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Abstract

Background: The study aimed to compare the values of uterine artery Doppler indices including resistance |ndex

(RI), pulsatility index (PI), and systolic/diastolic (S/D) ratios in fertile female and female with unexplained infertility
and investigate their association with unexplained infertility. This study included 70 women divided into two,
groups. Study group included 40 women with unexplained infertility and control group included 30 fertile wgmen.

Results:The mean ages of study and control groups were 26.9 and 28.5 years respectively. In infertile groyp, the
mean values of uterine arteries resistance index (RI), pulsatility index (PI1), and systolic/diastolic (S/D) ratio$ were 0.9,
2.9, and 8.0 respectively. In the fertile control group, mean RI and PI values and S/D ratio were 0.6, 1.5, and 2.7
respectively. There was statistically significant difference as regards RI, PI, and S/D ratios between study gnd control
groups. The best cut off values of RI, PI, and S/D ratios for predicting increased uterine blood flow impedance were
more than 0.67, 1.95, and 3 respectively with sensitivity of 100%, 95%, and 100% respectively, specificity ¢f 96.7%,
86.7%, and 96.7% respectively, and diagnostic accuracy of 98.6%, 91.42%, and 98.57% respectively.

Conclusion: Uterine artery Doppler indices mean values were higher in unexplained infertility women than fertile
women. Uterine artery Doppler indices have high sensitivity and specificity for diagnosis of high uterine blopd flow
impedance. High uterine blood flow impedance diagnosed by uterine artery Doppler may contribute in the
etiology of unexplained infertility. Uterine artery Doppler should be included in investigation of unexplained
infertility.
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Background Successful implantation of embryo in the uterus de-
Infertility is defined as an inability to conceive 12 pends mainly on the ovum quality and receptivity of
months or more in spite of regular and non-protected uterine endometrium. Good endometrial growth is im-
sexual intercourse]. Many investigations are needed to portant factor for achievement of successful implant-
detect the cause of infertilityJ]. ation. Endometrial thinning is associated with low
Unexplained infertility is defined as failure of couple pregnancy rates].
to achieve pregnancy without presence of definite cause Many factors regulated the receptivity of the uterine
after 12 months of trying conception, or after 6 months endometrium including uterine artery blood flow and
in female more than or equal 35 years ol®][ Ten to endometrial perfusion. Adequate blood flow of uterus is
twenty five percent (1825%) of infertile females had no important for good endometrial growth and increase the
definite cause for infertility and diagnosed with unex- endometrial receptivity p]. Increased impedance of uter-
plained infertility [2]. ine arteries blood flow leads to poor growth of endo-
metrium and endometrial thinning B].
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abortion, and in vitro fertilization (IVF) failure §]. Many Women did not use intrauterine devices or oral
studies concluded that women with unexplained infertil- contraception.

ity had higher uterine artery impedance than that of the

normal fertile women so decreased uterine artery blood

flow and uterine perfusion could be a cause of unex-Exclusion criteria

plained infertility [7].

Ultrasound is highly effective for studying the repro- Unmarried virgin women.
ductive system of the female and also valuable in follow- Age: more than 40 years old.
up of the functional changes during spontaneous and in- History of systemic or gynecological diseases that
duced menstrual cycles. Transvaginal ultrasonography has  cause infertility.
a great importance in diagnosis of causes of infertilig}.[ Use of intrauterine device or oral contraception.
Normally at mid-luteal phase endometrium changed The patient refused the consent.

from proliferative to secretory phase, blood supply of

uterus is increased, uterine artery impedance is de- |n our study, all women were subjected to full history
Creased, and so receptiVity of the uterine endometriumtaking inc|uding age, last menstrual period, parity, and
increases9g]. any history of medical or gynecological diseases.
NOI'ma”y, the endometrial perfUSion and blood flow of All 70 women of both Study and control groups under-
uterine artery improved significantly during the luteal \ent transvaginal ultrasound and bilateral uterine artery
phase of menstrual cycle; therefore, the use of uterinepoppler in the mid-luteal phase of menstrual cycle by two
artery Doppler and measuring the uterine arterial im- radiologists using Xario 200 ultrasound machine (Canon
pedance could evaluate the endometrial receptivi0.  Medical System, Toshiba, Japan) with 7.5 MHz endova-
Assessment of uterine artery blood flow and endomet- gjan| probe
rial perfusion by color Doppler can be used to detect the  First, the uterus was imaged in sagittal plane for meas-
cause of infertility especially unexplained infertility]. urement of endometrial thickness; then, the transducer
The aim of the study is to compare the measures ofmoved laterally to evaluate the uterine artery when
uterine artery Doppler indices including the resistance crossing the external iliac vessels.
index (RI), the pulsatility index (PI), and the systolic/dia- Three consequent similar waves of uterine artery flow
stolic (S/D) ratio in fertile female and female with unex- were obtained after activation of Dopp|er wave and ad-
plained infertility and investigate their association with justment of insonation angle. Analysis of uterine artery
unexplained infertility. Doppler waveforms was done by simple semiquantitative
methods that depended on assessment of the Doppler
waveform and measurement of Doppler spectral param-
Methods eter including the resistance index (RI), the pulsatility
This study was performed during the period from April j,qex (P1), and the systolic/diastolic ratio (S/D).
to September 2020 in the ultrasound outpatient clinic of £, each woman in both groups Doppler spectral pa-
our institution. The study was approved by the Researchgmeters for both uterine arteries were measured by two
Ethu? Committee (REC) of our institution. radiologists independently and the mean values were cal-
This study included two groups of women: culated. All Doppler measures recorded by both radiolo-

Group 1.(stud.y group): 40 women diagnosed with un- gists were convergent, and there was no any controversy
explained infertility. in-between.

Group 2 (control group): 30 fertile women that were
visited the radiology clinic for ultrasound examination
for any other gynecological cause. Statistical analysis
The procedure was explained to all women who partici- Before testing the statistical significance, normality of
pated in the study and written informed consent was ob- data was tested by Kolmogorov-Smirnov test. Non-
tained from all women that were included in the study. parametric tests of significance were used for not nor-
mally distributed variables.
The Studentt test was used to evaluate differences in

Inclusion criteria the mean value between 2 groups for normally distrib-
uted variables and Mann-Whitney test was used for not
Married women in both groups. normally distributed variables.
Age: less than 40 years old in both groups. Pearsors correlation coefficient 1) test was used for

No history of systemic or gynecological diseases thatorrelating normally distributed data and Spearman cor-
cause infertility in both groups. relation coefficient for not normally distributed variables.
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Statistical significance was considered at 95% level of Receiver operating characteristics (ROC) curve was

confidence (significant ip value < 0.05). used to define the best cut-off value for assessment of
uterine artery blood flow impedance.

The best cut off value of uterine artery resistance
Results index (RI) was 0.67, with sensitivity of 100%, specificity
This study included two groups: group one (study of 96.7%, positive predictive value of 97.5%, negative pre-
group) and group two (control group). Group one (study dictive value of 100%, and diagnostic accuracy of 98.6%
group) included 40 women that were diagnosed with un- (Fig.1 and Table4).
explained infertility with a mean age of 26.9 +3.8 years. The best cut-off value of uterine artery pulsatility
Group two (control group) included 30 fertile women index (P1) was 1.95, with sensitivity of 95%, specificity of
with a mean age about 28.5 + 4.9 years. As regards th86.7%, positive predictive value of 90.47%, negative pre-
mean age of both groups, there was no significance difdictive value of 92.86%, and diagnostic accuracy of
ference between fertile and infertile group® (= 0.194) 91.42% (Fig2 and Table4).
(Table 1). The best cut-off value of systolic/diastolic (S/D) ratios

The mean values of uterine arteries resistance indexvas 3, with sensitivity of 100%, specificity of 96.7%, posi-
(RI) and pulsatility index (PI) were found to be 0.9 # tive predictive value of 97.56%, negative predictive value
0.06 SD and 2.9 + 0.7 SD respectively in the unexplaine@f 100%, and diagnostic accuracy of 98.57% (Bignd
infertility study group respectively. In the fertile control Table 4).
group, mean RI and PI values were calculated as 0.6 +
0.04 SD and 1.5 + 0.4 SD respectively. The difference beDiscussion
tween the study and the control group for Rip(< 0.001) The uterine endometrium shows multiple growth phases
and Pl ( <0.001) was statistically significant. during menstrual cycle. By the end of previous menstru-

Uterine arteries systolic/diastolic (S/D) ratios and ation, endometrial proliferation starts during follicular
endometrial thickness mean values were found to be 8.(ghase of menstrual cycle. The endometrium continues to
+ 3.4 SD and 10.4 mm + 2.4 SD in the unexplained in-grow and changes from proliferative phase to secretory
fertility study group respectively. For the fertile control phase during the luteal phase of menstrual cycle. The
group, mean systolic/diastolic ratio and endometrial endometrium continues to grow until sudden drop in the
thickness were calculated as 2.7 + 0.3 SD and 12.1 mrhormone level occur leading to menstruatiori {].

+ 1.8 SD respectively. The difference between the study The main function of endometrium is to provide a
and the control group for systolic/diastolic ratiosp(< time-limited support for embryo implantation. The uter-
0.001) and endometrial thicknessp (< 0.001) were also ine endometrium shows resistance for embryo implant-
statistically significant. ation during most phases of menstrual cycle.

No significant difference was observed between theEndometrium achieves special receptive properties dur-
participants in both groups according to agep (>0.05) ing luteal phase of menstrual cycle and this period is
(Table 1). called implantation window 12].

It was found that there is no significant correlation be-  The blood flow impedance of uterine and spiral arter-
tween endometrial spiral arteries resistance index (Rl)jes is changed periodically during normal menstrual
pulsatility index (Pl), systolic/diastolic (S/D) ratio, endo- cycle. The lowest blood flow impedance occurs during
metrial thickness, and age in both the infertile and fertile the mid-luteal phase of menstrual cycle. The high uter-
groups (Table and 3). ine blood flow in this stage increases the endometrial

Table 1 Comparison between the unexplained infertility group and the fertile control group according to the mean values of age,
uterine arteries resistance index, pulsatility index, systolic/diastolic ratios, and endometrial thickness

Unexplained infertility group(n = 40) Fertile control group (n = 30) p value
Mean = SD Mean + SD
Age (years) 26.9+ 3.8 285+ 4.9 0.794
Resistance index 0.9+ 0.06 0.6 + 0.04 < 0.00H1*
Pulsatility index 2.9+ 0.7 1.5:0.4 < 0.000%*
systolic/diastolic ratio (S/D): 8.0+ 3.4 2.%#0.3 < 0.000+
Endometrial thickness 10.4+ 2.4 12.1%+ 1.8 < 0.00f*

*Statistically Significant at 95% level of confidence
*Students t test is used
TMann-Whitney test is used
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Table 2 Correlation between uterine arteries resistance index, pulsatility index, systolic/diastolic ratios, endometrial thickness, and
age of the participants in the unexplained infertility (study) group

Resistance index Pulsatility index Systolic/diastolic ratio Endometrial thickness
r p value r p value r p value r p value
Age (years) - 0.00f 0.997 - 0.03% 0.822 0.012 0.939 0.0%9 0.859

*Spearman correlation coefficient test is used
4pearsors correlation coefficient test is used

receptivity and gives a good chance for embryo implant-(control group) included 30 fertile women who visited
ation to occur [13]. the radiology clinic seeking for transvaginal ultrasound

Many methods are used to evaluate the receptivity offor any other gynecological cause (Figsand 5).
the endometrium like endometrial biopsy and immune- In this study, the mean age of the study group was
histochemical analysis. Doppler ultrasonography is con-26.9 + 3.8 years and the mean age of the control group
sidered as simple non-invasive method that could bewas 28.5 + 4.9 years with no significant difference be-
used to assess the blood flow impedance of uterine ariween both groups P = 0.194) as regards the age. These
teries and provides an indirect method to measure theresults were matched with Hashad et al.; they concluded
receptivity of the endometrium 7]. that the mean age of women in the study group was 26

In women with unexplained infertility, the perfusion of years while in the control group was 27 year8][ El-
the endometrium in the pre-implantation stage is lower Shourbagy et al. concluded that as regards the age there
than normal despite of endometrial measurement or was no significant difference between fertile and infertile
hormonal profile [14]. groups B].

Many studies showed that in women with unexplained In this study, the resistance index (RI) mean value
infertility the uterine and spiral arterie'simpedance was was 0.9 + 0.06 SD in the study (infertile) group and
higher than that of the fertile females and the decreasewas 0.6 + 0.04 SD in the control (fertile) group with
of the perfusion of uterus may be a cause of the unex-statistically significant difference between both study
plained infertility [8, 11, 13]. and control groups. These results were matched with

Many studies evaluated the role of subendometrialHashad et al. they concluded that the mean RI
blood flow impedance in the pathogenesis of unex-values in the infertile group and the fertile group
plained infertility. In these studies, transvaginal uterinewere 0.69 and 0.61 respectively and that there was a
artery Doppler indices were measured in the mid-luteal significant difference between the fertile and infertile
phase of menstrual cycle (pre-implantation phase) ingroups as regards the mean value of resistance index
women diagnosed with unexplained infertility and com- (RI) [8].
pared the values with that of control fertile groups. The In the current study, the mean value of pulsatility
studies reported that in women with unexplained infer- index (PI) in the study (infertile) group was 2.9 + 0.7
tility, the pulsitility index (PI) and resistance index (RI) SD and was 1.5 * 0.4 SD in the control (fertile)
of uterine artery were increased significantly in women group with statistically significant difference between
diagnosed with unexplained infertility more than fertile both groups. These results were matched with Hashad
women [8, 13-17]. et al. B] and Selda et al. 15]; they concluded that

The most common Doppler indices used for assess-there was a significant difference between the fertile
ment of uterine artery blood flow impedance are the re- and infertile groups as regards the mean value of pul-
sistance index (RI), the pulsatility index (PI), and thesatility index (PI). Hashad et al. found that the mean
systolic/diastolic (S/D) ratio 18]. values of PI in the study and control groups were 1.3

This study included two groups of women. Group 1 and 1.16 respectively. Selda et al. found that the mean
(study group) included 40 women diagnosed with unex-values of Pl in the study and control groups were 0.8
plained infertility (Figs.6, 7, 8, 9, and 10) and group 2 and 0.7 respectivelylf].

Table 3 Correlation between uterine arteries resistance index, pulsatility index, systolic/diastolic ratios, endometrial thickness, and
age of the participants in (fertile) control group

Resistance index Pulsatility index Systolic/diastolic ratio Endometrial thickness
r p value r p value r p value r p value
Age (years) 0.08% 0.656 0.259 0.167 0.3%1 0.094 - .260 0.166

#Spearman correlation coefficient test is used
4pearsors correlation coefficient test is used
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Fig. 1 Receiver-operating characteristic (ROC) curve for uterine arteries resistance index in discrimination of the unexplained infertility group and
the fertile control group

_

This study was in agreement with Chien et al.; they(PI) of uterine arteries are more than 0.72 and 1.6 re-
concluded that resistance index (RI) and pulsatility index spectively 20].

(PI) of uterine artery were lower in conception men- In this study, the mean uterine artery systolic/diastolic
strual cycles more than in non-conception cycletd). (S/D) ratio for the study (infertile) group was found to

Studies of Devyatova et al. found that 35% of femaleke 8.0 £ 3.4 SD and for the control (fertile) group was
who underwent in vitro fertilization (IVF) with mean 2.7 £ 0.3 SD. The difference between the study and the
pulsatility index (PI) of uterine artery more than 3 failed control group as regards systolic/diastolic (S/D) ratio
to conceive D). was statistically significant.

The study of Cacciatore et al. aimed to detect the role The study of Ari et al. was done by using 3D power
of uterine artery blood flow impedance in the outcome Doppler ultrasound to assess the blood flow of endomet-
of in vitro fertilization embryo transfer (IVF-ET) by rium in order to predict the pregnancy outcome after
measuring uterine artery Rl and Pl values. Their resultsintrauterine insemination (IUl) R1]. Ari et al. concluded
were in agreement with our results as they concludedthat the Doppler indices measured by 3D power Doppler
that the uterine artery blood flow impedance was signifi- like resistance index (RI), pulsatility index (PI), and sys-
cantly lower in the conception group than in non- tolic/diastolic (S/D) ratio were useful predictors for
conception group. They also concluded that the endo-pregnancy after Ul R1].
metrium was not receptive and implantation did not Khan et al. reported that pregnancy did not occur in
occur when resistance index (RI) and pulsatility indexthe case of absent or reversed uterine end diastolic blood

flow [22].
In the current study, the mean endometrial thickness
Table 4 The diagnostic performance of uterine artéfispl, ~ ©f the study group was 10.4 mm + 2.4 SD and of the
and S/D ratios in discrimination of both the infertile and fertile Control group was 12.1 mm + 1.8 SD. The difference be-
groups tween the study and the control group as regards endo-
ltem Cutoff Sensitivity Specificity PPV~ NPV Accuracy metrial thickness was statistically significant between
Rl >067 100% 96.7% 975% 100%  93.6% POth groups. This matched with the studies of Khan

et al. 2], Noyes et al. 23], and Kovacs et al.Z4] they

Pl >195 95% 86.7% 90.47% 92.86% 91.42% S .
reported that pregnancy rates were significantly higher

S >3 100% 96.7% 97.56% 100%  98.57%;n \vomen with endometrial thickness more than 7 mm
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Fig. 2 Receiver-operating characteristic (ROC) curve for uterine arteries pulsatility index in discrimination of the unexplained infertility group and
the fertile control group

Fig. 3 Receiver-operating characteristic (ROC) curve for uterine arteries systolic/diastolic ratios in discrimination of the unexplained infertility
group and the fertile control group

J
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Fig. 4 a, b Transvaginal Doppler ultrasound of both uterine artesieiglt, b left) of fertile female (control group) aged 25 years old shows RI of
right and left uterine arteries were 0.58 and 0.58 with mean RI 0.58, S/D ratios of right and left uterine arteries were 2.49 and 2.36 respectively
with mean S/D ratio 2.42, and PI of right and left uterine arteries were 1.1 and 1.96 respectively with mean Pl 1.53

and no pregnancy was reported when endometrial thick-97.56%, negative predictive value of 100%, and diagnostic
ness was lower than 7 mm. accuracy of 98.57%.

In this study, the best cut-off value of resistance index The current study results were in agreement with
(RI) for predicting increased uterine blood flow imped- Hashad et als study; they reported that best cut-off
ance was Rl more than 0.67, with sensitivity of 100%yalue of resistance index (RI) and pulsatility index
specificity of 96.7%, positive predictive value of 97.5%(PI) for predicting increased uterine blood flow im-
negative predictive value of 100%, and diagnostic accurpedance was more than 0.67 and 1.37 respectively
acy of 98.6%. with sensitivity of both Rl and PI being 70% and 77.5

In the current study, the best cut-off value of pulsati- respectively, specificity of both Rl and Pl 75% and
lity index (PI) for predicting increased uterine blood flow 85% respectively, positive predictive value of both RI
impedance was Pl more than 1.95, with sensitivity ofand Pl 85% and 87% respectively, negative predictive
95%, specificity of 86.7%, positive predictive value ofalue of both RI and Pl 60% and 66% respectively,
90.47%, negative predictive value of 92.86%, and diagnd diagnostic accuracy of both RI and Pl 69.7% and
nostic accuracy of 91.42%. 85.3 respectivelyd].

In this study, the best cut-off value of systolic/diastolic  This study concluded that the mean values of uter-
(S/D) ratio for predicting increased uterine blood flow ine artery Doppler indices including the resistance
impedance was S/D ratio more than 3, with sensitivity ofindex (RI), the pulsatility index (Pl), and the systolic/
100%, specificity of 96.7%, positive predictive value ofliastolic (S/D) ratio were significantly higher in the

Fig. 5 a, b Transvaginal Doppler ultrasound of both uterine arteaieigfit, b left) of fertile female (control group) aged 28 years old shows RI of
right and left uterine arteries were 0.61 and 0.53 respectively with mean RI 0.57, S/D ratios of right and left uterine arteries were 2.59 and 2.1
respectively with mean S/D ratio 2.34, and PI of right and left uterine arteries were 0.95 and 0.75 respectively with mean PI 0.85.
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