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Today, the success of in vitro fertilization (IVF) is seen as a 
combination of two major factors: the ability of embryos to 
implant and the receptivity of the endometrium [1]. These two 
factors are directly dependent on the ovarian reserve of the 
female patient. In patients with diminished ovarian reserve 
the quality of oocytes tends to degrade [2] and Doppler 

ultrasonography reveals decreased uterine perfusion.  In the 
study presented below we chose to focus on the endometrial 
blood flow as the quality of transferred embryos was good; so 
their ability to implant is not discussed here.

In 2013 the Russian Association of Human Reproduction 
(RAHR) reported that the use of cryopreserved donor eggs 
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There are a few major factors determining the success of in vitro fertilization (IVF), including the potential of embryos to implant 
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ovarian reserves. Blood flow was measured in the uterus, subendometrial region and endometrium, and IVF cycle outcomes 
were subsequently assessed. We have established an association between the characteristics of uterine and subendometrial 
blood flow and the outcomes of IVF cycles and ET. No such association has been established for the endometrium, though. 
Therefore, a 3D power Doppler examination on the day of embryo transfer provides valuable information on the endometrium 
receptivity and can be used as a prognostic marker of IVF success.
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in females over 40 years of age improves the outcome of IVF 
cycles by as little as 4.8% [3]. The figures published in the report 
suggest that better IVF outcomes in patients with diminished 
ovarian reserve are largely determined by the receptive quality 
of the endometrium. In this light, the discovery of robust 
methods for its assessment and enhancement should receive 
special attention. Conveniently, three-dimensional power 
Doppler ultrasonography can be a perfect non-invasive tool for 
predicting endometrial receptivity [4, 5].

Proliferation and differentiation of endometrial cells is 
controlled by ovarian steroid hormones promoting angiogenesis 
[6], which plays a crucial role in stimulating endometrial growth 
and ensures good implantation of the embryo [7, 8]. Sufficient 
blood supply to the endometrial and subendometrial regions is 
an essential prerequisite for successful implantation.

The study conducted in 2012 [8] compared the prognostic 
value of 2D and 3D ultrasonography in the assessment of 
endometrial receptivity, which signals the opening or closure 
of the implantation window. The data on the endometrial blood 
flow obtained during the scans were compared to the findings of 
endometrial biopsy. It was established that 3D ultrasonography 
is a more accurate prognostic tool than 2D ultrasonography. 
The lack of correlation between 2D ultrasonography findings 
and IVF outcomes was also reported by other researchers [9]. 

Unfortunately, few authors have studied the uterine blood 
flow as a predictor of the outcomes of infertility treatment with 
embryo transfer in patients with different ovarian reserves, so 
the literature on this problem is scarce.

In our study we attempted to establish a correlation 
between the outcome of an IVF cycle and the findings of a 3D 
power Doppler examination of uterine blood flow in patients 
with different ovarian reserves on the day of embryo transfer.

METHODS

The study was carried out at the facilities of the Center for 
Family Planning and Reproductive Health (Department of 
Reproduction) between 2015 and 2017. 

As part of the study, we conducted a prospective analysis 
of standard IVF cycles in 56 female patients with different 
ovarian reserves. The treatment included transfer of no more 
than 2 blastocysts on day 5 after oocyte retrieval. Based 
on the outcome of the IVF cycle we distributed the patients 
into 2 groups. The first group included 21 patients who 
became pregnant after IVF, and the second group consisted 
of 35 patients whose IVF cycle failed. Among the patients 
who achieved pregnancy, 13 (61.9%) had been previously 
diagnosed with tuboperitoneal infertility and 8 (38.1%) had a 
diminished ovarian reserve. Twenty-three (65.7%) of all patients 
who did not achieve pregnancy had been diagnosed with 
tuboperitoneal infertility, and in 12 (34.2%) females the ovarian 
reserve was diminished. 

Our study was conducted in the females between 30 and 
40 years of age diagnosed with diminished ovarian reserve and 
tuboperitoneal infertility. 

Patients with ovarian neoplasms, myomas, adenomyosis, 
and those who had previously undergone a therapy to improve 
their uterine blood flow or had an infertile partner were excluded 
from the study. 

The loss of ovarian reserve was assessed by measuring 
the levels of the follicle stimulating hormone (FSH) and the anti-
Müllerian hormone (AMH), and by counting antral follicles less 
than 10 mm in size identified during the ultrasound scan on 
days 2–3 of treatment.  If FSH levels exceeded 8 IU/l and AMH 
levels were lower than 1 ng/ml and the number of retrieved 

oocytes was < 3, then the ovarian reserve was considered 
diminished. 

In the course of treatment, patients’ ovaries were stimulated 
by gonadotropin-releasing hormone antagonists. Ovulation 
was induced by a recombinant FSH. 

The starting dose of FSH (75 to 275 IU/24 hours) was 
individually selected for each patient depending on her age, 
body mass index (BMI), FSH and AMH levels, and ovarian 
response to previous treatment cycles. Follicle development 
was monitored by ultrasonography. Once a leading follicle had 
reached 18–20 mm in diameter, we introduced an ovulation 
trigger (human chorionic gonadotropin HCG) and 34–36 hours 
later performed a transvaginal puncture of follicles of >15 mm in 
size. Oocyte retrieval, insemination, culture, ET and lutein phase 
support by progesterone administration in the post-transfer 
period were performed according to standard protocols [2].

On the day of embryo transfer the patients underwent 
an ultrasound examination; a 3D image of the uterus was 
reconstructed in a 3D power Doppler mode. The procedure 
was performed on Voluson 730 Expert (GE Healthcare, Austria) 
equipped with an endovaginal transducer (frequency range 
from 5 to 9 MHz). Because blood flow characteristics are 
sensitive to varying frequencies, we used the following settings: 
Gn of 9.0, Frq, low; Qual, norm; WMF, low1; PRF, 0.9 kHz.

The original 2D image for further 3D reconstruction 
represented the central plane of the volume of interest [10, 11]; 
the scan swept through the volume from one of its borders 
to another. The scan angle was 120°; the rotation step was 
exactly 15°, because otherwise the vessels located in close 
proximity to the uterus could have been captured into the 
reconstructed volume.

The contours of the endometrium and the uterus were 
manually delineated using the VOCAL software. Blood flow 
was assessed in 1) the endometrial region with the contour 
drawn along its basal layer and in 2) the endometrium and 
a 5-mm shell area around its basal layer which included the 
subendometrium with its basal and radial arteries [12]. Jagged 
contours after contouring were regarded as an error.

After the reconstruction, the volumes of the uterus, 
endometrium and subendometrium were computed. A few 
important histogram indices were also computed, including 
the vascularization index (VI), which represents the percentage 
of blood vessels in a given tissue volume; the flow index (FI), 
which represents the blood volume moving through the vessels 
during the scan, and the vascularization-flow index (VFI), which 
provides information on the organ perfusion. 

The data were processed in Excel 7.0 and Statistica 6.0. 
The parameters analyzed were compared pairwise; differences 
were considered significant at p < 0.05. We also used the AUC 
ROC analysis. Generally, the higher is AUC, the better is the 
performance of the model. The performance scale used in our 
study was as follows:  0.9–1.0, excellent; 0.8–0.9, very good; 
0.7–0.8, good; 0.6–0.7, fair; 0.5–0.6, poor.

RESULTS

Patients’ age varied between 30 and 42 years (mean age was 
34.27 ± 3.98 years). There were 17 patients under 35 and 39 
patients between 35 and 42 years of age. The mean age of 
the patients who achieved pregnancy after ET (group 1) was 
34.27 ± 3.98 years. The mean age of the patients whose IVF 
failed (group 2) was 36.00 ± 3.74 years (р > 0.05). Although 
IVF tended to fail in older patients, especially in those with 
diminished ovarian reserve, no significant differences were 
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revealed between the groups with regard to this parameter 
(Table 1). 

Because candidates for the infertility treatment with assisted 
reproductive technologies (AST) were selected very carefully, 
the rate of extragenital pathologies fell within the population range. 

A relatively big number of patients (40%) with diminished 
ovarian reserve whose IFV treatment failed had previously 
undergone an ovarian surgery (Table 1). Of them 5 patients 
(31.2%) had received surgical treatment for cystadenomas and 
11 patients (68.8%) for endometroid cysts.

About half of our patients (48.6%, or 17 individuals with 
different ovarian reserves) whose IVF failed had a previous 
history of dilation and curettage. Of them 14 had received 
treatment for uterine polyps and 3 for endometrial hyperplasia.  
In patients who achieved pregnancy after IVF endometrial 
pathologies were 1.7 times less frequent (Table 1). 

The duration of infertility ranged from 1 to 11 years. The 
patients with diminished ovarian reserve had a longer history 
of infertility than those with normal ovarian reserve, but the 
difference between those two groups was insignificant (Table 1). 

The majority of the patients who achieved pregnancy had 
been previously diagnosed with primary sterility. The same was 
true for 20 patients (57.1%) whose IVF failed.

FSH and AMH levels regulating the ovarian function differed 
significantly between the patients with different ovarian reserves. 
Low AMH and high FSH were observed in the patients with 
diminished ovarian reserve (Table 1). 

Doses of rFSH administered to the patients and the number 
of transferred embryos did not differ significantly between the 
groups. 

On day 5 after oocyte retrieval and before embryo 
transfer, the patients underwent 2D and 3D power Doppler 
ultrasonography.

Endometrial thickness measured on the day of embryo 
transfer varied from 8.0 to 14.5 mm in the patients who 
achieved pregnancy after IVF. The endometrium was the 

thickest (14.5 mm) in the patient who later gave birth to twins. In 
the females whose IVF failed the thickness of the endometrium 
varied from 7.0 to 10.6 mm. The differences in the endometrial 
thickness were significant between the patients whose IVF was 
successful and those whose IVF was ineffective, for both good 
and bad ovarian reserves (р = 0.003; р = 0.05) (Table 1).

Therefore, endometrial thickness measured on the day of 
embryo transfer can be a good prognostic marker of the IVF 
cycle outcome regardless of the quality of ovarian reserve. 

The uterine volume measured by 3D Doppler varied from 
31.7 to 83.3 mm3 in group 1 (successful IVF) and from 21.0 to 
90.3 mm3 in group 2 (failed IVF). The analysis revealed that the 
uterine volume tended to depend on whether the patient had 
given birth in the past. In group 1 there were 87.5% of females 
who had given birth before, and in group 2 such patients made 
65.7%. The uterine volume in such patients was over 58 mm3. 
No association between the uterine volume and the ovarian 
reserve or IVF success was established during the study 
(р > 0.05) (Table 2).

On average, the volume of the endometrium ranged from 
3.5 to 13.9 mm3 in women who achieved pregnancy after IFV. 
In women whose IVF failed this parameter varied from 4 to 
14 mm3. No significant differences (р > 0.05) in the endometrial 
volume were observed between the groups with different 
ovarian reserves or different IVF outcomes (Table 2).

This means that myometrial and subendometrial volumes 
have no significant prognostic value for IVF success regardless 
of the quality of patient’s ovarian reserve. 

In contrast, the data on the endometrial volume available 
in the literature demonstrate its strong correlation with IVF 
success. Unlike thickness (midline echo), the endometrial 
volume is recommended as a predictor of an IVF cycle outcome 
[12]. Our study shows that the volume of the endometrium 
was significantly larger in patients who achieved pregnancy, 
regardless of their ovarian reserve, than in those whose IVF 
failed (p = 0.003; see Table 2). The endometrial volume was 1.4 

Table 1. Characteristics of female patients with different ovarian reserves and the IVF outcome

Note: * — represents significant differences.

Successful IVF cycle
(n = 21)

Failed IVF cycle
(n = 35)

р
Good ovarian reserve

(n = 13) p1

Diminished ovarian reserve
(n = 8) p2

Good ovarian reserve
(n = 23) p3

Diminished ovarian reserve
(n = 12) p4

Age. years 33.27 ± 4.98 35.45 ± 2.98 35.09 ± 3.46 37.02 ± 2.87 –

Body mass index 24.36 ± 1.98 24.76 ± 1.43 25.02 ± 1.17 25.32 ± 1.87 –

History of infertility. years 4.16 ± 2.54 5.26 ± 3.54 5.98 ± 2.07 5.41 ± 3.07 –

Primary sterility
3 

14.3%
6

28.6%
5

14.3%
10

28.6%
–

Secondary sterility
10

47.6%
2

9.5%
18

51.4%
2

5.7%
–

FSH levels.
mIU/ml

6.8 ± 1.56 11.99 ± 7.03 7.18 ± 1.79 12.29 ± 5.99
p1/p2 = 0.001*
p3/p4 = 0.002*

AMH levels.
ng/ml

3.26 ± 1.27 0.61 ± 0.42 3.57 ± 2.43 0.65 ± 0.37
p1/p3 = 0.021*
p2/p4 = 0.001*

rFSH dose. IU 2202.5 ± 986.8 1602.9 ± 796.8 2309.2 ± 862.2 1809.2 ± 987.8 –

Endometrial thickness on 
the day of ET. mm

10.4 ± 2.6 10.60 ± 1.94 8.4 ± 0.9 8.31 ± 1.28
p1/p3 = 0.05*
p2/p4 = 0.003*

Number of transferred 
embryos

1.49 ± 0.21 1.59 ± 0.29 1.76 ± 0.68 1.32 ± 0.43 –

Ovarian surgeries
1

4.8%
3

14.9%
5

14.9%
7

40%
–

Number of ovarian 
pathologies in the patient’s 
medical history

4
19.0%

2
9.5%

9
25.7%

8
22.9%

–
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and 1.7 times bigger, respectively, in patients whose IVF was 
effective and ovarian reserve was good than in those whose 
IVF failed (p = 0.004, p = 0.008; see Table 2). This confirms that 
the volume of the endometrium can be used for predicting the 
success of IVF cycles. 

The endometrial volume was relatively small on the day of 
embryo transfer in the patients who had undergone endometrial 
curettage in the past, in contrast to those who had not had a 
prior surgery. This was true for all patients regardless of their 
IVF outcome.

To predict the success of IVF cycles, we used 3D 
power Doppler ultrasonography which helps to measure 
the parameters of the low-velocity blood flow typical for the 
myometrium and endometrium. Some authors point out that 
3D power Doppler is more effective for the imaging of blood 
vessels with low-velocity blood flow [11].

Histogram indices of myometrial and subendometrial blood 
flow presented in Table 3 were significantly higher in the patients 
who achieved pregnancy after ET. VI and VFI computed for the 
myometrium were 1.6 and 2.0 times higher, respectively, in the 
patients whose IVF was successful than in those whose IVF 
failed. A similar tendency was observed for the subendometrial 
region where VI and VFI were 2.6 and 2.5 times higher, 
respectively, in the patients whose IVF was successful than in 
those whose IVF failed. 

In the patients with diminished ovarian reserve whose IVF 
was ineffective, the myometrial VI and VFI were 1.6 and 1.5 
times lower, respectively, and the subendometrial VFI was 2.5 

lower than in the females with normal ovarian reserve whose 
IVF was also ineffective (р < 0.05; see Table 3). This suggests 
poor uterine blood supply in the patients with diminished 
ovarian reserve. 

In contrast, the patients who achieved pregnancy after IVF 
showed no differences in the blood flow indices, regardless of 
the ovarian reserve quality.

To compare the approaches to the assessment of the 
endometrial blood flow (the subendometrium excluded and 
included into the studied volume; see Fig.1), we used the ROC-
AUC analysis (Fig.2); it revealed no associations between the 
studied blood flow indices and the success of IVF (Fig. 2 A; 
AUC for VI was 0.49, for FI, 0.50, for VFI, 0.49). 

For the reconstructed images that included the 5-mm shell 
around the basal layer (the subendometrium), an association 
was established between the studied blood flow indices and 
the outcome of IVF cycles (Fig. 2 B) (AUC for VI was 0.88, for 
FI, 0.66; for VFI, 0.91). 

Using the data obtained with 2D and 3D ultrasonography, 
we identified 3 major parameters that showed a reliable 
correlation with IVF success regardless of the patient’s ovarian 
reserve: the volume of the endometrium, myometrial VI and 
subendometrial VFI. The prognostic value of these parameters 
was demonstrated using the ROC-curve (Fig. 3). For the 
endometrial volume sensitivity was 74.8%; specificity 60.6%; 
AUC 0.851; for the myometrial VI these values were  86.4%, 
69.4%, and 0.857, respectively, and for the subendometrial VFI 
they were 90.4%, 79.4% and 0.916, respectively.

Successful IVF cycle
(n = 21)

Failed IVF cycle
(n = 35)

р

Good ovarian reserve 
(mm3)

(n = 13)
p1

Diminished ovarian reserve 
(mm3) 
(n = 8)

p2

Good ovarian reserve 
(mm3) 

(n = 25)
p3

Diminished ovarian reserve 
(mm3) 

(n = 12)
p4

Volume of myometrium 49.4 ± 5.01 47.2 ± 4.98 49.2 ± 3.67 48.6 ± 5.12 –

Volume of subendometrium 10.0 ± 1.1 9.8 ± 0.8 8.9 ± 0.8 8.7 ± 0.7 –

Volume of endometrium 2.53 ± 0.19 1.38 ± 0.31 1.79 ± 0.38 0.82 ± 0.25

p1/p2 = 0.004*
p3/p4 = 0.008*
p1/p3 = 0.05*
p2/p4 = 0.02*

Table 2. Volumes of the myometrium, subendometrium and endometrium measured by 3D power Doppler 

Note: * — represents significant differences.

Table 3. Uterine hemodynamics in patients with different ovarian reserve and IVF outcomes 

Note: * — difference significant at р < 0.05; ** — difference significant at р < 0.01.

Groups
Effect/ 3D Doppler 

parameters

Uterus Subendometrium Endometrium

VI FI VFI VI FI VFI VI FI VFI 

G
o

o
d

 o
va

ria
n 

re
se

rv
e 

Successful cycle
(n = 13)

p1

11.41 ± 2.19 16.16 ± 2.90 1.77 ± 0.35 6.13 ± 4.23 10.0 ± 1.17 0.92 ± 0.64 3.41 ± 2.82 11.60 ± 1.61 0.32 ± 0.33

Failed cycle
(n = 25)

p2

7.45 ± 0.97 12.75 ± 1.68 0.94 ± 0.05 3.19 ± 2.57 10.55 ± 1.90 0.25 ± 0.15 2.5 ± 2.22 11.38 ± 2.76 0.27 ± 0.21

D
im

in
is

he
d

 
o

va
ria

n 
re

se
rv

e 
 Successful cycle

(n = 8)
p3

10.56 ± 2.57 17.68 ± 3.44 1.92 ± 0.75 3.52 ± 1.09 11.12 ± 1.03 0.39 ± 0.16 2.40 ± 1.84 10.69 ± 1.68 0.22 ± 0.20

Failed cycle
(n = 12)

p4

4.47 ± 2.30 14.05 ± 3.32 0.62 ± 0.28 1.23 ± 1.27 8.61 ± 3.95 0.10 ± 0.08 1.82 ± 1.49 11.17  ± 2.16 0.19 ± 0.16

р

p1/p2 = 0.007**
p3/p4 = 0.003**
p1/p3 = 0.62
p2/p4 = 0.014*

p1/p2 = 0.06
p3/p4 = 0.35
p1/p3 = 0.52
p2/p4 = 0.41

p1/p2 = 0.23
p3/p4 = 0.009**
p1/p3 = 0.78
p2/p4 = 0.011*

p1/p2 = 0.24
p3/p4 = 0.014*
p1/p3 = 0.27
p2/p4 = 0.12

p1/p2 = 0.58
p3/p4 = 0.18
p1/p3 = 0.19
p2/p4 = 0.30

p1/p2 = 0.013*
p3/p4 = 0.007**
p1/p3 = 0.12
p2/p4 = 0.04*

p1/p2 = 0.34
p3/p4 = 0.82
p1/p3 = 0.21
p2/p4 = 0.41

p1/p2 = 0.83
p3/p4 = 0.65
p1/p3 = 0.37
p2/p4 = 0.85

p1/p2 = 0.57
p3/p4 = 0.77
p1/p3 = 0.57
p2/p4 = 0.32
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DISCUSSION

The thickness of the endometrium (midline echo) was measured 
by 2D ultrasonography. There is no consensus in the literature 
on the minimal endometrial thickness necessary for achieving 
pregnancy. The majority of the researchers report failed IVF in 
patients with endometrial thickness less than 7 mm [7, 13, 14].  
However, there are reports of pregnancy in patients with 6-mm- 

or even 4-mm-thick endometrium [15]. Endometrial thickness 
over 14 mm is associated with a high risk of miscarriage [7].

Our study reveals that endometrial thickness measured by 
2D ultrasonography in patients with different ovarian reserve 
correlates with the outcomes of IVF cycles. The differences 
were more significant (р = 0.003), though, for the patients with 
good ovarian reserve than for those with diminished ovarian 
reserve (p = 0.05). Some researchers have demonstrated 

Fig. 1. Blood flow assessment in the endometrium (the subendometrial region excluded and included) 

Fig. 2. ROC-analysis of the associations between IVF outcomes and the blood flow in the endometrium (A) and the subendometrial region (B) 
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the lack of associations between the success of IVF and the 
thickness of the endometrium [14]. It has been also reported 
that patients older than 40 tend to have thinner endometrium, 
which is a consequence of lower estradiol levels [12]. A few 
authors believe that endometrial thickness is a subjective 
parameter, so 3D sonography appears to be a more reliable 
tool for measuring the endometrial volume and establishing 
an association between this parameter and the success of 
IVF [9]. The use of 3D ultrasonography allowed us to reveal 
significant differences in the endometrial volume in the patients 
whose IVF outcomes were different (p = 0.05; p = 0.02). The 
endometrial volumes were also significantly different in the 
patients who achieved pregnancy but had different ovarian 
reserves (p = 0.004); however, no significant difference was 
observed between the patients with regard to their endometrial 
thickness. 

Uterine blood flow plays an important role in the prediction 
of IVF outcomes. The meta-analysis of the literature has 
demonstrated that indices of subendometrial and endometrial 
blood flows can indirectly reflect endometrial receptivity [5]. 
It is known that blood is supplied to the endometrium mainly 
by spiral arteries which are a continuation of the basal arteries 
located in the subendometrium [11]. The subendometrial 
region should be included in the studied volume because the 
subendometrial blood flow indices show the intensity of blood 
flow in the arcuate artery and its radial branches. 

Due to a high risk of injury to the endometrium, invasive 
techniques cannot be used on the day of embryo transfer for the 
assessment of endometrial receptivity. Non-invasive techniques 
are recommended instead. Ultrasonography of the myometrial 
and subendometrial blood flows has revealed significant 
differences between the patients regardless of the quality of 
their ovarian reserve in the myometrial IV (p = 0.007 for the 
patients with normal ovarian reserve; p = 0.003 for the patients 
with diminished ovarian reserve) and the subendometrial VFI 
(p = 0.013 for the patients with normal ovarian reserve and 
p = 0.007 for the patients with diminished ovarian reserve). The 
lowest values were observed in the patients with low ovarian 
reserve who failed to achieve pregnancy. It is believed that in 
patients with decreased ovarian reserve reduced blood flow 

indices result from the impaired growth of blood vessels in 
the functional endometrial layer due to the insufficient effect of 
estrogen during the proliferative stage [16].

Our findings are consistent with the results of the study 
[17] suggesting that estrogen content in the serum can be 
reliably associated with the intensity of the uterine blood flow 
during IVF cycles in patients who receive gonadotropins and 
gonadotropin-releasing hormone antagonists. It has been 
proved that hormone replacement therapy considerably 
improves the uterine blood flow (as and its indices measured 
by Doppler sonography) in patients with premature ovarian 
insufficiency [18].

Thus, our findings suggest that the use of 3D power Doppler 
ultrasonography on the day of embryo transfer can be an 
effective technique for the indirect assessment of endometrial 
receptivity, which is consistent with the data obtained by other 
researchers [5], and a good tool for predicting the outcome of 
an IVF cycle after embryo transfer. 

Once we know myometrial and subendometrial blood 
flow characteristics, we can avoid useless embryo transfers. 
Patients with diminished ovarian reserve are recommended 
to undergo uterine flow examinations and therapies aimed at 
improving uterine perfusion (should there be any deviations 
from the norm) before starting IVF.

CONCLUSIONS

We have demonstrated that 3D power Doppler ultrasonography 
is a reliable method for the assessment of uterine perfusion 
on the day of embryo transfer in patients undergoing infertility 
treatment.  Myometrial and subendometrial blood flow indices 
are better predictors of IVF success than characteristics of the 
endometrial blood flow which showed no correlation with the 
IVF outcomes in our study. Endometrial volume measured by 
3D Doppler has a higher prognostic value than endometrial 
thickness measured by 2D ultrasound. Considering very low 
values of blood flow indices in patients with diminished ovarian 
reserve whose IVF was ineffective, we recommend 3D Doppler 
scans for such patients before embryo transfer. 
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