Study Protocol
SONOGRAPHER GUIDED EMBRYO TRANSFER VERSUS ULTRASOUND ASSISTED TRANSFER 
Introduction
Pregnancy rates have improved significantly since the beginning of IVF due to improved stimulation protocols, trans-vaginal oocyte recovery and enhanced laboratory techniques, and a significant amount of research has been focused in these areas. Whilst implantation rates have improved over time, the average pregnancy rate per embryo transfer is still only 31.9% in Australia(1). Failure of an embryo to implant may be due to embryo factors, uterine factors or issues related to embryo transfer technique. There is an association with lower pregnancy rates and difficult embryo transfer (2). Traditionally, embryo transfer was performed based on tactile sensation and judgement rather than direct visualization. This technique is called the clinical touch technique. The doctor feels when the catheter has advanced beyond the internal cervical os and then proceeds to place the embryo 1-2 cm above the outer catheter. Alternatively, ultrasound imaging can be used to guide placement of the catheter during embryo transfer. The first study comparing pregnancy rates in ultrasound assisted transfer to the clinical touch technique was published in 2000 (3).  Ultrasound has many potential benefits such as lowering the incidence of difficult transfers, confirming catheter placement in the right part of the fundal cavity, minimizing contamination of the catheter tip with blood and mucus, and decreasing the chance of traumatizing the fundus and stimulating uterine contractions. Compared with ‘‘clinical touch,’’ several studies, including meta-analyses, have confirmed significant improvement in clinical pregnancy rates with ultrasound guidance (4,5,6)
The Cochrane review in 2016 compared the pregnancy and live birth rate in ultrasound guided embryo transfer versus the clinical touch technique (4). The systematic review includes 21 studies, of which only four reported live birth. Ultrasound Guided Embryo Transfer was associated with an increased chance of a live birth/ongoing pregnancy compared with Clinical Touch Technique (OR 1.47, 95% CI 1.30 to 1.65; 13 trials; n = 5859 women; I2 = 74%; low-quality evidence). The authors estimate that for women with a chance of a live birth/ongoing pregnancy of 23% using Clinical Touch Technique, this would increase to between 28% and 33% using Ultrasound Guided Embryo Transfer.
Proper placement of the catheter tip is an important variable affecting embryo transfer outcome (7). Pope et al. analysed a retrospective cohort and determined the transfer distance from the fundus as a variable affecting outcome(8). When the catheter was anywhere from 5 mm to 27 mm from the fundus, pregnancy rates were higher as compared with when the catheter seemed to be right at the fundus. Furthermore, ectopic pregnancy rates were lower with this lower cavity transfer (8). Whist the embryo transfer catheter can be seen on ultrasound, the position of the bubble of fluid which contains the embryo can also be seen at transfer. In a prospective, randomized study, Coroleu et al. found that depositing the embryos 15 mm from the fundus improved implantation compared with a 10-mm distance from the fundus(9). Relative to this topic, Lambers et al assessed the position of the air bubble transferred at the time of ET and its relation to pregnancy rate (10). When the relative position of the air bubbles was in the fundal half of the endometrial cavity, pregnancy rates were significantly higher, at 43% (this compared with when the bubble was in the lower half of the cavity, 24.4%) (10). More recently, it was demonstrated that pregnancy and implantation rates among subjects with air bubble flashes located 15 mm from the fundus  were superior (11). 
Following publication of the Cochrane Systematic Review, many IVF clinics began using ultrasound during embryo transfer routinely. However, there is significant variability across clinics in how the ultrasound is performed and few of the studies in the Systematic Review explained who performed the ultrasound.  In some centres, ultrasound guidance may be performed by a nurse or scientist, and in many centres the probe is held by the woman or her partner once the doctor has assessed the anatomy. In the author’s experience, there are frequent times where the assistant loses the image at the critical time and there are other instances where a good image cannot be obtained at all, for example with uterine retroversion or high BMI. Other situations where embryo transfer can be sub optimal include cervical stenosis at the internal os, and a long cervix. In these situations, it is likely that ultrasound assisted transfer is not adequate to ensure the embryo is placed in the correct position. 
We hypothesize, based on clinical experience, that doctors performing ultrasound assisted transfer only visualize the bubble around 50% of the time. Whilst the doctor places the probe in the correct position prior to transfer, the patient must then hold the probe in place so the doctor can perform the embryo transfer. Often the probe position is inadequate and the position of the bubble is not visualized dynamically. The authors propose that a sonographer is much better placed to achieve an appropriate image, adapt to find the catheter whilst the doctor is performing the transfer, and visualise the position of the bubble. This study aims to assess whether sonographer guided embryo transfer leads to a higher number of correctly placed and visualised bubbles than ultrasound assisted transfer. 
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Sample size calculation
We hypothesize that in the group using ultrasound assisted transfer the bubble will be visualised 50% of the time. In order to see a 50% improvement in the sonographer-assisted transfer (ie visualise the bubble 75% of the time) a sample size of 116 (58 in each group) would be needed. (alpha 0.05)
Exclusion criteria
Donor egg or embryo 
Consent
Patients will be given information forms and consent obtained by the nurse who books on the frozen embryo transfer cycle. Consent forms will be signed and scanned into the file (see attached)
Randomization
Randomization will occur on the day of scheduling the embryo transfer and be computer generated by block randomization 
The intervention
All patients are told to have a moderately full bladder on the day of transfer. They are told to drink 2 large glasses of water 1 hour prior to transfer. Following id checks, the patient is placed in the lithotomy position and the sonographer performs a trans-abdominal ultrasound. The cervical canal and endometrial canal are located and the fundal portion of the endometrium is assessed. A position 2cm from the fundal endometrium is located and an arrow placed in this position to guide the doctor to the position for the inner catheter.  A speculum is placed and the cervix is cleaned with a swab soaked in media. The id of the embryo is checked and the embryo is loaded in a Cook catheter with the inner and outer catheter together. The outer catheter is advanced just beyond the internal os and the inner catheter is advanced to 2cm from the fundal endometrium (measured by the sonographer), the embryo is ejected from the catheter by the clinician. The position of the bubble is measured. The time from id check of embryo, to bubble measurement will be recorded.
If there is difficulty advancing the outer catheter through the internal os, the following measures are taken:  an obturator may be used to strengthen the catheter, a cervical dilator may be used to open the internal os, or a tenaculum may be used to change the angle of the cervical canal. 
The control
All patients are told to have a moderately full bladder on the day of transfer. They are told to drink 2 glasses of water 1 hour prior to transfer. Following id checks, the patient is placed in the lithotomy position and the doctor performs a trans-abdominal transfer. The patient is then asked to hold the ultrasound probe in position. A speculum is placed and the cervix is cleaned with a swab soaked in media. The id of the embryo is checked and the embryo is loaded with the inner and outer catheter together. The outer catheter is placed just beyond the internal os and the inner catheter is advanced 1-2cm beyond the internal os. The embryo is ejected. The time from id check of embryo, to bubble measurement will be assessed.
If there is difficulty advancing the outer catheter through the internal os,  the following measures are taken:  an obturator may be used to strengthen the catheter, a cervical dilator may be used to open the internal os, or a tenaculum may be used to change the angle of the cervical canal. 

Allocation concealment
Sealed envelopes
Performance Bias
In order to avoid any bias from the skill of doctors performing the transfer the top 4 doctors in our clinic will be performing the transfers in the study. These doctors perform large numbers of transfers and have pregnancy rates above the mean.
Possible Disadvantages
Cost of personel – Repromed have trained sonographers on site and they can be available for the study
Primary Outcome Measures
Visualisation of the bubble at transfer
Distance of the bubble from the fundal endometrium
Secondary outcome measures
[bookmark: _GoBack]Rating of difficulty 
Data collection and storage
Data will be stored securely on the Repromed server and be de-identified.
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