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eValuating iDA Selection Ability. The VISA study.

Will embryo selection through use of artificial intelligence (iDA) perform equally compared to embryologists?
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Primary objective: 
To investigate whether selection of a single blastocyst for transfer using the deep learning tool, (iDA), results in an equally as high clinical pregnancy rate compared to trained embryologists using standard morphology criteria.
		
Secondary objectives:
1. Live birth rate
2. Positive hCG rate per randomized patient
3. Rate of non-viable intrauterine pregnancies (as described above)
4. Ongoing pregnancy rate in patients with maternal age above 35

Background
Normally, in IVF, embryos are created in the laboratory and cultured for up to six days until they reach the blastocyst stage. On the day of transfer, the embryologist will study the morphologic appearances of the embryos to select the embryo with the highest likelihood of success. The rationale behind which morphological parameters are included vary between clinics as not golden standard exists in choosing the best embryo for transfer. In addition, numerous studies have demonstrated a considerable intra- and inter-observer variability (Paternot et al. 2011 and Bendus et al. 2006) for cleavage stage embryos and to some extent for the blastocyst stages.

The issue of whether assessment of blastocyst morphology is the optimal method of selecting the embryo with the best chance of developing into a viable pregnancy has been studied extensively over the past twenty years. Several approaches to the study of bio-markers have been evaluated (Simon et al., 2015) but, so far, without gaining widespread acceptance. Recently, the advent of additional information from time lapse imaging has been applied to refine the selection criteria with some success (Rubio et al., 2014; Goodman et al., 2016).

Recently, Virtus Health and Harrison AI developed an Artificial Intelligence (AI) system that studies time lapse images obtained from the embryo culture system, Embryoscope, throughout the development to blastocyst. This technology was subsequently acquired by Vitrolife in April 2019 and has undergone further development. The AI system uses data acquired from a sequence of embryo images and has taught itself to identify the embryos with the highest likelihood of implanting and leading to fetal heart-beat detection. This approach differs from previous algorithms in that it is completely learned and is not dependent on any assumptions from previous knowledge of embryology standards.

The AI system, (iDA) has been evaluated through a retrospective analysis of 10,208 embryos with known outcome originating from 1,603 patients between 2014 and 2018 (Tran et al., 2018). This work used ROC curve analysis (Tran et al., 2018) to demonstrate that iDA can discriminate between embryos that will or will not result in a pregnancy with a fetal heart with an AUC of 0.93 which appears to be significantly superior to previously published work using existing methods (Adolfsson et al., 2018). 

The aim of this study is to carry out a randomized controlled trial to investigate whether embryo selection using iDA can provide a non-inferior clinical pregnancy rate with fetal heart beat after transfer of a blastocyst compared to when selection is performed by the laboratory embryologists using the Gardner scoring system (Gardner et al. 2000).

Research Design:
A non-inferiority, prospective parallel group, multi-centered, randomized controlled trial

Setting:
Virtus Health clinics running IVF/ICSI cycles with Embryoscope and iDA capacity

Subjects:
Couples meeting the criteria of this study and having provided written informed consent

Consent:
Consent form will be obtained in writing before patients can be randomly allocated to one of the treatment arms.

Hypothesis to Be Tested
An embryo selected by the iDA deep-learning system will have a non-inferior chance of clinical pregnancy* after the transfer of the first blastocyst compared to a blastocyst selected by embryologists.

*Clinical pregnancy is defined in this study as the detection of a fetal heartbeat by ultrasound after 42 days of gestation (week 6).

Inclusion Criteria
1) Women undergoing IVF or ICSI with controlled ovarian stimulation with gonadotrophins and the intention to treat by either transfer of a single fresh embryo on day 5 or in case of a freeze all cycle, the first rewarmed embryo.
2) Age: Up to and including the 42nd completed birthday on the day of randomization.
3) Has at least two early blastocysts on day 5

Exclusion Criteria 
1) Treatment involving donated eggs
2) Intention to perform any form of preimplantation genetic testing
3) The use of IMSI or polarized light in the ICSI process
4) The use of assisted hatching prior to randomization. 
5) Previous participation in this RCT
6) Where the cycle is carried out for fertility preservation.
7) If a day 2-4 transfer is planned
8) Has a reduced likelihood of obtaining two early blastocysts on day 5 as evidenced by either:
· An AMH level of <3pmol/L or AFC <5 (if available)

Design
Screening-Enrolment-Informed consent
Patients will be approached prior to egg collection and will be informed about the purpose of the study by the recruiting physician or the research nurse. Patients that express interest in participating in the trial will be asked to sign an informed consent. A pamphlet will be distributed to them with all information regarding this trial, its aim and the implications of participation in it. Each patient will be registered in the electronic database once informed consent is obtained. 
Patients who are eligible and have declined participation will be included in a deidentified record kept at each centre, along with reasons for declining.

Ovarian stimulation
Ovarian stimulation will be performed with gonadotrophins (recombinant or urinary) as per routine protocol. The treating physician can decide on the starting dose of gonadotrophins and subsequent adjustments based on clinical judgment. Triggering of final oocyte maturation and oocyte retrieval will be performed as per protocol at each clinic.

Embryology and Randomization-Blinding-Allocation concealment
Once the oocytes have been retrieved, all embryos will be fertilized by the method of IVF or ICSI as per the individual clinical decision-making and will be incubated in the Embryoscope system until day 5 or 6. As per normal embryoscope protocol, IVF-fertilized embryos will normally be placed in the embryoscope on day 1 and ICSI-fertilized embryos will be placed in the embryoscope on day 0. Exceptions to this can be made due to logistical reasons.

All embryos will be incubated using the Embryoscope system.  Embryo glue will be used in every case.

No analysis of the embryo will be performed by iDA until randomization has occurred and no other time lapse algorithms will be applied to the embryos of patients who have been recruited to this study. After randomization, iDA will only be applied to the treatment group.

On day 5 an embryologist will score all embryos according to the Gardner scale by visual selection using the Embryoscope software and make a preliminary decision on which embryo is prioritized for embryo transfer. 

Once two or more suitable blastocysts have been confirmed, the patient will be randomized to either control or treatment group. If randomized to the control group, the preliminary decision on embryo prioritization for transfer remains unchanged. If, however, the patient is randomized into the treatment group, the sequences of all normally fertilized embryos will be analyzed using the iDA software and the embryo with the highest score prioritized for transfer.

If there are fewer than two early blastocysts, randomization will not take place, and this will be recorded in the eCRF.

To make sure that the video recordings are not observed after the initial fertilization check a special workflow will be enforced using the software used to view the embryos.
Randomization will be carried out using a 1:1 ratio on day 5. Randomization will only take place if there are two or more early blastocysts on day 5 (i.e. at the developmental stage of 2 or more according to the Gardner scale) between 114 and 118 hours post insemination. Randomization will be performed with the use of a randomization module within the eCFR program.  If, for some reason, randomization from within the eCRF is not possible, manual randomization will be performed using randomization envelopes.


Patients will be randomly allocated to two different study groups:

A. Embryo selection by standard morphologic criteria.
· The embryo for transfer will be selected by the embryologist on the basis of the morphologic appearances on day 5, according to the Gardner criteria (Gardner et al., 2000) using the ranking guideline (Appendix 1).  

· Regardless of whether a transfer takes place any embryos that fulfil the normal criteria applied in the laboratory for cryopreservation will be cryopreserved (Appendix 1). If there is doubt about whether an embryo is suitable for freezing, embryos may be held over to day 6 and decisions will be made then.  

· The prioritization of frozen embryos for later transfer will be made according to Appendix 1 on the basis of the all the information that is available by day 6. Embryos will be warmed in order of this prioritization.

B. Embryo selection by iDA 
· The time-lapse videos will be analyzed by iDA at 114-118 hours post insemination and the embryo for fresh transfer on day 5 will be prioritized on the strict basis of the embryo with the highest iDA score.
· Any embryos in this group that have reached Gardner Grade 3 or beyond and achieve a score on iDA of 6 or greater on day 5 will be cryopreserved.
· All other embryos will be kept to day 6 and re-scored at 138-142hours. Any embryos with an iDA score on day 6 of 6 or greater will be cryopreserved.
· In addition to this, to avoid the possibility of losing an embryo with the potential for later development, on Day 6, any embryos that fulfil the normal criteria applied in the laboratory for cryopreservation will be cryopreserved. 
· The warming of embryos will proceed on the prioritization of the iDA score across the two days. The first embryo to be warmed will be the one with the highest iDA score. If this embryo does not survive warming and is not suitable for transfer, the next embryo to be warmed will be selected on the basis of the iDA score, until an embryo is warmed and is suitable for transfer.

Embryo transfer will be performed using the clinic’s routine methods. Following transfer of the embryo, luteal support will be administered using the standard protocol of each clinic and this will also be recorded. 

Both the treating clinician and the patient will remain blinded to the randomization outcome until after the first embryo transfer has been completed.  The patient can be told the number of embryos available for transfer and, where clinically indicated, the morphologic grading of each embryo.  

The iDA score will not be released to Group B until after the first embryo transfer. In Group A, the time-lapse videos will not be analyzed by iDA until after the last embryo has been transferred.

Cycle outcome
The outcome of the cycle will be determined by the following assessments:

· Pregnancy will be tested either through a hCG measurement carried out from Day 9-13 following embryo transfer or through the use of urinary sticks (25 IU/L) on day 13.  
· A transvaginal ultrasound performed between 28 and 42 days after the embryo transfer (between 7 and 9 weeks of gestation).

Additional hCG measurements and ultrasounds may be performed according to the directions of the supervising physician.

On the basis of these investigations, the outcome of the first embryo transfer cycle will be categorized as:

· Not pregnant (maximum hCG <50 IU/L) and/or negative analysis by urine sticks (<25 IU/L).
· Biochemical pregnancy maximum hCG ≥50 IU/L and/or negative analysis by urine stick and no other clinical evidence of pregnancy at any stage (includes pregnancy of unknown location).
· Ectopic pregnancy.  No intrauterine pregnancy and either ultrasound evidence of a fetal heart outside the uterus or histopathological evidence of ectopic pregnancy excised by laparoscopy.
· Non-viable intrauterine pregnancy.  Ultrasound evidence of an intrauterine pregnancy but with no fetal heart observed after 7-9 weeks of gestation.
· Clinical pregnancy with fetal heartbeat. Ultrasound evidence of an intrauterine pregnancy with a fetal heart observed after 7-9 weeks of gestation.

In the case of a clinical pregnancy with fetal heartbeat, the eventual outcome of the pregnancy will be followed and recorded.

Main Demographic parameters
1. Age (maternal/paternal)
2. Reason for infertility (couple)
3. Height and weight (mat.)
4. Type of menstruation (mat.)
5. Number of stimulated IVF cycles leading to oocyte pick-up (couple)
6. Previous appearance of a FH at week 6-9, in current relationship
7. Previous births, after week 20 of gestation, in current relationship

Main treatment parameters
1. FSH brand and starting dosage
2. FSH total dosage
3. GnRH downregulation (agonist/antagonist)
4. Source of sperm
5. Duration of ovarian stimulation
6. Number of oocytes
7. Method of fertilization (ICSI/Std.IVF/Mixed)
8. Number of normally fertilized oocytes (2PN)
9. Number of embryos available for selection 
10. Number of cryopreserved embryos on day 5 and 6
11. Morphological score of the transferred embryo
12. iDA score (treatment group) of the transferred embryo
13. Did AI change the decision of the embryologist (Y/N)
14. Type and duration of LH support

Outcome parameters
1. Biochemical Pregnancy (Y/N)
2. Clinical pregnancy (Y/N)
3. Number of sacs
4. Live birth (Y/N)
5. Reason for pregnancy loss
6. Birth weight (if applicable)
7. Child gender

Main Outcome Measures

Primary Outcome
Rate of clinical pregnancy with fetal heart beat after the first embryo transfer cycle between the control and treatment groups (comparing embryo selection by standard morphologic criteria with embryo selection by iDA).

Secondary outcomes
· Live birth rate
· Positive hCG rate per randomized patient
· Rate of non-viable intrauterine pregnancies (as described above)
· Ongoing pregnancy rate in patients with maternal age above 35

Duration of Study
Patient recruitment is planned between March to December 2020. Data collection will proceed until May 2021.

Populations 
The Intention-to-Treat (ITT) population will consist of all randomized women.
Per protocol (PP) population will consist of all randomized women without significant protocol violations. The ITT population and the PP population will be defined at the clean-file-meeting before the database lock.

Sample size calculation.
It is estimated from the results in clinics that clinical pregnancy is estimated to be 40% for trained embryologists. If non-inferiority margin is defined as - 5%, the lower limit of the two-sided 95% confidence interval (CI) for the difference between iDA group and Trained embryologist group shall not be less than -5% with a probability of 80% (β=20%), with an estimation of 5% or more clinical pregnancies in iDA group, 347 women per randomization group is needed to show non- inferiority. For protection against a 5% loss to follow-up, 729 patients in total, are needed for recruitment. 

[bookmark: _Toc19631265]Data safety monitoring board (DSMB)
[bookmark: _Toc19631266]An independent DSMB will be appointed to follow the safety monitoring and sample size adjustment of the study. The board will consist of a statistician and a medically knowledgeable person unrelated to the study. The role of the SDMB will be set out in a separate charter and the members will hold regular meetings where the study efficacy and safety will be assessed and if necessary suggestions for changes in study protocol and/or patient recruitment.
Sample size re-estimation
After approximately 400 patients have completed the study, the DSMB will perform an unblended interim analysis on the primary efficacy variable. From this analysis, the DSMB will calculate the conditional power (CP).
The DSMB will form a recommendation to either terminate, continue, or adjust sample size, based on the following guidelines:
· Futility: If CP ≤ 30%, then terminate the study for futility.
· Promising outcome: If 30% < CP% < 80%, then adjust the sample size so that CP = 0.80. The sample size could be increased to maximum 1500 subjects.
· Favorable outcome: If CP% > 80%, then do not adjust the sample size.
The sample size re-estimation analysis will not require adjustments of the final primary statistical analysis (Mehta and Pocock, 2011). 

STATISTICS
General Statistical Methodology:
For comparisons between the two randomized groups Fisher’s exact test will be used for dichotomous variables, Fisher’s non-parametric permutation test for continuous variables, Mantel-Haenszel chi-square test for ordered categorical variables and Pearson chi-square test for non-ordered categorical variables.
For dichotomous variables mean differences and relative risk with 95% CI will be calculated. For continuous variables mean differences between the two groups with 95% CI will be calculated based on Fisher’s permutation test and Effect size will be calculated.

Dichotomous data will be expressed as numbers and percentages. Continuous variables will be described with mean, standard deviation, median, quartile 25% and quartile 75%. 
If baseline confounders, variables that differ between the randomized groups and predict outcome variables, are found then complementary analyses will be performed adjusted for these baseline variables. For adjusted analyses, multivariable logistic regression will be used for dichotomous outcome variables and ANCOVA for continuous outcome variables.

The main analysis for non-inferiority will be performed according to the intention-to-treat principle. Per protocol analyses will also be performed.
[bookmark: _GoBack]All significance tests will be two-sided and conducted at the 5% significance level.

Data acquisition.
Data from the study will be collected using a dedicated, secure on-line database (eCRF) through the services of Stockholm data design (SDD). All study sites will have access to the central database through a two-way encrypted communication over the internet. Emergency envelopes will be provided in cases if no access can be gained to the database. All background and outcome data will be entered in the central database as well as the randomization procedure. Monitoring the study performance will be enabled through this database.


Publications/ Research output
Main results
· The primary results of this RCT will be announced in one of the major conferences in the field of Reproductive Medicine. 
· The main publication reporting the results of the primary outcome (first phase of the trial) will be submitted for publication in a journal of high impact factor.

To evaluate the contribution that any effect makes to clinical care by:

Measuring the number of cycles where iDA affects the decision about which embryo is to be transferred in the first embryo transfer.

As secondary/satellite studies of this project, information will be collected to provide answers to the following clinically relevant questions
1) Time to conception that led to first live birth (measured both in months and/or cycles of embryo transfer)
2) Cumulative live birth rate defined as the probability of at least one live birth over fresh or frozen transfers of embryos originating from a single stimulated cycle
3) Number of live births after all the embryos resulting from a single cycle of ovarian stimulation have been utilized
4) Collection of cost and effectiveness data for a cost-effectiveness analysis 	


Ethical oversight.
The study will be overseen by the relevant institutional ethics committee. Ethical approval for the study has been obtained for Version 1 of this protocol from several Ethics committees.  Further approval for this version will be sought.
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APPENDIX 1. Scoring of day 5-6 embryos in the Virtus group

This procedure details:
· The Blastocyst Stage Grading that is to occur in all Virtus Laboratories
· This process cannot be duplicated/paraphrased or copied into state quality system documents.
· The state laboratory policies/work instructions must refer back to this document whenever Cleavage Stage Grading occurs

Responsibility:
a. Documents has been prepared by agreement between all Scientific Directors, and can only be changed by agreement of these Scientific Directors

Expected Development stages of Embryos-BLASTOCYSTS:

· Day 2 Embryos: 2 to 6 cells, 
· Day 3 Embryos: >=6 cells. May also be compacting (early morula).
· Day 4 Embryos: early morula (compacting) or morula. It is also not unusual to see 10 and 12 cell embryos at this stage, or very early blastocysts (cavitating morula).
· Day 5 Embryos: morula, early blastocyst, blastocyst, expanded blastocyst, hatching blastocyst, or hatched blastocyst.



BLASTOCYST stage grading:

1. Blastocyst stage grading is based on a 3 stage system incorporating the degree of expansion, Trophectoderm status, and Inner Cell Mass status. 

2. On D5 and D6, there is an increasing Pregnancy rate as the Gardner scale increases (0-to-6).

3. The recommendation is that D5 and D6 blastocysts with any combination of ICM or Trophectoderm quality grading of “C”, will not be transferred or cryopreserved, except under the specific direction of the managing physician:

	[bookmark: _Hlk31963395]As defined on D5 (114-118hpi), or D6 (138-142hpi)

	Gardner Number
	Development Stage
	Definition

	0
	Cleavage Stage
	Still at Cleavage stage. Blastomeres visible

	C
	Compacting
	cell membranes/borders becoming undefined

	M
	Morula
	Full compaction, blastomeres not clearly visible. No cavitation visible

	1
	Cavitating
	Blastocoel takes up less than half the space of the embryo

	2
	Early Blastocyst
	Blastocoel takes up greater than, or equal to half the space of the embryo

	3
	Blastocyst
	Blastocoel expanded into the entire volume of the embryo, pressing the Trophectoderm cells tightly against the inside of the zona pellucida.

	4
	Expanded blastocyst
	Blastocoel volume larger than that of the early embryo, zona pellucida is thinning.

	5
	Hatching Blastocyst
	Blastocyst is beginning to herniate out of the zona pellucida.

	6
	Hatched Blastocyst
	Blastocyst has completely hatched out of the zona pellucida.

	D
	Degenerate
	Majority of cells show signs of necrosis, apoptosis.

	P
	Pulsing / Collapsed
	Blastocyst which had been expanded, but upon assessment has collapsed, or ‘pulsed’ so that the cells are pulled away from the zona.  







	Inner Cell Mass Grading (Blasts at stage 3,4,5,6)

	Gardner 
ICM
	Quality
	Definition

	A
	Good
	Many cells, tightly packed

	B
	Fair
	Several cells, loosely grouped

	C
	Poor
	Very few cells



	Trophectoderm Grading (Blasts at stage 3,4,5,6)

	Gardner Trophectoderm
	Quality
	Definition

	A
	Good
	Many cells forming a cohesive epithelium

	B
	Fair
	Continuous but irregular cells

	C
	Poor
	Patchy epithelium with few cells
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