UMTHResearch and Ethics Committee (Approval No:
UMTH/REC/2022/04/12), andwritten informed con-

sent was secured from all participants.

Participants

Case Group: 300 women aged 15–49 years, newly di-
agnosed with primary or secondary infertility of at
least one year’s duration, referred from the gynecol-
ogy clinic.

Control Group: 300 age-matched, fertile parous
women who had delivered a live baby within the pre-
ceding 6–12 months, recruited from the family plan-
ning clinic.

Exclusion Criteria for both groups: Women
with uterine anomalies (e.g., huge fibroids, congen-
ital malformations), active pelvic inflammatory dis-
ease, significant medical comorbidities (e.g., diabetes,
hypertension), history of pelvic surgery, or incidental
pregnancy on scan.

Ultrasound Examination

All scans were performed in the mid-luteal phase
(days 19–23 of a 28-day cycle) by a single operator
using a GE Logiq P5 ultrasound system with a multi-
frequency transvaginal transducer. After a prelimi-
nary B-mode scan, color Doppler was used to iden-
tify the uterine arteries at the cervicocorporal junc-
tion. Pulsed-wave Doppler was applied with an angle
of insonation as close to 0° as possible. The angle was
maintained at ≤30° (range 15–30°) for all measure-
ments, and angles >30° were rejected to minimise
angle-related error. The PI and RI were automati-
cally calculated by the machine’s software from three
consecutive uniform waveforms and averaged for the
right and left sides to give a mean PI and RI per pa-
tient.

Subendometrial blood flow was assessed using
color Doppler mapping in a longitudinal uterine view
and classified semi-quantitatively as follows:

• Zone 1: Flow at the endometrial-myometrial
junction only.

• Zone 2: Flow penetrating the hyperechoic
outer endometrial margin.

• Zone 3: Flow reaching the inner hypoechoic
endometrial zone (considered optimal perfu-
sion).

• Zone 4: Flow extending to the endometrial cav-
ity (not observed in this study).
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Statistical Analysis

Data were analyzed using SPSS version 23.0. Contin-
uous variables (PI, RI, age) were presented as mean
± standard deviation and compared using the inde-
pendent samples t-test. Categorical variables (suben-
dometrial flow zones, parity) were presented as fre-
quencies/percentages and compared using the Chi-
square test. To address the significant age difference
between groups, an analysis of covariance (ANCOVA)
was performed with age as a covariate to confirm that
Doppler index differences persisted independently of
age. A p-value of <0.05 was considered statistically
significant. A sub-analysis defined “high” RI as >0.8
and “high” PI as >3.0 based on referenced normative
values (Alcazar&Kudla, 2012; Kupesic&Kurjak, 1993;
Steer et al., 1994).

Sample size was calculated a priori using the in-

dependent samples formula for case-control compar-
isons. Based on a presumed mean RI difference of
0.06 between groups (from prior literature: Steer et
al. 1994 (Steer et al., 1994)), with standard deviations
of 0.07 and 0.08, 𝛼=0.05, power=80%, a minimum of
246 participants per group was required. Allowing for
20% attrition, the target sample was 307 per group,
which we rounded to 300 per group based on recruit-
ment feasibility during the 13-month study period.

Results

Demographic and Clinical Characteristics

The socio-demographic data are summarized in Table
1. The infertile group was significantly younger and,
by definition, had lower parity, with 69.3% being nul-
liparous. A higher proportion of controls reported a
history of miscarriage (46.0% vs. 27.7%, p<0.001).

Table 1: Socio-Demographic and Clinical Characteristics of the Study Population

Characteristic Infertile group (n=300) Fertile control group (n=300) p

Age (years)
Mean ± SD 30.28±6.98 34.72±6.94 <0.001
Range 18–46 20–48

Age group, n (%)
≤20 6 (2.0) 2 (0.7)

<0.001
21–30 147 (49.0) 88 (29.3)
31–40 113 (37.7) 145 (48.3)
41–50 34 (11.3) 65 (21.7)

Parity, n (%)
Nulliparous 208 (69.3) 0 (0)

<0.001
Primiparous 20 (6.7) 33 (11.0)
Multiparous 66 (22.0) 176 (58.7)
Grand multiparous 6 (2.0) 91 (30.3)

History of miscarriage, n (%) 83 (27.7) 138 (46.0) <0.001

SD = Standard Deviation.

Uterine Artery Doppler Indices and Subendome-
trial Blood Flow

Uterine artery Doppler parameters are detailed in Ta-
ble 2. The mean RI and PI were significantly higher
in the infertile group compared to the fertile controls
(RI: 0.79 vs. 0.73; PI: 2.15 vs. 1.69; both p<0.001).

The between-group differences in RI and PI remained
highly significant after adjusting for age in ANCOVA
(RI: F=112.45, p<0.001; PI: F=128.73, p<0.001), con-
firming that the observed differences are attributable
to infertility status rather than the age disparity be-
tween groups.
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Table 2: Uterine Artery Doppler Indices and Subendometrial Blood Flow

Parameter Infertile group (n=300) Control group (n=300) t p

Uterine artery Doppler (Mean ± SD)
Resistivity Index (RI) 0.79±0.07 (Min: 0.50, Max: 0.93) 0.73±0.06 (Min: 0.52, Max: 0.80) 15.890 <0.001
Pulsatility Index (PI) 2.15±0.56 (Min: 0.73, Max: 3.66) 1.69±0.30 (Min: 0.88, Max: 2.70) 16.959 <0.001

Subendometrial blood flow zone, n (%)
Zone 1 (Poor) 89 (29.7) 0 (0)

<0.001Zone 2 (Moderate) 48 (16.0) 0 (0)
Zone 3 (Good) 163 (54.3) 300 (100)

Classification of indices, n (%)
High RI (>0.8) 135 (45.0) 0 (0) <0.001
High PI (>3.0) 12 (4.0) 0 (0) <0.001

SD = Standard Deviation.

The distribution of subendometrial blood
flow zones differed dramatically between groups
(p<0.001) (Figure 1). All 300 control women (100%)
exhibited optimal Zone 3 perfusion. In contrast,

among the 300 infertile women, only 163 (54.3%)
had Zone 3 flow, while 89 (29.7%) had Zone 1 and
48 (16.0%) had Zone 2 flow.

Figure 1: Distribution of Subendometrial Blood Flow Zones in InfertileWomen. Bar chart comparing the semi-
quantitative assessment of subendometrial perfusion. Blood flowwas classified as Zone 1 (flowat endometrial-
myometrial junction), Zone 2 (flow penetrating outer endometrial margin), or Zone 3 (flow reaching inner en-
dometrial zone, considered optimal). All fertile control women (100%) demonstrated Zone 3 flow. In contrast,
a significantly lower proportion of infertile women (54.3%) had Zone 3 flow, with the remainder exhibiting
impaired perfusion (Zones 1 or 2). (p < 0.001, Chi-square test).

Subgroup Analysis: Primary vs Secondary Infer-
tility

Subgroup analysis comparing primary (n=208) and
secondary (n=92) infertility revealed that both sub-

types had significantly elevated RI and PI compared
to controls (p<0.001 for all comparisons). The mean
RIwas 0.80±0.07 in primary infertility and0.78±0.06
in secondary infertility (p=0.083); mean PI was
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2.18±0.58 vs 2.09±0.51 (p=0.091). Zone 3 perfusion
was present in 52.4% of primary and 58.7% of sec-
ondary infertility cases (p=0.312). While both groups
were similarly affected, the trend toward slightly bet-
ter perfusion in secondary infertilitywarrants further
investigation in larger studies.

Discussion

This case-control study provides compelling evi-
dence from a high-prevalence region that infertile
women have significantly altered uterine hemody-
namics compared to their fertile counterparts. Our
findings demonstrate elevated uterine artery PI and
RI, alongside substantially compromised subendome-
trial perfusion in the infertile group during the mid-
luteal phase, a critical window for endometrial recep-
tivity. The age-adjusted analysis confirmed that these
differences are attributable to infertility status rather
than the age disparity between groups.

The significantly higher mean uterine artery RI
(0.79) and PI (2.15) in our infertile cohort align with
the pathophysiological concept of increased vascu-
lar impedance, suggesting reduced diastolic flow and,
consequently, diminished perfusion pressure to the
endometrium (Raine-Fenning et al., 2004; Steer et
al., 1994). This creates a potentially hostile endome-
trial environment for blastocyst attachment and early
placentation. Our results are consistent with previ-
ous studies in other populations reporting elevated
Doppler indices in women with unexplained infer-
tility (Cacciatore et al., 1996; El-Mazny et al., 2013).
The finding that the differences persisted after age
adjustment strengthens the causal inference, as uter-
ine artery impedance is known to vary with age. No-
tably, the older control group would be expected to
have higher (not lower) impedance indices, making
our observed differences potentially conservative.

The most striking and clinically intuitive finding
is the profound disparity in subendometrial blood
flow. While every fertile woman exhibited optimal
(Zone 3) flow, nearly half (45.7%) of the infertile
women had only peripheral (Zone 1 or 2) perfusion.
This visual Doppler assessment directly reflects mi-
crovascular perfusion at the tissue level and strongly
supports the hypothesis of impaired endometrial re-
ceptivity in a large subset of infertile women (Wahab
et al., 2011). Our results corroborate the work ofWang
et al. and Chien et al., who associated better endome-

trial flow zones with higher implantation and preg-
nancy rates (Chien et al., 2002; Wang et al., 2010). The
finding that 45% of our infertile cohort had a clini-
cally “high” RI (>0.8) further quantifies the scale of
this potential contributor to infertility in our setting.

The subgroup analysis comparing primary and
secondary infertility revealed that both subtypes
demonstrated similarly elevated Doppler indices and
impaired perfusion compared to controls, with no
statistically significant differences between the two
groups. This suggests that impaired uterine perfusion
is a common feature across infertility types in this
population. The non-significant trend toward slightly
better perfusion in secondary infertility (RI 0.78 vs
0.80; Zone 3 flow 58.7% vs 52.4%) may reflect prior
uterine vascular adaptation from pregnancy, though
this requires further study with larger sample sizes.

The clinical utility of these findings is substan-
tial, particularly in resource-limited environments
like ours. Doppler ultrasound is affordable, non-
invasive, and readily available. Identifying a cohort of
women with “high-resistance” uteri and poor suben-
dometrial flow allows for targeted therapeutic inter-
ventions. Evidence suggests that interventions such
as low-dose aspirin, pentoxifylline, or vaginal silde-
nafil may improve uterine perfusion and subsequent
pregnancy outcomes (Check et al., 2002; Lazzarin et
al., 2009). In resource-limited settings like ours, iden-
tifying impaired perfusion via Doppler is particularly
valuable as it may guide low-cost, targeted therapies
before resorting to expensive assisted reproduction.
Therefore, integrating this assessment into the stan-
dard infertility work-up could stratify patients and
guide personalized adjuvant therapy, potentially im-
proving natural and assisted conception rateswithout
resorting immediately tomore expensive and invasive
options.

Study Limitations

The semi-quantitative assessment of subendometrial
flow, while clinically useful and previously validated,
is operator-dependent. Future studies with 3D power
Doppler and VOCAL software would provide more ob-
jective quantification. The case and control groups
were not perfectly matched for age and miscar-
riage history; however, ANCOVA confirmed that the
Doppler differences were independent of age. The
cross-sectional design cannot establish causality, only
association. Longitudinal studies tracking perfusion
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changes with treatment and pregnancy outcomes are
needed. The control group was recruited from post-
partum women attending family planning clinics.
While this ensured proven fertility, it introduces a po-
tential selection bias, as post-partum uterine perfu-
sion may differ from that of non-pregnant women at
other reproductive stages. The results may not fully
generalise to all fertile women, particularly those at
different parities or stages of reproductive life.

The higher prevalence of miscarriage history in
the control group (46.0%) compared to cases (27.7%)
is a noteworthy confounder. Prior miscarriage may
itself be associated with altered uterine perfusion,
though the direction of effect is uncertain. Some stud-
ies suggest that recurrent miscarriage is associated
with elevated uterine artery impedance, which would
mean our control group – with more miscarriage his-
tory – might be expected to have higher (not lower)
impedance. This would make our observed findings
potentially conservative. Conversely, if post-partum
vascular remodelling from the successful pregnancy
that followed prior miscarriages improves perfusion,
this could partially explain the lower impedance in
controls. The cross-sectional design cannot disentan-
gle these effects. Future longitudinal studies with de-
tailed reproductive histories are needed.

The clinical thresholds for ‘high’ RI (>0.8) and
‘high’ PI (>3.0) used in our sub-analysis are based
on previously published normative values (Alcazar &
Kudla, 2012) and align with thresholds used in other
studies (Kupesic & Kurjak, 1993; Steer et al., 1994).
However, these cut-offs derive from predominantly
Caucasian populations and have not been validated
in Sub-Saharan African settings. We regard these
thresholds as exploratory, and their local applicability
warrants validation in future multi-centre normative
studies.

Conclusion

This study establishes that infertile women in Maid-
uguri, North-Eastern Nigeria, have significantly im-
paired uterine perfusion, characterized by elevated
uterine artery Doppler indices and reduced suben-
dometrial blood flow during the implantation win-
dow. Both primary and secondary infertility subtypes
demonstrate similar perfusion impairment compared
to fertile controls. These findings underscore the role
of uterine hemodynamics in infertility and advocate

for the inclusion of Doppler ultrasound in the di-
agnostic algorithm in similar settings. By identify-
ing impaired perfusion, clinicians can consider tar-
geted vasodilatory therapies, potentially enhancing
endometrial receptivity and improving reproductive
outcomes for women in high-prevalence infertility re-
gions.
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