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ABSTRACT
Background: Impaired sub-endometrial perfusion might reduce endometrial receptivity and possibly contribute to
unexplained infertility. A favorable effect on sub-endometrial blood flow has been demonstrated with nitric oxide.
Methods: This randomized controlled trial evaluated the effect of nitroglycerine on uterine and sub-endometrial blood
flow in women with unexplained infertility. Sixty women were randomized into 2 equal groups. The study group
received 5mg nitroglycerine patch daily from day 2 of the cycle till the evaluation day and the control group received
no treatment. Independent of the study arms, 30 parous women were included as the fertile group. Six to eight days
after detecting luteinizing hormone surge, women were assessed for endometrial thickness, uterine artery blood flow
with color Doppler and sub-endometrial blood flow with three-dimensional power Doppler.
Results: Compared to fertile women, cases with unexplained infertility (control group) had a significantly thinner
endometrium, higher uterine artery Doppler indices and lower sub-endometrial blood flow. Women who received
nitroglycerin showed a significant improvement in sub-endometrial blood flow while uterine artery blood flow did not
show a significant difference; however, the values were also comparable to fertile women. In addition, no effect on
endometrial thickness was found with nitroglycerin treatment. Nitroglycerin treatment side effects were headache,
blurring of vision and hypotension. These adverse effects were not significant compared to controls.
Conclusions: In women with unexplained infertility, nitroglycerin significantly improved the sub-endometrial blood
flow but did not affect the endometrial thickness.
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INTRODUCTION
The American society of reproductive medicine defined
unexplained infertility as “inability of a couple to conceive
for at least 12 months with unremarkable standard
infertility evaluation”.1 Around a third of women
presenting with infertility are classified as unexplained as
the natures of all underlying pathologies are still not fully
determined and the currently available tools are still
insufficient to detect all factors contributing to infertility.
Implantation and receptivity of the endometrium has been
a subject for research in these cases but still not fully

elucidated. Implantation is supposed to take place during a
48 hours window 6-10 days after the luteinizing hormone
surge. During this implantation window an increase in
uterine blood flow was reported by several studies, and
local angiogenesis was postulated to be a key event for
implantation and gestation.2 Disturbance in this
hemodynamics was implicated in reduction of endometrial
receptivity resulting in infertility.
Defective endometrial receptivity represents one of the
proposed etiologies and has been linked to unexplained
infertility.3 Various strategies have been suggested to
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assess the endometrial receptivity.4 The current evaluation
is based on several sonographic parameters5 with
endometrial thickness being the most commonly studied
parameter as a predictor for good endometrial receptivity.6
three dimensional power Doppler has been implicated in
the workup for unexplained infertility as a tool for
assessment of endometrial blood flow with a hypothesis
that impaired sub-endometrial perfusion might reduce
endometrial receptivity and possibly contribute to
unexplained infertility.6-8
Nitric oxide has been demonstrated to play an essential
role in reproduction and various adverse reproductive
outcomes have been reported with defective nitric oxide
synthesis.9-12 Previous studies have confirmed the role of
nitric oxide in adjustment of uterine blood flow. A sixty
percent reduction in uterine artery blood flow has been
demonstrated with nitric oxide inhibitor, while a favorable
effect on sub-endometrial blood flow has been reported
with nitric oxide donors.13,14
This study evaluated the effect of nitroglycerine as a nitric
oxide donor on uterine and sub-endometrial blood flow in
women with unexplained infertility.
METHODS
This study was a randomized controlled trial which was
carried out at Ain Shams university maternity hospital,
Cairo, Egypt during the period between March 2017 and
March 2020. The procedures used in this study adhere to
the tenets of the declaration of Helsinki. Before the
beginning of the study, and in accordance with local
regulation, the protocol and all corresponding documents

were declared for ethical approval by the Faculty of
Medicine Ain Shams university research ethics committee.
A written informed consent was signed by all participants
before enrollment in the study after explaining the purpose
and procedures of the study.
The study included 60 women with unexplained infertility
who were divided into 2 equal groups (30 women each);
the study (nitroglycerin) group which included women
who received nitroglycerine transdermal patch and the
control group which included women who received no
treatment. Women were included if meeting the following
criteria: age between 20-35 years, documented ovulation,
patent fallopian tube either by hysterosalpingogram and/or
laparoscopy, normal baseline hormonal profile and normal
husband’s semen analysis according to WHO 2010
criteria. The study excluded women with any identified
cause for infertility and excluded women with any medical
comorbidity, receiving ovulation induction or NSAIDs as
well as women with any contraindications for nitric oxide.
Independent of the study arms, we added a third group (the
fertile group) which included 30 fertile parous women.
The aim of this group was to provide background
information to confirm/ exclude impaired perfusion with
unexplained infertility and to compare the effect of
nitroglycerine, if any, to women with no fertility problems.
For the fertile group we included women attending at
family planning clinic with at least 1 prior term pregnancy
and no history of infertility, subfertility or recurrent
miscarriage. Recruitment and handling of the study
population during the course of the study are shown in
Figure 1.

Figure 1: Flow diagram of the study.
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All included women were subjected to a blood sample on
day 2 or 3 of the cycle to evaluate baseline hormonal
profile then they were instructed to daily test a morning
urine sample starting on cycle day 11 till detection of the
luteinizing hormone surge using commercially available
ovulation kits (Home Ovulation Kit, ACON Laboratories,
Inc., San Diego, CA, USA). Then they were scheduled for
a visit 6-8 days after detection of the luteinizing hormone
surge; during this visit they were subjected to a
transvaginal sonography to assess the endometrial
thickness, uterine artery color Doppler and 3D power
Doppler of sub-endometrial flow. Women in the study
group received nitroglycerine (Nitroderm TTS®,
Novartis, Egypt) 5 mg patch as a source of nitric oxide and
were instructed to wear a new patch every day for 12 hours
beginning from 2nd day of the cycle till the day of the
ultrasound scan. Women in the control group as well as the
fertile women received no treatment.
All ultrasound examinations were performed by a
conventional 3D power Doppler ultrasound equipment
Voluson E6 system (Voluson Expert, General Electric
Medical Systems, Milwaukee, WI), with a four to nine
MHz curved transducer. Ultrasound scans were performed
with the women in the dorsal lithotomy position after they
have completely emptied their bladders. Preliminary
ultrasound was performed to assess uterus, ovaries and
adnexa excluding any pathology. Then three-dimensional
power Doppler identified the uterine artery and three
similar consecutive waveforms were displayed and the
resistance index and the pulsation index were measured
and endometrial volume and indices of blood flow within
the endometrium. The VOCAL (virtual organ computer
aided analysis) software for the 3D power Doppler
histogram analysis was then used to analyze with computer
algorithms to form indices of blood flow and
vascularization. Vascularization index was measured as
the ratio of the number of color voxels to the total number
of voxels and is expressed as a percentage of the
endometrial volume, Flow index was recorded as the mean
power Doppler signal intensity inside the endometrium,
and vascularization flow index is a combination of
vascularity and flow intensity.
The study outcomes
The primary outcome of this study was the effect of
nitroglycerine on sub-endometrial blood flow measured by
three-dimensional power Doppler. Secondary outcomes
were: the effect of nitroglycerine on uterine blood flow
measured by 2-dimensional color Doppler and endometrial
thickness, side effects of treatment and pregnancy rate.
Randomization, allocation and
unexplained infertility groups)

blinding

(among

In this study a computer-generated random list was used to
allocate women with unexplained infertility to one of the
study groups with 1:1 ratio. Allocation concealment was
done through SNOSE (serially-numbered, opaque, sealed

envelopes) method which enclosed a letter corresponding
to the group assignment. After enrolment in the study,
participants were assigned to a study identifying number
given the next available number and envelopes were
opened after the woman was enrolled. Blinding was
deemed unnecessary in this study as all outcomes were
objectively assessed. However, the sonographer who
carried out the scans was blinded to the patient’s assigned
group.
Sample size justification
The study was planned to include 60 women with
unexplained infertility divided into 2 equal groups. An
effect size of 0.72 was expected with nitroglycerine
treatment based on results from previous studies
demonstrating improvement in the mean flow index14 and
in the uterine artery pulsatility index.15 Sample size was
calculated using G*power program, using the following
parameters: effect size=0.72, type-1 error (α)=0.05 and the
power (1-β)=0.8 which resulted in a minimal sample size
of 25 cases per group with 1:1 ratio. Assuming a 20%
dropout, 30 cases were included in each group. For the
fertile group a sample size of 16 cases was required to
detect an effect size of 0.91 with an α error=0.05 and the
power=0.8 for a difference in the mean flow index between
unexplained infertility and fertile cases based on results of
a previous study.6 As control group was predetermined to
include 30 women, the same size was planned for fertile
group.
Statistical methods
Statistical package for social sciences (SPSS®) for
Windows® version 24.0 (SPSS Inc, Chicago, IL, USA)
was used. Data were analyzed on intention-to-treat basis.
Parametric numerical data are presented as mean±standard
deviation; whereas non-parametric numerical data are
presented as median with interquartile range. Categorical
data are presented as number and percentage. Difference
between variables of two groups is measured using
independent student’s t-test (for numeric parametric
variables), Mann-Whitney’s U-test (for numeric
nonparametric variables), and Chi-squared (for categorical
variables). Three-group comparisons for numerical data
were done using the ANOVA test for parametric data and
using the Kruskal-Wallis test for non-parametric data.
Post-hoc analysis was done using Tukey’s and Dunn’s
post-hoc tests respectively. Categorical data were
compared using Chi square test or Fisher exact test.
RESULTS
The baseline demographics, basal hormonal profile and
clinical characteristics are shown in Table 1 and all
variables were comparable between the three groups
(p>0.05) except parity which is expected to be
significantly higher in the fertile group but the difference
was not significant statistically between the nitroglycerin
group and controls.
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Compared to fertile women, cases with unexplained
infertility (the control group) had a thinner endometrium
(p<0.001), higher pulsatility index (p=0.02) and resistance
index (p=0.03) and lower vascularization index (p=0.006),
flow index (p<0.001) and vascularization flow index
(p<0.001). The difference regarding all these variables was
significant statistically (Table 2).
Regarding the unexplained infertility cases, women who
received nitroglycerin had a lower mean endometrial

thickness than the control group, but the difference was not
statistically significant (p=0.2). The difference in the
uterine artery Doppler study was also not significant for
both the mean pulsatility index (p=0.63) and resistance
index (p=0.23). A significant higher sub-endometrial
blood flow was found among nitroglycerine treated
women compared to controls with significantly higher
vascularization index (p<0.001), flow index (p<0.001) and
vascularization flow index (p<0.001).

Table 1: Baseline demographics and clinical characteristics of the study population.
Variables
Age (years)
Body mass index (kg/m2)
Parity
Duration of infertility (years)
Estradiol (pg/mL)
Follicle stimulating hormone (mIU/mL)
Luteinizing hormone (mIU/mL)
Thyroid stimulating hormone (mIU/mL)
Progesterone (ng/mL)

Nitroglycerin group
28.4±3.7
26.2±3.1
1 (0-2)
3.6±1.3
25.8±5.9
6.8±1.5
4.3±1.3
1.5±0.5
11.6±3.3

Control group
28.9±3.4
25.4±3.2
1 (0-2)
3.4±1.4
27.5±6.2
7.5±2.0
4.5±1.6
1.3±0.6
11.6±3.7

Fertile group
28.0±3.1
26.2±4.1
2 (1-3)
25.7±6.2
7.5±1.9
4.6±1.5
1.7±0.6
11.6±3.3

Data are presented as mean±standard deviation except parity presented as median (interquartile range),

Table 2: Comparison between the three groups regarding the study outcomes.
Variables
Endometrial
thickness (mm)
Uterine
PI
artery 2D
RI
Doppler
SubVI
endometrial FI
3D power
VFI
Doppler

Nitroglycerin
group

Control
group

P value
(Nitroglycerin
vs control)

Fertile
group

P value
(Nitroglycerin
vs fertile)

P value
(Controls vs
fertile)

7.94±1.14

8.51±1.29

0.20

11.14±1.07

<0.001*

<0.001*

1.90±0.47

2.01±0.31

0.63

1.69±0.44

0.19

0.02*

0.81±0.22

0.89±0.06

0.23

0.76±0.21

0.54

0.03*

2.36±0.66
35.29±5.93

1.94±0.19
30.82±2.64

0.001*
<0.001*

2.31±0.12
36.69±3.09

0.92
0.49

0.006*
<0.001*

1.11±0.38

0.79±0.29

<0.001*

1.13±0.21

0.97

<0.001*

Data are presented as mean±standard deviation, *= significant, PI=Pulsatility index, RI=Resistance index, VI=Vascularization index, FI=
Flow index, VFI=Vascularization-flow index

The effect of nitroglycerine treatment was evaluated in
comparison to fertile women. As shown in Table 2, the
uterine artery Doppler pulsatility and resistance indices as
well as the sub-endometrial 3D power Doppler
vascularization index, flow index and vascularization flow
index reached values comparable to fertile women
(p>0.05) while the difference in endometrial thickness
between both groups remained significant (p<0.001).
Nitroglycerin treatment side effects were headache in 2/30
(6.67%) women (relative risk=2.0, 95% confidence
interval=0.19-20.9), blurring of vision in 4/30 (13.3%)
women (relative risk=9.0, 95% confidence interval=0.50160.2) and hypotension in 5/30 (16.7%) women relative
risk=2.5, 95% confidence interval=0.53-11.9). These

adverse effects were not significant compared to controls
(p>0.05).
Biochemical pregnancy was confirmed in 2/30 (6.67%)
women in the nitroglycerin group and in 1/30 (3.33%)
woman in the control group, this difference failed to prove
the statistical significance but this outcome cannot be
adequately concluded due to the very low rate in both
groups.
DISCUSSION
Sub-endometrial blood flow has been previously
investigated as a contributor to unexplained infertility but
the reported results were conflicting.7,16,17 It was also
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postulated that impaired uterine perfusion may play a
possible role in the pathogenesis of unexplained
infertility.18 Impaired uterine, sub-endometrial as well as
ovarian perfusion has also been demonstrated in
unexplained infertility cases by color Doppler study.19-21
Zebitay and colleagues agreed to this finding, in addition,
they also stated that this difference does not exist among
women with tubal factor infertility compared to fertile
women; reserving this association to unexplained
infertility.8 In this study, we found that unexplained
infertility was associated with a significantly impaired
uterine as well as sub-endometrial perfusion which was in
agreement with previous reports.6,16,17
Schild et al suggested that sub-endometrial perfusion
relates to fertility outcome more than uterine perfusion
with the hypothesis that sub-endometrial blood flow may
be masked by the larger proportion of uterine blood
distributed to myometrium.22 This suggestion provided a
possible explanation for the heterogenous evidence
regarding the correlation between uterine artery Doppler
flow values and pregnancy rate and suggesting a possible
beneficial role of endometrial blood flow enhancement in
the management of unexplained infertility.
This study investigated the potential role of nitric oxide
donor to enhance endometrial blood flow in unexplained
infertility. We found that nitroglycerine treatment
significantly improved sub-endometrial blood flow to
values similar to fertile women while the relatively
underdeveloped endometrium showed no improvement
and remained significantly thin compared to fertile
women. We also found better uterine artery Doppler
indices in the nitroglycerin-treated group although the
difference did not reach significance; however, the indices
were improved to values comparable to the fertile group.
This observation probably reflects an inconsistent
response rather than no response to nitroglycerin treatment
as the 95% confidence interval of the mean values in the
nitroglycerin-treated group spanned a large range of values
overlapping with both lower interval of fertile group and
higher interval of control unexplained infertility group.
To the authors’ knowledge there are no reports
investigating nitroglycerine in natural cycles as a potential
management for cases with unexplained infertility
although few studies have evaluated its role to improve
pregnancy rate in women undergoing in vitro fertilization
before embryo transfer.23,24 Furthermore, the existing
evidence regarding the role of vasodilators in reproductive
medicine is scarce and conflicting. Edi-Osagie et al
suggested that a favorable outcome might be expected with
enhancing uterine perfusion in unexplained infertility
cases.25 Treatment with sildenafil citrate improved
endometrial thickness, increased pregnancy rate as well as
opposing the endometrial adverse outcomes associated
with clomiphene treatment.15,26,27 Isosorbide mononitrite
significantly improved uterine artery and sub-endometrial
perfusion.14 A favorable outcome was reported with oral
L-arginine in poor responders undergoing IVF.28 On the

other hand, in a randomized controlled trial, Battaglia et al
reported that L-arginine adversely affected pregnancy rate
in women undergoing IVF.29 Moreover, in cases with
recurrent miscarriage, sildenafil citrate, isosorbide
mononitrite and N-acetyl cysteine improved uterine artery
Doppler indices.30-32
Gutarra-Vilchez et al published a Cochrane review
investigating the effect of vasodilators on endometrial
thickness and reported a beneficial effect for endometrial
thickening but the authors concluded this effect is
uncertain due to very low-quality evidence.33 It must be
noted that no studies assessing the effect of nitroglycerin
was included in that review.
Thin endometrium is suggested to have a detrimental
effect on pregnancy rate.34 Although the best cutoff to
predict pregnancy is still to be determined but previous
studies reported a positive relation between pregnancy rate
and endometrial thickness.6 Eftekhar et al found the
highest pregnancy rate with endometrial thickness
between 8 and 11 mm.35 Several reports concluded that
maximizing endometrial thickness is recommended before
embryo transfer in women undergoing assisted
reproduction.36 Singh et al recommended postponing
embryo transfer in in-vitro fertilization cycles when
endometrial thickness is 7 mm or less.37 It should be
emphasized that the majority of these studies reported
endometrial thickness in stimulated cycles in women
undergoing in vitro fertilization. In the current population,
all groups demonstrated an endometrial thickness
exceeding these cutoffs but significantly thicker
endometrium was found in the fertile group compared to
controls which remained significant after nitroglycerine
treatment.
Biochemical pregnancy in the present study was
comparable between nitroglycerine treated women and
controls (6.67% versus 3.33% respectively). This result
should be cautiously interpreted due to the very low
pregnancy rate in both groups which is not sufficient to
detect such small effect size for this secondary outcome or
to allow firm conclusion. In a Cochrane review, higher
pregnancy rate was reported in women undergoing fertility
treatment with vasodilators treatment (relative risk=1.45,
95% confidence interval=1.19-1.77) although it did not
significantly improve live birth rate (relative risk=1.18,
95% confidence interval=0.83-1.69).33
The current population reported headache, blurring of
vision and hypotension with nitroglycerin treatment but
these adverse effects were comparable to controls as well
as to the fertile group. In disagreement with our results,
vasodilators therapy significantly increased rates of side
effects compared to placebo or no treatment,33 but it is
worth noting that this Cochrane review included studies
assessing different vasodilator compounds and no studies
evaluating nitroglycerine was included, this might explain
the difference from the current results.
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The current study has the following limitations: first, we
did not investigate whether the known tachyphylaxis to
vascular effects of nitroglycerin might have impacted the
vascular endometrial response; second, women were
followed up for spontaneous pregnancy over a single
cycle, which might not reflect the typical clinical scenario
in management of these women; third, the effect of
nitroglycerine on pregnancy rate could not be concluded
from the current results due to the small sample size to
assess this outcome.

7.

8.

CONCLUSION
In women with unexplained infertility, nitroglycerin
significantly improved the sub-endometrial blood flow but
did not affect the endometrial thickness. Doppler study of
uterine and sub-endometrial blood flow may be considered
in infertility workup for women with unexplained
infertility and if impaired perfusion is detected,
transdermal nitroglycerin seems a promising treatment in
such cases. Further research is recommended to evaluate
nitroglycerine for multiple consecutive cycles.
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