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technique has been shown to be more precise than 2D-volume 
estimation [5]. 

Many studies have stated a high level of reproducibility and 
accuracy of endometrial volume measurement using 3D ultrasound 
[8,9]. The aim of this study was to evaluate endometrial volume 
measured by VOCAL, on the day of human chorionic gonadotrophin 
(hCG), to endometrial thickness in the prediction of IVF/ICSI 
success.

Patients and Methods
This was a prospective study performed at Al-Amin Maternity 

Hospital, Saudi Arabia and included 150 women who were presented 
for having unexplained infertility and were scheduled for IVF/ICSI 
done using ejaculate sperms. This study is performed over a 2-year 
period, between Jan 2013 and Jan 2015. Endometrial thickness and 
volume were measured in women undergoing an IVF/ICSI cycle, on 
the day of HCG, using the 3D transvaginal ultrasound probe. Women 
were divided as regards to endometrial volume calculated into 3 
subgroups; < 3ml, 3-5ml, and >5ml. Also according to the thickness 
of the endometrium they were divided into 3 groups; <7mm, 7-12mm 
and >12mm. Success rate of IVF/ICSI was compared between all 
groups.

Inclusion criteria
1. Women under 40 year old.

Introduction
There are many causes of infertility. In the majority of couples, an 

apparent male or a female factor explaining their failure to conceive 
is usually present, in 10–25% there will be no explanation. Within this 
cohort of women there is a spectrum of diseases ranging from those 
women with a decreased fertility that will get pregnant with time 
to those in whom pregnancy is very difficult with available medical 
practice [1].

Pregnancy in In Vitro Fertilization (IVF) / intracytoplasmic 
sperm injection (ICSI) programs needs embryos of good quality 
and a receptive endometrium [2]. Despite the outstanding progress 
in these techniques, the implantation rate per embryo is constant at 
very low at 20 % [3]. While the evaluation of quality of embryos and 
correct grading is performed in the lab before transfer, the evaluation 
of uterine lining receptivity is somewhat difficult. Transvaginal 
sonogram (TVS) is an ideal non-invasive technique, but with deficient 
specificity [2-4]. The utilization of 3 D ultrasonography to test the 
details of the uterine cavity surpasses the diagnostic ability of Two 
Dimensional (2D) ultrasound [5,6]. There is a rising trend to utilize 
noninvasive methods as TVS, to assess the endometrial thickness, 
diagnose dysfunctional uterine bleeding (DUB), adenomyosis, 
endometrial polyps & fibroids [7]. Another important potential of 
3D TVS is volume calculation utilizing the Virtual Organ Computer-
aided Analysis (VOCAL) even in irregularly shaped organs. This 
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Abstract

Objective: To explore the role of estimating endometrial volume by Virtual Organ Computer-aided 
AnaLysis (VOCAL) and it’s correlation with endometrial thickness, on the day of hCG, in prediction of 
IVF/ICSI success.

Patients and Methods: It was a prospective study that was carried out at Al-Amin Maternity 
Hospital, Saudi Arabia. Endometrial thickness and volume were measured in women undergoing an 
IVF/ICSI cycle, on the day of HCG, using the 3D transvaginal ultrasound probe. Women were divided 
as regards to endometrial volume calculated into 3 subgroups; < 3ml, 3-5ml, and >5ml, also according 
to endometrial thickness into 3 groups; <7mm, 7-12mm and >12mm. Success rate of IVF/ICSI was 
compared between all groups.

Results: The current study included 150 consented women with no significant difference in clinic-
demographic characteristics between all subgroups. The pregnancy rates between the three groups 
of endometrial volume; <3ml, 3-5ml, and >5 ml was; 28.6%, 29.9% and 25% respectively. Pregnancy 
rates between the three groups of endometrial thickness was 18.2%, 25.5% and 43.3% for <7mm, 
7-12and >12mm respectively. There was no significant difference in pregnancy rates between all 
groups in relation to both endometrial volume and endometrial thickness.

Conclusions: Endometrial thickeness on day of hCG is a better predictor of success rate of IVF/
ICSI cycles than endometrial volume.
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2. Women with unexplained infertility.
Exclusion criteria

1. loss to follow-up.
2. Any patient with uterine abnormality was excluded (e.g. 

fibroid, mullerian anomaly). 
3. Patients with a previous poor response.
4. Those with difficult embryo transfer.
5. Women with a known systemic disease.
6. Women with more than 3 failed IVF.
Informed consent was taken from every women, after they were 

fully discussed about the nature, scope the potential risks of this 
clinical trial. 

Ovulation induction protocol used was the long luteal phase 
agonist protocol. Women received Decapeptyl 0.1 mg/day starting on 
day 20 of the cycle till the day of hCG intake. After down regulation, 
daily 150- 300 IU of human menopausal gonadotrophin (hMG) was 
commenced for 7 days, then the needed dose was given according to 
the follicular response. 10.000 units of hCG (Pregnyl; Nile CO., Cairo 
Egypt) were administered I.M. when more than two follicles reached 
17mm in mean diameter. Ovum pickup (OPU) using transvaginal 
ultasound was performed 36 hour after hCG intake [10]. Embryo 
transfer was performed on day 5 after OPU using the Wallace 
catheter (H.G.Wallace Ltd, West Sussex, UK). Daily progesterone 
injection (100 mg, progesterone; Steris, Phoenix, AZ, USA) was given 
for luteal phase support. A serum B-hCG test was performed to check 
pregnancy two weeks after embryo transfer. Clinical pregnancy was 
diagnosed 3 weeks after a positive test by the presence of a gestational 
sac with fetal echoes and pulsations on ultrasound. 

Endometrial evaluation on the day of hCG intake
The patients were checked using the TV 3D probe, the endometrial 

thickness was assessed at the maximum thickness between the highly 
reflective interfaces of the endometrial-myometrial junction [8]. 
Three-dimensional volumetry was done with an empty bladder, the 
patient was examined at the Special Care Center of The Fetus by 
the same sonographer in the lithotomy position using Voluson Pro 
720 GENERAL ELECTRIC USA, transducer with frequency range 
5-8 MHZ. Sonar is done to study uterine size, shape and exclusion 
of any uterine or ovarian pathology. The 3D image was obtained by 
switching on the 3D volume mode and defining the region of interest 
by a movable sector on the screen. This sector has the shape of a 
truncated cone which can be manipulated to ensure that the whole of 
the endometrial cavity was included in the volume sampling while the 
patient remain still and the probe is held stationary. Volume sampling 
lasted about 4 seconds, during that time the conventional 2D plane 
was rotated through 180 with the rotation axis oriented exactly along 
the longitudinal axis of the vaginal probe. The data was stored digitally 
on the internal disc drive for subsequent analysis after the ultrasound 
probe is removed. For the purpose of volume calculation, 3D data 
was retrieved and presented in multi-planer display mode which 
simultaneously displays 3 perpendicular planes on the screen. The 
actual volume was calculated by the built-in computer program using 
VOCAL. This is a rotational method based on rotation in given steps 
(6,9,15,30) on a given orthogonal plane (A,B OR C). The endometrial 

volume was measured in plane A by delineating the endometrial 
margin at the endometrial-myometrial interface from the fundus to 
the internal cervical is in a number of parallel slices which are 1-2 
mm apart [8].

The hospital ethics committee approved the study. All patients 
gave their informative consent before entering into the study.

Statistical analysis
Retrieved data were recorded on an investigative report form. The 

data were analyzed with SPSS® for Windows®, version 15.0 (SPSS, Inc, 
USA). Significance level was set at 0.05.

Results
The current study was conducted on 150 women presented at Al-

Amin Maternity Hospital, Saudi Arabia during the period between 
Jan 2013 and Jan 2015. The mean age was 29.3±3.4 (range 20-40), 
the mean duration of infertility was 7.3± 1.9 years. The number of 
embryos transferred was 2. The overall fertilization rate was 71.5%, 
clinical pregnancy rate; 31.8%. Patients were divided into three 
subgroups according to endometrial volume calculated; <3ml, 3-5ml, 
>5ml and according to endometrial thickness into three subgroups; 
<7mm, 7-12mm, >12mm. The mean age, period of infertility and 
number of embryos transferred in all subgroups is shown in Table 
1 and there was no significant difference in these parameters Table 
2 shows the number of pregnancies and pregnancy rates in each 
subgroup and differences were found to be non-significant. Table 3 
shows a non-significant difference in the mean endometrial volume 

Table 1: Patient characteristics in the 3 subgroups of endometrial volume & 
thickness.
Endometrial thickness Women age Infertility duration
<7 mm 28.6 ± 2.8 7.5 ± 2.3
7-12 mm 26.9 ± 2.1 8.9 ± 2.5
>12 mm 31.1± 1.4 6.9 ± 3.1
Endometrial volume
<3ml 27.6± 3.8 7.7 ± 2.4
3-5 ml 30.3 ± 4.1 6.3 ± 2.1
>5 ml 28.5 ± 2.7 8.7 ± 1.8

Table 2: Pregnancy rate in the 3 subgroups of endometrial volume and 
endometrial thickness.
Endometrial thickness Number Pregnant Non pregnant Ratio %
<7 mm 22 4 18 18.2
7-12 mm 98 25 73 25.5
>12 mm 30 13 17 43.3

Endometrial volume

<3ml 35 10 25 28.6
3-5 ml 87 26 61 29.9
>5 ml 28 7 21 25

Table 3: Comparison between endometrial volume and endometrial thickness in 
the pregnant and non-pregnant cases.

Pregnant Non-pregnant P-value

Endometrial thickness 11.8 9.8 <0.005 Significant

Endometrial volume   4.8 4.2 >0.005 NS

* Analysis using independent student’s t-test.  NS = non-significant.
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but significant mean endometrial thickness in the pregnant as 
compared to the non-pregnant group. 

Discussion
It is well known that the quality of embryos and the receptivity 

of the endometrium determine the success rate of IVF/ ICSI and 
successful implantation [11]. In the last few years, there has been a 
rising interest in evaluation of endometrial receptivity by methods of 
ultrasound technology. Many researchers tried to assess endometrial 
receptivity through many sonographic parameters, as endometrial 
thickness, but with low specificity [12]. Utilizing 2D transvaginal 
ultrasound to evaluate endometrial thickness does not comprise the 
total endometrial volume [2]. Other investigators stated a 12.6% as 
an error rate of for two dimensional volume measurements, whereas 
the error rate for three dimensional volume measurement was 6.4% 
only [13]. In addition the benefit of reproducibility of 3D endometrial 
volume measurement has been established by many researchers [8,9]. 
Many reports examined the volume of the endometrium on the days of 
down regulation, ovum retrieval and embryo transfer. In the current 
study there was no statistically significant difference in endometrial 
volume in women who conceived as compared to those who did not, 
but there was a significant difference in endometrial thickness between 
the two groups. This is in partial agreement with previous studies that 
reported no predictive value of measuring endometrial volume and 
thickness on IVF success [14,15]. When subdividing the women into 
three groups according to endometrial volume; <3ml, 3-5ml, >5 ml, 
also according to the thickness of the endometrium <7mm, 7- 12mm, 
>12mm, no statistically significant difference in pregnancy rates was 
found as regards to endometrial volume but there was a significant 
difference as regards to endometrial thickness which doesn’t match 
with other investigators who subdivided the women similarly [16]. 
In the current study when analyzing endometrial volume & thickness 
assessment of women with grade I embryos, endometrial thickness 
was found to be better than endometrial volume in predicting 
pregnancy. Hence the validity of endometrial volume for canceling ET 
or cryopreserving embryos is questionable. Other authors reported 
that endometrial volume and thickness significantly higher in women 
who conceived as compared to those who did not conceive. However 
in agreement with our results, it was reported no significant reduction 
in pregnancy rates with endometrial volume < 2ml when compared 
to > 2ml [17]. In conclusion, 3D endometrial volume assessment is an 
easy, practical and reproducible method of endometrial evaluation in 
IVF programs. However endometrial volume is not a better predictor 
of IVF success when compared to endometrial thickness measured 
on day of hCG.
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