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Abstract

It is our goal to determine if Doppler is involved in unexplained miscarriage by comparing the endometrial
thickness, uterine artery Doppler indices, and power Doppler assessment of the endometrial-sub endometrial vascularity
of the RPL group and control group. Doppler and power Doppler evaluations of the endometrial-sub endometrial
vascularity of fifty women with a history of two or more recurrent miscarriages were compared to fifty women who
served as controls. Findings: In comparison to the control group, participants in the research had substantially greater PI
and RI in the uterine artery (p0.001). There is no statistically significant difference between the recurrent abortion (study)
group and the control group in the power Doppler detection rate of sub endometrial vascularity (p .05). However, as
compared to the control group, the study group exhibits a statistically significant difference in good vascularity. While
75% of the control group had great vascularity, only 13% in study group had poor vascularity (24%) compared to 9.4% in
the control group. Therefore, it is possible that poor endometrial-sub-endometrial vascularity is the cause of unexplained
RPL and may be utilised as a risk factor for miscarriage on its own.
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1. Introduction

Miscarriage, especially repeated ones, remains a
medical concern despite decades of study. The number
43 is defined as: At 24 weeks gestation or less, a
clinically proven intrauterine pregnancy is considered to
be miscarriage when it is spontaneously lost.
Approximately 15% to 20% of clinically identifiable
pregnancies are affected by miscarriage [14].

According to the American Society for
Reproductive Medicine ("Definitions of Infertility and
Recurrent Pregnancy Loss: A Committee Opinion™
2013), recurrent miscarriage (RM) is defined as two or
more consecutive pregnancy losses of a clinically
developed intrauterine pregnancy (in this scenario
Ultrasound or histological confirmation of pregnancy is
required).

Primary and secondary recurrent miscarriage.
Primary RM refers to several pregnancies that fail in a
woman who has never given birth, while secondary RM
refers to many pregnancies that fail in a woman who has
given birth before [3]. RM Affects 0.5% to 2.3% of the
population [11]. RM is a disorder with a wide range of
symptoms (Ali et al., 2020). In addition to the several
recognised causes of RM, such as parental
chromosomal abnormalities, uterine anomalies, viral
ilinesses, endocrinopathies, and autoimmune disorders,
around half of all instances of RM are still idiopathic
[24].

Type 1: It seems to be the result of pure chance,
whereas Type II: It looks to be caused by some other
factor. The prognosis for these ladies is excellent. There
is no need for any surgical or pharmacological
interventions, and treatment with LMWH does not
improve live birth rates in these women, according to
the research. A healthy pregnancy can only be achieved
with the help of a supportive therapist (tender loving

care). In Type 2 cases, the underlying disease was not
discovered by normal testing, resulting in the condition.

To determine whether or not an IVF procedure will
be successful, doctors might utilise the endometrial
perfusion test [46], a painless, noninvasive uterine
receptivity test. It is preferable to perform an
endometrial biopsy, which may cause trauma and
bleeding at the implantation site, to assess uterine
receptivity by Doppler, as most of the blood that passes
via uterine arteries never reaches the endometrium;
therefore, it is preferable to use Doppler rather than
endometrial biopsy. So, in order to assess uterine
receptivity, we must quantify vascularization
surrounding the endometrium directly using Doppler of
the endometrium and subendometrial area. The thin
hypoechoic layer between the echogenic endometrium
and myometrium may be seen as a separate
subendometrial area on ultrasound at the myometrial—
endometrial junction [42]. If vascularization in this area
affects endometrial perfusion and, eventually,
endometrial function, then we will examine the
endometrium and subendometrial region alongside
uterine artery Doppler throughout our research. The
primary goal of this research is to compare the
endometrial thickness, uterine artery Doppler indices,
and power Doppler assessment of endometrial-
subendometrial vascularity between the RPL group and
the control group.
2. Patient and method

One hundred patient were enrolled in this case-
control study in benha university hospital.50 patient
with history of two or more recurrent miscarriage
(Study group, no. = 50), and 50 with no history of
abortion and had at least 1 child born at term (Control
group, no. = 50). The participants signed an informed
consent
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Form. Inclusion criteria in study group were; not
being pregnant, two or more recurrent miscarriage, age
20-40 years old, regular cycle, no hormonal
contraception or intra uterine device, normal endocrinal
status including serum thyroid-stimulating hormone,
free thyroxin (T4), glucose tolerance test and
progesterone levels between days 19 and 21 of the
menstrual cycle, autoimmune diseases ruled out, normal
hystrosalpingography with normal endometrial cavity.

For both groups the exclusion criteria were having
cervical incompetence or uterine anomalies and
systemic diseases that may affect Doppler indicies.

All patients were subjected firstly to full history
and examination, then Doppler study was evaluated via
a 7.5 MHz vaginal probe with a Doppler facility
(Voluson 730 PRO V, GE Healthcare, USA).
Ultrasound checks were done by the same sonographer
to avoid inter-observer variability. The participant was
examined between days 18 and 23 of menstrual cycle
with an empty bladder. Doppler examination was done
between 8.00 and 10.00 A.M. to eliminate the impacts
of circadian rhythmicity on the uterine perfusion and
relaxed for 20 min before the Doppler examination to
reduce the impacts of exercises on uterine Doppler
indices.

On each examination;

The endometrial thickness was measured in the
midsagittal plane in the fundus of the uterus (point of
maximal thickness) from the echogenic interface at the
junction of the endometrium and myometrium.

The uterine vessels were visualized using color
Doppler, and the ascending branch was identified lateral
to the cervix, at the level of the internal os before they
entered the uterus. The blood velocity waveform was
gained by employing the Doppler gate on the target
vessel. The mean values of bilateral uterine artery RI
and PI were used for statistical analysis.

When a longitudinal view of the uterus was
obtained, applying 2 d Power Doppler with machine

adaption for endometrium, vascular signals were
quantified. Endometrial- Subendometrial vascularity
was evaluated in four zones;

Zone 1 vascularity (Subendometrial region)
described blood vessels reached the hypoechoic
endometrial-myometrial junction,

Zone 2 vascularity described blood vessels reached
the outer hyperechoic line of the endometrium,

Zone 3 vascularity described blood vessels reached
the intervening hypoechoic area and

Zone 4 vascularity described blood vessels reached
the central echogenic line.

Endometrial vascularity was classified according
to the power Doppler signals into:

Excellent vascularity by the presence of at least five
signals in zones 3 and 4, Modest vascularity with up to
4 signals reaching zones 3 and 4, and Poor vascularity
with less than one signal in zones 3 and 4.

2.1. Statistical analysis

Quantitative variables are expressed as mean *
standard devi- ation (SD) and comparisons were
performed using the t-test for independent samples if
the samples were normally distrib- uted or by the
Mann-Whitney test otherwise. The significance level
was 0.05 and p-values less than 0.05 were considered
sig- nificant. Binary logistic regression analysis model
has been per- formed to predict a categorical variable
from a set of predictor variables.

3. Results

There was no significant difference between the control
and the study groups regarding the mean age, parity and
the mean body mass index (p>0.05).

Both Pl &RI of the uterine artery are significantly
higher in the study group compared to the control group
(p<0.001). However there was no significant difference
regarding endometrial thickness in both groups (p 1.0.)
table (1).

Table (1) Comparison between study and control groups regarding uterine artery Pulsatility Index (P1), Resistance index

(RI), and Endometrial thickness (ET).

Case group (50) Control group (50) Statistical test (st t) P value
Mean +SD Mean +SD
Pl 2.28 0.86 1.42 1.43 3.66 <0.001**
RI 0.93 0.22 0.73 0.13 5.46 <0.001**
ET 7.90 1.0 7.90 1.0 0.0 1.0

Pl and RI were significantly higher in study group than control group with increased number of abortion p= 0.005,

p<0.001 respectively table (2).

Table (2) Comparison between study group scaled according to number on miscarriage (2, 3, 4, and 5) and control group

regarding PI, Rl and ET

Miscarriage Statisti P value
No (control group)(50) 2(21) 3(12) 4(9) 5(8) cal test
Mean +sd Mean +sd Mean +sd Mean +sd Mean +sd F test
Pl 1.42 1.43 208 08 230 072 220 085 288 0.95 4.02 0.005**
RI 0.73 0.13 087 022 098 021 087 018 110 0.20 11.21 <0.001**
ET 7.90 1.0 817 101 779 112 7.72 1.0 756 0.78 0.71 0.585

But, there was no statistical difference among cases of the study group scaled according to number of abortion 2, 3,4and 5
according to PI, Rl and ET (p>0.05) table (3).
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Table (3) Comparison of cases of the study group scaled according to number of abortion 2, 3,4and 5 according to PI, RI
and ET.

MISCARRIAGE(n) Statistical P value
2 (21) 3(12) 4(9) 5 (8) test
Mean +sd Mean +sd Mean +sd Mean +sd
Pl 2.08 0.85 2.30 0.72 2.20 0.85 2.88 0.95 1.81 0.158
RI 0.87 0.22 0.98 0.21 0.87 0.18 1.10 0.20 2.79 0.051
ET 8.17 1.01 7.79 1.12 7.72 1.0 7.56 0.78 0.95 0.424

The power Doppler detection rate of sub endometrial vascularity has no statistically significant difference between
both the recurrent abortion (study ) group compared to control group( p < .05) table (4). However; the study group shows
high significant statistical difference compared to control group regarding excellent vascularity pattern. The majority of
cases in the study group had poor vascularity 24% versus to 9.4% in control group while 75% of control group had
excellent vascularity versus 12% in case group figure (1).

a0
70
0]
S50
# a0 .
B Case group (50)
30 .
® Control growp [50)
IID
0
Excellent M acdest Poor
Wascubarity

Fig. (1) Comparison between case and control groups according to vascularity.

With increased number of abortion in the study group, There were significantly high excellent vascularity pattern in
control group compared to each miscarriage subgroups. (p<0.001).

Table (4) Comparison between case and control groups according to Power Doppler sub endometrial vascularity pattern.

Case group (50) Control group (50)  Statistical test P value
No % No %
Vascularity detection 28 56% 32 64% X2=0.6667 P <.05.
Pattern
—  Excellent 6 12.0 24 75.0
—  Modest 8 16.0 5 15.6 X2=18.43 <0.001**
—  Poor 14 24.0 3 9.4
4. Discussion Endometrial thickness, endometrial pattern, and

Endometrial receptivity is required for a successful
embryo implantation, and it is characterised by a short
time period during which endometrium is suitable for
embryo adhesion and the following attachment and
invasion processes [4] where vascular development is
critical. Pregnancy losses may be related to
implantation, which shows that endometrial receptivity
is @ major component in the success of the pregnancy
[44]. When excellent quality embryos are transplanted
as standard of care in assisted reproductive technologies
(ART), implantation failure remains an unresolved issue

[4].

blood flow Doppler indices are all often included in
sonographic assessments of the endometrium. The
vascularity of the endometrium seems to be more
essential in predicting implantation than endometrial
thickness or pattern, according to many studies [19].
The resistance index (RI), pulsatility index (PI), and
systolic/diastolic (S/D) ratio are the most often utilised
Doppler indices for assessing uterine artery blood flow
impedance [29]. It has been hypothesised that analysing
the pulsatility index (PI) of uterine artery in mid-luteal
phase of spontaneous cycles might help identify patients
who have recurrent pregnancy loss due to uterine

Benha Journal Of Applied Sciences, Vol. (7) Issue (5) (2022)



168 Uterine Artery Doppler and Sub Endometrial Blood Flow In Patients With Unexplained Recurrent Miscarriage

circulation problems (Casikar et al., 2012; Mohamed
and Sultan, 2018) (Guedes-Martins et al., 2014).

The study's objectives were to compare the
endometrial thickness, uterine artery Doppler indices,
and power Doppler assessment of endometrial-
subendometrial vascularity between the RPL group and
the control group.

RPL patients had substantially greater midluteal
uterine artery mPl and mRI values (p 0.001) compared
to the control group. Our study group had considerably
greater rates of Pl and RI than the control group with an
increased number of abortions, which was statistically
significant (p=0.005 and p0.001 respectively).

According to Yang et al. [8] investigation, which
showed high measurement of Rl and Pl in the prior
findings, It was concluded that a retrospective study of
870 RPL and 237 non-RPL patients had been
completed. Patients with RPL had substantially higher
mean PI, RI, and S/D values for uterine arteries than
those without RPL (P 0.001).

Recurrent pregnancy loss is associated with a
higher resistance to blood flow in the anterior uterine
artery (AUA) in RPL patients compared to controls,
according to several studies (seven).

As a result, we found no statistically significant
change in the mPI, mRlI, and ET values of RPL patients
with increasing numbers of miscarriages (p>0.05).

Previous studies have shown that uterine artery
impedance is an excellent predictor of future pregnancy,
but the data from the I\VF—-embryo transfer programme
shows that this component is responsible for
implantation failure in only a few cases(9). (9)
However, a 23-year-old research found no connection
between uterine artery blood perfusion and spontaneous
foetal demise. 25 investigated the values of Doppler
indices in 81 women with a history of RSA and 19
healthy women in the control group A on the 21st day
of a typical menstrual cycle. Even more strikingly, both
the mean UTAPI and average IOARI values in control
groups A were substantially lower than in the total study
group B as well as all of its subgroups (p! 0.001
respectively). (9) a research showing that uterine artery
pulsatility and resistance indices had an adverse
association with the chance of conception There was no
significant difference in the mean pulsatility index and
the resistance index between conception and non-
conception cycles, although the statistical significance
was modest because of a large sample size. It's worth
noting that RPL patients with no known cause had much
greater uterine artery blood flow resistance than
controls, which is in line with earlier studies (21)
Because of this, inadequate uterine perfusion in
individuals with unexplained RPL may be one of the
root causes.

Fig. (2) a, b Transvaginal Doppler ultrasound of both uterine arteries (a right, 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 and PI of right and
left uterine arteries were 1.1 and 1.96 respectively with mean P1 1.53.[3]

According to our findings, there was no significant
difference in endometrial thickness between the two
groups, which is supported by [18] which found that
Although most clinicians empirically prefer endometria
>7 mm, available evidence does not support any
specific thickness, as pregnancies with similar success
have been described from 5 mm to more than 15 mm.

As a last step, we examined the power Doppler sub
endometrial vascularity pattern, which was classified
according to Applebaum's zones of vascularity in the
endometrium (figure 2). It is defined as zone 1 when
Doppler power Doppler shows vascularity at
endometrium myometrium junction, zone 2 when

vessels penetrate the hyperechogenic endometrial edge,
zone 3 when it reaches an intervening hypoechogenic
zone and reaches the endometrial cavity, and zone 4
when vessels exit the endometrial cavity [41]. Excellent
vascularity was defined as having at least five zones 3
and 4 signals, mild vascularity as having up to four
zones 3 and 4, and poor vascularity as having fewer
than one zone 3 and 4 signals.

Endometrial perfusion and, eventually, endometrial
thickness and function may be linked to vascularization
in the sub endometrial region, given that blood supply
to the endometrium must travel via the sub endometrial
area [30].
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Invasion of interstitial and intravascular
trophoblasts into the junctional zone but not the outside
myometrium is said to occur according to [8], which
means that the decidual process may also include the
junctional zone, despite the fact that this is still poorly
understood. Sub endometrial blood flow was shown to
be the most sensitive indicator of uterine receptivity in
the segmental uterine artery perfusion.

Ending our analysis, we found that there was no
statistically significant difference in the power Doppler
detection rate of sub endometrial vascularity between
the study group and the control group. However, as
compared to the control group, the study group exhibits
a statistically significant difference in good vascularity.
While 75% of the control group had great vascularity,
only 13% in study group had poor vascularity (24%)
compared to 9.4% in the control group. RPL patients

were found to have higher excellent vascularity patterns
in control groups compared to each abortion subgroup
(p0.001), highlighting the link between poor
endometrial-sub endometrial vascularity in study group
and their unexplained recurrent miscarriage. Also,
similar results were found when RPL patients were
scaled according to different numbers of miscarriage.
According to our findings

There was an approximately two-fold increase in
conception rates when vascularity was seen in zones 3
and 4 of the endometrium, compared to zones 1 and 2,
in a retrospective analysis of 500 ovum donation-
embryo transfer cycles reported by [32].

It was shown that the existence of endometrial
vascularity in frozen embryo transfer cycles
considerably improved the result for the women who
were studied [36].

Fig. (3) Applebaum’s zones of vascularity(1, 2 ,3 and 4)

However, in I\VF-related studies, our findings are
consistent. The endometrium and subendometrium of
pregnant women who had a live birth after stimulated
IVF and frozen embryo transfer (FET) treatment had
higher vascularity on the day of oocyte retrieval than
those who had a miscarriage, and failure of implantation
was linked to absent sub endometrial blood flow [47],
and pregnant women who had a live birth had
significantly higher endometrial vascularity than those
who had a miscarriage. If the endometrium and
subendometrial myometrium are not mapped in colour,
then the implantation rate is either zero or significantly
decreased. We found that Doppler ultrasonography does

not provide accurate information on uterine receptivity
and the likelihood of pregnancy, in contrast to the
findings of our research [15].

There were no reliable predictors for pregnancy in
ICSI cycles of endometrial vascularization.

According to the results of recurrent miscarriage,
which is marked by higher uterine artery blood flow
resistance and lower endometrial blood flow, as well as
patients with unexplained RPL, it is clear that adequate
blood flow to the uterus and the endometrium is
essential for successful implantation and continued
pregnancy. The small sample size and short period of
follow up may explain why we were unable to find any
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cut off values that could accurately predict the
likelihood of a miscarriage, but larger prospective
studies are needed to confirm these findings and reach
cutoff values that can accurately predict such cases.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]1.Casikar,  C.Lu,

M.Aghahoseini, K.Tuba, V.Marsousi, &
A.Aleyasin, Assessment of endometrial-
subendometrial blood flow detected by color
doppler sonography and uterine receptivity in
infertile women. Acta Medica
Iranica.vol.46(6),pp.461-466,2008.

S.Ali, S.Majid, M.Niamat Ali, & S.Taing,
Evaluation of T cell cytokines and their role in
recurrent  miscarriage. In  International
Immunopharmacology.vol.82.2020.

C.Ali zarad, M. H.Mohamed, &
W.S.A.Shanab, Role of uterine artery Doppler
in assessment of unexplained infertility.
Egyptian Journal of Radiology and Nuclear
Medicine.vol.52(1). ,pp.43055-021-00430-
3,2021.

S.Altmée, & L.Aghajanova, Growth hormone
and endometrial receptivity. Frontiers in
Endocrinology.vol.10,pp.6-53,2019.
M.I.M.Amer, O.H.Omar, M.El Sherbiny
Hamed, & E. G.Dahroug, Subendometrial
Blood Flow Changes by 3-Dimensional Power
Doppler Ultrasound After Hysteroscopic Lysis
of Severe Intrauterine Adhesions: Preliminary
Study. Journal of Minimally Invasive
Gynecology.vol.22(3),pp.495-500,2015.

L.A. Arias-Sosa, I.D.Acosta, E.Lucena-
Quevedo, H.Moreno-Ortiz, C.Esteban-Pérez, &
M.Forero-Castro, Genetic and epigenetic
variations associated with idiopathic recurrent
pregnancy loss. In Journal of Assisted
Reproduction and Genetics.vol.35,pp.355—
366,2018.

M.Backos, T.G.Teoh, W.T.S.Lo, & L.Regan,
Uterine Artery Doppler in Predicting
Pregnancy Outcome in  Women  With
Antiphospholipid Syndrome.vol.98(2),pp.235—
242,2001.

J.J.Brosens, R.Pijnenborg, & I.A.Brosens, The
myometrial junctional zone spiral arteries in
normal and abnormal pregnancies. American
Journal of Obstetrics and
Gynecology.vol.187(5),pp.1416-1423,2002.
B.Cacciatore, N.Simberg, P.Fusaro, &
A.Tiitinen, Transvaginal Doppler study of
uterine artery blood flow in in vitro
fertilization-embryo transfer cycles. Fertility
and Sterility.vol.66(1),pp.130-134,1996.
J.Oates, T.Bignardi,
D.Alhamdan, & G.Condous, The use of power
Doppler colour scoring to predict successful
expectant management in women with an
incomplete miscarriage. Human
Reproduction.vol.27(3),pp.669-675,2012.

[11]M. B.Cavalcante, M.Sarno, A. B.Peixoto,
E.Araujo Junior, & R.Barini, Obesity and
recurrent miscarriage: A systematic review and
meta-analysis. Journal of Obstetrics and
Gynaecology Research.vol.45(1),pp.30—
38,20109.

[12]L.Chen, S.Quan, X.H.Ou, & L.Kong,
Decreased endometrial vascularity in patients
with antiphospholipid antibodies-associated
recurrent miscarriage during midluteal phase.
Fertility —and  Sterility.vol.98(6),pp.1495-
1502,2012.

[13] L. W.Chien, H. K.Au, P. L.Chen, J.Xiao, & C.
R.Tzeng, Assessment of uterine receptivity by
the endometrial-subendometrial blood flow
distribution pattern in women undergoing in
vitro fertilization-embryo transfer. Fertility and
Sterility.vol.78(2),pp.245-251,2002.

[14] S.D’Ippolito, C.Ticconi, C.Tersigni,
S.Garofalo, C.Martino, A.Lanzone,
G.Scambia, & Di N.Simone, The pathogenic
role of autoantibodies in recurrent preghancy
loss. In American Journal of Reproductive
Immunology.vol.83, 2020.

[15]D.De Ziegler, & R.Frydman, Different
implantation  rates after  transfers  of
cryopreserved embryos originating from
donated oocytes or from regular in vitro
fertilization. Fertility and
Sterility.vol.54(4),pp.682-688,1990.

[16] A.EI-Mazny, N.Abou-Salem, & H.Elshenoufy,
Doppler study of uterine hemodynamics in
women with unexplained infertility. European
Journal of Obstetrics and Gynecology and
Reproductive Biology.vol.171(1),pp.84—
87,2013.

[17]1A. M.Ferreira, C. R.Pires, A. F. Moron,
E.Araujo, E.Traina, & R.Mattar, Doppler
assessment of uterine blood flow in recurrent
pregnancy loss. International Journal of
Gynecology and Obstetrics.vol.98(2),pp.115-
119,2007.

[18]J. A.Garcia-Velasco, B.Acevedo, C.Alvarez,
M.Alvarez, J.Bellver, J.Fontes, J.Landeras,
D.Manau, F.Martinez, E.Mufioz, A.Robles, &
L.Rodriguez-Tabernero, Strategies to manage
refractory endometrium: State of the art in
2016. Reproductive BioMedicine Online,
32(5), 474-489,2016.

[19]J. A.Gingold, J. A.Lee, J.Rodriguez-Purata, M.
C.Whitehouse, B.Sandler, L.Grunfeld,
T.Mukherjee, & A. B.Copperman, Endometrial
pattern, but not endometrial thickness, affects
implantation rates in euploid embryo transfers.
Fertility —and  Sterility.vol.104(3),pp.620-
628.65,2015.

[20] L.Guedes-Martins, A.Cunha, J.Saraiva, R.
Gaio, F.Macedo, & H.Almeida, Internal iliac
and uterine arteries Doppler ultrasound in the
assessment of normotensive and chronic

Benha Journal Of Applied Sciences, Vol. (7) Issue (5) (2022)



hypertensive  pregnant women. Scientific
Reports.vol.4,pp.1-8,2014.

[21]A. R.Gunzel-Apel, T.Héftmann, S.Nottorf,
E.Politt, A.Meyer-Lindenberg, H. O.Hoppen,
A.Einspanier, H. M.Knijn, & R.Mischke,
Influence of progesterone withdrawal on
pregnancy-related parameters during post-
implantation early pregnancy loss.
Reproduction in Domestic
Animals.vol.44,pp.174-181,2009.

[22] T.Habara, M.Nakatsuka, H.Konishi, K.Asagiri,
S.Noguchi, & T.Kudo, Elevated blood flow
resistance in uterine arteries of women with
unexplained recurrent pregnancy loss. Human
Reproduction.vol.17(1),pp.190-194,2002.

[23]R.Isaksson,  A.Tiitinen, &  B.Cacciatore,
Uterine artery impedance to blood flow on the
day of embryo transfer does not predict
obstetric outcome. Ultrasound in Obstetrics
and Gynecology.vol.15(6),pp.527-530,2000.

[24]Y. B.Jeve, & W.Davies, Evidence-based
management of recurrent miscarriages. In
Journal of Human Reproductive
Sciences.vol.7, pp.159-169,2014.

[25]J.Jirous, M.Diejomaoh, S.Al-Othman, F.Al-
Abdulhadi, N.Al-Marzouk, & T.Sugathan, A
correlation of the uterine and ovarian blood
flows with parity of nonpregnant women
having a history of recurrent spontaneous
abortions.  Gynecologic and  Obstetric
Investigation.vol.52(1),pp.51-54,2001.

[26] X.Kang, T.Wang, L.He, H.Xu, Z.Liu, &
A.Zhao, Effect of low-dose aspirin on
midluteal phase uterine artery blood flow in
patients with recurrent pregnancy loss. Journal
of Ultrasound in Medicine.vol.35(12),pp.2583-
2587,2016.

[27]N.Lazzarin, E.Vaquero, C.Exacoustos,
E.Romanini, A.Amadio, & D.Arduini,
Midluteal phase Doppler assessment of uterine
artery blood flow in nonpregnant women
having a history of recurrent spontaneous
abortions : correlation to.vol.87(6),pp.1383—
1387,2007.

[28]R.Lopez, & N.Fisk, (n.d.). OC059 : Recurrent
miscarriage :  Three  dimensional — power
Doppler evaluation of endometrial and
subendometrial volum ... Related papers.

[29] D.Maulik, & 1.Zalud, Doppler ultrasound in
Obstetrics and Gynecology. In Doppler
Ultrasound in Obstetrics and Gynecology: 2nd
Revised and Enlarged Edition,2005.

[30]J. A.Mclintyre, Antiphospholipid antibodies in
implantation failures. American Journal of
Reproductive  Immunology.vol.49(4),pp.221—
229,2003.

[31]A.Mohamed, & A.Sultan, Uterine and
Subendometrial Arteries Doppler in Patients
with Recurrent First Trimestric Abortion. The
Egyptian Journal of Hospital

A.W.Anwar, E.E.BaraKat, A.A.Bendary, A.M.Biomy and F.M.Elebiary 171

Medicine.vol.73(5),pp.6683-6690,2018.

[32]C.Nagori, &  S.Panchal,  Endometrial
vascularity: Its relation to implantation rates.
International Journal of Infertility and Fetal
Medicine.vol.3(2),pp.48-50,2012.

[33]E. H. Y.Ng, C. C. W.Chan, O. S.Tang, W. S.
B.Yeung, & P. C.Ho, Endometrial and
subendometrial vascularity is higher in
pregnant patients with livebirth following ART
than in those who suffer a miscarriage. Human
Reproduction.vol.22(4),pp.1134-1141,2007.

[34] B.Salle, V.Bied-Damon, M.Benchaib,
S.Desperes, P.Gaucherand, & R. C.Rudigoz,
Preliminary report of an ultrasonography and
colour Doppler uterine score to predict uterine
receptivity in an in-vitro fertilization
programme. Human
Reproduction.vol.13(6),pp.1669-1673,1998.

[35]S. H.Saravelos, & T. C.Li, Unexplained
recurrent miscarriage: How can we explain it?
Human Reproduction.vol.27(7),pp.1882—
1886,2012.

[36]D.Sardana, A. J.Upadhyay, K.Deepika, G.
T.Pranesh, & K. A.Rao, Correlation of
subendometrial-endometrial blood flow
assessment by two-dimensional power Doppler
with pregnancy outcome in frozen-thawed
embryo transfer cycles. Journal of Human
Reproductive Sciences.vol.7(2),pp.130—
135,2014.

[37]1L. M.Scoutt, S. D.Flynn, D. J.Luthringer, T.
R.McCauley, & S. M.McCarthy, Junctional
zone of the uterus: Correlation of MR imaging
and histologic examination of hysterectomy
specimens. Radiology.vol.179(2),pp.403—
407,1991.

[38]P.Serafini, J.Batzolin, J.Nelson, & D.Olive,
Sonographic uterine predictors of pregnancy in
women undergoing ovulation induction for
assisted reproductive treatments. Fertility and
Sterility.vol.62(4),pp.815-822,1994.

[39]C. V.Steer, S.Campbell, S. L.Tan, T.Crayford,
C.Mills, B. A.Mason, & W. P.Collins, The use
of transvaginal color flow imaging after in
vitro fertilization to identify optimum uterine
conditions before embryo transfer. Fertility
and Sterility.vol.57(2),pp.372-376,1992.

[40]C. V.Steer, Seang Lin Tan, D.Dillon,
B.A.Mason, & S.Campbell, Vaginal color
Doppler assessment of uterine artery
impedance correlates with
immunohistochemical markers of endometrial
receptivity required for the implantation of an
embryo. Fertility and
Sterility.vol.63(1),pp.101-108,1995.

[41]S.Tandulwadkar, = M.Naralkar,  A.Surana,
M.Selvakarthick, & A.Kharat, Autologous
intrauterine platelet-rich plasma instillation for
suboptimal endometrium in frozen embryo
transfer cycles: A pilot study. Journal of

Benha Journal Of Applied Sciences, Vol. (7) Issue (5) (2022)



172 Uterine Artery Doppler and Sub Endometrial Blood Flow In Patients With Unexplained Recurrent Miscarriage

Human Reproductive
Sciences.vol.10(3),pp.208-212,2017.

[42]R. L.Tetlow, ILRichmond, D. J.Manton,
J.Greenman, L. W.Turnbull, & S. R.Killick,
Histological analysis of the uterine junctional
zone as seen by transvaginal ultrasound.
Ultrasound in Obstetrics and
Gynecology.vol.14(3),pp.188-193,1999.

[43]M. M. J.van den Berg, M. C.van Maarle,
M.van Wely, & M.Goddijn, Genetics of early
miscarriage. Biochimica et Biophysica Acta -
Molecular Basis of
Disease.vol.1822(12),pp.1951-1959,2012.

[44] W.Xue-Mei, J.Hong, Z.Wen-Xiang, & L.Yang,
The effects of growth hormone on clinical
outcomes after frozen-thawed embryo transfer.
International Journal of Gynecology and
Obstetrics.vol.133(3),pp.347-350,2016.

[45]W.Yang, Z.Wu, M.Yu, W.LuX.Peng, W.Feng,
& X.Kang, Characteristics of midluteal phase
uterine artery hemodynamics in patients with
recurrent pregnancy loss. Journal of Obstetrics
and Gynaecology Research.vol.45(7),pp.1230-
1235,2019.

[46] A.Yokota, A.Nakai, A.Oya, T.Koshino, &
T.Araki, Changes in uterine and ovarian
arterial impedance during the periovulatory
period in conception and nonconception cycles.
Journal of Obstetrics and Gynaecology
Research.vol.26(6),pp.435-440,2000.

[47]J.Zaidi, S.Campbell, R.Pittrof, & S.L.Tan,
Endometrial thickness, morphology, vascular
penetration and velocimetry in predicting
implantation in an in vitro fertilization
program. In Ultrasound in Obstetrics and
Gynecology.vol. 6,pp.191-198,1995.

Benha Journal Of Applied Sciences, Vol. (7) Issue (5) (2022)



