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Abstract

Background and aim - Hysteroscopy is the gold standard
for diagnosing endometrial and cervical canal pathology
and can be used alone or in combination with other
methods. The study aimed to compare abnormal findings
of vaginal color Doppler ultrasonography (transvaginal
sonography [TVS]) and hysteroscopy.

Methods - This study involved 100 infertile women with
a history of two or more failed implantations of in vitro
fertilization (IVF) from January 2020 to January 2021 in the
infertility ward of Al-Zahra Hospital in Tabriz, Iran. All
patients underwent hysteroscopy and TVS in the follicular
phase to examine the endometrial cavity. We calculated the
sensitivity and agreement of TVS color Doppler compared to
hysteroscopy and using appropriate statistical tests.

Results — The overall proportion of abnormal findings
was 69 and 66% through hysteroscopy and TVS. The sensi-
tivity and kappa statistics of TVS compared to hysteroscopy
were 95.6 and 93.2%, respectively. Endometrial polyps were
the most common abnormalities in hysteroscopy (31%) and
TVS (25%). In examining the relationship between hystero-
scopy findings and vaginal color Doppler ultrasonography
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findings, a significant association was found between submu-
cosal myoma and non-homogeneous myometrium (OR = 1.8
(1.02-5.3); P = 0.027), endometrial polyps and non-homoge-
neous myometrium (OR = 2.7 (1.04-7.4); P = 0.025), intrau-
terine adhesion and uterine artery PI (OR = 1.9 (1.3-8.2); P =
0.001), endometrial atrophy and endometrial thickness (OR =
2.4 (1.01-4.5); P = 0.034), and thick/irregular endometrium and
adenomyosis (OR = 2.5 (1.4-15.9); P = 0.001).

Conclusion — Abnormal findings of hysteroscopy and TVS
were observed more in patients who have a history of two
or more unsuccessful IVFs. Comparing and evaluating the
relationship between them can be considered a positive
prognostic factor and a better diagnosis for achieving preg-
nancy in the IVF procedure in women with a history of
recurrent implantation failure.

Keywords: hysteroscopy, vaginal color Doppler ultrasono-
graphy, in vitro fertilization, recurrent implantation
failure, IVF

1 Introduction

Recurrent implantation failure (RIF), defined as two or more
unsuccessful cycles of in vitro fertilization (IVF) embryo
transfer, is challenging for clinicians and distressing for
patients [1,2]. Despite technological advances in medicine,
only about a quarter of IVF cycles lead to live births, and
most patients remain infertile even after multiple IVF
attempts. It has been reported that the infertility rate in
different countries is between 5 and 30% [3]. A study con-
ducted by Abangah et al. showed that the overall infertility
rate in Iran is 10.9% [4]. Infertility can be attributed to fetal
factors or uterine abnormalities. Several interventions have
been suggested to improve the outcome of IVF after several
failed attempts, only a few of which are evidence-based [1,5].
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Therefore, first of all, these failure factors in IVF and fertility
should be recognized.

Uterine abnormalities can be diagnosed by vaginal
sonography, hysteroscopy, sonohysterography, and hyster-
osalpingography [6,7]. Hysteroscopy is mainly performed
in cases of recurrent IVF failure and suspected intrauterine
pathology because abnormalities of the uterine cavity can
be easily evaluated with hysteroscopy. Therefore, it is
considered the gold standard and definitive test in the
evaluation of the uterine cavity [8]. In combination with
hysteroscopy, vaginal color Doppler ultrasound is a non-
invasive and easy imaging method with excellent clinical
utility in the diagnosis of endometrial receptivity, which
has recently attracted more attention [9,10]. This provides a
unique tool for evaluating endometrial receptivity by virtue
of its ability to monitor endometrial thickness, endometrial
peristalsis wave, endometrial typing, and sub-endometrial
blood flow parameters [11-13]. Considering that in patients
with RIF with a long history of infertility, the comparison and
relationship of hysteroscopy findings with vaginal color Dop-
pler ultrasonography are poorly understood. Therefore, the
present study aimed to compare correlations between the
abnormal findings of hysteroscopy and vaginal color Doppler
ultrasonography (TVS). It may be useful in predicting and
improving the diagnostic power of abnormal findings in these
patients.

2 Materials and methods

2.1 Study design and setting

The present study retrospectively was performed on 100
infertile women (between 20 and 41 years old) with a his-
tory of RIF from the beginning of January 2020 to the end of
January 2021 in the infertility ward of Al-Zahra Educational
and Treatment Hospital in Tabriz. They were infertile women
due to various factors and underwent hysteroscopy and TVS
color Doppler to assess the endometrial cavity in the follicular
cycle by the same operator in our unit. The inclusion criteria
for the study were as follows: Women aged 42 years and
younger, not taking any specific medication for the past
month, suffering from primary or secondary infertility,
having a history of at least two unsuccessful transfers despite
transferring at least one fresh or frozen embryo of good
quality. Exclusion criteria included: (1) Smoking and alcohol
consumption. (2) Having various diseases such as diabetes,
cardiovascular, cancer, liver, thyroid, digestive, renal, hyper-
tension, and rheumatoid arthritis. Based on the study type,
we examined 100 patients who completed the steps. The
sample size was set at 100 subjects based on the agreement
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percentage of hysteroscopy and TVS (0.77) based on a pre-
vious study [14] type I error (a = 0.05), Power = 0.8, and 10%
compensation for poor information and accurate estimation.
A total of 146 infertile women were referred to the infertility
unit of Al-Zahra Hospital during the study. Of these, 100 sub-
jects were included based on the study’s eligibility criteria. All
patients signed an informed consent form before the study
and treatment. The study has been approved by the Ethics
Committee of Tabriz University of Medical Sciences (No:
IR.TBZMED.REC.1400.954).

2.2 Technique of diagnostic hysteroscopy

Before the procedure, all patients underwent TVS color
Doppler, and all abnormal findings were recorded. Then,
hysteroscopy was performed under general anesthesia using
a surgical hysteroscope (Carl Storz, Tatlinger, Germany). The
uterine distention was performed by the glycine and using an
electronic pump (Hysteromat; Karl Storz). Surgically assisted
video hysteroscopy was performed using a monopolar elec-
tric resectoscope with an outer diameter of 9 mm. In patients
with uterine pathology, appropriate treatment was per-
formed simultaneously. In case of adhesion, polyp, or submu-
cosal myoma, immediate adhesion lysis or hysteroscopic
removal was performed. The septa were removed with a
resectoscope or scissors. Cervical dilation was performed in
patients with polyps larger than 2 cm or submucous myoma.
If necessary, endometrial tissue samples were taken after
examination of the cervical canal and uterine cavity, and
then all samples were fixed in formaldehyde and sent for
pathology evaluation.

2.3 Vaginal color Doppler ultrasonography

The same ultrasound device (Fukuda Denshi Co., Ltd,,
Tokyo, Japan) was used for this study, and the same physician
performed all procedures. The vaginal ultrasound probe
(8 MHz) was used for all subjects. TVS color Doppler was
performed vaginally, and sonographic indexes of uterine ves-
sels were reported as pulsatility index (PI), endometrial
thickness, end-diastolic blood flow, and endometrial blood
supply by mentioning Zone I, Zone II, Zone III, and sub-
endometrium.

2.4 Statistical analysis

This study was analyzed using descriptive statistical methods
and SPSS software (version 21.0, Chicago, IL, USA).
Measurement data were expressed as mean * standard
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deviation (mean + SD) or number and percentage. The
McNemar test was used to compare the abnormal findings
of hysteroscopy and ultrasonography, and the agreement of
the two methods to detect abnormal uterine findings was
calculated using the kappa statistics. The relationship
between abnormal findings of hysteroscopy and vaginal color
Doppler ultrasonography was done using the Chi-square or
Fisher exact test when the expected frequency of 2 by 2 table
was less than 5, at least in a cell. The sensitivity of TVS was
calculated compared to hysteroscopy (as a gold standard).
Sensitivity is the ability of TVS to detect abnormalities in
comparison with hysteroscopy. A P-value less than 0.05 was
considered statistically significant.

3 Results

In this study, 100 infertile women who met our inclusion
criteria were examined to determine hysteroscopy and
TVS findings and their relationship. Patients’ demographic
characteristics, including mean age (years), mean duration
of infertility (years), mean number of failed IVF cycles, and

Table 1: Characteristics of the participants

No. of women 100

Age (years) 34.32 £ 513
Duration of infertility (years) 9

Number of failed IVF cycles 2.56
Etiology of infertility

Male factor 30 (0%)
Ovulatory disorder 21 (21%)
Tubal/peritoneal factor 9 (9%)
Endometriosis 13 (13%)
Combined factors 2 (2%)
Unexplained 25 (25%)
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cause of infertility, are presented in Table 1. Most patients
showed some degree of abnormal uterine findings on hys-
teroscopy (69%) and ultrasonography (66%), while about
one-third of the population had no obvious abnormal find-
ings. Some abnormal findings of the uterus with hystero-
scopy and TVS and their comparison are shown in Table 2.
These findings include endometrial polyp, intrauterine
adhesions, uterine septa, submucosal myoma, arcuate
uterus, thick/irregular endometrium, and adenomyosis.
The sensitivity and kappa statistics of TVS compared to
hysteroscopy were 95.6 and 93.2%, respectively. The high
agreement (100%) and sensitivity (100%) were estimated
for submucosal myoma, while the minimum agreement
and sensitivity were for uterine septa at 74.5 and 62.5%,
respectively (Table 2).

All patients were sampled after hysteroscopy to deter-
mine the pathological findings. 73% of the patients showed
abnormal hysteroscopy pathological findings, and 27% had
normal findings. Pathological findings, including endome-
trial polyp (17%), anovulatory endometrium (27%), disor-
dered proliferative endometrium (29%), leiomyoma (8%),
and endometrial atrophy (14%), were observed (Table 3).

Before performing hysteroscopy, a vaginal color
Doppler ultrasonography was done for all patients to
evaluate the relation with hysteroscopy findings. These
parameters include (endometrial thickness, endometrial
pattern, myometrial echogenicity, uterine artery PI, end-
diastolic blood flow, and endometrial vascularity para-
meters in women), which are mentioned in Table 4.

In this study, there was a significant relation between the
report of non-homogeneous myometrium in TVS color
Doppler and the presence of submucosal myoma and uterine
polyps in hysteroscopy, respectively (P-value = 0.027 and
P-value = 0.025). In other words, all people (n = 6) with sub-
mucosal myoma and most (21 out of 31) with uterine polyps
had non-homogeneous myometrium. In addition, a signifi-
cant relation was observed between uterine artery PI (PI > 3)

Table 2: Comparison of the findings of transvaginal sonography (TVS) and hysteroscopy

Findings Hysteroscopy (n = 100) TVS (n = 100) kappa (%) Sensitivity
Normal findings 31 (31) 34 (34) — —
Abnormal findings 69 (69) 66 (66) 93.2 95.65
Endometrial polyp 31 (31) 25 (25) 80.2 80.64
Intrauterine adhesions 10 (10) 0(0) 0 90.3
Uterine septa 8 (8) 5(5) 75.4 62.5
Submucosal myoma 6 (6) 6 (6) 100 100
Arcuate uterus 6 (6) 4 (4) 79 80.8
Thick/irregular endometrium 10 (10) 8 (8) 80.8 —
Adenomyosis 0 (0) 1(11) 44.5 0
Total 71 (71%) 59 (59%)
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Table 3: Distribution of hysteroscopy pathology findings

Pathology findings No. of cases (%)

Normal pathology findings 27 (27)
Abnormal pathology detected 73 (73)
Endometrial polyp 17 (17)
Anovulatory endometrium 27 (27)
Disordered proliferative endometrium 29 (29)
Leiomyoma 8(8)

Atrophic endometrium 14 (14)

in TVS color Doppler and uterine adhesion in hysteroscopy
(P-value = 0.001). All subjects with uterine adhesions (n = 10)
had uterine artery PI > 3 on vaginal color Doppler ultra-
sonography. And, a significant relation was observed
between uterine atrophy in hysteroscopy and endometrial
thickness less than 7mm in TVS color Doppler (P-value =
0.02). In other words, most people with uterine atrophy (12
out of 14 cases) had endometrial thickness less than 7 mm.
Also, a significant relation was observed between thick/irre-
gular endometrium in hysteroscopy and adenomyosis in
TVS color Doppler (P-value = 0.001); most people with
Thick/irregular endometrium had adenomyosis (Table 5).
However, there was no relation between other hystero-
scopic findings and TVS color Doppler findings (data not
shown).

Table 4: Findings of the uterine scoring system (vaginal color Doppler
ultrasonography)

Parameter No. of cases (%)

Endometrial thickness

<7 mm 60 (60%)

>7mm 40 (40%)
Endometrial pattern

3 layers 46 (46%)

Others 54 (54%)
Myometrial echogenicity

Homogeneous 49 (49%)

Non-homogeneous 51 (51%)
Uterine artery PI

PI<3 50 (50%)

PI>3 50 (50%)
End diastolic blood flow

Present 49 (49%)

Absent 51 (51%)
Endometrial vascularity

Zone 3 16 (16%)

Zone 2 39 (39%)

Zone 1 38 (38%)

Subendometrium 7 (7%)

PI, pulsatility index.
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4 Discussion

In this study, 100 infertile women who met our inclusion
criteria were examined to determine the comparison and
relationship of hysteroscopy findings and pathology with
TVS color Doppler findings of the uterus in the follicular
phase. Abnormal hysteroscopy findings were observed in
69% of patients, and this rate reached 73% in pathological
examinations. Endometrial polyps (31%) and intrauterine
adhesions (10%) were the most common disorders of hys-
teroscopy findings, while disordered proliferative endome-
trium (29%) and anovulatory endometrium (17%) were the
most common pathological disorders. Also, a TVS color
Doppler of the uterus was performed on all patients.
Abnormal findings were observed in 66% of cases, and
endometrial polyp (25%) was among the most common.
The important findings of the present study were the rela-
tion between hysteroscopy findings and vaginal color
Doppler ultrasound findings.

Hysteroscopy, transvaginal ultrasonography scan, and
color Doppler can all be used as screening tests to evaluate
the uterine cavity before IVF, especially after unsuccessful
IVE. When an abnormality in the uterine cavity is sus-
pected, hysteroscopy is the preferred diagnostic and treat-
ment method, especially when a biopsy is taken from the
target tissue and sent to the laboratory for final diagnosis
[15-17]. This device has very high diagnostic accuracy and
is also known for the practical and safe treatment of
patients and for restoring fertility [18,19]. Since the
strength of its therapeutic effect is related to the type of
intrauterine pathology, recent studies show that hystero-
scopy is the best minimally invasive method for treating
isthmocele. So, the symptoms of all patients have been
resolved, and the fertility rate in these patients has been
reported as 56.3% [20]. In another study, its very high ther-
apeutic effect on fertility results in uterine arteriovenous
malformation patients has been mentioned. And yet, hys-
teroscopic treatment is only recommended for patients
who are hemodynamically stable and who are not bleeding
profusely [18].

Hysteroscopy endometrial scratching is another
method used for implantation in infertile women. The
new trend, the hysteroscopic endometrial fundal incision
(EFI), has become one of the most controversial and inter-
esting procedures in the field of reproduction. In this
method, damage caused to the endometrium fundal during
hysteroscopy could enhance reproductive results and live
birth rates in oocyte recipients after implantation failure
by regenerating new tissue [21,22]. In general, the mechan-
isms of the positive effect of endometrial scratching may
include: (i) Increasing the endometrial inflammatory
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Table 5: Relation between the findings of vaginal color Doppler ultrasonography and the findings of hysteroscopy of the uterus

TVS findings Hysteroscopy findings P-value*
Submucosal myoma
Myometrial Yes (N = 6) No (N = 94) 1.8 (1.02-5.3)
Homogeneous (N = 49) 0 (0%) 49 (100%)
Non-homogeneous (N = 51) 6 (11.8%) 45 (88.2%) 0.027
Endometrial polyp
Myometrial Yes (N = 31) No (N = 69) 2.7 (1.04-7.4)
Homogeneous (N = 49) 10 (20.4%) 39 (79.6%)
Non-homogeneous (N = 51) 21 (41.2%) 30 (58.8%) 0.025
Intrauterine adhesions
Uterine artery PI Yes (N =10) No (N = 90) 1.9 (1.3-8.2)
PI <3 (N =50) 0 (0%) 50 (100%)
PI >3 (N =50) 10 (20%) 40 (80%) 0.001
Atrophic endometrium
Endometrial thickness Yes (N = 14) No (N = 88) 2.4 (1.01-4.5)
<7mm (N = 60) 12 (20%) 48 (80%)
>7mm (N = 40) 2 (5%) 38 (95%) 0.034
Thick/irregular endometrium
Adenomyosis Yes (N =10) No (N = 90) 2.5 (1.4-15.9)
Yes (N =11) 6 (54.6%) 5 (45.4%)
No (N = 89) 4 (4.5%) 85 (95.5%) 0.001

*Fisher’s exact test. P-value < 0.05*.

response; (ii) Encouraging decidualization; (iii) Increasing
the synthesis of growth factors, cytokines, interleukin-11,
macrophages, and dendritic cells; and (iv) Increasing the
expression of specific endometrial genes [23,24]. In com-
parison, the importance of EFI for implantation can be
justified by three possible reasons. First, unlike the pipelle,
where the blind catheter scratches the anterior or pos-
terior uterine wall and never the fundus itself, in this tech-
nique, the damage is directed to the fundus, and the depth
of the damage is controllable by the surgeon. Second, in
cases with an arcuate uterus (type U2a), scraping is simul-
taneously therapeutic because it restores this congenital
variation of the uterine fundus, which was previously con-
sidered physiological, without affecting implantation.
Third, this method can even detect a percentage of minor
abnormalities that would have remained undetected in the
group without hysteroscopy [25].

Many studies have been reported to investigate intrau-
terine abnormalities by hysteroscopy in RIF patients.
According to previous studies, intrauterine pathologies in
women with RIF diagnosed by hysteroscopy have been
reported in 44/9, 52, 37.13, 51.2, and 39.1%, respectively,
and the endometrial polyp was usually the most common
hysteroscopy abnormality identified in these patients
[16,26-29]. In this study, the rate of abnormal uterine find-
ings with hysteroscopy was somewhat higher than in pre-
vious studies. The study content, the average age, and the

duration of infertility in these patients may be the main
reasons for this study. Additionally, the hysteroscopic
findings from a prospective cohort interventional study
by Makled et al., which assessed cases of unexplained
infertility using diagnostic hysteroscopy and transvaginal
sonography, showed that 31% were diagnosed with endo-
metrial polyps, 15% with endometrial hyperplasia, 14%
with endometritis, 7% with intrauterine synechiae,
6% with submucous myomas, 6% with cervical stenosis,
7% with congenital uterine anomalies, and 14% of patients
had no uterine abnormalities [30]. The current study
observed abnormal findings with hysteroscopy in 69% of
patients. These findings included endometrial polyp (31%),
intrauterine adhesions (10%), uterine septum (8%), submu-
cosal myoma (6%), arcuate uterus (6%), and thick/irregular
endometrium (10%). Our study’s prevalence of hystero-
scopic findings is somewhat consistent with the above
findings.

However, with hysteroscopy, physicians use other
tools, such as ultrasonography, for comparison and further
evaluation to help diagnose intrauterine pathology [31].
Transvaginal sonography (TVS) is the first-line imaging
technique that allows for accurate assessment of the uterus
and ovaries, the presence or absence of endometrioma or
tubal pathology, the vagina, particularly the areas of the
posterior and lateral vaginal fornices, and the rectovaginal
septum. Intrauterine parameters, including adenomyosis,
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can be observed with two-dimensional (2D) TVS showing
the typical myometrial features. Although the specificity
and sensitivity of TVS in predicting adenomyosis and
deeply infiltrating endometriosis (DIE) is high, their eva-
luation by TVS requires a high level of experience [32,33].

Three-dimensional transvaginal sonography (3D TVS) has
also been suggested for assessing posterior sites of DIE
without bowel involvement, which improves the diagnostic
accuracy of 2D ultrasound [34]. Reports indicate that TVS has
poor accuracy in diagnosing vaginal endometriosis [35]. One
research team reported that 3D intrauterine ultrasound is an
effective method for diagnosing and identifying endome-
triosis in rectovaginal septum (RVS). However, only a few
studies show that 3D ultrasound is better than 2D ultrasound
in diagnosing DIE [36-38].

Transvaginal four-dimensional hysterosalpingo-con-
trast sonography (TVS 4D-HyCoSy) is a diagnostic tool for
infertility. This device provides the contrast material inside
the pelvic area, uterine cavity, and fallopian tubes. It pro-
vides the possibility of a 3D representation of the mor-
phology and the path of the fallopian tube opening [39].
Transvaginal two-dimensional hysterosalpingo-contrast
sonography (TVS 2D-HyCoSy) and transvaginal three-
dimensional hysterosalpingo-contrast sonography (TVS
3D-HyCoSy) are widely considered to be noninvasive, accu-
rate, safe, and reproducible [40]. However, it is not possible
to use TVS 2D-HyCoSy to visualize the entire fallopian tube
in one plane, and the effectiveness of this method is highly
related to sufficient skill [41]. Although 3D-HyCoSy can
access the entire fallopian tube, it provides limited infor-
mation [41]. In contrast, the 4D-HyCoSy can prevent the
abovementioned shortcomings in examining infertile
women [42,43]. 2D and 3D scanning can also be performed
immediately after 4D-HyCoSy to obtain additional diag-
nostic information.

In general, based on previous studies, RIF patients
usually have an endometrial thickness of <7 mm, non-
three-layer endometrial pattern, heterogeneous myome-
trium, uterine artery PI higher than 3, elimination of
end-diastolic flow, and endometrial vascularity are
reduced compared to healthy people, that the results of
examining the findings of our study in RIF patients are
also consistent with the above findings [44]. In one study,
789 women with recurrent pregnancy loss (RPL) or RIF
were examined to determine the pathological findings of
transvaginal ultrasonography in the follicular phase. Most
of the patients (69%) did not have obvious abnormal find-
ings in transvaginal ultrasound, but one-third of them
(31%) showed uterine pathological findings. These findings
in patients include endometrial polyps (10.6%), asherman’s
syndrome (1.3%), endometrial hyperplasia (1.1%), arcuate
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uterus (11%), septate uterus (4.9%) and submucosal myoma
(1.6%) [45,46]. While the overall rate of intrauterine pathol-
ogies detected by 3D TVS in infertile women was reported
to be 15.58% in a recent study [31], our study found
abnormal findings in 66% of cases, which included endo-
metrial polyps (25%), intrauterine adhesions (0%), uterine
septum (5%), submucosal myoma (6%), arcuate uterus
(4%), thick or irregular endometrium (8%), and adeno-
myosis (11%). In this study, the rate of abnormal findings
was higher than in the above study. This increase may be
partly due to the differences in the content of these two
studies; in our study, only RIF patients were examined, and
it is considered one of the strengths of the study. While in
the studies mentioned above, both intrauterine insemina-
tion and RPL were included or generally examined in
infertile women alongside RIF. Also, the abnormal findings
of ultrasonography and hysteroscopy were compared in
the present study. These two methods usually overlap in
the detection of abnormal findings, and this is consistent
with previous studies [31,46].

Recently, the effects of adenomyosis on fertility have
received much attention. Some of the studies suggest that
the presence of adenomyosis does not significantly affect
implantation, clinical pregnancy, or live birth rates.
However, the RPL is significantly increased in women with
adenomyosis. Among the adenomyosis types, diffuse adeno-
myosis in the junctional zone (JZ) and severe adenomyosis
were associated with a significantly increased risk of miscar-
riage. In contrast, features of adenomyosis exclusively
detected in the outer myometrium were associated with per-
sistent pregnancy rates [33]. In support of the effect of ade-
nomyosis on the miscarriage rate, other studies show that
interrupted or irregular JZ is a promising predictor of preg-
nancy loss associated with adenomyosis [47]. These studies
demonstrate the importance of examining ultrasound and
accurate adenomyosis classification in evaluating and mana-
ging patients with RPL. In addition to that, recent studies on
the biological basis of the adverse effect of adenomyosis on
fertility state the change in endometrial acceptance and dis-
ruption in the regulation of hormonal metabolism, which
leads to a hyperestrogenic environment [48].

Studies have shown that endometrial receptivity can
be predicted and evaluated through the thickness and
shape of the endometrium using vaginal color Doppler
ultrasonography [49]. Some studies believe that endome-
trial blood flow is nearly correlated with endometrial
receptivity and is helpful for embryo implantation and
development [50]. Altogether, the findings show that endo-
metrial patterns can predict the pregnancy results of RIF
women and can be used as an essential indicator of endo-
metrial reception in RIF patients [13]. Also, recent studies
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proved that the vascularity of the endometrium in the
repeated implantation failure group is significantly lower
than in the pregnancy group [51]. In this study, to improve
the prediction and diagnostic power of pathological find-
ings in RIF patients, the relationship between hysteroscopy
findings and vaginal color Doppler ultrasonography find-
ings was examined. The important findings of the present
study were the significant relation between hysteroscopy
findings (submucosal myoma and endometrial polyps) and
vaginal color Doppler ultrasound findings (myometrial
echogenicity). Also, intrauterine adhesion, endometrial
atrophy, and thick/irregular endometrium in hysteroscopy
findings were significantly related to uterine thickness,
uterine artery parameters, and adenomyosis in vaginal
color Doppler ultrasound findings, respectively.

While in other uterine parameters, there was no relation
between hysteroscopy findings and vaginal color Doppler
ultrasonography findings. This study shows that all subjects
with submucosal myoma and endometrial polyps had hetero-
geneous myometrium. Also, all subjects with intrauterine
adhesions had uterine artery PI higher than 3, and most sub-
jects with atrophic endometrium and thick/irregular endome-
trium were associated with endometrial thickness of less than
7mm and adenomyosis, respectively. Therefore, by exam-
ining the relationship between abnormal uterine findings
using these two diagnostic tools, even with the availability
of only one of the above tools, it may be possible to increase
the estimation, prediction, and etiology of some intrauterine
abnormalities in RIF patients. As a result, these findings can
be considered strengths of our study in estimating and pre-
dicting abnormal uterine findings.

5 Conclusion

Considering that this study was conducted only on RIF
patients, and they had a high average age with a long
history of infertility, therefore we had a limited number
of eligible patients, and more abnormal findings were
observed in these patients. The findings of vaginal color
Doppler ultrasound and hysteroscopy showed an accep-
table overlap, and comparing the association between
these abnormal findings may be useful in improving the
diagnostic power and timely treatment, as well as in
revealing possible causes and predicting uterine abnorm-
alities in these patients. Given that these patients require
additional examinations, vaginal color Doppler ultrasono-
graphy is also recommended alongside hysteroscopy eva-
luation to enhance diagnostic and therapeutic measures as
effectively as possible.
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