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2. Abstract

Aims and objectives

This thesis has three aims: (i) to generate, analyse and present the highest quality quantitative
and qualitative evidence on in vitro fertilisation (IVF) add-ons; (ii) to advocate for evidence-
based medicine regarding add-ons, and; (iii) to be a source of trusted information to help
inform policy, guidelines and recommendations for governmental regulators, professional

societies, and those undergoing IVF.

Methods

Papers 2 and 3 are Cochrane systematic reviews exploring the efficacy and safety behind two
commonly used add-ons (time-lapse incubation (TLS), and granulocyte-macrophage colony
stimulating factor (GM-CSF) containing culture media). Paper 1 is a narrative review of the
guantitative evidence surrounding laboratory add-ons. Papers 4 and 5 are the protocol and
write-up of a qualitative semi-structured interview study exploring why patients and

professionals opt to use add-ons.

Results

Paper 1: This review of laboratory add-ons did not find any high-quality evidence to support
their routine use.

Paper 2: TLS is no more or less effective than conventional incubation for clinical outcomes
that reflect effectiveness and safety.

Paper 3: GM-CSF containing culture media is no more or less effective than culture media not
containing GM-CSF for clinical outcomes that reflect effectiveness and safety.

Papers 4 and 5: Patients often made decisions about add-ons based on hope, minimising
considerations of safety, efficacy, or cost, whereas professionals sought the best outcomes
for their patients and wanted to avoid them wasting their money. The driving forces behind
add-on use differed: for patients, a professional opinion was most influential, whereas for

professionals it was patient driven.



Conclusions

Papers 1 to 5 represent the highest quality, transparent quantitative and qualitative evidence
behind add-ons. They have already become a source of trusted information to help inform
policy, guidelines, and recommendations for governmental regulators in the UK and Australia.
Ongoing assessment of add-ons will continue to fall to the scientific community to ensure that

patients and those caring for them can offer informed consent regarding their use.



3. Papers arising from this thesis

This thesis is submitted in publication format. It comprises a collection of peer reviewed,
published papers in high-impact scientific journals comprising Fertility and Sterility, Cochrane
Database of Systematic Reviews, and BMJ Open. Four papers are presented in their published
formats for conciseness and owing to the placement of figures at pertinent junctures
throughout the text. The final paper is presented in submission format, owing to it currently

undergoing peer review with BMJ Open.

The thesis comprises of five papers: (i) a summary of the evidence surrounding IVF add-ons
(Paper 1); (ii) a Cochrane systematic review exploring the efficacy and safety of time-lapse
systems for embryo incubation and assessment in assisted reproduction, considered an IVF
add-on (Paper 2); (iii) a Cochrane systematic review on granulocyte macrophage colony
stimulating factor-containing culture media for embryos, considered an IVF add-on (Paper 3);
(iv) a protocol for the VALUE study, a qualitative semi-structured interview study exploring
why patients and professionals opt to use non-evidence based add-ons (Paper 4); and (v) the

write-up of the VALUE study as presented for publication (Paper 5).

Pagination throughout the thesis is present at the bottom right-hand corner of the page
throughout and original pagination from the source journals has been removed. All
publications presented here have been conceptualised, designed, developed, researched,
and drafted by me, Dr Sarah Armstrong, as the lead author. | was the Principal Investigator of
all research presented here. Co-authors have commented on draft research project design,
have been involved in data extraction and analysis, and have reviewed and commented on
final drafts of papers. The permission of each co-author to submit these papers as part of this

MD is given in Appendix 2.
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6. Introduction

The advent of in vitro fertilisation (IVF) in 1978 was a breakthrough for infertile people, but
current live birth rates per cycle initiated are more or less static. In 2019 fewer than 26% of
women had a baby with each cycle ¥ 2. The decline in fecundability with advancing female
age makes IVF a time-sensitive treatment and this in combination with limited state funding
means that many patients often pay for IVF themselves. The pressure to improve IVF
outcomes has led to a search for additional or adjunct procedures known as “add-ons”. Add-
ons range hugely in scope and variety. They can be grouped broadly into five categories: (i)
add-ons for eggs, sperm, and embryos; (ii) incubators; (iii) medications, including intravenous
infusions; (iv) operative procedures; and (v) alternative therapies (Table 1). The purpose of
add-ons has been to improve the chance of taking home a baby from IVF, however add-ons
have been widely introduced without evaluation and usually represent an additional cost to
patients 3. IVF clinics who offer them have been described as ‘mercenary’ or ‘exploitative’
owing to charging vulnerable patients for non-evidence based extras #°. The lack of evidence

and concerns about informed consent has further highlighted the debate about their merit -

12

6.1 Terminology
There is no peer reviewed, published definition of what an add-on is. The UK regulator of IVF,

the Human Fertilisation and Embryology Authority (HFEA) describe them as:

‘Optional additional treatments, also referred to as ‘supplementary’, ‘adjuvants’ or
‘embryology treatments’. Add-ons often claim to be effective at improving the chances
of having a baby (live birth rate) but the evidence to support this for most fertility
patients is usually missing or not very reliable. Add-ons are likely to involve an additional
cost on top of the cost of a routine cycle of proven fertility treatment. Some treatment

add-ons can cost hundreds or thousands of pounds each™3.

In 2019, a consensus statement was released by the HFEA regarding the responsible use of
treatment add-ons in fertility services. Signatories, amongst others, included the Royal

College of Nursing, the HFEA, The European Society of Human Reproduction and Embryology
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(ESHRE), and the Royal College of Obstetricians and Gynaecologists 4. In this statement, add-

ons are described as:

‘optional extras to treatment which claim to improve the chances of having a healthy

baby. They cover a range of interventions: genetic tests, drugs, surgery and equipment’.

The HFEA have created a webpage for patients, in an attempt to help patients navigate the
evidence behind add-ons. The website offers information on 11 add-ons, which are described

as ‘some of the most common’, but a full list is not provided *°.

The absence of a definition means that novel add-ons are difficult to quickly identify and thus
can lead to a delay in the scientific community undertaking timely assessments of their
efficacy and safety. It also makes it difficult for patients to understand whether it is in an

optional extra, or an essential part of a standard IVF or ICSI cycle.

6.2 Cost of add-ons

IVF is expensive, with HFEA and NHS resources quoting a cost of at least £5000 per cycle 617,
IVF is funded in specific circumstances by the NHS across all four nations of the UK, however
there is enormous disparity in eligibility criteria, leading to inequity in access. In England,
funding for IVF is managed by integrated care boards (ICBs), which have recently superseded
clinical commissioning groups (CCGs). ICBs set local funding criteria for treatment, alongside
what number of cycles of IVF are offered 1718, The autonomy of ICBs and CCGs before them,
has created enormous disparity in fertility treatments available across England, with some
regions offering the NICE (National Institute for Health and Care Excellence) recommended
three cycles of IVF in women aged 39 and under, whereas in others, one or even no cycles are
offered & 19, This inequity of care has been coined ‘a postcode lottery’ by patient campaign
groups 2°. As well as a variation in the number of cycles offered by ICBs, there are also
disparities in the funding criteria for those seeking treatment. For example, there are
variations in the upper age limit of the woman eligible for treatment, with some ICBs limiting
treatment to those under the age of 35 ?°. In Scotland, NICE guidance is followed and three
NHS funded cycles of IVF are offered to women under the age of 40, however there is a

waiting list for treatment 2. In Northern Ireland, the Health and Social Care Board (HSC) are
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responsible for commissioning of fertility services. A motion calling for the HSC to provide
three full cycles of treatment has been approved in principle, but in reality, additional finance
needs to be made available to make this happen, even in a phased approach 2. In Wales, two
full cycles of NHS funded IVF are available to women who meet the Welsh Health Specialised

Services Committee access criteria 23.

The postcode lottery of IVF funding means that over half of people seeking treatment are left
to self-fund their IVF cycle, and face additional costly decisions regarding whether to utilise
add-on therapies, some of which can cost many hundreds of pounds 4. Investigations by the
HFEA have revealed that 70% of licensed clinics offer at least one add-on, with prices varying
enormously from one clinic to the next 2°. There was also a significant variation in the
information being offered to patients regarding add-ons, with some being less open than

others about the lack of evidence of effectiveness 2°.

Assisted reproduction is a rapid paced area of medicine, where demand for treatment is
growing, and this is accompanied by accelerated innovation, often driven by industry and
pharmaceutical companies 2%, The increasing demand for fertility treatments over recent
years has been accompanied by a high up-take of add-ons, with up to 70% of those seeking
fertility treatment opting to use at least one in their cycle ¥ 2% 27. 28 Novel add-on therapies
arrive on the market and are taken up by clinics with the aim of increasing the chance of
pregnancy or live birth, whilst providing revenue to the clinic. However, the evidence behind
these add-on therapies is lacking, with most treatments unsupported by good quality

evidence & 2,

12



Table 1: Add-on therapies currently available in the UK.

This table is reproduced in its published format within Paper 4, pages 135/6 of this thesis.

Category

Add-on

Description

Add-ons for
eggs, sperm,
and embryos

Egg activation with
calcium ionophore

Aims to stimulate egg activation utilising calcium ionophore.
Egg activation is a vital step in fertilisation.

Intrauterine culture

Aims to allow early embryo development to take place
within the woman’s uterus, opposed to within an incubator.
A device with the early embryo is placed inside the woman.

EmbryoGlue™

EmbryoGlue™is a embryo culture medium that contains
hyaluronate. Hyaluronate is present naturally in the
endometrium at the time of implantation. EmbryoGlue™ is
offered as the medium used to transfer the embryo into the
uterus.

Elective freeze-all cycles

All embryos created from a cycle of IVF are frozen, with
none transferred ‘fresh’. Embryos are then replaced in
future frozen embryo transfer cycles in the belief that it will
improve livebirth chances.

Assisted hatching

A technique using acid, lasers or other tools to thin, or make
a hole in the zona pellucida of the embryo in order to help
the embryo ‘hatch’.

Preimplantation genetic
testing for aneuploidy
(PGT-A)

PGT-A involves biopsying the embryo to remove cells in
order to check for chromosomal abnormalities. The aim is to
allow patients to choose euploid embryos for transfer,
reducing the risk of miscarriage.

Sperm DNA test

Sperm DNA testing is a non-invasive procedure performed
on a semen sample, usually before treatment as an
additional diagnostic test. It aims to assess for DNA damage.

Embryo culture media
containing growth factors

(BlastGen® EmbryoGen™)

Culture media for the growth of embryos containing GM-
CSF. Aiming to improve the development of embryos to
blastocyst stage.

Intracytoplasmic
morphologically selected
sperm injection (IMSI)

Use of a high-powered microscope to select sperm for ICSI
(intra-cytoplasmic sperm injection).

SpermSlow

A solution containing hyaluronic acid which aims to slow the
sperm to allow the embryologist to select the best sperm
for ICSI.

Incubator Time-lapse imaging A process that enables the assessment of the developing
(Embryoscope, embryo without the need to remove it for assessment
Primovision, CAREmaps) outside of the incubator. A time-lapse sequence of images
can be created, and computer software applied which can
help the embryologist determine the best embryo to
replace.
Medications Intravenous A blood product containing antibodies given through an
including immunoglobulin (IVIG) intravenous infusion. Aims to reduce miscarriage and failed
intravenous implantation.
infusions

13




Tumour necrosis factor
alpha blocking agents e.g.
infliximab, adalimumab,
etanercept

Given as an intravenous or subcutaneous infusion with the
aim of reducing miscarriage and failed implantation.

Intralipid infusion

Intralipid is a fat emulsion of soybean oil and water which is
administered intravenously with the aim of reducing
miscarriage and failed implantation.

Quad therapy: aspirin,
heparin, progesterone and
prednisolone

A combination of medications which aims to improve
chances of implantation and reduce miscarriage

Platelet rich plasma

A blood product infused into the uterus, or infected into the
ovaries with the aim of improving implantation, and
improving egg quality.

Testosterone or
androgens (DHEA,
androderm patch)

Androgenic hormones given orally to improve the quality
and maturity of eggs.

Operative Endometrial scratching A procedure carried out before IVF where the endometrium
procedures is deliberately scratched with the aim of improving
implantation and livebirth rates.
Endometrial receptivity A genetic test undertaken on a sample of endometrium to
array (ERA) help with timing of embryo transfer with the aim of
improving implantation and livebirth rates.
Alternative Chinese herbal medicine The use of herbal medicine to improve fertility treatment
therapies outcomes

Acupuncture

The practice of inserting small needles into the skin to
improve fertility treatment outcomes.

14




6.3 Professional bodies, regulatory bodies and add-ons

In 2009 and then again in 2015, the British Fertility Society (BFS) undertook scoping reviews
on medical add-ons for IVF in response to the surge in uptake of add-ons by patients 331, As
a result, the BFS published a summary of recommendations for good clinical practice for
clinicians working in the field of reproductive medicine 3°. In 2017, the rising number of
concerns and questions raised by patients regarding add-ons led the HFEA to produce
evidence-based information on an initial nine popular add-ons regarding efficacy, safety, and
cost. The information took the form of a patient-facing webpage with a traffic light system to
denote the quality of evidence on efficacy and safety. Red denoted an add-on with no
evidence of benefit or safety, amber for one with a growing body of evidence which is showing
promise, but further trials are needed, and green to denote an add-on with more than one
high quality study that demonstrated efficacy and safety 26. The HFEA have modified the
webpage twice over the years, adding to the number of add-ons which now sits at 12, and
adjusting the traffic-light system to only denote evidence of efficacy (Figure 1) 3. The decision
to drop evidence of safety from the traffic light system was made owing to difficulty in
distinguishing efficacy from safety within one colour, and also due to a paucity of evidence

surrounding long-term safety of add-ons.

The HFEA’s involvement in producing patient resources regarding add-ons has been highly
controversial. The HFEA is the UK’s regulator for IVF, a statutory body, ensuring that licenced
IVF clinics abide by UK law with regards to fertility 32. IVF add-ons are of course legal, having
been licensed and approved for use in the UK by the HFEA itself, which begs the question
regarding its conflicts of interest. Europe’s largest fertility society, ESHRE, has written a critical
review of the HFEA’s add-on website efforts, which revealed that ESHRE believe certain add-
ons to be effective 33. ESHRE are in the midst of producing a guideline on add-ons that will
include “four diagnostic procedures, 11 laboratory interventions, three ‘selective’
treatments, and 15 initiatives of clinical management.” Further details of the add-ons

included are not available at this stage 33.

The BFS website offers patient information under their ‘quick guides’” on some add-ons,
including time-lapse imaging and PGT-A 34, The information regarding time-lapse has been

prepared by The Association of Reproductive and Clinical Scientists, and states that ‘most

15



research concludes that time-lapse offers a benefit to patients’ 34 This is at odds with the
information offered by the HFEA traffic light patient information, which regards this
technology as ‘amber’ 3. This may represent a somewhat confusing contradiction for

patients.

16



Figure 1: HFEA website traffic light ratings of treatment add-ons *°
EﬁmmF:gyilmgy lam... [ Treatments l Donation ‘ Choose a clinic ] About us
Treatment add-ons

Artificial egg activation calcium ionophore

Traffic light rating: Amber .

Assisted hatching

Traffic light rating: Red .

Elective freeze all cycles

Traffic light rating: Amber .

Endometrial receptivity array (ERA)

Traffic light rating: Red .

Endometrial scratching

Traffic light rating: Amber .

Hyaluronate enriched medium (e.g. EmbryoGlue)

Traffic light rating: Amber .

Immunological tests and treatments for fertility

Traffic light rating: Red .

Intracytoplasmic morphologic sperm injection (IMSI)

Traffic light rating: Red .

Intrauterine culture

Traffic light rating: Red .

Physiological intracytoplasmic sperm injection (PICSI)

Traffic light rating: Red .

Pre-implantation genetic testing for aneuploidy (PGT-A)

Traffic light rating: Red .

Time-lapse imaging

Traffic light rating: Amber .

Reproduced with permission from HFEA (Appendix 1)



6.4 Evidence behind IVF add-ons and the media

In 2016, a paper was published in the BMJ that compiled a list of interventions offered in
addition to standard IVF and sought to examine the evidence behind improvement in live
birth rate 3°. The authors identified 27 add-ons, of which only 4 revealed evidence of a benefit
in live birth rates. The paper attracted a wave of criticism, most notably in the form of a letter
signed by over 60 leading clinicians and scientists in the UK 3¢. The criticism focused on the
lack of scientific robustness of the paper, owing to the mixing of categories of treatment, not
all of which were considered to be add-ons. For example, they were criticised for including
investigations of ovarian reserve, and essential treatments such as surgical sperm retrieval
for men with male-factor infertility, under the term ‘add-on’. The authors of the criticism
went on to underline that the BFS and RCOG are fully aware of the lack of evidence of add-
ons, using intralipid (an infusion given to patients with supposedly abnormal levels of natural
killer cells) as an example 3°. Finally, criticism was levelled at the use of live birth as primary
outcome measure, stating that ‘using live birth as the sole indicator of an evidence base
oversimplifies a hugely complex process and fails to recognize the significant scientific
research underlying decisions to bring treatments into clinical practice’ 6. They concluded
that the paper was highly inaccurate and misrepresents the fertility sector, calling it

‘misleading and deeply unhelpful to patients’.

This paper garnered traction in the press, which was closely followed in the same year by a
BBC Panorama programme exploring add-ons in the UK. The show sent reporters with secret
cameras into private fertility clinics posing as prospective patients. Add-ons were discussed
in a positive light, with professionals filmed making claims made that they would improve
livebirth chances %. Thus, 2016 represented the beginning of a period of controversy for IVF
clinics who offered add-ons. The fertility sector was portrayed as exploiting patients and using
add-ons to make revenue °. Paper 1, a narrative review and opinion piece, was written during
this period of intense controversy. It was aimed at gathering the highest quality available
evidence on the most popular add-ons for those involved in IVF 3. Paper 1 also aimed to make
the evidence-based voices of professionals within the sphere of assisted reproduction heard.
Following 2016 Panorama exposé, it felt important to reflect the sentiment that add-ons do
not serve patients, or clinics, and that evidence-based medicine remains crucially important

within assisted reproduction.
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6.5 Existing literature regarding time-lapse incubation and assessment of embryos
Here the biological plausibility for time-lapse in IVF is summarised, alongside the existing

systematic review evidence to 2016.

Background

Embryo incubation is a vital step in IVF procedures, providing an early embryo with the
conditions required to develop in the first few days of its life 3. Embryo development is a
dynamic process, moving through the fertilisation stage to cleavage stage and onto blastocyst
stage in some cases 3’. Embryologists apply a tiered grading system based on embryo
morphology to assess the quality of the embryo, and thus its potential for implantation and a

successful pregnancy 3742,

The minimum data set required for the accurate description of embryo morphology was
established in 2011 by Alpha Scientists in Reproductive Medicine and European Society of
Human Reproduction and Embryology (ESHRE) Special Interest Group of Embryology #*. A
consensus on timings of observations of fertilized oocytes and embryos was established to
compare results between different laboratories. This essentially involves a daily check of
morphology following the fertilisation check that takes place approximately 17 hours

following incubation or injection %1,

Traditionally, these morphological checks have been achieved by removing embryos from the
controlled environment of the incubator and placing them under a microscope for
assessment. This exposes embryos to changes in temperature, pH, mechanical disturbance,

changes in humidity and gas composition #3.

Time-lapse imaging of human embryos during incubation has been researched and described
in the scientific literature since the 1990s. It was in 1997 that one of the first studies to report
on time-lapse assessment of fertilization and early embryo development following ICSI was
published 4. The technology proved a useful tool for studying embryo development for

research purposes, but it wasn’t until 2009 that time-lapse systems (TLS) for embryo
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incubation and assessment came into commercially available use #°. Since then, there has

been widespread uptake of TLS in IVF clinics around the world .

Potential advantages of TLS

TLS hold two potential advantages. The first lies in its capability to obtain frequent detailed
digital images of developing embryos, which can be compiled to create a time-lapse sequence
of embryo development. This negates the need to disturb the embryos for morphological
assessment. It also allows for an undisturbed culture environment for embryos and for the
assessment by embryologists of the timing and synchronicity of early mitotic divisions and
abnormal cleavage patterns that generate morphokinetic parameters 4. The second is the
use of software programmes that utilize complex algorithms based on a combination of
morphokinetic parameters and selection and de-selection criteria to aid the embryologist in
selecting the optimal embryo for transfer 43 47 48, These algorithms will be referred to as

‘embryo selection software’ in this chapter.

Potential disadvantages of TLS

TLS involve exposing embryos to light during the acquisition of digital images of embryos,
often as frequently as every five to 10 minutes #’. The total dose of ultraviolet radiation is
likely to be very low, however there is potential for harm, which may be borne out in clinical
outcomes such as miscarriage and stillbirth . However, the overall light exposure is thought
to be lower than with traditional embryo assessment under a light microscope #°. Several
studies have assessed the potential for harm using surrogate outcomes such as fertilization,
embryo development, blastocyst formation and implantation potential, and all conclude that
TLS have no detrimental effect on embryo development #* 3953, Appropriately powered
randomised controlled trials focusing on the clinical outcomes associated with harm
(miscarriage and stillbirth) were not found in the published literature at the time of reviewing

the existing evidence in 2016.

TLS are more costly than conventional incubators, and currently the cost of TLS is often being
passed onto patients in the UK 2%, In 2016 this was estimated to be an extra £850 added to
the cost of a conventional IVF cycle to use the technology ?°. There does not seem to have

been any health economic assessments of the use of TLS technology.
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Available evidence on clinical outcomes

Three observational studies reveal higher pregnancy rates with the use of TLS utilising embryo
selection software #* >% 55, However, it is worth noting the methodological flaws in these
studies: (i) one study divided oocytes opposed to women between interventions, which
makes the study vulnerable to unit of analysis errors. Use of multiple observations per woman
(for example when dividing a woman’s eggs between interventions) leads to unpredictable
bias in the estimate of treatment difference and exaggerates the apparent sample size. This
exaggeration leads to spuriously narrow confidence intervals and low P-values; (ii) another
study was a retrospective cohort study and used a combination of donor and autologous
oocytes. Alongside the unit of analysis error, there is also the problem of utilising donor eggs
that are likely to be from fertile patients, with an inherently higher chances of success with

IVF; and (iii) the third study was a small retrospective cohort with no control.

More recently several RCTs have been published which assess clinically important outcomes
such as pregnancy, livebirth, miscarriage, and stillbirth. The first two published RCTs
randomised embryos or oocytes and compared TLS with a conventional incubator, however
assessment of embryo quality was undertaken by routine morphology in both arms °% ¢, Both
studies reported no differences in clinical pregnancy rates between the interventions, based

on the absence of a statistically significant difference.

Eight RCTs that randomised couples were found, the largest of which was undertaken in Spain
>7. A total of 856 couples were randomised to TLS utilising embryo selection software versus
conventional incubation and assessment. It revealed higher ongoing pregnancy rates (RR
1.23,95% Cl 1.06-1.43) with the use of TLS. Two further smaller RCTs also undertook the same
comparison both of which are interim results of ongoing studies > >°, One study reported no
difference in ongoing pregnancy rates between the two interventions (TLS: 93/144 vs control:

101/140, p=>0.05) >°. The other had similar findings (TLS: 14/24 vs control 11/25) >, However,
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it is worth noting that all studies did not follow intention to treat protocols?! in reporting of

their results.

Three RCTs were found that compared TLS without use of the embryo selection software
versus conventional incubation and assessment. One large study of 364 couples, undertaken
in Sweden, reported no difference in pregnancy rates between the two arms of the study (TLS
72/240 vs control 39/124, p=0.87) 0. Likewise, two further small studies, one undertaken in
Turkey, and the other in the USA, reached the same conclusion regarding pregnancy rates

(TLS 24/33 vs control 23/31, p=0.89; TLS 3/24 vs control 3/25, p=1.0) %62,

Finally, two RCTs undertaken in the USA compared TLS utilising embryo selection software
versus TLS without embryo selection software. Both studies reported no improvement in

clinical pregnancy rates with the addition of embryo selection software 3 %4,

Systematic reviews

A systematic review published by Cochrane in 2015 included three RCTs and concluded no
evidence of a difference to choose between TLS and standard incubation and assessment of
embryos . The quality of the evidence was low to moderate and only one trial reported

pregnancy rates.

Four further systematic reviews have been found that examine clinical outcomes %, One
includes only two RCTs and is therefore out of date 8. Another included 13 eligible studies,
however none of them were RCTs and the majority were retrospective cohort studies . This
review concluded that there is currently limited high-quality evidence to support the routine
clinical use of TLS for selection of human pre-implantation embryos ®°. Another review
included six RCTs and concluded that there was currently 'insufficient evidence to support
that time-lapse imaging is superior to conventional methods for embryo incubation and
selection’ ®’. Most recently, an author group undertook a systematic review of TLS utilising

TLS embryo selection software . They concluded that TLS using embryo selection software

1 An intention to treat protocol means that all data from patients randomised are analysed according to what group they were initially
randomised to, regardless of whether they dropped out, deviated from the protocol, or were non-compliant after randomisation. The
advantage of an intention to treat analysis is that it avoids bias that can arise from non-random attrition of participants.
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was associated with a significantly higher ongoing pregnancy rate, a significantly lower early

pregnancy loss and a significantly higher live birth rate in comparison to control.

At the start of this MD, the need for a comprehensive, high quality systematic review of RCTs
on TLS was evident, given the disparity in results from existing systematic reviews, and the
fact that no existing systematic review had included all available RCTs discovered in this
search of the literature. Paper 2 presented in this thesis therefore provides this

comprehensive review.

6.6 Existing literature regarding Granulocyte-macrophage colony stimulating factor (GM-
CSF) containing culture media

Background

Culture media are the solutions that human pre-implantation embryos are immersed in for
several days during their development in IVF or ICSI treatment. In the early days of IVF, culture
media were formulated ‘in house’, with Louise Brown, the first child born of IVF, having been
cultured in Earle’s simple salt solution with pyruvate supplemented with the patient’s serum
70 At that time there was full transparency regarding the composition of these media, but in
the 1980s, commercially available IVF culture media entered the market, and with it came
competition and secrecy regarding its balance and composition 1. There are now many
different commercially available media, with variable formations, ranging from simple salt
solutions to complex media containing amino acids, vitamins and growth factors, such as GM-
CSF 72. A body of evidence exists that supports the importance of the culture conditions,
specifically culture media, on the impact on pre and post implantation development and
possibly the health of offspring, in particular, birth weight 7% 7376, Therefore, it is possible that

the differences in composition of culture media may affect the success rates of IVF.

GM-CSF is a cytokine, also known as a growth factor, produced by epithelial cells under the
influence of estrogens, in the human uterus and Fallopian tubes 77 78, There are GM-CSF
receptors on human embryos and the ovary 7> &, Both human and animal studies have
demonstrated its survival-promoting effects on embryos, thought to be due to it exerting a
positive control over various genetic paths, such as cell proliferation, progression to

blastocyst, zona pellucida hatching, embryo implantation into the endometrium, and
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suppression of apoptosis 77 8982, GM-CSF has been found at reduced concentrations in
patients with recurrent miscarriage, and experiments involving GM-CSF knockout mice
revealed they underwent increased miscarriages, intrauterine growth restriction, impaired
placentation, fetal malformations, and the offspring suffered impaired growth and higher

post-natal mortality 8384,

Potential advantages of GM-CSF

It has been proposed that the addition of GM-CSF to culture media may improve IVF and ICSI
success rates by accelerating the development of embryos whilst in vitro and in vivo;
improving their progression to blastocyst, increasing their cell number, promoting earlier
hatching, and increasing implantation rates 77> . There is a suggestion that GM-CSF
containing culture media may be of particular benefit in women or couples undergoing IVF

who have suffered recurrent failed cycles, or miscarriages ’*.

The safety of GM-CSF containing culture media was addressed in an RCT in 2010 that
randomised the donated oocytes of 73 women undergoing IVF or ICSI to GM-CSF containing
media and control media 8. All oocytes were fertilized by the same chromosomally normal
sperm donor and resultant embryos were examined for chromosomal abnormalities on day
3 of development through fluorescence in-situ hybridization. There was no difference in
aneuploidy or chromosomal constitution between the two groups . None of the donated
embryos entering the trial were transferred to the patients owing to the trial being confined

to research on embryos, and not a clinical trial.

Potential disadvantages of GM-CSF

One of the key principles that renders GM-CSF potentially beneficial is its ability to suppress
apoptosis. However, apoptosis is a normal biological mechanism during embryo
development, the purpose of which is to deal with abnormal cells and act as a repair

7t Removal or suppression of apoptosis can lead to rapid development of

mechanism
embryos, which does not always represent improved quality. A mouse embryo study raised
safety issues for culture media that promote fast growth secondary to loss of genomic
imprinting . In addition, there is a phenomenon called ‘large offspring syndrome’ which has

been associated with the addition of growth factors to culture media in an animal study 88,
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GM-CSF containing culture media are available from one supplier in the UK under the trade
names EmbryoGen® and BlastGen™ 89 The cost of these culture media is higher than
standard culture media which do not contain growth factors and are therefore often treated
as an additional cost, or an ‘add-on’ to an IVF or ICSI cycle. There is evidence that this culture
media is rarely funded by the NHS and fertility care providers often charge patients between
£420 to £440 to use GM-CSF containing culture media %> 1. Finally, the commercial nature of
embryo culture media means that the exact concentrations and proportions of various
components, including GM-CSF, are not known. This leads to difficulty in conducting trials, as

the components of interventions are not clear.

Available evidence on clinical outcomes

A prospective observational study conducted in 1999 on human embryos cultured in GM-CSF
containing culture media, from 99 couples undergoing IVF, revealed improved embryological
markers for development: they found more reached the blastocyst stage, there was improved
hatching initiation and a rise in the number of cells in the blastocyst 77. However, it wasn’t
until 2001 that a study examining pregnancy rates was published °2. This study examined the
effects of GM-CSF in culture media versus control on 154 women in a prospective
observational study and recorded that the study group had a significantly improved clinical
pregnancy rate compared to the control group (46.1% versus 30.8%, p <0.05) in both IVF and
ICSI cycles, with the difference being more pronounced when only IVF was used (66.7% versus

37.3%, p <0.05) 2.

Since these initial studies, a number of RCTs examining clinical outcomes have been
published, the first of which was undertaken in the USA in 2003 °3. This group investigated
the effect of GM-CSF containing culture media versus control on 72 couples undergoing IVF.
The study revealed increased blastocyst cell numbers and more expanded blastocysts in the
intervention arm, but no difference in pregnancy rates. A large multi-centre RCT, sponsored
by Cooper Surgical, Trumbull, USA, the company that manufactures GM-CSF containing
culture media, recruited more than 1300 women from 14 fertility clinics °*. Women
undergoing IVF or ICSI were randomised to have their embryos cultured in GM-CSF containing

culture media or control culture media. Authors revealed an improved live birth rate for the
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intervention arm (OR 1.35, Cl1 1.03-1.78, p=0.03), but subgroup analysis reveals that this effect
was lost if high human serum albumin culture media was used 4. A pilot study of 69 patients
with previously unsuccessful IVF cycles revealed improved pregnancy rates in the GM-CSF

arm versus control, but these differences did not reach statistical significance °°.

Systematic reviews

To date, there appears to be only one published systematic review focusing on GM-CSF
containing culture media. This was published in 2012 2. It included the studies described
above, except one as it was not yet published at the time of writing. The primary outcome
was livebirth, however only one included study reported on this. The quality of the studies is
reported as ‘median’ which is difficult to interpret. The review was narrative and meta-
analysis of the RCTs was not undertaken. The authors of the systematic review conclude that
the beneficial nature of GM-CSF in terms of clinical pregnancy and live birth rates has yet to

be resolved and that further properly conducted RCTs are required 2.

There is a narrative review on the quality of various culture media, including a section on GM-
CSF containing media "1. It similarly concludes that well powered RCTs assessing live birth and
long-term follow up of the offspring are needed to determine the benefit and safety of GM-

CSF supplemented media for the general IVF population 7.

Therefore, to address the shortcomings described above, Paper 3 presented here is the
Cochrane review on GM-CSF containing culture media which brings together all available RCTs

in a high-quality systematic review.

6.7 Existing qualitative literature regarding the decision-making process surrounding the use
of IVF add-ons

In 2018 the HFEA commissioned YouGov to undertake the largest survey of fertility patients
in the UK to date ?’. The survey was conducted online and was completed by 1017 patients
or partners. It was broad in scope and touched on the use of add-ons, revealing that time-
lapse imaging was amongst the most popular, used by 22% of those surveyed. Over three
quarters of those who had used a treatment add-on were satisfied that the costs were open

and transparent, however some paid slightly more than expected. The survey also revealed
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that the use of IVF add-ons had increased between 2013 and 2018. When looking at time-
lapse imaging, it was used by 14% of those who had undergone IVF two to five years
previously, and 22% of those who had undergone IVF in the past two years. Overall, for those
who had treatment in the past two years, three quarters had used at least one type of

treatment add-on (74%).

Understanding the reasons behind why patients opt to use add-ons is an area that has not
been widely studied or published. It is acknowledged that infertile women/couples embarking
on treatment are a vulnerable group, and with desperation, comes the desire to optimise
treatment to improve the chances of having their dream child ° %7, Some clinicians from the
reproductive medicine community, as well as professional societies such as ESHRE believe
that it is unethical to deny a patient’s right to autonomy in opting to use add-ons 3% % This is
argued on the basis that withholding a potentially helpful intervention based solely on lack of
proof to its effectiveness at a given moment in time, is unfair because conclusive evidence is
likely to take many years to come to light, during which time, the window for treatment may
have passed °®. In addition, it is argued that add-ons have emotional and psychological
benefits to patients during a time of intense vulnerability and desperation %, Perhaps using
add-ons enables individuals to gain emotional closure and inner assurance that they tried all

possible treatment options in their efforts to have a baby ®.

However, the principle of autonomy rests upon the patient having informed consent, that is,
understanding the potential benefits and risks of any given add-on *°. This is a challenge for
patients who are faced with strong marketing information from Industry, and potentially from
fertility clinics as well. It is thought too that fertility treatment providers may be inadvertently
contributing to the confusion by using anecdotal examples of patients they have treated

locally.

There have been no published studies undertaking semi-structured interviews to establish
the level of counselling regarding the efficacy, cost-effectiveness, and pros and cons of add-
ons. Therefore, papers 4 and 5 of this MD thesis outline the protocol and the write-up of the
large qualitative semi-structured interview study ‘VALUE’. VALUE shows how patients and

professionals weigh up the pros and cons of add-ons in the emotive sphere of IVF.
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6.8 Overarching aims of the MD

This body of work has three main overarching aims: (i) to generate or gather, analyse and
present the highest quality quantitative and qualitative evidence on IVF add-ons; (ii) to
advocate for evidence-based medicine regarding add-ons in what is otherwise a very
commercial sphere of medicine, and; (iii) to be a source of trusted information to help inform
policy, guidelines and recommendations for governmental regulators (HFEA in the UK), Royal
Colleges, professional societies, patient charities, and most importantly, provide trusted

information to those undergoing IVF.

Quantitative and qualitative evidence

The primary aim for this MD is to provide a summary of the highest quality, reliable
quantitative and qualitative evidence for add-ons in one place. Papers 2 and 3 presented here
represent many years of diligent and determined hard work to gather the quantitative
evidence on two commonly used add-ons (time-lapse incubation and assessment, and GM-
CSF containing culture media) into Cochrane systematic reviews. Cochrane reviews are
considered the most robust, reliable, transparent, and trusted form of systematic review for
clinical topics owing to their methodology. Key reasons behind their credibility include the
prospective publication of a peer-reviewed protocol, relying on at least two authors to select
studies, assess risk of bias, and interpret the reliability of results. The impact of these papers
is evident in the number of citations they have received (243 to date), as well as being used
by organisations such as by the HFEA for their add-ons website 1> 1% Paper 1 provides a
narrative overview of the highest quality evidence on the most commonly used add-ons and
served as a catalyst for many other research groups to explore the ethics of providing non-

evidence based treatment in IVF, as evidenced through citations 1

. Its publication
represented a sea change in the way add-ons were viewed and interrogated, which carries on
today. Papers 4 and 5 set out the protocol and results of a large novel qualitative study
‘VALUE’ exploring why patients and professionals opt to use add-ons. Great care was taken
to ensure the robust methodology and conduct of VALUE so that its results might be reliable

and credible, and therefore helpful to the scientific community and patients.

Advocate for evidence-based medicine
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The sphere of IVF remains a commercial area of medicine, with over 57% of licenced clinics in
the UK being privately owned %1, Commercial entities develop IVF add-ons with the aim of
improving the success rates of IVF, but they also represent a source of revenue 192, Research
has shown that add-ons are often advertised on IVF clinic websites, with the majority claiming
clinical benefit from the add-on 193 1% Therefore, | wanted this thesis to represent a voice for
evidence-based medicine; to shine a light on the best available evidence on add-ons and
engage in debates and discussions at conferences, in the literature, and on podcasts (see
section 4). | want this work to be a voice for healthcare professions and those undergoing IVF,
who desire evidence-based care and reliable information upon which to make informed
choices. The information from papers 1, 2 and 3 in this thesis will help by shedding light on
evidence regarding potential benefits and risks of add-ons. Papers 4 and 5 reveal the
disparate factors that are at play when patients and professionals make decisions regarding

add-ons.

Source of information for policy and guidance

The third and final aim of this thesis is that the evidence generated from this work is used to
help guide decision making to benefit patients, their families, and professionals caring for
them. It is satisfying to know that the information from the Cochrane reviews presented here
(papers 2 and 3) is already being used by regulatory bodies in the UK and Australia. In the UK,
the HFEA’s Scientific and Clinical Advances Advisory Committee (SCAAC) have used the results
in assigning traffic light ratings to GM-CSF containing culture media and time-lapse systems

13

for embryo incubation *°. In Australia, The Victorian Assisted Reproductive Treatment

Authority (VARTA) has used hyperlinks to papers 2 and 3 on its patient facing website

regarding IVF add-ons 1%

. It is also being used by the European Society of Human
Reproduction and Embryology (ESHRE) to inform an inaugural guideline entitled ‘Add-ons in

Reproductive Medicine’ which is currently in draft format 192,

| hope that the qualitative results from papers 4 and 5 will help regulatory bodies, medical
societies, and patient organisations to recognise the far-reaching consequences of infertility
and all the factors and emotions that are at play when making choices regarding IVF add-ons.
I would like such organisations to take stock of the results of VALUE to consider how patients’

best interests might best be served regarding add-on use.
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Paper 1: Add-ons in the laboratory: hopeful, but not always helpful

The idea for paper 1 came about after spending time working on the two Cochrane reviews
included in this thesis (papers 2 and 3). It became apparent that there was a gap in the
literature for a summary of the highest quality evidence on a broad variety of commonly used
add-ons. The summary written by Heneghan et al three years previously had shone a light on
the lack of evidence to support add-ons, being published in the high-impact BMJ, but it
received a lot of criticism 3°. The criticism was levelled at its inclusion of techniques not
considered to be add-ons, and due to its authors having no clinical or scientific link with IVF

(see section 6.4) 3°,

Hence, | wanted this review to be authored by clinicians and embryologists with credibility in
the field and published in a journal which would reach the desired audience and a wide
readership. | gathered a group of motivated and experienced co-authors and drafted paper
1. It was accepted by Fertility and Sterility, a major journal in the sphere of IVF, with an impact

factor of 8.1192, The paper has been cited 13 times to date.

Paper 1 aims to set out the highest level of evidence for six commonly used add-ons using
systematic reviews of randomised controlled trials where available, followed by randomised
controlled trials where systematic reviews are not available. It questions the ethics of having
a menu of non-evidence based add-ons that patients are presented with, and calls for closer
collaboration between clinicians, embryologists, and patients to determine what our research

priorities should be.
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Add-ons in the laboratory:

’ ") Check for updates

hopeful, but not always helpful

Sarah Armstrong, M.B.Ch.B.,2 Monique Atkinson, B.Sc., M.B.B.S., Jeanette MacKenzie, B.Sc., M.C.E,
Allan Pacey, Ph.D.,? and Cynthia Farquhar, M.B.Ch.B., M.D., M.P.H.%¢
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All the steps in an in vitro fertilization cycle are important but none more so than those that occur in the laboratory. To improve the
chance of success, adjuncts, commonly referred to as ‘add-ons’, are offered. Yet as with other new interventions, add-ons in the lab-
oratory require justification by well-designed studies prior to being offered as routine practice. Add-ons aim to improve the chance of a
take-home baby, but, their safety and efficacy is less than clear. In addition, the financial burden from the use of add-ons is often borne
by the couple. This review of the most commonly used laboratory add-ons did not find any high-quality evidence to support their use in
routine practice. (Fertil Steril® 2019;112:994-9. ©2019 by American Society for Reproductive Medicine.)

Key Words: Laboratory add-ons, in vitro fertilization

Discuss: You can discuss this article with its authors and other readers at https://www.fertstertdialog.com/users/16110-fertility-

and-sterility/posts/55093-28992

he interventions that occur in the
T fertility laboratory are of critical

importance to the outcomes of an
in vitro fertilization (IVF) cycle. It is not
surprising that many scientists and clini-
cians seek improvements in outcomes by
proposing adjuncts (or add-ons) to
the traditional laboratory procedures
involved in IVF. In the early days of
IVF, few innovations were comprehen-
sively evaluated. Some readers may
remember gamete intrafallopian trans-
fer, zygote intrafallopian tube transfer,
and preimplantation genetic screening
on a subset of chromosomes using fluo-
rescence in situ hybridization, all now
relegated to history.

The IVF laboratory now faces many
rapid changes and innovations with
some advances being driven by indus-
try. Most laboratory add-ons fall
outside the pharmaceutical regulations
and are therefore often not required to

have rigorous evaluations before being
marketed. As a result, many are
unsupported by well-designed research
(1, 2). Add-ons may rapidly become es-
tablished as part of normal working
practice well before high quality studies
such as randomized controlled trials
(RCTs) have been completed. Finally,
the cost of add-ons is often borne by
patients in the belief that if it is offered,
then it must have been properly evalu-
ated. Clearly, it is important that add-
ons are properly evaluated so that
benefits and harms can be reported.
The UK’s Human Fertilisation and
Embryology Authority (HFEA) defines
IVF add-ons for patients as, “
optional extras you may be offered on
top of your normal fertility treatment,
often at an additional cost. They're
sometimes emerging techniques that
may have shown some promising re-
sults in initial studies, or they may
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have been around for a number of
years, but haven't necessarily been
proven to improve pregnancy or birth
rates...” (3).

In this article we discuss the some
of the most commonly offered labora-
tory add-ons, outlining the best
available clinical evidence on their use
(Fig 1). We have specifically not dis-
cussed preimplantation genetic testing
for aneuploidy (PGT-A) as this has
been debated extensively already.

TIME-LAPSE IMAGING

Embryos develop in an incubator, mov-
ing through the fertilization stage to
cleavage stage and on to blastocyst
stage in some cases. Embryologists
check the developing embryos in order
to select those most likely to implant
and develop into a baby (4-9).
Traditionally, embryos are removed
from the controlled environment of
the incubator and briefly placed under
a microscope to be examined by an
embryologist. In contrast, time-lapse
systems (TLS) allow the embryologist
to monitor the developing embryo
without removing it from the incu-
bator, and to select the best embryo
for transfer based on morphology, and
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FIGURE 1

Category Add-on HFEA traffic
light scoring
Gamete, endometrial | Time-lapse imaging of O
and embryological embryos*
Assisted hatching* .
EmbryoGlue* O
Sperm DNA testing* Not considered
by HFEA
Egg activation with O
calcium ionophore*
Physiological
intracytoplasmic sperm .
injection (PICSI)*
Intracytoplasmic .

morphologic sperm
injection (IMSI)*

Preimplantation genetic
screening (PGS) (on subset
of chromosomes) *

Endometrial receptivity
array’

Surgical procedures Endometrial scratching'

Drug therapies Reproductive

immunology*

@0 O @

Key

O Evidence of clinical effectiveness and safety
QO conflicting clinical effectiveness

@ Evidence of clinical ineffectiveness

Human Fertilisation and Embryology Authority (HFEA) traffic light
ratings of commonly used in vitro fertilization add-ons. *Add-ons
are covered in this article. "Add-ons covered Lensen et al. in this
issue’s Views and Reviews. *Add-ons covered by Kamath et al. in
this issue’s Views and Reviews. “Not covered in this issue’s Views
and Reviews.

Armstrong. Add-ons in the laboratory. Fertil Steril 2019.

on the timing and synchronicity of early mitotic divisions and
abnormal cleavage patterns that generate morphokinetic pa-
rameters (10). There has been widespread uptake of TLS in IVF
clinics worldwide (11).

Potential advantages of TLS include: the availability of
detailed digital images of developing embryos, which can
be compiled to create a time-lapse sequence of their develop-
ment; achievement of an undisturbed culture environment for
embryos, which avoids exposing embryos to mechanical
disturbance or changes in temperature, pH, humidity and
gas composition (12); and the availability of embryo selection
software, with complex algorithms based on a combination of
morphokinetic parameters and selection and de-selection
criteria which help the embryologist to select the optimal em-
bryo for transfer (12-14). Potential disadvantages include the
increased osmolarity in drops as some TLS cannot be
humified, and the cost, which is approximately $1000 per
cycle although not all clinics charge patients (1, 15).

A 2019 Cochrane systematic review (16) included nine
RCTs (2955 women). Compared with conventional incubation
it was unclear if there was a difference in live birth rate with
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the use of the time-lapse images with an algorithm (odds ratio
[OR] 1.12, 95% confidence interval [CI] 0.92-1.36; 3 RCTs).
Overall the review concluded that there was insufficient
good quality evidence of differences in live birth or ongoing
pregnancy, miscarriage, stillbirth or clinical pregnancy to
choose between TLS, with or without embryo selection soft-
ware, and conventional incubation. The evidence was low
or very low quality overall. The HFEA consider that the evi-
dence is conflicting for TLS and that there is certainly not
enough evidence to show that time-lapse imaging improves
birth rates (3).

ASSISTED HATCHING

The zona pellucida is an acellular glycoprotein coat involved
in different processes during fertilization and embryo devel-
opment. Once the blastocyst reaches the uterus, the embryo
needs to exit the zona pellucida so that it can interact with
the endometrium and implant. It has been suggested that
zona pellucida hardening may occur as a result of in vitro cul-
ture (17). The escape of the embryo may be inhibited by a
thickened or hardened zona pellucida (18) and it is suggested
that failure of the zona pellucida to rupture following blasto-
cyst expansion may be a contributing factor in failure of em-
bryo implantation.

Assisted hatching can be performed with acid, a laser or
mechanically. Acid tyrodes digests the zona pellucida leaving
a breach. Partial zona dissection uses a micropipette to me-
chanically slice through the zona pellucida. Laser-assisted
hatching uses photoablation to make a very precise and accu-
rately controlled opening in the zona pellucida.

Possible advantages of assisted hatching are that it may
assist the embryo to hatch by allowing the embryo to come
away from the zona pellucida more freely. However, possible
disadvantages are that it may cause damage to the embryo
and may increase the risk of a multiple pregnancy (19). The
reason for the increase in multiple pregnancies is difficult to
explain as most of the studies transfer more than one embryo
but it is possible that monozygotic twinning occurs because of
embryo splitting occurring during artificial zona hatching
(20).

A Cochrane review of 31 RCTs in 2012 demonstrated that
although assisted hatching does appear to offer a significantly
increased chance of achieving a clinical pregnancy (OR 1.13,
950% CI 1.01-1.27; moderate quality evidence) there was no
increase in the live birth rate (9 RCTs; OR 1.03, 95% CI
0.85-1.26; moderate quality evidence) (19). When restricting
analysis of clinical pregnancy rate to those trials that went on
to report live birth, which overall were better quality trials
with a lower risk of bias, the clinical pregnancy result showed
insufficient evidence of a difference between the assisted
hatching and the control group. A different systematic review
in 2016 had similar results with no difference in live birth rate
(OR 1.09, 95% CI 0.92-1.30) but a small increase in clinical
pregnancies OR 1.16, 95% CI 1.00-1.36) and multiple preg-
nancy rates (OR 1.50, 95% CI 1.11-2.01) with assisted hatch-
ing (20).

Overall, there was some evidence of increased multiple
pregnancy in the assisted hatching group in both systematic
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reviews but as more than one embryo was usually transferred
this is difficult to interpret (19, 20). Only the Cochrane review
reported on monozygotic twinning but only 6 of the 31 trials
reported this outcome and the data is inconclusive (19). The
prevalence of multiple pregnancy with monozygotic splitting
after elective single embryo transfer was 1.36% and was asso-
ciated with embryo manipulations including assisted hatch-
ing (20). Another cohort study suggested that blastocyst
transfer is more likely to lead to monozygotic twinning (21).

The quality of the evidence is overall poor to moderate
secondary to selective reporting in several studies, and signif-
icant statistical heterogeneity between trials. The National
Institute for Health and Care Excellence (NICE, UK) and the
HFEA recommends against the use of assisted hatching, due
to lack of evidence of benefit and safety (3, 22). In 2014 the
American Society for Reproductive Medicine (ASRM) pub-
lished guidelines on assisted hatching, they stated there is
good evidence that assisted hatching slightly improves clin-
ical pregnancy rates in poor prognosis patients but insuffi-
cient evidence to conclude that assisted hatching improves
live birth rates. The ASRM recommends that assisted hatching
should not be recommended routinely for all patients under-
going IVF (23).

HYALURONIC ACID

The rate of human implantation is low (10%-30%), and failed
implantation is a common cause of IVF failure even in
younger women with euploid embryos (24). Any improve-
ment in the implantation rate may maximize the chance of
achieving a pregnancy and livebirth. Improved implantation
rates may also lead to a reduction in multiple embryo transfer
in IVF and multiple pregnancy (25).

Hyaluronic acid (HA) is used as a supplement to conven-
tional embryo transfer medium, with the aim of improving
implantation rates via the following proposed mechanisms
(26): indirectly promote angiogenesis and improve cell-to-
cell and cell-to matrix adhesion, thus assisting in embryo
apposition and attachment to the endometrium; enhance em-
bryo transfer and prevent expulsion of embryos from the
uterine cavity after transfer because of HA’s high viscosity;
and act as a receptor mediator, as the primary HA receptor
is CD44, which is also expressed in the pre-implantation em-
bryo and in the endometrium.

A 2015 Cochrane review included 16 RCTs (n=3,687) us-
ing transfer medium supplemented with HA versus transfer
medium not supplemented with HA and reported moderate
quality evidence of improved live birth rates with the inter-
vention (OR 1.41, 95% CI 1.17-1.69; 6 RCTs, n = 1,950, mod-
erate-quality evidence). However multiple pregnancy rates
were also increased, possibly due to combination of adher-
ence compound as most studies transferred multiple embryos
(25). A subsequent RCT compared HA versus conventional
transfer medium in 581 cycles and found no evidence of an
improvement in live birth rates (26).

A raised multiple pregnancy rate is the expected natural
consequence of increased implantation and pregnancy rates.
This suggests that clinics using HA supplemented embryo
transfer medium should adopt an elective single embryo

transfer policy, closely monitor their multiple pregnancy
rate and ensure that patients are aware of the increased
chance of multiple pregnancy if multiple embryos are trans-
ferred (2). The HFEA considers the evidence to be conflicting
and suggests that further high-quality studies are needed
before patients, clinicians and embryologists can be confident
of the benefits of hyaluronic acid.

MEASUREMENT OF SPERM DNA
FRAGMENTATION

The quality of a sperm sample is not completely described by
reporting the number and motility of spermatozoa (27, 28).
Tests of sperm DNA fragmentation attempt to provide further
information about sperm quality with the aim of improving
outcomes such as live birth. A number of sperm DNA frag-
mentation tests have been developed and these include the:
sperm chromatin structure assay; sperm chromatin disper-
siontest; terminal deoxynucleotidyl transferase mediated de-
oxyuridine triphosphate nick end labelling; and single cell gel
electrophoresis assay (29-36).

Several underlying causes of sperm DNA fragmentation
have been proposed. These include defective apoptosis,
excessive reactive oxygen species production; and decreased
seminal antioxidants. Exogenous factors have also been
implicated including toxic effects of drugs, cigarette smok-
ing, pollution, high testicular temperature associated with
systemic fever or varicoceles, and advanced age (29). A po-
tential benefit of identifying high sperm DNA fragmentation
could be that it motivates the couple to avoid such
exposures.

Ultimately, we must consider if measurement of sperm
DNA fragmentation will bring benefit to a couple by influ-
encing clinical management. This must be weighed against
the potential disadvantages of the additional cost incurred
by the patient for running the sperm DNA fragmentation
test, and then the additional cost of any subsequent manage-
ment strategies proposed. Multiple systematic reviews and
meta-analyses have been performed regarding the clinical
utility of sperm DNA fragmentation tests (29-36). Although
there is some low quality evidence that antioxidant
supplementation might improve live birth rates in subfertile
men (37), it should be noted as well that these studies have
been performed in couples attending fertility clinics, rather
than only including men with high DNA fragmentation
levels. The question of whether DNA fragmentation tests
should guide the decision for treatment is also unclear as
although the chance of spontaneous conception is low with
a DNA fragmentation index >200%, and approaches zero
for DNA fragmentation index >30% to 40% (38, 39), there
are no trials comparing the likelihood of spontaneous
pregnancy to pregnancy following medically assisted
reproduction with different DNA fragmentation thresholds
(29).

The ASRM (40) and the British Fertility Society (41)
have both concluded that current methods for assessing
sperm DNA integrity do not reliably predict treatment out-
comes and hence cannot be recommended routinely for
clinical use. The limitation of sperm DNA fragmentation
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measurements in predicting pregnancy may be secondary to
the fact that multiple other factors also influence pregnancy.
In particular the quality and age of the oocyte is known to in-
fluence the ability for repairing DNA damage in both parental
genomes after fertilization (42). The inability to draw firm
conclusions using meta-analyses stems from significant het-
erogeneity across studies. Factors such as the inclusion
criteria, type of DNA fragmentation test, timing of performing
DNA fragmentation test relative to the couple receiving IVF/
intracytoplasmic sperm injection (ICSI) treatment and cut-off
thresholds vary across individual studies (29, 43).

ARTIFICIAL OOCYTE ACTIVATION

Total fertilization failure (TFF) is a devastating outcome for
couples undergoing IVF or ICSI. In ICSI cycles, TFF has
been reported to occur in about 3% of cycles (44). Risk factors
for TFF can include globoozospermia. However, TFF can also
be unpredictable, following previous cycles in which normal
fertilization has been observed (45). The underlying cause
for fertilization failure can be either sperm or oocyte factors.
Ultimately however it is due to a disruption in the normal
sequence of molecular events which occur during fertiliza-
tion. One of the critical steps leading to fertilization includes
oocyte activation. This is a physiological process normally
triggered on entrance of the spermatozoon into the oocyte,
releasing PLCzeta. Oscillatory rises in calcium are then
observed which are thought to trigger downstream events
leading to fertilization and further embryo development (46).

Methods to artificially induce oocyte activation have
been proposed as a possible treatment for fertilization failure.
Different protocols exist but have been based on either chem-
ical, mechanical or electrical stimulation of the oocyte
following ICSI. These all ultimately lead to an influx of cal-
cium into the ooplasm, theoretically mimicking the natural
oocyte activation which occurs with normal fertilization (44).

Systematic reviews of RCTs concluded that there is insuf-
ficient clinical evidence to recommend its use in practice (47).
This intervention requires further evaluation, particularly
with studies which include live birth rate as an outcome.

The process of oocyte activation is thought to ultimately
influence normal embryo development, epigenetic imprinting
and pregnancy outcome. The significant deviations from a
normal oscillatory calcium changes, as well as probably un-
known molecular events occurring in artificial oocyte activa-
tion, are potentially causes for abnormal pregnancy, obstetric
or neonatal outcomes (44). There is limited data available
regarding this. One descriptive study including 47 children
(from 237 cycles) reported that the birth characteristics and
congenital malformations detected within 3 months of age
are within the expected range (48). Interpretation of this how-
ever should be cautious owing to the small number of children
included.

The HFEA state that oocyte activation with calcium
ionophores may improve fertilization rates in ICSI cycle
where failed fertilization has previously been observed. How-
ever, they acknowledge there are no RCTs to demonstrate that
it is effective or follow up studies on the safety of this
technique (49).
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ADVANCED SPERM SELECTION TECHNIQUES

Advanced sperm selection techniques use methods to select
healthy, mature, and genetically sound sperm for fertilization
in the expectation that this will improve the outcomes of
traditional IVF or ICSI treatment cycles. These methods
include: ability to bind to hyaluronic acid (this is also known
as physiological intracytoplasmic sperm injection [PICSI]);
sperm selection according to surface charge (also known as
the Zeta potential) (49); and according to sperm apoptosis us-
ing magnetic-activated cell sorting. These techniques are used
in some centers around the world, but their effectiveness is
unclear.

PICSI is a technique that co-incubates sperm with HA, a
natural polymeric secretion of the cervical mucus and the
cumulus-oocyte complex. Previous laboratory experiments
have suggested that sperm which express the receptors to
bind to HA have better morphology and motility as well as
lower rates of sperm DNA fragmentation and better chro-
matin structure. Hence, PICSI might better identify sperm
for use in ICSI treatment.

A Cochrane Review of eight studies using different tech-
niques that included hyaluronic acid-selected sperm (or
PICSI), Zeta potential and magnetic activating cell sorting
did not report an increase in the likelihood of live birth (50).
The largest randomized study of HA selected sperm (PICSI)
did not increase the chances of a live birth (51). The evidence
from the Cochrane review suggests that sperm selected by hy-
aluronic acid binding (PICSI) may have little or no effect on
live birth or clinical pregnancy but may reduce miscarriage
(50). The effect of Zeta sperm selection and magnetic acti-
vated cell sorting on live birth, clinical pregnancy, and
miscarriage was uncertain due principally to the very low
quality of the evidence for these techniques.

Further high-quality studies are required to evaluate
whether any of these advanced sperm selection techniques
can be recommended for use in routine practice. The HFEA
currently states that there is no evidence that this add-on is
effective and safe (3). To our knowledge there are no ASRM
guidelines on this topic.

There is little data from RCTs on congenital abnormality
in pregnancies utilizing advanced sperm selection techniques.
Risks associated with the use of ICSI also apply to advanced
sperm selection techniques; there are no significant addi-
tional risks to the patient or embryo. It is also unclear whether
those with high sperm DNA fragmentation or other etiologies
of subfertility, might benefit from these advanced sperm se-
lection techniques. Further research should focus on the
impact on congenital abnormalities and the impact in these
subgroups.

INTRACYTOPLASMIC MORPHOLOGICALLY
SELECTED SPERM INJECTION

Like PICSI, intracytoplasmic morphologically selected sperm
injection (IMSI) it a technique employed to select the best
sperm with fertilization potential. IMSI employs motile sperm
organellar morphology examination to define the quality of
six spermatozoa organelles: acrosome, post acrosomal
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lamina, neck, mitochondria, tail and nucleus (51). This is done
under higher magnification (x6000 to x 13,000) and requires
more operator time. The disadvantage is the length of time
required to examine and select the spermatozoa (52). Other-
wise the risks faced by patients and embryos reflect those of
routine ICSI (3).

A Cochrane review reported in 2013 very low-quality ev-
idence with no improvement in clinical pregnancy, live birth
rate or miscarriage rate with IMSI when compared with
routine ICSI (53). Only two further randomized trials have
been published since this review and neither reported an in-
crease in live birth. (54, 55). A systematic review of both ran-
domized and non-randomized studies suggested benefit in the
non-randomized studies but not in the randomized studies
(56). This serves as a reminder regarding the importance of
performing well designed RCTs in order to allow correct con-
clusions to be drawn.

None of the trials included in the Cochrane review re-
ported on congenital abnormalities. There has been one retro-
spective analysis of a cohort of babies born following IMSI
compared to those born following ICSI published as a confer-
ence abstract. This demonstrated that IMSI led to a greater
proportion of babies being born small for gestational age
(< 2500g) compared to ICSI. No other difference in perinatal
outcome was significant (57).

CONCLUSIONS

Laboratory techniques are critical for the success of medically
assisted reproduction cycles. In the search for improvement in
outcomes many innovations have been introduced, unfortu-
nately often with little evidence of improved outcomes.
Greater collaboration between clinicians, embryologists and
patients to develop research priorities for the laboratory
with the intention of developing a rational approach to eval-
uating innovations in the laboratory that might lead to
improved outcomes is required. Currently, we have a menu
of add-ons in the laboratory that has confused and mislead
over the past decade. We could do better as our patients
deserve it.
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Paper 2: Time-lapse imaging for embryo incubation and assessment in
assisted reproduction

The first iteration of this Cochrane systematic review was first authored by myself and
published in 2015 1%, It included only three RCTs, involving 994 women. In 2018 the review
was completely re-run as part of this MD. This time, it included 8 RCTs, with a total of 2303
women. The systematic review was undertaken according to strict Cochrane methodological
criteria, and the review underwent peer review with the Gynaecology and Fertility Cochrane
Group Editorial Board. The conclusion of the review didn’t change from that of the 2015
iteration. There was still insufficient evidence of differences in livebirth, miscarriage, stillbirth,
or clinical pregnancy to choose between time-lapse systems (TLS), with or without embryo

selection software, and conventional incubation.

Following the publication of this review, two important things occurred. Firstly, it was
recognised that a large, high quality RCT had been published since the publication of the
Cochrane review, and secondly, feedback was received from authors of one of the included
RCTs explaining that an error had been made in how the trial was classified. Following
reflection on these two issues with Prof. Allan Pacey it was concluded that it would serve
patients, clinicians, and the scientific community best if the review was re-run from the
beginning so as to capture all recently published RCTs, and to correct the error made in

classifying an included study as one that utilised embryo selection software .

The updated review was undertaken over the course of 6 months and was published in May
2019. The 2019 review is reproduced below in its published format, minus the following
sections for the sake of brevity: characteristics of studies awaiting assessment; characteristics
of ongoing studies; and the appendices, which include the search strategies and the feedback

section. These can be read in the full version of the published review %4,
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ABSTRACT

Background

Embryo incubation and assessment is a vital step in assisted reproductive technology (ART). Traditionally, embryo assessment has been
achieved by removing embryos from a conventional incubator daily for quality assessment by an embryologist, under a microscope. In
recent years time-lapse systems (TLS) have been developed which can take digital images of embryos at frequent time intervals. This
allows embryologists, with or without the assistance of embryo selection software, to assess the quality of the embryos without physically
removing them from the incubator.

The potential advantages of a TLS include the ability to maintain a stable culture environment, therefore limiting the exposure of embryos
to changes in gas composition, temperature, and movement. A TLS has the potential advantage of improving embryo selection for ART
treatment by utilising additional information gained through continuously monitoring embryo development. Use of a TLS often adds
significant extra cost to ART treatment.

Objectives

To determine the effect of a TLS compared to conventional embryo incubation and assessment on clinical outcomesin couples undergoing
ART.

Search methods

We used standard methodology recommended by Cochrane. We searched the Cochrane Gynaecology and Fertility (CGF) Group Trials
Register, CENTRAL, MEDLINE, Embase, CINAHL, and two trials registers on 7 January 2019 and checked references of appropriate papers.

Selection criteria

We included randomised controlled trials (RCTs) comparing TLS, with or without embryo selection software, versus conventional
incubation with morphological assessment; and TLS with embryo selection software versus TLS without embryo selection software among
couples undergoing ART.

Data collection and analysis

We used standard methodological procedures recommended by Cochrane. The primary review outcomes were live birth or ongoing
pregnancy, miscarriage and stillbirth, and cumulative live birth or ongoing pregnancy rate. The secondary outcomes were clinical

Time-lapse systems for embryo incubation and assessment in assisted reproduction (Review)
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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pregnancy and cumulative clinical pregnancy. We assessed the quality of the evidence using GRADE methodology. We made the following
comparisons.

TLS with conventional morphological assessment of still TLS images versus conventional incubation and assessment
TLS utilising embryo selection software versus TLS with conventional morphological assessment of still TLS images
TLS utilising embryo selection software versus conventional incubation and assessment

Main results

We included nine RCTs (N = 2955 infertile couples). The quality of the evidence ranged from very low to low. The main limitations were high
risk of bias in the included studies, imprecision, indirectness, and inconsistency. There were no data on cumulative live birth or ongoing
pregnancy rate or cumulative clinical pregnancy rate.

TLS with conventional morphological assessment of still TLS images versus conventional incubation and assessment

It is unclear whether there is any difference between interventions in rates of live birth or ongoing pregnancy (odds ratio (OR) 0.91, 95%
confidence interval (Cl) 0.67 to 1.23, 3 RCTs, N = 826, 12 = 33%, low-quality evidence) or in miscarriage rates (OR 1.90, 95% CI 0.99 to
3.61, 3 RCTs, N = 826, 12 = 0%, low-quality evidence). The evidence suggests that if the rate of live birth or ongoing pregnancy associated
with conventional incubation and assessment is 35%, the rate with the use of TLS with conventional morphological assessment of still
TLS images would be between 27% and 40%, and if the miscarriage rate with conventional incubation is 4%, the rate associated with
conventional morphological assessment of still TLS images would be between 4% and 14%. It is unclear whether there is a difference
between the interventions in rates of stillbirth (OR 1.00, 95% CI 0.13 to 7.49, 1 RCT, N = 76, low-quality evidence) or clinical pregnancy (OR
1.06,95% CI 0.79 to 1.41, 4 RCTs, N = 875, 12 = 0%, low-quality evidence).

TLS utilising embryo selection software versus TLS with conventional morphological assessment of still TLS images

All findings for this comparison were very uncertain due to the very low-quality of the evidence. No data were available on live birth, but
one RCT reported ongoing pregnancy. It is unclear whether there is any difference between the interventions in rates of ongoing pregnancy
(OR0.61,95% CI 0.32 to 1.20, 1 RCT, N = 163); miscarriage (OR 1.39, 95% Cl 0.64 to 3.01, 2 RCTs, N =463, 12 = 0%); or clinical pregnancy (OR
0.97,95% Cl 0.67 to 1.42, 2 RCTs, N = 463, 12 = 0%). The evidence suggests that if the rate of ongoing pregnancy associated with TLS with
conventional morphological assessment of still TLS images is 47%, the rate associated with TLS utilising embryo selection software would
be between 22% and 52%, and if the miscarriage rate associated with conventional morphological assessment of still TLS images is 5%,
the rate associated with TLS utilising embryo selection software would be between 4% and 15%. No studies reported stillbirth.

TLS utilising embryo selection software versus conventional incubation and assessment

The findings for this comparison were also very uncertain due to the very low quality of the evidence. It is unclear whether there is any
difference between the interventions in rates of live birth (OR 1.12, 95% CI 0.92 to 1.36, 3 RCTs, N = 1617, 12 = 84%). There was very low-
quality evidence that TLS might reduce miscarriage rates (OR 0.63, 95% Cl 0.45 to 0.89, 3 RCTs, N = 1617, 12=0%). It is unclear whether there
is any difference between the interventions in rates of clinical pregnancy (OR 0.95, 95% CI 0.78 to 1.16, 3 RCTs, N = 1617, 12 = 89%). The
evidence suggests that if the rate of live birth associated with conventional incubation and assessment is 48%, the rate with TLS utilising
embryo selection software would be between 46% and 55%, and if the miscarriage rate with conventional incubation and assessment is
11%, the rate associated with TLS would be between 5% and 10%. No stillbirths occurred in the only study reporting this outcome.

Authors' conclusions

Thereisinsufficient good-quality evidence of differencesin live birth or ongoing pregnancy, miscarriage and stillbirth, or clinical pregnancy
to choose between TLS, with or without embryo selection software, and conventional incubation. As the evidence is of low or very low-
quality, our findings should be interpreted with caution.

PLAIN LANGUAGE SUMMARY

Time-lapse systems for embryo incubation and embryo t for couples undergoing in vitro fertilisation and
intracytoplasmic sperm injection

Review question
Does a time-lapse system (TLS) improve the chances of a pregnancy and live-born baby, and reduce the risk of miscarriage and stillbirth?
Background

In vitro fertilisation (IVF) and intracytoplasmic sperm injection (ICSI) are processes whereby a woman's eggs and a man's sperm are
combined to achieve fertilisation outside of the body. Embryos are stored in an incubator and replaced into the woman between day 2

Time-lapse systems for embryo incubation and assessment in assisted reproduction (Review)
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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and 5 of development. Usually, embryos are removed from an incubator for assessment, under a microscope, of their quality and stage of
development. ATLS can take images of embryos at frequent time intervals, which allows assessment without removing the embryos from
theincubator. ATLS can also apply software that assists the embryologist in selecting the best-quality embryo for replacement, potentially
improving the chance of a baby.

Study characteristics

The evidence is current to January 2019. We included nine studies (randomised controlled trials, that is studies in which participants are
assigned to one of two or more treatment groups using a random method) of 2955 infertile couples undergoing IVF or ICSI. There were
three different study designs: (1) TLS with conventional assessment of still TLS images versus conventional incubation and assessment; (2)
TLS utilising embryo selection software versus TLS with conventional assessment of still TLS images; and (3) TLS utilising embryo selection
software versus conventional incubation and assessment.

What the review found
TLS with conventional assessment of still TLS images versus conventional incubation and assessment

All the evidence for this comparison was low-quality. It is unclear whether there is any difference between the interventions in rates
of livebirth or ongoing pregnancy or miscarriage. The evidence suggests that if the rate of livebirth or ongoing pregnancy associated
with conventional incubation and assessment is 35%, the rate with use of TLS with conventional morphological assessment of still
TLS images would be between 27% and 40%, and if the miscarriage rate with conventional incubation is 4%, the rate associated with
conventional morphological assessment of still TLS images would be between 4% and 14%. It is unclear whether there is a difference
between interventions in rates of stillbirth or clinical pregnancy.

TLS utilising embryo selection software versus TLS with conventional assessment of still TLS images

All findings for this comparison were very uncertain due to very low-quality evidence. No data were available on livebirth, but one study
reported ongoing pregnancy. Itis unclear whether there is any difference between interventions in rates of ongoing pregnancy, miscarriage,
or clinical pregnancy. The evidence suggests that if the rate of ongoing pregnancy associated with TLS with conventional morphological
assessment of still TLS images is 47%, the rate associated with TLS utilising embryo selection software would be between 22% and 52%,
and if the miscarriage rate associated with conventional morphological assessment of still TLS images is 5%, the rate associated with TLS
utilising embryo selection software would be between 4% and 15%. No studies reported stillbirth.

TLS utilising embryo selection software versus conventional incubation and assessment

Allfindings for this comparison were very uncertain due to the very low-quality of the evidence. Itis unclear whether there is any difference
between interventions with respect to rates of livebirth or clinical pregnancy. The evidence suggests lower rates of miscarriage in the TLS
group for the outcome of miscarriage. The evidence suggests that if the livebirth rate associated with conventional incubation is 48%,
the rate with the use of TLS would be between 46% and 55%, and if the miscarriage rate with conventional incubation is 11%, the rate
associated with TLS would be between 5% and 10%.

Overall conclusions

There is no good evidence showing that TLS is more or less effective than conventional methods of embryo incubation. Patients may wish
to take part in randomised controlled trials on TLS in order to add to the existing evidence base and to help guide assisted reproductive
technology patients in the future.

Quality of the evidence

The quality of the evidence ranged from very low to low. The main limitations were high risk of bias in the included studies, imprecision,
indirectness, and inconsistency.

Time-lapse systems for embryo incubation and assessment in assisted reproduction (Review)
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. TLS with conventional morphological assessment of still TLS images compared to conventional
incubation and assessment for embryo incubation and assessment in assisted reproduction

TLS with conventional morphological assessment of still TLS images compared to conventional incubation and assessment for embryo incubation and assessment
in assisted reproduction

Patient or population: couples undergoing assisted reproductive technology
Setting: fertility clinic

Intervention: TLS with conventional morphological assessment of still TLS images
Comparison: conventional incubation and assessment

Outcomes Anticipated absolute effects* (95% Cl) Relative effect Ne of partici- Quality of the
(95% ClI) pants evidence
Risk with conventional Risk with TLS with conventional morphologi- (studies) (GRADE)
incubation and assess- cal assessment of still TLS images
ment
Live birth or on- 353 per 1000 332 per 1000 ORO0.91 826 SO
going pregnancy (268 to 402) (0.67 t0 1.23) (3 RCTs) Lowd
Miscarriage 42 per 1000 77 per 1000 OR1.90 826 [elTete)
(42 to 137) (0.99 to 3.61) (3 RCTs) Lowb
Stillbirth 12 per 1000 12 per 1000 OR 1.00 76 1211}
(2to 86) (0.13 to 7.49) (LRCT) Low¢
Clinical pregnan- 374 per 1000 388 per 1000 OR1.06 875 SDDO
cy (321 to 458) (0.79t0 1.41) (4 RCTs) Lowd

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).

Cl: confidence interval; OR: odds ratio; RCT: randomised controlled trial; TLS: time-lapse system

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different.

Low quality: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low quality: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.
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aWe downgraded our assessment of the quality of the evidence for live birth or ongoing pregnancy once for serious risk of performance bias and once for serious imprecision
due to wide confidence intervals, compatible with a benefit in either group.

bwe downgraded our assessment of the evidence for miscarriage once for serious risk of performance bias and once for serious imprecision due to wide confidence intervals
and small number of events (total of 48).

cWe downgraded our assessment of the quality of the evidence for stillbirth once for serious risk of performance bias and once for serious imprecision. Although two studies
examined this outcome, one had no events in either arm and was therefore removed from meta-analysis in accordance with Cochrane guidance. This left a single small study
with very wide confidence intervals and only four events.

dwe downgraded our assessment of the quality of the evidence for clinical pregnancy once for serious risk of performance bias and once for serious imprecision, due to wide
confidence intervals compatible with a benefit in either group.

Summary of findings 2. TLS utilising embryo selection software compared to TLS with conventional morphological assessment of still TLS images for
embryo incubation and assessment in assisted reproduction

TLS utilising embryo selection software compared to TLS with conventional morphological assessment of still TLS images for embryo incubation and assessment
in assisted reproduction

Patient or population: couples undergoing assisted reproductive technology
Setting: fertility clinic

Intervention: TLS utilising embryo selection software

Comparison: TLS with conventional morphological assessment of still TLS images

Outcomes Anticipated absolute effects* (95% Cl) Relative effect Ne of partici-  Quality of the Comments
(95% ClI) pants evidence

Risk with TLS with conventional Risk with TLS utilising embryo (studies) (GRADE)

morphological assessment of still selection software

TLS images
Live birth oron- 472 per 1000 353 per 1000 ORO0.61 163 Very lowa The outcome
going pregnan- (222 to 517) (0.32t0 1.20) (1RCT) was ongoing
cy pregnancy; no

live-birth data
were available.

Miscarriage 54 per 1000 74 per 1000 OR1.39 463 Very lowb
(35 to 147) (0.64 t0 3.01) (2RRCTs)

Stillbirth No studies reported this outcome. - - - -

Clinical preg- 537 per 1000 529 per 1000 ORO0.97 463 Very low¢

nancy (437 to 622) (0.67to 1.42) (2 RCTs)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
itts 95% Cl).
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Cl: confidence interval; OR: odds ratio; RCT: randomised controlled trial; TLS: time-lapse system

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different.

Low quality: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low quality: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aWe downgraded our assessment of the quality of the evidence for live birth or ongoing pregnancy once for serious risk of performance bias and twice for very serious imprecision
due to there being only one RCT with a small number of events (64) and wide confidence intervals compatible with a benefit in either group.

bwe downgraded our assessment of the quality of the evidence for miscarriage once for serious risk of performance bias; once for serious indirectness (heterogeneity between

the study designs: one included study involved removing embryos for benchtop microscopy daily in both the intervention and control arms, whereas the other study left embryos
in the intervention and control arms undisturbed); and once for serious imprecision (wide confidence intervals compatible with a benefit in either group and a low number of
events overall (N =29)).

We downgraded our assessment of the quality of the evidence for clinical pregnancy once for serious risk of performance bias, once for serious indirectness (as described above),
and once for serious imprecision (wide confidence intervals compatible with a benefit in either group).

Summary of findings 3. TLS utilising embryo selection software compared to conventional incubation and assessment for embryo incubation and
assessment in assisted reproduction

TLS utilising embryo selection software compared to conventional incubation and assessment for embryo incubation and assessment in assisted reproduction

Patient or population: couples undergoing ART
Setting: fertility clinic

Intervention: TLS utilising embryo selection software
Comparison: conventional incubation and assessment

Outcomes Anticipated absolute effects* (95% Cl) Relative effect Ne of participants Quality of the
(95% CI) (studies) evidence
Risk with conventional incuba- Risk with TLS utilising embryo selection (GRADE)
tion and assessment software
Live birth orongo- = 475 per 1000 504 per 1000 OR1.12 1617 Very low?
ing pregnancy (455 to 554) (0.92t0 1.36) (3 RCTs)
Miscarriage 108 per 1000 71 per 1000 OR0.63 1617 Very lowb
(52 to 98) (0.45 t0 0.89) (3RCTSs)
Stillbirth No events occurred in the only study reporting this outcome. - 600 -
(1RCT)
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Clinical pregnancy 605 per 1000 593 per 1000 OR0.95 1617 Very low¢

(545 to 640) (0.78 to 1.16) (3RCTs)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).

Cl: confidence interval; OR: odds ratio; RCT: randomised controlled trial; TLS: time-lapse system

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

aWe downgraded our assessment of the quality of the evidence for live birth twice for very serious risk of bias (high risk of both performance bias and selection bias in two studies,
and of other bias in the third study). In one study, the randomisation of participants was undertaken by the principal investigator, and allocation concealment was not described.
In another study, some participants could request the intervention, and this request was granted. In the third study, the day of transfer varied between the two study arms. We also
downgraded our assessment of the quality of the evidence once for serious indirectness, as one included study undertook multiple embryo transfers per woman and included
women receiving donor oocytes from younger women. Although further downgrading was not possible, there was also serious inconsistency (12 = 86%), possibly secondary to
differing embryo transfer policies across the studies: one study had blastocyst transfers, one had varied days of transfer, and one had day 3 transfer for the intervention arm and
day 5 transfer for the control arm.

bwe downgraded our assessment of the quality of the evidence for miscarriage twice for very serious risk of bias (as outlined above) and once for serious indirectness secondary
to oneincluded study including miscarriages of biochemical pregnancies as well as clinical pregnancies. The authors of the study were unable to separate these miscarriage data.
We downgraded our assessment of the quality of the evidence for clinical pregnancy twice for very serious risk of bias and once for serious indirectness, as one included study
undertook multiple embryo transfers per woman and included women receiving donor oocytes from younger women. Although further downgrading was not possible, there
was also serious inconsistency (12 = 89%), possibly secondary to differing embryo transfer policies across the studies: one study had blastocyst transfers, one had varied days of
transfer, and one had day 3 transfer for the intervention arm and day 5 transfer for the control arm.
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BACKGROUND

Description of the condition

Embryo incubation is a critical step in all in vitro fertilisation
(IVF) procedures. Embryo development within media in culture
dishes in an incubator is a dynamic process, moving through the
fertilisation stage to cleavage stage and then to the blastocyst
stage in some cases. Throughout the incubation period, embryos
are usually inspected at specific time points to provide a brief
'snapshot' assessment of the way the embryo is developing
(morphological features). Embryologists apply a tiered grading
system based on the morphology of the embryo in order to
predict the potential for implantation and a successful pregnancy
(Cummins 1986; Neuber 2003; Scott 2003; Scott 2003a; Shoukir
1997). A consensus on the minimum data set required for the
accurate description of embryo morphology was established by
Alpha Scientists in Reproductive Medicine and European Society
of Human Reproduction and Embryology (ESHRE) Special Interest
Group of Embryology (Alpha & ESHRE SIG 2011). A consensus
on timings of observation of fertilised oocytes and embryos
was established and deemed critical to the ability to compare
results between different laboratories. The recommended checks,
in hours, following insemination are:

« afertilisation check at 17 hours, a syngamy (fusion of gametes)
check at 23 hours;

« anearly cleavage check at 26 hours post-intracytoplasmic sperm
injection (ICSI) or 28 hours post-IVF;

« day2embryo assessment at 44 hours;

« day 3 embryo assessment at 68 hours;

« day 4 embryo assessment at 92 hours;

« day5embryo assessment at 116 hours.

Traditionally, the checks have been achieved by physically
removing embryos from the controlled environment of the
incubator to analyse them under a light microscope for assessment
of embryo development and quality. This practice exposes
the embryos to the potentially suboptimal conditions of the
environment outside of the incubator and human handling
(Meseguer 2012a). Time-lapse systems (TLSs) have evolved
over recent years to increase the frequency of morphological
observations whilst minimising the impact of the external
environment and human handling on embryo development.

Description of the intervention

A TLS is a device that takes digital images of embryos at set
time intervals, for example every 5 to 15 minutes. The system
can be installed into an existing embryo incubator or can
exist as a combined time-lapse incubation system. The images
are compiled using software to create a time-lapse sequence
of embryo development. Images can be digitally displayed
as a time-lapse sequence on an external monitor to allow
embryologists to assess the dynamic morphology of embryos,
thus negating the need for the embryologist to remove the
embryos from the incubator. Some TLSs also utilise computer-
assisted assessment of developmental milestones of embryos, also
known as morphokinetic parameters, to offer a semiquantitative
process of embryo evaluation (Conaghan 2013). These cell-
tracking software algorithms utilise data such as the timing of
embryonic development events, and have evolved as a non-

invasive, non-subjective way of attempting to improve the selection
of embryos with the highest implantation potential. Some clinics
have developed their own algorithms to adapt the standardised
one that comes with the TLS device (Petersen 2016).

There are a number of commercially available TLSs developed
by various manufacturers. Time-lapse systems are available as
devices that can be placed within existing conventional incubators,
and some exist with an integrated incubator. The integrated TLS
combines both the time-lapse cameras and the incubator in one
device.

How the intervention might work

There are two potential benefits of a TLS. Firstly, an advantage
may lie with the undisturbed nature of the culture conditions,
whereby images for embryo assessment can be obtained
without removing embryos from the incubator environment for
conventional benchtop light microscopy (which usually includes
heated microscope stages). This minimises the exposure of
embryos to both human handling and changes in air temperature
and gas composition, which may lead to improved culture
conditions.

A second potential advantage may be the ability of a TLS to
accumulate detailed time-lapse images of embryo development
at regular time intervals. This includes the timing of cell divisions,
intervals between cell cycles, and other development factors
(e.g. dynamic pronuclei patterns, presence of multinucleation
and fragmentation, and blastomere symmetry). Many of these
features that are transient events may be missed by using standard
morphological assessment at set time intervals. These detailed
time-lapse sequences can be utilised with or without cell-tracking
software algorithms as an adjunct to standard morphological
assessment, to select the embryo with the highest implantation
potential for transfer. This is important because there is a clear
correlation between embryo morphology and viability (Finn 2010;
Neuber 2006). The ability to select the highest-quality embryo at
an optimal stage of development for replacement in an assisted
reproductive technology (ART) cycle may lead to a reduction in
time to pregnancy and a reduced need for subsequent embryo
transfers. It is worth noting that the different models of TLS follow
the same basic principles but vary in technical detail such as gas
mixture, temperature, group or single culture, and dark- or light-
field microscopy.

In order to assess the potential advantage of TLSs (i.e. the stable
culture environment or the time-lapse sequence of images which
can be assessed with cell-tracking algorithms, or both), studies can
be grouped into the following three comparisons.

Trial design 1: TLS with conventional morphological assessment
of still TLS images versus conventional incubation and assessment

« These studies control for how the embryos are selected for
transfer, but the incubation differs. This will help to establish
whether the culture conditions of the TLS potentially impact on
favourable outcomes such as pregnancy and live birth.

Trial design 2: TLS utilising embryo selection software versus TLS
with conventional morphological assessment of still TLS images

« These studies control for the culture environment, with both
arms of the trial being incubated in a TLS, and the way in
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which embryos are selected for transfer is tested. This study
design will help to establish whether embryo selection software
improves the selection of top-quality embryos and increases the
pregnancy and live-birth rate.

Trial design 3: TLS utilising embryo selection software versus
conventional incubation and assessment

« These studies aim to establish whether a combination of
both the stable culture environment and the embryo selection
software is superior to conventional embryo incubation and
assessment at improving pregnancy and live birth rates.

Why it is important to do this review

New interventions such as TLSs should be evaluated by randomised
controlled trials in order to establish their safety, clinical
effectiveness, and cost-effectiveness (Campbell 2000; Harper
2012). Countering the potential benefits outlined above, a TLS
involves exposing embryos to light during image acquisition, at
predetermined intervals. Furthermore, the authorities responsible
for the regulation of fertility clinics and research involving
human embryos have a responsibility to provide impartial and
authoritative information to prospective and current patients on
fertility treatments to aid them in making informed decisions about
their care (ACART; HFEA). It is therefore vital that up-to-date and
thorough systematic reviews that are accessible to patients and
healthcare workers are published on the topic. This will enable
information on the technology's success rates in terms of live birth
or ongoing pregnancy rate, and safety in terms of adverse events,
to be accessible and help guide informed decision making.

This is the third update of this Cochrane Review published under
the same title initially 2015, Armstrong 2015, and again in 2018
(Armstrong 2018a). This update captures all newly available trial
data and corrects an error in Analysis 3.1 in Armstrong 2018a.

We aimed with this updated review to establish whether there is
evidence of any overall benefit of culturing embryos in a TLS with
or without embryo selection software, over current conventional
embryo incubation and assessment.

OBJECTIVES

To determine the effect of a time-lapse system (TLS) compared
to conventional embryo incubation and assessment on clinical
outcomes in couples undergoing assisted reproductive technology
(ART).

METHODS

Criteria for considering studies for this review
Types of studies

Inclusions: any randomised controlled trial (RCT), whether
published or not, which in principle could answer questions
regarding clinical (postimplantation) outcomes.

Exclusions: quasi-randomised and other concurrently controlled
studies were excluded. We excluded trials that randomised oocytes
or embryos, as it would not be possible to compare clinical
outcomes. We excluded cross-over trials as the design is not valid
in this context.

Types of participants

Couples of any age undergoing assisted reproduction where
embryo incubation was required.

Types of interventions

« Time-lapse system (TLS) with conventional morphological
assessment of still TLS images versus conventional incubation
and assessment (trial design 1)

« TLS utilising embryo selection software versus TLS with
conventional morphological assessment of still TLS images (trial
design 2)

« TLS utilising embryo selection software versus conventional
incubation and assessment (trial design 3)

Any type of TLS, using any type of embryo selection software and
any type of conventional incubator, was eligible.

Types of outcome measures
Primary outcomes

« Live-birth or ongoing pregnancy rate
« Miscarriage and stillbirth
« Cumulative live birth or ongoing pregnancy rate

Secondary outcomes

« Clinical pregnancy, defined as evidence of a gestational sac,
confirmed by ultrasound

« Cumulative clinical pregnancy rate

Search methods for identification of studies

Three review authors (SA, PB, and JM) searched databases (from
inception to 7 January 2019) for all published and unpublished
RCTs of TLSs, without language restrictions and in consultation with
the Cochrane Gynaecology and Fertility Group (CGFG) Information
Specialist. We used both electronic searches of bibliographic
databases and handsearching as described in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).

Electronic searches

We searched the following electronic databases, trial registers and
websites.

« Cochrane Gynaecology and Fertility Group Specialised Register,
ProCite platform (searched 7 January 2019) (Appendix 1)

« Cochrane Central Register of Controlled Studies (CENTRAL)
(CRSO), web platform (searched 7 January 2019) (Appendix 2)

« MEDLINE In-Process & Other Non-Indexed Citations, Ovid
platform (searched from 1946 to 7 January 2019 (Appendix 3)

« Embase, Ovid platform (searched from 1980 to 7 January 2019)
(Appendix 4)

« Cumulative Index to Nursing and Allied Health Literature
(CINAHL), EBSCO platform (searched from 1961 to 7 January
2019) (Appendix 5)

For MEDLINE, we used the Cochrane Highly Sensitive Search
Strategy for identifying randomised controlled trials: sensitivity
and precision maximising version (2008 revision), Ovid format
(Higgins 2011).
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We also searched the following other electronic sources of trials
(web platforms, all searched 7 January 2019).

« Trial registers for ongoing and registered trials: World
Health Organization (WHO) International Clinical Trials Registry
Platform (ICTRP) (www.apps.who.int/trialsearch/) (Appendix 6)
and US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov)

« Web of Knowledge (wokinfo.com/)

« ProQuest Dissertations and Theses (search.proquest.com/)

« Grey literature through the System for Information on Grey
Literature in Europe 'OpenGrey' (www.opengrey.eu/).

Searching other resources

We used the following methods to identify additional relevant RCTs:

« contact with authors of all RCTs identified by other methods;

« contact with manufacturers of TLSs;

« handsearching of selected journals in obstetrics, gynaecology
and reproductive medicine, as well as conference proceedings
(for abstracts) of the European Society for Human Reproduction
and Embryology (ESHRE) and the American Society for
Reproductive Medicine (ASRM);

« contacting known experts and personal contacts regarding
unpublished materials;

« searching the citation lists of all identified articles for any
relevant references.

Data collection and analysis
Selection of studies

We used the software program Covidence to manage the screening
of titles and abstracts and to generate the PRISMA flow diagram
(Covidence). All review authors took part in independently
scanning the titles and abstracts of the articles retrieved by the
search. Three review authors (SA, PB, and JM) then obtained the full
texts of potentially eligible studies and independently examined
these against the inclusion criteria for their eligibility. In the case of
doubt between the review authors, a fourth review author (CF) was
consulted to establish consensus on whether to include the trial
or not. We documented the selection process with a PRISMA flow
chart.

Data extraction and management

Three review authors (SA, PB, and JM) independently obtained
and extracted data. Any disagreements between review authors
were resolved by consulting a fourth review author (CF) to achieve
consensus. We extracted data using a data extraction form designed
and piloted by the review authors. If studies were reported
in multiple publications, we extracted data from the different
publications and then combined these into a single data extraction
form so that no data were omitted. We included the following
characteristics of included studies in the data extraction form:

« methods;

« participants;

« interventions;

« outcomes, including adverse events;
« funding source for studies.

Assessment of risk of bias in included studies

Three review authors (SA, PB, and JM) independently assessed
the risk of bias in included studies using the Cochrane 'Risk
of bias' assessment tool. We evaluated all included studies for
the following: adequacy of sequence generation and allocation
concealment; adequacy of blinding of couples, providers, and
outcome assessors; completeness of outcome data; risk of selective
outcome reporting; and risk of other potential sources of bias
(Higgins 2011).

Any disagreements between authors were resolved by consulting a
fourth review author (VJ) to achieve consensus. The results of the
'Risk of bias' assessment are presented in the 'Characteristics of
included studies' table.

Measures of treatment effect

For dichotomous data (e.g. live birth or not), we calculated Mantel-
Haenszel odds ratios (ORs) and 95% confidence intervals (Cls).

Unit of analysis issues

We analysed the data per couple randomised. We excluded studies
randomising oocytes or embryos.

Dealing with missing data

If relevant data were missing from an included study, we contacted
the original investigators of the trial to request the missing data.
All original investigators were contacted. In particular, we obtained
clinical pregnancy, live-birth, and stillbirth data from Park 2015;
live-birth and stillbirth data from Yang 2018; miscarriage and
clinical pregnancy data per woman randomised for Goodman 2016;
live-birth and stillbirth data from Kahraman 2013; miscarriage data
from Kaser 2017; and updated ongoing pregnancy and miscarriage
data from Barberet 2018. If participants were described as 'lost to
follow-up' without a specified reason, we assumed the participant
did not experience the event or outcome (i.e. did not become
pregnant).

Assessment of heterogeneity

We considered whether the clinical and methodological
characteristics of the included studies were sufficiently similar
for meta-analysis to provide a clinically meaningful summary. We
assessed statistical heterogeneity by measuring the 12 statistic. We
assumed that there was substantial heterogeneity when 12 was
calculated as greater than 50% (Higgins 2011).

Assessment of reporting biases

In view of the difficulty of detecting and correcting for publication
bias and other reporting biases, the we aimed to minimise their
potential impact by ensuring a comprehensive search for eligible
studies and by being alert to duplication of data. We assessed
within-study reporting bias, which we judged as low risk if all of the
study's prespecified primary outcomes were reported as outlined
in the study's protocol.

Data synthesis

Where sufficient data were available, we combined the data for the
primary outcomes by using a fixed-effect model in the following
comparisons.
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« TLS with conventional morphological assessment of still TLS
images versus conventional incubation and assessment (trial
design 1)

« TLS utilising embryo selection software versus TLS with
conventional morphological assessment of still TLS images (trial
design 2)

« TLS utilising embryo selection software versus conventional
incubation and assessment (trial design 3)

Subgroup analysis and investigation of heterogeneity

Where sufficient data were available, we aimed to conduct the
following subgroup analyses to determine the potential causes of
heterogeneity for the live-birth and clinical pregnancy outcomes:

« donor oocytes (from donors of any age) versus autologous
oocytes (from women of any age);

« fresh cycles (where embryos were replaced either at cleavage
stage (day 3) or blastocyst (day 5)) versus frozen cycles (where
frozen embryos were replaced in an ART cycle).

If we detected substantial heterogeneity, we planned to explore
it by employing the random-effects model. We aimed to take any
statistical heterogeneity into account when interpreting the results,
especially if there was any variation in the direction of effect.

Sensitivity analysis

We planned to undertake sensitivity analyses for the review
outcomes to determine whether the results were robust to
decisions made during the review process. These analyses would
have included consideration of whether the review conclusions
would have differed if:

« the summary effect measure had been risk ratio rather than
odds ratio;

« eligibility had been restricted to studies with low risk of bias for
randomisation and allocation concealment;

« the primary outcome had been live birth only (i.e. not including
ongoing pregnancy).

Overall quality of the body of evide
table

e+ 'S y of findi '

9

We prepared 'Summary of findings' tables using GRADEpro GDT and
Cochrane methods (GRADEpro GDT 2015). These tables evaluate

the overall quality of the body of evidence for the main review
outcomes (live birth or ongoing pregnancy, miscarriage and
stillbirth, and clinical pregnancy) for the review comparisons:

« TLS with conventional morphological assessment of still TLS
images versus conventional incubation and assessment (trial
design 1);

« TLS utilising embryo selection software versus TLS with
conventional morphological assessment of still TLS images (trial
design 2); and

« TLS utilising embryo selection software versus conventional
incubation and assessment (trial design 3).

We assessed the quality of the evidence using GRADE criteria:
risk of bias, consistency of effect, imprecision, indirectness, and
publication bias. Two review authors (SA and PB) independently
assessed the quality of the evidence as high, moderate, low, or
very low, resolving any disagreements by discussion. Judgements
were justified, documented, and incorporated into the reporting of
results for each outcome.

RESULTS

Description of studies
Results of the search

The most recent search took place in January 2019. We imported
the 190 retrieved references into Covidence, and after removal of
duplicates, all review authors screened 178 studies. We assessed 27
full-text articles for eligibility, of which one was a new RCT eligible
for inclusion (Barberet 2018); two were excluded because they
did not meet our inclusion criteria for study design (Alhelou 2018;
Hardarson 2016); 11 were ongoing (ChiCTR1800017127; ChiCTR-
IIR-16008758; ISRCTN17792989; NCT01760278; NCT02222831;
NCT02417441; NCT02657811; NCT02852356; NCT02965222;
NCT03164551; NCT03445923); and one is awaiting classification
(Hulme 2014). The other 12 articles were conference abstracts from
existing studies in the review, and have been listed under the main
study references.

Taking into account the studies found in previous iterations of
the review (described below), the review now has a total of nine
included studies, 22 excluded studies, 13 ongoing studies and one
study awaiting assessment (Figure 1, Included studies, Excluded
studies, Studies awaiting classification; Ongoing studies).
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Figure 1. Study flow diagram.
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The first iteration of this review included three parallel-design
RCTs from a search that retrieved 33 articles in total (Kahraman
2013; Kovacs 2019; Rubio 2014). Two further searches in 2016
and 2017 retrieved 82 and 293 articles, respectively. We retrieved
a further four articles through handsearching. We screened the
titles and abstracts of 266 articles after removal of duplicates.
Of these 25 articles were potentially eligible for inclusion in the
review, and we retrieved these in full text. Five new studies met
our inclusion criteria (Goodman 2016; Kaser 2017; Park 2015;
Wu 2016; Yang 2018). We excluded the remaining 20 studies for
the following reasons: three studies were not RCTs; three were
systematic reviews; two were letters; nine randomised embryos or
oocytes; two were pseudo-randomised; and for one study we were
unable to determine the nature of the control group despite our
attempts to contact the authors.

Included studies
Study design and setting

We included nine RCTs in this review. The largest study was a
multicentre RCT conducted in Spain, which was included in the first
iteration of this review (Rubio 2014). The firstiteration also included
a single-centre RCT conducted in Turkey (Kahraman 2013), and
a further multicentre RCT conducted in Hungary for which the
completed results are now available (Kovacs 2019). The second
iteration of the review added three single-centre studies conducted
in the USA (Goodman 2016; Kaser 2017; Wu 2016), one single-
centre study conducted in Sweden (Park 2015), and one single-
centre study conducted in China (Yang 2018). This third iteration
of the review includes completed study data from Yang 2018 and a
completed single-centre RCT conducted in France (Barberet 2018)
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Participants

The studies included 2955 infertile couples undergoing assisted
reproductive technology (ART). Four studies included couples
undergoing intracytoplasmic sperm injection (ICSI) alone (Barberet
2018; Kahraman 2013; Park 2015; Rubio 2014). One study included
couples undergoing in vitro fertilisation (IVF) (Goodman 2016). The
remaining studies included couples undergoing both IVF and ICSI
(Kaser 2017; Kovacs 2019; Wu 2016; Yang 2018).

The largest study was Rubio 2014, with 856 participants; the
second largest study had 600 participants (Yang 2018), followed
by Barberet 2018 with 386 participants, and Park 2015 with 364
participants. The next-largest study had 300 participants (Goodman
2016), followed by Kaser 2017, with 163 participants. Kovacs 2019
had 161 participants, and the remaining two studies were relatively
small, with 76 and 49 participants, respectively (Kahraman 2013;
Wu 2016).

All studies utilised the autologous oocytes of the women
randomised into their study, with the exception of Rubio 2014,
which included couples undergoing ART with autologous or donor
oocytes. The proportion of couples receiving donor oocytes in this
study is unknown. Most donor oocytes in this study were used in
fresh cycles, however some donor oocytes were obtained from an
oocyte bank and were therefore vitrified.

All studies included women undergoing fresh embryo transfer,
hence no cumulative cycle results were available. The majority of
studies undertook single embryo transfer (Kahraman 2013; Kaser
2017; Kovacs 2019; Park 2015; Yang 2018). One study describes
use of one or two embryos (Barberet 2018), and one study reports
replacing between one and three embryos based on published
American Society for Reproductive Medicine (ASRM) committee
guidance and patient preferences (Goodman 2016). Another study
undertook multiple embryo transfer (Rubio 2014), and a further
study did not disclose the number of embryos transferred (Wu
2016).

The reported causes of infertility varied between studies. Some
studies specifically described their participants as "good prognosis
patients" (e.g. Rubio 2014 and Yang 2018). One study specifically
described their participants as "poor prognosis patients", but
provided no further information (Wu 2016). One study described
"tubo-peritoneal factor" as the cause of infertility (Kahraman 2013),
and another described male-factor infertility being present in
more than 99% of participants in both arms, and female-factor
infertility being present in approximately 20% of participants in
both arms (Park 2015). Kovacs 2019 described various causes of
infertility in participants ("male, tubal, unexplained etc."). One
study described "a combination of anovulation, diminished ovarian
reserve, endometriosis, male factor, tubal, unknown, and uterine"
as causes of infertility (Kaser 2017). Barberet 2018 included male-
factor, female-factor, mixed, and idiopathic indications. Goodman
2016 described a range of infertility diagnoses ("unexplained,
ovulatory dysfunction, male factor, tubal factor, low ovarian
reserve, AMA [advanced maternal age], endometriosis, mixed
factors and other").

Interventions

We sought to divide studies into three comparisons depending on
the nature of the intervention and the control, in order to truly
assess if, and where, the benefit of a TLS lies.

TLS with conventional morphological assessment of still TLS images
versus conventional incubation and assessment (trial design 1)

Four studies undertook this comparison (Barberet 2018; Kahraman
2013; Park 2015; Wu 2016). All studies utilised an integrated TLS,
and all had two arms. Embryo transfer (ET) was undertaken at
blastocyst in Kahraman 2013, day three in Wu 2016, day two in Park
2015,and day 2, day 3, or day 5-6 in Barberet 2018. Correspondence
with the authors of one study confirmed that no embryo selection
software was utilised in the intervention arm (Kahraman 2013).
Embryos were left undisturbed in the TLS in the intervention arm
in all three studies. In the control arm, embryos in all studies
were assessed by conventional morphology using a benchtop
microscope.

TLS utilising embryo selection software versus TLS with conventional
morphological of still TLS i (trial design 2)

Two studies undertook this comparison (Goodman 2016; Kaser
2017). One study utilised an integrated TLS (Goodman 2016), and
the other utilised a TLS that was placed inside a conventional
incubator (Kaser 2017). The embryos in the intervention arms were
selected for transfer according to the information obtained from
the embryo selection software, however the embryos of the women
randomised to the intervention arm in one study were removed
from the incubator for conventional benchtop morphology in
addition to TLS selection (Kaser 2017). In addition, the embryos
in the control arm of this study were assessed with conventional
morphological assessment using a benchtop microscope. Time-
lapse system images were not utilised for the selection of embryos
for replacement in the control arm.

One study had three arms (Kaser 2017). There were two
intervention arms: both were TLS utilising embryo selection
software, but one arm undertook ET on day 3, and the other
undertook ET on day 5. The control arm undertook ET on day 5. The
other study had two arms, with ET undertaken on day 3 or day 5
(Goodman 2016).

We conducted in-depth discussions with the authors of Kaser
2017, and decided that trial design 2 was the most appropriate
comparison, given that embryo selection software was utilised, and
the trial design tested the embryo-selection element of the TLS
software.

TLS utilising embryo selection software versus conventional
incubation and assessment (trial design 3)

Three studies undertook this comparison (Kovacs 2019; Rubio
2014; Yang 2018). Two of these studies utilised a TLS that was
placed inside a conventional incubator (Kovacs 2019; Yang 2018),
whilst the third study utilised an integrated TLS (Rubio 2014). In
Rubio 2014, ET was undertaken on days 3 and 5 in both arms; in
Kovacs 2019, blastocyst transfer was undertaken in both arms. One
study undertook ET on day 3 in the intervention arm and day 5
(blastocyst) in the controlarm (Yang 2018). We took methodological
advice onYang 2018, and made the decision to keep the study in our
review despite the differing days of ET. We gave this study a rating
of high risk of bias due to this within-study imbalance.

Outcomes

All nine studies reported clinical pregnancy rates per couple.
Miscarriage data were available for all included studies except
for Wu 2016. Miscarriage data were confirmed to be loss of
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a clinical pregnancy (not biochemical) in six studies (Barberet
2018; Kahraman 2013; Kaser 2017; Kovacs 2019; Park 2015; Yang
2018). In two studies the miscarriage data were a mixture of
biochemical and clinical pregnancy losses (Goodman 2016; Rubio
2014). Unfortunately, the authors of these two studies were unable
to provide only miscarriage data from clinical pregnancies. In these
cases we have taken the pragmatic view to include these data,
as according to the authors of these studies the majority of the
pregnancy losses were from clinical pregnancies.

Either live birth or ongoing pregnancy was reported in
all the studies except Goodman 2016 and Wu 2016. We
obtained unpublished live-birth data for three studies following
communication with the authors (Kahraman 2013; Park 2015; Yang
2018). For Rubio 2014, we obtained data from a related publication

and conference abstract pertaining to the same study (Insua 2015;
Insua2017). We obtained stillbirth data from three studies following
communication with the authors (Kahraman 2013; Park 2015; Yang
2018).

Excluded studies

We excluded 22 studies from the review because they did not
meet our inclusion criteria for study design. For details see
Characteristics of excluded studies.

Risk of bias in included studies

For details of the 'Risk of bias' assessments see Figure 2 and Figure
3.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across allincluded studies.
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Allocation
Sequence generation

Seven of the nine studies were at low risk of selection bias
related to sequence generation. Six used a computer-generated
randomisation list (Barberet 2018; Goodman 2016; Kahraman 2013;
Kaser 2017; Park 2015; Wu 2016). One study utilised a random
number table (Yang 2018).

We deemed two studies to have a high risk of bias for this domain
(Rubio 2014; Kovacs 2019 ). In one study, although adequate
random sequence generation was undertaken, some women were
able to request the intervention, and in some cases this request was
granted (Rubio 2014). The authors of this study assured us that this
preferential allocation occurred in a minority of occasions and that
the vast majority of participants were truly randomised, therefore
we have maintained that thisis an RCT. One study undertook paired
randomisation whereby two envelopes containing time-lapse or
control group assignments were prepared, and the first patient
was randomly assigned to one of the groups and the next patient
received the other assignment (Kovacs 2019). This was repeated
with patient numbers three and four, and so on.

Allocation concealment

Six studies described methods of allocation concealment that
resulted in a judgement of low risk of selection bias (Barberet
2018; Goodman 2016; Kahraman 2013; Kaser 2017; Park 2015; Yang
2018). In each of these studies, the randomisation list or numbered,
opaque, sealed envelopes were held and administered by
personnel not directly involved in the recruitment of participants,
or else the allocation was conducted remotely (Barberet 2018).

We deemed two studies to be at high risk of bias for this domain
(Kovacs 2019; Rubio 2014). In Kovacs 2019, randomisation was
carried out by the principal investigator who was involved in the
study. In Rubio 2014, it was reported that in some cases the
allocation was non-random.

We judged one study for which there was limited description of
randomisation to be at unclear risk of bias for this domain (Wu
2016). We understand that randomisation was undertaken by a
member of the team not associated with the treatment cycle, and
then subsequently the designation was reported to the embryology
staff who processed the participant's oocytes/embryos. However,
it was unclear how the randomisation list was stored, at what
point the participants were randomised, and whether the person
undertaking randomisation was responsible for recruitment.

Blinding
Blinding of participants and personnel (performance bias)

Three studies blinded their couples, and this blinding was not
broken unless participants withdrew from the study (Goodman
2016; Kahraman 2013; Park 2015). Clinicians involved in the study
were also blinded until after embryo transfer. One study described
blinding the embryologist to the Eeva rating for the morphological
assessment of embryos (Kaser 2017). The participants and
physicians were all blinded to the TLS ratings. In addition, the
sonographer was blinded in Goodman 2016, and the statistician
was blinded in Park 2015.

Three studies did not blind or maintain blinding of their
participating couples (Kovacs 2019; Rubio 2014; Yang 2018). In two
of these studies, the clinical staff were also not blinded (Kovacs
2019; Yang 2018). The gynaecologist and statistician were blinded
in Rubio 2014. We assessed these three studies as being at high risk
of this bias.

Barberet 2018 did not discuss performance bias in detail or report
who was blinded, but noted that it was not possible to blind
investigators to the allocations. However, in this study embryos
were selected for vitrification according to their morphology, which
was graded in unblinded embryo assessments.

We deemed one study as having a high risk of performance bias as
blinding was not described, and it would have been impossible to
blind the embryologist (Wu 2016). We have been unable to contact
the authors for further clarification.
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None of the included studies blinded the embryologists, but this
would have been impossible. We considered a lack of blinding
of embryologists as reason for a judgement of high risk of
performance bias. This renders allincluded studies as having a high
risk of performance bias. In some studies, the lack of blinding may
have influenced the number or day of transfer. In addition, it is
impossible to remove the risk of performance bias when the person
selecting the embryo for transfer is unblinded.

Blinding of outcome assessors (detection bias)

We judged all nine studies to be at low risk of detection bias
because the outcomes (live birth or ongoing pregnancy, clinical
pregnancy, miscarriage and stillbirth) are objective, and therefore
cannot beinfluenced by knowledge of the intervention. Two studies
described how staff performing the ultrasounds were blinded to the
intervention (Goodman 2016; Rubio 2014). The remaining studies
did not blind their outcome assessors, however we still deemed
these studies as having a low risk of bias due to the reason
described above.

Incomplete outcome data

We deemed the following studies to be at low risk of attrition bias:

« Barberet 2018, because outcomes were reported for all
participants, using intention-to-treat analysis;

« Goodman 2016, because we were able to obtain the outcome
data from the five women excluded after randomisation;

« Kahraman 2013, because the 12 couples who dropped out after
randomisation were accounted for, and the reasons were clearly
stated;

« Kaser 2017, because all data were presented in their paper as
intention-to-treat;

« Park 2015, because there was only one woman excluded from
analysis due to having been accidentally randomised twice;

« Wu 2016, because the small number of excluded participants
were accounted for according to predetermined grounds for
exclusion;

« Rubio 2014, because the 13 couples who were excluded
following randomisation were accounted for and were a very
small proportion of the total number of couples randomised;
and

« Yang2018, because the 15 couples who were excluded following
randomisation were accounted for with clearly stated reasons
for exclusion that were predetermined.

We judged one study to be at high risk of attrition bias because a
large proportion of the couples recruited were excluded from the
trial (22 out of 161 couples randomised) (Kovacs 2019). The reasons
for dropout were provided, however not all of the reasons were
specified in the predetermined exclusion criteria, and given the
high attrition rate, we assessed this study at high risk of attrition
bias.

We undertook an intention-to-treat analysis on all dichotomous
outcomes, using data from those women excluded
postrandomisation where possible.

Selective reporting

We considered eight studies to be at low risk of reporting bias
because they reported and published all outcomes they had set

out to investigate (Barberet 2018; Goodman 2016; Kahraman 2013;
Kaser 2017; Kovacs 2019; Park 2015; Rubio 2014; Yang 2018). This
was confirmed on communication with authors and by referencing
against information in online trials registers if it was available.

We considered one study to be at unclear risk of reporting bias
because access to their protocol was not available and we could
not contact the authors to ask whether they had published all
prespecified outcomes (Wu 2016).

Other potential sources of bias

We found no potential sources of within-study bias in Barberet
2018, Goodman 2016, Kahraman 2013, Kaser 2017, Kovacs 2019,
Park 2015, Rubio 2014, and Wu 2016. We assessed these studies as
having a low risk of this form of bias.

We assessed one study, Yang 2018, as having a high risk of within-
study bias. This was due to the difference in day of embryo transfer
between study arms (day 3 for intervention and day 5 for control).
This difference in maturity of the embryo could have had an impact
on the likelihood of an ongoing pregnancy.

Effects of interventions

See: Summary of findings for the main comparison TLS
with conventional morphological assessment of still TLS images
compared to conventional incubation and assessment for embryo
incubation and assessment in assisted reproduction; Summary of
findings 2 TLS utilising embryo selection software compared to TLS
with conventional morphological assessment of still TLS images
for embryo incubation and assessment in assisted reproduction;
Summary of findings 3 TLS utilising embryo selection software
compared to conventional incubation and assessment for embryo
incubation and assessment in assisted reproduction

1. TLS with conventional morphological assessment of still TLS
images versus conventional incubation and assessment (trial
design 1)

Four studies undertook this comparison (Barberet 2018; Kahraman
2013; Park 2015; Wu 2016), with a total of 875 participants.

Primary outcomes
1.1 Live birth or ongoing pregnancy

Two studies provided live-birth data following correspondence
with their authors (Kahraman 2013; Park 2015; N = 440), and one
study provided data on ongoing pregnancy (Barberet 2018; N =
386). There were 141 events reported among the 469 women
randomised to the TLS arm, and 124 events among the 357
women randomised to the control arm (conventional incubation
and embryo assessment).

It is unclear whether there is any difference between interventions
in rates of live birth or ongoing pregnancy (odds ratio (OR) 0.91,
95% confidence interval (CI) 0.67 to 1.23, 3 RCTs, N = 826, 12 = 33%,
low-quality evidence, Analysis 1.1, Figure 4). The evidence suggests
that if the rate of live birth or ongoing pregnancy associated with
conventional incubation and assessment is 35%, the rate with the
use of TLS with conventional morphological assessment of still TLS
images would be between 27% and 40%.
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Figure 4. Forest plot of comparison: 1 TLS with conventional morphological assessment of still TLS images versus
conventional incubation and assessment (trial design 1), outcome: 1.1 Live birth or ongoing pregnancy.
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Asensitivity analysis restricting the analysis to studies reporting live
birth did not influence this finding substantially.

1.2 - 1.3 Miscarriage and stillbirth

Three studies provided data on miscarriage (Barberet 2018;
Kahraman 2013; Park 2015; N = 826), and two studies also provided
data on stillbirth (Kahraman 2013; Park 2015; N = 440). The data on
stillbirth were made available following communication with the
authors of Park 2015.

Out of 469 women randomised to the intervention arm, 33
experienced a miscarriage, whereas out of 357 randomised to the
control arm, 15 experienced a miscarriage. It is unclear whether
thereisany difference between interventions in rates of miscarriage
(OR 1.90, 95% CI 0.99 to 3.61, 3 RCTs, N = 826; 12 = 0%, low-
quality evidence, Analysis 1.2). The evidence suggests that if the
miscarriage rate with conventional incubation is 4%, the rate
associated with the use of TLS with conventional morphological
assessment of still TLS images would be between 4% and 14%.

Regarding stillbirth, there were 2 stillbirths out of 38 women
randomised to the intervention arm, and 2 stillbirths out of
38 women randomised to the control arm in Kahraman 2013.
There were no stillbirths recorded in either arm in Park 2015,
meaning that a result is inestimable. In accordance with Cochrane
methodological guidance, we have removed Park 2015 from
meta-analysis. Results from the single study, Kahraman 2013,
suggest that it is unclear whether there is any difference between
interventions in rates of stillbirth (OR 1.00, 95% CI 0.13 to 7.49, 1
RCT, N = 76, low-quality evidence, Analysis 1.3).

Cumulative live birth or ongoing pregnancy
No data were provided for this outcome.
Secondary outcomes

1.4 Clinical pregnancy

All four studies provided clinical pregnancy data (Barberet 2018;
Kahraman 2013; Park 2015; Wu 2016; N = 875). There were 178
clinical pregnancies among the 493 women randomised to the
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(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection hias)

(E) Incomplete outcome data (attrition hias)

(F) Selective reporting (reporting hias)

(G) Other bias

intervention arm, and 143 clinical pregnancies among the 382
women randomised to the control arm.

Itis unclear whether there is any difference between interventions
in rates of clinical pregnancy (OR 1.06, 95% CI 0.79 to 1.41, 4 RCTs,
N =875, 12 = 0%, low-quality evidence, Analysis 1.4).

Cumulative clinical pregnancy
No data were provided for this outcome.

2. TLS utilising embryo selection software versus TLS with
conventional morphological assessment of still TLS images
(trial design 2)

Two studies undertook this comparison (Goodman 2016; Kaser
2017), with a total of 463 participants. It is worth noting that in
Kaser 2017 there were two intervention groups: one involved day
3 embryo transfer and the other day 5 embryo transfer. The two
intervention groups are represented as separate entities at meta-
analysis, and the single control group has been split to share
between the two intervention groups in order to avoid artificially
doubling the effect of the control group.

Primary outcomes
2.1 Live birth or ongoing pregnancy

Neither study collected live-birth data. This was confirmed on
correspondence with the authors of both studies. One RCT reported
ongoing pregnancy (Kaser 2017).

There were 39 ongoing pregnancies among the 110 women
randomised to the intervention arm, and 25 ongoing pregnancies
among the 53 women randomised to the control arm. It is unclear
whether there is any difference between interventions for this
outcome (OR 0.61, 95% CI 0.32 to 1.20, 1 RCT, N = 163, very low-
quality evidence, Analysis 2.1, Figure 5). The evidence suggests
that if the rate of ongoing pregnancy associated with TLS with
conventional morphological assessment of still TLS images is 47%,
the rate associated with TLS utilising embryo selection software
would be between 22% and 52%.
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Figure 5. Forest plot of comparison: 2 TLS utilising embryo selection software versus TLS with conventional
morphological assessment of still TLS images (trial design 2), outcome: 2.1 Live birth or ongoing pregnancy.

s Control Odds Ratio 0Odds Ratio Risk of Bias

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kaser 2017 (1) 21 56 12 26 47.0% 0.70[0.27,1.80] ——
Kaser 2017 (2) 18 54 13 27 53.0%  054[0.21,1.38] —a—
Total (95% CI) 110 53 100.0%  0.61[0.32, 1.20] B
Total events 39 25

ity: Chi= =1 (P=0.70); F= I t i |
Heterogeneity: Chi*= 0,15, df=1 (P=0.70), F= 0% N1 o I 100

Testfor overall effect Z=1.43 (P=0.15)

Footnotes
(1) Day 3 ET. Control group split between two intervention arms
(2) Day 5 ET. Control group split between two intervention arms

2.2 Miscarriage and stillbirth

Neither study collected data on stillbirth.

We obtained miscarriage data for all randomised women following
correspondence with the authors of both studies. For Goodman
2016, the miscarriage data include a combination of biochemical
and clinical pregnancy losses. Unfortunately, these data could not
be separated for our review. For Kaser 2017, the data include
miscarriages from clinical pregnancy losses.

There were 18 miscarriages out of 260 women randomised to
the intervention arm, and 11 miscarriages out of 203 women
randomised to the control arm. We are uncertain whether TLS
utilising embryo selection software influences miscarriage rates
(OR 1.39, 95% CI 0.64 to 3.01, 2 RCTs, N = 463, 12 = 0%, very low-
quality evidence, Analysis 2.2). The evidence suggests that if the
miscarriage rate associated with assessment of still TLS images is
5%, the rate with embryo selection software would be between 4%
and 14%.

Cumulative live birth or ongoing pregnancy
No data were provided for this outcome.

Secondary outcomes
2.3 Clinical pregnancy

Both studies reported this outcome. There were 132 clinical
pregnancies out of the 260 women randomised to the intervention
group, and 109 pregnancies out of the 203 women randomised
to the control group. It is unclear whether there is any difference
between interventions in clinical pregnancy rates (OR 0.97, 95% ClI
0.67 to 1.42, 2 RCTs, N = 463, 12 = 0%, very low-quality evidence,
Analysis 2.3).

Cumulative clinical pregnancy

No data were provided for this outcome.
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3. TLS utilising embryo selection software versus conventional
incubation and assessment (trial design 3)

Three studies undertook this comparison (Kovacs 2019; Rubio 2014;
Yang 2018), with a total of 1351 participants. There were marked
methodological differences between two of these studies, Kovacs
2019; Rubio 2014, and the third study, Yang 2018, with respect to
study design as well as internal validity. In contrast to the other
two studies, Yang 2018 had differing days of embryo transfer in
the intervention and the control arms of the study. Moreover, Yang
2018 was at low risk of selection bias, whereas the other two
studies were at high risk of selection bias relating to both sequence
generation and allocation concealment. As noted below, there was
high heterogeneity when these three studies were combined, which
may be attributable to differences in design, differences in risk of
bias, or both.

Primary outcomes
3.1 Live birth or ongoing pregnancy

Live-birth data were available for all three studies (Kovacs 2019;
Rubio 2014; Yang 2018). For Rubio 2014, we obtained data from
a recently published paper and a published conference abstract
(the references for these are provided as subreferences under Rubio
2014). Yang 2018 (N = 600) provided data on live birth following
email communication. As noted above, the study design of Yang
2018 was very different from that of the other two studies in this
comparison owing to the fact that it has differing days of embryo
transfer in the intervention and the control arms of the study.

There were 412 events among the 824 women randomised to
the intervention arm, and 376 events among the 793 women
randomised to the control arm. It is unclear whether there is any
difference between interventions in rates of live birth (OR 1.12,95%
C10.92t01.36,3RCTs, N =1617, 12=84%, very low-quality evidence,
Analysis 3.1, Figure 6). There was high statistical heterogeneity
for this finding, possibly due to the above mentioned differing
study designs. The evidence suggests that if the rate of live birth
or ongoing pregnancy associated with conventional incubation is
48%, the rate with TLS utilising embryo selection software would
be between 46% and 55%.
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Figure 6. Forest plot of comparison: 3 TLS utilising embryo selection software versus conventional incubation and
assessment (trial design 3), outcome: 3.1 Live birth or ongoing pregnancy.
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3.2 - 3.3 Miscarriage and stillbirth

Two studies defined miscarriage data as loss of clinical pregnancies
(Kovacs 2019; Yang 2018). The other study reported a combination
of biochemical and clinical pregnancy losses (Rubio 2014). Stillbirth
data were made available following email correspondence with
Yang 2018. There were no stillbirths in either arm of this study.

There were 60 miscarriages among 824 women randomised to
the intervention arm, and 86 miscarriages among 793 women
randomised to the control arm. The evidence suggests that TLS
utilising embryo selection software may reduce miscarriage rates,
but this finding is very uncertain as the evidence is of very low
quality (OR 0.63, 95% Cl 0.45 to 0.89, 3 RCTs, N = 1617, 12 = 0%,
Analysis 3.2). The evidence suggests that if the miscarriage rate with
conventional incubation is 11%, the rate associated with TLS would
be between 5% and 10%.

Cumulative live birth or ongoing pregnancy
No data were provided for this outcome.

Secondary outcomes
3.4 Clinical pregnancy

Three studies reported this outcome (Kovacs 2019; Rubio 2014;
Yang 2018; N = 1617). There were 489 clinical pregnancies among
824 women randomised to the intervention arm, and 480 clinical
pregnancies among 793 women randomised to the control arm. It
isunclear whether there is any difference between interventions for
this outcome (OR 0.95, 95% CI 0.78 to 1.16, 3 RCTs, N = 1617, 12 =
89%, Analysis 3.4). This finding is very uncertain due to the high risk
of bias in the included studies and the high level of heterogeneity
in study design.

Cumulative clinical pregnancy
No data were provided for this outcome.

Subgroup and sensitivity analysis

We did not perform any other planned subgroup or sensitivity
analyses as there were insufficient included studies for any specific
comparison.

4 4

. 0.5 1 2
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DISCUSSION

Summary of main results
Trial design 1

The comparison 'TLS with conventional morphological assessment
of still TLS images versus conventional incubation and assessment'
aims to assess the potential advantages of a stable incubator
environment. The embryo selection software is not utilised, and
the embryos are left undisturbed until transfer. The four relevant
studies included participants with a variety of infertility diagnoses.
One study described its participants as "poor prognosis", with no
further details (Wu 2016). Another study described women with
"tubo-peritoneal factor" (Kahraman 2013), and the third study
described over 99% male-factor infertility, with 20% female-factor
in both arms (Park 2015). One study included women with a
variety of diagnoses (Barberet 2018). This variety adds to the broad
applicability of results to common clinical practice. Two studies
undertook embryo transfer at day 2 or 3 (Park 2015; Wu 2016),
whereas one study undertook blastocyst transfer (Kahraman 2013),
and the fourth study undertook embryo transfer on a variety of
days from day 2 to blastocyst (Barberet 2018). All oocytes were
autologous.

The evidence is of low quality, and it is unclear whether there is any
difference between interventions in rates of live birth or ongoing
pregnancy, miscarriage and stillbirth, or clinical pregnancy.

Trial design 2

The comparison 'TLS utilising embryo selection software versus
TLS with conventional morphological assessment of still TLS
images' aims to assess the potential advantages of the
embryo selection software over conventional morphology. In this
comparison, both arms of the study are housed in a TLS, but the
embryo selection software s utilised in only one arm. The incubator
environment is therefore identical in both arms. Two studies were
eligible for this comparison. One study had two intervention arms:
embryo transfer on day 3 and embryo transfer on day 5 (Kaser
2017). The control arm had embryo transfer on day 5 only. The
other study, Goodman 2016, undertook a combination of embryo
transfer on day 3 or 5. It is worth noting that the embryos were left
undisturbed in Goodman 2016, howeverin Kaser 2017, the embryos
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in both intervention arms and in the control arm underwent
daily conventional morphological assessment, in addition to the
application of embryo selection software in the intervention arms.
There was a broad variety of infertility diagnoses in both studies,
which adds to the overall applicability of results to broad clinical
practice.

All findings for this comparison were very uncertain due to the
very low quality of the evidence. No data were available on live
birth, but one study reported ongoing pregnancy: it is uncertain
whether there is any difference between interventions in rates of
ongoing pregnancy, miscarriage, or clinical pregnancy. No evidence
for stillbirth was available.

Trial design 3

The comparison 'TLS utilising embryo selection software
versus conventional incubation and assessment' aims to assess
the potential advantages of a combination of the stable
incubator environmentand the embryo selection software versus
conventional incubation and assessment. Three studies undertook
this comparison. One of these studies utilised a combination of
autologous and donor oocytes; the proportion of each is unknown
(Rubio 2014). The remaining two studies used autologous oocytes.
One study undertook embryo transfer on day 3 in the intervention
group and day 5 in the control group (Yang 2018). Another study
undertook transfer on day 5 (Kovacs 2019), and in the third study
there was a combination of transferon day 3and day 5 (Rubio 2014).
A variety of infertility diagnoses were recorded in the women in
these studies. Two studies described their participants as "good
prognosis" (Rubio 2014; Yang 2018).

All findings for this comparison were very uncertain due to the
very low quality of the evidence. It is unclear whether there is any
difference between interventions in live-birth rates. It is suggested
that TLS might reduce miscarriage rates, but it is unclear whether
there is any difference between interventions in clinical pregnancy
rates. One study examined stillbirth, but as there were no events in
either arm, it was not possible to reach any conclusions regarding
this outcome.

Overall completeness and applicability of evidence

This updated systematic review on time-lapse systems now
includes nine RCTs. Data from 2955 women have gone towards
formulating the findings of this review, but unfortunately all the
evidence is of low or very low quality.

Approximately 50% of participants were included in trials
that assessed TLS utilising embryo selection software versus
conventional incubation and assessment (trial design 3). This
is mainly due to the largest included trial undertaking this
comparison (Rubio 2014). Trial designs 1 and 2 (TLS with
conventional morphological assessment of still TLS images versus
conventional incubation and assessment, and TLS utilising embryo
selection software versus TLS with conventional morphological
assessment of still TLS images) include the remaining 33% and 17%
of participants, respectively, but there were no women available
to inform live-birth findings in trial design 2, meaning there are
profound gaps in evidence for TLS in this comparison. In addition,
there were no stillbirth data for trial design 2. This may be because
stillbirth is so rare that it is not considered to be an important
outcome, but it is important that future trials report this outcome,
as it is a measure of safety.

Trial designs 1 and 2 included 875 and 463 women, respectively,
in comparison to the 1617 women included in trial design 3.
Despite the additional information from previous and newly
incorporated trials, the results of the review remain unclear.
Further trials of each design are required to bolster participant
numbers and to interrogate the robustness of the finding of
insufficient evidence of differences in live-birth, miscarriage,
clinical pregnancy, and stillbirth rates to choose between TLS
with or without embryo selection software versus conventional
incubation and assessment. The largest trial that informs trial
design 3 has a number of biases arising from the non-randomised
approach for some participants, the subsequent lack of blinding,
the use of donor oocytes in a number of women, and the routine
use of multiple embryo transfer.

There was heterogeneity between trials in the diagnosis of
infertility, the day of embryo transfer, the use of IVF or ICSI, and the
make and model of TLS. All of these factors help to make the results
of this review more applicable to clinical practice in the real world,
where there is naturally this variation in clinical practices.

All included studies excluded women who underwent frozen
embryo transfer, except Kahraman 2013, whose investigators were
able to provide data for these women. The investigators of
Rubio 2014 were unable to provide data specifically for women
who underwent donor oocyte IVF/ICSI. Consequently, in order to
subgroup autologous, donor, and frozen oocytes, future studies
will need to present their results under these subgroups and state
explicitly how many couples underwent these interventions.

Most studies undertook elective single embryo transfer (Kahraman
2013; Kaser 2017; Kovacs 2019; Park 2015; Yang 2018). However,
three studies undertook multiple embryo transfers (Barberet 2018;
Goodman 2016; Rubio 2014). We were unable to obtain from the
authors of Rubio 2014 the exact proportion of couples who received
multiple embryo transfer in each arm of the study. Given that this
study contributed a large proportion of the datain trial design 3, itis
important to recognise that the results presented here may reflect
rates of clinical outcomes in keeping with multiple embryo transfer
as opposed to single embryo transfer. One study did not disclose
the number of embryos transferred per woman (Wu 2016).

Quality of the evidence

The quality of the evidence ranged from very low to low. The
main limitations were high risk of bias in the included studies,
imprecision, indirectness, and inconsistency. Risk of bias was most
commonly associated with performance bias (lack of blinding
of participants or those involved in the study) and selection
bias (failure to use reliable methods of sequence generation and
allocation concealment).

Inconsistency is evident across the comparisons. In particular,
the point estimates of meta-analyses of comparison 3 suggest
some benefit from TLS in its entirety compared to conventional
incubation and assessment, whereas most of the point estimates
from comparisons 1 and 2 suggest a reduction in benefit from using
TLS without the embryo selection software compared to control.
This finding is difficult to explain scientifically given the difference
in direction of results in comparisons that assess the stable
incubator environment of the TLS, and ability of embryo selection
software to help select the best embryo. Despite differences
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between the interventions, we would anticipate a consistent
direction of effect across the three comparisons.

The inconsistency in the totality of the evidence relates to two
studies in comparison 3 that found a benefit for TLS (Kovacs 2019;
Rubio 2014). Both these studies were at high risk of selection bias
(relating to both sequence generation and allocation concealment),
which reduces our confidence in their findings. We rated the
evidence for comparison 3 as very low (lower than for comparisons
1 and 2), denoting very little confidence in the effect estimate.
With respect to inconsistency within comparison 3, there are two
plausible explanations for the high statistical heterogeneity: in
contrast to the other two studies, Yang 2018 had differing days
of embryo transfer in the intervention and the control arms of
the study. Moreover, Yang 2018 was at low risk of selection bias,
whereas (as noted above) the other two studies were at high risk of
selection bias.

The quality of the evidence for trial design 1 (TLS with conventional
morphological assessment of still TLS images versus conventional
incubation and assessment) is low, the main limitations being
performance bias and imprecision (Summary of findings for the
main comparison).

The quality of the evidence for trial design 2 (TLS utilising embryo
selection software versus TLS with conventional morphological
assessment of still TLS images) is very low, the main limitations
being performance bias, indirectness, and imprecision (Summary
of findings 2).

The quality of the evidence for trial design 3 (TLS utilising
embryo selection software versus conventional incubation and
assessment) is also very low, the main limitations being
performance bias, selection bias, indirectness, and inconsistency
(Summary of findings 3).

Potential biases in the review process

We aimed to identify all eligible studies for inclusion in this review,
and contacted authors of the included studies on many occasions
in an effort to include as much information as possible. The authors
of most studies were forthcoming with further study information,
which helped us to accrue a full picture of the study outcomes, as
well as providing information needed to assess and establish risk
of bias.

Agreements and disagreements with other studies or
reviews

There are four published systematic reviews to date using the
same inclusion and exclusion criteria on the topic of TLS versus
conventional incubation (Chen 2017; Kaser 2014; Polanski 2014;
Pribenszky 2017). Two of these are now out of date, with new
studies published since their reporting (Kaser 2014; Polanski 2014).
Both reviews reported no evidence of a difference between TLS and
control.

One systematic review, Kaser 2014, included 13 eligible studies
after systematic searching, however the majority of these were
retrospective cohort studies, and none of them were RCTs. Kaser
2014 concluded that there is currently limited evidence to support
the routine clinical use of TLS for selection of human pre-
implantation embryos.

Chen 2017 included six eligible studies, but it missed two further
eligible RCTs that are included in this review. Chen 2017 does
not include all the potential live-birth data, including data from
Kahraman 2013, Kovacs 2019, and Park 2015. It concludes that
there is currently "insufficient evidence to support that time-
lapse imaging is superior to conventional methods for embryo
incubation and selection".

The authors of Pribenszky 2017 undertook a systematic review
of TLS utilising TLS embryo selection software. They concluded
that TLS using embryo selection software was associated with a
significantly higher ongoing pregnancy rate, a significantly lower
early pregnancy loss, and a significantly higher live-birth rate in
comparison to control. However, we have detected a number of
problems with this review that have been published as a letter
(Armstrong 2018). The issues outlined are as follows.

« They have combined trials with different intervention and
control arms. For example, three of the five included trials are
study design 3, but one is study design 1 and one is study design
2.

« They have also included a trial that describes itself as a
prospective cohort study, not an RCT. On closer investigation,
this trial is pseudo-randomised (randomisation based on
patient record number). Thisis not considered methodologically
sound for systematic reviews of RCTs.

« The authors describe applying an intention-to-treat analysis
(which is considered the gold standard in fertility research),
however the early pregnancy loss, live-birth, and stillbirth data
are analysed per woman that became pregnant. This is known
to skew the results toward showing a larger intervention effect.

« It appears that full data from the included trials have not
been entered into the review. For example, live-birth data are
not included from Rubio 2014, despite being published as an
abstract in 2015.

« We note that all three authors declared in this review that they
work for Vitrolife, a biotechnology company that manufactures
and promotes TLS.

AUTHORS' CONCLUSIONS

Implications for practice

Overall, there is insufficient good-quality evidence of differences in
rates of live birth or ongoing pregnancy, miscarriage and stillbirth,
or clinical pregnancy to choose between time-lapse systems (TLS),
with or without embryo selection software, and control.

Women need to be aware, especially in view of the cost of TLS,
that there is no good evidence that TLS with or without embryo
selection software is more effective than conventional methods
of embryo incubation and assessment. They may wish to take
part in randomised controlled trials (RCTs) on TLS so as to add to
the existing evidence base, and help guide assisted reproductive
technology patients of the future.

Implications for research

Randomised controlled trials that randomise couples or women,
not embryos or oocytes, to either TLS or conventional incubation
should be designed and conducted to add to the currently limited
RCT evidence. These studies should be large enough to answer
the clinical questions that are important in fertility research, such
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as live birth, clinical and ongoing pregnancy, and adverse events.
Cumulative clinical pregnancy rates should be reported in future
studies in order to determine the impact of a TLS on embryo
selection.

Suggested designs of RCTs which seek to differentiate the unique
advantages of TLS are as follows.

« Trial design 1) TLS utilising routine morphological assessment
of TLS images versus conventional incubation and assessment

« Trial design 2a) TLS utilising embryo selection software versus
TLS utilising routine morphological assessment of TLS images

« Trial design 2b) TLS utilising one type of embryo selection
software versus TLS utilising a different type of embryo selection
software

« Trial design 3) TLS utilising embryo selection software versus
conventional incubation and assessment

These study designs will help to differentiate between: the
potential advantages of the stable culture environment TLS
provides (trial design 1); the potential advantage of embryo
selection software (trial design 2); and the potential advantage
of TLS in its entirety utilising embryo selection software versus
conventional incubation and assessment (trial design 3).

In addition, it would be useful for future trials to include a cost
analysis element, which may help patients to balance the costs
and benefits of using this technology. It may also be helpful to
explore patient satisfaction and quality of life with TLS versus with
control. Some clinics are sharing TLS images with patients during
the incubation period. It would be useful to explore whether this
helps or worsens treatment anxiety.
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* Indicates the major publication for the study

Methods

Country: France

Study: completed single-centre RCT of couples with infertility undergoing ICSI

Cause and length of infertility: male factor (76% to 77%), female factor (42% to 46%). Mixed (64% to

74%), idiopathic (3%).

Oocytes: autologous oocytes

Embryo transfer: 1 or 2 fresh embryos on day 2, day 3 or day 5-6.
Informed consent: not mentioned
Total study duration: March 2016 to December 2016

Funding sources: not mentioned

Participants

A total of 386 couples with infertility undergoing ICSI with autologous oocytes were randomised: 191
to TLS selection (closed system, Embryoscope incubator) and 195 to conventional selection (benchtop
G185 incubator).

There were 4 misallocations (1 in G185 group and 3 in the TLI group) and 1 participant not fulfilling the
inclusion criteria (only 2 injected oocytes). Data analysed by intention-to-treat as well as per-protocol.

Age (years, mean + SD, time-lapse selection versus conventional selection): 32.1 + 4.8 versus 32.3 + 4.6
BMI (kg/mZ2, mean + SD, time-lapse selection versus conventional selection): 23.5 + 3.8 versus 24 + 4.3
Ethnicity: not reported

Inclusion criteria:

« no more than 42 years of age;
+ undergoing ICSI;
« ableto provide at least 6 mature oocytes after denudation.

Exclusion criteria:

« requiring egg donations;
« disorders such as hydrosalpinx or obesity (BMI > 32) and uterine diseases and attempts with surgical
spermatozoa or performed in a viral context.
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Barberet 2018 (continued)

Interventions

TLS with conventional morphological assessment of still TLS images (intervention)

Conventional incubation and assessment (control)

Outcomes Ongoing pregnancy per couple randomised (defined as the presence of a gestational sac with a foetal
heartbeat at >/= 12 weeks) (obtained from email communication with author)
Miscarriage of clinical pregnancy per couple randomised (updated ongoing-pregnancy and detailed
miscarriage rates obtained from authors following email communication)
Clinical pregnancy (with at least 1 intrauterine gestational sac visible on the ultrasound examination 4
to 5 weeks after ET)
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "The allocation algorithm, which relied on a minimization approach,
tion (selection bias) was established by the statistician of the coordinating centre before the start
of the trial. This allocation was stratified on woman's age (<orR37 years), day
of oocyte retrieval (Friday [leading to ET at day 3] or not [leading to ET at day
2]), and rank of attempts (rank 1-2 or 3-4)."
Allocation concealment Low risk Quote: "The randomization was performed online by the investigator (embry-
(selection bias) ologist) using the secure Tenalea platform (Formsvision BV), after identifica-
tion through a personal password and after a final check of the eligibility crite-
ria"
Blinding of participants High risk Quote: "Due to the nature of the study intervention, it was not possible to blind
and personnel (perfor- investigators to the embryo morphology assessments. However, for the analy-
mance bias) ses the data manager, statistician, and embryologists were blinded to the allo-
All outcomes cation." "Embryos were selected for vitrification according to their morpholo-
gy, which was graded in unblinded embryo assessments"
Blinding of outcome as- Low risk Quote: "Due to the nature of the study intervention, it was not possible to blind
sessment (detection bias) investigators to the embryo morphology assessments. However, for the analy-
All outcomes ses the data manager, statistician, and embryologists were blinded to the allo-
cation."
Incomplete outcome data  Low risk No losses to follow-up
(attrition bias)
All outcomes
Selective reporting (re- Low risk Primary outcome (embryo implantation) is as per registered protocol. Preg-
porting bias) nancy outcomes not mentioned in protocol.
Other bias Low risk No other sources of bias identified.

Goodman 2016

Methods

Study: completed single-centre RCT of couples with infertility undergoing IVF

Country: USA
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Goodman 2016 (Continued)

Cause and length of infertility: infertility diagnosis included unexplained, ovulatory dysfunction, male
factor, tubal factor, low ovarian reserve, AMA, endometriosis, mixed factors, and other. Mean length of
infertility in both groups was approximately 31.5 months.

Oocytes: autologous oocytes

Embryo transfer: between 1 and 3 fresh embryos on day 3 or day 5. The number of embryos transferred
was based on published ASRM committee guidance and patient preferences.

Informed consent: yes
Total study duration: March 2014 to May 2015 (14 months)

Funding sources: quote: "no external funding for the study"

Participants

A total of 300 couples with infertility undergoing IVF with autologous oocytes were recruited: 150 ran-
domised to TLS selection (cell-tracking algorithm of TLS utilised) and 150 randomised to conventional
selection (TLS with conventional once-daily morphologic embryo screening).

5 couples did not receive the allocated intervention: 2 from the time-lapse selection arm due to lack
of fertilisation, and 3 from the conventional selection group, 2 due to no fertilisation and 1 due to no
sperm.

Age (years, mean + SD, time-lapse selection versus conventional selection): 33.6 + 4.0 versus 33.2+ 3.9
BMI (kg/m2, mean + SD, time-lapse selection versus conventional selection): 26.3 + 6.7 versus 26.9 + 7.4
Ethnicity: combination of white, black, Asian, Middle Eastern, and other

Inclusion criteria:

« aged 18to 43 years;
« undergoing autologous IVF cycle between March 2014 and May 2015;
« plan for fresh embryo transfer.

Exclusion criteria:

« did not undergo fresh transfer owing to previously unforeseen reasons;
« women with only 1 to 3 zygotes.

Interventions

TLS utilising cell-tracking algorithm (intervention)

TLS with conventional assessment of morphological parameters from still TLS images (control)

Outcomes Clinical pregnancy rate per couple randomised (defined by the presence of foetal cardiac activity on
transvaginal ultrasonography at >= 6 weeks gestational age)Miscarriage per couple randomised

Notes Data on clinical pregnancy from women excluded following randomisation and miscarriage data were
obtained following communication with the authors.
Live-birth and stillbirth data were requested, but this information was not available.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Patients were randomized 1:1 to conventional embryo selection ver-
sus Embryoscope time-lapse morphokinetic selection with the use of a com-
puter-generated random number sequence”

Allocation concealment
(selection bias)

Low risk Quote: "The list was housed in the laboratory, where it was accessible only by
research personnel not involved with the recruitment of patients"
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Blinding of participants High risk Quote: "Patients, physicians and staff, and sonographers were blinded to how
and personnel (perfor- embryos were selected". However, the embryologist who was responsible for
mance bias) deciding on day of embryo transfer (day 3 or day 5) was unblinded, therefore
All outcomes deemed high risk.

Blinding of outcome as- Low risk Quote: "sonographers were blinded"

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk We have obtained all relevant data from women who were excluded postran-
(attrition bias) domisation from the authors.
All outcomes

Selective reporting (re- Low risk We confirmed with the authors that all outcomes the study set out to assess
porting bias) were published.
Other bias Low risk No other sources of bias identified.

Kahraman 2013

Methods Study: completed single-centre RCT of couples with infertility undergoing ICSI
Country: Turkey
Cause and length of infertility: tubo-peritoneal factor. Length of infertility not reported.
Oocytes: autologous oocytes
Embryo transfer: single embryo transfer at blastocyst
Informed consent: yes
Total study duration: December 2011 to June 2012 (6 months)

Funding sources: none

Participants A total of 76 couples with infertility undergoing ICSI with autologous oocytes were recruited: 38 were
randomised to TLS and 38 were randomised to conventional incubation.

In all, 12 couples withdrew from the study: 7 in the conventional incubation arm and 5 in the TLS arm.

Reasons for withdrawal were documented and data for outcomes such as live birth, adverse events,
and clinical pregnancy for these couples were included in this review.

Age (years, mean + SD, TLS versus conventional incubation): 28.5 + 3.32 versus 28.5 + 3.72; P = 0.83
BMI (kg/m2, mean + SD, TLS versus conventional incubation): 23.92 +3.79 versus 23.92 + 4.42; P = 0.77
Ethnicity: not reported

Inclusion criteria:

« first or second treatment cycle;
+ age<35years, BMI <28 kg/m2;
« =8oo0cytes retrieved.

Exclusion criteria:

« recurrent spontaneous abortions;
« severe endometriosis;
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« PCOS;
« hydrosalpinx;

« uterine pathology;

« severe male factor (< 5 million motile sperm in total ejaculate);

« very severe morphological sperm defects (dominantly globozoospermic or macrocephalic samples).

Interventions

TLS with conventional morphological assessment of still TLS images (intervention)

Conventional incubation and assessment (control)

Outcomes Live-birth rates per couple randomised
Clinical pregnancy rate per couple randomised (clinical pregnancy was defined as the presence of a
gestational sac detected on ultrasound 3 weeks after the first BhCG test, which was performed 14 days
after oocyte retrieval)
Stillbirth and miscarriage per couple randomised
Notes Live-birth and stillbirth information was available following communication with the author and was
not published.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "Computer based randomization list"
tion (selection bias)
Quote: "Randomisation was done according to a list generated on ran-
dom.org"
Allocation concealment Low risk Communication with author. Quote: "Randomization list was held by one of
(selection bias) the investigators who was not involved clinically with the patients. Also, he
was not routinely working in the embryology laboratory. The randomization
from random.org was printed out into sequentially numbered lists where the
groups were masked and not revealed until the recruitment of each patient"
Blinding of participants High risk Communication with author. Quote: "Clinicians were blinded in the study up
and personnel (perfor- to the point after the embryo transfer was performed. Also the patients did
mance bias) not know to which group they were allocated. Only the discontinued patients
All outcomes received information about the incubation process once the drop-out deci-
sion was made (Due to the need to inform the patients about their early/can-
celled transfers)". It was impossible to blind the embryologist, therefore per-
formance bias deemed high risk.
Blinding of outcome as- Low risk Communication with author. Quote: "Clinicians, those assessing the outcome
sessment (detection bias) were not necessarily blinded to the intervention as some of our ART patients
All outcomes prefer to have those controls outside our clinic and report the outcomes to
us". The outcomes are objective and are therefore unlikely to be influenced by
knowledge of the intervention, therefore detection bias deemed low risk.
Incomplete outcome data  Low risk Atotal of 12 couples discontinued the trial following randomisation secondary

(attrition bias)
All outcomes

to adverse events that were not reported as adverse events or analysed with-
in the main publication. However, on communication with the author, the
numbers of discontinued participants in each arm were disclosed, alongside
reasons for dropouts. Quote: "embryos transferred day 3, 4 and 5 with single
blastocyst developed; total freezing because of ovarian hyperstimulation syn-
drome (OHSS) risk"
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Selective reporting (re-
porting bias)

Low risk Communication with author. Quote: "As reported in our article, we have pub-
lished all of the outcomes we aimed to assess. Unfortunately, we do not for-
mally prepare a study protocol". On contacting the author, data on live birth
and adverse events were made available, although this information was not

published.
Other bias Low risk None detected.
Kaser 2017
Methods Study: completed RCT of couples with infertility undergoing a fresh SET

Country: USA

Cause and length of infertility: a combination of anovulation, diminished ovarian reserve, endometrio-
sis, male factor, tubal, unknown, uterine, and other

Oocytes: autologous oocytes

Embryo transfer: single embryo transfer

Informed consent: yes

Total study duration: August 2014 to February 2016 (18 months)

Funding sources: Progyny Inc

Participants

Atotal of 163 couples with infertility undergoing ART with autologous oocytes were recruited:

« 56 wererandomised to TLS and day 3 ET;
« 54 were randomised to TLS and day 5 ET;

« 53 were randomised to incubation within the TLS and conventional morphology with day 5 ET (con-
trol).

In all, 13 couples did not receive the allocated intervention:

« T7inthe TLS and day 3 ET arm (1 due to freeze-all for OHSS risk; 2 embryos transferred in 1 woman; in
1 woman the TLS algorithm was not followed; and 4 women elected to have a day 5 ET);

« 2fromthe TLS and day 5 ET arm (2 women had freeze-all for OHSS risk);

« 4 from the control arm (3 women had freeze-all for OHSS risk, and 1 woman had 2 embryos trans-
ferred).

Age (years, mean + SD): Day 3 + TLS 34.6 + 3.1, Day 5 + TLS 33.7 + 3.4, Day 5 control 34.1 + 3.1
BMI (kg/mZ2, mean + SD): Day 3 + TLS 26 + 6.9, Day 5+ TLS 25.5 + 6.1, Day 5 control 25.5 + 6.5
Ethnicity: a combination of white, Asian, black, Hispanic, and "other" ethnicities

Inclusion criteria:

« patients with a planned fresh SET;
« aged 18to 40 years;
« canonly be randomised if fertilisation occurs.

Exclusion criteria:

« use of donor oocytes;
« more than 3 prior retrievals without an intervening clinical pregnancy;
« invitro maturation;
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Kaser 2017 (Continued)

« gestational carrier;

« pre-implantation genetic diagnosis or screening;

« presence of an uninterrupted hydrosalpinx;

« history of intrauterine adhesions;

« allembryos frozen due to ovarian hyperstimulation risk prior to randomisation;
« less than 4 zygotes and therefore at risk of no blastocyst development.

Interventions

TLS utilising conventional benchtop morphology and embryo selection software (2 intervention arms:
day 3 and day 5 embryo transfer)

TLS with conventional benchtop morphology (control). Embryo selection software or time-lapse pho-
tography was not utilised.

Outcomes Clinical pregnancy rate per couple randomised
Miscarriage rate per couple randomised (data obtained from authors)
Notes Wrote to authors August 2017 asking for further information.
Note differing days of embryo transfer.
Control group split between 2 intervention groups for purposes of this review.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Subjects were blocked according to age (<35, 35-37, 38-40 years) and

tion (selection bias) randomised 1:1:1 at the fertilization check by an embryologist using comput-
er-generated, random number sequence cards enclosed in opaque, serially
numbered envelopes"

Allocation concealment Low risk Quote: "random number sequence cards enclosed in opaque, serially num-

(selection bias) bered envelopes"

Blinding of participants High risk Quote: "Embryologists were blinded to the Eeva (time lapse) ratings at the

and personnel (perfor- conventional morphology evaluation (i.e. one embryologist performed con-

mance bias) ventional morphology and a different embryologist reviewed the Eeva ratings,

All outcomes and patients and physicians were blinded to the Eeva ratings until a negative
pregnancy test of the primary endpoint was reached". The embryologist was
ultimately unblinded to the allocation, therefore high risk of performance bias.

Blinding of outcome as- Low risk Participants and physicians were blinded to the Eeva ratings. Correspondence

sessment (detection bias) with author. Quote: "As patients were randomised to day 3 or day 5 trans-

All outcomes fer, blinding was not possible between groups 1 vs. group 2/3 (as the patient
and physician knew which day the transfer was happening). For patients ran-
domised to groups 2 or 3, both patients and physicians were blinded to study
arm (so they knew a day 5 transfer was happening, but not how the embryo
was selected for transfer)". The outcomes are objective and are therefore un-
likely to be influenced by knowledge of the intervention, therefore detection
bias deemed as low risk.

Incomplete outcome data  Low risk Data presented as intention-to-treat and "as treated".

(attrition bias)

All outcomes

Selective reporting (re- Low risk Communication with authors. Quote: "All outcomes published"

porting bias)
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Other bias Low risk None detected.
Kovacs 2019
Methods Study: completed multicentre RCT of couples with infertility undergoing IVF or ICSI

Country: Hungary

Cause and length of infertility: various causes (male, tubal, unexplained, etc.) of at least 1 year's dura-
tion

Oocytes: autologous

Embryo transfer: single embryo transfer at blastocyst
Informed consent: yes

Total study duration: July 2012 to April 2015 (33 months)

Funding sources: none

Participants 161 couples with infertility undergoing IVF or ICSI with single embryo transfer at blastocyst.
80 couples were randomised to TLS and 81 were randomised to conventional incubation.

22 couples dropped out of the study after randomisation: 12 dropped out from the TLS arm (2 dual em-
bryo transfer requested; 1 no fertilisation; 7 fewer than 3 good embryos on day 3; 2 elective cryopreser-
vation for OHSS risk), and 10 dropped out from the control arm (1 no fertilisation; 8 fewer than 3 good
embryos on day 3; 1 elective cryopreservation for OHSS risk).

Age: (years, mean + SD, TLS versus conventional incubation): 31.2 + 2.7 versus 32.1+ 2.5
BMI: (kg/m2, mean + SD, TLS versus conventional incubation): 22.3 + 3.3 versus 22.2 + 3.0
Ethnicity: Caucasian (understood to be white)

Inclusion criteria:

« age<36years;

« baseline FSH <10 IU/L;

« regular 25- to 35-day cycles;

« less than 2 previous failed IVF cycles (first or second cycle);
« intact uterus;

« anindication for IVF;

* BMI>18to<30kg/m2;

« acceptance of single embryo transfer;

« normal ovarian reserve;

« atleast 3 good embryos on day 3.

Exclusion criteria:

« PCOS;

« sperm obtained by surgical extraction;

« chromosome abnormality;

« presence of hydrosalpinx;

« stage lll/IV endometriosis;

« fewer than 3 good-quality day 3 embryos;
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« lack of consent.

Interventions

TLS utilising cell-tracking algorithm (intervention)

Conventional incubation and assessment (control)

Outcomes Clinical pregnancy rate per couple
Miscarriage per couple randomised
Live birth

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk On communication with author, paired randomisation sequence was ex-

tion (selection bias) plained:

Quote: "Two envelopes containing time-lapse or control group assignment
were prepared. The first patient was randomly assigned to one of the groups
and the next patient received the other assignment. This was repeated with
patient number 3 and 4 and so on"

Allocation concealment High risk Communication with author. Quote: "The randomization is carried out by the

(selection bias) principal investigator who is involved in the study"

Blinding of participants High risk Communication with author. Quote: "There was no blinding"

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Communication with author. Quote: "There was no blinding".

sessment (detection bias)

All outcomes The outcomes are objective and are therefore unlikely to be influenced by
knowledge of the intervention, therefore detection bias deemed as low risk.

Incomplete outcome data  Highrisk Dropouts following randomisation and not included in intention-to-treat:

(attrition bias)

All outcomes 161 participants were randomised (80 TLS versus 81 standard monitoring), of
which 22 participants dropped out. Reasons for dropouts were provided, how-
ever the reasons provided were not all predetermined exclusion criteria, and
given the high attrition rate, we deemed this study as at high risk of attrition
bias.

Selective reporting (re- Low risk None detected.

porting bias)

Other bias Low risk None detected.

Park 2015
Methods Study: single-centre RCT, couples undergoing ICSI

Country: Sweden
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Cause and length of infertility: male-factor infertility was present in > 99% of participants in both study
arms. Female-factor infertility was present in approximately 20% of participants in both study arms.
Duration of infertility was approximately 2.8 years in both study arms.

Oocytes: autologous

Embryo transfer: single embryo transfer at day 2

Informed consent: yes

Total study duration: May 2010 to February 2014 (3 years, 9 months)

Funding sources: Sahlgrenska Academy, Sahlgrenska University Hospital, LUA/ALF 70940, Ferring Re-
search Infertility and Gynecology Grant, Hjalmar Svensson Grant, Unisense Fertilitech: Unisense provid-
ed the EmbryoScope free of charge during the study.

Participants

364 couples with infertility undergoing their first IVF cycle with ICSI. 1 embryo (in a few cases 2 em-
bryos, N = 12) of good quality, or in some cycles of less good quality (N = 27), was transferred on day 2,
and supernumerary good-quality embryos were frozen.

241 couples were randomised to TLS, and 124 were randomised to conventional incubation.

1 couple was excluded from the TLS arm as they had been randomised twice.

Age: (years, mean + SD, TLS versus conventional incubation): 31.8 + 4.3 versus 31.8 + 4.1; P = 0.90
BMI: (kg/m2, mean + SD, TLS versus conventional incubation): 24.4 + 3.9 versus 24.3 +4.0; P =0.70
Ethnicity: not reported

Inclusion criteria:

« <40years of age;
« undergoing their first IVF cycle using ICSI;
« atleast 1 oocyte was retrieved.

Exclusion criteria:

« patients undergoing egg donation.

Interventions

TLS with conventional morphological assessment of still TLS images (intervention)

Conventional incubation and assessment (control)

Outcomes Clinical pregnancy rate per couple randomised
Ongoing pregnancy rate defined as presence of the foetal heart at >= 8 weeks' gestation
Miscarriage per couple randomised
Notes Live-birth, stillbirth, and clinical pregnancy data obtained on communication with study authors.
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was undertaken using (quote): "a web-based randomization
programme and all the patients’ oocytes were allocated to culture in either a
conventional incubator or in a closed system, in proportion 1:2"

Allocation concealment
(selection bias)

Low risk Quote: "Randomization was carried out by the embryologist after oocyte re-
trieval". On communication with the authors, they clarified that the embryolo-
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gist undertaking the randomisation may have also undertaken the embryo as-

sessment.

Blinding of participants High risk Quote: "The patients as well as the treating physician and the person perform-

and personnel (perfor- ing the statistical analyses were blinded to which type of procedure was used

mance bias) until the outcome of transfer (pregnant versus not pregnant) was known".

All outcomes It was not possible to blind the embryologists, therefore performance bias
deemed at high risk.

Blinding of outcome as- Low risk Quote: "The patients as well as the treating physician and the person perform-

sessment (detection bias) ing the statistical analyses were blinded to which type of procedure was used

All outcomes until the outcome of transfer (pregnant versus not pregnant) was known. Em-
bryologists were not possible to blind"

Incomplete outcome data  Low risk Only 1 woman was excluded from analysis in the intervention arm, as she

(attrition bias) was randomised twice. No women were excluded from the control arm. No

All outcomes dropouts.

Selective reporting (re- Low risk All predetermined outcomes were reported.

porting bias)

Other bias Low risk None detected.

Rubio 2014
Methods Study: completed multicentre RCT of couples with infertility undergoing ICSI

Country: Spain

Cause and length of infertility: not reported

Oocytes: autologous and donor

Embryo transfer: multiple embryo transfer (1.86 per couple, 95% CI 1.8 to 1.9) on day 3 and day 5
Informed consent: not reported

Total study duration: February 2012 to July 2013 (17 months)

Funding sources: the instrumentation, disposables, and utensils used in this study were fully paid for
by IVI. IVl is a minor shareholder in Unisense FertiliTech A/S, but none of the authors have any econom-
ic affiliation with Unisense FertiliTech A/S.

Participants

A total of 856 couples with infertility undergoing IVF with autologous and donor oocytes: 444 couples
were randomised to TLS and 412 to conventional incubation.

In all, 13 couples were excluded from the study: 6 in the TLS arm (reasons: 2 had cancelled oocyte do-
nation, and 4 had their embryos vitrified) and 7 in the conventional incubation arm (reasons: 1 woman
had endometrial bleeding; 2 had cancelled oocyte donation; and 4 couples had their embryos vitrified).

Age (years, mean + SD, TLS versus conventional incubation): 34.7 £ 2.7 versus 34.6 + 2.7
BMI (kg/mZ2, mean + SD, TLS versus conventional incubation): 23.2 + 3.7 versus 23.04 + 2.8
Ethnicity: not reported

Inclusion criteria: autologous or oocyte donation. Those receiving oocyte donation had 1 of the follow-
ing diagnoses: failure to achieve pregnancy after at least 3 cycles of ART, genetic female or chromoso-
mal disorders, or low response to controlled ovarian hyperstimulation.

Time-lapse systems for embryo incubation and assessment in assisted reproduction (Review)
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

76



: Cochrane Trusted evidence.
= . Informed decisions.
q Libra ry Better health. Cochrane Database of Systematic Reviews

Rubio 2014 (continued)

Donors were:

« aged 18 to 34 years;

BMI 18 to 25 kg/m2;

« had received no endocrine treatment (including gonadotropins and oral contraception) for the last
3 months preceding the study and had a normal uterus and ovaries at transvaginal ultrasound scan
(no signs of PCOS).

Inclusion criteria for both arms of study:

« age20to 38 years;
« first or second ICSI cycle;
* BMIof>18 and <25 kg/m?2.

Exclusion criteria:

« severe male factor (total motile sperm < 1 million);

« hydrosalpinx;

« presenting uterine diseases after 2D ultrasound evaluation and/or 3D (if in doubt) or hysteroscopy (for
acquired or congenital uterine abnormalities);

« endocrinopathies (thrombophilia);

« recurrent pregnancy losses;

« endometriosis;

« patients receiving concomitant medications as a treatment for any other condition that might inter-
fere with the results of the study.

For autologous oocyte patients:

« low-responder patients (fewer than 6 metaphase Il per cycle) or those with an FSH basal determination
>12 oran anti-M lllerian hormone concentration of < 1.7 pmol/L (based on authors' own experience)
were also excluded.

Interventions

TLS utilising cell-tracking algorithms (intervention)

Conventional incubation and assessment (control)

Outcomes Miscarriage per couple randomised
Clinical pregnancy rate per couple randomised
Live birth (obtained from Insua 2015 and Insua 2017)

Notes October 2015: following clarification from authors of comments on this review, it has been made aware
to us that the pregnancy data from this study are a combination of biochemical and ongoing pregnan-
cy, therefore the miscarriage data may also include miscarriages from biochemical pregnancies.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

High risk Despite adequate random sequence generation, participants were able to re-
quest the intervention in some cases, and this was granted. See evidence be-
low:

Quote: "Patients were allocated to either TMS (study group) or Sl (control
group) using a computer generated randomization table which was handled
by the embryologist at the laboratory in charge the day before the oocyte re-
trieval or oocyte donation. The randomization was not perfectly performed
as the patient distribution to the two groups would have been expected to be
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50:50 ratio than the reported 51.9:48.1. The main reason for this deviation was
limited patient requests for TMS culture"

Allocation concealment High risk In some cases allocation was non-random (see above).
(selection bias)
Blinding of participants High risk Gynaecologist and statistician were blinded. Participants and embryologist

and personnel (perfor-
mance bias)
All outcomes

were not blinded.

Quote: "The study is considered double blind because 1) the gynaecologist
(evaluating the primary effect) did not know to which group the patients had
been assigned, and 2) the statistician evaluating the results only knew the in-
cubators by a binary code, not by type"

Communication with author. Quote: "The intention was to do triple blinded,
but we discovered that some of our patients were informed (because they
asked) of the group they were in. Therefore blinding failed in some of our pa-
tients. We then decided to describe it as double blind because patients blind-
ing partially failed"

Blinding of outcome as- Low risk The gynaecologist evaluating the primary effect was blinded.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk A total of 13 participants were excluded from study after randomisation as

(attrition bias)
All outcomes

they suffered adverse events (cancelled oocyte donation, embryos vitrified,
and endometrial bleeding). Not included in intention-to-treat, but all excluded
participants were accounted for, therefore low risk of attrition bias.

Selective reporting (re-
porting bias)

Low risk Reported all outcomes declared on ClinicalTrials.gov

On communication with the author: "We are currently collecting data on live
birth and stillbirth"

Other bias Low risk None detected.
Wu 2016
Methods Study: completed single-centre RCT of couples with infertility undergoing IVF and ICSI

Country: USA

Cause and length of infertility: "poor prognosis patients". Length of infertility not reported.
Oocytes: autologous oocytes

Embryo transfer: day 3 transfer of embryo. Number not disclosed.

Informed consent: yes

Total study duration: December 2014 to March 2015 (3.5 months)

Funding sources: intramural funds from The Center for Human Reproduction and by grants from The
Foundation for Reproductive Medicine. Vitrolife, Goteborg, Sweden, contributed a free EmbryoScope
for the length of the study. The funders had no role in the study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Participants

A total of 49 couples with infertility undergoing IVF or ICSI with autologous oocytes: 24 couples were
randomised to TLS and 25 to conventional incubation.
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In all, 18 couples were excluded from the study: 8 in the TLS arm (reasons: 6 had no mature oocytes

or no fertilisation after ICSI, and 2 women had their embryos transferred on day 2), and 10 in the con-
ventional incubation arm (reasons: 5 women had no mature oocytes or no fertilisation after ICSI, and 5
women had their embryos transferred on day 2).

Age (years, mean + SD, TLS versus conventional incubation): 38.8 + 1.0 versus 40.4 + 1.8
BMI (kg/m2, mean + SD, TLS versus conventional incubation): not reported

Ethnicity: not reported

Inclusion criteria:

« couples undergoing autologous IVF (and ICSI) cycles.

Exclusion criteria:

« not stated.

Interventions

TLS with conventional morphological assessment of still TLS images (intervention)

Conventional incubation and assessment (control)

Outcomes Clinical pregnancy rate per couple randomised (defined as ultrasound confirmation but no gestation
was provided)

Notes Contacted authors August 2017 for further information

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Computer randomization to either TLS or standard embryology was

tion (selection bias) the responsibility of a member of the centre's Statistics Section (SKD) who was
completely dissociated from the patient's IVF cycle"

Allocation concealment Unclear risk Randomisation was undertaken by a member of the team not associated with

(selection bias) the treatment cycle. Quote: "The designation was then reported to the embry-
ology staff which processed the patient's oocytes/embryos"

Blinding of participants High risk Not described. However, given that it would have been impossible to blind em-

and personnel (perfor- bryologists, performance bias deemed high risk.

mance bias)

All outcomes

Blinding of outcome as- Low risk Not possible to blind outcome assessors.

sessment (detection bias)

All outcomes The outcomes are objective and are therefore unlikely to be influenced by
knowledge of the intervention, therefore detection bias deemed low risk.

Incomplete outcome data  Low risk Excluded participants were accounted for and were considered by trialists to

(attrition bias) be valid prespecified grounds for exclusion.

All outcomes

Selective reporting (re- Unclear risk No access to protocol

porting bias)

Other bias Low risk None detected.
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Yang 2018

Methods Study: completed single-centre RCT of couples with infertility undergoing IVF and ICSI
Country: China
Cause and length of infertility: quote: "good prognosis patients". Length of infertility not reported.
Oocytes: autologous oocytes

Embryo transfer: single embryo transfer; day 3 transfer of embryos in intervention group and day 5
transfer in control group

Informed consent: obtained from all participants
Total study duration: October 2015 to April 2017 (18 months)

Funding sources: study funded by Ferring

Participants Atotal of 600 couples with infertility undergoing IVF or ICSI with autologous oocytes: 300 couples were
randomised to TLS utilising embryo selection software, and 300 couples were randomised to conven-
tional incubation and morphology.

In all, 15 couples were excluded from the study for the purpose of modified intention-to-treat analysis:
10in the TLS arm (6 refused day 3 and time-lapse algorithm; 3 had instrument breakdown; and 1 had
an unforeseen medical condition) and 5 in the conventional incubation arm (3 refused day 5 and con-
ventional morphological assessment, and 2 did not receive time-lapse observation).

Age (years, mean + SD, TLS versus conventional incubation): not reported
BMI (kg/mZ2, mean + SD, TLS versus conventional incubation): not reported
Ethnicity: not reported

Inclusion criteria:

« Chinese females undergoing first or second fresh autologous IVF (and ICSI) cycles;
« </=36years;

« FSH</=121U/mL on day 3 of cycle;

« >10oocytes retrieved;

+ willing to have SET.

Exclusion criteria:

« underlying uterine conditions including endometriosis, untreated unilateral or bilateral hydrosalpinx;
« uterine myoma (multiple, submucous or intramural myoma >3 cm);

« cycle planned for oocyte donation or pre-implantation genetic diagnosis;

« recurrent pregnancy loss;

« significantly abnormal oocytes;

« <6 normally fertilised embryos (2 polar nuclei);

« considered unlikely to complete the study based on the investigator's judgement.

Interventions TLS utilising embryo selection software (intervention)

Conventional incubation and assessment (control)

Outcomes Live birth per couple randomised (provided following email communication with authors)
Miscarriage rate per couple randomised (clinical (gestational sac) pregnancy losses)

Clinical pregnancy (defined as presence of gestational sac seen at 4 weeks after embryo transfer)

Time-lapse systems for embryo incubation and assessment in assisted reproduction (Review)
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Stillbirth (provided following email communication with authors)

Notes Note differing days of embryo transfer (day 3 for intervention group and day 5 for control).

All embryos cultured in TLS to day 3, then control embryos transferred to conventional incubator to
day 5. Embryos in control arm evaluated by routine morphological assessment.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Patients were randomised in a 1:1 ratio via online-generated blocks

tion (selection bias) (www.random.org) once they had 2PN (>/=6 normally fertilized oocytes) on
Day 1 of the cycle."

Allocation concealment Low risk Quote: "The study investigators (YLL and XYK) created the randomization list

(selection bias) and study nurses who were unaware of the study protocol enveloped the ran-
domised allocation in a consecutive order. The investigator (YLL) assessed the
patient's eligibility and performed the randomization by opening the sealed
envelopes."

Blinding of participants High risk Communication with authors. Quote: "The study was not blinded because

and personnel (perfor- study participants and clinic staff were aware of which group they were follow-

mance bias) ing"

All outcomes

Blinding of outcome as- Low risk Quote: "clinic staff were not blinded"

sessment (detection bias)

All outcomes The outcomes are objective and are therefore unlikely to be influenced by
knowledge of the intervention, therefore detection bias deemed as low risk.

Incomplete outcome data  Low risk Low number of dropouts, and reasons for attrition given.

(attrition bias)

All outcomes Quote: "The subject was excluded from the study post-randomization if she
did not undergo fresh transfer due to any unforeseen reason including ovarian
hyper-stimulation or uterine disorder."

Selective reporting (re- Low risk All study outcomes were published.

porting bias)

Other bias High risk Variation between arms of study in day of transfer (day 3 for intervention and

day 5 for control).

AMA: advanced maternal age

ASRM: American Society for Reproductive Medicine
ART: assisted reproductive technology
BhCG: beta human chorionic gonadotropin
BMI: body mass index

Cl: confidence interval

ET: embryo transfer

FSH: follicle-stimulating hormone

ICSI: intracytoplasmic sperm injection

IU: international units

IVF: in vitro fertilisation

OHSS: ovarian hyperstimulation syndrome
PCOS: polycystic ovarian syndrome

RCT: randomised controlled trial

SD: standard deviation

SET: single embryo transfer
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TLS: time-lapse system
2D: two-dimensional
3D: three-dimensional

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Adamson 2016 Not an RCT
Alhelou 2018 Not an RCT

Arnesen 2014

Pseudo-randomised study - this was established after discussion with the main author, who
described allocation to intervention or control based on capacity of either incubator.

Belles 2014 Randomised oocytes
Cruz 2011 Randomised oocytes
Freour 2014 Letter not containing study data

Hardarson 2016

Randomised embryos, and study design not relevant

Huang 2014

Unable to determine the nature of the control arm

Ingerslev 2011

Randomised oocytes

Kaser 2014

Systematic review

Kirkegaard 2012

Randomised oocytes

Kirkegaard 2014

Letter not containing study data

Kirkegaard 2015

Systematic review

Loewke 2012 Not an RCT

Lowen 2017 Randomised embryos
Mara 2010 Randomised oocytes
Meseguer 2012 Not an RCT

Nakahara 2010

Randomised oocytes

Polanski 2014

Systematic review

Siristatidis 2015

Non-randomised study

Wu 2015

Randomised embryos

Yang 2014

Randomised oocytes

RCT: randomised controlled trial
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FSH: follicle-stimulating hormone
ICSI: intracytoplasmic sperm injection
IU: international unit

IVF: in vitro fertilisation

mlU: milli-international unit

SET: single embryo transfer

2PN: 2 pronuclei

DATA AND ANALYSES

Comparison 1. TLS with conventional morphological assessment of still TLS images versus conventional incubation

and assessment (trial design 1)

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Live birth or ongoing pregnancy 3 826 0dds Ratio (M-H, Fixed, 95% Cl) 0.91[0.67,1.23]
2 Miscarriage 3 826 0Odds Ratio (M-H, Fixed, 95% Cl) 1.90[0.99, 3.61]
3 Stillbirth 1 76 0dds Ratio (M-H, Fixed, 95% Cl) 1.0[0.13, 7.49]
4 Clinical pregnancy 4 875 0Odds Ratio (M-H, Fixed, 95% Cl) 1.06[0.79, 1.41]

Analysis 1.1. Comparison 1 TLS with conventional morphological assessment of still TLS images versus
conventional incubation and assessment (trial design 1), Outcome 1 Live birth or ongoing pregnancy.

Study or subgroup TLS Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Barberet 2018 73/191 70/195 —m— 48.24% 1.1[0.73,1.67]
Kahraman 2013 20/38 19/38 e a—— 10.14% 1.11[0.45,2.73]
Park 2015 48/240 35/124 —— 41.62% 0.64[0.38,1.05]
Total (95% C1) 469 357 - 100% 0.91[0.67,1.23]
Total events: 141 (TLS), 124 (Control)
Heterogeneity: Tau?=0; Chi*=2.99, df=2(P=0.22); 1>=33.08%
Test for overall effect: Z=0.61(P=0.54) ‘ ‘ ‘ ‘

Favours conventional inc. 02 05 1 2 5 Favours TLS no software
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Analysis 1.2. Comparison 1 TLS with conventional morphological assessment of still TLS
images versus conventional incubation and assessment (trial design 1), Outcome 2 Miscarriage.

Study or subgroup TLS Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Barberet 2018 14/191 9/195 i 57.7% 1.63[0.69,3.87]
Kahraman 2013 4/38 4/38  — 25.02% 1[0.23,4.33]
Park 2015 15/240 2/124 T+ 17.28% 4.07[0.91,18.08]
Total (95% ClI) 469 357 - 100% 1.9[0.99,3.61]
Total events: 33 (TLS), 15 (Control)
Heterogeneity: Tau?=0; Chi*=1.85, df=2(P=0.4); I>=0%
Test for overall effect: Z=1.94(P=0.05)

Favours TLS ~ 0.01 0.1 1 10 100 Favours conv. incubation

Analysis 1.3. Comparison 1 TLS with conventional morphological assessment of still TLS
images versus conventional incubation and assessment (trial design 1), Outcome 3 Stillbirth.

Study or subgroup TLS Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kahraman 2013 2/38 2/38 100% 1[0.13,7.49]
Total (95% ClI) 38 38 100% 1[0.13,7.49]

Total events: 2 (TLS), 2 (Control)
Heterogeneity: Not applicable
Test for overall effect: Not applicable

\
\
\
|

FavoursTLS 002 0.1

Favours conv incubation

Analysis 1.4. Comparison 1 TLS with conventional morphological assessment of still TLS images
versus conventional incubation and assessment (trial design 1), Outcome 4 Clinical pregnancy.

Study or subgroup TLS Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Barberet 2018 86/191 77/195 ~{.> 47.25% 1.26[0.84,1.88]
Kahraman 2013 26/38 26/38 + 9.26% 1[0.38,2.63]
Park 2015 63/240 37/124 # 40.59% 0.84[0.52,1.35]
Wu 2016 3/24 3/25 — 2.9% 1.05[0.19,5.78]
Total (95% ClI) 493 382 L 4 100% 1.06[0.79,1.41]
Total events: 178 (TLS), 143 (Control)
Heterogeneity: Tau?=0; Chi*=1.61, df=3(P=0.66); I>=0%
Test for overall effect: Z=0.37(P=0.71) ‘ ‘ ‘ ‘

Favours conv. incubation ~ 0.01 0.1 1 10 100 Favours TLS
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Comparison 2. TLS utilising embryo selection software versus TLS with conventional morphological assessment of
still TLS images (trial design 2)

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Live birth or ongoing pregnancy 1 163 0dds Ratio (M-H, Fixed, 95% Cl) 0.61[0.32,1.20]
2 Miscarriage 2 463 0Odds Ratio (M-H, Fixed, 95% Cl) 1.39[0.64, 3.01]
3 Clinical pregnancy 2 463 0Odds Ratio (M-H, Fixed, 95% Cl) 0.97[0.67, 1.42]

Analysis 2.1. Comparison 2 TLS utilising embryo selection software versus TLS with conventional
morphological assessment of still TLS images (trial design 2), Outcome 1 Live birth or ongoing pregnancy.

Study or subgroup TLS Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kaser 2017 21/56 12/26 —— 46.99% 0.7[0.27,1.8]
Kaser 2017 18/54 13/27 — 53.01% 0.54[0.21,1.38]
Total (95% CI) 110 53 - 100% 0.61[0.32,1.2]

Total events: 39 (TLS), 25 (Control)
Heterogeneity: Tau?=0; Chi?=0.15, df=1(P=0.7); 1’=0%
Test for overall effect: Z=1.43(P=0.15)

Favours TLS no software ~ 0.01 0.1 1 10 100 Favours TLS software used

Analysis 2.2. Comparison 2 TLS utilising embryo selection software versus TLS with conventional
morphological assessment of still TLS images (trial design 2), Outcome 2 Miscarriage.

Study or subgroup TLS Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Goodman 2016 12/150 10/150 } 83.1% 1.22[0.51,2.91]
Kaser 2017 1/56 0/26 I E— 5.97% 1.43[0.06,36.35]
Kaser 2017 5/54 1/27 — Tt 10.93% 2.65[0.29,23.92]
Total (95% C1) 260 203 - 100% 1.39[0.64,3.01]

Total events: 18 (TLS), 11 (Control)
Heterogeneity: Tau?=0; Chi*=0.42, df=2(P=0.81); I>=0%
Test for overall effect: Z=0.83(P=0.41)

Favours TLS 001 0.1 1 10 100 Favours control
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Analysis 2.3. Comparison 2 TLS utilising embryo selection software versus TLS with conventional
morphological assessment of still TLS images (trial design 2), Outcome 3 Clinical pregnancy.

Study or subgroup TLS Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Goodman 2016 88/150 83/150 61.97% 1.15[0.73,1.81]
Kaser 2017 23/56 13/26 . e e— 18.9% 0.7[0.27,1.78]
Kaser 2017 21/54 13/27 e 19.13% 0.69[0.27,1.74]
Total (95% ClI) 260 203 - 100% 0.97[0.67,1.42]
Total events: 132 (TLS), 109 (Control)
Heterogeneity: Tau?=0; Chi?=1.52, df=2(P=0.47); I>=0%
Test for overall effect: Z=0.14(P=0.89)

Favours control 0.2 05 1 2 5

Favours time laspse syst.

Comparison 3. TLS utilising embryo selection software versus conventional incubation and assessment (trial

design 3)
Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants

1 Live birth or ongoing pregnancy 3 1617 0dds Ratio (M-H, Fixed, 95% Cl) 1.12[0.92,1.36]
2 Miscarriage 3 1617 0Odds Ratio (M-H, Fixed, 95% Cl) 0.63[0.45, 0.89]
3 Stillbirth 1 600 0dds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0, 0.0]

4 Clinical pregnancy 3 1617 0Odds Ratio (M-H, Fixed, 95% Cl) 0.95[0.78,1.16]

Analysis 3.1. Comparison 3 TLS utilising embryo selection software versus conventional
incubation and assessment (trial design 3), Outcome 1 Live birth or ongoing pregnancy.

Study or subgroup TLS Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kovacs 2019 34/80 26/81 —_— 7.92% 1.56[0.82,2.98]
Rubio 2014 216/444 162/412 —— 45.99% 1.46[1.11,1.92]
Yang 2018 162/300 188/300 —— 46.09% 0.7(0.5,0.97]
Total (95% ClI) 824 793 > 100% 1.12[0.92,1.36]
Total events: 412 (TLS), 376 (Control)
Heterogeneity: Tau?=0; Chi>=12.75, df=2(P=0); 1>=84.31%
Test for overall effect: Z=1.12(P=0.26)

Favours conventional inc. 02 05 1 2 5 Favours TLS software used
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Analysis 3.2. Comparison 3 TLS utilising embryo selection software versus
conventional incubation and assessment (trial design 3), Outcome 2 Miscarriage.

Study or subgroup TLS Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kovacs 2019 3/80 2/81 R 2.36% 1.54[0.25,9.47)
Rubio 2014 45/444 59/412 - 67.98% 0.67[0.45,1.02)
Yang 2018 12/300 25/300 —-—— 29.66% 0.46[0.23,0.93]
Total (95% CI) 824 793 > 100% 0.63[0.45,0.89]

Total events: 60 (TLS), 86 (Control)
Heterogeneity: Tau?=0; Chi*=1.81, df=2(P=0.4); 1’=0%
Test for overall effect: Z=2.59(P=0.01)

Favours TLS 0.05

0.2

20

Favours conv. incubation

Analysis 3.3. Comparison 3 TLS utilising embryo selection software versus
conventional incubation and assessment (trial design 3), Outcome 3 Stillbirth.

Study or subgroup TLS Control 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Yang 2018 0/300 0/300 Not estimable
Total (95% CI) 300 300 Not estimable
Total events: 0 (TLS), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Favours TLS  0.01 01 1 10 100 Favours conv. incubation
Analysis 3.4. Comparison 3 TLS utilising embryo selection software versus
conventional incubation and assessment (trial design 3), Outcome 4 Clinical pregnancy.
Study or subgroup TLS Control 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kovacs 2019 37/80 28/81 —_— 7.62% 1.63[0.86,3.07]
Rubio 2014 272/444 230/412 —— 47.11% 1.25[0.95,1.64]
Yang 2018 180/300 222/300 —— 45.26% 0.53[0.37,0.75]
Total (95% CI) 824 793 - 100% 0.95[0.78,1.16]
Total events: 489 (TLS), 480 (Control)
Heterogeneity: Tau?=0; Chi*=17.82, df=2(P=0); 1=88.78%
Test for overall effect: Z=0.48(P=0.63)
05 0.7 1 15 2 Favours TLS

Favours conv. incubation
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We have altered the review title to reflect both the assessment and culture capability of TLS.

We have altered the wording of the Types of interventions section in the Methods to clarify the comparisons made. We sought to divide
studies into the following three comparisons based on the nature of the intervention and the control in order to truly assess if there is a

clinical benefit to TLS, and where the benefit of TLS might lie.

TLS with conventional morphological assessment of still TLS images versus conventional incubation and assessment (trial design 1)

TLS utilising embryo selection software versus TLS with conventional morphological c 1t of still TLS images (trial design 2)
TLS utilising embryo selection software versus conventional incubation and assessment (trial design 3)

We changed the wording of the outcome 'adverse events' to ‘miscarriage and stillbirth’.

We have removed 'alternative imputation strategies' from Sensitivity analysis.

In the 2019 update, we changed the primary outcome to 'live birth or ongoing pregnancy'. The rationale was that there are very few
pregnancy losses after 12 weeks' gestation, and the inclusion of the additional data would increase the power of the analysis. We planned
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to conduct a sensitivity analysis to investigate the effect of using this composite outcome, however this was not needed because only one
study was included in Analysis 2.1.

INDEX TERMS
Medical Subject Headings (MeSH)

*Embryo Culture Techniques; *Reproductive Techniques, Assisted; Embryo Implantation; Embryonic Development [*physiology];
Pregnancy Outcome; Pregnancy Rate; Randomized Controlled Trials as Topic

MeSH check words

Female; Humans; Pregnancy
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Paper 3: GM-CSF (granulocyte macrophage colony-stimulating factor)
supplementation in culture media for women undergoing assisted
reproduction

As outlined in section 6.6, this review was undertaken to provide an up-to-date meta-analysis
and appraisal of the evidence on the topic of GM-CSF containing culture media versus culture
media not containing GM-CSF. At the time of publication, the only other published systematic
review on the subject was from 2012 and was narrative in nature. The primary outcome was
livebirth, however only one included study reported on this. The evidence was appraised as
being of ‘median’ quality, but no formal assessment tool for quality was applied and the term

median is difficult to interpret in this context.

This Cochrane review represents the first high-quality, systematic review including a meta-
analysis on the topic. The review was commissioned in 2019 with the peer reviewed protocol

published the same year. The review was conducted between July 2019 and July 2020.

The review is reproduced below in its published format, minus the following sections for the
sake of brevity: table of contents; characteristics of studies awaiting assessment;
characteristics of ongoing studies; and the appendices, which include the search strategies

and the feedback section. These can be read in the full version of the published review 10,
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ABSTRACT

Background

GM-CSF (granulocyte macrophage colony-stimulating factor) is a growth factor that is used to supplement culture media in an effort to
improve clinical outcomes for those undergoing assisted reproduction. It is worth noting that the use of GM-CSF-supplemented culture
media often adds a further cost to the price of an in vitro fertilisation (IVF) cycle. The purpose of this review was to assess the available
evidence from randomised controlled trials (RCTs) on the effectiveness and safety of GM-CSF-supplemented culture media.

Objectives

To assess the effectiveness and safety of GM-CSF-supplemented human embryo culture media versus culture media not supplemented
with GM-CSF, in women or couples undergoing assisted reproduction.

Search methods

We used standard methodology recommended by Cochrane. We searched the Cochrane Gynaecology and Fertility Group Trials Register,
CENTRAL, MEDLINE, Embase, CINAHL, LILACS, DARE, OpenGrey, PubMed, Google Scholar, and two trials registers on 15 October 2019,
checked references of relevant papers and communicated with experts in the field.

Selection criteria

We included RCTs comparing GM-CSF (including G-CSF (granulocyte colony-stimulating factor))-supplemented embryo culture media
versus any other non-GM-CSF-supplemented embryo culture media (control) in women undergoing assisted reproduction.

Data collection and analysis

We used standard methodological procedures recommended by Cochrane. The primary review outcomes were live birth and miscarriage
rate. The secondary outcomes were clinical pregnancy, multiple gestation, preterm birth, birth defects, aneuploidy, and stillbirth rates.
We assessed the quality of the evidence using GRADE methodology. We undertook one comparison, GM-CSF-supplemented culture media
versus culture media not supplemented with GM-CSF, for those undergoing assisted reproduction.

GM-CSF (granulocyte macrophage colony-stimulating factor) supplementation in culture media for women undergoing assisted
reproduction (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Main results

We included five studies, the data for three of which (1532 participants) were meta-analysed. We are uncertain whether GM-CSF-
supplemented culture media makes any difference to the live-birth rate when compared to using conventional culture media not
supplemented with GM-CSF (odds ratio (OR) 1.19, 95% confidence interval (Cl) 0.93 to 1.52,2 RCTs, N = 1432, 12=69%, low-quality evidence).
The evidence suggests that if the rate of live birth associated with conventional culture media not supplemented with GM-CSF was 22%,
the rate with the use of GM-CSF-supplemented culture media would be between 21% and 30%.

We are uncertain whether GM-CSF-supplemented culture media makes any difference to the miscarriage rate when compared to using
conventional culture media not supplemented with GM-CSF (OR 0.75, 95% CI 0.41 to 1.36, 2 RCTs, N = 1432, 12 = 0%, low-quality evidence).
This evidence suggests that if the miscarriage rate associated with conventional culture media not supplemented with GM-CSF was 4%,
the rate with the use of GM-CSF-supplemented culture media would be between 2% and 5%.

Furthermore, we are uncertain whether GM-CSF-supplemented culture media makes any difference to the following outcomes: clinical
pregnancy (OR 1.16,95% C1 0.93 to 1.45, 3 RCTs, N = 1532 women, |12 = 67%, low-quality evidence); multiple gestation (OR 1.24,95% Cl 0.73
t02.10, 2 RCTs, N = 1432, 12 = 35%, very low-quality evidence); preterm birth (OR 1.20, 95% CI 0.70 to 2.04, 2 RCTs, N = 1432, 12 = 76%, very
low-quality evidence); birth defects (OR 1.33,95% Cl 0.59 to 3.01, 12= 0%, 2 RCTs, N = 1432, low-quality evidence); and aneuploidy (OR 0.34,
95% C1 0.03 to 3.26, 12 = 0%, 2 RCTs, N = 1432, low-quality evidence). We were unable to undertake analysis of stillbirth, as there were no
events in either arm of the two studies that assessed this outcome.

Authors' conclusions

Due to the very low to low quality of the evidence, we cannot be certain whether GM-CSF is any more or less effective than culture media
not supplemented with GM-CSF for clinical outcomes that reflect effectiveness and safety. It is important that independent information
on the available evidence is made accessible to those considering using GM-CSF-supplemented culture media. The claims from marketing
information that GM-CSF has a positive effect on pregnancy rates are not supported by the available evidence presented here; further well-
designed, properly powered RCTs are needed to lend certainty to the evidence.

PLAIN LANGUAGE SUMMARY

Growth factor-suppl ted culture media for undergoing assisted reproduction

Review question

Does culture media containing the growth factor GM-CSF (granulocyte macrophage colony-stimulating factor) improve the chances of
a pregnancy and live-born baby, and reduce the risk of miscarriage, twin or triplet pregnancy, premature birth, birth defects, genetic
problems in the baby, and stillbirth?

Background

Assisted reproduction includes processes whereby a woman's eggs and a man's sperm are combined to achieve fertilisation outside
of the body. Embryos are placed in a solution called culture medium to support the growing embryo until it can be replaced into the
woman's uterus. Culture medium supplemented with GM-CSF is widely available in clinics and is often offered as an 'add-on' to an in vitro
fertilisation (IVF) cycle in an effort to improve the success rates of treatment. Using GM-CSF-supplemented culture medium can make IVF
more expensive.

Study characteristics

Theevidenceis current to October2019. We obtained data from three randomised controlled trials (a type of study in which participants are
randomly assigned to one of two or more treatment groups) of 1532 infertile women undergoing IVF or intracytoplasmic sperm injection
(ICSI), a specialised form of IVF whereby the sperm is injected into the egg. We compared GM-CSF-supplemented culture media versus
culture media not supplemented with GM-CSF for those undergoing assisted reproduction.

What the review found

Low-quality evidence reveals that we are uncertain whether GM-CSF-containing culture media makes any difference to the live-birth rate
when compared to using culture media not containing GM-CSF. This suggests that if the rate of live birth associated with culture media not
containing GM-CSF is 22%, the rate with the use of GM-CSF-containing culture media would be between 21% and 30%. Low-quality evidence
also reveals that we are uncertain whether GM-CSF-containing culture media makes any difference to miscarriage when compared to using
culture media not containing GM-CSF. This suggests that if the miscarriage rate associated with culture media not containing GM-CSF is 4%,
the rate with the use of GM-CSF-containing culture media would be between 2% and 5%. Low-quality evidence for pregnancy, birth defects,
and genetic problems with the baby, and very low-quality evidence for twin or triplet pregnancies, and premature birth, reveals that we
are uncertain whether GM-CSF-containing culture media makes any difference to these outcomes when compared to culture media not
containing GM-CSF. Two studies looked at stillbirth, but as no stillbirths occurred in either study, we were unable to analyse this outcome.

GM-CSF (granulocyte macrophage colony-stimulating factor) supplementation in culture media for women undergoing assisted
reproduction (Review)
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Overall conclusions

Due to the very low to low quality of the evidence, we cannot be certain whether GM-CSF is any more or less effective or harmful than
culture media not supplemented with GM-CSF. It is important that independent information on the available evidence is made accessible
to those considering using GM-CSF-supplemented culture media. In the meantime, more large studies are needed to increase the certainty
of our conclusions.
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SUMMARY OF FINDINGS

Summary of findings 1. GM-CSF-supplemented culture media compared to culture media not supplemented with GM-CSF for women undergoing
assisted reproduction

GM-CSF-supplemented culture media compared to culture media not suppl ed with GM-CSF for women undergoing assisted reproduction
Patient or population: women undergoing assisted reproduction
Setting: fertility clinics
Intervention: GM-CSF-supplemented culture media
Comparison: culture medium not supplemented with GM-CSF
Outcomes Anticipated absolute effects” (95% Cl) Relative effect Ne of participants Quality of the evi-
(95% ClI) (studies) dence
Risk with culture medianot  Risk with GM-CSF-supplemented cul- (GRADE)
supplemented with GM-CSF  ture media
Live birth orongo-  Study population OR1.19 1432 [T TeT)
ing pregnancy (0.93t0 1.52) (2 RCTs) Low 12
223 per 1000 254 per 1000
(210 to 303)
Miscarriage Study population OR0.75 1432 DO
(0.41t0 1.36) (2 RCTs) Low3
36 per 1000 27 per 1000
(15 to 48)
Clinical pregnancy  Study population OR1.16 1532 DO
(0.93 to 1.45) (3 RCTs) Low 14
263 per 1000 293 per 1000
(250 to 342)
Multiple gestation Study population OR1.24 1432 B0
(0.73t02.10) (2 RCTs) VERY LOW 13
36 per 1000 44 per 1000
(26 to 72)
Preterm birth Study population OR1.20 1432 [2lelele]
(0.70 t0 2.04) (2 RCTs) VERY LOW 13
36 per 1000 43 per 1000
(250 70)
Birth defects Study population OR1.33 1432 =IOt
(0.59t0 3.01) (2 RCTs) Lows
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14 per 1000 18 per 1000
(8 to 40)
Aneuploidy Study population ORO0.34 1432 BB
(0.03to0 3.26) (2 RCTs) LOW S
3 per 1000 1 per 1000
(0to9)
Stillbirth Study population - 1432 -
(2 RCTs)
See comment6 See comment6

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).

Cl: confidence interval; OR: odds ratio; RCT: randomised controlled trial

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different.

Low quality: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low quality: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

1powngraded once for inconsistency, as the included studies report differing directions of point estimates: one supports the intervention, and one does not support the
intervention.

2Downgraded once for imprecision as broad confidence intervals and a low number of included studies, at least one of which is very small.

3Downgraded twice for imprecision as very broad confidence intervals and a low number of included studies.

4Downgraded once for risk of bias. One included study had an unclear risk of selection bias, performance bias, and detection bias due to limited information available from
published abstract.

SDowngraded twice forimprecision asincluded studies had so few reported incidences of aneuploidy that the point estimate is not precise and has very broad confidence intervals.
6No stillbirths occurred in either arm of the included studies, therefore the result is inestimable.
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BACKGROUND

Description of the condition

Assisted reproduction provides the opportunity to have a family
for those unable to become pregnant spontaneously for a variety
of reasons, including; infertility; those in single-sex relationships;
single women; and those using surrogates. Assisted reproduction
is often referred to as a 'cycle, reflecting its stepwise process.
It involves a series of procedures from ovarian stimulation and
oocyte collection, to mixing the gametes, culturing and assessing
the quality of ensuing embryos, and replacing embryos into the
uterus of the woman. The success of assisted reproduction is
a culmination of all the elements of the cycle, and is in part
due to the ability to culture human embryos in vitro using
culture media capable of supporting the developing embryo.
GM-CSF (granulocyte macrophage colony-stimulating factor)-
supplemented culture media was developed in an effort toimprove
this particular part of the cycle, leading to better outcomes for those
undergoing in vitro fertilisation (IVF).

GM-CSF-supplemented culture media can be described as an
assisted reproduction 'add-on'. Add-ons are optional extras to
an assisted reproduction cycle, which are sometimes novel
interventions or therapies that have shown some promise in initial
studies, or have been around for many years, but have not yet been
proven to be effective through randomised controlled trials (RCTs).
GM-CSF-supplemented culture media is one such add-on, often
provided at an additional cost to the IVF cycle (Heneghan 2016).

For the purposes of this review, any culture media containing
GM-CSF may be compared in a randomised controlled trial (RCT)
against any culture media not containing GM-CSF. We addressed
the efficacy and safety of GM-CSF-supplemented culture media
when compared to culture media not containing GM-CSF. The
primary outcomes were live birth and miscarriage.

Description of the intervention

GM-CSF (also known as colony-stimulating factor (CSF)-2) and
granulocyte colony-stimulating factor (G-CSF or CSF-3) belong
to the CSF family. They are a group of cytokines known for
their role in haemopoietic cell proliferation, differentiation, and
activation, as well as being an apoptosis suppressor (Rahmati
2015). Their involvement in reproduction was initially investigated
in the 1970s in human placenta-conditioned media (Burgess 1977).
Amongst the CSF group, GM-CSF is the most widely studied,
and its extensive research on assisted reproduction has led to
the development of new embryo culture media supplemented
with human recombinant GM-CSF. EmbryoGen and BlastGen are
examples of commercially available sequential culture media
containing GM-CSF.

GM-CSF is a cytokine that is produced by the oestrogen-primed
epithelial cells in the female reproductive tract (Robertson 1992).
It is maximally expressed at the luminal and glandular epithelial
cells of the endometrium in the secretory phase, and in the lining
of the fallopian tube during the late proliferative and early mid-
secretory phases of the menstrual cycle (Giacomini 1995; Zhao
1994). Later during implantation, GM-CSF is produced by the
chorionic villi cells and the maternal decidua (Jokhi 1994). In
response to local inflammatory stimuli, GM-CSF acts by stimulating
and activating mature monocytes, granulocytes, macrophages,

and dendritic cells which promote chemotactic, phagocytic, and
cytotoxic actions as well as antigen-presenting properties needed
in the immunomodulation of early pregnancy and embryogenesis
(Baldwin 1992; Robertson 2007).

How the intervention might work

The control of the immunological environment during early
pregnancy involves a series of autocrine and paracrine
signalling between the maternal fetal interface (Robertson
1994; Robertson 2007; Wegmann 1992). Several studies have
suggested an association between recurrent pregnancy loss and
infertility and the dysregulation of growth factors and cytokines
(Hambartsoumian 1998; Torry 2007; Vuorela 2000). In studies of
genetically GM-CSF-deficient mice, there was a reduced inner cell
mass observed which resulted in delayed blastocyst formation,
increased fetal resorption in late gestation, decreased fetal size,
and greater postnatal mortality (Robertson 1999). Other murine
studies have also supported that GM-CSF is crucial in optimal fetal
growth and survival, as animal models lacking GM-CSF expression
experience more pregnancy losses and impaired long-term survival
of the newborn animals (Savion 2002; Seymour 1997).

The initial studies of growth factor supplementation of culture
media are limited mostly to animal models, but have largely
revealed improved blastocyst development rates, Lighten 1998;
Sjoblom 1992; Sjéblom 1999; Spanos 2000; Yu 2012, and increased
implantation and birth rates (Block 2003; Lim 2006; Roudebush
2004; Sjoblom 2005). The use of growth factor supplementation in
human culture media has been limited, as it is costly to produce,
and there are concerns about adverse effects (Richter 2008). Most
growth factors are anti-apoptotic, that is they inhibit programmed
cell death. If not controlled, adverse effects may occur, as apoptosis
is a crucial phenomenon in embryogenesis. Inhibition of apoptosis
may lead to abnormal embryo development such as the well-
documented 'large offspring syndrome' that occurs in mice models
(Lazzari 2002; Young 2001).

Early studies on human embryos have revealed that those
cultured in GM-CSF-supplemented culture media had more viable
inner cell masses and reduced apoptosis. This could potentially
contribute to improved fetal viability (Sjoblom 1999; Sjoblom
2002). Supplementation of culture media with GM-CSF is reported
to be safe for human embryos; there are no increases or changes
in ploidy rates or embryonic chromosomes (Agerholm 2010).
Furthermore, initial RCTs in women revealed an improvement
in the clinical pregnancy and live-birth rates of those women
randomised to culture of their embryos in GM-CSF-supplemented
culture media (Mignini 2013; Sfontouris 2013; Tevkin 2014; Ziebe
2013). There were no major and minor birth abnormalities (Mignini
2013; Sfontouris 2013; Tevkin 2014).

Why it is important to do this review

GM-CSF-supplemented culture media is widely commercially
available and is offered to women undergoing assisted
reproduction worldwide. It is often considered an 'add-on', or
supplementary therapy, given alongside standard IVF in an effort
to improve success rates (Heneghan 2016). There is currently no
up-to-date systematic review of RCTs on this topic, and the one
published systematic review relied on non-randomised studies
and studies where oocytes rather than women were randomised
(Siristatidis 2013). The available RCTs were small with differing
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results and did not provide certainty as to what should be done
in practice. Use of GM-CSF can carry an additional cost to women
undergoing IVF. It was therefore important to distil the available
RCT evidence in a meaningful way to provide information on the
effectiveness and safety of this intervention for women, clinicians,
and embryologists, and regulatory and advisory bodies such as the
Human Fertilisation and Embryology Authority (HFEA).

OBJECTIVES

To assess the effectiveness and safety of GM-CSF-supplemented
human embryo culture media versus culture media not
supplemented with GM-CSF, in women or couples undergoing
assisted reproduction.

METHODS

Criteria for considering studies for this review
Types of studies

We included all published and unpublished RCTs. We included
cross-over studies for completeness, but only pooled data from the
first phase in meta-analyses because this study design is not valid
in the context of infertility trials (Vail 2003). We excluded quasi- and
pseudo-randomised trials. There was no limitation on language,
publication date, or publication status.

Types of participants

Women undergoing IVF or intracytoplasmic sperm injection (ICSI)
for any cause of infertility, using autologous or donor oocytes.
Women undergoing IVF or ICSI with a background of recurrent
miscarriage or recurrent implantation failure were also included.

Types of interventions

We included all studies that compared GM-CSF (including G-CSF)-
supplemented embryo culture media versus any other non-GM-
CSF-supplemented embryo culture media (control).

Types of outcome measures
Primary outcomes

1. Live birth per woman randomised, defined as a live baby born
after 20 weeks' gestation. We used ongoing pregnancy, defined
as clinical pregnancy of 12 or more weeks' gestation, as a
surrogate for live birth in cases where studies did not report live
birth.

2. Miscarriage per woman randomised. The definition used was
miscarriage of clinical pregnancy.

Secondary outcomes

1. Clinical pregnancy per woman randomised, defined as presence
on ultrasound scan of one or more gestational sacs, or definitive
signs of clinical pregnancy. This included ectopic pregnancy.
Note that multiple gestational sacs were counted as one clinical
pregnancy.

2. Multiple gestation per woman randomised.

3. Preterm birth per woman randomised (defined as birth before
37 weeks' gestation).

4. Birth defects (defined as any structural anomaly present at birth
that may interfere with function depending upon the organ or
structure involved).

5. Aneuploidy (defined as any genetic disorder diagnosed during
pregnancy or at the time of birth).

6. Stillbirth (defined as a baby born with no signs of life after 20
completed weeks of pregnancy).

Search methods for identification of studies

We searched for relevant studies with no language or date
restriction in consultation with the Cochrane Gynaecology and
Fertility Group Information Specialist.

Electronic searches

We designed search strategies for the following databases:

1. Cochrane Gynaecology and Fertility Group Specialised Register
of Controlled Trials; ProCite platform, searched 15 October 2019
(Appendix 1);

2. Cochrane Central Register of Controlled Trials (CENTRAL); Ovid
platform, searched 15 October 2019 (Issue 9; 2019) (Appendix 2);

3. MEDLINE; Ovid platform, searched from 1946 to 15 October 2019
(Appendix 3);

4. Embase; Ovid platform, searched from 1980 to 15 October 2019
(Appendix 4);

5. CINAHL (Cumulative Index to Nursing and Allied Health
Literature), Ebsco platform, searched from 1961 to 15 October
2019 (Appendix 5);

6. LILACS (Latin American and Caribbean Health Science
Information database) (lilacs.bvsalud.org/en/), Web platform,
searched 15 October 2019 (Appendix 6).

The MEDLINE search was combined with the Cochrane Highly
Sensitive Search Strategy for identifying randomised trials
in Section 4.3.1 of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2019). The Embase and CINAHL
search strategies are combined with trial filters developed
by the Scottish Intercollegiate Guidelines Network (SIGN;
www.sign.ac.uk/methodology/filters.html#random).

Other electronic sources of trials (Web platforms, searched 15
October 2019) included:

1. trial registers for ongoing and registered trials: US National
Institutes of Health Ongoing Trials Register ClinicalTrials.gov
(www.clinicaltrials.gov) and the World Health Organization
International Clinical Trials Registry Platform (WHO ICTRP)
(apps.who.int/trialsearch/Default.aspx) (Appendix 7);

2. DARE (Database of Abstracts of Reviews of Effects) on
the Cochrane Library (onlinelibrary.wiley.com/o/cochrane/
cochrane_cldare_articles_fs.htm) (Appendix 8);

3. Web of Knowledge (wokinfo.com) (Appendix 9);

4. OpenGrey (www.opengrey.eu/) for unpublished literature from
Europe (Appendix 10);

5. PubMed and Google Scholar (for recent trials not yet indexed in
the major databases) (Appendix 11 and Appendix 12).

Searching other resources

We handsearched reference lists of included and excluded studies
retrieved by the search, and communicated with experts in the field
to inquire after any additional studies.
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We did not perform a separate search for adverse effects of GM-
CSF-supplemented culture media. We considered adverse effects
described in the studies only.

Data collection and analysis
Selection of studies

All review authors independently undertook assessment of
eligibility of all studies identified by the search using Covidence
(Covidence). We retrieved the full-text publications of potentially
eligible studies. Three review authors (SA, JM, and AP) screened the
full texts to identify studies for inclusion, and recorded reasons for
exclusion of the excluded studies in the 'Characteristics of excluded
studies' table. Any disagreements were resolved by discussion or
consultation with another review author.

Data extraction and management

Two review authors (SA and JM) independently extracted data
on study characteristics and primary and secondary outcomes
from the included studies using a data extraction form designed
and piloted by the review authors. We included the following
characteristics of included studies in the data extraction form:

. methods;

. participants;

. interventions;

. outcomes, including adverse events;
. funding source for studies.

g b~ W N

Any disagreements or discrepancies were resolved by discussion.
Where there were multiple publications for a study, we used
the main trial report as the reference and obtained additional
details from secondary papers, which appear as subreferences. We
corresponded with study investigators for further information on
study methods and results as required. This correspondence is
documented in the 'Characteristics of included studies' table and
in Appendix 13.

Assessment of risk of bias in included studies

Two review authors (SA and JM) independently assessed the
included studies for methodological quality and undertook data
extraction according to the Cochrane 'Risk of bias' assessment
tool (Higgins 2011). We assessed selection bias (random sequence
generation and allocation concealment), attrition bias (incomplete
outcome data), reporting bias (selective reporting), performance
bias (blinding of participants and personnel), detection bias
(blinding of outcome assessors), and other biases (other problems
that could put a trial at high risk of bias). Our judgements
are presented and described in the 'Risk of bias' table in
Characteristics of included studies. Any disagreements were
resolved by discussion.

Measures of treatment effect

We summarised the effects and adverse events related to the
intervention as odds ratios (ORs) using a fixed-effect model. We
presented 95% confidence intervals (Cls) for all outcomes to
evaluate the precision of the estimate. We considered the clinical
relevance of the results from the meta-analysis of each comparison,
takinginto account the precision of the estimate. When adding data
fromindividual studies to comparisons, we considered whether the
rates of events in both the intervention and control arm reflect

current practice. For example, we explored major discrepancies in
direction and magnitude of effect in the Results section, and these
are reflected in our 'Risk of bias' assessment.

Unit of analysis issues

The denominator for all outcomes was the number of women
randomised. We did not use per-cycle data.

We counted multiple births (e.g. twins or triplets) as one live-birth
event.

Dealing with missing data

We analysed the data on an intention-to-treat basis and attempted
to obtain missing data from the primary investigators (Appendix
13). We assumed that participants who dropped out after
randomisation (e.g. because of cycle cancellation), or who were lost
to follow-up or withdrew, did not achieve clinical pregnancy or live
birth. We made no other assumptions.

Assessment of heterogeneity

We considered whether the clinical and methodological
characteristics of the included studies were sufficiently similar
for meta-analysis to provide a clinically meaningful summary.
We assessed statistical heterogeneity using the 12 statistic,
considering an 12 statistic greater than 50% to indicate substantial
heterogeneity (Higgins 2019). Where there was significant
heterogeneity, we undertook planned subgroup analyses to
explore this in more detail.

Assessment of reporting biases

We reduced the potential impact of publication and reporting bias
by performing a comprehensive search for eligible studies and
looking for duplication of data. We decided to construct a funnel
plot to explore the possibility of small-study effects (a tendency for
estimates of the intervention effect to be more beneficialin smaller
studies) if there were 10 or more studies included in an analysis.
When possible, we used published protocols and prospective trial
registration web pages for included studies to investigate selective
reporting (i.e. comparisons of outcomes listed in the study protocol
versus outcomes reported in papers).

Data synthesis

We performed meta-analyses where data were available from
multiple studies investigating the same treatment, and the
outcome was measured in a standard way between the studies. We
used a fixed-effect model. We undertook meta-analysis according
to the methods recommended in the Cochrane Handbook for
Systematic Reviews of Interventions for the following comparison
(Higgins 2019).

1. Studies that include GM-CSF supplementation in human
embryo culture media versus any other non-GM-CSF-
supplemented human embryo culture media.

Subgroup analysis and investigation of heterogeneity

We conducted subgroup analyses for all outcomes when data were
available to determine the separate effect between the following
subgroups.
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1. Studies including only women with recurrent implantation
failure, defined as the failure to achieve a clinical pregnancy after
transfer of at least four good-quality embryos in a minimum of
three fresh or frozen cycles (Coughlan 2014), versus studies not
including women with recurrent miscarriage.

2. Studies using single-step culture media versus studies using
sequential culture media.

3. Studies including only women with donor oocytes versus
studies using autologous oocytes.

4. Studies including only women with recurrent miscarriage (loss
of three or more consecutive pregnancies before 20 weeks'
gestation) versus studies not including women with recurrent
miscarriage.

5. Studies replacing embryos at cleavage stage (day 2 or 3) versus
studies replacing embryos at blastocyst stage (day 5).

Sensitivity analysis

We conducted sensitivity analyses for the primary outcomes
to determine whether the conclusions were robust to arbitrary
decisions made regarding eligibility and analysis. These analyses
included consideration of whether the review conclusions would
have differed if:

1. eligibility was restricted to studies without high risk of bias (we
defined low risk of bias studies as those with low risk of bias in at
least the following two domains: random sequence generation
and allocation concealment);

2. arandom-effects model had been adopted;

3. the summary effect measure was risk ratio rather than OR.

£ '
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Overall quality of the body of evid
table

We prepared a 'Summary of findings' table to evaluate the
overall quality of the body of evidence for the main review
outcomes (live birth, miscarriage, clinical pregnancy, multiple
gestation, preterm birth, birth defects, aneuploidy, stillbirth) using
GRADE criteria (study limitations (i.e. risk of bias), consistency of
effect, imprecision, indirectness, and publication bias) (Summary
of findings 1) (GRADEpro GDT). We justified and documented

judgements about the quality of the evidence (high, moderate, low,
and very low) and incorporated this information into the reporting
of the results for each outcome. The 'Summary of findings' table
compared GM-CSF-supplemented embryo culture media versus
any other non-GM-CSF-supplemented embryo culture media
(control).

RESULTS

Description of studies
Results of the search

The following databases were systematically searched by Marian
Showell, the Information Specialist at Cochrane Gynaecology and
Fertility, on 15 October 2019: Cochrane Gynaecology and Fertility
Specialised Register, CENTRAL, MEDLINE, Embase, and CINAHL.
In addition, the 2019 European Society of Human Reproduction
and Embryology (ESHRE) and American Society for Reproductive
Medicine (ASRM) conference abstracts were handsearched by
review author SA on 28 October 2019. In addition, a Google search
using the terms 'GM-CSF, culture media, RCT, and live birth' was
undertaken on 28 October 2019.

The search returned 452 records, 151 of which were duplicates. This
left 301 titles and abstracts for screening, which was undertaken
by all co-authors using the online software Covidence (Covidence).
Each record was screened by two review authors at every stage.
We considered 28 papers to be eligible for full-text screening. We
excluded 23 full texts for the following reasons: 11 were the wrong
study design; seven were trial registry information only, without
data; three were duplicates of included studies; one was an animal
study; and one was the wrong intervention. We considered five
studies to be eligible for inclusion in the review (Rose 2020; Sbracia
2014; Zafardoust 2017; Zavvar 2016; Ziebe 2013), of which three
could be used in meta-analysis (Rose 2020; Sbracia 2014; Ziebe
2013). Thetwo studies that were notincluded in meta-analysis were
conference abstracts, and the data could not be extracted reliably
without further information from the study authors (Zafardoust
2017; Zavvar 2016); unfortunately we were unable to contact the
authors of these studies to obtain the needed clarification. The
PRISMA figure illustrates the flow of studies through the review
(Figure 1).
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Figure 1. PRISMA study flow diagram.
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Included studies

Five studies were eligible for inclusion in the review. Two of these
were conference abstracts that could not be included in meta-
analysis because data could not be reliably extracted (Zafardoust
2017; Zavvar 2016). The remaining three studies included two fully
published and peer-reviewed papers, Rose 2020; Ziebe 2013, and
one conference abstract (Sbracia 2014).

The largest study was undertaken in Europe; the trial was co-
ordinated from the Netherlands, and participants were recruited
from 14 fertility clinics in Sweden and Denmark (Ziebe 2013). Ziebe
2013 included a total of 1332 participants, of whom 654 were
randomised to the intervention arm and 678 were randomised
to the control arm. The study was sponsored, co-ordinated, and
authored by the worldwide market-leading manufacturer of GM-
CSF-supplemented culture media. Women in the intervention arm
had all of their embryos cultured in GM-CSF-supplemented culture
medium at a concentration of 2 ng/mL from fertilisation through
to embryo transfer. Women randomised to the control arm of the
study had all of their embryos cultured in an IVF culture medium
that did not contain GM-CSF from fertilisation through to embryo
transfer. Both IVF and ICSI were undertaken, and a maximum of
two embryos were transferred on day 3 in a fresh embryo transfer
cycle. The inclusion criteria for the study were as follows: women
aged 25 to 39 years, women who had a regular menstrual cycle
of 21 to 35 days, women treated with a standard gonadotropin-
releasing hormone (GnRH) agonist or antagonist protocol, and
women with three or more follicles with a diameter of 14 mm on
the day of human chorionic gonadotropin (hCG) administration,
including a leading follicle of 17 mm. The exclusion criteria were:
previous participation in the study; use of assisted hatching; use
of non-ejaculated sperm; medical conditions or genetic disorders
prohibiting IVF/ICSI or interfering with the interpretation of results;
use of investigational drugs within 30 days before oocyte retrieval;
severe chronic disease of relevance for reproduction; and oocyte
donation.

Rose 2020 was a smaller, single-centre study undertaken in a
fertility clinic in Australia. A total of 100 women were randomised,
50 to the intervention arm and 50 to the control arm of the study.
There were no dropouts. Rose 2020 was a cross-over RCT, but the
published data were from the first phase of the trial prior to cross-
over. The study was sponsored by the worldwide market-leading
manufacturer of GM-CSF-supplemented culture media. The same
company also funded two co-authors of the study for statistical
support. The women in this study underwent fresh embryo transfer
following IVF or ICSI. The women in the intervention arm had
all of their embryos cultured in GM-CSF-supplemented culture
medium from fertilisation through to embryo transfer on day 5.
The concentration of GM-CSF in the intervention culture medium
was 2 ng/mL, and the medium was changed on day 3 following
observation, scoring, and washing, to the next phase of sequential
fresh culture medium with the same concentration of GM-CSF. The
control culture medium did not contain GM-CSF, and similarly, day
3 embryos were observed, scored, washed and then transferred to
a fresh sequential culture medium. All trial participants had a day
5 embryo transfer, apart from one woman in the control arm and
two in the intervention arm who underwent day 3 embryo transfer.
Participants underwent single-embryo transfer, except four women
in the control arm and six women in the intervention arm, who
underwent double-embryo transfer.

The inclusion criteria were: patients must have previously had
consecutive transfer of two or more embryos without a positive
pregnancy outcome OR have had a history of at least one previous
pregnancy loss OR a previous history of poor embryo development
(<20% of embryos developing on the time at day 3 or no blastocysts
above grade 2 on day 5). Other additional inclusion parameters
included a maternal age between 25 and 41 years, the use of a
standard GnRH agonist or antagonist protocol, and three or more
follicles of > 14 mm as seen by transvaginal ultrasound before the
day of hCG administration. Exclusion criteria included: a need for
surgical sperm retrieval (except in cases of previous vasectomy),
the use of another investigational drug within 30 days of oocyte
retrieval, and/or the presence of a severe chronic disease that could
impact the IVF cycle or reproductive outcomes.

Sbracia 2014 was another small, single-centre RCT, undertaken in
a fertility clinic in Italy. The study was written as an abstract for an
international conference. The authors reported that there was no
funding for the study. A total of 100 women were randomised, 50
to the intervention arm and 50 to the control arm of the study. The
women in the intervention arm had all of their embryos cultured
in GM-CSF-supplemented culture media at a concentration of 2
ng/mL from fertilisation through to embryo transfer. Women in
the control arm of the study had all of their embryos cultured
in a medium not containing GM-CSF from fertilisation to embryo
transfer. The brand name of the control culture medium was not
disclosed in the paper. Fresh embryo transfer of up to a maximum
of three embryos following ICSI was undertaken in all cycles in
both the intervention and control arms of the study. The inclusion
criteria were: women with recurrent implantation failure, three or
more consecutive failed IVF cycles with a total of at least 8 good
embryos replaced in the uterus, and women aged 40 or less. The
exclusion criteria were: women aged over 40, chromosomal defects
in the couple, metabolic diseases (diabetes, etc.), and other genetic
diseases (thalassaemia, cystic fibrosis, etc.).

Both Zafardoust 2017 and Zavvar 2016 were eligible for inclusion,
however data could not be reliably extracted for meta-analysis.
Zafardoust 2017 was a conference abstract which outlined that
it was a single-centre RCT undertaken at a fertility clinic in Iran.
The study included couples undergoing frozen embryo transfer
following an ICSI cycle with their own gametes. Couples were
randomised to either have their frozen embryos thawed and
cultured in a test medium containing 2 ng/mL of GM-CSF, or a
control medium not containing GM-CSF. Couples were eligible
for inclusion in the study if the female partner was < 40 years
old, had at least four good-quality embryos after thawing (grade
A), and had not had more than one previous embryo transfer.
Couples were excluded from entering the study if they needed
ICSI cycles requiring pre-implantation genetic diagnosis, if the
female partner had an anatomic disorder of the uterus, or one
or more hydrosalpinges. The abstract outlines that 90 women
were randomised, and 10 were excluded from the final analysis
due to various reasons, however the original numbers of women
randomised to each group are not disclosed. The outcome of
interest reported by the study was clinical pregnancy, which is
reported as two percentages, alongside a P value. However, it was
not clear which percentage belonged to which arm of the study,
thereforeitwasimpossible to extract any meaningful data for meta-
analysis. Review author SA attempted to contact two of the authors
of this study by email on three separate occasions for clarification
of these issues, but unfortunately no response was forthcoming.
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Zavvar 2016 was also a conference abstract, which outlined a
single-centre RCT undertaken in a fertility clinicin Iran. Zavvar 2016
sought to compare the outcomes of women undergoing ICSI who
were randomised to receive an embryo culture medium containing
2 ng/mL GM-CSF or to a culture medium not containing GM-CSF.
The inclusion criterion was women who produced only immature
oocytes in spite of stimulation with gonadotropins. No exclusion
criteria were described. The day of embryo transfer and length of
time embryos were exposed to the intervention or control media
were not described. The outcome of interest, the clinical pregnancy
rate, was reported as percentages alongside a P value. However, it
was not possible to identify which result was associated with which
arm of the study, therefore we could not reliably include data from
this study. Review author SA attempted to contact the authors of
this study on two separate occasions by email, but unfortunately no
response was received.

Excluded studies

We excluded 23 studies following full-text screening. Eleven
studies were the wrong study design, and were excluded for
the following reasons: Agerholm 2010 was a phase | safety
study and did not replace embryos; Fawzy 2019, Shapiro 2003,
Sjoblom 1998, Sjoblom 1999, Sjoblom 1999a, and Sjoblom 2001
randomised oocytes opposed to women or couples; Kinoshita
2019 was a retrospective study; Min 2017 and Sfontouris 2013
were observational studies; and Siristatidis 2013 was a systematic
review. Scarpellini 2011 was excluded because it did not study
the intervention we were interested in, and Siqueira 2016 was
excluded because it was an animal study. Six studies were duplicate
references of included studies: Rose 2020, Sbracia 2014, Zafardoust
2017, and Zavvar 2016. Four studies are awaiting classification

because the nature of the study and whether women or oocytes
was randomised was unclear (ISRCTN94726536; NCT01689428;
NCT01689454; NCT02651285).

Risk of bias in included studies
Allocation

We assessed the risk of selection bias for the three studies included
in meta-analysis to be low (Figure 2) (Rose 2020; Sbracia 2014;
Ziebe 2013), as random sequence generation was described in
detail and considered to be adequate to achieve a truly random
sequence. Rose 2020 described how 50 cards with 'control' and 50
with 'BlastGen' written on them were placed in sealed envelopes
by a person unrelated to the trial. They were shuffled several
times, and the envelopes were then numbered and opened in
consecutive order by the embryologist when an eligible participant
was scheduled for egg retrieval. Sbracia 2014 described how
participants were randomised using a computer-generated number
sequence; however, allocation concealment was not described,
therefore we deemed this study to be at unclear risk. Ziebe 2013
described how they used a computer-generated randomisation list
in blocks of four for each individual clinic in order to maintain
balance between the treatment groups at each site. Allocation
concealment was described in detail and considered to be at low
risk on the basis that each study site received a list of study-specific
consecutive patient ID numbers and a corresponding number of
identical-looking randomised bottles of test and control media that
were individually labelled with the corresponding study-specific
ID numbers. On site, the lowest number on the list was always
allocated to any new patient recruited at the time of informed
consent signature. Consequently, the clinician, embryologist, and
participant were all blinded to the allocation.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Zafardoust 2017 and Zavvar 2016 could not be included in meta-  bias because no description of randomisation or allocation
analysis, but were considered to be at unclear risk of selection  concealment was provided.
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Blinding

We considered Rose 2020 and Ziebe 2013 to be at low risk
for performance and detection bias. Rose 2020 described how
clinicians, sonographers, statisticians, and participants were
completely blinded to the intervention. Ziebe 2013 described
how participants and investigators, including clinicians and
embryologists, were blinded to treatment allocation. Following
email correspondence, we established that the clinicians
performing the ultrasound scans were blinded to the treatment
allocation at all times.

Sbracia 2014 did not provide any description of blinding of
participants, personnel, or outcome assessors, and was therefore
assessed as at unclear risk of bias of performance and detection
bias. We judged Zafardoust 2017 and Zavvar 2016 to be at unclear
risk of performance and detection bias because there was no
description of who, if anyone, was blinded.

Incomplete outcome data

We assessed Rose 2020 and Sbracia 2014 as at low risk of attrition
bias. Both studies reported no dropouts. We considered Ziebe 2013
to be at high risk of attrition bias because despite all dropouts
being accounted for, the reasons given were not included within the
predefined exclusion criteria. For example, no oocytes retrieved,
no semen sample, no fertilisation, no embryo transfer, and "non-
includable after randomisation" were given as reasons for exclusion
afterrandomisation, however none of these were listed as exclusion
criteria. We contacted the authors to obtain accurate intention-to-
treat (ITT) data for both arms of the study, which they were able to
provide.

We considered Zafardoust 2017 to be at high risk of attrition bias
because 10 women were not included in the final analysis, with no
reasons provided. We considered this to be a high rate of attrition
in a small study. Unfortunately we were unable to use data from
this study as the data could not be reliably extracted. We considered
Zavvar 2016 to be at unclear risk of attrition bias as dropouts were
not described. We could not include data from this study because it
was unclear how many participants were included in the analysis.

Selective reporting

We rated Rose 2020, Sbracia 2014, and Ziebe 2013 as being at
low risk of reporting bias because the study authors confirmed
via email correspondence that they had reported all outcomes
as per their prospective clinical trials registrations (NCT02305420,
NCT01718210, and NCT00565747, respectively).

We rated Zafardoust 2017 as being at high risk of reporting bias.
The available abstract did not report data on miscarriage, multiple
pregnancy, and beta human chorionic gonadotropin (BHCG) levels,
which are secondary outcomes noted on the prospective clinical
trials register (Zafardoust 2017). We attempted to contact the study
authors to establish if further trial data were available, but received
no response. We rated Zavvar 2016 as being at unclear risk of
reporting bias. We had no access to a protocol or an online clinical
trial registry.

Other potential sources of bias

We have been in extensive contact with the authors of Ziebe 2013
via email to clarify various numbers from their published study. The
co-authors of this study have been very forthcoming in answering
all of our queries and have offered clear explanations of how
various numbers are reached in their paper. However, we have
assessed Ziebe 2013 as at high risk of bias for this domain because
the numbers published in the paper differ from those published
in this review, that is we discovered through correspondence that
some participants were inaccurately described as miscarriages
opposed to biochemical pregnancy losses. We also asked for
individual participant data in relation to those babies that suffered
aneuploidy or birth defects, or both. On reviewing the data, we
discovered that some women underwent termination of pregnancy
in light of aneuploidy or birth defects, which had not been included
in their aneuploidy or birth defect data. We also discovered that
one baby had been classified as having a birth defects, when
in fact it was reported as having immature lungs secondary to
prematurity. In addition, the reporting of multiple pregnancies in
the paper is very confusing. We clarified all of these issues through
correspondence, which is summarised in Appendix 13. One co-
author of this review has written a letter, which has been published,
outlining the concerns regarding the statistical analysis presented
in the paper (Farquhar 2015). Examples of concerns include the
adjustment of sample size and the increase of concentration
of human serum albumin following interim analysis, and the
reporting of 'ongoing implantation rate' as number of transferred
embryos opposed to per woman.

Effects of interventions

See: Summary of findings 1 GM-CSF-supplemented culture media
compared to culture media not supplemented with GM-CSF for
women undergoing assisted reproduction

GM-CSF-suppl ted culture media versus culture media not
supplemented with GM-CSF for women undergoing assisted
reproduction

A total of five studies undertook this comparison. Three of these
studies (1532 participants) reported data that could be included in
meta-analysis (Rose 2020; Sbracia 2014; Ziebe 2013).

Primary outcomes
1.1Live birth

Two studies (N = 1432) provided live-birth data (Rose 2020; Ziebe
2013). We obtained ITT live-birth data following correspondence
with the authors of Ziebe 2013 (see Appendix 13). There were 179
live births reported amongst the 704 women randomised to the GM-
CSFarm, and 162 live births amongst the 728 women randomised to
the control arm. No studies reported ongoing pregnancy as a proxy
to live birth.

We are uncertain whether GM-CSF-supplemented culture media
makes any difference to the live-birth rate when compared to using
conventional culture media not supplemented with GM-CSF (odds
ratio (OR) 1.19, 95% confidence interval (CI) 0.93 to 1.52, 2 RCTs, N
=1432, 12 = 69%, low-quality evidence) (Analysis 1.1; Figure 3).
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Figure 3. Forest plot of comparison: 1 GM-CSF-supplemented culture medium versus culture medium not

supplemented with GM-CSF, outcome: 1.1 Live birth.

GM-CSF Control 0Odds Ratio 0Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total ‘Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
Rose 2020 11 50 17 50  11.1% 055[023,1.33] ¢— = [ (XX X X XN ]
Ziebe 2013 168 654 145 678  88.9% 1.2710.99,1.64] HEll- oe00000
Total (95% CI) 704 728 100.0% 1.19 [0.93, 1.52] o
Total events: 179 162
Heterogeneity: Chi? = 3.19, df = 1 (P = 0.07); I = 69% 05 07 15 2

Test for overall effect: Z = 1.40 (P = 0.16)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

The evidence suggests that if the rate of live birth associated with
conventional culture media not supplemented with GM-CSF was
22%, the rate with the use of GM-CSF-supplemented culture media
would be between 21% and 30%.

1.2 Miscarriage

Two RCTs (N = 1432) provided miscarriage data (Rose 2020;
Ziebe 2013). The authors of both studies were able to clarify
that the miscarriages were of clinical pregnancies. Based on
correspondence, we were able to remove terminations of
pregnancy that had been classified as miscarriage in these two
studies (Appendix 13). Terminations of pregnancy as a result of

Figure 4. Forest plot of comparison: 1 GM-CSF-suppleme
supplemented with GM-CSF, outcome: 1.2 Miscarriage.

Favours no GM-CSF Favours GM-CSF

aneuploidy or birth defect are accounted for in Analysis 1.6 and
Analysis 1.7. All miscarriages were first-trimester losses, apart from
one in the control arm of Rose 2020, which was a midtrimester loss
at 17 weeks' gestation. There were 19 miscarriages amongst the
704 women randomised to the GM-CSF arm, and 26 miscarriages
amongst the 728 women randomised to the control arm.

It is unclear whether use of GM-CSF-supplemented culture media
makes any difference to miscarriage rate when compared to
conventional culture media not supplemented with GM-CSF (OR
0.75, 95% Cl 0.41 to 1.36, 2 RCTs, N = 1432, I2 = 0%, low-quality
evidence) (Analysis 1.2; Figure 4).

nted culture medium versus culture medium not

GM-CSF Control 0Odds Ratio 0Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total ‘Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
Rose 2020 (1) 2 50 2 50 7.7% 1.00[0.14, 7.39] ——
Ziebe 2013 17 654 24 678  92.3% 0.73[0.39, 1.37] 1%
Total (95% CI) 704 728 100.0% 0.75 [0.41, 1.36]
Total events: 19 26

Heterogeneity: Chi? = 0.09, df = 1 (P = 0.77); I2 = 0%
Test for overall effect: Z = 0.95 (P = 0.34)
Test for subgroup differences: Not applicable

Footnotes
(1) One miscarriage in the control arm was at 17 weeks gestation, the remainder <12

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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The evidence suggests that if the miscarriage rate associated with
conventional culture media not supplemented with GM-CSF was
4%, the rate with the use of GM-CSF-supplemented culture media
would be between 2% and 5%. It is worth noting that these
figures are per woman randomised, hence the apparently very low
miscarriage rates. They do not include miscarriages that occurred
before the diagnosis of a clinical pregnancy on ultrasound scan,
otherwise known as biochemical pregnancy losses.

Secondary outcomes
1.3 Clinical pregnancy

Three studies (N = 1532) reported clinical pregnancy rates (Rose
2020; Sbracia 2014; Ziebe 2013). Both Rose 2020 and Ziebe 2013
describe how an ultrasound scan was performed at seven weeks’
gestation in order to diagnose clinical pregnancy. Information on
the methods of Sbracia 2014 was limited, as the study is only
available as a conference abstract, and we received no response to

our emails to the authors of the study. The authors of Shracia 2014
describe pregnancy rate as their primary outcome, however there
are no further details as to what stage pregnancy was diagnosed,
and whether they were clinical pregnancies diagnosed with
ultrasound. The authors report an "implantation rate", which we
have taken to mean a biochemical pregnancy rate. Consequently,
for the purposes of this review, we have assumed the pregnancy
rate in Sbracia 2014 to be clinical.

There were 221 clinical pregnancies amongst the 754 women
randomised to the GM-CSF arm, and 205 clinical pregnancies
amongst the 778 women randomised to the control arm.

We are uncertain whether GM-CSF-supplemented culture media
makes any difference to the clinical pregnancy rate when compared
to using a conventional culture medium not supplemented with
GM-CSF (OR 1.16, 95% Cl 0.93 to 1.45, 3 RCTs, N = 1532 women, 2=
67%, low-quality evidence) (Analysis 1.3; Figure 5).

Figure 5. Forest plot of comparison: 1 GM-CSF-supplemented culture medium versus culture medium not
supplemented with GM-CSF, outcome: 1.3 Clinical pregnancy.

GM-CSF Control 0Odds Ratio 0Odds Ratio Risk of Bias
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Rose 2020 13 50 20 50  10.3% 053[023,1.23] ¢— = | 00000OGO
Sbracia 2014 19 50 10 50 4.3% 2.45[1.00, 6.02] ) ®2 2?2 2000
Ziebe 2013 189 654 175 678  85.3% 1.17[0.92, 1.49] - TXXXXXX)
Total (95% CI) 754 778 100.0% 1.16 [0.93, 1.45]
Total events: 221 205

Heterogeneity: Chi? = 5.99, df =2 (P = 0.05); 12 = 67%
Test for overall effect: Z = 1.28 (P = 0.20)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

The evidence suggests that if the clinical pregnancy rate associated
with conventional culture media not supplemented with GM-CSF
was 26%, the rate with the use of GM-CSF-supplemented culture
media would be between 25% and 34%.

1.4 Multiple gestation

Two studies (N = 1432) reported multiple gestation rate (Rose 2020;
Ziebe 2013). The multiple gestation rate was clarified following
correspondence with authors of both studies (Appendix 13). The
authors of Ziebe 2013 also detail the incidence of monozygotic and
dizygotic twins, but in this review we did not differentiate between
types of twins. The authors of Rose 2020 report single-embryo
transfer as standard, but explain that four women in the controlarm
and six women in the intervention arm received double-embryo
transfer (Appendix 13). The authors of Ziebe 2013 describe how a
maximum of two embryos were replaced per woman with a mean
embryo transfer rate of 1.51 for the control arm and 1.49 for the
GM-CSF arm. There was one triplet pregnancy in the intervention

0507 1 15 2
Favours no GM-CSF Favours GM-CSF

arm of the study by Ziebe 2013. The remaining multiple gestations
reported here were all twins.

There were 31 women with a multiple gestation amongst the 704
women randomised to the GM-CSF arm, and 205 women with a
multiple pregnancy amongst the 728 women randomised to the
control arm.

We are uncertain whether GM-CSF-supplemented culture media
makes any difference to the multiple pregnancy rate when
compared to use of a conventional culture medium not
supplemented with GM-CSF (OR 1.24,95% CI 0.73 t0 2.10, 2 RCTs, N
=1432, 12 = 35%, very low-quality evidence) (Analysis 1.4).

The evidence suggests that if the multiple gestation rate associated
with conventional culture media not supplemented with GM-CSF
was 4%, the rate with the use of GM-CSF-supplemented culture
media would be between 3% and 7%.
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1.5 Preterm birth

Two studies (N = 1432) reported the preterm birth rate, defined as
the birth of a baby (or babies in the case of multiple pregnancy)
under 37 weeks' gestation, per woman randomised (Rose 2020;
Ziebe 2013). Preterm birth was detailed in the published study
by Ziebe 2013. For singletons, the preterm birth data were easily
extractable. For women with multiple gestations, the authors of
Ziebe 2013 report gestational age at birth with a standard deviation,
therefore we clarified these data with the study authors to establish
the number of preterm births (Appendix 13). We sought preterm
birth data through correspondence with the authors of Rose 2020
(Appendix 13). We counted twins and triplets that were born before
37 weeks as one event for this outcome, as we undertook ITT
analysis.

There were 30 women with a preterm birth amongst the 704 women
randomised to the GM-CSF arm, and 26 women with a preterm birth
amongst the 728 women randomised to the control arm.

We are uncertain whether GM-CSF-supplemented culture media
makes any difference to the preterm birth rate when compared to
usinga conventional culture medium not supplemented by GM-CSF
(OR 1.20, 95% CI 0.70 to 2.04, 2 RCTs, N = 1432, 12 = 76%, very low-
quality evidence) (Analysis 1.5).

The evidence suggests that if the preterm birth rate associated with
conventional culture media not supplemented with GM-CSF was
4%, the rate with the use of GM-CSF-supplemented culture media
would be between 3% and 7%.

1.6 Birth defects

The authors of two studies (N = 1432) were able to provide details on
birth defects following correspondence (Appendix 13) (Rose 2020;
Ziebe 2013). The authors of Rose 2020 explained that there was one
baby with multiple birth defects, which was detected antenatally
(this participant was classified as experiencing a miscarriage in the
published study, but we have clarified that this was a termination of
pregnancy, and it has therefore been removed from the miscarriage
group in this review). The authors of Ziebe 2013 provided details
on 22 infants who were born with defects (three participants
underwent termination of pregnancy for birth defects). We did not
count any infants as having both birth defects and aneuploidy, but
rather divided them into one of the two groups. We are not aware
of twins within the birth defects group, and have assumed all data
to be per woman randomised.

Thirteen women had a baby with a birth defect amongst the 704
women randomised to the GM-CSF arm, and 10 women had a baby
with a birth defect amongst the 728 women randomised to the
control arm.

We are uncertain whether GM-CSF-supplemented culture media
makes any difference to the rate of birth defects when compared to
usinga conventional culture medium not supplemented by GM-CSF
(OR 1.33,95% CI 0.59 to 3.01, 12 = 0%, 2 RCTs, N = 1432, low-quality
evidence) (Analysis 1.6).

The evidence suggests that if the birth defect rate associated with
conventional culture media not supplemented with GM-CSF was
1%, the rate with the use of GM-CSF-supplemented culture media
would be between 1% and 4%.

1.7 Aneuploidy

Two studies (N = 1432) provided data regarding aneuploidy after we
inquired about this outcome (Rose 2020; Ziebe 2013). The authors
of Rose 2020 described how one baby had a trisomy, which was
detected antenatally, and Ziebe 2013 reported that one baby had a
trisomy detected antenatally.

No women had a baby with aneuploidy amongst the 704 women
randomised to the GM-CSF arm, and two women had a baby
with aneuploidy amongst the 728 women randomised to the
control arm. We are uncertain whether GM-CSF-supplemented
culture media makes any difference to the rate of aneuploidy
when compared to using a conventional culture medium not
supplemented by GM-CSF (OR 0.34, 95% Cl 0.03 to 3.26, 12 = 0%, 2
RCTs, N = 1432, low-quality evidence) (Analysis 1.7).

The evidence suggests that if the aneuploidy rate associated with
conventional culture media not supplemented with GM-CSF was
0.3%, the rate with the use of GM-CSF-supplemented culture media
would be between 0% and 0.9%.

1.8 stillbirth

Two studies (N = 1432) reported stillbirth (Rose 2020; Ziebe 2013).
Following correspondence, the authors of Rose 2020 provided data
on stillbirth that were not published (Appendix 13). There were no
stillbirths reported in either arm of the study, hence the OR was
not estimable (Analysis 1.8). The average rate of stillbirth ranges
from approximately 4 per 1000 total births in high-income countries
to approximately 28 per 1000 total births in low-income countries
such as sub-Saharan Africa (Lawn 2016), therefore the stillbirth rate
in this review is better than average for the high income countries.

Planned additional analyses

We did not need to undertake a funnel plot to explore the possibility
of small-study effects as there were only three included studies in
the quantitative analysis.

Subgroup analyses

1) Studies including only women with recurrent implantation
failure. Two studies were defined as including women with
"poor prognosis" as a result of previous recurrent implantation
failure. The definition of recurrent implantation failure (the failure
to achieve a clinical pregnancy after transfer of at least four
good-quality embryos in a minimum of three fresh or frozen
cycles (Coughlan 2014)) was met by only one of these studies
(Sbracia 2014). When examining this study alone, the only
outcome it informs is clinical pregnancy. The low-quality evidence
suggests that GM-CSF-supplemented culture media may slightly
improve pregnancy rates when compared to culture media not
supplemented by GM-CSF (OR 2.45, 95% CI 1.00 to 6.02, 1 RCT, N =
100, low-quality evidence).

2) Single-step versus sequential culture media. Asingle-step culture
medium supplemented with GM-CSF would involve culturing the
embryos in one medium following fertilisation all the way through
to blastocyst embryo replacement if required. The included
study that cultured embryos through to blastocyst utilised a
sequential culture medium supplemented with GM-CSF (Rose
2020), therefore we were unable to undertake this subgroup
analysis. Correspondence with Cooper Surgical revealed that a
single-step culture medium supplemented by GM-CSF is yet to
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obtain its CE mark (certification mark that indicates conformity
with health, safety, and environmental protection standards for
products sold within the European Economic Area), and for this
reason is not yet available in Europe from this company.

3) Donor versus autologous oocytes. No included studies utilised
donor oocytes, so a subgroup analysis was not possible.

4) Studies including only women with recurrent miscarriage. No
included studies involved only women who had experienced
recurrent miscarriage, so a subgroup analysis was not possible.

5) Studies replacing embryos at cleavage stage versus blastocyst
stage. We know that Rose 2020 was the only study that definitely
replaced all embryos at day 5, thereby satisfying the criterion of
blastocyst stage transfer. The authors of Ziebe 2013 describe how
they undertook all day 3 embryo transfers, which classifies this
study as cleavage stage transfer. The authors of Sbracia 2014 did
not describe whether they undertook cleavage stage or blastocyst
stage transfer. However, they do report using EmbryoGen as the
intervention culture media, which is a culture medium licensed to
culture embryos to day 3, therefore we have assumed for the sake
of subgroup analysis that Sbracia 2014 is classified as a cleavage
stage transfer study.

Two studies, one cleavage stage transfer, Ziebe 2013, and one
blastocyst stage transfer, Rose 2020, reported on the outcome
of live birth. The subgroup analysis for both cleavage stage and
blastocyst stage transfer did not alter the finding from the pooled
meta-analysis. In other words, for both subgroup analyses and
the main pooled meta-analysis, we are uncertain whether GM-
CSF-supplemented culture media makes any difference to the live-
birth rate when compared to using conventional culture media
not supplemented with GM-CSF. The quality of the evidence of the
subgroup analyses is low given that only one study informs each
analysis.

The same two studies that reported on live birth also reported
on miscarriage (Rose 2020; Ziebe 2013), one cleavage and one
blastocyst stage transfer. The subgroup analyses did not change
the outcome of the main meta-analysis. In other words, we are
uncertain whether GM-CSF-supplemented culture media makes
any difference to the miscarriage rate when compared to using
conventional culture media not supplemented with GM-CSF. The
quality of the evidence of the subgroup analyses is low given that
only one study informs each analysis.

The outcome clinical pregnancy is informed by three included
studies. Two studies undertook cleavage stage transfers (Sbracia
2014; Ziebe 2013), and one undertook blastocyst stage transfer
(Rose 2020). The subgroup analyses did not alter the results of
the main pooled meta-analysis. Low-quality evidence remains of
uncertainty as to whether GM-CSF-supplemented culture media
makes any difference to the clinical pregnancy rate when compared
to using a conventional culture medium not supplemented with
GM-CSF.

The outcome multiple gestation is informed by two included
studies, one of which undertook cleavage stage transfers, Ziebe
2013, and the other blastocyst stage transfers, Rose 2020. The
subgroup analyses did not alter the results of the main pooled
meta-analysis. Low-quality evidence remains of uncertainty as
to whether GM-CSF-supplemented culture media makes any

difference to the multiple gestation rate when compared to using
a conventional culture medium not supplemented with GM-CSF.
We downgraded the quality of the evidence from moderate for the
main meta-analysis, to low, given that only one study informs each
subgroup analysis.

Sensitivity analyses

We decided to undertake three sensitivity analyses for the primary
outcomes to determine whether our conclusions were robust to
arbitrary decisions made regarding the eligibility and analysis. The
analyses were as follows.

1) If eligibility was restricted to studies without high risk of bias
(studies at low risk of bias were defined as those with low risk of bias
in at least the following two domains: random sequence generation
and allocation concealment). For live birth and miscarriage, our
two primary outcomes, both studies included in the meta-analysis
were low risk according to our definition, therefore we did not need
to undertake this sensitivity analysis.

2) If a random-effects model had been adopted. We applied the
random-effects model to both of our primary outcomes, and it did
not alter the conclusions of the review.

3) If the summary effect measure was risk ratio rather than OR. We
altered the summary effect measure to risk ratio for both live birth
and miscarriage, however it did not alter the conclusions of the
review.

DISCUSSION

Summary of main results

Despite GM-CSF-supplemented culture media being commercially
available for a number of years, there were very few RCTs from
around the world with data that could be included in this review.
The three trials included in meta-analysis, Rose 2020; Sbracia 2014;
Ziebe 2013, involved a total 1532 women, of whom the vast majority
(1332 women) were from Ziebe 2013, a trial designed, conducted,
and written by Cooper Surgical, one of the global market leaders
in culture media supplemented with GM-CSF. Having said this,
there was transparency in communication with the authors of
Ziebe 2013; this review contains ITT data and further details on
methods as a result of the authors' willingness to share information
(Appendix 13).

For the primary and secondary outcomes assessed, including live
birth, miscarriage, clinical pregnancy, multiple gestation, preterm
birth, birth defects, and aneuploidy, due to very low- to low-quality
evidence we cannot be certain whether GM-CSF is any more or less
effective than culture media not supplemented with GM-CSF for
clinical outcomes that reflect effectiveness and safety (Summary
of findings 1). We were unable to undertake analysis of stillbirth,
as there were no events in either study arm; however, the lack
of events in either arm supports the hypothesis that there is no
advantage or disadvantage to using culture media supplemented
by GM-CSF versus culture media not supplemented by GM-CSF.

Overall completeness and applicability of evidence

The evidence for this review was dominated by one large,
multicentre European RCT, which was designed and conducted by
industry. However, despite concerns about the equipoise of the
trial designers, co-ordinators, and data analysts, the study appears
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to be well executed overall. There is without doubt a number
of flaws in the design of the study, in particular the statistical
analysis of the results presented in the paper (Farquhar 2015);
however, we sought ITT data from the authors, which means the
data are astransparent as possible (Appendix 13). The three studies
included in the quantitative analysis have a number of similarities
as described below, but most notable is the concentration of GM-
CSF within the intervention culture media, which is the same
across all studies. This possibly reflects the dominance of one
particular company who supplied the intervention culture media
for all of the included studies. On balance, the available data
represent women or couples attending for assisted reproduction
with their own gametes, on a single fresh embryo transfer cycle.
Two hundred of the 1532 included women were considered to be
'poor prognosis', with recurrent implantation failure or a history of
poor embryo development. Further studies including frozen cycles,
donor oocytes, and cumulative embryo transfer data from one
cycle are required to make the evidence more broadly applicable to
the types of women or couples attending for assisted reproduction.

The studies included in the quantitative analysis were conducted
in high-income countries, as defined by the World Bank (World
Bank). Two included studies were undertaken in the upper-middle-
income country of Iran (Zafardoust 2017; Zavvar 2016), however
no data could be reliably extracted from these studies, therefore
the data available for this review were based solely on those
residing in high-income countries. There was a mixture of IVF and
ICSI across the three studies included in quantitative analysis. All
three studies undertook fresh embryo transfers, and no cumulative
embryo transfer data were available from subsequent frozen
embryo transfer cycles.

The intervention culture media contained the same concentration
of GM-CSF in all three studies, which makes the intervention arm
more homogenous in terms of what participants received than the
control culture media, which were described in less detail. Rose
2020 describes a control of "standard embryo culture media", whilst
the authors of Sbracia 2014 do not provide any information on
the control medium. The authors of Ziebe 2013 describe using
"EmbryoAssist without cytokine", a culture media manufactured
by Cooper Surgical. The potential variation in the control culture
media makes the result more generalisable to 'real-world' practice,
where individual clinics use a variety of culture media 'as standard".

The inclusion of studies with variations in day of embryo transfer,
poor- and good-prognosis patients, variation in underlying medical
conditions of participants, and numbers of embryo transferred
helps make the results of this review generalisable.

The two studies that could not be included in the quantitative
analysis, Zafardoust 2017; Zavvar 2016, were in some ways different
to the studies included in the quantitative analysis. For example,
Zafardoust 2017 utilised frozen embryos, and Zavvar 2016 included
women in whom immature oocytes were retrieved in spite of
stimulation with gonadotropins. Both studies included the same
concentration of GM-CSF in the intervention culture media (2 ng/
mL), which were supplied by Cooper Surgical, the supplier of
all of the intervention culture media across all included studies.
Both Zafardoust 2017 and Zavvar 2016 undertook ICSI. It may be
possible to include data from these two studies in the future, if
we are able to make contact with the authors to clarify issues
regarding data and methods. Both studies reported that there was

no significant difference in the pregnancy rate between the GM-CSF
and conventional culture media arms of their studies.

Quality of the evidence

Overall, the quality of the evidence using the GRADE approach is
low or very low for all outcomes (Summary of findings 1). Live
birth, clinical pregnancy, multiple gestation, and preterm birth
were all downgraded once for inconsistency. There were differing
point estimates in the included studies, with one supporting GM-
CSF-supplemented culture media, and one supporting the control
culture medium. The point estimates have broad confidence
intervals, and in many cases the 12 result is high, representing a high
degree of heterogeneity between trials.

Live birth, miscarriage, multiple gestation, preterm birth, birth
defects, and aneuploidy were all downgraded for imprecision. We
downgraded live birth once and the remaining outcomes twice.
These outcomes had point estimates with broad or very broad
confidence intervals, from a low number of included studies,
at least one of which was very small in terms of number of
participants. We downgraded clinical pregnancy once for risk of
bias, as all studies that inform this outcome have high risk of other
bias, and one study was at unclear risk of selection, performance,
and detection bias. The unclear risk of bias in this study was
due mainly to a lack of information from the available published
abstract.

We were unable to undertake meta-analysis of the results for
stillbirth because there we no occurrences of stillbirth in either arm
of the study in the one trial that reported this outcome.

Regarding risk of bias, both Rose 2020 and Ziebe 2013 were
considered to be overall low risk of bias. Rose 2020 was low risk
in all domains except for other bias, which was rated high risk
because although the study appears to be well run, the sample
size of 100 participants is small, and is unlikely to be powered
to detect meaningful difference between the groups in terms of
clinical outcomes. We considered Ziebe 2013 to be at low risk of
selection, performance, detection, and reporting bias, but at high
risk of attrition and other bias. Sbracia 2014 was rated as having
high risk of other bias and unclear risk of selection, performance,
and detection bias.

Potential biases in the review process

We aimed to identify all eligible studies for inclusion in this
review, and contacted authors of all five included studies on many
occasions in an effort to include as much information as possible.
The authors of two studies were forthcoming with further study
information, which helped us to acquire a full picture of the study
outcomes, as well as providing information needed to assess and
establish risk of bias (Appendix 13).

Agreements and disagreements with other studies or
reviews

We found one published systematic review examining GM-CSF-
supplemented culture media for women undergoing assisted
reproduction (Siristatidis 2013). This review undertook a search
of studies published between 1966 and 2012. Siristatidis 2013
included all study designs except case series and case reports.
The primary outcome was live birth per woman/couple. Secondary
outcomes were clinical pregnancy per woman/couple (defined as
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evidence of fetal heart on ultrasound at seven weeks), miscarriage
rate (defined as the number of miscarriages divided by the
number of clinical pregnancies), fertilisation rate (rate of oocytes
fertilised per oocytes retrieved), and laboratory parameters,
such as progression of embryos to blastocyst stage, blastocyst
performance and hatching, and chromosomal abnormalities of
the embryos. The search yielded 152 records, 112 of which were
discarded. Six of the remaining 41 studies were considered eligible
for inclusion in the review, four of which were RCTs and two
prospective observational studies. The review by Siristatidis 2013
has one RCT in common with our review (Ziebe 2013). The other
three RCTsincluded in Siristatidis 2013 were excluded here because
they randomised oocytes (Shapiro 2003; Sjoblom 2001), or no
embryos were replaced in women (Agerholm 2010).

The authors of Siristatidis 2013 concluded that most of the included
studies trend towards favouring the supplementation of culture
media with GM-CSF in terms of good-quality embryos reaching
the blastocyst stage, improved hatching initiation and number of
cells in the blastocyst, and reduction in cell death. However, no
statistically significant differences were found in implantation and
pregnancy rates in all but one trial, which reported favourable
outcomes in terms of implantation and live birth. The authors
of Siristatidis 2013 go on to propose properly conducted and
adequately powered RCTs to further validate and extrapolate the
current findings. The quality of included studies is deemed by the
Siristatidis 2013 authors to be "average".

Our review adds two further RCTs, and has the advantage of
conducting a meta-analysis and undertaking a 'Risk of bias'
assessment, as well as applying GRADE to the findings of the
review. The fact that three of the included RCTs in Siristatidis 2013
randomised oocytes or did not replace embryos into the women
means that interpreting the data and applying it to real-world
clinical situations is almost impossible, as the trial design is not
adequate for phase Ill clinical trials assessing clinical outcomes.

We received email correspondence from a reader of the protocol
for this review who expressed concerns that we were planning
to include studies that used GM-CSF or G-CSF as the intervention
medium (Appendix 14). The author expressed concerns about this
decision as they felt those media were not homogenous enough
to be included in one group. This review only found studies that
included GM-CSF as the intervention medium and we explained
that we would look into this issue for the re-run of the review in the
coming years.

AUTHORS' CONCLUSIONS

Implications for practice

As is the case with most in vitro fertilisation (IVF) add-ons,
granulocyte macrophage colony-stimulating factor (GM-CSF)-
supplemented culture media is already widely in use in many
fertility clinics across the world, well before the arrival of this
systematic review of randomised trials. Despite GM-CSF being
available commercially for a number of years, there are still only
five randomised trials, only three of which have data to extract
for meta-analysis, and two of which are extremely small and not
adequately powered to detect a meaningful clinical differences
between groups. It is also notable that two of the three studies
included in quantitative analysis were sponsored by industry;

however, the risk of bias in these studies appears to be low (Figure
2).

The findings of this review reveal that overall there is very low- to
low-quality evidence to suggest that GM-CSF supplemented culture
media is no more or less effective or harmful than culture media
not supplemented with GM-CSF for the following outcomes: live
birth, miscarriage, clinical pregnancy, multiple gestation, preterm
birth, birth defects, and aneuploidy. The evidence for stillbirth was
also low quality, but we were unable to undertake meta-analysis as
there were no events in either arm of the studies.

Given these findings, clinicians, embryologists and women/
couples considering using GM-CSF-supplemented culture media
during an assisted reproduction cycle should be aware that
the available evidence neither supports, nor opposes its use.
It would appear important that independent information on
the available evidence is made accessible to those considering
using GM-CSF-supplemented culture media, particularly in the
face of strong marketing information. GM-CSF-supplemented
culture media is marketed as being recommended for those who
have experienced recurrent clinical and biochemical pregnancy
loss; recurrent implantation failure; unexplained infertility; and
advanced maternal age (Cooper Surgical 2020a). However, the
available evidence from randomised controlled trials (RCTs) only
includes two small studies (N = 200), which included women aged
40 or over, or women who had experienced recurrent miscarriage
or implantation failure (Rose 2020; Sbracia 2014). The claim that
GM-CSF has a positive effect on implantation and pregnancy rates
is simply not supported by the available evidence presented here
(Cooper Surgical 2020a).

Implications for research

The question of whether GM-CSF-supplemented culture media has
any advantage over culture media not supplemented by GM-CSF
urgently requires further high-quality, independent, adequately
powered RCTs to add to this systematic review. The ideal RCT
would pre-register a protocol, recruit women/couples attending for
assisted reproduction, of all ages and backgrounds, with all types
of infertility, undergoing IVF or intracytoplasmic sperm injection
(ICSI). It would be powered highly enough to be able to detect
whether particular subgroups would benefit from this type of
culture media, for example those with previous failed IVF attempts.
Women, clinicians, embryologists, and those assessing outcomes
would be blinded to the intervention. After randomisation, women
would remain in the group to which they had been allocated
for the sake of data analysis, regardless of whether they had
received the allocated intervention, or whether they dropped out,
in order to maintain the effects of randomisation. Data would be
analysed using intention-to-treat, maintaining the denominator as
all women who were randomised to that arm of the study, for all
outcomes, including pregnancy, miscarriage, and live birth. The
study would be registered on a trials registry beforehand, and
the protocol published, including which statistical analyses were
planned. The study would ideally be designed and conducted, and
data analysed by independent researchers, who hold equipoise
regarding the efficacy of GM-CSF-supplemented culture media.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Rose 2020

Study characteristics

Methods

Study design: single-centre randomised controlled trial (RCT). The study was cross-over in design, but
only data from the first phase of the study, prior to cross-over, are included in the review.

Country: Australia
Setting: fertility clinic, Adelaide

Sponsorship source: EmbryoGen/BlastGen media was supplied by ORIGIO, a Cooper Surgical compa-
ny. A grant from Cooper Surgical also funded MLH and EJK for statistical support. Fertility SA and The
Robinson Institute, University of Adelaide provided in kind support from staff and affiliates providing
time and expertise.

Trials registry number: NCT02305420 (prospectively registered)

Participants

Inclusion criteria: the inclusion criteria selected for a poor-prognosis patient population. Patients
must have previously had consecutive transfer of 2 or more embryos without a positive pregnancy out-
come OR have had a history of at least 1 previous pregnancy loss OR a previous history of poor embryo
development (< 20% of embryos developing on the time at day 3 or no blastocysts above grade 2 on
day 5). Other additional inclusion parameters included a maternal age between 25 and 41 years, the
use of a standard gonadotrophin-releasing hormone (GnRH) agonist or antagonist protocol, and 3 or
more follicles of > 14 mm as seen by transvaginal ultrasound before the day of human chorionic go-
nadotropin administration.

Exclusion criteria: exclusion criteria included a need for surgical sperm retrieval (except in cases of
previous vasectomy), the use of another investigational drug within 30 days of oocyte retrieval, and/or
the presence of a severe chronic disease that could impact the in-vitro fertilisation (IVF) cycle or repro-
ductive outcomes.

Number of participants randomised to each arm of the study: 50 to intervention arm, 50 to control
arm.

Dropouts: none

Group differences: participants were matched for age, body mass index (BMI), and smoking status. A
greater number of participants in the intervention group underwent intracytoplasmic sperm injection
(ICSI) opposed to IVF versus the control group (37/50 versus 29/50).

Fresh or frozen cycle?: fresh cycle
IVF or ICSI?: [VF and ICSI
Length of time exposed to intervention medium: 5 days

Trade name and concentration of granulocyte macrophage colony-stimulating factor (GM-CSF) in
intervention medium: EmbryoGen days 0 to 3 followed by BlastGen days 3 to 5

Trade name of control medium: "Standard embryo culture medium"

Day of embryo transfer: day 5 (apart from 1 in the control group and 2 in the intervention group who
transferred 1 embryo on day 3 due to delayed embryo development)
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Rose 2020 (Continued)

Number of embryos transferred: single-embryo transfer. "Couples who insisted on transferring two
embryos, once embryo quality was known, were included in the study but were recorded as having a
trial variation (four in the standard group and six in the intervention group).”

Interventions

Intervention: GM-CSF-supplemented culture medium

Control: Sydney IVF medium

Outcomes « Live-birth rate
« Miscarriage rate
« Clinical pregnancy rate
« Multiple gestation rate
« Preterm birth rate
+ Birth defect rate
« Aneuploidy rate
« Stillbirth rate
Notes Email correspondence with all additional data outlined in Appendix 13.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk "50 cards with control and 50 with BlastGen written on them were placed in
tion (selection bias) opaque sealed envelopes by a person unrelated to the trial. They were shuf-
fled several times and the envelopes were marked from 1-100 in consecutive
order."
Allocation concealment Low risk "When the eligible patient was scheduled for an egg retrieval the embryologist
(selection bias) took the next envelope by sequence and the random assignment was made."
Blinding of participants Low risk "Clinicians, sonographers, statisticians, and patients were completely blind-
and personnel (perfor- ed"
mance bias)
All outcomes
Blinding of outcome as- Low risk Sonographers were blinded.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk All dropouts accounted for.
(attrition bias)
All outcomes
Selective reporting (re- Low risk "We reported all outcomes as per our prospective clinical trials registration
porting bias) (ClinicalTrials.gov Identifier: NCT02305420)."
Other bias High risk There is a potential conflict of interest regarding the funding and administra-

tion of this study, as it was granted by the manufacturer of the intervention
culture medium. However, the study authors have been very forthcoming with
information regarding the trial, and there has been transparency. We assessed
the study as at high risk of other bias due to the small sample size of 100 par-
ticipants.
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Sbracia 2014

Study characteristics

Methods

Study design: single-centre RCT
Country: Italy

Setting: fertility clinic
Sponsorship source: no funding

Trials registry number: NCT01718210 (prospectively registered)

Participants

Inclusion criteria: women with recurrent implantation failure, 3 or more consecutive failed IVF cycles
with a total of at least 8 good embryos replaced in the uterus, women aged 40 or less

Exclusion criteria: over 40 years of age, chromosomal defects in the couple, metabolic diseases (dia-
betes, etc.), other genetic diseases (thalassaemia, cystic fibrosis, etc.)

Number of participants randomised to each arm of the study: 50 to the intervention arm and 50 to
the control arm

Dropouts: none

Group differences: not disclosed

Fresh or frozen cycle?: fresh cycle

IVF or ICSI?: ICSI

Length of time exposed to intervention medium: from fertilisation to embryo transfer
Trade name and concentration of GM-CSF in intervention medium: EmbryoGen
Trade name of control medium: not disclosed

Day of embryo transfer: not disclosed

Number of embryos transferred: a maximum of 3 embryos were transferred

Interventions

Intervention: GM-CSF-supplemented culture medium

Control: standard IVF medium

Outcomes Clinical pregnancy rate

Notes Emailed 29 October 2019 and 9 January 2020 for further information, but received no response
Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "Patients were randomised by a computer generated number sequence"
tion (selection bias)

Allocation concealment Unclear risk Allocation concealment not described

(selection bias)

Blinding of participants Unclear risk No description of who, if anyone, was blinded

and personnel (perfor-
mance bias)
All outcomes
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Blinding of outcome as- Unclear risk No description of blinding of outcome assessors

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Intention-to-treat data reported, and no dropouts described.

(attrition bias)

All outcomes

Selective reporting (re- Low risk The 2 outcomes reported in the study were outlined on the trials registry Clini-

porting bias) calTrials.gov Identifier NCT01718210.

Other bias High risk Small sample size of 100 participants
Zafardoust 2017

Study characteristics

Methods Study design: single-centre RCT

Country: Iran
Setting: fertility clinic
Sponsorship source: infertility and recurrent abortion treatment centre of Avicenna

Trials registry number: www.irct.ir/trial/11703 (registered during recruitment)

Participants

Inclusion criteria: couples undergoing treatment with their own gametes, women aged <40 years old,
women with at least 4 good-quality embryos after thawing (grade A), women who had not had more
than 1 previous embryo transfer

Exclusion criteria: cycles requiring pre-implantation genetic diagnosis, women with an anatomic dis-
order of the uterus or hydrosalpinx/hydrosalpinges

Number of participants randomised to each arm of the study: number randomised to each arm be-
fore dropout was not disclosed

Group differences: the average age between the 2 groups differed

Fresh or frozen cycle?: frozen cycles

IVF or ICSI?: ICSI

Length of time exposed to intervention medium: from embryo thawing through to embryo transfer
Trade name and concentration of GM-CSF in intervention medium: BlastGen 2 ng/mL

Trade name of control medium: Vitrolife, USA

Day of embryo transfer: not disclosed

Number of embryos transferred: not disclosed

Interventions

Intervention: GM-CSF-supplemented culture medium

Control: standard IVF medium

Outcomes

Clinical pregnancy rate
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Notes Emailed on 29 October 2019, 26 November 2019, and 9 January 2020 for further information, but re-
ceived no response
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk No description of how randomisation was undertaken
tion (selection bias)
Allocation concealment Unclear risk No description of how allocation concealment was undertaken
(selection bias)
Blinding of participants Unclear risk No description of who, if anyone, was blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Blinding of outcome assessors not described
sessment (detection bias)
All outcomes
Incomplete outcome data  Highrisk 10 women were not included in the final analysis, which is a high rate of attri-
(attrition bias) tion.
All outcomes
Selective reporting (re- High risk No data on miscarriage, multiple pregnancy, and beta human chorionic go-
porting bias) nadotrophin (BHCG) levels, which are secondary outcomes noted on trials reg-
ister
Other bias High risk Small sample size of 90 participants
Zavvar 2016
Study characteristics
Methods Study design: single-centre RCT

Country: Iran
Setting: fertility clinic
Sponsorship source: not disclosed

Trials registry number: not disclosed

Participants

Inclusion criteria: women who produce only immature oocytes in spite of stimulation with go-
nadotropins

Exclusion criteria: not disclosed

Number of participants randomised to each arm of the study: 31 women were randomised to re-
ceive the intervention medium, and 45 were randomised to receive the control medium

Group differences: not disclosed

Fresh or frozen cycle?: not disclosed
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IVF or ICSI?: ICSI

Length of time exposed to intervention medium: not disclosed

Trade name and concentration of GM-CSF in intervention medium: MediCult 2 ng/mL
Trade name of control medium: not disclosed

Day of embryo transfer: not disclosed

Number of embryos transferred: not disclosed

Interventions

Intervention: GM-CSF-supplemented culture medium

Control: standard IVF medium

Outcomes Clinical pregnancy rate

Notes First author contacted by email for further information on 26 November 2019 and 9 January 2020, but
no response received.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No description of how random sequence was generated

tion (selection bias)

Allocation concealment Unclear risk No description of how allocation was concealed

(selection bias)

Blinding of participants Unclear risk Blinding was not mentioned.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Blinding of outcome assessors was not described.

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk We assessed the study as at unclear risk, as we do not have access to number

(attrition bias)
All outcomes

of dropouts or indeed how many participants were included in the analysis.

Selective reporting (re- Unclear risk No access to a protocol or a trial registry entry
porting bias)
Other bias High risk Small sample size of 76 participants

Ziebe 2013

Study characteristics

Methods

Study design: multicentre RCT (14 different clinics)

Country: study co-ordinated in the Netherlands. Participants were recruited from clinics in Sweden
and Denmark.

GM-CSF (granulocyte macrophage colony-stimulating factor) supplementation in culture media for women undergoing assisted

reproduction (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

121



: Cochrane Trusted evidence.
= . Informed decisions.
q Libra ry Better health. Cochrane Database of Systematic Reviews

Ziebe 2013 (continued)

Setting: fertility clinics
Sponsorship source: supported by ORIGIO, Malev, Denmark

Trials registry number: NCT00565747 (prospectively registered)

Participants

Inclusion criteria: women aged 25 to 39 years, women who had a regular menstrual cycle of 21 to 35
days, women treated with a standard gonadotrophin-releasing hormone(GnRH) agonist or antagonist
protocol, women with 3 or more follicles with a diameter of >/= 14 mm on the day of human chorionic
gonadotrophin (hCG) administration, including a leading follicle of >/= 17 mm

Exclusion criteria: previous participation in the study, use of assisted hatching, use of non-ejaculated
sperm, medical conditions or genetic disorders prohibiting in vitro fertilisation(IVF)/ intracytoplasmic
sperm injection (ICSI) or interfering with interpretation of results, use of investigational drugs within 30
days before oocyte retrieval, severe chronic disease of relevance for reproduction, and oocyte donation

Number of participants randomised to each arm of the study: 654 women randomised to receive
GM-CSF-supplemented culture medium, and 678 women randomised to the control culture medium

Group differences: no significant between-group differences in baseline characteristics

Fresh or frozen cycle?: fresh

IVF or ICSI?: IVF and ICSI

Length of time exposed to intervention medium: from fertilisation through to embryo transfer
Trade name and concentration of GM-CSF in intervention medium: ORIGIO 2 ng/mL

Trade name of control medium: EmbryoAssist

Day of embryo transfer: day 3

Maxiumum number of embryos transferred: 2

Interventions

Intervention: GM-CSF-supplemented culture medium

Control: standard IVF medium

Outcomes

« Live-birth rate

« Miscarriage rate

« Clinical pregnancy rate
« Multiple gestation rate
« Preterm birth rate

« Birth defect rate

« Aneuploidy rate

« Stillbirth rate

Notes

Email correspondence with all additional data outlined in Appendix 13.

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Randomisation (blocks of four) was computer-generated individually for each
clinic to maintain balance between the treatment groups at each site."

Allocation concealment
(selection bias)

Low risk Following email correspondence: "Randomization was performed by ORIGIO
a/s, and based on a randomisation list per clinic generated automatically us-
ing www.randomization.com. Each study site received a list of study specific
consecutive patient ID numbers (e.g. clinic 1: 01001, 01002, 01003, 01004 etc.)
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and a corresponding number of identically looking randomized bottles of test
and control media individually labelled with the corresponding study specif-
ic patient ID numbers. On site the lowest number on the list was always allo-
cated to any new patient recruited, at the time of informed consent signature.
Therefore, both the clinician, embryologist and patient, was blinded to the
treatment allocation. The master randomisation list was held by ORIGIO a/s.
All data analysis was performed externally by a Clinical Research Organization
(CRO). During the interim analysis the statistician was blinded at all times to
the media, which were presented as Medium A and Medium B. For the final sta-
tistical analyses, the codes for blinding were broken after database lock and
patient classification."

Blinding of participants Low risk "Participants and investigators were blinded to treatment allocation. Study
and personnel (perfor- media were packaged unidentifiably and labelled only with the randomization
mance bias) number. For each new patient recruited, the lowest available randomization
All outcomes number was used."

Blinding of outcome as- Low risk Following email correspondence: "The clinicians performing the ultrasound
sessment (detection bias) scans were blinded to the treatment allocation at all times."

All outcomes

Incomplete outcome data  High risk All dropouts accounted for, however the reasons given were not included in
(attrition bias) the predefined exclusion criteria.

All outcomes

Selective reporting (re- Low risk The authors confirmed through email correspondence that all outcomes were
porting bias) published.

Other bias High risk There is a potential conflict of interest regarding the funding and administra-

tion of this study as it was granted by the manufacturer of the intervention cul-
ture medium. However, the study authors have been very forthcoming with in-
formation regarding the trial, and there has been transparency. We assessed
this trial as at high risk of other bias because the data provided in private email
correspondence differ from the published data.

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Agerholm 2010

Wrong study design

Fawzy 2019 Wrong study design
Kinoshita 2019 Wrong study design
Min 2017 Wrong study design

Scarpellini 2011

Wrong intervention

Sfontouris 2013 Wrong study design
Shapiro 2003 Wrong study design
Siqueira 2016 Animal study
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Trusted evidence.
Informed decisions.
Better health.

Cochrane
Library

O

Comparison 1. GM-CSF-supplemented culture medium versus culture medium not supplemented with GM-CSF

Cochrane Database of Systematic Reviews

Outcome or subgroup  No. of studies No. of partici- Statistical method Effect size
title pants

1.1 Live birth 2 1432 0Odds Ratio (M-H, Fixed, 95% Cl) 1.19[0.93, 1.52]
1.2 Miscarriage 2 1432 0dds Ratio (M-H, Fixed, 95% Cl) 0.75[0.41, 1.36]
1.3 Clinical pregnancy 3 1532 0Odds Ratio (M-H, Fixed, 95% Cl) 1.16[0.93, 1.45]
1.4 Multiple gestation 2 1432 0Odds Ratio (M-H, Fixed, 95% Cl) 1.24[0.73,2.10]
1.5 Preterm birth 2 1432 0Odds Ratio (M-H, Fixed, 95% Cl) 1.20[0.70, 2.04]
1.6 Birth defects 2 1432 0Odds Ratio (M-H, Fixed, 95% Cl) 1.33[0.59, 3.01]
1.7 Aneuploidy 2 1432 0dds Ratio (M-H, Fixed, 95% Cl) 0.34[0.03, 3.26]
1.8 Stillbirth 2 1432 0Odds Ratio (M-H, Fixed, 95% Cl) Not estimable

Analysis 1.1. Comparison 1: GM-CSF-supplemented culture medium versus
culture medium not supplemented with GM-CSF, Outcome 1: Live birth

GM-CSF Control Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Rose 2020 11 50 17 50 11.1% 0.55[0.23,133] ¢— =«
Ziebe 2013 168 654 145 678 88.9% 1.27[0.99, 1.64] _}
Total (95% CI) 704 728 100.0% 1.19[0.93, 1.52]
Total events: 179 162
Heterogeneity: Chi? = 3.19, df = 1 (P = 0.07); I2 = 69% 0507 1 15 2

Test for overall effect: Z = 1.40 (P = 0.16)
Test for subgroup differences: Not applicable

Favours no GM-CSF

Favours GM-CSF

Analysis 1.2. Comparison 1: GM-CSF-supplemented culture medium versus
culture medium not supplemented with GM-CSF, Outcome 2: Miscarriage

GM-CSF Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Rose 2020 (1) 2 50 2 50 7.7% 1.00[0.14, 7.39]
Ziebe 2013 17 654 24 678 92.3% 0.73[0.39, 1.37] 1%
Total (95% CI) 704 728 100.0% 0.75 [0.41, 1.36]

Total events: 19 26
Heterogeneity: Chi2 = 0.09, df = 1 (P = 0.77); I = 0%
Test for overall effect: Z = 0.95 (P = 0.34)

Test for subgroup differences: Not applicable

Footnotes

4 4 4

02

Favours GM-CSF

(1) One miscarriage in the control arm was at 17 weeks gestation, the remainder <12 weeks.

+ t t +

S5 1 2 5
Favours no GM-CSF
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Analysis 1.3. Comparison 1: GM-CSF-supplemented culture medium versus
culture medium not supplemented with GM-CSF, Outcome 3: Clinical pregnancy

GM-CSF Control Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Rose 2020 13 50 20 50 10.3% 0.53[0.23,1.23] ¢—a— 1
Sbracia 2014 19 50 10 50 4.3% 2.45[1.00, 6.02] — )
Ziebe 2013 189 654 175 678 85.3% 1.17[0.92, 1.49] A.r
Total (95% CI) 754 778 100.0% 1.16 [0.93, 1.45]
Total events: 221 205
Heterogeneity: Chi? = 5.99, df = 2 (P = 0.05); I2 = 67% 05 07 1 15 2
Test for overall effect: Z = 1.28 (P = 0.20) Favours no GM-CSF Favours GM-CSF

Test for subgroup differences: Not applicable

Analysis 1.4. Comparison 1: GM-CSF-supplemented culture medium versus
culture medium not supplemented with GM-CSF, Outcome 4: Multiple gestation

GM-CSF Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Rose 2020 0 50 2 50 9.9% 0.19[0.01, 4.10]
Ziebe 2013 31 654 24 678 90.1% 1.36 [0.79, 2.34]
Total (95% CI) 704 728 100.0% 1.24[0.73, 2.10]
Total events: 31 26
Heterogeneity: Chi2 = 1.53, df = 1 (P = 0.22); 2= 35% 0.01 01 1 10 100
Test for overall effect: Z = 0.80 (P = 0.42) Favours GM-CSF Favours no GM-CSF

Test for subgroup differences: Not applicable

Analysis 1.5. Comparison 1: GM-CSF-supplemented culture medium versus
culture medium not supplemented with GM-CSF, Outcome 5: Preterm birth

GM-CSF Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Rose 2020 1 50 6 50 23.9% 0.15[0.02, 1.29]
Ziebe 2013 29 654 20 678 76.1% 1.53[0.85, 2.73]
Total (95% CI) 704 728 100.0% 1.20 [0.70, 2.04]
Total events: 30 26
Heterogeneity: Chi2 = 4.25, df = 1 (P = 0.04); I = 76% 0.01 01 1 10 100
Test for overall effect: Z = 0.66 (P = 0.51) Favours GM-CSF Favours no GM-CSF

Test for subgroup differences: Not applicable
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Analysis 1.6. Comparison 1: GM-CSF-supplemented culture medium versus
culture medium not supplemented with GM-CSF, Outcome 6: Birth defects

GM-CSF Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Rose 2020 0 50 1 50 14.6% 0.33[0.01, 8.21]
Ziebe 2013 13 654 9 678 85.4% 1.51[0.64, 3.55]
Total (95% CI) 704 728 100.0% 1.33[0.59, 3.01]
Total events: 13 10
Heterogeneity: Chi2 = 0.81, df = 1 (P = 0.37); 2= 0% 0.01 01 1 10 100
Test for overall effect: Z = 0.70 (P = 0.49) Favours GM-CSF Favours no GM-CSF

Test for subgroup differences: Not applicable

Analysis 1.7. Comparison 1: GM-CSF-supplemented culture medium versus
culture medium not supplemented with GM-CSF, Outcome 7: Aneuploidy

GM-CSF Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Rose 2020 0 50 1 50 50.2% 0.33[0.01, 8.21] RN N
Ziebe 2013 0 654 1 678 49.8% 0.35[0.01, 8.49] - B
Total (95% CI) 704 728 100.0% 0.34[0.03, 3.26]
Total events: 0 2
Heterogeneity: Chi2 = 0.00, df = 1 (P =0.98); I = 0% 0.01 0. 1 10 100
Test for overall effect: Z = 0.94 (P = 0.35) Favours GM-CSF Favours no GM-CSF

Test for subgroup differences: Not applicable

Analysis 1.8. Comparison 1: GM-CSF-supplemented culture medium versus
culture medium not supplemented with GM-CSF, Outcome 8: Stillbirth

GM-CSF Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Rose 2020 0 50 0 50 Not estimable
Ziebe 2013 0 654 0 678 Not estimable
Total (95% CI) 704 728 Not estimable
Total events: 0 0
Heterogeneity: Not applicable 0.01 01 10 100
Test for overall effect: Not applicable Favours GM-CSF Favours no GM-CSF

Test for subgroup differences: Not applicable

APPENDICES

Appendix 1. Cochrane Gynaecology and Fertility Group Specialised Register search strategy
PROCITE platform

Searched 15 October 2019
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Paper 4: VALUE study: a protocol for a qualitative semi-structured
interview study of IVF add-ons use by patients, clinicians and
embryologists in the UK and Australia

Following the completion and publication of papers 1, 2 and 3, my mind turned to exploring
the reasons why patients and professionals in the IVF sphere opt to use add-ons. By this time
(the beginning of 2020), there was a growing body of evidence to suggest that add-ons added
no advantage in terms of livebirth, over IVF without add-ons, so it seemed curious to me that
they were still as popular as ever 1% 10 Academic debate at the time suggested that there
was more to the story than naive, poorly informed patients accepting add-ons from clinics
who saw the pecuniary advantages of offering add-ons, and | wanted to design a study that
revealed the driving factors behind their use 3% 197, Section 6.7 reveals the existing qualitative
evidence behind add-on use, which was limited to a survey of 1017 patients commissioned
by the HFEA 27, There had been no semi-structured interview studies exploring the motivating

factors for using add-ons from a patient and professional perspective.

My quantitative work, and the presentation of findings at meetings around the world had
introduced me to people from different disciplines who were interested in the same question.
One important collaborator was Dr Sarah Lensen, whom | had co-authored a Cochrane review
with on the topic of endometrial scratching for IVF (not included in this thesis); another
example of an add-on 1%, Dr Lensen was based at the University of Melbourne and was keen
to explore the views of those undergoing IVF in Australia alongside those in the UK. We were
intrigued to understand whether the views of professionals and patients would differ
between the two settings, or whether they would be harmonious given that the process of

IVF is broadly the same in both countries. Therefore, we resolved to design a study.

| gathered a group of co-authors with qualitative expertise, and clinical and laboratory
experience in IVF, to develop the protocol for a semi-structured interview study of IVF add-
ons use by patients, clinicians and embryologists in the UK and Australia. We named the study

‘The VALUE Study’, and the protocol was published in BMJ Open following peer review 1%,
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ABSTRACT

Introduction For couples undergoing assisted reproduction,
a plethora of adjuncts are available; these are known as
‘add-ons’. Most add-ons are not supported by good quality
randomised trial evidence of efficacy, with some proven to

be ineffective. However, estimates suggest that over 70% of
fertility clinics provide at least one add-on, often at extra cost
to the patient. This study has three aims. First, to undertake a
survey of in vitro fertilisation (IVF) clinics in the UK to ascertain
which add-ons are being offered and at what cost. Second, to
undertake qualitative semi-structured interviews of patients,
clinicians and embryologists, to explore their opinions and
beliefs surrounding add-ons. Third, to review the interpretation
of the Human Fertilisation and Embryology Authority traffic light
system, to better understand the information required by IVF
patients, clinicians and embryologists when making decisions
about add-ons.

Methods and analysis All UK IVF clinics will be contacted

by email and invited to complete an online survey. The survey
will ask them which add-ons they offer, at what cost per cycle
and how information is shared with patients. Semi-structured
interviews will be conducted in the UK and Australia with three
groups of participants: (i) fertility patients; (ii) clinicians and (i)
embryologists. Participants for the interviews will be recruited
via social media channels, website adverts, email and snowball
sampling. Up to 20 participants will be recruited for each
group in each country. Following an online consent process,
interviews will be conducted via video-conferencing software,
transcribed verbatim and data subjected to inductive thematic
analysis.

Ethics and dissemination Ethical approval has been
granted by the Universities of Sheffield, Bath Spa and
Melbourne. Findings will be published in a peer-reviewed
journal and disseminated to regulatory bodies in the UK
and Australia. A lay summary of findings will be shared via
Fertility Network, UK.

INTRODUCTION

Undergoing fertility treatment can involve
physical, mental and financial stress, with
patients often desperate to explore any

.2 Emily Vaughan © ,
2 Adam H Balen @

3

Strengths and limitations of this study
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» VALUE is the first study to explore, through in-depth,
semi-structured qualitative interviews, the driving
factors behind the use of in vitro fertilisation add-
ons by patients, clinicians and embryologists.

» Early and in-depth patient and public involvement
was used to ensure the study’s acceptability, use
and relevance to the target population.

» Purposive sampling in two different healthcare sys-
tems, encompassing both private and state fund-
ed fertility services will be conducted to capture a
wide range of patient, clinician and embryologist
experiences.

» We will mitigate the risk that interviewees adjust
their responses in light of interviewers being med-
ical professionals working in fertility, by training
interviewers and highlighting their neutrality at the
start of the interview.

» Recruitment via social media may limit the recruit-
ment to a particularly motivated, engaged and me-
dia literate group of participants.

options which might confer greater chance
of treatment success. Over recent years
there has been an increase in medical and
non-medical in vitro fertilisation (IVF) treat-
ment adjuncts available; these are commonly
known as ‘add-ons’.!

The UK regulatory body for assisted repro-
duction, Human Fertilisation and Embry-
ology Authority (HFEA) describes add-ons
as ‘optional extras you may be offered on
top of your normal fertility treatment, often
at an additional cost. They’re sometimes
emerging techniques that may have shown
some promising results in initial studies, or
they may have been around for a number of
years, but haven’t necessarily been proven to
improve pregnancy or birth rates’.” In some

BM)
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cases, add-ons have become ‘routine practice’, with costs
embedded into the fertility package fee as opposed to
being charged in addition. For example, embryo incu-
bation using time-lapse technology is routine in some
centres, and is optional in others.”

Assisted reproduction is a fast-paced area of medicine,
with growing demand for treatment, accompanied by
rapid innovation." There is growing recognition from
the assisted reproduction community of the paucity
of evidence surrounding the use of add-ons, most add-
ons are not supported by good quality randomised trial
evidence.” *° There has been much speculation and
interest in the driving forces behind add-ons’ popularity,
both factors of supply (IVF clinics offering or advertising
add-ons) and demand (IVF patients requesting add-
ons).ﬁ’9 However, thus far, there has been no research
specifically focused on why patients, clinicians and
embryologists opt to offer or use them. There is a lack
of research into the views of these groups, particularly
surrounding their interpretation of evidence of efficacy
of add-ons, and information sources for decision-making
about their use.

The HFEA have provided a website designed for
patients regarding add-ons, with a traffic light rating of
red, amber and green to denote the quality of evidence
on efficacy and safety of use. However, there is little infor-
mation about the utility of this system, and how patients
interpret the different traffic light colours. For patients
in Australia, there is no such similar patient directed
website.

The practice of medicine rests open three main prin-
ciples of ethics. First beneficence (the moral obligation
to act for the benefit of others), second non-maleficence
(requires that medical professionals prevent harm to the
health and well-being of patients) and third autonomy
(patients have a right to self-determination, or choices
in their care). IVF add-ons raise an interesting ethical
dilemma, given that add-ons have not been conclusively
proven to make IVF more effective, or reduce the risk of
harms, such as miscarriage. However, denying a patient’s
autonomy in opting to use add-ons may also be seen as
unethical.'"’ In order for autonomy to be executed, the
patient must have informed consent, that is, an under-
standing of the potential benefits and risks of any given
add-on.""

The VALUE study is important because it will help
inform how patients, clinicians and embryologist
weigh up the factors that relate to these three pillars
of medical ethics when thinking about their experience
of using add-ons. It will also explore what information
is important to these three stakeholder groups when
participating in informed consent. It is hoped that the
information from VALUE will support caregivers to
provide the best possible ethical care to their patients,
and improve the quality of the informed consent
process for patients to better support them in making
informed decisions.

Aims

This study aims to first undertake a survey of IVF clinics in
the UK to ascertain which add-ons are being offered and
at what cost to the patient. Second, through qualitative
semi-structured individual interviews of assisted repro-
duction patients, clinicians and embryologists, it will then
explore the opinions and beliefs surrounding add-ons
and any evidence for efficacy. Finally, the interviews will
also be used to review the interpretation of information
provided by regulatory bodies in order to optimise provi-
sion of information for these groups when making future
decisions about IVF add-ons.

Objectives

1. Provide information on availability of add-ons in UK
and the costs that are charged for them.

2. To understand how people make decisions about using
or recommending IVF add-ons.

3. To understand where information about add-ons is
sought, and to understand the role and importance of
information such as safety and effectiveness when con-
sidering their use.

4. To explore participants’ understanding and interpre-
tation of the HFEA traffic light system for add-ons.

METHODS AND ANALYSIS
Study design
Part 1: UK clinic survey
Alist of all licensed IVF clinics in the UK will be compiled
using public data from the HFEA website.'? Then, the
medical director of each clinic will be contacted and
invited to complete an online survey. The online survey
will ask the following questions: (i) number of IVF and
intracytoplasmic sperm injection (ICSI) cycles performed
in year January 2019-January 2020; (ii) whether the clinic
treats National Health Service (NHS) and/or private
privates; (iii) which add-ons they offer at their clinic; (iv)
the cost per-cycle to patients for the use of each add on;
(v) whether written information regarding add-ons is
offered, and the form of this information (ie, published
by the clinic, or published by Industry) and (vi) whether
any of the listed add-ons are included as part of an NHS
funded cycle, or a private cycle (ie, are used routinely).
The clinic survey is only taking place in the UK because
a similar survey has already taken place in Australia.'*'*
In order to improve the response rates, we will use an
evidence-based strategy of survey recruitment. A prenoti-
fication email will be sent to the medical director 1week
prior to the survey opening outlining the survey and
informing them that following completion of the survey
they can choose to be entered into a prize draw for three
£50 Love2shop vouchers. One week later the link to the
survey will be emailed with a follow-up email at week 2.
In week 3 or 4 we will send a further follow-up email and
phone call to the clinic. In week 6 the survey will close and
the prize draw winners announced. Those who complete
the survey will be sent a follow-up email thanking them,
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and asking if they would be happy to share their patient
information leaflets on add-ons with us.

Part 2: qualitative in-depth semi- Research Ethics approval was
not required for the PPl interviews

Interview schedule design

The interview schedule was iteratively developed with
our patient and public involvement (PPI) group and is
underpinned by preidentified domains of interest within
the academic and grey literature: (i) sources of informa-
tion; (ii) the decision-making process and (iii) impor-
tance of evidence. The HFEA 2018 pilot national fertility
patient survey' revealed important areas where informa-
tion on add-ons is lacking including where patients seek
information from, whether information on the efficacy,
cost-effectiveness and side effects of add-ons is provided.
Through our semi-structured interview design, we will
therefore explore participants’ personal experiences in
deciding whether to use or offer add-ons. We will explore
factors that are important to them in making this decision
and their sources of information as well as explore how
participants in the UK and Australia interpret the HFEA’s
traffic light system and its role to guiding decision-making
around add-ons.?

Patient and public involvement
PPI has taken place to tailor the study design to ensure
it is addressing important research questions and that
the study materials are presented in a clear and under-
standable format. A ‘study-focussed framework’ will be
supported, whereby two patients will follow the research
cycle from initial PPI stages through to disseminating
findings and achieving impact.'®

The PPI process included patients, clinicians and
embryologists with two PPI groups in both the UK and
Australia. PPI sessions were conducted separately in the
UK and Australia due to subtle differences in demo-
graphic questions. Due to concerns about a power
dynamic between professionals and patients possibly
preventing ;)articipants from feeling able to free express
themselves'’ we held one focus group for patients in each
location and a separate group for clinicians and embryol-
ogists. Participants were recruited through social media
and engaged in an hourlong teleconference with other
panel members and the research team. Each participant
was provided with a draft set of interview questions ahead
of the meeting and were asked to comment on them
during the teleconference. In addition, they were asked
to review the consent form, the information sheet and the
study website. A series of questions about the coordina-
tion and practical running of the study were also posed.

The teleconferences were recorded following agree-
ment from participants and followed strict General Data
Protection Regulation (GDPR) guidance. Participants
were offered either a £20 love2shop e-voucher or a $50
Australian supermarket voucher as a thank you for their
time. All participants consented to being acknowledged
in resulting publications.

Patients PPI

Two patient participants were sought in each country and
patients were required to have undergone assisted repro-
duction (IVF or ICSI) in the past 2 years.

As a result of patient PPI, the wording of some of the
qualitative questions was altered, and prompts were added
where necessary. The panel felt that the patient interviews
should be divided in two to enable time for the partici-
pant to browse the HFEA website prior to questions on
this topic. The feedback was that asking the participant to
familiarise themselves with the website during the hour-
long interview was too stressful and would put the partici-
pant under undue pressure. The panel was in agreement
that two shorter interviews were no more onerous or
inconvenient than I-hour long interview. In response to
feedback, a table of ‘commonly used terms’ was added
to the preinterview demographic questions (table 1) and
the website was altered slightly to improve readability.

Embryologists and clinicians PPI

A minimum of two embryologists and two clinicians in
each country were sought for PPI. Professional data-
bases were checked to ensure that those taking part were
registered doctors or embryologists delivering fertility
treatment in the UK or Australia. In the UK, two embry-
ologists and one reproductive medicine specialist doctor
joined the teleconference, and a separate teleconfer-
ence was undertaken with one other reproductive medi-
cine specialist doctor due to clinical commitments. In
Australia, one PPI panel was convened, consisting of two
embryologists and two reproductive medicine specialist
doctors.

As a result of PPI, the preinterview demographic ques-
tions were altered to accurately reflect clinicians’ job
titles and questions regarding ethnicity and religion were
removed. Following panel input, the questions were reor-
dered to improve the flow of the interview and the wording
of some questions changed to remove any negative conno-
tations towards add-ons. In addition, lay descriptions of
add-ons were added to the website following feedback
that this would enable patients to more easily identify
which add-ons they had used or considered. This panel
explained that part 1 and part 2 of the interview should
not be split into two separate interviews for because it was
too time consuming and may deter clinicians and embry-
ologists from participating. The feedback was that being
given the chance to look at the HFEA website prior to the
interview would be preferable to being asked to look at
it mid-interview. The study protocol has been altered to
reflect these changes.

VALUE study eligibility criteria

Inclusion criteria

Patients

Adult women, men or couples (18+ years of age); who
have undergone IVF or ICSI in the past 2 years (any
number of cycles); publicly funded (NHS funded in the
UK, or Medicare in Australia) or privately funded; using
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Table 1 Table of commonly used terms

Term we use

What it stands for

Description of term

IVF

In vitro fertilisation

The process of stimulating the woman'’s ovaries, collection of eggs, mixing of egg/s
with sperm to make embryos, incubation of embryos and replacement of embryos

into the woman.

ICSI Intracytoplastic sperm
injection

A cycle of IVF

orICSI

The process described above, except instead of mixing the woman’s eggs with
sperm, a single sperm is selected to be injected into the egg.

One cycle of IVF or ICSI includes all the steps involved in IVF or ICSI described
above, plus the replacement of any resulting embryos from that cycle (fresh or frozen

transfer). A cancelled cycle, or a cycle where no embryos can be transferred both

count as a cycle.
Embryo transfer

Embryo transfer refers to the process of replacing an embryo that results from an

IVF or ICSI cycle. Embryo transfers can be single, where one embryo is transferred,
or double, where two embryos are transferred. No matter how many embryos are
replaced, these all count as one embryo transfer procedure.

Ovulation
induction

The process of stimulating the ovaries to release an egg each month. This can be
done using tablets such as clomiphene citrate, or injections. The couple conceive the

baby through sexual intercourse.

ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilisation.

either autologous oocytes and sperm, or donor oocytes
and sperm; and who have considered using, or had used,
one or more add-ons as part of their treatment.

Clinicians

Registered doctors involved in the care of patients or
couples undergoing assisted reproduction. Doctors
can be consultant fertility specialists, staff-grade fertility
specialists or General Practitioners (GPs) who specialise
in reproductive medicine and work in fertility clinics.

Embryologists

Registered embryologists involved in decisions regarding
the assessment of embryos, who have direct interaction
with patients or couples undergoing IVF or ICSI.

Exclusion criteria

Those who are non-fluent English speakers owing to
the financial cost and logistics of arranging appropriate
translation assistance during interviews. Those who are
donating oocytes or sperm therefore undergoing assisted
reproduction themselves.

Recruitment
In both countries, patient participants will be recruited
via broad ranging social media advertising, including the
websites and social media of patient support groups such
as Fertility Network in the UK. Recruiting participants
in this way aims to include those from a diverse range of
socioeconomic and ethnic backgrounds and geographic
locations. Additionally, this approach should include
patients or couples who are at varying stages of their IVF
experience, including those undergoing their first cycle,
to those embarking on repeated cycles and those who
have and have not experienced success from IVFE.
Clinicians and embryologists will also be recruited
via websites, newsletters and social media, but in this

case with the assistance of professional bodies such The
British Fertility Society and the Association of Reproduc-
tive and Clinical Scientists in the UK. The Fertility Society
of Australia (FSA) will advertise the study in Australia.
Recruiting in this manner enables sampling from a broad
geographical range of clinicians and embryologists,
working in different clinics, with difference practices.

Both patient participants and professionals may also
be recruited using a snowballing technique, where at
the end of the interview existing participants are asked
to nominate others to be approached for participation.
Snowball sampling is a valid technique for participant
recruitment in qualitative research and allows researchers
to reach populations who otherwise would have been
hard to reach.

Interested participants in both the UK and Australia
will be directed to the VALUE study website (www.value-
study.org) where they can express interest in the study
using the ‘contact us’ form embedded in the ‘patient’
webpage  (www.valuestudy.org/for-patients) and the
‘professionals’ webpage (www.valuestudy.org/for-profes-
sionals). Researchers will then confirm eligibility and
obtain informed consent via a secure online form, and
schedule a time to undertake the interview (figure 1). A
list of examples of add-ons is provided on the website, and
has been published as online supplemental table 1.

Sampling strategy and size

Approximately 60 interviews will be conducted in both
the UK and Australia (20 per participant group) and the
collection and analysis of data will be done iteratively to
consider when sufficiently robust codes and themes have
been created.'® A sample of n=20 per group has been
based on similar studies,w'22 however, it is recognised
that deep analysis is more important than number of
interviews and sample size will be determined by data
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Open access

Advertisement
of VALUE study

Expression of
interest

N
eInterested participants directed to www.valuestudy.org from Twitter/email/advert.
J
N
eInterested participants can express interest via www.valuestudy.org. Research team
alerted via email.
J
N

*Research team contact potential participants via email and check eligibility criteria are met.
«If eligible, participants are directed to complete electronic consent form. Link sent via

Debrief

email.
J
N
*Research team member confirms consent and standardised welcome email is sent
containing link to demographic questionnaire.
*Time for interview(s) arranged via email between participant and research team member.
N
eInterview(s) undertaken.
N
eParticipant thanked for their time verbally. Standardised follow up email sent that thanks
participants, contains £30/$50 e-voucher, and the PDF 'debrief sheet'.
J

5
V

Figure 1 Flow of participants through the VALUE study.
saturation when no further themes are generated.”
Couples who wish to be interviewed together will be
considered as n=1 towards the sample size, however, if
they wish to be interviewed separately, then they will be
considered as two participants.

There will be purposive sampling within our inclusion
criteria, to provide a variety of participants so that readers
can assess transferability to a wider population of clini-
cians, embryologists and patients undergoing IVE* The
VALUE study aims to interview patients who have had
government subsidised as well as privately funded cycles.
It also aims to interview clinicians and embryologists

working in the public and private sector and to include
both senior and junior staff, the importance of which was
highlighted by the PPI panel. Timely thematic analysis of
the first 20 interviews will be undertaken and if an appro-
priate spread of patients and professionals has not been
included, we will use a sampling framework for maximum
variation for the next 20 interviews prior to consent stage
(table 2).

There will be complete transparency with potential
participants that we may not need to interview them
depending on their answers, but that we appreciate their
interest and time in getting in touch. We will explain that

Table 2 Framework sampling questions

Question  Patients

Professionals

Targeted questions to be asked prior to consent for potential interviewees if analysis of the first 10 interviews is suggestive of

lack of diverse respondents.

1 Please can we ask how many cycles Please can you share your clinical title?

of IVF or ICSI you have undergone?

2 Please can we ask whether you have How many years have you worked in the discipline of reproductive

received NHS funded or privately
funded IVF or ICSI? Perhaps you
have had both?

medicine? (clinicians only)

3 Please can we ask whether you see and treat NHS funded or privately
funded IVF or ICSI? Perhaps you treat had both? Please can you explain.

ICSI, Intracytoplasmic sperm injection; IVF, in vitro fertilisation; NHS, National Health Service.
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their answers to these questions will not be recorded as
part of the study.

Interviews

Interviews will be held remotely using video-conferencing
software and will be recorded to aid transcription. Patients
will be interviewed twice. First with nine questions, lasting
approximately 45 min, following this they will be asked to
review the HFEA website prior to the second interview of
eight questions, lasting approximately 30 min. Clinicians
and embryologists will participate in a single interview
of approximately 60min interview containing 15 ques-
tions. Interview schedule will not be made available until
after all interviews have been conducted so as not bias
responses from participants having seen the questions in
advance of the interviews from this publication. However,
they will be available on request after the interviews have
been completed.

The interview will be conducted by members of
the research team who have undergone training in
conducting semi-structured interviews about potentially
upsetting topics. At the beginning of the interview partici-
pants will be asked to try to avoid mentioning their names
or those of IVF clinics or staff; although, the onus will be
on the research team to fully anonymise subsequent tran-
scriptions. Participants will be reminded that involvement
in the research is entirely voluntary and that they can
withdraw at any point during the interview. For clinicians
and embryologists, they will be reminded prior to the
interview that it is not a test of their clinical knowledge
and that all information shared will be kept confidential.

Patients, clinicians and embryologists will be offered a
£30 e-Gift Card for love2shop or a $50 Australian super-
market voucher as a thank you for their time. National
Institute for Health Research recommend rewarding
public participation in research and vouchers of this
value are an appropriate thank you for their time.?*

Transcription

Audio recordings will be kept on secure servers and will
undergo transcription by a third-party confidential and
secure password protected transcription service. Tran-
scription of audio recording will be checked by the
in-country research team to ensure that all identifiably
data are removed and the transcript deidentified.

Analysis
The clinic survey data and demographic data from inter-
view participants will be exported to a password protected
Excel spreadsheet and will undergo descriptive analysis.
The interview data will undergo inductive thematic
analysis to identify descriptive labels (codes) through
repeated analysis. Codes will be used to group data into
subthemes and further overarching themes to produce
a complex account of data that is both rich and detailed
and appropriate to purpose.”” Thematic analysis covers
a range of epistemological and ontological decisions;
we will use it as a ‘contextualist’ method within a critical

realist paradigm.?' ® Thematic analysis is an appropriate
framework to use for data collection and analysis as it
enables a detailed account of data that is both descriptive
and interpretive.?’ It can acknowledge how people make
sense of their experiences as well as how broad social
structures interact with these.” It should enable an over-
arching understanding of the experience of the three
groups being interviewed in this study.

Analysis will begin with listening to interview recordings
and reading each transcript many times to establish famil-
iarity with the whole interview and become immersed
in the data, noting initial interpretations. Initial codes
(salient features) will be created, to arrange the data
into meaningful segments. In the main analytic phase,
different codes will be reviewed and combined to form
broader themes. The first set of coding and themes will
be reflexively considered until consensus is reached to
define, name and exemplify all themes.

Reducing bias

We acknowledge that some of the authors of this study
have been involved in the publication of evidence that
does not support the routine use of IVF add-ons. Every
effort has been made to be aware of this and mitigate
it in the planning, execution and analysis of VALUE.
The interview questions have undergone a robust PPI
process, and were also subject to close scrutiny by the
ethical review bodies at the Universities of Sheffield and
Melbourne. Changes were made to the wording of ques-
tions as a result of feedback from these processes where
there was felt to be any implied judgement. In addition,
interviewers have undergone the planned training on
undertaking qualitative interviews. Furthermore, double
coding on a proportion of the interview data is being
undertaken by Dr Wainwright, who was brought into the
project as someone experienced in PPI and qualitative
methods but who has not been involved in the publica-
tion of evidence that does not support the routine use of
IVF add-ons.

Data protection

All data from the VALUE study will be stored securely on
password protected encrypted servers. No hard copies of
data will be kept. Demographic data, interview recordings
and transcripts will be stored in the country of origin (UK
participants’ data will be stored at the University of Shef-
field, and Australia participants’ data will be stored at the
University of Melbourne). Only deidentified interview
transcripts will be shared between the UK and Australia
sites and uploaded to form part of qualitative analysis on
using secure password protected analytic application. All
recordings will be deleted after the transcripts have been
checked by the respective country’s research team and
are fully anonymised.

The VALUE study will not release anonymised tran-
scripts for future research. This decision has been made
in light of the sensitive nature of the topic and in response
to PPI feedback which suggested that participants may
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feel inhibited to speak openly due to the nature of their
stories being potentially identifiable.

Ethics and dissemination

Ethical considerations

Research ethics approval was not required for the PPI
phase of this study. In the UK, ethical approval has been
obtained from the University of Sheffield (reference:
036268) and Bath Spa University (BSU-20-205) and in
Australia ethical approval has been obtained from Univer-
sity of Melbourne (2057434.1). Participants will receive
comprehensive information leaflets prior to the study
and participants will undergo an online written consent
process prior to interview with all participant information
treated confidentially. Participants are free to withdraw
from the study at any time.

Output and dissemination

Results will be published in a peerreview journal and
disseminated to regulatory bodies such as the HFEA, The
National Institute for Care and Clinical Excellence, the
Victorian Assisted Reproduction Treatment Authority
(Australia) and the FSA in order to help shape future
information about IVF add-ons. A lay summary of find-
ings will be shared with participants from our PPI panel,
patients interviewed and via fertility UK to highlight
results from the work to the wider public.

The VALUE study aims that rich qualitative data from
this research will help improve communication of clinical
impact of IVF add-ons to patients in future. It also hopes
to analyse understanding and interpretability of a traffic
light system in conveying information to patients and
professionals, generating information which can be used
to inform the use of the traffic light system in regulatory
bodies in other countries.

Limitations

Recruitment via social media aims to facilitate purposive
sampling of participants from different geographical
locations, and different socioeconomic backgrounds.
However, a significant limitation of this approach is that it
may attract a particularly information technology literate,
motivated group of individuals. One concern is that
patient participants who are looking at fertility websites
and social media outlets, may be more likely to be further
into their fertility journey, and less likely to be under-
going their first cycle of assisted reproduction. We aim to
ameliorate this by using a variety of social media outlets,
plus websites and emails.

Researchers involved in VALUE have been involved in
novel research that has thrown into question the ratio-
nale of the routine use of some add-ons. This involvement
in research may be known to some participants, and one
limitation is the risk that participants may alter their
responses in light of this. The qualitative interviews have
been carefully designed to demonstrate equipoise and to
not introduce any form of value judgement.
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Supplementary Table 1: Tabl

e of examples of add-ons

Add-ons for eggs, sperm, embryos

Egg activation

Trying to stimulate egg activation with a substance called calcium
ionophore which the embryo is treated with.

Intrauterine culture

Fertilising the egg in the lab then transferring the embryo in an
intrauterine culture device into the womb where it stays for a
few hours during embryo development. It is then removed and
the embryo put back in an incubator.

Embryo Glue

EmbryoGlue contains a substance called hyaluronan, which aims
to improve the chance of the embryo implanting in the womb.

Elective freeze-all
cycles

Creating embryos then freezing them all so none are transferred
in the 'fresh’ cycle.

Assisted hatching

Using acid, lasers or other tools to thin or make a hole in the
zona pellucida (the layer surrounding an embryo) in order to try
to help the embryo 'hatch'.

Preimplantation
genetic testing (PGT)

Checking the genes or chromosomes of the embryos for
abnormalities before deciding which embryo to transfer.

Sperm DNA test

Analysing the DNA in sperm for damage.

Embryo culture media
containing growth
factors (BlastGen,
EmbryoGen)

Adding growth factors to the solution used to bathe the
embryos as they grow in the lab.

Intra-cytoplasmic
morphologically
selected sperm
injection (IMSI)

Using a high-power microscope to look at the sperm to try to
help with selection of the best sperm prior to ICSI.

SpermSlow A solution containing hyaluronic acid to try and help select the
best sperm prior to ICSI.

Incubator

Time-lapse imaging A process that enables many images of the developing embryos

(Embryoscope, to be taken without removing them from the incubator. It also

Primovision, has the ability to help the embryologist decide which is the best

CAREmaps) embryo to replace

Medications, including tab

lets and drips

Intravenous
immunoglobulin (IVIG)

A blood product containing antibodies given through a drip to
try to help the immune system not to reject an embryo.

Tumour necrosis factor
alpha blocking agents

Medicine given either as an injection under the skin or into a
vein to try help the immune system not to reject an embryo.

Intralipid infusion

Medicine given through a drip to reduce the activity of NK cells
in the immune system to try to improve IVF outcomes.

Quad therapy: aspirin,
heparin, progesterone
and prednisolone

A combination of medicines to try to help implantation and the
early growth of an embryo.

Platelet rich plasma

A blood product infused either into the uterus or injected into
the ovaries to try to improve egg quality or the chance of an
embryo implanting into the lining of the womb.
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Testosterone or
androgens (DHEA,
androderm patch)

A hormone given to try to improve the number and quality of
eggs and embryos.

Procedures

Endometrial scratching

A procedure carried out before IVF where the lining of the
womb is deliberately scratched to try and make the womb lining
more receptive to the embryo implanting.

Endometrial receptivity
array (ERA)

A genetic test undertaken from a sample of the lining of the
womb to try and help with timing of embryo transfer.

Alternative therapies

Chinese medicine

The use of herbal medicines to try and improve fertility
treatment outcomes.

Acupuncture

Inserting small needles into the skin at specific places on the
body to try to improve fertility outcomes.
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Paper 5: Patient and professional perspectives about using in vitro
fertilisation add-ons in the UK and Australia: a qualitative study

As Principal Investigator, | drove the VALUE study from start to finish, which included
conducting the study throughout an unanticipated pandemic. In 2019 when | conceived the
idea for VALUE, | had tentatively planned to undertake interviews in the UK face to face and
had drafted a proposed budget which reflected the travel costs. | had sought funding for this
through the Wellbeing of Women Award, which was unsuccessful. | then applied for funding
locally in Bristol through ‘Above and Beyond’, a hospital charity, which was rejected owing to
the high costs related to travel to interview participants from across all four nations of the
UK. Then the Covid 19 pandemic hit, and it became clear that interviews could be conducted
easily remotely via encrypted and secure video-conferencing software. This meant the budget
for VALUE was suddenly much smaller and more manageable. Funding for the study was
achieved through the University of Melbourne which allowed for the development of a study

website (www.valuestudy.org), thank you vouchers for participants, transcription of audio

files, and the use of the qualitative online tool ‘Dedoose™ to facilitate coding of transcripts.

Recruitment and interviewing of participants in the UK and Australia occurred between
January and May 2021, with subsequent coding of transcripts by myself and three other
researchers. Two coding trees were developed: one for professionals and one for patients.
The thematic analysis of these two coding trees took place between a core group of four co-
authors which included me as the main coordinator and chair. The wider research team

commented upon and debated the themes and subthemes, which are presented here.

The findings of VALUE have been presented at several international conferences including
ESHRE in 2022, The Reproductive Medicine Winter Symposium in 2022 where it was awarded
the Lawrence Shaw Medal, and the Oxford Scientific Forum in Obstetrics and Gynaecology in
2022 where it attracted first prize. This paper is currently undergoing peer review with BMJ

Open.
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Abstract

Study Question:
What are the drivers for IVF add-on use amongst patients, clinicians and embryologists in the
UK and Australia and how is their safety and effectiveness weighed up during the decision-

making process?

Summary answer:

Our findings show that the desperation patients experience during IVF gives rise to reaching
for add-ons as a source of hope which is prioritised over considerations of safety, efficacy, or
cost. For professionals, VALUE shows the tension that add-ons create in the context of

traditional evidence-based medicine in the unique sphere of IVF.

What is known already:

There has been very limited qualitative research exploring the attitudes and beliefs of patients
and professionals about the use of IVF add-ons. One semi-structured interview study explored
the experience of patients and professionals focusing on the use of time-lapse imaging but
was limited to patients who had experienced success and professionals working in the public

sector.

Study design, size, duration:
‘VALUE’ is a qualitative semi-structured interview study of both patients (n=25) and health
professionals (embryologists (n=25) and clinicians (n=24)) in the UK and Australia. Interviews

were conducted between January and May 2021.

Participants/materials, setting, methods:

Participants were recruited in a variety of ways including broad-ranging social media
advertising, invitation via professional associations, via an established research panel, and
snowball recruitment. The sampling framework included men and women having state
subsidised and privately funded cycles, professionals working in the public and private sector,

geographical location, and professionals of all grades. Two separate inductive thematic
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analyses of anonymised transcriptions were performed; one for professionals and one for

patients.

Main results:

Patients often made decisions about add-ons based on hope, minimising considerations of
safety, efficacy, or cost, whereas professionals sought the best outcomes for their patients
and wanted to avoid them wasting their money. The driving forces behind add-on use
differed: for patients, a professional opinion was the most influential reason, whereas for
professionals it was seen as patient driven. For both groups, applying the available evidence
to individual circumstances was very challenging, especially in the sphere of IVF medicine,

where the stakes were viewed as very high.

Limitations, reasons for caution:

Some study authors have previously written quantitative and opinion pieces about add-ons.
These potential biases have been acknowledged and managed by including authors who
have no affiliation with the add-ons debate. Other limitations include the generalisability of
VALUE’s findings to other countries. Despite differences in reproductive care in the UK and

Australia, we have shown that the participant experience is similar.

Wider implications of the findings:

The VALUE study provides new insights and understanding of how patients and professionals
make decisions about IVF add-ons. It is hoped that the findings will expand the existing and
controversial debate surrounding add-ons which has often portrayed professionals as
mercenary and patients as naive. Given that the complex landscape of add-ons is likely to
grow, there is scope to build on the quality of the discourse between patients and

professionals to ensure informed consent it met.

Study funding/competing interests:
Department of Obstetrics and Gynaecology Innovation Grant (University of Melbourne) and

an NHMRC Investigator Grant (APP1195189).

Study registration number: osf.io/vnyb9
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Introduction

The advent of in vitro fertilisation (IVF) in 1978 was a breakthrough for infertile people, but
current live birth rates per cycle initiated are more or less static. In 2019 fewer than 26% of
women had a baby with each cycle »'2. The decline in fecundability with advancing female age
makes IVF a time-sensitive treatment and this in combination with limited state funding
means that many patients often pay for IVF themselves. The pressure to improve IVF
outcomes has led to a search for additional or adjunct procedures known as “add-ons”. Add-
ons have been widely introduced without evaluation and are usually an additional cost to
patients 3. IVF clinics who offer them have been described as ‘mercenary’ or ‘exploitative’ %
10 The lack of evidence and concerns about informed consent has further highlighted the

debate about their merit 1% 12,

For health professionals, a frequent rationale for offering add-ons is a simple response to
market forces because patients demand them 27 110 111 Almost three quarters of those
undergoing IVF choose to use at least one add-on 2’28, However, there is limited research
exploring the attitudes and beliefs of patients and professionals about their use. Qualitative
research is limited and has not comprehensively included women who have had failed

treatment, the views of fertility clinic staff, or considered a range of add-ons 27- 112114,

We developed a qualitative semi-structured interview study (The VALUE study) for both
patients and health professionals (embryologists and clinicians) in the UK and Australia. The
aims were to: understand the decision-making process regarding using or recommending
add-ons; report sources of information for add-ons; and explore concerns for safety and

effectiveness when considering their use.

Materials and methods

The protocol for the VALUE study has been published previously 1%, but an amendment was
made to exclude those patients in active treatment as it was recognised that the interview
may represent an additional psychological burden. The interview schedules can be viewed in
supplementary material 1. In both countries, participants were recruited via broad-ranging
social media advertising. In addition, the British Fertility Society, and the Association of

Reproductive and Clinical Scientists sent emails to its members highlighting the study, and the
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charity Fertility Network UK advertised VALUE on its website. In Australia, some participants
were recruited via an established Research Panel at the University of Melbourne. Snowball
recruitment was utilised across both countries. A purposive sampling strategy was
undertaken, whereby participants were selected for in-depth interview when they were
deemed likely to be information rich due to their experiences '*°. The sampling framework
included people having state subsidised and privately funded cycles, professionals working in

the public and private sector, geographical location, and professionals of all grades.

Interviews were conducted by SA and EV (UK) and SL and LC (Australia) between January and
May 2021. Semi-structured interviews took place remotely using recorded video-
conferencing software, were transcribed verbatim, and then anonymised (Tables |, Il, and

supplementary Tables | and Il).

Concurrent iterative analyses of all transcripts were undertaken using Dedoose™ to organise
coding (SocioCultural Research Consultants, Manhattan Beach, California). Embryologist and
clinician transcripts were coded together, with the patients occupying a different coding tree
because it was reasoned that the responses from professionals were likely to be different.
Recruitment of participants ceased once data saturation was achieved through thematic and

code saturation which was continually discussed and debated iteratively.

Two separate thematic analyses took place '® 117 An inductive approach was adopted,
whereby themes were generated from the data, opposed to being mapped to a pre-conceived
coding scheme. Before commencement of coding, the coders (SA, EV, DW, and SL), immersed
themselves in the data through repeated readings of transcripts and initial thoughts were
noted. Coders embarked on the analytic phase together to combine codes into broader
themes, and sub-themes, which were discussed, debated, and named. The wider research
team then commented upon and debated the themes and sub-themes, which were settled

upon by consensus, with only minor changes in the naming of one theme.

Strategies were employed to ensure transparency, credibility, and quality of the research
process, especially considering our own professional and research backgrounds !, The

imperative to be reflexive and open about our own and others’ perceptions throughout each
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stage of VALUE was acknowledged given some members of the research team (SA, CF, SL, AP,
and AB) had published papers about add-ons, while others (EW, EV, MP, LC) had had no
previous research with them. We also acknowledged the research team’s experience with
fertility services, both on a personal and professional level. The most senior qualitative
researcher (EW) double-coded 12 transcripts and high agreement between coders was
reached, supporting the validity of the results. Regular meetings took place to appraise the

sample size, data collection, analyses, and research reflexivity.

The University of Melbourne provided funding. There were no restrictions or requirements
affiliated with the funding. All participants were offered a £30 love2shop voucher or a $50
supermarket voucher as a thank you for their time, and a post-interview leaflet was emailed
to patient participants which signposted to sources of support. Ethical approval was obtained
from the Universities of Sheffield (036268), Bath Spa (BSU-20-205) and Melbourne
(2057434.1).

Results

A total of 25 patients were interviewed (11 UK and 14 Australia), 25 embryologists (13 UK and
12 Australia), and 24 clinicians (11 UK and 13 Australia) (Table I, Table Il). Interviews lasted an
average of 69 minutes (patients) and 45 minutes (professionals). There was a demographic
spread of patient (Supplementary Table 1) and professional (Supplementary Table II)
participants from across the UK and Australia. However, no participants were recruited from
Northern Ireland, and within Australia participants were recruited from five of the eight states
and territories (Supplementary Tables | and Il). Analyses identified five key themes for

patients and professionals (Table Ill) which are compared and contrasted below.
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Table | Patients

Interviews UK Interviews Totals (n/%)
(n=11) Australia (n=14)

Gender
Male 0 2 8%
Female 11 12 92%
Age (years)
25-30 years 1 1 8%
31-35 years 4 4 32%
36-40 years 5 6 44%
41-45 years 1 3 16%
Relationship status
Single 1 0 4%
In partnership 10 14 96%
Gender of partner
Female 1 3* 16%
Male 10 11 84%
Treatment undertaken
IVF/ICSI One — two cycles 4 8 48%
IVF/ICSI Three — four cycles 6 3 36%
IVF/ICSI > five cycles 1 3 16%
IUI (any number of cycles) 2 2 16%
Number of embryo transfer procedures
None 1 2 12%
One —two 3 5 32%
Three - four 4 4 32%
> five 3 3 24%
Cumulative period undergoing fertility
treatment (IVF/ICSI, IUI, Ol)
1-2 years 3 6 36%
3-4 years 5 5 40%
5 years or longer 3 3 24%
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Table Il Professionals

Interviews UK (n=24) Interviews Australia Totals (n/%)

(n=25)
Profession
Clinician 11 13 49%
Embryologist 13 12 51%
Years working in assisted reproduction
1-5 years 3 1 8%
6-10 years 5 5 21%
11-15 years 6 6 24%
> 15 years 10 13 47%
Seniority embryologist (n=25)
Scientific director 6 3 36%
Laboratory manager 1 0 4%
Senior qualified embryologist 4 5 36%
Qualified embryologist 2 3 20%
Missing 0 1 4%
Seniority clinician (n=24)
Consultant (O&G) fertility 7 12 79%
specialist
Staff grade fertility specialist 1 0 4%
Clinical Fellow/trainee 3 1 17%

reproductive medicine

Desperation and the compulsion to treat it

Patients were vulnerable and had a strong sense of desperation. Desperation was illustrated
with several examples of ‘bargaining’, with patients willing to suffer theoretical hardships
offered by professionals if it meant a successful outcome: “If they’d said, | don’t know, stand
on your head for an hour and that would work, | would have done that. You know, it, it just
leaves patients very vulnerable, | think” (UK patient 4). Decision making in the context of
desperation gave rise to examples of being willing to try any add-on, no matter how small the
additional chance of success. One participant compared her situation to a patient she cared
for in her role at work: “We had a little boy, he went off to China for some weird therapy
because of a 1% chance it might work, and | could never understand that. But | kind of do now,

because you get to a point, you’re so desperate why wouldn’t you? If you have that 1% chance
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of it working, you’d throw that 1% at it” (UK patient 11). The goal of parenthood for IVF
patients was profoundly important, and fertility treatment often left them feeling out of
control, powerless, and at the mercy of chance. Opting to use add-ons was a way of bringing

about purpose and control (Table IV, UK patient 7).

In addition, add-ons provided renewed hope by offering a bespoke addition to the cycle that
may bring about a successful IVF outcome. Safety and efficacy were minimized in favour of
hope: “I couldn’t care less, you could’ve told me the risk was really high, and honestly, | just
couldn’t have cared. Because if you could guarantee me a baby, if it was a 100% guarantee, |
just had to chop off my left arm, | would have been, no worries, just chop it off. If it was 100%
guarantee, so, the risk, even if there was risks, | couldn’t have cared less, what any of,
probably, the side-effects or risks were” (Australia patient 3). Nearly all patients indicated that
it was unacceptable for a clinician to offer an add-on based on false hope, with many citing

they held doctors to a higher standard of honesty (Table IV, Australia patient 11).

For professionals, some expressed that hope from utilizing an add-on was beneficial to
patients, whereas other felt that hope was false, burdensome, and left patients vulnerable to
exploitation: “Disadvantages are that it [the add-on] might give them false hope, and | think
it's really important not to do that. We’ve got to be honest. Let's not take hope away, but
we've got to be honest with people” (UK clinician 5). Professionals acknowledged the
desperation their patients experience, particularly after unsuccessful cycles. Add-ons offered
the patient a change to the subsequent cycle, and in the absence of any other evidence-based
interventions, were a reasonable option: “/ think for the rest of the add-ons, it’s really when
the consultation turns into a sort of, consultation of desperation. Like the patients had several
failed cycles, and her NHS funding is just about to finish or perhaps she has just one cycle left
with the NHS. | think that’s the point when, if we can improve something, if we can change
something in a treatment protocol without essentially incurring extra cost then it’s, sort of a,
why not? Sort of consultation” (UK clinician 8). Add-ons also offer their patients the
opportunity to feel that they and the clinic have tried their best, even if the cycle ends in
disappointment. It was also believed to absolve patients of regret at not having ‘tried

everything’ (Table V, Australia embryologist 12).
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Patient thematic analysis

Themes
Patient 1: Vulnerability

Patient 2: Power of the trusted professional opinion

Patient 3: The evidence doesn’t apply to me

Patient 4: Acceptability of add-on

Patient 5: Role of previous experience

1.1
1.2
1.3

2.1
2.2
2.3
24

3.1
3.2

4.1
4.2
5.1
5.2

Sub-themes

Desperate for success
Add-ons lend hope and a sense of control
Safety and efficacy ranked lower than hope

Must be in my best interest
Unaware add-on was optional
Supports patient autonomy
Informed consent important

Tension between EBM and bespoke care
Power of personal testimonies

Risks perceived as low

Costs worth it: stakes are high
Previously used and had success
Previous unsuccessful cycle

Professional thematic analysis

Professional 1: Treating desperation

Professional 2: The patient shopper

Professional 3: Tensions within evidence-based practice

Professional 4: Potential for harm

Professional 5: Success, not profits

1.1
1.2
1.3
2.1
2.2

2.3
3.1
3.2
3.3
4.1
4.2
5.1
5.2
5.3
5.4

In absence of anything else, it is reasonable to offer add-ons
Allows patients to exhaust every avenue

Hope versus false hope

Patients drive use following personal research

Allows patients autonomy to choose provided informed
consent undertaken

Not being cutting-edge risks losing patients

‘One size fits all’ versus ‘bespoke tailoring’

Continuum of approaches to the evidence

Being evidence-based in IVF is challenging

Add-on potentially harmful

Discomfort with performing some lab-based add-ons
Genuine desire to help, and avoid wasting patients’ money
Other clinics exploit patients

Discomfort in charging for add-ons

Add-ons increase workload for clinic

Table Ill: Themes and subthemes
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Professionals versus patients: who is driving add-on use?

The driving forces behind the use of add-ons differed between patients and professionals. For
patients, a professional opinion was felt to be the most influential reason for opting to use
them. Such recommendations held a lot of sway and were hard to disregard. Patients
described how the add-on was in their best interest and a bespoke element of care: “That all
came from the clinic. | hadn’t heard of either of them before, natural killer cells or the ERA
[endometrial receptivity array] testing. And it was more a, we’re going to do this. We’re
testing this and then when the results came, they were like, we’re going to do this. We’re
changing this, do these medications. Obviously, we had the choice, but for us it was a no-
brainer. If that’s what your specialist is telling you to do, then we’re doing it” (Australia patient

1).

The power of the professional opinion wasn’t limited to clinicians. Some participants
described how important the opinions of their nurse or embryologist were: “And | remember
the nurse had said to us, you know, if it failed, would you consider that you’ve done everything
that you’ve possibly could? And then we were like, all right, yeah, no, we should go with the
options that you’ve given us...” (UK patient 7). The importance of the professional opinion
also holds when the recommendation is to reject an add-on, providing patients with the

freedom to stop considering it (Table IV, Australia patient 3).

The power of the professional opinion sometimes extended to patients not realising the
optional nature of add-ons, on the basis that if it had been offered, then it must be an
essential element of care. Learning about the additional cost was sometimes only revealed
when they came to pay (Table IV, UK patient 2). Whilst the professional opinion was
important, patients also expressed the desire for autonomy with add-on choices: “For my fifth
transfer | wanted to try something. I'd had four failed and | think | was quite happy to try it,
so they agreed to do the scratch” (Australia patient 11). The need for adequate counselling
about the risks to make an informed decision was deemed important by over two thirds of

participants. (Table IV, UK patient 5).

Contrasting ‘power of the trusted professional opinion’ is the professional theme ‘the patient

shopper’. Professionals described the well-informed patient, who had undertaken extensive
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reading online, and had clear preferences regarding add-ons: “You know, it, it used to be the
case that they [patients] would leave their brain at the door and just walk in and do as they’re
told. And now | think, | absolutely don’t think that’s the case with a large proportion of
patients. | think they come in through the door knowing what they want and often having

researched it” (UK embryologist 2).

Professionals described the importance of listening to patient requests about add-ons but
caveated this with the need to maintain the core ethical principle of informed consent: “When
they come and talk to me about growth factor, | show them that paper, and say, look, it really
has not shown any benefit, it costs as much as another IVF cycle. You know, if you wanted to
use it, that’s fine, but there’s been a proven study, that hasn’t shown a benefit from it, it’s
enormously expensive, and, and you’ll, you’ll get much more chance if you do another IVF
cycle” (Australia clinician 9). Being able to offer add-ons provides professionals with the
benefit of appearing modern and innovative. The patient shopper drives add-on use which
clinics respond to in the hope of attracting new clients and keeping those who might go

elsewhere, possibly for less ethical treatment (Table V, UK embryologist 9).

Add-ons and evidence

For both patients and professionals, applying the available evidence to individual
circumstances was very challenging. Patients overwhelmingly appreciated the importance of
evidence to inform healthcare decisions, but when it came to decisions about themselves,
tailored care took precedence. Their clinician’s opinion and personal experience trumped
evidence from randomised controlled trials (RCTs), which were felt to not represent their
unique clinical circumstances (Table IV, Australia patient 5). There also was a tension between
evidence-based medicine and personal testimony read online. They described how the blog
of an unknown IVF patient, especially one with a similar set of circumstances to them, was
very compelling: “..that’s why the Janet from Birmingham comes in useful. Because she will
say, I've done five cycles with rubbish eggs, rubbish embryos, everything was terrible, but then
I did that [add-on], and look what happened. And so, for me, that individual story of, similar
to me, for instance, has done this, tried that, and it’s worked, is a lot more helpful, even though

it's one person, than knowing what happened to a hundred. When you read that Janet from
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Birmingham did this and got pregnant, you’re, like, oh, my god, it’s going to work for me. So,

I’d say, | can honestly say that is the most powerful, powerful influencer of all” (UK patient 5).

For professionals, there was also a profound tension within evidence-based practice.
Professional attitude to evidence about add-ons sat on a spectrum between scepticism and
trust and seemed linked to whether the professional subscribed to a ‘one size fits all’ or a
‘bespoke tailoring’” approach. Those who subscribed to the former appeared to believe that
patients have a largely common set of problems that explain their infertility, and when cycles
failed, this was due to chance, or more specifically, aneuploidy within the embryo. Thus, their
preference was to repeat cycles without add-ons in the hope that eventually a euploid
embryo would be replaced and result in a pregnancy. They were also concerned that add-ons
might exhaust funding better spent on an additional cycle of IVF. (Table V, Australia clinician
6). One-size-fits-all practitioners were critical of add-ons which they felt lacked evidence of
efficacy, and described changing their clinical practice in response to RCTs: “I’'ve prescribed
growth hormone, | don’t know, not more than a half dozen times in my life but, [fertility clinic]

did a study which I think was called the [name of study] and that sort of refuted any perceived

benefits so | stopped doing that.” (Australia clinician 13).

Professionals who were ‘bespoke tailors’ believed that patients (especially those with
multiple failed cycles) have specific problems, that may be identified through extensive
diagnostic testing, and remedied by add-ons. They held the available evidence with
scepticism, which was criticised for being underpowered thus ruling out the identification of
efficacy in sub-groups, and for ‘cherry picking’ good prognosis patients (Table V, Australia
clinician 8). They described feeling uneasy about the ethics of conducting RCTs on
technologies already available and described suspicion of research groups’ objectives and
publishing journals’ political stance on add-ons (Table V, Australia embryologist 8). In the
absence of compelling evidence from RCTs, their practice was based on scientific plausibility
and on evidence gleaned from their own clinic’s data: “It’s even difficult to prove something
that’s ineffective because the trials that are required are often very expensive, large and might
not be applicable to a particular patient. So, if you group all patients together in a trial you
may not find evidence of effectiveness, but if you looked at some subgroups perhaps you

would. So, a trial is not real life. You know, evidence-based medicine, you have to take the best

151



evidence and then apply it to a patient in front of you who may not be the same as patients in

the trial” (Australia clinician 8). Many professionals occupied points between ‘one size fits all’

and ‘bespoke tailoring’, however even the staunchest ‘one size fits all’ professionals described

being willing to provide add-ons under specific clinical circumstances.

Table IV Patient Quotes

Patient quotes

Theme

Participant

[llustrative quotations

Patient theme 1:

‘Vulnerability’

UK patient 7

“Because if someone’s offering me something and they, they
say, well, it could work but it might not work, you cling on to
the it could work. So, yeah, I'd probably still go ahead with it.
But, you know, looking back now, uhm, it [evidence of
effectiveness] does matter. But, you know, it doesn't make a
difference when you’re, kind of, in the flows of it and there
were lots of emotions flying around”

Australia patient 11

“If a doctor wants to offer some hope because they
genuinely think that might work for you, wonderful, but |
don’t think you can give people false hope because it will
make the doctor feel better. You know, if a doctor, there's
no point doing it just to make the doctor feel better about
giving a patient hope. They’ve got to truly believe it would
actually work”

Patient theme 2:

‘Power of the
trusted
professional
opinion’

Australia patient 3

“And he said that’s got nothing to do with it, you’re just
throwing money down the drain. You might as well just stop
[DHEA], and it was really blunt, and | did actually just stop.
And then he said, [clinician quotes study regarding
melatonin]. And he said, you’re wasting your money on that
too. And | said, okay terrific, so | stopped both of them
[DHEA and melatonin], which was fine, | suppose it saved me
some money”

UK patient 2 “I thought that was just standard, to be honest. | didn’t
realise that [time-lapse imaging] was an option. | mean, it
came up, sort of, itemised on our bill so maybe | should’ve
guessed from that that | could’ve taken it off.”

UK patient 5 “...I' think it’s a bewildering, overwhelming world of stuff that

lay people wouldn’t necessarily understand. And yes, it
doesn’t seem fair that they include them [add-ons] as
standard when people can't make the active choice, based
on research, whether to go ahead or not”

Patient theme 3:

‘The evidence

Australia patient 5

Australia patient 5: “So | think a lot of these, even the ERA
test, the endometrial scratching, a lot of them are actually
not proven to guarantee success. It’s just, | think because
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doesn’t apply to
me’

everybody’s different, everybody responds differently to
treatment, | don’t think there’s ever going to be a definite
answer, scientifically proven answer, for every single
person.”

Patient theme 4:
‘Acceptability of
add-on’

Australia patient 6

“l also looked at the dangers of PGT testing. So, let's say
wrong results come back. And it was only quite low, so | was
okay with that. | also looked at the risk of it being, like, what
if it will harm the embryo unnecessarily and actually make
the embryo unusable? But | think the risk of that is also quite
low, so | was comfortable with that.”

UK patient 6

“Cost was a massive thing for us. We ended up re-
mortgaging our house to pay for our treatment.....

”

Patient theme 5:
‘Role of previous
experience’

Australia patient 13

“But that said, one thing that did work really well for us,
which was not noted down, was, a song called [name]. We
played that before we went to the clinic, and that worked
for our first daughter. And then the second time around... Of
course, the same cocktail of different, different
combinations. We also played that song again on the way on
the way to the insemination clinic, and it worked two times
[laughter]. For our friends, we said, we know you don’t like
this music at all, but put this song on on the way to the IVF
clinic, and see if it works, and it did. Three for three,
scientifically proven [laughing]. You should play this. I’'m just
throwing it out there, so there’s... That’s three for three”

Consideration of risks

Add-ons were acceptable to patients, particularly in the context of a professional

recommendation, because they were perceived as low risk and worth the cost (Table 1V,

Australia patient 6). Although the additional cost was a burden, the goal of parenthood was

more important and therefore worth the financial strain. For some, using add-ons left them

in significant debt, with participants remortgaging their home or borrowing money to fund

them (Table IV, UK patient 6). The substantial cost of IVF was used as an ‘anchor’ to reference

and justify the relatively low cost of add-ons: “...it just got to the point because they were all,

it’s not thousands of pounds each one, is it? It's like, the scratch is, | don't know, a couple of

hundred pounds. None of it was so expensive that it was, that it made you think. It seemed

like a drop in the ocean | guess to the thousands of pounds that we'd already paid” (UK patient

9).
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In contrast to the patients, professionals held concerns about the potentially harmful nature
of certain add-ons, particularly assisted hatching, pre-implantation genetic testing (PGT-A),
and immunological therapies (Table V, UK clinician 1). For one embryologist, the requirement
to undertake PGT-A was the catalyst to change employer: “And I felt very uncomfortable. The
way we presented it was, you know, those are things that might help, but we’re not sure that
they will. But what we do know, or what we used to say is that we did know that it wouldn’t
do any harm. And | now feel uncomfortable about that as well, particularly about PGT-A,
because you’re really putting embryos in a very sort of stressful situation, with no evidence
that what you’re doing will make a difference to the outcome to the patient. And you’re
mutilating the embryo. And also, you’re taking cells that might not be representative of what
the fetus’s cells will be like. So, this is one of the ones that | felt most uncomfortable with, and

part of the reason why | left where | was working” (UK embryologist 1).

Role of previous experience

Use of an add-on in a previous successful cycle was an important driver for patients. Deviating
from a ‘tried and tested’ formula was difficult as it was impossible to tease out whether it was
the add-on that had led to success: “I’m glad we used the scratch, very glad, because whilst |
can’t say it was what caused us to conceive, | can’t say it didn’t. If | was in the position where
I needed to do IVF again, | would definitely pay for it every time” (UK patient 6). For some this
becomes a superstition, even when it can be rationalised that the add-on is unlikely to be

helpful (Table IV, Australia patient 13).

Table V Professional Quotes

Professional quotes

Theme

Participant

[llustrative quotations

Professional theme 1:

Treating desperation

Australia
embryologist 12

“I think having add-ons gives them that slight feeling that
they have opened all the doors. They have explored all
the avenues. And then maybe they will be able to, you
know, complete their IVF journey at least with the
satisfaction that they know they have tried everything.
They have given it all”

Professional theme 2:

‘The patient shopper’

UK embryologist 9

“But | think patients as well are becoming a lot more
informed and a lot more are aware of what is available.
And certainly I, | think a proportion of patients, you know,
if they are not able to have certain add-ons at a particular
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clinic they can probably take their business elsewhere as
well.”

Professional theme 3:
‘Tensions within
evidence-based
practice’

Australia clinician 6

“Everyone talks about how expensive IVF is and, you
know, that it’s $10,000 a cycle. And many people say it
has a low success rate, which is not true. So, if a patient
has a certain amount of money, there is no question that
the greatest likelihood of getting pregnant is the more IVF
they have, the more cycles they have, the more eggs that
are collected, the more embryos that are made. So, when
patients are wasting their money on totally charlatan,
unethical treatments, they are using their pool of money
towards something that is not making them pregnant. For
example, something like embryo biopsy that might
double the cost of the cycle. Where, in fact, they would
have been better off having two cycles”

Australia clinician 8

“To have a proper randomised trial that can prove
efficacy, let’s say improving the chances from 2% to 3%,
that’s a 50% increase, but to actually have that show
significance in a randomised control trial would be
impossible to do. It’s not a trial that you can do because it
requires thousands and thousands of patients. Nobody
can run such a trial. So, uh, our ability to prove efficacy of
any add-on is very limited.”

Australia
embryologist 8

“And all the scientific journal papers are skewed, as well,
depending on the clinic, depending on who's studying it,
and depending on who’s, who's publishing it. | think the

results vary too much at this stage with a lot of different
add-ons.”

Professional theme 4:
‘Potential for harm’

UK clinician 1

UK clinician 1: “...there will be the case where you will
damage some embryos in the process of biopsying them
for example. And you will, you’ll have some abnormal,
you’ll, you may be damaging the occasional normal
embryo. And | always say to patients about mosaicism,
just because the results are abnormal doesn’t mean to
say that that baby’s abnormal. So, you may be causing
harm, but that’s a discussion we have with them.”

Professional theme 5:
‘Success not profits’

Australia clinician 10

“I can't begin to tell you the anger that | see in my rooms
when for whatever reason | say to them, well, natural
killer cells are elevated, or you have tissue compatibly, or
you have a balance translocation of your chromosomes
which is why you're not getting pregnant. But nobody has
done these tests and they've had IVF treatments without
success. And they’re very angry that they've wasted all
this money on previous cycles”

Australia
embryologist 9

“I'actually feel quite angry sometimes when you hear of
patients that have gone to other clinics and been sold all
this stuff that’s really, you do wonder if it's doing more
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harm than good. And you just think if, your problem is, is
quite simple, cut away all of that and just focus on the
basic science that we know is working, save your money. |
think, I, 1 do think that there is a bit of exploitation going

”n

on.

UK embryologist 10 “But there's other add-ons that, they don’t cost any

knowledge of the embryologist, the equipment

buy anything. So, for that one, for example, there
shouldn’t be a charge at all”

Success, not profits

Analyses showed professionals wanted the best outcomes for their patients alongside a
genuine desire to avoid wasting their money. For those who subscribed to the ‘one size fits
all” approach, add-ons were avoided when they were not clinically relevant. Conversely, for
‘bespoke tailors’, the lack of add-ons in previous unsuccessful cycles was deemed as failing to

optimise all variables (Table V, Australia clinician 10).

Holding their patients’ best interests at heart was expressed universally, however they
observed that some other clinics used add-ons unethically for financial gain, including clinics

they had previously worked for (Table V, Australia embryologist 9).

Professionals expressed discomfort at charging patients for add-ons in various contexts
including when they were used routinely (e.g., time-lapse incubation of embryos), or when
the cost of the add-on technology had already been met by the clinic (Table V, UK
embryologist 10). Professionals described the paradox of charging for add-ons that are
believed to be effective whilst also charging for add-ons that were not. Many argued that add-
ons were only ever offered in a ‘success not profit’ context by expressing how they increase
the burden on clinics. Keeping track of individual add-ons increased complexity in the
laboratory and heightened workload around managing patients’ expectations: “It is a bit time
consuming, to be honest, to go through the list of adds-on with patients, in particular, the

ones that are very well, you know, brainwashed by Google, and they know everything, and
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they just start from the beginning. And so it is, it does add time to the consultation” (UK

clinician 6).

Discussion

The VALUE study provides new insights and understanding of how patients and professionals
make decisions about IVF add-ons. Patients describe the importance of hope, which is ranked
higher than considerations of efficacy, safety, and cost to frame their choices, particularly
after previously unsuccessful cycles. Choosing an add-on offers a sense of control, with the
possibility of overcoming problems encountered previously. The driver for add-ons from a
professional perspective is ascribed to patients, however, patients describe the power of the
professional opinion, but also acknowledge that seeking add-ons is a quest for hope sought

after learning of success stories online.

VALUE’s findings are at odds with the debate surrounding add-ons, which often portrays
professionals within fertility services as having commercial incentives #®. We found no
‘smoking gun’ to suggest that professionals saw add-ons as a means of generating revenue,
however there was an acceptance that unethical practices do exist, with examples of
embryologists being uncomfortable performing some laboratory-based add-ons, believing
them to be potentially harmful to embryos. We show here the significant tension that exists
between traditional evidence-based medicine and IVF in the era of add-ons. Clinicians and
embryologists sit on a spectrum regarding their approach: ‘one size fits all’ versus ‘bespoke
tailors’. However, even for the staunchest evidence-based medicine advocates, there were
caveats where add-ons would be offered. For patients, the stakes are so high, that evidence
concerning efficacy and safety although important, are not the most important factor when
deciding upon an add-on, alongside a belief that the evidence doesn’t reflect their unique

clinical circumstances.

VALUE explores the patient-professional decision-making dyad regarding add-ons for the first
time. When compared to other high-stakes, time-critical clinical situations, such as cancer
treatment decisions, we find that there is a distinct difference. For routine cancer care, shared

decision making is rarely implemented 1%, In contrast, we found that people undergoing IVF
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are often actively engaged with clinical decisions, consuming information online, and are

supported by professionals to exercise autonomy regarding add-ons.

There is limited qualitative evidence exploring the patient and professional perspective
surrounding add-ons. One semi-structured interview study analysed how professionals

legitimise the use of one add on: time-lapse imaging 12

. The authors suggest that
professionals create legitimation arguments for its use, downplaying the values of traditional
evidence-based medicine to evaluate its worth 2, VALUE goes further to show that
professionals occupy a spectrum of approaches to the evidence, which furthermore guides
their clinical practice. Previous studies have found hope to be of critical appeal for patients,
and important for persevering against adversity 13 120, VALUE offers a broader explanation
as to the appeal of add-ons, including the role of desperation, and hierarchy of hope over
other priorities. Regarding patients, this is the first study that offers the perspective of those

who have had and not had, success from IVF, including those who considered, but didn’t use

add-ons.

VALUE’s strengths lie in its robust design and development which included the opinions of
patients and professionals. We interviewed a broad range of participants spread across two
countries. Some study authors have previously written quantitative and opinion pieces about
add-ons. These potential biases have been acknowledged and managed by including authors
who have no affiliation with the add-ons debate and by involving qualitative research experts
(EW and MP) at every stage. Other limitations include the generalisability of our findings to
other countries. Despite differences in reproductive care in the UK and Australia, VALUE has
shown that the participant experience is similar. This may reflect the comparable availability

of add-ons in both settings.

VALUE shows that the IVF add-on debate is more nuanced than merely predatory clinics and
naive patients. Add-ons strike to the heart of traditional evidence-based medicine. With their
presence ever expanding in the largely privatised sphere of IVF, policy makers and regulators
will be tasked with establishing how they will reconcile add-ons in an evidence-based

medicine world.
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Supplementary Table | Patients

Ethnicity (UK)

White British

Mixed or Multiple ethnic groups
Ethnicity (Australia)

Caucasian

Australian

Other (free text responses)
Missing

Highest educational qualification
Secondary school

Diploma or certificate
Undergraduate university degree
Postgraduate degree/qualification
Religion

Christian

Other

No religion

Missing

Average household income per year
before tax (GBP and AUD)

£20,000-£40,000/$40,000-$120,000

£40,001-£60,000/580,001 -$120,000
£60,001-£80,000/$120,001-$160,000
£80,001-£100,000/$160,001-5200,00

£100,001-£150,000/$200,001-
$300,000

>£150,000

Prefer not to say/missing
Country participant lives in (UK)
Scotland

England

Interviews UK
(n=11)

10

Interviews Australia
(n=14)

Totals (%)

91%

9%

36%
36%
21%

7%

4%
8%
52%

36%

44%
4%
48%

4%

8%
28%
8%
28%

12%

4%

12%

9%

82%
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Yorkshire and The Humber
South East
North West
East Midlands
Northern Ireland
Wales
States participant lives in (Australia)
New South Wales
Queensland
Northern Territory
Western Australia
South Australia
Victoria
Australian Capital Territory
Tasmania
Donor eggs used in treatment
Donor sperm used in treatment
Children
Child/children naturally conceived

Child/children conceived through IVF,
ICSI or IUI

Child/children conceived through
ovulation induction

Foster or adopted child/children

Stepchild/children

0%

9%

22%

14%

0%

0%

7%

43%

14%

0%

0%

20%

8%

64%

4%

0%

4%
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Supplementary Table Il Professionals

Interviews UK (n=24)

Interviews Australia (n=25)

Totals (%)

Clinical practice
Only private
Only public

Mixture of private and
public

Country participant
practices in (UK)

England
Wales
Scotland

State participant
practices in (Australia)

Australian Capital
Territory

New South Wales
South Australia
Western Australia
Victoria

Queensland

Supplementary Material |

Qualitative question schedule patient participants, VALUE study

17

22

NA

NA

NA

15

92%

4%

4%

4%

16%

8%

4%

60%

8%

1. Youindicated that you have considered using [add-on] as part of your fertility treatment.

Can you talk me through your decision making about whether to use this/these add-

on(s)?
Prompts:
a. Who was involved in the decision?
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b. What were your thoughts on the potential benefits?

C. What were your thoughts on the potential risks?

d. What about cost? Did that feature?

e. Any other factors you can think of?

f. Did you know that the [add-ons] you used/thought about were optional, or are often
optional?

g. Can you tell me how your first came to consider using [add-on]

h. What happened next?

i. Can you tell me a bit more about that?

2. Canyou tell meif you received or sought any information about [add-ons], and if so where

you got the information from?

Prompts:

a. Your fertility clinic website, information brochures?

b. Your fertility doctor or another staff member (verbally)?

C. Internet searches/blogs?

d. What about family advice, or information from family?

e. How about social media or internet advertising?

f. Was the information helpful/useful/did it help with making the decision?

3. Reflecting on your experience, how do you feel about the decision to use (or not) use

[insert name add-on] in your IVF treatment?

Prompts:

a. Did you get pregnant that cycle?

b. Would you recommend it to someone else?

C. What advice would you give someone else considering this add-on?

4. Sometimes add-ons are available at fertility clinics before they have been thoroughly
studied to check that they increase the chances of IVF being successful. What are your

thoughts on this?

Prompts:
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a. Does whether they are proven to work or not make any difference to you?

b. Do you think scientific evidence of benefit matters to patients?
C. Is whether it costs patients money, and the amount, important?
d. What if the add-on is used as routine or standard at specific clinics, for instance

included in a treatment package?

5. Sometimes add-ons are available at fertility clinics before they have been thoroughly
studied to check they are safe, for example whether they increase the risk of miscarriage,
stillbirth, or poor outcomes for the baby. What are your thoughts on fertility clinics

offering add-ons in these cases?

Prompts:
a. Does whether they are proven to be safe make any difference to you?
b. Do you think scientific evidence of safety matters to patients?

6. Now I'd like you to pretend for a moment that you are considering using a brand-new

add-on in your IVF cycle that has not yet been scientifically proven as effective and safe.

| will show you a slide and would like it if you could let me know which of these you agree

with? Perhaps you could talk me through your thoughts?

Slide:
a. OK if it is free to use

b. OK if is low risk

C. OK if the doctor has a hunch that it might be effective

d. OK if the doctor wants to offer some hope

e. OK if the doctor has used it before and a patient got pregnant
f. OK if the patient wants to use it

g. OK if if it’s being studied as part of a research project

7. If you were given an information leaflet about an IVF add-on, what sort of information

would you want it to include?

Prompts:
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a. How about risks and benefits?
b. Would how it works and how long it’s been around for matter to you?

c. Would you be interested in success rates? Cost?

8. What do you think about using the term ‘add-on’?

Prompts:

a. Do you have any alternate suggestions for terms?

b. Is it a good description?

C. What do you think about the terms ‘adjuvant’ or ‘adjunct’ instead?

9. Isthere anything else | haven’t asked you about add-ons, that you’d like to share or talk

about?

Qualitative question schedule professional participants, VALUE study

1. Canyou tell me how you would define an add-on? For example, what components

would you include in a definition?

Prompts:

a. evidence of effectiveness, evidence of safety, costs, being optional?

b. What things do you think definitely aren’t add-ons?

C. What things do you think definitely are add-ons?

2. What do you think about using the term ‘add-on’?

Prompts:

a. Do you have any alternate suggestions for terms?

b. Is it a good description?

C. What do you think about the terms ‘adjuvant’ or ‘adjunct’ instead?

3. Please can you tell me about your experience of offering or using add-ons recently,

say in the last couple of years?
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Prompts:
a. Can you give some examples of add-ons you talk about with your patients (or

colleagues if embryologist)?

b. Can you recall a particular case in which you did this?

c. Can you tell me a bit more about that?

d. Have you any other thoughts on that topic?

e. If patient drivers: How do you weigh up patient autonomy versus your duty to

beneficence and non-maleficence when you know there is no clinical benefit?

f. Who makes the decisions regarding laboratory-based add-ons? How does this make
you feel?

4, What advantages or benefits do you think add-ons provide to patients?

Prompts:

a. Can you give some examples of add-ons you think offer advantages to patients?

b. Can you think of some instances where you might you recommend or suggest an

add-on to your patient?

C. What advantages or benefits do you think add-ons provide to clinicians or the clinic?
5. What disadvantages or risks do you think add-ons pose to patients?

Prompts:

a. Can you give some examples of add-ons you think are particularly risky?

b. Can you recall any particular instances when adverse events arose as a result of

using an add-on?
C. Can you think of some instances where you might advise a patient against using an
add-on?

d. Can you think of any disadvantages that add-ons pose to clinicians or the clinic?

6. Where do you seek information on add-ons from?

Prompts:
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a. What about where you seek information on a technique or how to use/perform the add-
on (such as the dose, timing of procedure etc.)?

b. What about information on evidence such as safety and effectiveness?

7. What kind of information do you or your clinic aim to give patients regarding add-
ons?

Prompts:

a. Do you ever direct them to any resources?

b. Do you ever provide written information?

c. Can you tell me a bit more about that?

168



7. Conclusions and areas for future research

The aims of this MD that | set out in section 6.8 were threefold: (i) to present the highest
quality quantitative and qualitative evidence on IVF add-ons; (ii) to advocate for evidence-
based medicine regarding add-ons and; (iii) to be a source of trusted information. | believe
papers 1to 5 presented here represent the highest quality, transparent evidence that achieve
these aims. However, there is still more that can be done. To fully achieve aims two and three,
| need to continue engaging in scientific debates regarding add-ons, and to reach out to
patient facing resources to ensure that the findings of all five papers are accessible. Our
decision to ensure papers are open access has been by design to ensure that the findings are
freely available to all. For aim one to be a lasting legacy of this MD, | am resolved to continue
to periodically update the Cochrane reviews on GM-CSF containing culture media, and time-
lapse systems. Cochrane systematic reviews are only relevant so long as they are current, and
therefore need revisiting every two to three years to establish what further evidence can be
included and analysed. This is an ongoing commitment to evidence-based medicine in the

sphere of add-ons.

The governance of add-ons in the future

Reproductive medicine, in particular IVF, occupies a unique area of medicine, where the usual
paradigm of evidence-based medicine becomes more blurred. This is due to the interplay
between the high-stakes and emotive nature of infertility, private medicine, and commercial
industry who generate technologies which often side-step the usual Medicines and
Healthcare products Regulatory Agency (MHRA) approval 1?1. Add-ons flourish in this sphere,
and VALUE has shown that there is an appetite for them from both patients and professionals,
in a quest to improve outcomes, no matter how small the additional improvement may be
110, There is no doubt that add-ons will continue to be developed by industry, who see the
commercial benefit in improving IVF success rates. As of 2019, the global IVF market was
worth US$25bn and is projected to reach a value of US$41bn by 2026 22, No wonder

investors are willing to spend time and resources on add-ons in such a lucrative market.

In the UK, the HFEA’s involvement in add-ons to date has stopped at the development of a

webpage which utilises a traffic-light system to denote the quality of the evidence to reflect
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the effectiveness of add-ons. The HFEA is unlikely to ever regulate or stimy the availability of
add-ons, as the Human Fertilisation and Embryology Act 2008 does not mandate the licensing

of IVF technologies, instead this lies with the MHRA®23,

Governance of add-ons will therefore have to fall within the remit of a body that is responsible
for upholding the law regarding consumers. This is where the UK’s Competition and Markets
Authority (CMA) responsibility lies. The CMA is a non-governmental organisation, whose role
is to protect consumers and ensure businesses comply with consumer law. In February 2020
the CMA raised concerns about add-ons surrounding misleading advertising regarding success
rates. It was the first time that the fertility sector was made explicitly aware of its role in
adhering to consumer law when it came to add-ons. The following year, the CMA published
guidance for fertility clinics to make clear clinics’ legal obligation to treat patients fairly 124, It

also published a video and guide to help IVF patients understand their consumer rights 12,

Recently, the CMA published a report on clinics’ compliance with consumer law 126, It revealed
that there were compliance issues with most clinics reviewed: clinics failed to provide
information about the evidence for, or risks associated with, certain add-ons; and clinics made
claims that link success rates to the use of certain add-ons without any, or adequate,
explanation of the basis on which the claims were made 2%, The report also highlighted the
positive changes that some clinics made in response to concerns regarding compliance. For
example, clinics had updated their webpages to provide additional information so that the
benefits and risks of add-ons as well as the view of the HFEA were more clearly explained. In
addition, some clinics made it clearer where information about the basis for claims that link
the use of add-ons to successful treatment outcomes came from. The CMA’s recent work has
helped to shine a light on clinics’ responsibility to be open and honest about the paucity of
good quality evidence to support the use of add-ons in improving IVF outcomes. Their task
will now be to continue to uphold the standards expected of clinics regarding the

advertisement and selling of add-ons through regular audit of clinic websites and materials.

Evidence generated from papers 2 and 3 in this thesis will be useful in guiding clinics who will
look to the evidence of safety and efficacy behind time-lapse and GM-CSF containing culture

media when describing them on their websites. It is hoped that paper 5 will provide support
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the CMA’s role in protecting customers (those who undergo IVF in this case), by providing
evidence that patients prioritise hope of a child over considerations of safety, efficacy or costs
when considering add-ons. It is hoped that the HFEA will continue to use evidence from
papers 2 and 3 to inform its traffic light system for add-ons, and that paper 5 will provide
robust qualitative evidence to inform debate within the Scientific and Clinical Advances
Advisory Committee (SCAAC). Such debate might include considering the findings of VALUE
when deciding how unproven treatment add-ons might be introduced into clinical practice,

and what level of evidence of safety and efficacy is required prior to their adoption.

Future research

Settling on a scientific definition of ‘add-on’ will be vital to ensuring that novel add-ons are
identified in a timely manner, and subject to scrutiny regarding effectiveness and safety. A
definition has been attempted by the HFEA, however is fraught with flaws. The HFEA
definition rests upon the presence of three criteria: (i) being ‘optional’; (ii) claiming to be
effective at improving chances of success; and (iii) costing the patient extra. However, where
does this leave add-ons that are absorbed into the headline cost of IVF treatment if the clinic
uses them ‘routinely’ for all private patients? According to the HFEA definition, they would
not be deemed an add-on. Therefore, explicit consent would not be sought for their use. The
costs would inevitably be passed onto patients through the overall cost of IVF, but without

their explicit understanding that the add-on is non evidence-based and optional.

To reach a definition in an evidence-based manner, a Delphi method could be adopted,
whereby a structured group of multi-disciplinary experts involved in IVF and add-ons research
around the globe would convene to undertake questionnaires in two or more rounds. After
each round, a facilitator would provide an anonymised summary of the experts’ answers from
the previous round as well as the reasons they provided for their judgements. Experts would
then encourage individuals to revise their earlier answers in light of the replies from other
members of the panel. The process would stop after a predefined stop criterion such as
number of rounds or achievement of consensus, and the mean or median scores of the final

rounds determine the result 1%7.
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The Delphi method has been successfully adopted to reach consensus in other controversial
areas of medicine. For example, it was used to develop a core outcome set for future infertility
trials in 2021128, This Delphi study reached conclusions on the definition of core outcomes
deemed of critical importance to patients, to help harmonise and strengthen the impact of
forthcoming studies and reduce research waste in fertility. Over 80 specialty journals have

committed to implementing this core outcome set 128,

Further quantitative research regarding the effectiveness and safety of all add-ons is needed
in the form of properly powered, clinically meaningful RCTs. Add-ons will cease to be add-
ons once they are of proven effectiveness. Until this time, they remain of unknown or
uncertain effectiveness, and will remain as such until reliable studies are undertaken. The
current major flaw with the available evidence is that the studies are often small and
inadequately powered to answer the questions that patients, embryologists, and clinicians
need the answers to: does the add-on improve livebirth rates and is it safe, i.e. does it worsen
miscarriage rates beyond baseline. In addition to being underpowered, there are often
methodological flaws within the available studies, such as the problem with selection bias.
Many studies opt to randomise oocytes opposed to women, or calculate livebirth rates per
embryo transferred opposed to per woman randomised. The outcomes measured are often
disparate and difficult to combined in systematic reviews. For example, there are myriad
different definitions of clinical pregnancy, miscarriage and even of livebirth. Encouraging
study collaborators to use the aforementioned core outcome set would help standardise

outcome selection, data collection and reporting 28,

At the top of the evidence pyramid lie systematic reviews combining RCTs. High-quality,
methodologically robust systematic reviews, such as those undertaken by Cochrane
Gynaecology and Fertility need to continue to be produced on novel add-ons emerging onto
the scene, and established reviews need to be periodically updated when new trials are
published. A clearly defined protocol should be published before any review is undertaken to
ensure transparency and avoid ‘fishing’ for statistically significant results. Given the plethora
of low quality, small RCTs available, future systematic reviews should consider confining
meta-analysis to trials of low risks of bias. The difficulty with combining all available trials is

that the heterogeneity between studies becomes so high, that drawing meaningful
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conclusions becomes impossible. One example of this is the Cochrane review on endometrial
scratching before IVF 1%, There were 38 eligible studies, many of which were very small and
had various biases detected. When all studies were combined, the I?result, which is a measure
of heterogeneity, was so high that drawing conclusions from the summary estimate of the
meta-analysis was impossible. This meant that a decision needed to be made regarding which
studies would be included within the meta-analysis. It was decided that only studies with low
selection bias would be included in the meta-analysis which reduced heterogeneity, making
the drawing of conclusions more meaningful 1. Despite the need for high-quality systematic
reviews, there is also the need to avoid research waste, especially on poorly designed reviews,
where the methodology means that their publication only confuses the picture, making it
harder for readers to navigate the evidence. Therefore, my decision to continue to
periodically update the two Cochrane titles published in this thesis will be important to

provide reproducible, robust evidence for the world.

The future of evidence-based medicine within IVF

Reproductive medicine and IVF stands at a crossroads philosophically and ethically.
Throughout its relatively short history, it has relied upon innovation, experimentation, and
development of techniques, most of which never underwent formal assessment of
effectiveness or safety in the context of RCTs 12°. This is often the argument put forth by those
who rebuff the notion that add-ons should not be introduced until RCT evidence is available.
In 1978, when IVF was being pioneered, the ethical argument for undertaking non evidence-
based treatments was that the only alternative was adoption or childlessness. Reproductive
medicine now finds itself at a stage where IVF represents the most effective fertility
treatment available for most causes of infertility, offering an average 26% livebirth rate per
cycle started ¥ 2. With that in mind, is it right that novel IVF technologies, treatments, and
procedures should not be subject to the same robust assessment of safety and efficacy as set

by other spheres of medicine?
Trials assessing these outcomes in IVF are costly and time-consuming owing to the lengthy

follow-up time to livebirth, plus the challenge of collecting data on cumulative outcomes from

embryo transfers which can be difficult to keep track of. However, despite these difficulties,
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we must remember that at the core of all that we do are the patients we serve. Patients will
continue to opt for non evidence-based extras if they offer hope above and beyond what

conventional IVF can offer.

The drive to assess add-ons will not come from industry itself given that the requirements for
licensing will have often already been met (i.e., repurposing of an established medical
treatment for a novel fertility purpose) or the add-on will not be required to undergo phase
3 trials prior to licensing owing to its definition as a device. Therefore, it is beholden on the
scientific community, clinicians, embryologists and fertility nurses to strive for high quality
evidence on add-ons to allow patients to be fully informed in their decision making, and to

support those practising within IVF clinics to fulfil their duties of informed consent.
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