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ENDOMETRIAL VOLUME AND SUB-ENDOMETRIAL VASCULARITY AS PREDICTORS OF IVF SUCCESS

The measurement of endometrial volume and sub-endometrial vascularity to
replace the traditional endometrial thickness as predictors of in-vitro
fertilization success

Ahmed M. Maged, Ahmed M. Kamel, Fouad Abu-Hamila, Rasha O. Elkomy, Omar A. Ohida, Sarah M. Hassan,
Radwa M. Fahmy and Wafaa Ramadan

Department of Obstetrics and Gynecology, Cairo University, Cairo, Egypt

ABSTRACT
To assess the value of endometrial thickness, volume, and sub-endometrial perfusion in women under-
going IVF. In 82 women candidate for ICSI, endometrial thickness and sub-endometrial perfusion were
measured with a trans-vaginal 2D ultrasound and 3D power Doppler respectively on day of hCG trigger
and Embryo transfer (ET). The primary outcome was the clinical pregnancy rate. Endometrial volume
showing a statistically significant difference between pregnant and nonpregnant women (4.11± 1.19 vs.
3.4 ± 1.1 p¼ .019) on day of triggering and at ET (4.02±1.15 vs. 3.45 ± 0.90, p¼ .022). VFI was significantly
higher in pregnant group at both days of triggering and ET (0.54± 0.48 vs. 0.33±0.31 and 0.47±0.22 vs.
0.34±0.2, p¼ .02). At cutoff values of 3.265 and 2.95 cm3 (70 & 80% sensitivity, specificity 64.5 & 51.6%, a
positive predictive value 38.9 & 34.8%, and negative predictive value 87.0 & 88.9%) to predict pregnancy
on the day of hCG trigger & ET respectively. Cutoff value for Endometrial VFI on the day of ET was 0.674
(sensitivity of 70%, specificity of 80.6%, PPV 53.8%, and NPV 89.3%). Higher endometrial volume and VFI
were associated with pregnancy.
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Synopsis

A higher endometrial volume measured at days of triggering and
ET and endometrial VFI measured at ET were associated with
higher pregnancy rates in IVF.

Introduction

Implantation failure is the limiting step of success of IVF [1].
Successful implantation entails a process of strict synchronization
of endometrial and blastocyst development [2]. The endometrial
thickness, pattern and uterine artery blood flow are still uncer-
tain as prognostic factors of implantation [3].

Some authors suggested that 3D vaginal ultrasound can
accurately predict endometrial receptivity [4], while others con-
firmed the role of 3D power Doppler ultrasound in the assess-
ment of sub-endometrial blood flow was an important factor in
the prediction of implantation in-vitro fertilization (IVF).
However, not any single parameter was considered optimal for
the prediction of pregnancy rate [5].

Vascularization index (VI) describes vascularity by giving
information about the amount of color values (in percentage)
while Flow index (FI) describes the intensity of blood flow as
a dimensionless index (0–100). It is a ratio of weighted color
values to their number. Vascularization flow index (VFI) is
combined information of mean blood flow intensity and vascu-
larization [6].

Our objective was to assess the value of endometrial thick-
ness, volume, and sub-endometrial perfusion by trans-vaginal

3D Doppler ultrasound indices in the prediction of pregnancy in
cases undergoing IVF.

Materials and methods

This cohort study was conducted on 82 infertile women who
attended the infertility clinic at Kasr Alainy hospital during the
duration from January 1, 2016 to December 3, 2017. The study
was approved by kasr Alainy ethical committee and an informed
written consent was signed by all participating couples.

Women included were suffering from primary or secondary
infertility and candidate for ICSI cycle with their age ranged
from 20 and 36 years. Women with ovarian cysts or masses,
endometriosis, abnormal uterine cavity (evaluated by hystero-
scopy), hydrosalpinx and those with active pelvic infections were
excluded from the study. Women with more than one myoma
larger than 3 cm were also excluded as they would have pelvic
congestion with alteration of Doppler indices. Exclusion criteria
also included women with endocrinological abnormalities, recur-
rent implantation failure (>3 times), polycystic ovarian syn-
drome, those who were expected to be poor responders (baseline
FSH > 10 mIU/ml) and Azoospermic male partner.

After evaluation of all participants through full history and
clinical examination, ultrasound was done to ensure the pres-
ence of at least 3 preantral follicles and to exclude any pel-
vic pathology.

At day 3 of a natural cycle, basal hormonal levels of AMH
(AntiMullerian hormone using an enzyme-linked immunosorb-
ent assay (ELISA) kit (AMH ELISA; Ansh Labs, Webster, Texas,
USA), FSH (follicular stimulating hormone), LH (luteinizing
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hormone) and Estradiol (E2) was measured using Immulite
system (Siemens Healthcare Diagnostics, UK).

All women received the long agonist protocol using daily sub-
cutaneous 0.1mg triptorelin injection (DecapeptilVR , Ferring
Switzerland) which was started from the mid-luteal phase (day 21)
of the cycle preceding the cycle of stimulation. Downregulation
was confirmed when serum E2< 50pg/ml, LH < 5 IU/ml and
endometrial thickness < 5mm [2]. Gonadotropin (Gn) induction
was started using Human menopausal gonadotropins (HMG)
(Merional 75 IU, IBSA, InstitutBiochimique, Switzerland) at a
dose of 225 IU for AMH > 1.5 ng/ml and/or FSH � 8 mIU/ml
and increased to 300 IU for lower AMH and/or higher FSH levels
[7]. Ultrasound Folliculometry was done every other day starting
from the sixth day of the Gn stimulation till achievement of trigger
criteria. When two or more follicles reached a minimum mean
diameter of 18mm, triggering of ovulation trigger was done using
Human chorionic gonadotropin (hCG) 10 000 IU (Choriomon,
IBSA, Institut Biochimique, Switzerland) and ovum pick up was
scheduled 36h later.

At the day of HCG triggering, transvaginal ultrasound was
done using Voluson 730 machine (GE Healthcare Austria
GmbH, Seoul, South Korea) equipped with a 5–7.5mHz transva-
ginal probe. Endometrial thickness was measured in the
longitudinal plane at the widest anteroposterior diameter with a
trans-vaginal 2D ultrasound, and then 3D mode was then acti-
vated with power Doppler setting for this study standardized
using a frequency at 4–9MHZ pulse repetition frequency at
0.5 KHz gain at 3.0 and wall motion filter at 1. The sub-endo-
metrial region was considered to be within 3mm of the origin-
ally defined myometrial-endometrial contour. The endometrial
volume (EV) and 3D power Doppler indices below the endomet-
rium were measured using the automated VOCALTM for the 3D
power Doppler histogram analysis. VI is defined as the ratio
between color and all voxels number which represents the endo-
metrial vascularity and expressed as a percentage of the endo-
metrial volume. FI is defined as the mean power Doppler signal
intensity within the endometrium which represents the mean
flow intensity. VFI was calculated by multiplying VI and FI.
During calculation, we used the VOCAL manual mode to cover
the whole 3D endometrial volume with a 98 rotation step with

analysis of 20 endometrial contour planes to cover the whole
180� [8].

All measurement was done three times by the same ultrason-
ographer (WR) and the mean of these measures was calculated.
All Measurements were repeated on day of Embryo trans-
fer (ET).

The Intra-class correlation coefficient (ICC) was used to
assess intraobserver variability. The mean ICC (95% CI) was
0.859 (0.943, 0.988), 0.932 (0.846, 0.979), 0.952 (0.928, 0.989),
0.901 (0.818, 0.934) and 0.992 (0.953, 0.999) for endometrial
thickness, endometrial volume, VI, FI and VFI respectively.

Embryos were transferred 3–5 days after the ovum pickup
procedure using Labotect semi-rigid catheter; labotect GmbH,
Germany) under guidance of transabdominal ultrasound.

Luteal phase support was done in all women in the form of
400mg vaginal progesterone twice daily (Prontogest, Amsa, Italy)
starting from day of ovum retrieval till day of hCG testing and
continued in those with positive test.

The primary outcome was the clinical pregnancy rate defined
as the presence of intrauterine gestational sac 4weeks after ET.
The secondary outcomes were chemical pregnancy rate defined
as positive serum b-hCG 14 days after ET, doses of Gn needed
for stimulation and the duration of Gn induction.

Enrollment Assessed for eligibility (n= 150) 

Excluded (n= 68) 
♦ Not meeting inclusion criteria (n= 50 ) 
♦ Refused to participate (n= 18) 

Randomized (n= 82) 

Non pregnant (n=61  ) pregnant  (n= 21 ) 

Alloca�on 

Figure 1. Consort flow chart for participants in the trial.

Table 1. Baseline characteristics of the study population.

Non Pregnant
group (n¼ 61)

Pregnant
group (n¼ 21) p value

Age (years) 30.15 ± 5.6 29.48 ± 3.1 .606
BMI (Kg/m2)b 28.56 ± 5.28 27 ± 2.74 .20
Duration of infertility (years) 4.33 ± 2.21 3.5 ± 1.04 .12
Type of infertilitya

1ry 63% 71% .53
2ry 37% 29%

Cause of infertilitya

Male 10% 14% .88
Tubal 41% 42%
Unexplained 22% 23%
Ovulatory 16% 10%
Combined 11% 11%

Data are presented as mean ± SD.
aData are presented as number (percent).
bBMI body mass index.
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Sample size calculation was done using the comparison of
endometrial thickness between women who got pregnant and
those who did not achieve pregnancy in ICSI cycles. As reported
in previous publication, the mean± SD of endometrial thickness
in women who achieved pregnancy in ICSI cycles was approxi-
mately 10.43 ± 1.97mm, while it was 11.88 ± 2.28mm in women
who didn’t get pregnant [9]. Accordingly, we calculated that the
minimum proper sample size to be 74 patients to be able to
reject the null hypothesis with 80% power at a¼ 0.05 level using
Student’s t-test for independent samples. 10% of the sample size
was increased to allow for drop out giving us a value of 82

patients. Sample size calculation was done using Stats Direct stat-
istical software version 2.7.2 for MS Windows, Stats Direct Ltd.,
Cheshire, UK.

Data were statistically described in terms of mean± standard
deviation (±SD), median and range, or frequencies (number of
cases) and percentages when appropriate normality of data was
tested using Kolmogorov-Smirnov test. Comparison of numerical
variables between the study groups was done using Student t-test
for independent samples in comparing normally distributed data.
Accuracy was represented using the terms sensitivity, and specifi-
city. Receiver operator characteristic (ROC) analysis was used to
determine the optimum cut off value for the studied diagnostic
markers. p values less than .05 was considered statistically signifi-
cant. All statistical calculations were done using computer pro-
gram SPSS (Statistical Package for the Social Science; SPSS Inc.,
Chicago, IL, USA) release 15 for Microsoft Windows (2006).

Results

Figure 1 shows the flow chart of participants.
Table 1 shows no significant difference in age, body mass

index, duration, type and cause of infertility.
Table 2 shows no statistical difference in basal hormonal levels

(including basal FSH, LH, AMH, E2, TSH and prolactin), antral
follicular count, total number of gonadotropin needed for induc-
tion, duration of stimulation, levels of both E2 and progesterone at
day of triggering, number of oocytes retrieved, number of meta-
phase II oocytes and fertilization rate. There was also no difference
regarding day and number of embryos transferred (Table 2).

Although there was no significant difference between preg-
nant and non pregnant women regarding endometrial thickness
measured at both days of triggering and transfer, there was a
statistical difference in endometrial volume between both groups

Table 2. Hormonal and cycle characteristics of the study groups.

Non Pregnant
group

Pregnant
group p value

Basal FSH (mIU/ml) 6.2 ± 2.1 5.8 ± 1.26 .42
Basal LH (mIU/ml) 5.01 ± 1.87 5.3 ± 1.89 .52
AMH (ng/ml) 3.2 ± 2.5 2.48 ± 1.54 .21
Basal E2 (pg/ml) 96.2 ± 40.6 101.05 ± 43.1 .98
TSH (mIU/L) 2.4 ± 3.6 2.5 ± 1.7 .93
Prolactin level (ng/ml) 13.7 ± 6.1 13.8 ± 7.8 .94
AFC 16.02 ± 7.25 16.92 ± 3.36 .58
Total No of Gn amp 45.2 ± 8.2 43.95 ± 7 .53
Duration of stimulation (days) 13.23 ± 1.87 13.67 ± 1.91 .35
E2 At HCG triggering (pg/ml) 1411.03 ± 4780.2 1462.5 ± 501.8 .67
P At HCG triggering(ng/ml) 1.16 ± 0.53 1.052 ± 0.55 .42
No of retrieved follicles 15.36 ± 3.38 14.81 ± 5.1 .57
Number of metaphase II oocytes 8.37 ± 2.58 8.2 ± 2.65 .79
Fertilization rate (%)� 75.4% 76.2% .94
Number of embryos transferred 2.7 ± 0.9 2.42 ± 0.81 .23
Day of ET (days) 2.4 ± 0.98 2.9 ± 0.8 .075

Data are presented as mean ± SD.�Data are presented as number (percent).
FSH: follicle stimulating hormone; LH: Luteinizing hormone; AMH: Antimullerian
hormone; E2: Estradiol; Gn: Gonadotropin; HCG: Human chorionic gonadotropin;
ET: Embryo transfer.

Table 4. Predictive value of endometrial thickness and 3d Doppler indices.

Cutoff value Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) p-value for AUC

Endometrial thickness (mm)
Day of triggering 10.25 52.4 54.1 28.8 76.7 49.2 .911
Day of ET 10.95 57.1 57.4 31.6 79.5 59.2 .212

Sub-endometrial VI (%)
Day of triggering 1.56 52.4 57.1 26.2 75 56.7 .361
Day of ET 1.08 71.4 62.3 39.5 86.4 65.3 .037�

Sub-endometrial FI (0–100)
Day of triggering 30.4 61.9 59 34.2 81.8 57.4 .315
Day of ET 29.9 61.9 54.1 31.7 80.5 56.6 .367

Sub-endometrial VFI (0–100)
Day of triggering 0.25 81 47.5 37.4 87.9 68 .014�
Day of ET 0.25 76.2 45.9 32.7 84.8 66.7 .023�

Endometrial volume (cm3)
Day of triggering 3.2 81 42.6 32.7 86.7 65.3 .037�
Day of ET 3.27 66.7 52.5 32.6 82.1 64.1 .056

AUC: area under the ROC curve.
PPV: positive predictive value.
NPV: negative predictive value.�Statistically significant.

Table 3. Comparing endometrial thickness and 3d Doppler indices on day of triggering and at Embryo transfer between the pregnant and non pregnant group.

Day of HCG triggering Day of ET

Non Pregnant
group (n¼ 61)

Pregnant
group (n¼ 21) p-value

Non Pregnant
group (n¼ 61)

Pregnant
group (n¼ 21) p-value

Endometrial thickness (mm) 10.71 ± 2.265 10.77 ± 3.01 .93 10.562 ± 1.22 10.96 ± 1.39 .33
Endometrial volume (cm3) 3.4 ± 1.1 4.11 ± 1.19 .019� 3.45 ± 0.90 4.02 ± 1.15 .022�
Sub-endometrial VI (%) 1.43 ± 0.98 1.75 ± 1.22 .23 1.46 ± 2.6 1.88 ± 1.49 .49
Sub-endometrial FI (0–100) 29.79 ± 5.57 30.56 ± 5.1 .57 29.6 ± 6.48 30.87 ± 5.3 .42
Sub-endometrial VFI (0–100) 0.33 ± 0.31 0.54 ± 0.48 .02� 0.34 ± 0.2 0.47 ± 0.22 .020�
�Statistically significant.
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at day of triggering and at day of transfer (being higher in preg-
nant women) (Table 3).

There was no difference between the non pregnant women
and pregnant ones regarding Sub-endometrial VI, FI but statis-
tically higher VFI in pregnant women at both days of triggering
and ET (Table 3).

The cutoff values, sensitivity, specificity, and accuracy of
endometrial thickness, volume, sub-endometrial VI, FI, and VFI
are shown in Table 4 and ROC Figures 2, 3.

Discussion

Our main finding shows a significantly higher endometrial vol-
ume in pregnant and group at both days of hCG administration
and ET at cut off of 3.265 and 2.95 cm3 respectively. Similarly,
Zollner et al. suggested a cutoff value of 3.2 cm3 for endometrial
volume in predicting pregnancy [10]. Raga et al. stated that no
pregnancy will occur in women undergoing IVF with an endo-
metrial volume <1 cm3 [4].

Figure 2. ROC curves (A) Endometrial thickness at triggering, (B) Endometrial thickness at transfer, (C) Endometrial volume at triggering, (D) Endometrial volume
at transfer.
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In our study, there was also a significantly higher sub-endo-
metrial VFI on the day on ET at a cut off value of 0.674.
Although the relative sensitivities and specificities vary among
each cut off value, the area under the curve for the above param-
eters suggest that the tests are of moderate value (ranging
between 0.6–0.75) as all are below 0.8. Similar to our findings

Wu et al. found that sub-endometrial VFI was significantly
higher in the pregnant group and was better in predicting preg-
nancy outcome than endometrial volume, sub-endometrial VI
and FI [11]. Kupesic et al. demonstrated that subendometrial FI
was significantly higher in pregnant cycles [12]. Merc�e et al also
reported that in pregnant cycles endometrial VI, FI, and VFI

Figure 3. ROC curves (A) VI at triggering, (B) VI at transfer, (C) FI at triggering, (D) FI at transfer, (E) VFI at triggering, (F) VFI at transfer.

GYNECOLOGICAL ENDOCRINOLOGY 953



were significantly higher [13]. However, In a surprising study,
Ng et al. found significantly lower sub-endometrial VI and VFI
in the pregnant group [14].

While we found endometrial thickness to have no significant
predictive value in women undergoing IVF, other authors stated
that there was a significant decrease in clinical pregnancy and
live birth rates with endometrial thickness <8mm, when com-
pared to endometrial thickness �9mm [4,11,12]. However
acceptable pregnancy rates have been recorded in cycles with
endometrium <6mm, and there were cases of reported pregnan-
cies with endometrial thickness of only 4mm [15]. Weissman
et al. [16] suggested a decreased pregnancy rate with endometrial
thickness >14mm, while Rashidi et al. reported no pregnancies
with thickness >12mm [17]. While other authors showed signifi-
cantly increased pregnancy rates when endometrial thickness
increased which was independent on the quality and the number
of the embryos transferred [18].

The difference in our findings between measurement
of endometrial thickness and endometrial volume may be
explained by the fact that 2 D measurement of the endometrial
thickness represents only part of the endometrium, not the
total volume so it may be deceiving [19]. Also, previous studies
demonstrated a mean absolute error rate of 12.6% vs. 6.4%
when compared 2D vs. 3 D measurements [20]. The reproduci-
bility of 3 D endometrial volume assessment was confirmed by
previous researches [21].

Merc�e and colleagues found a significantly higher endometrial
volume, VI, FI, and VFI in pregnant women when compared to
those who failed to achieve pregnancy [13].

To the best of our knowledge, our study is the first one to
evaluate 2D, 3D and Doppler parameters assessed at both times
of triggering and ET. Previous studies evaluated these measure-
ments at either day of triggering or day of ET.

The main limitation of our study was the inability to assess
the ongoing pregnancy rate and live pregnancy rate as we
expected high dropout rate in case of long term follow up.

In conclusion higher endometrial volume was associated with
pregnancy in IVF cycles when measured on the day of hCG trig-
ger and the day of ET, while endometrial VFI was higher on the
day of ET only. These parameters can be used to predict preg-
nancy in IVF cycles and further research must be directed
towards finding a more precise and efficient cutoff values for
these parameters.

Compliance with ethical standards

The study was performed in accordance with the Declaration of
Helsinki ethical standards. Informed consents were taken from study
participants.
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