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Abstract

Objective: This study aimed to evaluate the three dimension power
Doppler indices together with uterine artery Doppler indices during
the day of embryo transfer in predicting the outcome of ICSI cycle.

Study design: One hundred and three healthy women with singleton
pregnancy werprospective cohort study.

Patient and methods: One hundred twenty patients were mcluded
in the study during ICSI cycles. This work was done at IVF unite
of Dar El Teb hospital, Egypt. All patients included in the work had
these criteria; age; 2235 years, BMI; < 35 kg/m’, oligo- or oligoas-
thenospermia. All patients received along agonist protocol of ovarian
hyperstimulation and after follicular retrieval, embryos were trans-
ferred at the stage of blastocyst. Three D Power Doppler was done at
the day of embryo transfer. Quantitative pregnancy tests were done
for every patient. The rates of clinical and ongoing pregnancy were
estimated. All women were categorized into two categories: with
pregnancy and without pregnancy.

Results: Thirty-five percent of patients became pregnant. Our study
showed non-significant differences in both groups regarding demo-
graphic, clinical and laboratory data except for some vascular pa-
rameters (endometrial VI, FI, VFI-subendometrial FI- u PI). Our
study revealed a significant increase of some vascular parameters
(endometnial VI, FI, VFI-subendometrial FI- u PI).and correlated to
pregnancy. The endometrial VFI is the most sensitive vascular pa-
rameter correlated to pregnancy.

Conclusion: 3DPD is a useful non mvasive predictor for IVF out-
come.

INTRODUCTION

Many factors determine the success in the cycle of IVF/ET; few of
them are known to be directly related to the successful outcome. The
implantation of good quality embryos remains a rate limiting step in
IVF/ET management .In spite of the advances in ovarian stimulation
protocols, improvement m culture conditions and the method of as-
sisted fertilization, the implantation rate remains low. The success of
embryo implantation depends on a dialogue between the transferred
embryo and the receptive endometrium (1).
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The receptivity of endometrium was mmvestigated
by different strategies like the histological dating
of an endometrial biopsy (2), intra-uterine flush-
ing for detection of endometrial cytokines (3), the
genomic study of a timed endometrial sample(4).
Nevertheless, ERA requires an invasive method,
and high cost. Ultrasound can evaluate changes
in the endometrium during stimulated cycles by
non-mvasive technique (5).

The uterine receptivity are controlled by many
variables like the endometrial, and the sub-endo-
metrial perfusion (6, 7).Many studies observed a
positive correlation between the characteristics
of endometrium, and implantation rate after IVF/
ICSI cycles, and the poor uterine receptivity was
related to impaired blood flow in endometrial and
sub-endometrial regions (8, 9, 10).

Ultrasonography was used as a non invasive tool
to measure the endometrial thickness to show the
effect of endometrial thickness on embryo implan-
tation and endometrial receptivity but unfortunate-
ly conflicting findings were obtained. (11).

Some tried to assess the flow of blood in the uterine
arteries by Doppler US and they found that uter-
ine arteries Doppler did not represent the actual
blood flow m the endometriam .Others tried to use
three-dimensional power Doppler ultrasound for
measurements of endometrial and sub-endometri-
al blood flows (1).The endometrial receptivity was
evaluated in the endometrial and sub-endometrial
blood supplies, especially in intrauterine insemi-
nation and IVF-ET cycles (12). This study aimed
to mnvestigate the three dimensional power Dop-
pler indices together with uterine artery Doppler
indices at the day of embryo transfer in predicting
the outcome of ICSI cycle.

Patient and methods:

This prospective cohort research was done at IVF
unit of Dar El Teb, Dokki, Egypt, since January
2015 t1ll September 2019. Before the conduction
of the study, the Local Ethical Committee ap-
proved the work. All women gave consent to par-
ticipate n the work. One hundred twenty couples
included in the work had these critenia; age; 22—-35
years, BMI; < 35 kg/m2, male factor with oligo-
or oligoasthenospermia. Exclusion criteria; -gross
pathology in the uterus and tube, -Development

of OHSS, -inadequate response to super ovula-
tion, -failure of mature ovum to fertilize or inade-
quate development of the embryos to the stage of
blastocyst and - If the couple refused to be includ-
ed in the work at any stage of the treatment cycle.

All patients received long protocol for controlled
ovarian overstimulation as described by Chang et
al (13). The LHRH agonist ampoules were com-
menced in the prior mid-luteal phase (decapep-
tyl R 0.1mg, Triptorelin-Acetate, Ferring GmbH,
Wittland 11, D-24109, and Kiel, Germany). After
the pituitary down regulation was confirmed, the r
FSH vials were given by 225 IU/day (Gonapure 75
IU, IBSA Institute Biochimique SA, Switzerland).
During the follow up period of hyperstimulation,
dosages were scheduled regarding the response of
every woman.

When at least three dommant follicles (a size 18-
20 mm) were reached in every patient, the HCG
10000 IU (Epifassi 5000 IU, Epico, Egypt) was
taken. The follicles were retrieved 35 hours fol-
lowing HCG administration. Dydrogesterone 30
mg daily (Duphaston, Dydrogesterone 10 mg, Ab-
bott, Pentapharma, Egypt) was used to support the
luteal phase. At the day of embryo transfer (blas-
tocyst stage), every woman underwent 3 D power
Doppler US. Serum pregnancy test was done after
twelve days later to embryo transfer, and 1if posi-
tive (chemical pregnancy), the TVS was used to
detect clinical pregnancy while the ongoing preg-
nancy was detected at the end of first trimester.

Technique of 3D Power Doppler:

We used dedicated 3D transducers to obtamn 3D
US image. Firstly, determination of the volume
box. Secondly, activation of the 3D probe while it
was held stationary. Thirdly, the volume data were
presented in multi planner display. By using 3D
Power-Doppler ultrasound and the VOCAL pro-
gram (the rotation angel was 30° m our study), we
can evaluate the tissue vascularity. Three vascular
parameters were used: the Vascularization Index
(VI) represents the number of the blood vessels n-
side the volume box. Flow Index (FI) represents
the mtensity of blood flow within the area of in-
terest. The Vascular-Flow Index (VFI) represents
the number of the blood vessels and the intensity
of blood flow within the area of interest. (14) (Fig-
ure 1). The “shell” function was used at different
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thickness around the predetermined endometrium
(in this study, 1t is estimated to be 5 mm) to mea-
sure the sub endometrial volume and estimate the
vascularization i this region”. (Figure 2)

Statistical analvsis

Calculation of the sample size was done by us-
ing Open Epi (version 3, open source calculator-
SSProor) depending on the number of patients ful-
filling mclusion criteria in 6 months and attending
to IVF unit of Dar El Teb hospital was estimated
by 185 patients and percentage of ICSI successin a
prior research 1s 32.4%(15), so to obtain a research
power 80% and CI 95%, at least 120 patients must
be included in the research. The variables were
presented as mean +SD. Independent t-test, Mann
-Whitney-test and ROC curve analysis were used
for statistical analysis. The SPSS program Ver-
sion 18 was used. The statistical significance was
considered when P value <0.05.

Results

Nine patients were excluded from the work from
129 women participating in the study due to; de-
velopment of OHSS 1n 2 patients, 2 patients with
inadequate ovarian response, failure of mature
ovum to fertilize in 3 patients or inadequate devel-
opment of the embryos to the stage of blastocyst in
2 patients. Figure 1

All mcluded patients had demographic, clinical
and laboratory data as presented in table 1. On as-
sessment of serum pregnancy tests, it was found
the chemical pregnancy was 39.2% while clinical
pregnancy rate was 35%. Only 11 patients had
abortions at 7-12 weeks gestation (ongoing preg-
nancy rate =25.8%). The included women were
subdivided into two groups; group A (with preg-
nancy) and group B (with non pregnancy). Table
2. The no significant differences in both groups
regarding the demographic data were presented in
Table 1

Assessment of endometrial-sub endometrial and
uterine blood flow at the day of embryo transfer,
revealed significant increase of endometrial vascu-
larity(VLFI,VFI) in the pregnant women, signifi-
cant increase of sub endometrial blood flow (FI) n
the pregnant women. Also significant increase of
pulsatility index of uterine artery correlated with

pregnancy. The endometrial volume was compara-
ble in both groups. Table 1

At the day of embryo transfer,3 D power Doppler
of the endometrial and sub endometrial areas and
uterine artery Doppler were used to predict endo-
metrial implantation by The ROC curve analysis
.The areas under the curve for E VFI, u PLE FI
,SE FI and E VI were 0.82, 0.75. 0.66, 0.65,
and 0.62 at a cut off > 096 & <1.5, >26.7, >19.9,
>19.8, >4.7 indicating that the endometrial VFI is
more sensitive and specific than other vascular pa-
rameters. Table 3

In other words, the endometrial VFI is the most
sensitive endometrial vascular parameter (figure
3), while the sub endometrial FI is the only sen-
sitive sub endometrial vascular parameter ( figure
4)detected by 3D PD US. On evaluation of the
colour Doppler of uterine artery, it was found that
only the u PI was significantly correlated to preg-
nancy. (Figure 5)

Discussion:

The 3D PD-US angiography is the most mmport-
ant diagnostic tool to evaluate restricted tissue, by
showing and calculating relevant parameters (16,
17, and 18).The power Doppler ultrasound has
extreme sensitivity to slight blood flow to detect
overlapping vessels (19). The restricted tissue like
endometrium 1s important for uterine receptivi-
ty (18). Our study showed that the thickness and
volume of endometrrum were not correlated with
pregnancy.

The endometrial thickness was investigated for
several years for detection of its relation to preg-
nancy and the results were controversial because
the endometrial thickness was affected by different
factors like mechanical stimulation or by the ovar-
1an stimulation treatment method (18). For some
times, the endometrial volume was considered an
important index for endometrial receptivity with
reporting 1t should be at least 2.0-2.5 ml for es-
tablishing pregnancy (20) while another research
showed no pregnancy with volume less than 1ml
(21). Ouwr study, similar to several studies (22, 23,
and 24), found no relation between the endometri-
al volume together with the endometrial thickness
and pregnancy while others concluded a positive
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correlation with pregnancy (17). This controversy
can be seen 1n other view as the impact of endo-
metrial thickness or volume on the pregnancy was
favored by endometrial vascularization that should
be investigated (25, 26). Because sufficient blood
supply 1s necessary for endometrial receptivity
(24), the endometrial neomicrovascularisation m-
creases significantly in the follicular and early lu-
teal phase (27) and 1s affected by different factors
like age, medication, hormones (23). The endome-
trial neomicrovascularisation can be assessed by
power Doppler combined with 3D US(17).Vascu-
lar indices like VI, FI, and VFI, can be estimated
from the total number of color voxels and intensity
ot blood flow (28).Our study, similar to Wang et al
(29 ) and Singh et al (1), found a positive correla-
tion with pregnancy regarding endometrial vascu-
lar indices and sub endometrial flow index, in spite
of the assessment of vascularization was ques-
tioned 1n different reports (30, 31,32). The clinical
value of 3D-PD US has been intensively studied.
Jinno et al (33) stated that the endometrial blood
flow during second half of the cycle could predict
the outcome mn IVF cycles. Ng et al (23) found a
positive correlation between flow of blood in en-
dometrial and sub endometrial regions and preg-
nancy outcome. Furthermore there was a positive
correlation between flow of blood in sub endome-
trial region and some cytokines like IL. 15(34) and
IL 18 and IL 18 B P (35). Our study, similar to
Kim et al (16), found that the endometrial VFI was
the most sensitive vascular parameter in predicting
pregnancy (0.8) so it 1s included, recently, in Ultra-
sound multimodal score to assess the endometrial
receptivity. The total score was 18, the lower the
score, the worse the endometrial receptivity, and
vice versa (36). Based on these results, 1t 1s reason-
able to hypothesize that the endometrial vasculari-
ty 1s correlated to embryo implantation.

Othman et al (37) stated that the blood flow, in the
endometrial and sub endometrial tissue, differed
significantly according to BMI. It was lower
obese and overweight women. In obese women,
the relatively hyperestogenemia may have nega-
tive impact on the receptivity of the endometrium
(38).Also the relatively hyper msulinemia decreas-
es the glycodelin level that reduces the fertility at
the level of endometriam. (39, 40)

Numerous studies have evaluated the value of
measurement of vascularity in endometrial and sub
endometrial regions n predicting IVF outcome, at
the day of embryo transfer and the day of HCG
administration but the results were conflicting(19,
24 , 41, 42, 43, 44, 45). These conflicting results
and the variations of day timing of measurement
explained why still no consensus as to when these
measurements should be done (24).

Different thickness of sub endometral shell was
used to assess the sub endometrial vascularity.
Some used 2mm (24) and5mm (19) while others
used Imm (22, 23). Our study used 5Smm shell. The
difference of thickness of subendometrial shell be-
tween different studies explained the variation of
measurements.

This study was limited as it included only wom-
en received long agonist protocol and shell of 5
mm in the sub endometrial region. Our protocol of
COS cannot be generalized to other protocols of
IVF. Also, this study did not compare other tFSH

types.

Conclusion

The use of 3DPD to predict embryo implantation
in IVF 1s of significant value.
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human chorionic gonadotropin (hCG), interleu-
ki (IL), embryo transfer (ET), assisted reproduc-
tive technology (ART), percent (%).kilogram per
square meter Kg/m2 (Kg/m?2), recombinant folli-
cle stimulating hormone (rFSH), milli internation-
al unit (mIU), milligram (mg), millimeter (mm),
number (NO), SD (standard deviation), metaphase
2 (M11) Odd Ratio (OR) confidence interval(CI)
, region of interest (ROI) , virtual organ computer
aided Analysis(VOCAL) , binding protem (BP) ,
controlled ovarian stimulation (COS) ,Three di-
mensions Power Doppler Ultrasound(3 DPD US)
,uterine artery pulsatility index (u PI) , Vascular-
1zation Index (VI), Flow Index (FI) Vascular-Flow
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Index (VFI),endometrial(E) subendometri-
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Figure (1): 3 D PD US with VOCAL programme
showing endometrial VI, FI, and VFL
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Figure (2):3 D PD US with VOCAL programme
showing subendometrial VI, FI, and VFL
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Figure (3):ROC curve of endometrial
vascular indices
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Figure (4): ROC curve of subendometrial
vascular indices
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Figure (5):ROC curve of uterine artery
Doppler indices
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Table 1: shows demographic, clinical and laboratory data and their relations to pregnancy

Variables P(ISEE% t Nor&p:r? %1 ant | potal (n=120) t p
o eAEAREIEE
BMI (kg/w) (G3a13837) | @a6rao6h | @3alavey | M8 | 02
Duration of infertility (year) | > '6‘(53{[91) 36 > éj%;l 5.79+2.56(2-10) | 0.16 0.87
No. of HMG amp 29('29;‘32?';’8 30('285317;34 30("‘212327'?2 1.89 0.062
Duration of induction : (day) 23?_:11 5?3 13(' 13 12 -1115)2 ? 13 (}3%115314 141 0.16
No. of follicles retrieved 15'(%;%08 15'(%.?;1)'25 15'(2.%;‘)'57 0.18 0.86
No. of Metaphase II oocytes: 8??325)3 3 8(?5'1243;7 8(652_i12§)3 2 0.48 0.64
No. of transferred blastocyst: 2 7(2%2) 62 2 é(gj_:%n & 1%%2)68 0.30 0.76
Endometial V1 0355y | ©asssh | @ass | 2L | oo
Endometrial FI 20(127&212)3 ! 19(.;4;13;)22 19(';‘?313')19 1072 | 0.001%*
Endommetil VFI P = I D P e
AR AR
Sub V1 061599 | 006536 | ©o6se3 | 064 | 033
swr womonss | et | ean |y | e
Sub VFI 051249 | @025 | (©olasy | 040 | 0@
n dpor T rmom T s T | g
R 07099 | ©7209% | ©ioos | 121 | 023
Endometrial thickness élz 1?; _J—i(;gs; élz 19 zll-i}(z}i43§ 312 16?? _il?lg; 127 0.21
TR | i | ek | | g
spas | smew | emn | oy | o

Data are presented as mean+SD, and ranges are in parenthesis; *: Significant (p<0.05); **: Highly Sig-

nificant (p<0.01)
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; (n=120)
Variabl
ariables No. %
Pregnancy test
-ve 43 60.8
+ve 47 39.2

Chemical pregnancy rate 47 39.2

Clinical pregnancy rate 42 35.0

Ongoing pregnancy rate 31 25.8

No. of gestational sac (47)

1 27 574

2 15 319

3 5 4.2

Table 3: shows validity of some predictors in prediction of success ICSI.

Variable | Cutoff AUC CI Sens. Spec. +PV -PV }?;g;_ p-value
EVI >4.66 0.62 [0.52-0.72| 404 67.1 442 63.6 56.7 0.027*
EFI >19.87 0.66 [0.56-0.76 51.1 61.6 46.2 66.2 375 0.003**

EVFI >0.96 0.82 [0.74-0.89| 745 712 62.5 81.2 72.5 | <0.001**
SEVI =1.35 0.55 [0.45-0.66| 532 60.3 46.3 66.7 3735 0.34
SEFI >19.79 0.65 [0.55-0.75| 553 50.7 41.9 63.8 525 0.008**
SEVFI >1.01 0.58 [0.48-0.68| 6338 56.2 484 70.7 59.2 0.14
PI <1.47 0.751 %6863%- 68.1 65.8 56.1 76.2 66.7 | <0.001**
RI <0.86 0.578 00423- 61.7 493 439 66.7 542 0.15

AUC: Area under curve; CI: Confidence interval; +PV: Positive predictive value; -PV: Negative pre-
dictive value; Sens.: Sensitivity; Spec.: Specificity; *: Significant (p<0.05); **: Highly Significant

(p<0.01)

Egypt.J.Fertil.Steril. Volume 24, Number 3, September 2020




