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Correlationof Endometrial Length and Thickness by 2D Ultrasound Parameter to 
the Endometrial Volume Obtained by 3D Ultrasound.

Dr. Ashish Varma
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Dr. Sonal Panchal Dr. Chaitanya Nagori
Assistant  professor 

AMC MET medical college, 
LG hospital Ahmedabad.

Consultant Sonologist at 
Dr Nagori’s Institute of infertility and IVF, 

Jodhpur, Ahmedabad.

Director, Consultant Gynaecologist and 
Infertility specialist at 

Dr Nagori’s Institute of Infertility and IVF,  
Jodhpur, Ahmedabad.

Aim :

Infertility:

To evaluate correlation between the endometrial length and thickness measured on 2d to the endometrial volume calculated 
by 3d ultrasound VOCAL – virtual organ computer aided analysis.

In this new era of flooding advancements in the field of reproductive medicine involves both clinical and embryological 
aspects.  Results of these advanced technologies depend on the final step, that is implantation, may it be intrauterine 
insemination(IUI) or in vitro fertilization(IVF). Implantation is a function of embryo and endometrium. Even in absence of 
a grade 1 embryo, good receptive endometrium may be a very important contributing factor for conception[1].Endometrial 
thickness has been widely used as a parameter for endometrial receptivity assessment.  But it has been observed that even 
with 8mm or thicker endometrium, the cycle often fails. So can we search for other parameters that may may be added to 
assess the endometrium more perfectly? And what are we aiming?

Endometrial receptivity  assessment is essential for every patient undergoing fertility treatment. Generally endometrial 
thickness is considered as a reliable parameter to judge endometrium growth and maturity.  But the dilemma arises in the 
cases when,  endometrium is long and does not grow in thickness or is short but grow well in thickness.  Thickness alone 
therefore may not be an optimum measure to assess the endometrial growth and maturity. This may lead to error in 
judgment and results will grossly vary in different studies.  It is therefore worth measuring other diameters of the 
endometrium also instead of thickness alone, like length and transverse diameter. Endometrium not being round or ellipse, 
it is not accurate to calculate its volume from these diameters by ellipse formula. Volume of the endometrium is better 
calculated by 3D ultrasound using VOCAL software.  

After explaining the procedure and taking verbal consent, the patient is asked to empty her bladder and is taken for 
examination on a gynaecology couch. Scans to be done in lithotomy like position with patients adequately covered to make 
her comfortable. The privacy in the room is maintained. Now transvaginal probe selection is done from the machine setting 
and preset for gynaecology scan is selected, the transvaginal volume 5-9 mhz probe is held and ultrasound jelly is applied 
on its head then it is covered with a sterile condom such that there should not be any air in between.After which again jelly is 
applied on the condom at the head end, the probe is now held such that the marker on the probe faces the roof and is gently 
slided through the introitus into the vagina. Once we see uterus in the mid sagital plane from fundus to external os, the 2d 
image is optimised.

How to measure endometrium and what all can we measure for endometrium along with thickness and the newer 
Modalities by which endometrium can be measured more accurately:

Introduction :

1: Measuring all parameters of endometrium by 2D ultrasound :

Figure 1 mid saggital plane of the uterus on B mode ultrasound 
measuring anatomical uterine  length

On this image the entire length of the uterus is measured
from fundus to external os – anatomical uterine length(figure 1).

Figure 2 mid saggital plane of uterus on B mode ultrasound 
measuring endometrial length

On the same image measure the distance from the fundal end of 
the endometrium to the internal os – endometrial length (figure 2).
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13In a recent publication, Rousian et al  analyzed the accuracy and reproducibility of the VOCAL, inversion mode, 
ultrasonographic automatic volume calculation, and V-scope methods in vitro (using small- volume phantoms) and in vivo 
(measuring the yolk sac). According to these authors, VOCAL (15° and 30°) had high intraobserver and interobserver 
reproducibility and good accuracy. 

12Raine-Fenning et al  compared the in vitro validity and 
reliability of different 3D-US methods for assessment of 
volumes and reported that the multiplanar and VOCAL 
methods with 3D Ultrasound  yielded similar results, 
although the rotational VOCAL was superior to the 
multiplanar method for objects with irregular shape. 
Although these investigators did not observe any 
significant differences in the measurements obtained using 
different steps of rotation (VOCAL, 6°, 9°, 15°, and 30°), 
reliability increased in direct proportion to the number of 

planes used i.e. with smaller steps of rotation more accuratecalculation of  volume . 

Studies were 3D vocal is used to measure volume of 
different structures:

2 : Measuring endometrium by 3D VOCAL : Bring the probe back to see the midsagital plane of the entire uterus and 
switch on 3d button. Now a box will appear and this is the region of interest. The uterus should be completely in the 3d box 
with 5-10 mm of extra space all round. Having adjusted the region of interest, angle of acquisition is selected and 
acquisition is started. The transducer takes an automatic sweep and the acquired volume is displayed on the screen as three 
images in three orthogonal planes x,y,z. Multiplanar is selected and a walk through is done in each plane to see complete 
anatomical details of the uterus. Bring the endometrium in midsagital plane. Select VOCAL for volume calculation of the 
endometrium.  After   switching on  vocal image “a” is selected which is the sagital view to work on.When vocal is started a 
red dashed line will be seenperpendicular to the image a.(image a is the acquired plane , image b is the transverse plane and 
image  c is the coronal plane). The dashed line is kept  at maximum thickness of the endometrium. Volume of endometrium 
is calculated by rotating the entire volume 180 degree with a rotation step of  9 degree. Click start and a circumference is 
drawn manually around the endometrium at every rotation step and after every rotation you have to click a “>>” button to 
proceed for next rotation and at the end of 180 degree that is 20 rotation steps, total volume of endometrium is calculated, 
which is displayed on the screen(figure 7).
Why to measure other parameters for endometrium along with its thickness ?
Any spherical/ovoid structure measured by a single diameter does not accurately judge the size of the same. Therefore a 
mean of its three longest orthogonal diameters is taken or volume is calculated by x x y x  z x 0.523. But to measure an 
irregular structure like endometrium it is not possible  to calculate the volume accurately.With 3D ultrasound, we can now 

 [2-10].measure volume accurately and reliably for any shape

Another study assessing fetal bladder volumes confirmed that VOCAL with 15° and 30° angles was reproducible and 
14. concordant.

Figure 3 mid saggital plane of uterus on B mode ultrasound 
measuring effective endometrial length.

In those patients in whom the entire endometrium did not appear triple line 
due to scar or indistensibility, the length of the endometrium was 

measured from tip of the endometrium till the lower end 
of normal morphological endometrium - effective endometrial length (figure 3).

Figure 4 mid saggital plane of uterus on B mode ultrasound 
measuring endometrial thickness

Then the fundus  is brought in the center of the image and is stored on one of the 2 dual images.
Endometrialthickness(figure 4)is measured from the outer margin of the hyperechoic line to 

the hyperechoic line at the broadest distance perpendicular to the endometrium.
Then the probe is rotated 90 degree anticlockwise to get the transverse section and is 

spanned up and down to find out  the broadest diameter, to measure endometrial width.

On the second image the tranverse diameter of endometrium is measured from one end of the endometrium to other end ,side to side –
 endometrial length in transverse section (figure 5) (figure 6).

 Figure 5 Dual image on B mode ultrasound showing mid saggital plane of uterus in 
one box  and transverse section of uterus measuring endometrial length in transverse section.

Figure 6  B mode ultrasound showing transverse section of 
uterus measuring endometrial length in transverse section
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 This also conveys that when evaluated the endometrium by 2D ultrasound for its receptivity, it is essential to 
include endometrial length along with endometrial thickness for better prediction or evalution of endometrial receptivity.

4. Kuno A, Hayashi Y, Akiyama M, Yamashiro C, Tanaka H, Yanagihara T, et al. Three-dimensional sonographic measurement of liver volume in the small-
for-gestational-age fetus. J Ultrasound Med 2002;21:361-366. 
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length and endometrial thickness.

17. Peralta CF, Cavoretto P, Csapo B, Falcon O, Nicolaides KH. Lung and heart volumes by three-dimensional ultrasound in normal fetuses at 12 - 32 weeks' 
gestation. Ultrasound Obstet Gynecol. 2006;27:128–133. doi: 10.1002/uog.2670. 

12. Raine-Fenning NJ, Clewes JS, Kendall NR, Bunkheila AK, Campbell BK, Johnson IR. The interobserver reliability and validity of volume calculation 
from three-dimensional ultrasound datasets in the in vitro setting. Ultrasound Obstet Gynecol 2003; 21:283–291. 295jum_online.qxp:Layout 1 4/25/10 
3:08 PM Page 773 

8. Peixoto-Filho FM, Sa RA, Lopes LM, Velarde LG, Marchiori E, Ville Y. Three-dimensional ultrasound fetal urinary bladder volume measurement: 
reliability of rotational (VOCAL) technique using different steps of rotation. Arch Gynecol Obstet 2007;276:345-349. 

11. Kot BC, Sin DM, Ying M. Evaluation of the accuracy and reliability of two 3-dimensional sonography methods in volume measurement of small 
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15. Barreto E, Milani H, Araujo Júnior E, Haratz k, Rolo LC, Nardozza L ,Moron A. Reliability and Validity of In Vitro Volume Calculations by 3-Dimensional 
Ultrasonography Using the Multiplanar, Virtual Organ Computer-Aided Analysis (VOCAL), and Extended Imaging VOCAL Methods. J Ultrasound Med 
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Refrences:
1. Heger A, Sator M, Pietrowski D. Endometrial Receptivity and its Predictive Value for IVF/ICSI-Outcome. Geburtshilfe Frauenheilkd. 2012 

Aug;72(8):710-715. doi: 10.1055/s-0032-1315059. PMID: 25258462; PMCID: PMC4168536.

We concluded that endometrial Volume calculated by 2D parameters is 52% similar to volume calculated by VOCAL. We 
require more 2D parameters to be included in the formula if we want to calculate volume by 2D to make is more accurate.

2. Schild, R.L., Indefrei, D., Eschweiler, S. et al. (1999) Three-dimensional endometrial volume calculation and pregnancy rate in an in-vitro fertilization 
program. Hum. Reprod. , 14, 1255–1258.

3. Boito SM, Struijk PC, Ursem NT, Stijnen T, Wladimiroff JW. Assessment of fetal liver volume and umbilical venous volume flow in pregnancies 
complicated by insulin-dependent diabetes mellitus. BJOG 2003;110:1007-1013.

15Barreto et al suggested that the multiplanar (5 mm), VOCAL (30°), and XI VOCAL (5, 10, 15, and 20 planes) methods 
are reproducible and valid methods for estimating volumes. The XI VOCAL method tended to be superior to the others, 
especially in the assessment of objects with irregular shape. The measurements obtained using XI VOCAL with 10 planes 
was closest to the real volumes of the objects. 
Ruano R et al conducted a survey of fetuses with congenital diaphragmatic hernia (CDH) and demonstrated that VOCAL 

[16].is more accurate compared to other methods when employed in the in vivo setting  

Thus there are several studies that have shown superiority of 3D ultrasound and VOCAL for assessment of the volume of 
irregular shapes.

Equation :

A study by Peralta CF et al concluded that, the lungs of CDH fetuses have very irregular external surfaces and this fact 
could justify the higher accuracy of VOCAL method in measuring this structures. One of the main advantages of this 
method compared to multiplanar is that the studied structure outline may be modified in each presented plan during 

[17]. measurement, allowing more precise assessment of irregular objects 

                       (0.0003)             (0.0115)                               (0.0235)                                                  (<0.0001)
                    + 0.09538773 Endo length in transverse section
                                              (0.3777)

We have also conducted study which is unique and to our knowledge no similar study is seen where a correlation between 
2D measurement and volume calculated by 3D ultrasound is compared. Though complicated, we have been able to derive 
an equation by which from 2D parameters 3D volume can be calculated fairly accurately.Very interestingly, we have also 
been able to establish a strong parallel correlation between the volume calculated by 3D ultrasound  VOCAL and the 

[18]. predicted volume from the equation

Volume = - 2.60426033* + 0.26615925* Ut length + 0.31943168* Effective endo length + 2.84099633* Endothickness
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IUI: Intra Uterine Insemination.

Dr. Ketan Zala 

(Fellow ICOG)

First therapeutic step in treatment of infertility.

Why it works:

• It is deliberately timed near ovulation.

• severe hypospadias, retrograde ejaculation

• Mild endometriosis

• Cervix is bypassed.
• Better quality and a greater number of sperms enter uterine 
cavity.

• HIV negative women with processed semen of HIV +ve 
husband

The rationale is that increasing the density of both eggs and 
sperms near the site of fertilization will increase the likelihood 
of pregnancy.

• Unexplained infertility

• Azoospermia (Donor sperm)

• Abnormal male factor: Oligospermia, Asthenospermia, 
Teratospermia (useful for mild cases only)

• People in same sex relationship

• cryopreservation of sperm in cases of cancer treatment

Simple procedure without substantial complications & can be 
practiced by all gynecologists at their present facility after 
simple modifications in their laboratory setup & adding a few 
equipment.

What is IUI?

• Cervical factor infertility

• psychogenic or organic impotence

Pre IUI work Up:

2. General Health assessment of both.

Complications of IUI:

2. Multiple fetal gestation.

• Husband is away from wife for long time (work abroad)

IUI is deliberate introduction of good sperms in the female 
uterus in order to achieve pregnancy.

Non-expensive.Non-invasive.

• The impossibility of vaginal ejaculation

4. Tubal status: HSG or Laparoscopy*(not mandatory). But if 
it’s confirmed blocked than IUI should be refrained.

1. Infection: If done with due care very less chance. Incidence: 
0.05-0.2 %

1. Infection profile: HbsAg, HIV, HCV and VDRL of both

3. OHSS: Very less chance.

Indications for IUI

• Semen washing removed detrimental effect of seminal 
plasma, WBC and dead sperms.

3. Hormonal assessment of both: TSH, PRL.

4. Ectopic pregnancy: 3-5 % due to some tubal pathology 
causing subfertility.

Optimum ovarian stimulationfor IUI

Ovulation induction for IUI:General guidelines
• Always with Superovulation.
• For normal AFCs and AMH: Tab Clomiphene 50 mg/ 
Letrozole 2.5 mg for five days from Day 2-6 followed by Inj 
HMG 75 IU on Day 7,9,11.
• For Low AFCs and Low AMH: Tab Clomiphene 50-100 mg 
followed by Inj HMG 150 IU on day 7,8,9 and do follow up
• For PCOS: (High AFCs and High AMH): Tab Letroz 2.5 mg 
from day-2 to 6 followed by Inj FSH or HMG 37.5 to 75 IU on 
day 7,8,9. You may require to titrate the dose as per the 
response of the patient.
• There are many other protocols which can be used and 
modified as per patient.

• 2 – 3 follicles with Ø 18 – 19 mm. 

> 6 follicles > 15 mm & E2 level >900pg/ml

• IUI between Cycle D13 and D16, 36-40 hrs. from HCG inj.

Monitoring:
1. Follicle size and number: 19-21 mm and 2-3

3. Endometrial thickness minimum 7.5 to 12mm, consistency 
and color flow

• Cancellation:

• Follicular monitoring from D10
• Follicle’s size and numbers
• To time HCG

2. Color doppler: Perifollicular vascularity (Covering 2/3rd), 
Uterine artery color doppler ( PI less than 2.75 -3 ), 
Endometrial color flow ( reaching up to base).* Not 
mandatory.

• Prevent OHSS
• S. estradiol levels not always done- but done if large no. of 
follicles, or in cases of poor responders, or to differentiate cyst 
from functional follicle
Trigger with HCG
Best to use HCG: 5,000 -10,000 IU or Recombinant HCG: 
250 mcg.
Selecting Appropriate Semen preparation method:
Based on the count and motility of the native semen sample:

• Endometrium � 9 mm thick & trilaminar.

• Swim-up: for good count & motility

Simple wash: For very poor sperm count (<10-15 million/CC 
with reduced motility and morphology)

• Density Gradient: is selected for poor count & motility (15-
20 million/CC)

(In all methods seminal plasma containing prostaglandin 
should be thoroughly removed as this may cause uterine 
contractions & cramping)

Dr Sunil Shah. MD., FICOG.
Consultant IVF specialist (Germany)
Sarvamangal IVF, Ahmedabad.

Dr. Binjal Shah

MB.DipGO

Mo. : 90999 77077
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Procedure of sperm preparation:

• Sample to be collected ideally in a clean, hygienic room 
next to laboratory

• No water droplets on the hand or the container

• Wide mouth pre sterile, nontoxic semen container

Time before processing:

Semen sample collection:

• Try not to spill any sample- 1st drop of ejaculate has 
maximum motile sperms, but don’t get stressed for that.

• Abstinence: 2-5 days ideal

• Follow all aseptic precautions

• Evaluate the percentage of motile and total number of 
spermona Makler Chamber

• Carefully aspirate and discard the supernatants.

• Resuspend the sperm pellet, by gentle pipetting, in a volume 
of supplemented medium appropriate for final disposition, 
e.g., insemination, so that concentration and motility can be 
determined (Who laboratory manual for the examination and 
processing of human semen 2010)

• Dilute the entire semen sample 1 + 1 (1:2) with 
supplemented medium to promote removal of seminal 
plasma.
• Centrifuge at 1200 rpm for 5–10 minutes.

• Mix the semen sample well

• Resuspend the combined sperm pellets in 1 ml of 
supplemented medium by gentle pipetting.

The common steps of Swim up are:

• Centrifuge again at 1200 rpm for 3–5 minutes.
• Carefully aspirate and discard the supernatant.

• Incubate the sample in the incubator for 60 min. Placement 
of tube at 45°

2. Swim Up technique: common steps.
This technique relies on the ability of spermatozoa to swim 
out of seminal plasma into culture medium and is suitable for 
semen with high to moderate motility. This procedure selects 
spermatozoa for their motility.

• layer 1ml of the liquefied semen underneath the medium

• angle creates a larger surface area for sperms to swim-up.
• Aspirate the medium of the upper part of the test-tubes into 
new prewarmed round-bottom test-tubes without disturbing 
the lower layer

• Aspirate the supernatant but save 0.5 ml of the medium to 
resuspend the   pellet.

• Fill the round-bottom test-tubes with 2 ml Sperm 
Preparation Medium 

• Add 5 ml of the medium to the sample and centrifuge 5 
min/1200 rpm

• Semen sample stored at 37*C

• It is critical that the spermatozoa are separated from the 
seminal plasma within 1 hour of ejaculation, to limit any 
damage from products of non-sperm cells

• Single IUI at 36 to 40 hrs after HCG on confirming 
ovulation
• Double IUI at 24 to 30 hrs followed by another between 44 
to 48 hrs after HCG
• No obvious advantage has been reported in literature by 
doing double IUI

Volume of IUI sample:

Different and commonly used wash techniques:
1. Simple wash technique: Common steps:

• Greater volume (FSP) to be injected very slowly, gently, 
over longer period of time 

• Minimal sample (0.3- 0.5 ml) with maximum concentration 
of rapid linear progressive sperm should be put into the uterus 
at the time of IUI.

• Start semen processing immediately after liquefication

• Excess volume can inflate the uterus causing reflex spasm

Time of IUI

• Evaluate the percentage of motile and total number of sperm 
on a Makler Chamber

• Aspirate the pellet or the lowest 0.5ml liquid. Transfer 
sperm pellet to

• Centrifuge the sample 15 min/1200 rpm

• Add 1.5ml of media without disturbing the pellet.

• Layer 2 ml of the liquefied semen on the top of the gradient

• Evaluate the percentage of motile and total number of sperm 
on a Makler  Chamber
3. Double density gradient method:
This method is used to wash poor quality of semen samples.
• Low motility, Poor forward progression, large number of 
debris, High number of cells, Anti-sperm Antibodies, highly 
viscous

and at the end of centrifugation, they are located accordingly.

• Density gradient centrifugation separates cells based on 
their density.

• The solutions like colloidal silica, poly-sucrose and others 
have higher density than semen. Because of that this system 
can separate the debris, cells, microorganisms and non-motile 
sperms from the motile ones.

• Put the layer of the high-density medium (80%) underneath 
the upper

• If no pellet is seen after centrifugation, remove all fluid 
except the lowest 0.5ml.

• Morphologically normal and abnormal spermatozoa have 
different densities

The common steps of this method are:

• layer (lower layer will raise and a sharp interface is formed)

• Use a new sterile Pasteur pipette to aspirate, in a circular 
movement from the surface, everything except the pellet and 
.4-.6 ml of lower phase.

• Centrifugal force enables the motile sperms to swim from a 
less dense seminal fluid into a denser solution. Cellular debris 
and non-motile microorganisms are trapped at the interphase 
between the two solutions.

• Layer 2 ml of the lower density medium (40%) into conical 
testtube

new tube and re-suspend pellet in 5ml sperm wash.
• Centrifuge the sample at 1200 RPM for 5 minutes. Do not 
use the brake.
•  Aspirate sperm wash supernatant leaving as little (0.25-
0.50ml according to the sperm count and motility) liquid as 
possible above pellet for swim-up.

• Evaluate the percentage of motile and total number of sperm 
on a Makler Chamber

Comparison  
Comparison made for the same volume of liquefied sample 
prepared

•  Aspirate sperm wash supernatant above pellet and mixed 
with suitable volume of culture medium to obtain the required 
sperm concentration.

• Incubate the tubes at a 45° angle for 20 – 30 minutes for 
swim-up in vertical rack in a 37°C incubator.

Simple wash  low  Low High  low

Direct swim up Highest Low  lowest Highest

Density gradient High Highest Highest High

Technique used Time  Cost Yield Quality
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Dr. Babulal S. Patel
Honoured at 

Tristate 
(NJ+ Connecticut + Pensylvania) 

Diwali Get together at 
NJ, USA on 

17th November, 2021

by indian Doctor 
Medical Association in USA

AOGS 
for winning 
hosting of 
next year's 

SOGOG

Team AOGS 

2020-21 for 

winning 

Best society award 

jointly with 

Surat Ob Gy Society 

at SOGOG
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TESTED

Please 
Contact 

AOGS Office 
for the same. 

Phone : 
079 - 26586426

Respected Members,
Herewith we announce launch of our new website 
with all new updated features.

Advertisements for your hospitals/websites in AOGS 
website section can be given as follows :

Web address : https://www.ahmedabadobgyn.org/

For 

6 Months
Rs. 25,000/-

For 

1 Year
Rs. 50,000/-

AOGS TIMES VOLUME : 8    I    November 2021
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Last Date:
12-Dec-2021

AT NHL MUNICIPAL MEDICAL COLLEGE, V.S. HOSPITAL AHMEDABAD
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Conference Venue: Shree Shakti Convention Centre

Sardar Patel Ring Rd, Near Vaishnodevi Circle, Beside KD Hospital, Ahmedabad, Gujarat 382421
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