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Reproductive medicine is arelatively young speciality in comparison to otherfields of
medicine. With its conceptionin the late 1970’s there has been many advances, although
thereisstill muchto learninthis new area of medicine. Infertility affects oneinseven

heterosexual couples and can have huge social and financial impacts on a patient’s life.

Ultrasoundis a key componentto the daily management of patients undergoing assisted
reproductive treatments and the aims of this thesis are to highlight the importance of this
vital tool and the additional benefits that can be gained from it whenitis usedto its full

potential.

Initially, we created a questionnaire to assess embryo transfer technique in different units
throughout the UK. This survey consisted of 38 questions, assessing various aspects of the
embryotransfertechnique. We had a good response rate of 47/79 (57%) and whilst
reassuring practices were usedin UK (i.e. ultrasound guided embryo transfers, soft transfer
catheters), there was alarge degree of discordance between different units. Thisvariation
intechnique could explainthe differencesin live birth rate between 11-34% per embryo
transferand highlights the need for development of a standardised approach toembryo
transfer, to ensure that evidence-based practice is followed in all units to optimise patient

outcomes across the UK.

We performed arandomised controlled trial (RCT) comparing 4D ultrasound guided
embryotransfersvsthe clinical touch technique. We found asignificantimprovementin
live birthratesinthe 4D group vs the clinical touch technique group (41% vs 28%
respectively, p=0.02). We also measured endometrialvolumeand thickness at the time of
embryo transferinthe 4D group and found thatit had no predictive value on pregnancy

outcome, in keeping with other published literature.

In the final results chapter we performed an observational study assessing pregnancy site
location and trophoblasticthickness and itsimpact on pregnancy outcomes. We recruited
300 patients attheirinitial early pregnancy scan following embryo transfer. We took a 3D

image of the uterus and measured where the pregnancy was located in the cavity and also
trophoblasticthickness. Miscarriage rates were higherin those pregnancies located in the

lower half of the uterus and whose trophoblasticinvasion was thinner.

To conclude, my work has highlighted the importance of using advanced ultrasound
techniquesinreproductive medicine. We recommend further studies comparing 4D

ultrasound guidance vs 2D ultrasound guidance, as well as assessment of other ultrasound



features and biomarkers at early gestation scan toidentify those at risk of complicationsin
pregnancy so that they can be appropriately counselled and managed to limit both

maternal and neonatal morbidity.
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Chapter 1: Introduction

General introduction

Assisted reproductionisadynamicfield of medicine, which allows many couples with
fertility problems to achieve parenthood. Over 8 million babies have beenbornasa
consequence of assisted reproductivetechnologies (ART)[1] and in the future, as the
population continues to delay childbearing until laterin their reproductive life, the need for
in-vitro fertilisation (IVF)willcontinueto grow[2]. Ultrasound is a key tool that is frequently
usedin everyday activities, inany IVF centre providing assisted reproductive services and
thisthesis focuses on examining some of the new roles that ultrasound may havein

improving our current understandingandin predictingthe outcomes of ART.

Infertility

Infertility is defined as a disease of the reproductive system with afailure to achievea
clinical pregnancy after 12 months or more of regular unprotected intercourse[3]. Infertility
isa common occurrence inthe UK with one in seven heterosexual couples affected [4],
which can lead to distress, depression, as well as discrimination and ostracism with

associated costs to individuals and society[5].

The estimated cost of ART in the UK is approximately £250 million peryear (based on
0.13% of healthcare expenditure being used for ART) [6, 7]. The cost of a privately funded
single IVF treatment cycle inthe UKis estimated to be on average around £5000(8]. This,
therefore accounts for roughly 18% of the average disposable income of a UK resident per
year[6]. The cost perlive birth reflects the relationship between the cost and the success of
treatmentandis oftenreferredto as the cost-effectivenessratio[6]. Inthe UK itis £32,696,
whichimplies the significant cost to the health service and also to the patientif theyare

ineligible for publicly funded treatment[6].
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The known causes of infertility can be splitinto the individual causative factors relevant to
eithermale orfemale. Infertility may also be the result of both the male and female
partner havingfactors affecting theirfertility and thisis known as combined factor
infertility. Whilstin other cases, if there is no evident cause of infertility identified, thisis

known as unexplained infertility. The prevalence of these causes isshownin Table 1.
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Table 1. Causes of infertility [9]

Factors Percentage (%)
Combined factors 40

Male Factors 26-30
Ovulatory dysfunction 21-25

Tubal factors 14-20

Other (e.g., cervical factors, peritoneal 10-13

factors and uterine abnormalities)

Unexplained 25-28

Consideringthese particular conditions, treatment forinfertility can be divided broadly into

3 particulartypes:

(1) Medical treatment, including methods such as ovulation induction;
(2) Surgical treatment, such as laparoscopictreatment forendometriosis or repair of
tubal damage;

(3) ART such as IVF[4].

Fertility background

ART techniquesaimto replicate the physiological processes involved in the human

reproductive cycle[10-12] by following the below principles.

Human menstrual cycle and conception

The human menstrual cycle is typically 28 days long of which menstruationis the defining
feature [13]. It isregulated by the cyclical and concert activity of the hypothalamo-
pituitary-ovarian axis, working on the end effector organs, the ovary and the
endometrium[14, 15]. There are two phases to the normal menstrual cycle, that can be
defined by the changesinthe ovary, the follicular phase, followed by the luteal phase; or

by the endometrial changes, classified as the proliferative and secretory phases[13, 16-18].
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The follicular phase

The follicular phase, begins on the first day of mensesand ends at ovulation[13, 18]. Follide
stimulating hormone (FSH) starts torise at the end of the previous menstrual cycle
followingadecline insteroid production from the corpus luteum. FSH, like all
gonadotrophins, is aglycoprotein whichis composed of an alphaand a betasubunit[19].
The alpha subunitin FSHis composed of the same 92 amino acids that are presentinthe
alphasubunits of thyroid stimulating hormone (TSH), human chorionicgonadotrophin
(hCG) and luteinising hormone (LH), whilst the beta subunits are unique to each
gonadotrophin[20]. Secretion of FSH by the gonadotropiccells of the anterior pituitary,
stimulates the recruitment and development of a cohort of preantral follicles within the
ovariesintoantral follicles[13]. FSHattaches to the membrane bound G-protein coupled
FSH receptorsinthe granulosacells on preantral follicles of the ovary, exerting the effect of
activatingthe aromatase enzyme[13, 20, 21]. Aromatase enzyme converts androgens to
oestrogen, leadingtothe subsequent release of oestrogen[13, 20]. As the follicular phase
progresses, FSH stimulates growth of the antral follicle, leadingtoanincrease in the
number of granulosa cells and as a consequence anincrease in oestrogen production.
Development of adominantfollicle occurs during this time and is described in three stages:
1 —Recruitment, 2- Selection and 3-Dominance[13, 20, 22, 23]. Recruitment occurs from
day 1-4 of the menstrual cycle and refers to the emergence of medium ssized follicles
between 2-5mm|[13, 22]. Selection is where the largest of the recruited antral follicles
continuesto grow whilst the remainingfollicles undergo atresia, which occurs around day
5-7[13, 22]. Dominance occurs by day 8 and is where the dominantfollicle continues to
increase insize, secreting higherlevels of oestrogen and inhibiting the growth of the other
subordinate follicles. Thisincrease in oestrogen secretion, particularly estradiol-178,
engagesina negative feedback effect on the pituitary reducing the production of FSH[22].
The consequent decline in FSH limits subordinate follicular growth both by lack of direct
stimulation and indirectly by creatinga more androgenic microenvironment, leading to
atresia of these subordinate follicles [13, 14, 22, 24]. It has been hypothesized that
dominantfollicles contain more granulosacells and FSH receptors, therefore are more

susceptibleto FSH stimulation than the smallersubordinate antral follicles[22, 25].

The dominantfollicleis responsible for 90% of the oestrogen production atthis point, and
rising oestrogen levels lead to the induction of the transmembrane LHreceptors on the

dominantfollicle granulosa cells[22, 26]. This makes the granulosa cells more responsive to
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LH stimulation and less dependent on the fallinglevels of FSH, which occurs due to

negative feedback on the pituitary by the increased follicular oestrogen production.

Followingselection, the dominantfollicleincreasesin size with continued growth, until it
reachesits pre-ovulatory stage, with adiameter of around 16-29mm{[22, 27]. Thisis
mediated by continued oestrogen release due toinhibin Asecretion, along with increased
aromatase activity due toincreased granulosa cell numbers and secretion of insulin-like

growth factor[22, 24, 28, 29].

The rise in oestrogen has a positive feedback effect on LH production[30]. Itis unclear
whetherthisisspecificto the alphaor betaoestrogenreceptororboth, but therisein
oestrogen stimulates gonadotrophin releasing hormone (GnRH) production fromthe
hypothalamus, as well as directly stimulating release of LH from the anterior pituitary [30].
Oestradiol also acts by sensitizing the pituitary to GhnRH by increasing GnRH receptors on
the pituitary gonadotrophs[31] and potentially inhibiting GhRH metabolism[32]. Once
oestrogen levels reach 200 pg/mL for more than 50 hours then LH begins to be
secreted[13, 22, 30]. When oestradiol levels reach their peak, the positive feedback this has
on the hypothalamus and pituitary gland resultsinthe LH surge, whichis the ovulatory

signal forthe dominantfollicle and thus, resultsin subsequent ovulation[22].

Ovulation

The LH surge commences roughly 34-36 hours priorto ovulation, with the peak occurring
between 12-24 hours priorto ovulation[13, 22]. The LH surge also stimulates the oocyte for
final development and completion of meiosis 1and expulsion of the first polar body
preparingforfertilisation[33]. Luteinisation of the granulosa cells also occurs with the
subsequentrelease of progesterone whichis responsible forthe midcycle FSHsurge [13].
The combination of LH and progesterone leads to the production of prostaglandins and
proteolyticenzymesthat break down the collagen inthe follicular wall, resultingin the
release of the oocyte-cumulus complex[13, 33, 34]. The mid-cycle FSHsurge is also thought
to increase granulosa cell LHreceptors whilst also freeing the oocyte fromfollicular
attachments[13]. Oestradiollevels fall priorto the LH peak, potentially due to

downregulation from LHor from inhibition from rising progesterone levels[13, 35].

The released oocyte is collected by the fimbrial end of the fallopian tube and is transported

towards the uterus by ciliary motility and contractions of the tubal smooth muscle[36, 37].
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Fertilisation takes place in the fallopian tube where the oocyte meets with the ascending

sperm.
The luteal phase

The luteal phase occurs afterthe LH surge and usually lastaround 14 days. Following
ovulation, the remaining granulosa cells still within the follicle become enlarged and
vacuolatedinappearance. This processis called luteinisation and resultsin the terminal
differentiation of the mural granulosa and theca cellsinto luteal cells, forming the corpus
luteum[38]. This differentiation from granulosa cell to luteal cell switches the primary
function of the cell from a predominately secreting oestrogen to secreting progesterone.
This occurs with the cessation of granulosa and theca cell proliferation by downregulating
cyclin D2 andis followed by hypertrophy of these cells[38]. The LHsurge causes a
downregulation of genes specificto the granulosa cell, whilst upregulating those genes
specificto luteal function[38]. Genes downregulated as a consequence of the LHsurge
include Cyp19a1[38,39] andInhibin A[40] both of which are key to the production of
oestrogen[13]. Meanwhile, there isincreased expression of the enzyme Cypllalandthe
cholesterol mobilizing protein Starboth of which are required forthe synthesis of
progesterone[38, 41, 42]. The corpusluteumisatemporary endocrine organ which signals
and prepares the oestrogen primed endometrium forthe arrival and implantation of a
fertilised ovum([13, 34]. Peak function of the corpus luteum occurs roughly between 8-9
daysfollowing ovulation, which correlates with the endometrial implantation window[13,
34]. This peakinfunctionisshown with raised progesterone and oestradiol levels along
with peak vascularity of the corpus luteum as seen on ultrasound scan[13, 33]. Both the
luteinised thecaand granulosacells are involved in steroidogenesis; however, itis thought
the larger granulosacells are the greater contributors[13, 34]. Continued LHsecretion
maintains the corpus luteum inthe interim period until implantation. If no pregnancy
implantsthenno hCGisreleased and the corpus luteum will undergo luteolysis, forming
the corpus albicans[13, 34]. This occurs roughly 9-11 days following ovulation and can be
due to a number of luteolytic agents including oxytocin, vasopressin, prostaglandin F2a and
matrix metalloproteinases [13, 43-45]. The declining function of the corpus luteumand
reduced progesteronerelease results in constriction of the spiral arterioles supplying the
endometrium[13, 14], leading to tissue ischaemia and subsequent sloughing of the
functional unit, the luminal and functionalis layers of endometrium resultingin menses[13,

14].
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However, if fertilisation does occur, the fertilised ovum is transported along the fallopian
tube into the uterine cavity where itimplants within the endometrium[36]. hCG starts to
be produced fromthe syncytiotrophoblasts once successful embryoimplantation has
occurred and thisin turn promotesthe continued function of the corpus luteum and luteal
supportrequired to maintain the endometrium, and as a consequence supporting the early

pregnancy[36].
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Implantation
Preconditions for implantation

Duringthe follicularand luteal phase of the ovarian cycle, the endometrium undergoes
both structural and functional remodelling with both oestrogen and progesterone being
key hormonal regulators facilitating these changes[46]. During the proliferative (follicular)
phase thereisa regeneration of the endometrium under the influence of rising oestrogen
levels with proliferation of the epithelium, stromaand vascularendothelium[46]. The rising
levels of oestrogen also helps with the expression of the progesterone receptor, enabling
the endometriumto be able torespondto progesterone during the secretory (luteal)
phase. Progesteroneplays akey role in the maintenance of endometrialhomeostasis via
signalling of stimuli following attachment to the progesteronereceptor. Progesteronealso
has a morphological impact on the endometrial stromal cells (ESC) convertingthem from
fibroblast-like mesenchymalcells to secretory epithelioid like cells in the mid-secretory
phase[47,48]. This processis called decidualization and these newly formed decidualized
ESC are essential forimplantation, conferringimmunotolerance to the foetal semi-allograft,
controlling trophoblastinvasion and also nourishing and protecting the peri-implantation
conceptus[48, 49]. Decidualization occurs approximately 6 days after ovulation just priorto
the window of implantation (WOI)[47]. This usually occurs between day 20-24 of a regular
menstrual cycle[37, 48] indicating the optimal timeforembryoimplantation andis
dependent on the functional communication between a blastocystand the receptive

endometrium[37].

Duringthe WOI, the receptive endometrium expresses anumber of different genes that
encourage implantation of the fertilised ovum, now called a blastocyst. As the blastocyst
entersthe uterine cavity from the fallopian tube, it adheres to the apical surface of the
epithelium and penetrates into the underlying sufficiently decidualised uterine stroma[37].
Implantation process, thus can be divided into 3 different stages: apposition;

adhesion/attachmentandinvasion/penetration [37].
Apposition

Appositionisthe first step of implantation when communication between the
endometrium and blastocyst begins. As the blastocyst enters the uterine cavity, it
expresses adhesion molecules such as L-selectinand it beginstoroll around the

endometrium[37]. These adhesion molecules ensurethat the blastocyst cantetheritself to
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the uterine epithelium by interacting with the L-selectin oligosaccharide-based ligands, as
well as trophinin and heparin-binding epidermal growth factor, that are presenton
protrusions of the epithelial cells, which are called pinopodes[37, 50]. As the blastocyst
beginstoadhere tothese pinopodes, suitable alignmentisrequiredinrelationtoinnercell
mass of the embryoto ensure properappositionisachieved[37]. Also presentisa
pericellular matrix of glycoproteins and glycolipids from the luminal epithelium which also
aid apposition[37]. Mucin-1is one of these molecules and acts as an anti-adhesion
molecule, by preventing apposition of the embryoinlessfavourablelocations within the

uterine cavity[37].
Adhesion/attachment

Removal of endometrial mucins along with others seemto be necessary for successful
blastocyst adhesion tothe luminal epithelium of the endometrium[37, 50]. During the
adhesion phase the blastocystinduces cleavage of Mucin-1at the implantation siteto
enable successfulattachment[51]. Anumber of chemokines and cytokines are necessary
for adhesion and they work by attracting the blastocysttothe area of implantation, with
one of the mostimportant proteins identified being Leukemia inhibitory factor (LIF) [37,
52]. It reaches maximal levels during the mid-secretory phase of the menstrual cycle and
studies have shown that deficienciesin LIF are more commonin those women who are
infertile[53]. There have been anumber of studiesidentifying the importantrole of LIFin
implantation, with mice that were null forthe LIF failingtoimplantembryos or
appropriately decidualize the uterus[52, 54, 55]. Integrins are alsoreportedto be
necessary foradhesion to the pinopodes of the epithelium aiding implantation.
HeterodimeraVp3isone suchintegrinandis expressed both by the trophoblast cells of the
blastocyst as well as the luminal epithelial cells and it works by encouraging recognition of
the blastocyst fromthe endometrium[37]. Abnormal expression of thisintegrinis
associated with conditions associated with reproductivefailures, e.g., recurrent miscarriage

and infertility[56].
Invasion

In this phase, the trophoblast cells of the blastocyst, penetrate the endometrial luminal
epitheliumto gain entrance into the endometrial stromawith the aim of reaching the
maternal vasculature[37]. Thin folds develop on the trophoblast cells called invadopodia
and these grow between adjacent endometrial epithelial cells, degrading the basement

membrane and allowing fortrophoblasticinvasion into the endometrial stroma[37]. Asthe
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trophoblast cellsinvadeand proliferate into the endometrial stroma, they begin to
differentiateinto the inner cytotrophoblast cells and the outer syncytiotrophoblast cells.
The blastocyst continuestoinvade intothe stromaandis usually completely embedded 8
days after ovulation[37]. Syncytialization occurs whereby the syncytiotrophoblastsinvade
the luminal epithelium creating fluid filled spaces that are separated by trabeculae [37]. The
cytotrophoblast cells proliferate within the trabeculae, which are arrange d radially from
the blastocyst, creating the primary chorionicvillus. This progresses onto the formation of

secondary andtertiary villi, which is part of process of placentation[37].

Abnormalitiesin the above-described processes can have asignificantimpactona couple’s
ability to become pregnant, makingit necessary forintervention from appropriate

specialists to help patients to conceive.
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Figure 4. Implantation (Adapted from Tempest etal. 2021)[57]
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The IVF process

There are distinct stages withinthe IVF process thatinvolves attainment of gametes (egg
and sperm), creation of an embryo, and replacement of thatembryointo a synchronized
and receptive endometriumin hope of subsequentimplantation and pregnancy[58]. Those

distinct stages and their history and advances are described in more detail below.

What does IVF involve?

Controlled ovarian
stimulation (9-13

days)

A4

Trigger injection

36-48 hours

v

Oocyte retrieval Semen collection

v

Fertilisation and

embryo development

2-5 days
v
Fresh embryo transfer Additional embryos created are
frozen for subsequent transfer
14 days
v

Pregnancy test

Positive pregnancy test l 14-21 days

Early pregnancy scan

Controlled ovarian stimulation (COS)

Originally, as part of IVF, there was no ovarian stimulation, patients were monitored during
theirregular menstrual cycle by measuring LHlevelsin theirurine to determinewhen

ovulation was due to occur[59]. Oocyte retrieval was then done as soon as the LH rise was
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detected, butthis method was imprecise, with up to 30% of patients ovulating prematurely

and losingthe oocyte[58].

Controlled ovarian stimulation (COS)is a process with the aim of ensuring development of
an optimal number of ovarian follicles leading to the collection of mature oocytes[58] and
isthe firststepinIVF. Ifa small number of oocytes are collected, then chances of alive
birth are reduced. Inthe study by Dhillon etal the live birth rate (LBR) for patients with 2
versus 20 eggs was 20% vs 80% respectively[60]. However, the induction of ovulationisa
delicate balance, as an excessivefollicular response is associated with higher risk of ovarian
hyperstimulation syndrome (OHSS), which is a potentially serious, life-threatening
condition forthe woman[58]. OHSS is characterised by an increased capillary permeability
which can cause a majorfluid shift fromthe intra-vascular compartmentintothe
extravascularareas, whichincludes the abdominal cavity, lungs and pericardium. This
resultsina hypovolaemicstate whichif not managed appropriately can lead to multiorgan
failure, whilst also increasing the risk of venous thromboembolism [61]. Therefore, careful
treatment planningto achieve the maximum number of mature oocytes without

compromisingthe woman’s healthis paramount.

Sinceitsintroductionto ART, there has beenanumber of COS protocols developed
including “long” gonadotrophin releasing hormone agonist cycles to (GnRHa), “Short”
GnRH antagonist and also Co-flare cycles[58]. Monitoring of stimulation has alsoimproved
with ongoing advancementin ultrasound technology and hormonal monitoring[58]. The
cycle type that is most commonly usedis the short cycle, this has the benefitthatitis, by
definition, shorterin durationin comparisontothe longcycle and also allows forthe use of
a GnRH-agonist trigger, which can significantly reduce the chance of OHSS, particularly with

those patients deemed most at risk[58].
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GnRH-antagonist

Gonadotrophins

Day 1 Day 1 Day6 Oocyte retrieval
Menses

Co-flare protocol
hCG trigger

GnRH-agonist

Gonadotrophins

Day 1 Day 1 Oocyte retrieval
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Long protocol
hCG trigger

GnRH-agonist

Gonadotrophins

Day 1 Day 21-23 Day 1 Oocyte retrieval
Menses

Figure 5. Short, long and Co-flare stimulation cycles

COS involves administering exogenous gonadotrophins to stimulate follicular growth within
the ovaries until acertainlevel of maturity is attained [58]. The types of gonadotrophins
may differ, depending on the drug(s) used, with the predominantingredient of these drugs
being FSHalthough they often contain smalleramounts of LH through the purification
aspect[62]. The dose of gonadotrophin administered is routinely determined on factors
such as a patients age, body massindex (BMI) and ovarian reserve testing (anti-mullerian
hormone (AMH) level and antral follicle count (AFC))[63]. As previously highlighted, the aim
isto retrieve the optimal number of oocytes whilst not overstimulating and causing the
woman to develop OHSS[63]. Ultrasound imagingis the predominant method for
monitoring the response of the ovaries to the stimulation medication [64]with most IVF
unitsaimingforbetween 12and 15 oocytes[65-68]. Duringthe COS cycle, GhnRH-agonists
(e.g. Buserelin) or GnRH antagonists (e.g. Cetrotide) are used to prevent premature
ovulation andthe consequent loss of oocytesin tothe pelviccavity due to spontaneous
ovulation[58]. Once the follicles have reached atarget size of 17mm, itis assumed that

appropriate oocyte maturity has been achieved[69, 70]. To induce ovulation, atrigger
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injection of hCG or GnRH-agonistis administered to stimulatethe final oocyte maturation

priorto the oocyte retrieval.
Oocyte retrieval

Following the administration of the final triggerinjection, oocytes are usually aspirated via

a transvaginal (TV) route, usually 36 hours later[71] under ultrasound guidance[72].

Initially oocyte retrieval was performed laparoscopically, but this approach had its
disadvantages. The laparoscopy, as well as the general anaestheticare both procedures
that are not without potential complications (e.g., Bowelinjury and aspiration

respectively), whilst also being more expensive and time consuming[58, 73].

With the development of ultrasound technology, transabdominal (TA) ultrasound guidance
oocyte retrievals beganin the 1981[74]. This negated the need forthe more expensive
laparoscopic method. However, one of the main disadvantages was the pain experienced
by the patient[75]. Although local anaestheticwas used at the puncture site onthe
abdomen, patientsstill found itan uncomfortable procedure and often general anaesthesia
was still required[75]. Studies showed no difference between number of oocytesretrieved
between laparoscopicor TA ultrasound guided approaches[58, 75] however, the need for
general anaestheticin both resulted inalack of appreciation and utilisation of the TA

ultrasound approach[58].

Thiswas followed on by transurethral and TV approaches to oocyte retrieval, butit was the
TV approach which became the preferred route foraspiration. The advantage of using the
TV ultrasound method was thatitis bettertolerated by the patient, it can be done under
sedation orlocal anaesthetic[76] itallows for superiorimaging of the ovary and
complication rates are rare[58]. There was no need to puncture the abdominal wall or
urinary bladderandthe distance between puncturesite and ovary transvaginally was much

shorter[58].

TV ultrasound guided oocyte retrieval is now the gold standard approach and will be used

inthe majority of patients undergoing IVF treatment[58].

TA ultrasound and laparoscopicoocyte retrievals are still performed but are reserved for

more difficult cases or where access tothe ovary vaginallyis poor[77, 78].

28



Fertilisation

In the beginning IVF was the only option forinfertile couples. In IVF, fertilisation of the
oocyte occurs inthe labwhenthe semenis co-cultured together with the oocyte, with the
spermatozoafertilising the oocyte during this period of incubation[79]. However, if the
semensampleisabnormal, the likelihood of fertilisation is reduced. A number of
techniques were developed to assist with fertilisation in cases where semen samples were
abnormal, such as zona drilling (creatingahole in the zonato allow easieraccess forthe
spermatozoa) and injection of spermatozoainto the perivitelline space (space between the
zona pellucidaand cytoplasm)[58], howeverthe fertilisation levels were still low due to the
inability of these methods to quickly block polyspermy (fertilisation of the oocyte by more
than one spermatozoon, causing an abnormal number of chromosomes) [58]. This led to
development of intracytoplasmicsperm injection (1CSl) in 1991, which allowed
embryologists to physically inject aspermatozoainto the cytoplasm of the oocytes[80]. The
first ICSI baby was born in 1992 and since then ICSI fertilisation rates, even forsevere male

factor infertility, have been comparable to conventional IVF[81].

ICSlis a more time consuming and costly process and when used in non-male factor
infertility has significantly lower fertilisation and implantation rates when compared to
IVF[82]. Therefore, it should be reserved only for the sub-group of patients who may

benefitfromthe process.
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Figure 6. A- IVF fertilisation, B- ICSI fertilisation

Aftersuccessful fertilisation, the resultingembryo(s)is assessed by an embryologistand

will be graded based onits progress according to the well-established and expected
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development patternforearly human embryos[83]. The fertilised oocyte, now called the
zygote will undergo anumber of mitoticcell divisions, with each cleavage of the cell

resultinginthe creation of anothercell known as a blastomere [84].

At around day 3, around 8 blastomeres are expected to be presentinthe zygote, and at
thisstageitiscalleda morula[85]. The blastomeresinthe morulawill continueto divide to
create the blastocyst, a cellular mass of around 100 cells that has a configuration of tightly
compacted ball of cells. The histological organisation containsaninnercell mass, aring of
trophoectoderm cells on the peripheryand afluidfilled centre known as the
blastocoel[84]. Grading of the embryosisbased onthe Gardner and Schoolcraft method

and evaluatesthe degree of blastocyst expansion, the consistency of the innercell mass

and the cohesiveness of the trophoectoderm[86].

Figure 7. Embryo development. 1. Day 1 check —normal fertilisation, 2—Day 2 — 2 cell
embryo, 3- Day 2- 4 cellembryo, 4- Day 3- 8 cell embryo, 5- Day 4- Morula, 6- Day 5-

Blastocyst

Timing of the ET depends onthe embryos progress. Embryos can be transferred at the
cleavage stage (day 2-3 days following fertilisation) or blastocyst stage (day 5-6 following
fertilisation)[87]. Inthe past ETs had been performed at the cleavage stage[58]. This was
mainly due to the suboptimal culture mediathat was used at the time thatlacked the

amino acids and vitaminsthat would allow the embryo to progress to the blastocyst stage
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[58]. Since then, the quality of culture media hasimproved, allowing for continued
progression of the embryo to the blastocyst stage[58]. Delaying ET until the blastocyst
stage has numerous advantages including better embryo grading and selection, improved
implantation rates and reduced time to pregnancy[58, 88, 89]. Cleavage stage ET are,
however, still performed and can be considered in women with poor prognosticfactors
such as age >35 years, fewer available embryos fortransferand multiple previous failed IVF
attempts [89]. This isdue to theirrisk of losing viable embryosinthe process of extended

embryo culture[89].

Luteal support

Following oocyte retrieval, if fresh embryo replacementis anticipated, thereisaneedfor
luteal support[90, 91]. The current hypothesis relates to the luteal phase deficiency
following IVF due to the supraphysiological levels of steroids secreted by a high number of
corpora luteaduringthe early luteal phase[91]. This directly inhibits the LHrelease via
negative feedback actions at the hypothalamic-pituitary axis, resultingin luteolysis [91, 92]

and without additional luteal phase support, the pregnancy is likely to fail [93].

Luteal phase support can be provided in numerous different ways including oral
progesterone tablets, Intramuscular progesteroneinjections, progesterone pessariesand
hCGinjections[90, 94]. There is no evidence of superiority in any of the above options,
howevervaginal progesterone appears to be bettertolerated with less side effects than
other methods of progesterone administration[94] and is consequently the most
commonly used optionin European countries[95]. hCGincreases the risk of OHSS and is
therefore not the routine firstlineoption forluteal phasesupport [90, 94]. Recently the
combination of progesterone and GnRHa have been used for luteal support, which has
shown promisingimprovementsin clinical pregnancy rate (CPR) and LBR. However, further
high quality randomised controlled trials (RCT) are recommended before this method of

support can be recommendedinroutine practice[90].
Embryo transfer

Once the uterine cavity has been primed with exogenous progesterone, the patient will
then proceed with theirfresh ET[8]. For thisthe patientis placedin lithotomy position and
the vaginaand cervix are cleaned with saline soaked cotton wool orgauze [96]. A catheter

containingthe embryoisthen passed through the cervix and intothe uterine cavity, where
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the embryoisdeposited[97]. Thisis done using anon-touch technique to avoid

contamination of the cathetertip[98].

There are two predominant methods:

e Clinical touchtechnique (CTT), whichisa ‘blind’ procedure where the embryois
deposited 6cm fromthe external os or to the middle of the uterine cavity based
on the practitioners’ tactile sense[97].

e 2D ultrasound guidedtechnique wherethe cathetertipisvisualised onscan,

aimingto depositthe embryo 1-2cm from the fundus of the uterine cavity[97].

Followingthe fresh ET (transfer of the embryoin the same COS cycle), patients continue
with luteal support until positive pregnancy test (14-17 days after oocyte retrieval [99]),
whichisequivalentto being gestational age of four weeks. hCGsecreted fromthe invading
syncytiotrophoblasts will maintain the corpus luteal function until the luteal-placental shift
occurs between 6-8 weeks gestation[100]. Thisis when the production of progesterone to
maintain the pregnancy shifts from the corpus luteum to newly developing placenta[100].
Whilst many units continue luteal support beyond confirmation of pregnancy test, there is

little evidenceto support this practice[101].
Other IVF Advances

Laboratory advances

Laboratory techniques are continually advancingand improving the understanding and
progression of embryo development[58]. Culture media has moved onfromthe initial
mediathat was made to mimicthe female reproductive tract[58], and have been optimised
for the in-vitro growth of embryos[58]. Media previously made within IVF laboratories have
now been replaced by commercially produced media, reducing manufacturing errors and

batch to batch variability[58].

Embryo development has previously been monitored by removing the developingembryo
froma warm jacketed incubatorand placingit undera microscope. This can be done up to
5 times priortotransferand this regularremoval fromthe incubator can expose the
embryoto undesirable changesintemperature, humidity and gas composition[102]. Since
then, the monitoring has progressed, with the introduction of time-lapse imaging
incubators. Time lapse imaging allows for microscopic monitoring of embryosina

controlled environment minimizing exposure and stress to the developingembryo. Time
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lapse imagingincubators have builtin microscopes that do not require removal of the
embryofromthe incubatorfor assessment. They can take animage of a developing
embryo every 10 minutes and can potentially lead toimproved morphological evaluation
and identification of dynamic markers [103]. However, a Cochrane review of the current
evidence concludesthatthere is nogood quality evidence supporting the use of time-lapse

imaging when compared with standard incubation monitoring[104].

In recentyears, as a consequence of time-lapse imaging, artificial intelligence-based
methods have been developed asanaid to embryo selection. There are multiple
experimental systems that can assess embryo implantation potential, and the use of
morphometricanalysis by time-lapse imaging, mathematical and statistical tools, as well as

computer-assisted scoring [105] are examples of some of them.

Figure 8- a. Warm Jacketed incubatorandb. Time lapse incubator

Anotheradvanceinlaboratory techniquesis pre-implantation genetictesting (PGT). It was
firstdevelopedin 1989 and allowed forthe diagnosis of singlegene defectsinan
embryo[106]. This progressed onto preimplantation geneticscreening (now pre-
implantation genetictestingforaneuploidies [PGT-A]) and preimplantation genetic
diagnosis (PGD) (now preimplantation genetictestingfor monogenicdisease [PGT-M])[58].
PGT-Ascreensforany potential geneticdisorder when oneis not known (such as Down’s
syndrome), whilst PGD screens for a particular genetic condition that can be passed from
parentto offspring (such as cysticfibrosis) [107]. This processinvolves taking a biopsy from
the blastomere ortrophoectoderm and amplifying the DNA to identify genetic
abnormalities[58]. Forthose who are at risk of transmitting geneticdisease PGT-Mis of
great benefithowever PGT-A continues to be a topicfor debate[58]. Those of increasing

maternal age are more likely to have aneuploid embryos and these are known to have
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poorerimplantation rates and higherrisk of miscarriage [108]. The theory behind PGT-Ais
that itimproves chances of ongoing pregnancy as only euploid embryos are transferred,
rather than aneuploid embryos which are known to be abnormal. However, this sort of
genetictestingis not withoutrisk, as biopsy of the embryo has the potential to cause
damage to the developingembryo, although there is no evidence of any detrimental effect
to the children thatare born followingthis technique [109]. This procedure is also more
costly and more time consuming and should be reserved forthose patients who are of
increasing maternal age, although itis not currently recommended as routine practice in
eitherthe UK or USA[110, 111]. Lookingto the future, analysis of the culture mediarather
than an embryo biopsy may allow fora non-invasive approach to identifying genetic

abnormalities[58].

Endometrial assessment and preparation

Endometrial histological assessment was introduced in the 1950s which helped providean
objective classification forendometrial dating[112]. Hysteroscopy was introduced in the
1980s which facilitated the diagnosis and management of intrauterine pathologies which
could affect fertility such as polyps, fibroids and adhesions[58]. The use of ultrasound
guided oocyte retrievalin 1986 prompted the further utilisation of ultrasound asa non-
invasive approach to assess forendometrial morphology both before, during and after
oocyte retrieval[58]. Ultrasound is the most commonly used tool employed to evaluate the
endometrium, beingable to assess endometrial morphology and volume, myometrial
contractility and uterine perfusion[113]. However, itis unable to accurately predict
molecular normalcy and implantation potential[58]. In the last twenty years there has been
some advancementinimplantation potential with the development of endometrial
receptivity analysis. This assesses the transcriptomic signature of the human endometrium
to determine whenthe WOI is and aims to improve synchronisation of ET with endometrial

receptivity inthe future[114-116].
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Use of ultrasound in reproductive medicine
What is ultrasound

Ultrasoundis usedin nearly all branches of medicine and has a variety of both diagnostic
and therapeuticuses[117]. Ultrasound works by emitting high frequency sound waves,
above the level of human hearing, from ultrasound transducers that are placed either
externally onthe skinorinternally[118]. Piezoelectriccrystals are the most common
elementusedinultrasoundtransducers and work by emitting sound waves once an electric
fieldisappliedtothem[119]. These crystals can alsowork inreverse by producingan
electricfield once sound waves come into contact with them. When the transduceremits a
sound wave, this will be reflected back to the transduceronce it comesinto contact with
boundaries between differenttissuetypes (i.e., tissue, blood and bone)[119]. The electrical
signals generated from thesereflected beams are then processed and analysed to produce

a 2D ultrasound image[120] (Figures 9and 10).

—
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Figure 9. How ultrasound works

35



Figure 10. How TA ultrasound is performed

The benefit of ultrasound compared to otherimaging modalities (e.g., magneticresonance
imaging (MRI) and computed tomography (CT) scanning) isthatitis accessible, portable,
cheaperand has a good safety profile [120].

Ultrasound in reproductive medicine

Ultrasound has been essential in nearly every aspect of reproductive medicine, since the
first IVF success, back in 1978[121]. However, with advancingtechnology, the resolution of
attained images has significantly enhanced its use intreatment from diagnosis of specific
causes of infertility, monitoring of ovarian stimulation, facilitating oocyte retrieval and ET,

whilstalso being able to determine pregnancy location and viability[122].
Identification of pelvic pathologies

Priorto commencingfertility treatment, routine imaging of the pelvisisrequired toscreen
for pathologies known to affect conception and continuance of a pregnancy [122].
Ultrasoundis a reliabletest when determining pelvic pathologies, with a sensitivity of 88-
100% and 86% when diagnosing ovarian cysts and hydrosalpinges respectively [122].
Identification of such pathologies canimprove ART outcomes, for example, appropriate
surgical management of a hydrosalpinx is of known benefit to ART success rates as the

presence of a hydrosalpinx can reduce implantation rates by up to 50%[123].
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Ultrasoundis also able to identify the presence of uterine fibroids, polyps and congenital
abnormalities, which may affect the success of IVF, although management of these

pathologies remains controversial[122].
Assessment of ovarian reserve

Ovarianreserve isdefined as the existent quantitative and qualitative supply of folliclesin
the ovariesthat can potentially develop into mature follicles, which, in effect, determines a
woman’sreproductive potential [122]. Itisimportant to assess ovarianreserve as itenables
clinicianstoidentify both high and poorresponders to COS, allowing forappropri ate
counsellingand minimizing the risk of OHSS[124]. This can be assessedina number of
ways, using static measures (FSH, AMH), dynamic markers (following stimulation) or

ultrasonographicmarkers (AFC, ovarian volume and ovarian blood flow)[124, 125].

Ovarianvolume remains an area of controversy regardingits ability to determine ovarian
reserve. A number of studies have shown reductionin oocytes collected and pregnancy
ratesin those with reduced ovarian volumes (<3cm?)[126, 127], whereas otherstudies
failed to show a significant difference between ovarian volumes of normal and poor
responders[128, 129]. A systematicreview by Broekmans et al concluded that ovarian
volume has little clinical applicationin the prediction of poor pregnancy response[122,

130].

Antral folliclecount (AFC) is based onthe number of folliclesin an ovary that measure
between 2-9mminsize andis knownto be a reliabledeterminant of ovarian reserve [122].
There isa strong positive correlation between AFCand AMH, and when they are combined

have the potential to better evaluate ovarian reserve[131].

Ovarian blood flow as a predictive markerforovarian response has been assessed by a few
studies[132-136]. A multiple regression analysis reviewing a number of predictive variables,
including AFC and ovarian stromal index (measure of intensity of blood flow), found that

the best predictor of ovarian response was AFCfollowed by the ovarian stromal index[134].

Ovarian blood flow is rarely used clinically and is essentially aresearch tool[122].

Monitoring during COS

Initial monitoring of ovarian stimulation was performed by repeated hormone analysis on
eitherserum (Estradiol, progesteroneand LH) or urine (LH) samples[137]. Thiswas an

unreliableway onits ownto determine follicularresponse and more traumatictothe
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patientwhenitcame to repeated blood samples being taken[69]. Monitoring of follicular
size with ultrasound allowed aless invasive mode of monitoring whilst giving more
consistentresults on how the ovaries responded to stimulation. A meta-analysisin 2014
showed no additional benefit of adding hormonal monitoring to follicular tracking with
ultrasound[138]. It's now routine practice worldwide to monitor ovarian stimulation with
2D transvaginal (TV) ultrasound, with 3D ultrasound techniques also being applied [122,
137].

TV ultrasound guided oocyte retrieval

The initial technique for oocyte collection has also changed since those early days of IVF.
The first oocytes retrievals were performed laparoscopically, with follicles that appeared of
a significantsize drained [59]. Laparoscopy is an invasive surgical procedure and carries a
higherrisk of complication, such as bowel orvascularinjury, in comparisonto TV aspiration
(1-12.5/1000 vs 4/1000 respectively)[139, 140]and is now rarely done in modern IVF.
Laparoscopy is therefore reserved for cases where TV access to ovariesis not possible[73,

78].

Current practice now involves TV ultrasound scanning under sedation[141]. Aneedleis
passed alongthe top of the ultrasound probe andisinserted through the top of the vagina
into the ovarianfollicles to aspirate the fluid and the oocytes contained within[141]. This
approach with ultrasound guidance causes minimal traumato the patient whilstalso
maintaining constant visualisation of pelvis and needlelocation, reducing the chances of
complication andrisk[73]. The added benefitin comparison to the laparoscopictechnique
isthat dominantfollicles situated within the ovary that wouldn’t be visualised
laparoscopically, are seen on ultrasound therefore wouldn’t be missed duringthe

procedure[142].

Additionally, during the oocyte retrieval, morphologicalabnormalities of the endometrium
can be identified. If the endometrial thicknessis toothinorif thereis fluid within the
endometrial cavity, this can have a negative effect on pregnancy outcome [143-145].
Ultrasound imaging allows foridentification of a suboptimal endometrium and can guide

managementoptionsto helpimproveembryoimplantation rates.

With advancesin ultrasonography however there can be many more usesfor this vital
piece of equipmentand with the right expertise, information gained from ultrasound can

be usedto furtherenhance our knowledge of physiological processes involved in IVF, whilst
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subsequently improving our management and success rates within thisfield of

medicine[122, 137].
The use of Ultrasound in Embryo transfer

History of the embryo transfer

The steps and processes used for ET have changed little since the conception of IVF[59].
The first ET used a soft catheterwith the embryo preloadedinto the catheter, which was
passed through the external cervical osinto the uterine cavity, with gentle expulsion of the
embryoonceinposition[59](Figure 11). However, since then, there has been no further

progressiontothis particularaspect of ART[58].
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Figure 11. Embryo transfer

Why is embryo transfer so important?

Itis estimated that up to 30% of all cycle failures may be due to poor practice relevant to
the embryo transfertechnique[146] and the pregnancy rates differdepending on the

clinician performing the transfer[147].

ET isintended to be as atraumatic as possible whilst depositingthe embryo at the optimal

implantation site[58]. Possible trauma at the time of ET may disruptthe endometrium,
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cause bleeding from the cervix or the endometrial cavity or cause pain at the time of

transfer[148, 149].

Traumatic transfers are more likely to occuras a consequence of a ‘difficult’ transfer
howeverthe definition of adifficult transfervaries and is subjective due to individual views
of different practitioners[149]. Definitions of a difficult transfer caninclude one or more of

the following aspects of the ET:

o Degree of discomfort felt by the patient atthe time of ET

e Presence of blood on cathetertip

e Needforchangeinthe equipmentused forthe average ET (stylet, tenaculum,
outersheath)

e Durationof ET and if multiple attempts were required.

e Theneedforcervical dilatation

e Anatomical position of the uterus (significant anteversion/anteflexion or
retroversion/retroflexion)

e Presence of cervical stenosis

Difficult ortraumaticET are known to be associated with increased uterine contractions,

and theirincreased frequency negatively impacts embryo implantation rates [129]. Fanchin
et al showed thatthose women with < 3 uterine contractions (visualised by ultrasound) per
minute atthe time of ET had a CPR of 53% in comparison to those who had >5 contractions

perminute only had a CPR of 14%[150].

The frequency of contractionsisincreased, when using atenaculumto manipulate the
cervico-uterine junction [151]. Atenaculum s a toothed pair of grasping forceps that is
used inthis contextto straighten the uterocervical junction, principally in those patients
with acute anteversion orretroversion of the uterus. The precise mechanism of how the
tenaculum causesanincrease in uterine contractions is unknown, but one theory is that
mast cells stimulated by the tenaculum can cause the release of inflammatory reaction
mediators, which can stimulate endometrial and myometrial contractions[152]. ET deemed
easy or intermediatein difficulty had a 1.7-fold increase in pregnancy rates in comparison

to difficulttransfersin aretrospective analysis of 4807 IVF/ICSI cycles[153].

Anticipation of difficult transfers may help to strategize and reduce the difficulty of the

subsequenttransfers and consequently improve pregnancy rates[154]. Forexample, those
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at risk of cervical stenosis (i.e., those with previous cone biopsies[155]) may benefitfroma
mock ET [149, 156]. Thisis whenamock ET is performed and if the catheteris unable to be
passed through the cervix, then cervical dilatation/canalization[157] can be performed
priorto the actual ET to allow fora less traumatic passage of the catheter[156, 157]. In
extreme cases where avaginal route is notan option (l.e., congenital cervical atresia[158])
then ET can be performed by transferringthe embryo through the myometriuminto the
endometrial cavity (transmyometrial ET) or by laparoscopicallydepositing the embryointo
the fallopian tube (zygoteintrafallopian transfer [ZIFT]). Both the se options are more
traumatic, whilstincreasing surgical risks and unit workload[146], and should be reserved

for those cases where catheterisation of the cervixis notfeasible.
Catheter types

Soft and hard catheters are both used for ET. Soft catheters are more likely to followthe
contour of the uterine cavity, less likely to have mucous plugging and less likelyto cause
trauma or endometrial disruption[159]. Hard catheters can be easierto pass howeverare
more likely to cause trauma. A Cochrane review of the two types of catheter, found soft
cathetersto have significantly better pregnancy ratesin comparison to the hard catheters
(oddsratio 1.34 in favour of soft catheter) and routine practice now recommends ETto be

performed with asoft catheter where possible [160].
Ultrasound guided embryo transfers

The use of ultrasound in ET was first discussed by Strickleretal in 1985 [161]. They
hypothesised that under ultrasound guidance, visualisation of the cathetertip allows for
accurate deposition of the embryo and may correlate to improved pregnancy
outcomes[161]. Having guidance at the time of transfer would hope to minimize trauma
and as discussed previously this could significantly improve IVF outcomes, with the ability
to navigate difficultanatomy using the ‘blind’ CTT being more unpredictable[162] (Figure
11).

The exact deposition point for optimal ET has yetto be defined[163], however recent
reviews have suggested thereis fairevidence that ET catheters should be positionedin the
upperor middle areaof the uterine cavity[147, 164]. There are a number of studies that
recommend ET at least 1cm away from the fundus [165-170], although, thereislimited
evidence fordeposition >2cm fromthe fundus[147, 164]. Those deposited <1cm from the

fundus showed reduced implantation rates in comparison to those deposited >1cm from
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the fundus [171], yet there is currently no recommendation on exactly where to depositan
embryo[163]. Figure 12 shows what can be seen when performing an ET under ultrasound

guidance.

Figure 12. Ultrasound guided ET(UGET).[154] (A) The soft catheteris passed through the
internal osintothe uterus. (B) The position of the catheter tip of the catheteris adjusted to
ensure proper positioningfrom the fundus. (C) The embryois expelledinto the uterine
cavity at the precise location fromthe fundus. D) The catheteris withdrawn whilst
maintaining pressure on the syringe plunger. White arrow indicates cathetertip; black

arrow indicates catheter contents aftertransfer.[154]

The disadvantages of using ultrasound guidance for ETis the need foradditional members
of staff, alongerduration to performthe transferand the need fora full bladder[172].
Although, fillingthe bladderis also a requirementin some units forthe CTT, as itis thought
that this straightens the uterocervical junction allowing foran easiertransfer. Another
pointthat has beensuggestedisthat with ultrasound guidance itis sometimes necessaryto
move the catheterto identify the tip placement, this can cause disruptionto the
endometrium, opposing the initial benefit thought to be achieved by using ultrasound

guidance[173].

Meta-analyses have been performed to compare the two methods of CTT versus 2D UGET.

The first Cochrane review by Brown et al[97] compared 21 RCT studiesthat reviewed a total
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numberof 6218 women. The resultfrom this review showed that UGET resulted inahigher

CPR(OR1.31) and LBR (OR 1.47) in comparisontothe CTT.

Similarresults were found in the meta-analysis by Cozzolino etal[174] which reviewed 14
RCTs including atotal of 5503 women. Ultrasound guided transfersin thisreview werealso

foundto have both higher CPR(OR 1.41) and LBR (OR 1.49) in comparisonto CTT.

Despite the evidence showing CPR and LBR with the use of ultrasound guidance, itis not
routine practice in all reproductive medicine centres and continuesto be an ongoing
dispute between different clinics and clinicians[175]. Thisis likely due to one of the RCTs
that was in the both the meta-analysis showing no difference between the clinical touch
method vsthe UGET [176]. This study by Drakeley et al reviewed 2294 women and found
no difference between the two transfertechniques[176]. It accounted for over a third of all
the participantsin the above meta-analyses and when takinginto accountthe additional
costs, staff and time required forthe ultrasound guided technique, itis likely areason why
this particulartechnique is notroutine practice inall units[175, 176]. However, based on
the findings of the multiple meta-analyses, according to the guidance from National
institute for health and care excellence (NICE)[4], ultrasound guidance is currently the

recommendedtechnique for ET..

Transabdominal and transvaginal scan guidance

Traditionally ultrasound guidance has been performed TA ratherthan TV, with the majority
of studies comparing UGET and the CTT usingthe TA method[97, 174]. The use of TV
ultrasound guidance was first documented in 1991[162] althoughitis not routinely used as
the method of ultrasound guidance for ET. Due to its superiorimage quality, TV ultrasound
isthe imaging modality of choice when assessing the female genital tract, introducing the

potential forimproved outcomes when using this modality for ET[177].

There are a number of disadvantages to the TA approach to ultrasound guidance during ET;
Firstly, an additional appropriately trained practitioner may be required to perform the
scan; Secondly, afull bladderis preferred to obtain agood image of the uterus (bladder
distension can cause the patient discomfortand also delay transfers if the bladderis not
sufficiently distended[178]); Thirdly, in obese women orthose with aretroverted uteri, TA
scanning may not provide the quality of image required to ensure optimal placement of the

embryo[179].
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TV ultrasound guidance has some advantages over TA ultrasound in that; only one
practitioneris needed; the bladderdoes notneedto be filled priorto transfer with a
concomitantreductionin pain, anxietyand discomfort having been previously noted[178,

180] and there isimproved visualisation of the uterus and ET location[174].

When TV ultrasound has been compared to TA ultrasound within a meta-analysis, including
3 RCTSs, there was equal efficacyin CPR(OR 1.05) and ongoingand LBR (OR 1.19) were
found[174, 178, 180, 181]. However, limitations were noted in these RCTS. Porat et al
results were affected by the small numbersinvolved, Bodri et al was only aiming to
determine equivalence of the two techniques not superiority and Karavani et al focused

theirpoweranalysis on reduction of patient discomfort[174].

When two observational studies were analysed, they found improved CPRwith TV UGET
with one comparing TV ultrasound to CTT (implantation rates 15.2 vs 7% respectively,
p<0.01)[182] and the othercompared TV vs TA ultrasound guidance (pregnancy rate per ET
38%, n = 800 vs 30%, n = 3910 respectively; P=0.0004) [177].

With the large retrospectivereview by Larue showing improvement with TV ultrasound
guidance, adefinitive conclusion following the meta-analysis was not achieved[174]. All
studies did show improved patient comfort with the TV approach, meaningimproved

patientsatisfaction[174].

Table 2. Advantagesand disadvantages of ET techniques

ET technique Advantages Disadvantages
cTT e One practitionerrequired e Exact deposition point
e Leastamount of training unknown
o Lesscostly e Patientunableto
e Shortestduration visualise procedure
TA ultrasound e Knownembryo e Second operatorrequired
guidance deposition point e Fullbladderrequired
e Patientcanvisualise the e Additional cost of training
procedure and equipment
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TV ultrasound e Betterresolution of e Additional training

guidance ultrasoundimage required
e Knownembryo e Additional cost of training
deposition point and equipment

e Improved patient

comfort
e Single operator
e Patientcanvisualise the

procedure

3D and 4D ultrasound guided embryo transfers

2D ultrasound allows forimproved determination of catheterin comparisonto CTT. But
controversy still exists betweenideal placement of embryosin the uterine cavity, with
studies only highlighting generalized locations with 2D measurements, not being able to
take into consideration variancesin uterine anatomy between different patients[183]. 2D
imagingonly allows forasingle slice of the uterusto be seen at a specifictime whilst 3D
imaging allows for multiple views from different perspectives enablingacomplete view of
the uterine cavity. This ability to see the entire cavity may enable more accurate embryo
deposition pointsin both normal and abnormal uterine cavities, such as unicornuate or

bicornuate uteri[183].

The first use of 3D UGET was in 2000[184]when 3D TA guidance was utilised and it was
possible to see the exact position of the cathetertip during ET. It was hypothesized that by
determining the exact position of the cathetertip, the optimal transfersite could be

identified and this could improve embryo implantation rates[184].

In a cohort of 699 patients, it was shown thatfor every millimetre away fromthe fundus
the chance of clinical pregnancyincreased by 11%[185]. Thisis based on depositing the
embryo at the fundus (O0mm), 1-5mm from the fundus and >5mm from the fundus andis
based on a multivariate logistic regression model [185]. Thisis not in keeping with current
recommendations of depositing the embryo more than 1cm fromthe fundus, howeverit
does highlight that having an accurate measurement of cathetertip placement should be of

the upmostimportance when performing the ET.
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The ability of 3D imagingto correctly identify catheter tip placement was showninthe
study by Fanget al[186]. Just before embryo deposition 2D and 3D images were taken of
the uterine cavity with the catheter 1-1.5cm from the uterine fundus based on the 2d
measurement. The subsequent review of these measurements then allocated patientsinto
groups looking at the difference between the 2D and 3D distances from the fundus, group
1, <3mm; group 2, 3-5mm; group 3, 6-9mm and group 4, >10mm. Group 4 showed a
significantdecreasein clinical CPRin comparison to the other3 groups and showed that if
thereisasignificant difference between the 2D and 3D embryo deposition points then this
can have a significantimpact on CPR[186]. This study also showed that nearly 43% of
patients had a difference of >3mm between the 2D vs 3D scan[186], which as stated

previously by Pope et al can have significantimpact on ET success rates[185].

3D imaging creates afull picture of the uterine cavity and can allow the clinician to
determine exactly where the cathetertipis, ensuring thatembryo deposition occursin the
optimal area. 3D ultrasound also allows foridentification of uterineanomalies such as
arcuate, septate or bicornuate cavities and can allow for adjustment of embryo deposition

accordingly[186].

The maximal implantation point (MIP) has been shown to be the effective deposition point
for an embryo[187]. This has been hypothesized as an area where natural pregnancies
would likelyimplant, asit follows the trajectory thatan embryo would take when entering
the uterine cavity fromthe tubal ostia [183]. It also has the added benefit of beingwhere
the endometriumisthickestand the vascular flow is maximal[183]. An observational study,
using 3D/4D found that deposition atthe MIP showed an increase of 10% in their
pregnancy rates when compared to their previous 2D guided practice [187]. Thisisthe only
study assessing 4D ultrasound guidance and with no other evidence availableto supportits
use, uptake of this particulartechnique is not widely applied. The uptake of this particular
techniqueisalsolesslikely with the need foradditional training to perform 4D

ultrasonography, as well as needing more advanced and costly ultrasound machines [188-

190].
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Figure 13. MIP as highlighted by Gergely etal[183]

To date there has only been one RCT comparing 3D ultrasound guided transfers with 2D
guidance. This study by Saravelos etal showed no difference between 2D and 3D guided ET
[191]. Although the 3D approach isa more modern and advanced technique, the study by
Saravelos etal did not advise to use it as an approach to improvingclinical outcomes[191].
The limitations of this study were that it used an unselected populationand was
underpowered to assess differencesin subsets of women[191]. As thisis the only RCT
comparing 3D vs 2D ET, furtherstudiesare required to confirm or refute the findings

shown here.

3D ultrasound guidance does have its own disadvantages. Being similarto 2D ultrasound
guidedtransfers, itneeds an additional practitionerto perform the scan (unlessitisdone
TV), it requires more advanced scan machines and probes and also requires practitioners to
be appropriately trainedin 3D ultrasonography; all of which have costimplications. 3D
imagingdoesn’tallow fora ‘live’ image, with recurrent sweeps required to determine
correct placement of the catheter[191]. This prolongationin ET time may have an impact
on the ET success rate[192] and duration of transfer was notincluded inthe study by

Saravelos et al[191].

The use of 4D ultrasound guided transfers has only been reported in one manuscript which
showsimprovementintheirpregnancy rates when comparedto their 2D guided success
rates prior to adoption of the 3D/4D technique intheir prospective observational study of

5073 patients[187]. Implementing 4D guided ET allows fora live image of the uterine

47



cavity, withoutincreasing the duration of the ET that would likely occur when performing

repeated 3D sweeps.

Measurements at the time of embryo transfer

Endometrial Thickness

Endometrial thickness (EMT) is one of the most common measurements used to determine
endometrial receptivity[193, 194]. Endometrial receptivity is the ability of the
endometriumto create the optimum environment forembryo development and
implantation[193]. EMT can be measured easily and quickly with a 2D ultrasound probe

and requires minimal training for the person performingthe scan[195].

Having a thinendometriumisthought to have a negative impact on embryoimplantation
following ET, but the definition of athinendometriumvaries between studies[196]. It has
been shownthat pregnancies can be achieved with an EMT of >Amm[197] althoughthereis
still debate as to what the cut off for transfers should be as different studies have had
different definitions of athin EMT, (<6mm <12mm)[196]. A number of meta-analyses have
looked at the impact of a thin EMT on CPR with varyingresults. All have stated that having
a thicker EMT improves CPR[193, 196, 198], however, the cut offs forthe minimum EMT
have been documented at 6mm[193] or 7mm[196]. The measurement of EMT also varied
between the meta-analyses with some measuring the EMT on the day of hCG trigger [196,
198]or with others measuringitonthe day of ET[193]. With thin EMT only countingfora
small percentage of the IVF patients this also makes it more difficult to draw conclusions on
success rates when they only make up a small proportion of the IVF population (0.7-1.5%

<7mm, 2.5-9.1% <8mm)[199].

There have beena number of studies that have looked into whether the endometrium can
be too thick. Some of these found a decrease in pregnancy rates withan EMT >14mml [117,
200, 201] although there are other case series showing pregnanciesin women with an

EMT>20mm([202, 203].

EMT is the most commonly investigated marker forendometrial receptivity yet numerous
studies and meta-analyses have failed to show any differencein mean EMT between
pregnantand non-pregnant groups[193]. The mean difference between pregnantand non-
pregnant EMTs was -0.5-1.16mm[193] or Imm[198], dependingonthe review, with one
questioning whetherthis result was clinically meaningful [198]. With the inter-observer

variation when scanning the EMT thought to be 1.5mm[204], this does question that
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although a thicker mean EMT is statistically significantin terms of pregnancy rates this may
not actually be clinically significant[193]. It was determined that EMT has no predictive
capacity for occurrence of pregnancy butitis thoughtto be a factor that can assessthe
probability of conceiving after IVF (EMT< 7 mm: OR 0.42 (95% Cl 0.27-0.67] P =
0.0003)[196].

Endometrial volume

The use of endometrial volume (EMV) as a potential marker forendometrial receptivity has
beenstudied forover20years[205]. EMV can be accurately measured using 3D ultrasound
and has shownto have a high degree of reproducibility[206] however, 2D ultrasound lacks

thisreproducibility between practitioners and also has a higher mean error rate [207].

Similarly, to endometrial thickness there is conflicting results with regards to EMV and its
ability to detect endometrial receptivity[193]. The EMV for good outcomes following ET
vary with some statinga EMV >2ml a prerequisite for good endometrial receptivity [206],
whilst others notice asignificantly lower pregnancy rate when the EMV <2.5m|[208]. More
recent studies have also showed a positive correlation between EMV and pregnancy

rates[209, 210].

However, otherstudies noted no difference between non-pregnant groups and pregnant
groups when measuring EMV[211, 212]. One study did notice thatthen EMV for the
pregnant group had reducedinsize onthe day of eggcollectionin comparison tothe EMV
taken on the day priorto hCG administration, butthere was no change inthe EMV for the
non-conception group[211]. As a single measurement EMV was deemed poor at predicting
pregnancy outcomes[211, 212]. However, when used in conjunction with othercriteria, it

may be able to determinewhetherto transferorcryopreserve anembryo[212].

A subsequentreview in 2012[213] found that EMV was ineffective at predicting pregnancy
and highlight thatits likely more of an interaction of the blastocyst and endometrium which
are more important, yetitwas still quoted that an EMV of <2-2.5ml may significantly

reduce pregnancy rates.

The timing of EMV measurements differed between the studies with some performing EMV
on day of hCG trigger or oocyte retrieval and with the other studies measuringthe EMV on

the day of ET [206-214].

As ultrasound technology continues toimprove there may be furtheradvancementsinits

ability to determine endometrial receptivity. Although it may not be the sole measurement
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inthe determination of endometrial receptivity, when used in combination with other

investigations, such as endometrial biopsies, subendometrial doppler flow and uterine

contractility, this may enhance the clinicians’ ability to identify when to perform a transfer

or cryopreserve anembryo[213] (Figure 14).

Typical use of endometrial
receptivity markers

Endometrial thickness

Result for receptive endometrium: > 7mm
Accuracy: sensitivity 99%, specificity 3%
Source of data: 11 studies (39,196 women)

Endometrial volume

Result for receptive endometrium: > 2mL
Accuracy: sensitivity 93%, specificity 7%
Source of data: 1 study (125 women)

Endometrial pattern
Result for receptive endometrium: triple line pattern

Accuracy: sensitivity 87%, specificity 15%
Source of data: 11 studies (15,653 women)

Endometrial blood flow

Result for receptive endometrium: flow present
Accuracy: sensitivity 100%, specificity 8%
Source of data: 1 study (181 women)

Endometrial contractions

Result for receptive endometrium: contractions absent
Accuracy: sensitivity 7%, specificity 94%

Source of data: 1 study (283 women)

Hysteroscopy inspection

Result for receptive endometrium: ‘Good’
Accuracy: sensitivity 75%, specificity 60%
Source of data: 1 study (61 women)

Uterine natural killer (uNK) cells

Result for receptive endometrium: not defined
Accuracy: insufficient data available

Source of data: no studies

Endometrial receptivity array (ERA)

Result for receptive endometrium: ‘Receplive’
Accuracy: insufficient data available

Source of data: no studies

Receptive
endometrium

Less
receptive
endometrium

Figure 14. Summary of the prognosticaccuracy of differentendometrial receptivity

markers for clinical pregnancy Craciunas etal[193]
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Implantation site of pregnancy

The implantation site can be determined using ultrasound imaging[215-217]. Priorto the
implementation of ultrasound, the only way to determine implantation site was
opportunistically at the time of hysterectomy (which were performed for various
therapeuticreasons)[218-220]. The implantation site varies between women, in both
natural and IVF conceptions butimplantation tends to occur more frequently in the fundal
region (80-90% natural vs 66% IVF)[169, 215, 217]. InIVF, more pregnancies occurin the
middle and lowerregion of the uterine cavity (10-20% Natural vs 34% IVF)[169, 215, 217].
In natural pregnancies those thatimplanted lower within the uterine cavity were more
likely to miscarry but this was notseeninthose pregnancies conceived following IVF [215-

217].

As previously stated, when depositingan embryo, studies have suggested aiming for 1-2cm
from the uterine fundus[97]. In 2000 a study looked at depositingembryosinthe mid-
fundal region of the endometrial cavity and rescanning thesewomen in early pregnancy to
evaluate the implantation siteand compare this to the embryo deposition point[216]. Of
the 22 pregnancies, 81% of themimplantedinthe mid-fundal region where they were
originally deposited, with the remainder migrating to elsewhere within the uterine cavity, 2
of the pregnancies being tubal ectopics[216]. Migration of the pregnancies was thought to
be due to wavelike movements of the endometrium, but with low numbersitis difficult to

determine the true relationship between embryo deposition and implantation[216].

A studyin 2006 looked atimplantation sites of pregnancies following embryo depositionin
the mid-cavity[169]. Under 2D guided abdominal ultrasound they measured the
endometrial cavity length from the fundustothe internal os and then deposited the
embryo at the midpoint[169]. This was based on a number of previous studiesidentifying
the middle of the cavity to be the best place for deposition[185, 221, 222]. The study by
Cavagnaet al noted thatthe number of pregnanciesimplantinginto the middle of the
uterine cavity following ET was higherin comparison to those patients who conceived
naturally (29.8% vs 9 -15% respectively), however the majority of implantations still
occurredin the upper portion of the endometrial cavity (66%) [169]. These results promote
the idea of embryo migration following ET and lead the question with regards to potential

influence of endometrial contractility on embryo implantation sites[169].

There has beenonlyone otherstudy lookinginto embryo site implantation andits

correlation following embryo deposition in 2015[223]. This study reviewed the position of

51



the air bubble inthe uterine cavity at 1 minute and 60 minutes following ETand then
scanned the patients 3 weeks afterto determine gestation saclocation and its correlation
with air bubble position[223]. It found that 40.8% of gestation sacs correlated to theirair
bubble position at1 min, which increased slightly to 50.7% when compared to air bubble
position at 60 minutes[223]. This poorlevel of agreement challenges the initial assumption
that embryoimplantation occurs at the site of deposition[216], however, the paucity of
studies does not supply sufficient evidence to be able to confirm or deny a correlation

between embryo deposition point and pregnancy implantation site.

Anotherissue with this mostrecent study isthatit observed the migration of the airbubble
following ET as the site of embryo-deposition. The airbubble can be seenonscanisa
surrogate marker of the embryos position asthe embryoitself cannot be seenon
ultrasound[223]. Following the air bubble migration after transfer may not necessarily
reflect the embryo migration/location. The migration of the airbubble may also be due to
buoyancy of the air bubble, ratherthan uterine contractions, which would be the more

likely cause of an embryo to migrate[223].

Two of the three studies discussed above, used day 2-3embryos for transfer with the
remaining study not stating the age of the embryo[169, 216, 223]. However, itisaround
day 5-6 when blastocysts tend to hatch out of the zona pellucida, withanumber of studies
showingthatimplantation rates are better with embryos at this stage [224-226]. This raises
guestions about whetherthere would be more of a correlation between ET depositionsite

and implantation sitewhen day 5blastocysts are transferred.

Trophoblastic invasion at early gestation scan

Trophoblast cells make up the outerlayer of cells of the blastocystand have important
rolesinthe development of the placentaand endocrine support of the early
pregnancy[227]. Trophoblastinvasion plays akey role inimplantation and the successful
continuation of a pregnancy[228]. Trophoblasticinvasion and migration occurfollowing
adhesion of the embryo to the endometrial epithelium[46]. Trophoblasts differentiateinto
cytotrophoblast and syncytiotrophoblasts and invade and migrate into the maternal
decidua[46]. The aim of invasionis to reconstruct the maternal arteries, convertingthem
from muscularvesselsto sinusoidal sacs lined with endovascular trophoblast[46], ensuring

sufficient blood flow to adeveloping fetus to encourage placental efficiency and fetal
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viability[46]. Abnormaltrophoblasticinvasion has been linked with anumber of pregnancy
related conditionsincluding recurrent spontaneous abortion, pre-eclampsia (hypertension

and proteinuriain pregnancy), miscarriage and intrauterine growth restriction[229-231].
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Figure 15. Normal and abnormal (pre-eclampsia) trophoblastinvasion

Two studies have previously reviewed the relationship between trophoblast thickness (TT)
and early pregnancy loss[232, 233]. The first study showed thatif there was a difference >3
between gestationalage in weeksand TT then there was an increased risk of miscarriage (P
< 0.001)[232]. For example, if the gestational age was 8 weeks, thenthere was anincreased
risk of miscarriage if the TT was 4mm in comparison to 8mm. This study looked at ‘normal’
pregnancies and did not mention whetheritincluded IVF pregnancies. It reported that all
patients had regular periods howeverthere is no mention to show exactly when theirlast

menstrual period (LMP) was or how they calculated a patient’s gestation.
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The most recent study assessed multiple ultrasound features and their association with
subsequent miscarriage([233]. They found no association with TTand subsequent
miscarriage[233]. However, they did find that a combination of fetal heart rate, mean

uterine arterial pulsatility index and trophoblast volume can be usedin a predictive model

for early gestation miscarriage[233].

Both studies only reviewed early pregnancy losses and did not follow the patients to review
the incidence of obstetriccomplication such as intrauterine growth restriction (IUGR), pre-

eclampsiaandstillbirth.
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Figure 16. 7-week gestation scan showing TT

Summary

This chapter shows how much ART practices have progressed since itsinceptionin the
1970's. During this time there have been numerous advancesin this field with
developmentsin ovarian stimulation and monitoring, as well as laboratory processesand
procedures[58]. Ultrasound is akey tool in the management of modern ARTyetitis rarely
usedto its full potential. This chapter highlights the inconsistencies in the literature and the
need forfurtherinvestigation into the use of advanced ultrasound techniquesin

reproductive medicine.
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Aim of thesis

Firstly, we wanted to determinethe currentembryo transfertechniquesinuse inthe
fertility unitsinthe UK to obtain contemporaneousinformation on the use of ultrasound
duringembryo transfers. Secondly, we aimed to determineif 4D ultrasound guidance can
be of benefitto embryo transfersuccess ratesin comparison with the current technique
used at the Hewitt fertility centre, whichis the clinicaltouch technique. Finally, we want to
determine if pregnancy site location and trophoblastinvasion using ultrasound images
have an impact on predicting pregnancy outcomesin ART pregnancies. The findings
presented inthisthesis are of interestto practicing cliniciansin reproductive medicineto
improve patient care, aswell as being relevantto researchers tofocus on furtherstudiesto
confirmthe clinical utility of 4D Ultrasound in embryo transfers and in predicting pregnancy
outcomes and alsoto fill the gapsin knowledge identified. Therefore, the data producedin
thisthesis may benefit patients, clinician and researchersin the speciality of reproductive

medicine.
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Chapter 2: National survey on embryo transfer technique

Introduction

Transferringagood quality embryointoan appropriately prepared uterine cavity isan
integral part of the in IVF process and a fundamental step in conception[147]. Reproductive
medicine as aspecialityandthe IVF process in particular, have seen significant changes
overthe past 40 years, with many developmentsin both clinical practice and laboratory
procedures[58]. However, during this time, there has been little change in the ET technique

originally developed by Steptoe et al[59, 175].

The best ET technique would deliver the embryo to the optimum location within the
uterine cavity, in the least traumaticway without disturbing the primed uterine
environment[175]. The firstdescribed ET technique introduced and delivered a preloaded
embryo with a soft catheter, into the uterine cavity viathe cervical canal [59]. The intra-
uterine position of the cathetertip forembryo deposition was either determined by
measuring 6cm from the external cervical os or by measuring the cavity length witha
dummy transfer priorto the actual ET[97]. The firstultrasound guided ET was reportedin
1985[161], and 30 years later, a Cochrane review concluded that ultrasound guidance
should be the recommended and preferred method for ET[97]. Despite this Cochrane
guidance, alack of universal implementation exists, demonstrated by two recent surveys,
showingwide variationin ETtechniques[175, 234]. The reason for thisisthoughtto be
multifactorial, with most of the published data on efficacy of ET techniques being
conflicting, inconclusive or affected by confounding variables dependent on eitherthe
practitionerorthe technique[174-176, 235-237]. This isan importantissuein IVF research,
for example, studies using different embryo deposition points of 1, 1.5 or 2cm from the
fundus, and measuring the outcome of clinical pregnancy are confounded by the embryo
depositionsite[97, 176, 238-240]. Use of patient relaxant, direction of the removal of the
ET catheterand duration of bedrestfollowing transfer are some of the other possible
discordances between studies[175]. Such differences could also impact outcomes between
trials[185], resulting in misinterpretation of the available evidence. The lack of consensus
that existsatthe presenttime, may also be due to the apparentabsence of a robust,
specificguideline highlighting the practice of ET technique. Such guidelines from
professional organisations such as the British Fertility Society (BFS), European Society of

Human Reproduction and Embryology (ESHRE) and American Society for Reproductive
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Medicine (ASRM) may facilitate standardisation of best evidence-based practice, whichisa

fundamental first step towards improving clinical outcomesin IVF.

The last UK survey on ET was conducted nearly 2decades ago and theirmain
recommendation wasthe need forastandardised national protocol to be implemented for
ET[241]. Since then, new evidence on subtledifferencesin the ET technique had suggested
that they may affect the success of IVF[166, 241, 242]. Examplesforthese include two
separate Cochrane reviews recommending the use of ultrasound guidance, as well as the
use of soft cathetersforETs[97, 243]. However, a universally available, standardised,
national guideline or protocol for practitionersin IVF unitsin the UK isyetto be produced.
Our aim, therefore, was to evaluate and gain insightinto the current clinical practice
regarding ET, in the UK. This data will aim to provide the basis forfuture attempts to
harmonise the practice inthe UK with the formulation of a standardised protocol and will
allow to place the data presentedin the subsequent chaptersinthe context of national

practicein the UK.

Materials and Methods

The Survey

Initial literature review and clinical opinion was obtained from local practitioners at the
Hewitt Fertility Centre, Liverpool, which is one of the larger NHS IVF unitsin the UK with
approximately 1800 fresh IVF/ICSI cycles being performed perannum. The initial survey
guestions, reviewing current ET techniques and practice pertinent toindividual
practitioners, were formulated in August 2018. The initial survey, including 33 questions,
was modified afterbeing peerreviewed by 5other fertility specialists from around the

country, resultingin the final 38 question survey (Appendix).

The survey questions were informed by current evidence relating to different aspects of
the ET technique. The questionsin the final survey included demographicinformation on
the unit (type of practice, number of embryo transfers peryear, location) and important
outcome measurements (including biochemical pregnancy rate (BPR) CPRand LBR). We
alsoincludedthose relevanttothe ET technique (such as the type of catheterused, the use
of ultrasound guidance, how practitioners clean the cervix) and those relevant to the
practitionersinvolved duringthe ET (which professionals were involved and their

experience).
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Physician and ET preparation

Our surveyincluded questions that cover many stepsinvolved inthe preparation of the
patient priorto ET. These include currently recommended practices as well as practises
that prevail despite not presently being recommended, for example, the use of patient
relaxant[147, 244]; the use of ultrasound scanning gel as lubrication forthe speculum [245,
246]. The recommended practice we surveyed included the use of sterile gloves for transfer
whilstavoiding direct contact with the tip of the catheter[247]. The use of saline or sterile
waterfor cleansingthe cervix andforthe lubrication of the speculum thatis advised, with
the expectation to reduce microbial burden and forimproving patient comfort[96]. Some
practitioners may also use culture mediaforthe same purpose, but the supporting

evidence foritsuseislacking [248-251] and we soughtto collect data on that.

The benefit of removal of cervical mucous priorto ET is questionable with conflicting
evidence, where some studies recommending removal[147, 164, 252, 253],whilst others,
including ameta-analysis have failed to show any significant benefit [254, 255]. Similarly,
thereisinconsistent practice among practitioners regarding the flushing of the cervical
canal with contradictory evidence for benefit [254-258]. Ultrasound guidance is
recommended for ET, either performed viaatransabdominal or transvaginal route [97,
147, 164, 174, 187]. The main benefits of thisistoidentifyif fluidis presentinthe
endometrial cavity, since inthat case, ET is to be avoided [145]. Thereis however,

insufficient evidence to support aspiration of endometrial fluid[235, 259-261].

A mock or practice embryo transfer, is performed priorto ET and assesses uterine position,
ease of transferand helpsinform clinicians regardingthe most appropriate type of catheter
to use[262]. The timing of mock transfers varies between clinicians and practices and can
be done eitherpriortotreatmentcycles, orin the treatment cycle, at oocyte retrieval or
immediately priorto transfer. However, the timing of mock transferhas not been shown to

impact pregnancy rates[262].

Practices such as use of warmed speculum, cleaning of the cervix with cotton wool or gauze
swabs or the designation of the practitioner who perform the ultrasound scan (clinician,
radiologists, nurse practitioner etc) have been probed fortheir proposed benefitin
improving patient comfort, reducing riskand in improving conception rates, yet without

robust supporting evidence.
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ET procedure

The questions contained within our survey comprised of practices which may or may not
have supporting evidence. For example, the limited evidence on the 3 maintechniques of
ET does not demonstrate any significant difference between the methodsin improving

pregnancy rates[263, 264].

There are three maintechniques of ET:
1- Trial with transfer;
Trial with transfer involves performing a mock ET with a trial catheter, then
removingitand replacingitwith a second catheterloaded with an embryo and

depositingitinthe desired place

2- Afterloadtechnique
The afterload technique involves placing aET catheter 1cm past the internal os
and thenremovingthe innersheath. Thenanembryois preloaded into another
inner catheter and is passed through the original outer sheath to the desired

pointinthe uterine cavity.

and;
3- Directtechnique.
The direct technique involves inserting a loaded catheter directly into the

desired place within the uterine cavity.

There have beenonly 2 studies comparing the direct and afterload technique of ET,
withoutsignificant evidence for superiority one showing the afterload techniqueto
improve clinical pregnancy rates(although significance was not reached) [264] and the other
showing no difference between the two[263].

Similarly, soft catheters[160, 243], and embryo deposition pointsin the upper/middle
portion of the uterine cavity between 1-2cm from the uterine fundus[147, 164] are
recommended practice whilstthe use of atenaculumis notrecommended[265, 266]. Slow
and steady pressure for expulsion of the embryois preferred to rapid expulsion however

studies have failed to show statistical significance [147, 164, 235].
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Post procedure

The evidence base forsubsequent re-transfer of retained embryos not altering the clinical
pregnancy ratesisfair [147, 267-272], yet no studies have compared retransfer with the
original catheterora new one.

Similarly, studies supportthe immediate withdrawal of the catheterfollowingembryo
deposition[147, 164, 273, 274], with a few recommending rotation of the catheteron
removal[275, 276]. The presence of blood on the catheter hasan uncertain
significance[147] and the immediate mobilisation following transferis recommended[277-

280] since prolonged bedrest was deemed to be detrimental[281].

The final electronicsurvey was emailed through SurveyHero (www.surveyhero.com) to all
clinical leadsin the 79 Human Fertilisation and embryology authority (HFEA) registered
units that were performing ETsin the UK, in December 2018. SurveyHeroisanonline
anonymous survey tool, and no patientidentifiable data was collected. Electronic
reminderswere sentoutinthe interim 6-month period when they wererequested to
respond, and where there was noresponse from clinical leads, other consultants within the
same unit were contacted requestingaresponse tothe survey. Toremove duplication or
inaccuracy of responses from a particular unit, the name of the organisation wasincluded.
If multiple responses were received from the same unit, the first response from that unit

(after confirming concordance with duplicate responses) was used in the analysis.
Ethical consideration

The survey did not involve human oranimal research and did not collect any personal or
patientidentifying data, thus, aformal Ethical Review Body approval was not required. The
electronicSurvey was available as an open-access questionnaireto the invited IVF
practitionersinthe UK, who voluntarily answered the study questions. Data collected for

this study was anonymous, with no patient or person identifiable information.

Statistical Analysis

This survey was not designed as acomparative study or powered to detect differences,
thusin line with ourresearch aims of the current national practice in the UK, we report
summary statistics of the data obtained fromthe survey. Where possible, the Statistical
package for the Social Sciences (SPSS) for Windows (Version 26; IBM Corporation, USA) was
used to analyse categorical datausingthe X2 test or the students paired t-test for

continuous data.
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Results

Sixty-one out of the 79 clinics responded, and following exclusions the final number of

responses analysed were 47(Figure 16.).

Survey emailed to 79 clinics
within the UK

7 (8.9%) incomplete
VL responses — results excluded

61 (77.2%) clinics responded

7 (8.9%) duplicate responses
— results excluded

A
47 (59.5%) individual clinics
in total responded with
complete responses

Figure 16. Flowchart of survey respondents

Demographics of the units

Of the 47 responses, 2 (4%) were from clinics accepting only NHS patients; 36 (77%) clinics
accepted both NHS and privately funded patients and the remaining 9(19%) clinics treating

only privately funded patients (Table 1).

Most clinics (27/45; 60%) based theirsuccess rates on the CPR. Clinics estimated their
success ratesfor CPR and LBR with 23 (49%) clinics estimating their CPRto be between 40-
50% perET, and 28 (60%) of the clinics estimating their LBRto be between 30-40% perET)
(Table 3).

Table 3. Unit demographics

Types of IVF practice n (%)

NHS 2 (4)
NHS and Private 36 (77)
Private 9(19)
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Basis of ET success n (%)

Positive pregnancy test 13 (28)
Clinical pregnancy rate 27 (57)
Live birth rate 5(11)
No response 2 (4)

Persons performing the ET n (%)

Consultantonly 18 (38)
Consultantand nurse 14 (30)
Consultant, registrarand nurse 7 (15)
Consultantandregistrar 6 (13)
Nurse only 2 (4)

Estimated clinical pregnancy rates

per embryo transfer n (%)

20-30 3(6)
30-40 18 (38)
40-50 23 (49)
50-60 1(2)
60-70 0 (0)
>70 1(2)
No response 1(2)

Estimated Live birth rate per

embryo transfern (%)

20-30 13 (28)

30-40 28 (60)
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40-50 3(6)

50-60 0(0)
60-70 1(2)
No response 2 (4)

The human fertilisation and embryology authority (HFEA) separately publishes dataon
success rates measured asthe LBR per embryo transfer[282]. Although the majority of
unitsreporttheir LBR per ET to be between 30-40% (28/47 60% of units) accordingto the
HFEA data from 2017[282], most units actually had a LBR perET between 20-30% (31/47
66%) (Figure 17).
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Figure 17. Clinicestimated LBRvs HFEA LBR perET

Embryo transfers

Sevenclinics (15%) allowed individuals to utilise their preferred ET technique and no zygote

intrafallopian transfers were performed by any of the clinics (Table 4).
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Table 4. Number of transfers performed by units

Presence of standardised

technique withinthe unit n (%)

Standard technique 40 (85)
Technique based on individual 7 (15)
preference

Number of ETs performedinthe

unit per year n (%)

<500 7 (15)
500-1000 20 (43)
1000-1500 10 (21)
1500-2000 2(4)
>2000 8 (17)

Number of transmyometrial

transfers peryear n (%)

10 1(2)

5 2 (4)

3 1(2)

2 7 (15)
1 6 (13)
0 30 (64)

When the published HFEA clinicsuccess rates were considered, those clinics performing

more transfers appearto have better LBR than those performingless ET’s (Table 5).
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Table 5. Number of ETs relating to average HFEA LBR

Number of ETs Number of clinics Average HFEA LBR (%)
<500 7 20.1
500-1000 20 22.8
1000-1500 10 22.2
1500-2000 2 28.5
>2000 8 24.3

ET preparation

All units use sterile gloves (100%) and most do not use sedation for ET (94%) (Table 6).
Forty-three (91%) of the clinics cleaned the cervixpriorto ET and 33 (72%) removed
cervical mucous with a cotton wool swab. Most units (78%) would abandon the ET if there
was fluid within the endometrial cavity on ultrasound. Thirty-nine (83%) of the clinics
performed ultrasound guided ET with nursing staff performing the majority of the

ultrasound scanning (92%).

Table 6. Patient and practitioner preparation priorto ET.

Patientrelaxant n (%)

None 44 (94)
Voltarol 1(2)
Sedation whenrequired 1(2)
Sedation 1(2)

Sterility of Procedure n (%)

Sterile gloves after handwashing 27 (57)

Aseptictechnique 18 (38)
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Scrubbed and gowned 2 (4)
Warmed speculumn (%)

Yes 11 (23)
No 36 (77)
Lubrication on speculumn (%)

None 10 (21)
Culture media 1(2)
Normal Saline 23 (49)
Sterile water 11 (23)
Ultrasound gel 2 (4)
What is used to clean the cervix n (%)

Normal Saline 34 (72)
Mediafrom lab 7 (15)
Notcleaned 4 (9)
Sterile water 2(4)
Instrumentation used to cleanthe

cervixn (%)

Cotton wool 23 (50)
Gauze sponge on forceps 19 (41)
Cotton wool and Gauze 2 (4)
Pipette 1(2)
N/A 1(2)

Removal of endocervical mucous n

(%)
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Cottonwool 29 (63)
Aspirate 4(9)
Cotton wool and flush 4(9)
Flush 2(4)
Notremoved 7 (15)
Embryo transfer technique n (%)

2D ultrasound guidance 38 (81)
3D ultrasound guidance 1(2)
Clinical touch technique 7 (15)
Dummy ET and measurement of cavity

length 1(2)
Person performing the ultrasound

scan n (%)

HCA 8 (17)
Embryologist 1(2)
Nurse 36 (77)
Doctor 4(9)
Ultrasound technician 1(2)
Approach to fluid withinthe

endometrial cavity n (%)

Abandon the transfer 35 (74)
Aspirate the fluid and continue with 7 (15)
transfer

Continue with the transfer 3(6)
No response 2(4)
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Use of a routine mock transfer n (%)

For specificindication 27 (57)
Notroutinely done 10 (21)
Immediately before transfer 4(9)
At oocyte retrieval 2 (4)
Before cycle begins 4(9)

ET technique

The most common ET technique was the afterload technique (53%), with 100% of
respondents using soft catheters (Table 7). Clinics generally used (72%) astyletforless than
25% of theirtransfers and the routine use of tenaculum was uncommon. Most (91%)
reported deposition of the embryointhe upperormiddle portion of the uterine cavity,
although, exact deposition points from the uterine fundus varied from 0.5cm to over 2cm.
Embryo retention followingtransferwas <5% in all clinics with 31 respondents (66%) re-

transferringthe embryoinanew catheter when this occurred.

Table 7. ET technique

Embryo transfer technique (n%)

Afterload technique 24 (53)
Trial with transfertechnique 12 (27)
Directtechnique 9 (20)

ET catheterpreference n (%)

Wallace 29 (62)
Cook 22 (47)
Kitazato 6 (13)
Surepro 2 (4)
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Labotect 1(2)
Use of styletn (%)

All the time 1(2)
>50% of transfers 6 (13)
25-50% of transfers 5(11)
<25% of transfers 34 (72)
Never 1(2)
Use of a tenaculumn (%)

Never 9(19)
Several timesin career 18 (38)
<10% of transfers 18 (38)
<30% of transfers 2 (4)
Approximate location of

catheter tip in uterine cavity n

(%)

Upper third 18 (38)
Middle third 25 (53)
Lower third 4 (9)
Approximate distance embryo is
deposited (cm) from uterine

fundusn (%)

0.5 1(2)

1 10 (21)
1.5 12 (26)
2 5(11)
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>2 4(9)
Don’t measure 15 (32)
Who depresses the plungeronce

the catheteris in place n (%)

Clinician 34 (72)
Embryologist 13 (28)
Speed and process of embryo

depositn (%)

As slowly as possible 7 (15)
Slow pace with steady pressure 29 (62)
Moderately fast with steady

pressure 11 (23)
As quick as possible 1(2)
Approach to retained embryosn

(%)

Re-transferin same catheter 19 (40)
Re-transferin new catheter 31 (66)
Frequency of retained embryos n

(%)

<1% of ET 35 (74)
1-5% 12 (26)
Presence of blood or mucous on

catheter tip n(%)

<5% 22 (47)
5-10% 18 (38)
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10-20% 5(11)

20-30 2 (4)

Duration catheter leftinside
cavity following embryo

depositionn (%)

Immediately removed 6 (13)
5-10 seconds 18 (38)
10-20 seconds 17 (36)
30 seconds 5(11)
1 minute 3(6)

Direction catheter removed n

(%)

Straight 21 (45)
Rotate as removed 25 (53)
Both 1(2)

Patientremaining supine after

transfer n (%)

Get up immediately 32 (68)

5-10 minutes 15 (32)

Clinics were asked to rank how they would deal with adifficult transferand what steps they
would take (Figure 18). When faced with a difficult transfer, the majority responded

claimingto use a styletand use cervical dilators was the mostinfrequent response.
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Rank | Choice Distribution Score | Times Ranked
1 Use a stylet I E— 242 45
2 Change to another catheter I pr— 201 40
3 Use of tenaculum - 2 147 43
4 Keep trying - i 128 33
5 Call for help 1 ‘ 126 38
6 Freeze embryo and transfer on another day " 77 42
7 Use of cervical dilators - 75 32
Lowest e 3  Highest

Figure 18. Ifthereis difficultyin ET, what would be your preferred optionsinorder1-7

When the respondents were asked what they thought to be the mostimportant aspect was
withregardsto ET, the majority of responses suggested guidance with ultrasound and good
consistenttechnique (Figure 19). Interestingly, there were 3responses statingthataslow
steady transferimproves chances of success whilst 3otherresponses urged speedier

transfers.
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Figure 19. Most importantaspects of embryo transfer.
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The average LBR perET inthe UK is 21%[283]. The mean and median LBR from the clinics
that responded, thusincludedin oursurvey was 23%. We therefore split the respondent
clinicsintolow LBR (<23%) and high LBR (223%) groups. The only differencesin technique
between the two groups was how the clinics approached fluid within the endometrial
cavity; those inthe low LBR were siginificantly more likely to aspirate the fluid or continue
with transferin comparison to the high LBR group (p=0.007). The high LBR group were

more likely to use the CTT (6 vs 2) howeverthis was not statistically significant.

When comparingthe LBR published by HFEA for units, very similar results were observed
between those units that use ultrasound guidance and those which used clinical touch
technique (CTT). Forthe CTT, the LBR was 22.8% (SD+/-3.06) compared to 22.4% (SD+/-5.4)
for the ultrasound guided group (p=0.873).

Duplicate results

There were 5 clinics where multiple responses werereceived. Four clinics had two
respondents to the survey with one clinicsending 4 responses from different clinicians.
Interestingly none of the responses werethe same. The four clinics with two respondents
all reported having astandardized technique forembryo transfer. This was not reflectedin
the duplicate answers as the number of matching repsonses were 28/38(74%), 27/38
(71%), 23/38 (61%) and 22/38 (58%).

The clinicwhere four responses were received, Three clinicians reported atechnique based
on individual preference with the remaining one clinician reporting a standardized
technique. Only 13/38(34%) responses were matching but this could be due to the first 3

practitioners performingtransfers based ontheirown preference.

Similarily to the ASRM survey, all aspects of the embryo transfer were analysed for
concordance and discordance amongthe respondents[175]. Areas where therewas a
degree of concordance was assumed when 70% of the units gave the same response. This
level of concordance was achieved in 10 of the responses. Thisincluded (1) clinician
depressingthe plungeratET, (2) abandoningthe transferif fluid was presentin the
endometrial cavity, (3) having the nurse performthe ultrasound scan, (4) ultrasound
guidance for ET, (5) unwarmed speculum, (6) no routine analgesic cover or patient relaxant,
(7) presence of astandardized technique for ET, (8) use of stylet, (9) Use of sterile gloves

and (10) use of soft catheters.
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A Level of discordance was noted when <60% of clinics gave a similarresponsetoa
particularaspect of the embryo transfer. Thisoccurredin 11 of the questions. These were
(1) basis of ET success, (2) sterility of procedure, (3) lubrication on speculum, (4)
instrumentation used to clean cervix, (5) use of a routine mock transfer, (6) ET technique,
(7) use of tenaculum, (8) approximate location of cathetertip in uterine cavity, (9)
approximate distance uterinefundus embryo deposited, (10) duration of cather leftinside

the cavity followingembryo deposition and (11) direction of catheterremoved.

Discussion

This contemporary national survey updates the 16-year-old previous survey on ET
technique inthe UKand highlights the existing widevariationin practice with no
standardised approach tothe procedure prevailinginthe UK. It therefore emphasizes the
urgentneed fora standardized national protocol to ensure best outcomes forwomen

undergoingIVFinthe UK[241].

Overthe yearsthere have been many changesin ET techniquesin general, with new
evidence demonstrating the benefit of particular practices, such as the use of ultrasound
guidance[97], soft catheters[160, 243, 284] and avoiding prolonged bed rest following
transfer[279] to improve outcome. Reassuringly, the majority of units that responded,
appearto acknowledge the new evidence in their practice (83% ultrasound guidance, 100%
soft catheters and 68% immediate mobilisation). Interestingly, we unexpectedlyfound no

significant differencein LBR between clinics regardless of the use of ultrasound guidance.

Positioning of the embryo catheterinthe upperor middle third of the cavity was the
practice in 91% of the units, inline with the systematicreviews[147, 164]. However, this
apparently excellent practice should be considered with caution since some survey
responders appearto have differentinterpretations of the terms upper, middle and lower
third of the cavity (Figure 20). They determined the upperthird of the cavity as 0.5-2cm,
middle third 1->2cm and the lower third as 1.5->2cm from the fundus. Among those
respondents who measure the distance from the fundus, 85% will place the catheter 1-2cm
from the fundus of the uterus. Frequency of depositing the embryo atthe upperthird of
the cavityincreasedto 97% if we include those who transferat >2cm, thus, in keeping with
the recommendations from the Cochrane reviews[147, 164, 285]. This draws attentionto
the needforclarity in a future guideline/study protocol, where embryo deposition is

described.
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Figure 20. Units interpretation on distance fromfundus to location in uterine cavity.

There have beentwo recent systematicreviews of the literature investigating the
particulars of the embryo transfertechnique and the impactit has on successrates[147,
164]. The role of anaestheticoranalgesics duringthe embryo transferis not recommended
and this concurs with current practice in the UK with only one unit reporting usingregular
sedation forembryo transfers. Particularly with the additionalrisk anaesthesia adds to the
procedure, itis bestto avoid unlessin specific cases where the procedure would not be

tolerated when the patientis awake.

The review found that no specificglove type is recommended forembryo transfer[147] and
therefore whetherscrubbed, aseptictechniqueorsterile gloves are used, thereis no

concernwith reference to current UK practice based on our survey results.

The responses to this surveyindicate that the majority of units only perform mock transfers
for particularindividuals. However there is insufficient evidence at present to identify when
isthe optimal time[164].

The use of soft catheters has been supported by both reviews, showinganincrease in
pregnancy rates when compared to embryo transfers with hard catheters[147, 164]. Thisis

reflectedin the opinions of practitionersinthe UK with all clinics using soft catheters.

Both reviews supported the use of ultrasound guidance forembryo transfer, showing good

evidence thatits use improves IVF outcomes[97, 147, 164]. Survey results showed that the
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majority of units adopted thisapproach, howeverwith 15% not using ultrasound guidance

it doesshow there isroom for improvement.

There s fair evidence supporting the removal of cervical mucous priorto transfer[147, 252,

253] reflectingthe results of this survey with 85% of units following this evidence.

Despite the available evidence supportingimmediate withdrawal of the catheterfollowing
embryo expulsion[147, 164, 273, 274] only 6 units (13%) adhered to this, with the
remaining units allowing adelay priorto removal. There was no significant difference in
pregnancy rates betweenthe groups regardless of this practice [273, 274], however this
practice may unnecessarily prolong the uncomfortable procedureforthe patient without

conferring any benefit.

Allunitsreportembryo retention rates at <5% in keeping with previously quoted incidence
rates[235]. Maintaining a low retention rate would help reduce patient anxiety and reduce
time that the embryois outside of the incubator/optimal conditions, with prolonged

transfertimes knownto have a detrimental effect on pregnancy rates[286, 287] , although

the re-transfer of retained embryos has not shown to be detrimental[267, 269-272].

Conversely, there are areas with room forimprovement. Alarmingly, 21% of respondents
claimedthatthey would eitheraspirate (15%) or proceeded with transfer (6%) when there
was fluid identified within the endometrial cavity, despite available advice to the
contrary[145, 235]. The frequentuse of atenaculumin some unitsisanothersuch concern.
The use of a tenaculumis not only painful, but can also have a negative impactonembryo
implantation rates due toincreased uterine contractions due to stimulating oxytocin
release[152, 265, 266]. Therefore, it should only be used in difficult ETs, yet surprisingly, it

was the third most popularoption to be used for difficult transfers.

One otherinteresting feature identified in our survey was that the majority of respondents
estimated their LBRto be between 30-40%. However the 2017 HFEA data reported most of
the clinics having a LBR between 20-30%([283]. Although itis possible that thisis due to the
HFEA data being 2 years olderthan when the clinics responded to our survey, this may also
be relevantto the personal perception versus actual figures, and further highlights the
importantimpact such discrepancies may have when patients are counselled by the
cliniciansinthese units. Relevant to this, CPRwas the preferred marker of success forthe

responders, since presumably itis an easily and relatively rapidly attained marker of
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success, with the majority of clinics performing the initial scan themselves to confirma
pregnancy thereby acquiring this data. Subsequently, patients may be lost to follow up and
accurate LBR datais more difficultto collate[288]. Importantly, LBRisa mandatory
outcome to be reportedinthe UK and possibly the most relevant datato the patients.
However, publicisingthe CPR, which is naturally higherthan the LBR, may be more

attractive to patients[289].

Whilstthere are a number of questions where concordance is observed in this survey there
are more responses that differ than are similar. This lack of standardisation amongst units
can be one of the reasons why LBR between clinics range from 11-34%[282]. If
standardisation of ET were to occur, it could potentially highlight otherimperfect areas

within the entire IVF process, in addition to ET, that may also have an impact on the LBR.

Standardization could also reduce research bias, which has previously been noted by
Gambadauro et al[290]. When reviewing published trialsin IVF there isvery little
information about the methods and execution involved in the ET and this could potentially
be a source of performance bias as there is currently no core outcome set[290, 291]. Our
findingsare inagreementwith a previous survey conducted by the ASRM[175], which also
highlighted the need for standardization. As aconsequence of theirsurvey the ASRM have
been able to produce a protocol for ET suitable forthe North American practice [147, 171,
175]. We also anticipate this survey would also facilitate the launch of asimilar
national/European protocol following discussion with representative bodies such as the

BFS and/or ESHRE.

The main limitation of this survey was that we did not achieve full coverage of all UK IVF
units. The response rate was reasonably high (59%), but we accept that this surveyis not
necessarily representative of universal practice within the UK. The data obtained is
qualitative and should be interpreted as such, butitis meantto highlightthe variationsin
current practice withinthe UKand to prompt conversations on how to standardisation

could be achievedin ET technique.

The strengths of thissurvey are that itis the first of its kind in UK, comprehensively and
systematically dissecting out the practice of the ET procedure. It has emphasized the
concordance, discordance and areas of improvement required in certain practices involved

inthe ET process, identifyingthe areasin need of a standardized approach.
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ET techniques have been shownto have asignificantimpact on pregnancy rates[166, 292,

293] and thisvariation between practices could have aninfluence (along with other factors

of the IVF process) on a units success rates. In a field of medicinewhereevery percent

counts, slight changes could resultin significantimprovementin success rates and patient

satisfaction. We therefore have aresponsibility to ensure that all patients receive best

evidence-based care and this survey brings to light that this may not be the case at leastin

some areas of the ET processinthe UK.

Recommendations

The previously mentioned reviews have made recommendations based on the literature

they have reviewed. Thiscanbe seeninTable. 8.

Table 8. Recommendations for ET

Recommendation

ASRM guideline[147]

Saravelosetal[164]

Removal of cervical mucous

Grade B evidence

Grade B evidence

Use soft ET catheters

Grade A evidence

Grade A evidence

Abdominal ultrasound

guidance

Grade A evidence

Grade A evidence

Embryotransferto central

or uppercavity

Grade B evidence

Grade B evidence

Immediate catheter

withdrawal

Grade B evidence

Grade B evidence

Immediate ambulation

Grade A evidence

Grade A evidence

Immediate re-transfer of

retained embryo

Grade B evidence

Grade B evidence
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Based on the otherfindings of this survey, current common practice inthe UK is as follows:
1. No routine use of anaesthesiaoranalgesia

Use sterile gloves

No use of warmed speculum

Use sterile water ornormal saline for speculum lubrication

Cleanthe cervix with normal saline or laboratory media

Use cotton wool or guaze to cleanthe cervix and remove mucous

Abandontransferif fluid within the endometrial cavity

Perform mock transfer for specificindication

© ©® N o U M W N

Afterload technique

=
o

. Use a styletwhenrequired oranticipated difficulty
11. Avoidthe use of tenaculum/vulsellum
12. Slow and steady pressure of plunger

13. Remove the cathetereitherstraight or rotational

Conclusion

Thisis the first survey, which sheds light on contemporary practice and attitudes among
different unitsregarding ETinthe UK. It highlightsthe urgent need forstandardisationin
ET, a process thatis vital for IVF success rates. Such standardization of practice will
facilitate practitionertraining, research and ultimately IVF success rates. The lack of
evidence forbest practice that prevailsin many areas of the ET procedure will need to be
overcome with aconsensus expert meetingand review of all literature. This surveyhas
further demonstrated the need forstudies toidentify the best ETtechnique and the
optimum location within the uterine cavity forembryo implantation. Such information will
be essential toimprove ET success rates. We therefore believe that areas of discordance
identifiedin oursurvey, where there isinsufficient evidence forthe most favourable
method, will guide future research tofill the gapsin our current knowledge. Furthermore,
the information from this survey highlights the clinical importance of studies undertaken

during my MD studentship, presented in the subsequent chaptersin this thesis.
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Chapter 3: 4D Ultrasound Guided Embryo Transfer vs. Clinical

Touch Technique: a randomised controlled trial

Introduction

Most aspects of IVF have developed and changed dramatically since theirintroduction [58]
and thisincludes ovarian stimulation, oocyte recovery and in-vitro techniques of
fertilisation. In contrast, the technique of ET remains largely unaltered [59, 175]. A recent
review of European IVF practice found the CPR perET to be 34.8%[294], suggesting two
thirds of ETs were unsuccessfulin achievinga pregnancy. This may be due to causes
relevantto suboptimal embryos (e.g., chromosomal abnormalities[295]), or defective
endometrium (e.g., unreceptive or deficientendometrium[295]), but this could also be

relatedtoan inadequate ETtechnique [265, 295].

The original approachto ET was the CTT, performed by transferringthe embryos ata fixed
distance from the external cervical os (approximately 6cm[97]) or undertakinga ‘dummy’
procedure (utilising a uterine sound) to assess the length of the uterine cavity and
determine the distance required forthe actual ET[237]. The CTT is essentially a “blind”
procedure with the aim of depositing the embryo within 10mm of the uterine fundus [237].
Due to the blind nature of the CTT, the optimal site of embryo depositionis not visually
determined and thereisincreased likelihood of the catheterindenting orembeddinginto
the endometrium [237, 296]. Inadvertent endometrialtrauma or contact with the fundus
may induce high frequency uterine contractions leading to migration of the embryo to
suboptimal areas within the uterine cavity oreven complete expulsion from the
cavity[150]. These events would clearly have asignificant negativeimpact on CPRand LBR

[297, 298].

The use of ultrasound atthe time of ET was first proposedin 1985, with the anticipation
that a more accurate, less traumatic positioning of the cathetertip nearthe uterine fundus
would improve CPR[161], allowingindividualised placement of the embryo[299], and
facilitating the navigation of the uterocervical junction[97]. UGET has the added benefit of
allowingthe patient tovisualisethe procedure, whichimproves herexperienceand

reduces anxiety levels [181, 300, 301].

A 2010 Cochrane review comparing two dimensional (2D) UGETs with the CTT(n=3622)
concluded detecting no difference in LBR (OR 1.14(95%Cl 0.93 to 1.39)), but demonstrated
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asignificantincreasein CPR(OR1.38 (99%Cl 1.16 to 1.64)) with UGETs [237]. In 2016, a
follow up Cochrane review (n=5859) further demonstrated anincreased chance of a
LBR/ongoing pregnancy with 2D UGETs, compared with CTT (OR 1.47, 95% Cl 1.30 to 1.65;
13 trials; n = 5859 women; 1% = 74%; low-quality evidence)[97]. Fourtrials were added to
the previous 2010 review, with the largest study (Drakeley et al 2008, n=2295) showing no
difference between UGET and CTT[97, 176]. The overall evidence included was deemed to
be of low quality due to methodological flaws; e.g. only 2 studies used computer-generated
randomisation, lack of detail regarding allocation concealment and randomisation method
and high heterogeneity between studies with different embryo deposition points, day of
transferand number of embryos transferred [97, 285, 302, 303]. UGET isrecommended by
the National Institute of Clinical Excellence (NICE) in the UK and appearsto be the
preferred method globally, since itisusedin 77% of ETs worldwide[234]. However, a
significant proportion of units still employ CTT[304], the low quality of evidenceforclear

benefitfoundinthe 2016 Cochrane review islikely to be the reason for this[97].

Traditionally, UGETs have been performed using TA 2D ultrasound scans[180] with a full
bladder. ATA approachis notas invasive asa TV scan and bladder distension may
straighten the utero-cervical angle, thus makingit easierto pass the ET catheter[265].
Disadvantages associated with TA UGET when compared tothe TV approach include, the
requirement of an additional practitioner, afull bladder (which can cause discomfort during
ET)[305], poorerresolution[174] and suboptimal image quality in some women (e.g. obese
or those with a retroverted uterus) [179]. 2D ultrasound lacks the ability to visualise the
entire uterine cavity and adesignated fixed reference point usinga 2D image may not be
sufficientfor precise embryo positioning, particularly in those with uterine malformations,
such as a bicornuate uterus[186]. Three-dimensional (3D) and four-dimensional (4D)
imaging of the uterus, whichis presently available, allows visualisation of finer detail of the
cavity with greater clarity, enabling spatialawareness in terms of dimensions and
volume[183, 186]. It is assumed that more accurate placement of the transfer catheter
deposits the embryo(s) at the optimal site (the maximal implantation point), thus, resulting

inan improvementin pregnancy outcomes[184, 186].

A feasibility study showed that TA 3D ultrasound could confirm correct placement of a trial
catheter priorto ET, but the subsequently ETs were not under ultrasound guidance [184]. A
furtherfeasibility study reported the ability of 3D and 4D ultrasound to ensure correct
catheter placementviathe TAroute with a resultingincrease in pregnancy rate of 10% with

3D/4D UGETs, when compared with 2D scans[306]. This study did not use a specific
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distance from the fundus but declared that the embryo wasreleased at the MIP point[183],
which was determined by following the trajectory of the fallopian tubesinto the middle of

the cavity and this could be tailored to anindividual’s anatomical differences[183].

Uterus
Fallopian tube

Myometrium

Endometrium

Vagina

MIP MIP

Figure 21. Maximal implantation point[183]

4D ultrasound allows forareal-time 3D view of the uterine cavity, which negates the delays
that repetitive 3D sweeps would require, whilst still obtaining the improved spatial
awareness of the uterine cavity[190]. This provides an accurate view of the MIP, with
embryo deposition at this point potentially leading to improved outcomes.

Kitazato (CE0086 International (Single Use) Kitazato Medical Co. Tokyo) catheters are soft
catheterswith a 30-degree curve at the distal end, which has made it possible to performa
TV 4D ultrasound scan at the same time as the ET. This catheterfacilitates an easy and
atraumaticentrance into the uterine cavity and due to the inbuilt 30-degree curve, has the
added benefit of stayingin position whilst removingthe speculum andinserting the

transvaginal ultrasound probe.

The primary aim of this project was to determine if 4D UGETs resultedin higher LBRwhen
compared with the CTT.

Methods

Study design

This was a prospective randomised controlled (un-blinded) parallel trial (RCT) comparing
two techniquesfor ET (4D UGET vs CTT) conductedin a single, NHS fertility centre in the
UK. The Hewitt Fertility centre is one of the largest reproductive medicine unitsin the UK,

performingaround 1800 IVF cycles perannum. The study received ethical approval from
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the Liverpool central research ethics committee on the 9" December 2016 (REC ref:
16/NW/0588) and was registered to ISRCTN registry on the 6" of February 2018 (IRAS
202857, IRSCTN 79955797).

Sample size

In 2015 our unittrialled the 4D UGET technique on an unselected population of 50 patients.
The CPR for this group was 40% versus the standard unit CPR of 25% (CTT ET performed).

Based on thisfeasibilitytrial, the sample size was calculated. Assuming an expe cted CPRin
theintervention group of 40% and the control group of 25%, to achieve an 80% powerto
detectthis expected difference, (with asignificance level of 5%), 149 subjects pergroup
would be required. With an estimated withdraw/non-evaluable subject rate of 5%, we
aimedtorecruita total of 157 subjects pergroup, leadingto a total required sample size of
314 subjects. Recruitment commenced in July 2018 and finished in December 2019,
patients were followed up until they achieved alive birth, if they conceived from the index

ET.

Study population

All consecutive women attending the unit onthe day of their ET, were assessed for
eligibility according to the inclusion and exclusion criteria detailed in table 9. These
inclusion and exclusion criteria were imposed to reduce the number of variables and
heterogeneity that could affect pregnancy outcomes. When eligible, women who provided

informed written consentwere recruitedinto the trial.

Table 9. Eligibility criteria

Inclusion criteria Exclusion criteria

Undergoing fresh or frozen single [ Known or suspected hydrosalpinx

blastocyst ET

Able to provide writteninformed consent | Fluid withinthe endometrial cavity

Gross distortion of endometrium (e.g,

fibroids, bicornuate uteri etc.)

Previous myomectomy
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Previous randomisation

Significant healthissues, e.g., HIV, Hepatitis

C, Hepatitis B, previous trachelectomy

22 embryostransferred

These exclusion criteriawere agreed upon to limitthe number of variables that could affect
pregnancy outcomes, ensuring the most homogenous data. The presence of hydrosalpinx,
fluid in the cavity or distortion of the endometrial cavity are known to negatively impact
implantation rates therefore were excluded [123, 145, 261, 307, 308]. Similarly, previous
myomectomies increase the risk of intrauterineadhesions, known to inhibitembryo
implantation [309]; Those with significant health issues are more likely to have failed
implantation orearly pregnancy loss, such as those with inflammatory bowel disease,
abnormal thyroid or prolactin hormone levels orautoimmune issues and were therefore
not included inthis study[310]. Transferring more than one embryois known to increase
pregnancy rates but also multiple pregnancy rates and theirassociated complications [311],

therefore, to standardise outcomes only single ET s were included in this study.
Randomisation

The study numbers were generated atthe beginning of the trial usinga computer
generated online block randomisation tool usingaone to one ratio
(https://www.sealedenvelope.com/simple-randomiser/v1/lists)[312]. The random numbers
were centrally and consecutively distributed in sealed opaque envelopes to the patients

recruited.

Control Group

Women inthe control group underwent ET according to the accepted standard practice in

the unitduring the study period, the CTT. The soft, Wallace ClassicET Catheter (18 or
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23cm) with centimetre graduations (Smiths Medical International Ltd, UK, CE marked) was

the firstline catheter utilised and stylets were only used according to clinical requirements

(Figure 22).

Patient to have a comfortably full bladder
Patient placed into lithotomy position

Speculum inserted, cervix cleaned and
cervical mucous removed

Embryo loaded into catheter by embryologist
and passed to practitioner

Catheter advanced through external os
to 6cm gr.‘ied mark

Embryo deposited

Catheter removed and embryo replacement
confirmed by embryologist

Procedure complete

Figure 22. Flow chart depictingthe stepstaken duringthe CTTin the control group.

Intervention group

The Kitazato ET CatheterInner3Fr.40cm Guide 30° / 20cm. Ref 223340 (CE 0086
International (Single Use) Kitazato Medical Co. Tokyo) has been designed to allow TV
replacement of the embryounder TV ultrasound guidance. Ultrasound scans were
performed usingaGeneral ElectricVolusen E8 ultrasound machine with a3D/4D RIC5-9-D

transvaginal probe (GE Medical Systems Kretztechnik GmbH & Co, Austria) (Figure 23).
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Patient with an empty bladder, in a lithotomy position

+

TV USS determines the uterocervical angle and cervical length —p Endometrial thickness and volume measured at this time

v

Speculum inserted, cervix cleaned and cervical mucous removed

v

Outer sheath is inserted —_—t

v

Speculum is withdrawn

\

TV probe is inserted

\

Embryologist loads embryo into inner catheter

Embryologist inserts inner catheter through outer sheath
and it is further advanced under 4D USS guidance to MIP

Embryo is deposited

\

Catheter is removed and embryologist confirms embryo replacement

+

Procedure is complete

Figure 23. Flow chart depicting the stepstaken duringthe ET process using the Kitazato

catheterintheintervention group.

Outcomes

Clinical

The primary outcome measure of this study was the LBR. The secondary outcomesincluded
BPR, CPR, miscarriage rate, ectopic pregnancy rate, multiple pregnancies. Duration of the
procedure was also recorded from the initial patient preparation untilembryo deposition.
Those inthe intervention group also had endometrial thickness and volume measured at

the time of the transfer.
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Patient satisfaction

All participants completed a questionnaire after their ET, where they graded comfortand
satisfaction associated with the procedure on anumerical scale from 1-5, where 1
corresponded to being extremely uncomfortable or unsatisfied and 5linked to being very
comfortable and satisfied. The questionnaire also contained afree text comments section

for participating respondents to document theirjudgments and views on the procedure.
Clinician satisfaction

Clinicians performingthe ET also ranked the ease of the above two proceduresfrom1to 5,

with 1 correspondingto being uncomplicated and straightforward and 5beingvery

difficult.
Statistical analysis

All data was entered and analysed in the Statistical package for the Social Sciences (SPSS)
for Windows (Version 26; IBM Corporation, USA). Continuous data was analysed using the
students T-test, whilst categorical data was analysed using the x* test. One-way ANOVA test
was usedto compare the means of more than two groups. Significance was setattwo-

sided p-value of <0.05.
Results

A total of 320 patients were recruited over 17 months and 25 were subsequently excluded

as presentedinthe flowchartin Figure 24.
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‘ 320 patients recruited to trial ‘

‘ Randomisation ‘

" N

Control group (CTT) Intervention group (4D UGET)
(n=160) [n= 160}
Excluded (n=7) Excluded (n=18)
Double embryo transfer (n=2) | | Double embryo transfer (n=6)
2D UGET (n=4) ‘ | 2D UGET (n=10)
Mo embryo to transfer (n=1) l Mo embryo to transfer (n=2)
v
‘ Received CTT (n=153) | ‘ Received 4D UGET (n=142) ‘
l 4
‘ Loss to follow up (n=0} ‘ ‘ Loss to follow up (n=0) ‘
A4 ¥

Analysed (n=153) Analysed (n=142)

Figure 24. Flow diagram of recruitmentand exclusions

Baseline characteristics
The baseline characteristics for study population are summarizedin Table 10.

Table 10. Baseline characteristics

CTT 4D UGET P-value
(n=142)

(n=153)
Age (years) [mean SD] 34.04 [4.14] 33.12 [3.86] 0.05
BMI (kg/m?) 25.43 [5.40] 24.85 [3.58] 0.29
[mean +SD]
Duration of infertility 3.68 [2.29] 3.66 [2.02] 0.94
(years)
[mean £SD]
Type of infertility
Primary [n, %] 75 (49) 73 (51) 0.68
Secondary [n, %] 78 (51) 69 (49)
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AMH [mean £SD] 25.31 [23.35] 25.73 [24.37] 0.88
Number of previous 1.31 [0.69] 1.32 [0.77] 0.84
IVF/ICSI attempts [mean

1SD]

Number of previous ETs 1.30 [1.76] 1.18 [1.48] 0.51
[mean SD]

Type of stimulation cycle

Agonist[n, %) 12 (8) 8 (6)

Antagonist[n, %] 132 (86) 128 (90) 0.59
Embryorecipient[n, %] 9 (6) 6 (4)

Oocytesretrieved 14.8 13.7 0.27
Type of ET

Fresh [n, %] 63 (41) 48 (34) 0.19
Frozen[n, %] 90 (59) 94 (66)

Embryo quality:

Good [n, %] 93 (61) 90 (63) 0.89
Average [n, %] 42 (27) 37 (26)

Poor[n, %] 18 (12) 15 (11)
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The causes of infertility were many and varied (Figure 25).
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Figure 25. Causes of infertility

All of the 4D UGET were performed by one practitioner with the majority (95%) of the CTT
alsobeing performed by the same practitioner. There were 3 other practitioners who

performed 7 of the CTT ETs.

160
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4D UGET

M Practitioner A Other practioners

Figure 26. Practitionersinvolvedin ET
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Outcome analysis
Clinical outcomes:

There was a statistically significantimprovementin the LBR for the 4D UGET when
compared with the CTT group (41% vs 28% respectively, p=0.02). This was also replicated
inthe BPRand CPR (Table 2, Figure 27). In the control group, there was one cervical ectopic
pregnancy. Inthe intervention UGET group, there was one tubal ectopicpregnancy, which
required salpingectomy, two pregnancies of unknown location (PUL), managed

conservatively, and one termination of pregnancy (TOP) due to fetal abnormality.

The time taken to perform 4D UGET was significantly longerthan the CTT ETs, and thisis
related tothe additional steps required with the procedure (Table 11.).

70
*
e
60
*
—
50 N
X
g 40
8
c
[
© 30
T
a
20
10
0 —
BPR CPR LBR Miscarriage Ectopic PUL

B CTT 4D UGET

Figure 27. Primary and secondary outcome measures. (* = p <0.05)
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Table 11. Clinical outcome measures

CTT 4D UGET P-value | Oddsratio (95%
(n=142) Confidence
(n=153)
interval)

Biochemical 70 (46) 84 (59) 0.02 1.71 (1.08-2.72)
pregnancy rate [n,
%]
Clinical pregnancy 55 (36) 71 (50) 0.02 1.78 (1.12-2.84)
rate [n, %]
Live birth rate [n, %] | 43 (28) 58 (41) 0.02 1.77 (1.09-2.87)
Miscarriage [n, %] 12 (22) 12 (17) 0.49 0.73 (0.30-1.79)
Ectopic pregnancy 1(0.6) 1(0.7) 0.96 1.08 (0.07-17.3)
[n, %]
PUL[n, %] 0(0) 2(1.4) 0.14 1.01 (0.99-1.03)
TOP [n, %] 0(0) 1(0.7) 0.30 1.01 (0.99-1.02)
Duration of 10.28 [2.18] 15.77 [2.62] <0.01 NA
procedure (minutes)
[mean £SD]

Ease of procedure: The ease of performingthe procedure between groups did not show
any statistical significance, however, 14transfers were converted to 2D ultrasound
guidance (4/157 (3%) in the control group and 10/152 (7%) inthe 4D UGET intervention
group). Those that were converted to 2D ultrasound in the control group were due to the
difficultly experienced navigating the uterocervical angle during CTT. In the intervention
group, conversion was due to problematicvisualisation of the uterine cavity using 4D
ultrasonography due to the uterus being axial in position or thin endometrium. Conversion

to 2D US allowed forbettervisualisation of the cathetertip atthe time of transfer.

92



Table 12. Ease of the procedure

CTT (n=153) 4D UGET P-value
(n=142)
Ease of procedure [n, %]
1 130 (85) 113 (80)
2 9 (6) 10(7) 0.66
3 12 (8) 16 (11)
4 2(1) 3(2)
5 0 0

Patient satisfaction: The women did not report experiencing a significant differencein

patient discomfort (p=0.17) or satisfaction (p=0.08) between the two procedures (Table

13). However, those inthe 4D UGET arm of the trial were significantly more likely to write a

comment following the procedure (p<0.001) and their comments were more likely to be

positive (p<0.001). Sixty one percent(87/142) participantsinthe 4D UGET group

commented, most of these comments (81) were complimentary, while only 7% (11/153)

commentedinthe CTT group with only 4 positive comments. Thirty-six women stated their

preference was UGET in comparison with CTT in their comments (Table 14).

Table 13. Patient satisfaction

CTT (n=153) 4D UGET P-value
(n=142)
Patient comfort 4.44 (+SD 0.77) 4.31 (#SD 0.17
0.80)
Patient satisfaction 4,93 (#SD 0.39) 4.99 (+SD 0.08
0.12)
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Table 14. Commentsregarding ET

Positive Neutral Negative Total Pvalue
Controlarm 4 4 3 11 <0.001
Interventionarm | 81 6 0 87

Endometrial assessment: The intervention group had endometrial thickness (EMT) and
endometrial volume (EMV) measured atthe time of ET (n=141, one patient unfortunately
did not have saved images). No difference was observed in EMT or EMV between those
who had a live birthand those who did not (p=0.19 and p=0.84 respectively). Women who
underwentafresh ET had a significantly thicker EMT (p<0.001) and higher EMV (p<0.001)

withoutanimpacton the pregnancy rates.

Table 15. Mean endometrialthickness and volume

Number Mean (mm) Standard P=value
error
Endometrial | Live birth 57 8.97 (£SD 0.25 0.19
thickness 1.66)
No live 84 9.44 (+SD 0.22
birth 2.27)
Miscarriage | 11 9.45 (£SD 0.67 0.38
2.33)
Fresh 48 10.25 (xSD 0.33 <0.001
2.32)
Frozen 93 8.74 (xSD 0.18
1.70)
Number Mean (cm?) Standard P=value
error
Endometrial | Live birth 57 5.04 (£SD 0.32 0.85
volume 2.39)
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No live 84 4.95 (+SD 0.25

birth 2.27)

Miscarriage | 11 4.52 (£SD 0.51 0.60
1.78)

Fresh 48 6.20 (£SD 0.37 <0.001
2.54)

Frozen 93 4.36 (+SD 0.20
1.92)

Womenwith an EMT between 7-12mm had a statistically significantincreased BPR (p=0.04)

when compared with those 212 or <7mm, howeversuch difference was not observed for

CPR (p=0.22) and LBR (p=0.23) (Table 16). When the 7-14mm range was considered, no

difference was observedin BPR, CPR or LBRs outside of that limit (<7mm or >214mm).

Table 16. Endometrial thickness / volume and pregnancy outcomes

Biochemical Clinical Live birth (n) Miscarriage
pregnancy (n) pregnancy (n) (n)
Endometrial | <7+ | 8/21 P=0.04 | 8/21 P=0.22 | 6/21 P=0.23 | 2/8 | P=0.30
thickness >12
mm
( ) 7- 75/120 63/120 51/120 9/75
12
Endometrial | <2.5 | 10/18 P=0.76 | 10/18 P=0.64 | 8/18 P=0.71 | 2/10 | P=0.50
volume(cm?)
>2.5 | 73/123 61/123 49/123 9/73
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Discussion

Use of 4D ultrasound guidance for ET is associated with a statistically significantincreased
CPR when compared with CTTfor ET. The 4D UGET method also led to a statistically
significantimprovementin BPRand LBR in comparison with CTT. To the best of our
knowledge, thisis the first RCT examining the clinical efficacy of 4D UGET and the 13%
increase in pregnancy rate and LBR we observed, isin concordance with the previous
observational study [24], that reported a10% increase in pregnancy rates when 4D UGET
was implemented into routine practice[306].

Patientsincludedin our4D UGET group achieved a LBR of 41%, almost double that of the
current national LBR persingle ET of 22-23%[283]. Our recentsurveyon ET practice in the
UK suggested that the majority (85%) of clinicsinthe UK are using 2D ultrasound guidance
with only a small proportion still usingthe CTT[304]. Therefore, we postulatethe observed
increase in pregnancy and LBR of the 4D UGET group in our study to be a result of optimal
deposition of the embryo atthe MIP in comparison to the blind, imperfectembryo
deposition withthe CTT.

Previous studies using 2D ultrasound proposed the best embryo deposition points to range
from 0.5-2cm from the fundus of the uterine cavity, which is further endorsed by recent
reviews recommending embryo depositionin the upper/middle third of the uterine cavity
(between 1-2cm from the fundus)[147, 164]. However, the length of the uterine cavity is
dependentonthe patient, phase of the menstrual cycle and stimulation protocol[313-315],
therefore, fixing aset distance from the fundus forembryo depositionis unlikely to be the
optimum location forall patients. Forexample, 2cm from the fundus may be eitherinthe
upperthirdorin the lowerthird of the cavity, depending on the patient, this could have a
significantimpact on pregnancy outcomes[316]. Embryo deposition atthe MIP allowsfora
patient-specific personalised approach, tracing the natural course of an embryointo the
uterine cavity fromthe fallopian tube.

We accepted an EMT of 7-12mm as optimal when scanning the participantsin the 4D UGET
group based on previous studies[117, 196]. We noted a significantimprovementin BPR
when the endometrium was between 7-12mm but this was not reflected in the CPR or LBR.
Interestingly, those who had a fresh ET were more likely to have anincreased EMT and
EMV, likely due tothe supraphysiological hormone state that occurs following ovarian
stimulation[194], However, these findings had noimpact on the LBR between the fresh and
frozen subgroups. EMV had noimpact on pregnancy outcomes, even those women with an

EMV <2.5cm? still achieved a38% LBR, thisisin discrepancy to previous
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recommendations[208, 213]. Similarto our study, these previous studies have performed
TV EMV measurements using similar techniques on the day of ET[206, 208, 213, 317, 318].
In our study one experienced operator performed all the ultrasound measurements
ensuring aconsistentapproach and technique. Previous studies have found high
interobserverandintraobserverreliability and reproducibility when using 3D ultrasound
EMV measurements[207, 213] supportingthe role of 3D ultrasound foraccurately
measuring endometrial volume. Whilst some studies have determined what the optimal
EMV should be, subsequent reviews and meta-analysis still find that EMV is a poor
predictor of pregnancy outcome, in keeping with our findings.

Although the available evidence for4D UGET is lacking, there have beenanumber of
previous studies highlighting the be nefit of obtaining 3D views of the endometrial cavity
during ET[186, 319]. 3D UGET have been shown to give exact positioning of the catheterin
the majority of cases, withoutincreasing the duration of the ET procedure [184]. Further
studies have also shown adiscrepancy between embryo deposition point when comparing
2D and 3D images at the time of ET [186, 319], and a disparity between 2D and 3D
measurements had anegative impact on subsequent pregnancy rates[186]. The only
published RCT comparing 3D UGET with 2D UGET showed no difference between CPR
between the twotechniques[191]. That study however, did not collect dataon the duration
of procedure between groups and the need to adjustthe cathetertip following repeated
acquisition of the 3D image. Furthermore, the 3Dimages in that study were not ‘live’, thus
requiring repeated 3D sweeps of the uterus, subsequentinterpretation of the scan and
potential adjustment of the cathetertip. This would increase the duration of the ET, which
could lead to additional stresses to the embryo and subsequent deleterious effect onits
successful implantation[192, 287]. Further concern with this approach would be the
additional traumafromrepeated catheteradjustment[235]. Furthermore, the study lacked
powerto assess difference in subgroups of women[191], thus, the benefit of 3D UGET over
2D UGET is yetto be fully elucidated.

The largestreport of 4D UGET to date, albeitbeingaretrospective, observational study,
found an increase in pregnancy rate of 10% when 3D/4D ultrasound guidance was
implemented, demonstrating superiority of the method. However, the authors did not
comment on any other changes to their practices that took place duringthe 5 years of data

collection, which could have also attributed to the improved pregnancy rate [187, 306].
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There are many postulated benefits of 4D UGET, includingimproved patient’s experience
and comfortas they can have an empty bladder duringthe procedure and they can
visualise the transfer. Contrary to the expectation, there was no difference between the
two methods for patient comfort or satisfaction scores. However, there were significantly
more positive responsesinrelationtothe 4D UGET approach with patients documenting
the benefits of comfort and satisfaction due to reduced duration of speculuminsertion,
beingable tohave an empty bladderand the reassurance of beingable to see the transfer
on the ultrasoundscreen, inthe free text comments section of our questionnaire. This may
suggestthat our questionnairescores did not capture these subtle improvementsin patient
perception/assessment associated with the 4D UGET. Since our questionnaire was
administered at the time of the ET, the observed superior clinical outcome associated with
4D UGET had no bearingonthe patientsatisfaction. Whilst our questionnaire scores failed
to provide evidence foranimproved comfort/satisfaction forthe patients at the time of ET,
4D UGET group had the betterclinical outcomesand it would be interestingto assessthe
patient experience ata different time point, in afuture study, once the patient knew the

outcome of the ET.

We found no difference between the groups when the clinicians assessed the ease of the
procedure. The 4D UGET technique does require more skill to perform, however once the
technique was learnt, applyingitto clinical practice was often without complication. This
observation needs to be considered with caution, since in this study; the same well-trained
individual performed all 4D UGET procedures. Forgeneralisability of this observation,
furtherstudiesincluding multi-operators assessing the procedural ease of these techniques
are required.

Interestingly, more 4D UGET procedures were converted to 2D UGET than in the CCT group.
However, this was predominately due to suboptimal views of the uterine cavity but not
because of difficultiesinthe procedure. The suboptimal views were commonly associated
with an axial uterus (whichled to more distortion of theimage) orathin endometrium
obscuring clearoutline of the uterine cavity. Manipulation of the uterus at the time of ET
will have a negative impact onimplantation, thus avoided inthose with an axial uterus
[150, 152]. ET can be cancelled inthose with athinendometrium, and the embryo can be
frozenfortransferina more favourable future cycle, although this may be associated with
the potential risk of failed thawing or re-thawing of the embryo[320]. In our study, when

conversionto 2D was requiredinthe 4D UGET group, the procedure was effortless and
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caused minimal delay or discomfort to the patient. Reassuringly, the observed higher
conversionsto 2D UGET in the 4D UGET group did not affectthe superior BPR, CPR and LBR

rates.

Figure 28. Variancesin uterine cavity shape. Echobright areas within the uterine cavity

show embryo depositionintrial patients.

Strengths and Limitations

Our data froma large RCT including an unselected population of 320 women recruited and
randomised onthe day of their ET has provided robust evidence supporting the use of 4D
UGET over CCT technique [176, 191, 236].

A curved catheterwasrequired for4D UGET, as the curve helpedto stabilise the catheter
upon removal of the speculum and subsequentinsertion of the TV ultrasound probe thus,
different types of soft catheters were utilised in our control and study groups. This may
pose an inherentbiasin ourdata; however, previous studies have confirmed non-inferiority

between different soft cathetersin altering birth rates [160, 321-324].

A small (1-2seconds) time lag between the 4D ultrasound images was identified during the
trial and had to be accounted for when performingthe transfer. Thisissue was rectified
with slow and steady catheterinsertion, and good communication between the
practitionerand the embryologist. Future advancesin ultrasound technology is expected to
furtherrefine this minorissue.

4D ultrasonographyisanadvancedtechnique andis nota skill available in every assisted
reproductive technology (ART) unit. Additional trainingis required to develop the
technique for performingthis type of ultrasonography and asit is currently untested
against 2D UGET, therefore we are cautious torecommend routine use over 2D UGET

practice, considering the additional cost and resource implications.
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All of the 4D UGET and 146/153 (95%) of the CTT were performed by one experienced
operatorand although thisreduced operator bias of the technique, we are notable to
determine the effect of different practitioners of varying degrees of experience onthe
outcomes, thus the generalisability of our data cannot be confirmed. We documented the
duration of the procedure from the start until deposition of the embryo, however, the
length of time from when the embryo leaves culture until itis deposited in the uterine

cavity maybe of more value as a surrogate of stressto the embryo.

Conclusion

Our study has demonstrated that 4D UGET significantly improves LBRin comparisonto CTT.
Future studies are warranted to assess the potential advantage of 4D UGET with 2D UGET
to ensure the best ET methodology is utilised, thus, the highest CPRs are achieved.
Implementation of 4D UGET in routine practice would require the development of training
programs suitable forupskilling ART practitioners with the viewto improving both ET
outcomes and diagnosis and management of otherrelevant pathologiesin reproductive
medicine. Enactment of these advanced skills into routine care could be incorporatedintoa
national guidelineto ensure provision of best possible care for the patientthroughoutthe

UK.
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Chapter 4: Optimal implantation site and trophoblastic

thickness at early gestation scan — An observational study.

Introduction

Embryoimplantationisthe final step of the IVF process, which can be improved by a
number of different factors: ETtechniques[96, 166, 235], optimisingthe embryo deposition
by ultrasound guidance during ET[97, 174], cathetertype[160, 243] and determiningthe
embryo deposition point[223, 285].

Although vital forasuccessful conception, the embryo implantation processis still not fully
understood. Itinvolves acomplexinteraction between asynchronized embryo and the
endometrium[37]. The available evidence is somewhat contradictory, for example, existing
evidence suggest that optimising the placement of the ET catheter within the uterine cavity
improves pregnancy outcome[170], butthereislack of direct evidence to suggest that

embryo deposition pointisrelated tofinal implantation site[216, 223].

Ultrasoundimagingis a key diagnostictool used in the management of various
gynaecological and obstetricconditions[325]. Standard practice in this area of medicine
relies predominately on 2D ultrasound imaging[325], with TV ultrasound showing higher
sensitivity and specificity atidentifying pelvic pathologies in comparison to transabdominal
(TA) ultrasound [184, 190, 326]. Furthermore, significant advances are also made in
detailing pelvicanatomy and early pregnancy with the use of TV 3D/4D ultrasound

scanning methods, which have superiorimage quality and detail [184, 190, 326].

Endometrial blood flowis the highestinthe uterinefundusthanin otherareas of the
uterus[327]. This led to the assumption that the fundal areawould be the optimal site of
implantation foran embryo[215, 327]. This assumption has been furthersupported by a
number of studies assessing natural conceptions between 4-6 weeks gestation, reporting
the majority of ongoing pregnancies to be located within the upper portion of the
endometrial cavity, whilst a higherrate of miscarriage had beenreported when the
implantation site isinthe lower half of the endometrial cavity [215, 217, 327]. In contrast,
the only study looking at the implantation site in IVF pregnancies found a higher proportion
of pregnanciesimplanted inthe middle of the cavity (29.8% IVF vs 9.4% natural conception)
and there was no difference in miscarriage rates despitethe spatial location of the

pregnancy withinthe uterine cavity [169].
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Trophoblastinvasionis akey part of the implantation process, and the extent of invasion
determines the quality of anchorage and depth of the placenta[228]. Poorinvasion
increases the risk of miscarriage and other obstetriccomplications, such as pre -eclampsia
and intrauterine growth restriction[228]. One previous study, reported that if the
trophoblasticthickness (TT) was 23 mm less than gestation age (i.e.4mmTT at 7 weeks
gestation) that was associated with anincreased risk of miscarriage, implyingavery early
placental insufficiency as the potential cause of pregnancy failure [232]. However, a
subsequent study showed conflicting data demonstrating that miscarriage rates were not
impacted by TT [233]. Both the studies assessed natural conceptions and did notinclude
pregnancies related to ART. Typically, ART uses exogenous hormones, and the above
studies could notaccount for this potential influence of exogenous hormones on the

endometrium and subsequenttrophoblasticinvasion.

The aim of the study detailed in this chaptertherefore, was to determine whether
pregnancysite locationand TT in IVF pregnancies with asingle embryo transferhad an
impacton early and late pregnancy outcomes. Outcomes we considered included
miscarriage rates, live birth rates, and we also assessed theirrelationship with otherlate
obstetricoutcomes related to the placental function such as gestation at delivery, birth
weightand obstetriccomplications such as small for gestation age (growth <10%"

centile[328]) (SGA) and pre-eclampsia.
Methods

This prospective observational study was approved by the East Midlands — Leicester Central
Research Ethics Committee (REC 16/EM/0392). Women attendingthe Liverpool Hewitt
fertility centre were included if they had asingle embryo transferand subsequent live
viable intrauterine pregnancy confirmed on scan. There may be unknown mechanisms
relevantto more than one embryo on the trophoblasticinvasion and determination of
pregnancy locationis more difficultin multiple gestations. Therefore, only single embryo
transfers were recruited. Uterine cavity abnormalities were also excluded due to known

effectonimplantation and association with higher miscarriage rate [295, 329] (Table 17).
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Table 17. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Single ET >2 embryostransferred

Single viableintrauterine pregnancy Multiple gestations

Able to provide informed consent Uterine cavity abnormalities (e.g. Submucosal

fibroids, septate uteri)

Intrauterine insemination (1Ul) pregnancies

Unable or unwilling to provide consenttothe

study

The Hewitt Fertility centre, is one of the largest reproductive medicine unitsin the UK,

performingaround 1800 IVF cycles perannum.

Women were approached and given verbal and written information (patientinformation
sheet) (Appendix) aftertheir early gestational scan (performed between 6to 8 weeks of
pregnancy). Once they agreed to participate in the study, consent was confirmed and
written consent was obtained (Appendix). The ultrasound scan for the study wasa 3D
automated volume acquisition sweep and the images were stored for measurements to be
calculated ata latertime. All measurements were performed by asingle experienced
operator. All ultrasound scans were performed using a General ElectricVolusen E8
ultrasound machine with a 3D/4D RIC5-9-D transvaginal probe (GE Medical Systems
Kretztechnik GmbH & Co, Austria).

Implantation site was determined by measuring the smallest distance from the gestation
sacto the anteriorand posterior aspect of the uterus, the uterine fundus, the lateral edges
of the uterus and the internal cervical os. If the distances were equal then the gestation sac
was determined to be inthe middle of that plane (i.e. 1.5cm from fundus and the internal
os would be inthe middle of the uterine cavity in the sagittal plane). The optimal
resolution was ensured with utilisation of the high frequency transducer (5-9MHz), and TT

was measuredinthe anterior-posteriordiameterinthe anterioraspect of the uterus.

The demographicvariables collected included, woman’s age, BMI, ty pe of infertility, type of

embryo transfer (fresh orfrozen), the use of luteal support and embryo quality.

Patientswho had a fresh ET had 11 days of luteal support as a standard practice in our unit,

and those who had a stimulated frozen ET continued luteal support up until 12 weeks of
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pregnancy. The luteal support was provided with 400mg progesterone pessaries or
suppositories, which were taken twice daily. Those who had a natural frozen ET did not

take any additional medications.
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Surface/OB |
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Figure 29. Measurements acquired. 1- Distancefrom fundus. 2- Distancefrom anterior uterine wall.

3- Distancefrom posterior uterine wall. 4-Distance from right uterine wall.5-Distance fromleft

uterine wall.6- Trophoblastic thickness. 8- Distance from internal cervical os.

The primary outcomes we considered were live birth rates and miscarriage inrelation to
pregnancy locationand TT. Still births and termination of pregnancies were also recorded,
howevertheirnumbers were too small and thereforenotincludedinthe statistical
analysis. Othersecondary outcomesincluded placental location, birth weight and obstetric
complications (pre-eclampsia (PET), smallfor gestational age (SGA), placenta praevia,

gestational diabetes (GDM) and stillbirth).

Using the population-based growth chart, birth weights were classed as either SGA,
appropriate for gestational age (AGA) or large for gestational age (LGA, growth >90t"
centile[330]).

Outcome data was obtained vialocal electronichospital records or telephone call to
recruited consented patients. Datawas uploaded onto excel (Microsoft Excel 2019) prior

to analysis.
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Statistical analysis

Data was migrated from excel to Statistical Package forthe Social Sciences (SPSS Version
26; IBM Corporation, USA) for analysis. Continuous data was analysed using students T-test
whilst categorical data was analysed using x* test. When means of more than two groups
were compared one-way ANOVA test was used. Significance was achieved when the two-

sided p-value was <0.05.
Results

Three hundred women were recruited overa 14-month period (Aug 2018 to Oct 2019)
froma single, NHS fertility centrein the UK. Of the total 300 women recruited, 277(92.3%)
achievedalive birth, 20 (6.7%) had a miscarriage, 2 (0.7%) had stillbirthsand 1(0.3%) had a

termination of pregnancy (TOP) fortrisomy 21.

Base line characteristics

The group of women who had a miscarriage were significantly older than the women who
had a live birth but no further differences were noted in other baseline characteristics

(Table 18).

Table 18. Baseline characteristics between live birth and miscarriages

Live Birth (n=277) | Miscarriage (n=20) P value

Mean Age (years) 33.5 (#5SD 3.89) 35.9 (#SD 3.35) 0.008

Mean BMI (kg/m?) 24.6 (+SD 3.41) 25.3 (4SD 2.54) 0.38

Type of infertility (n)

Primary 120 (43%) 10 (50%) 0.77
Secondary 157 (57%) 10 (50%)

Type of ET (n)

Fresh 101 (37%) 4 (20%)

Natural Frozen ET 98 (35%) 8 (40%) 0.30
Stimulated Frozen ET | 78 (28%) 8 (40%)
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Embryo quality (n) (n=270%)

Good 190 (70%) 16 (80%)

Average 64 (24%) 4 (20%) 0.84
Poor 16 (6%) 0

BMI —body mass index, SD—standard deviation

*7 of the embryos were transferred on day 3 therefore they wereunable to graded

accordingto the Gardnerand Schoolcraft grading system.

Pregnancy site location

Havinga fresh or a frozen ET did notimpact on pregnancy site location as per Table 19. The
provision orthe type of luteal support also had no effect on where the pregnancy was

implantedin the uterine cavity.

Table 19. Fresh or frozen ET and pregnancy site location

Pregnancy location Fresh or Frozen ET

Fresh (n=113) Frozen (n=187) P value
Upper 105 (93%) 172 (92%) 0.73
Middle 0 (0%) 1(0.5%)
Lower 8 (7%) 14 (7.5%)
Right 61 (54%) 97 (52%) 0.43
Middle 1(1%) 6 (3%)
Left 51 (45%) 84 (45%)
Anterior 47 (41%) 94 (50%) 0.34
Middle 3 (3%) 4 (2%)
Posterior 63 (56%) 89 (48%)

Five women had 12 weeks of luteal supportratherthan routine 11days due to clinical

indications (l.e. recurrent miscarriage) for prolonged luteal support following their ET.
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Table 20. Pregnancy location and luteal support

Pregnancy Luteal support P value
site location

11 days n=108 12 weeks n=86 None n=108
Upper 98 (92.5%) 79 (92%) 100 (93%)
Middle 0 0 1(1%) 0.74
Lower 8 (7.5%) 7 (8%) 7 (6%)
Right 58 (55%) 48 (56%) 52 (48%)
Middle 1(1%) 1(1%) 5 (5%) 0.32
Left 47 (44%) 37 (43%) 51 (47%)
Anterior 45 (42%) 46 (54%) 50 (46%)
Middle 3 (3%) 2 (2%) 2 (2%) 0.64
Posterior 58 (55%) 38 (44%) 56 (52%)

Women who miscarried were more likely to have a pregnancy located in the lower portion

of the uterus compared with women who wenton to have a live birth (35% vs 5.4%,

p<0.01).

Table 21. Pregnancy location

Pregnancy location (n) | Live Birth (n=277) Miscarriage (n=20) P value
Upper 261 (94%) 13 (65%) <0.01
Middle 1(0.4%) 0

Lower 15 (5.4%) 7 (35%)

Right 148 (53%) 7 (35%) 0.40
Middle 7 (2.5%) 0

Left 122 (44%) 13 (65%)

Anterior 128 (46%) 12 (60%) 0.84
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Figure 30. Location of the pregnancy in the uterine cavity

There was no significant relationship between pregnancy site location on birthweight, and

gestational age atdelivery. Pregnancieslocated anteriorly/posteriorly or upper/lowerin

the uterine cavity did not have a significant difference in gestational age atthe time of

delivery (p=0.94and p=0.68 respectively). Interestingly however, pregnancies locatedin

the middle of the uterine cavity ratherthan eitherthe left orright side were more likely to

be delivered at a lower gestational age (in Table 22, p<0.01) and were more likely to have

late complications (p=0.04).

Table 22. Pregnancy site location and gestational age

Number Mean Gestational P Value
age (weeks)
Left 122 39.0 <0.01
Middle 7 36.8
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Right

148

39.0

It should be noted that this was specificonly to the transverse plane butasimilar effect

was notobservedinthe sagittal (upper/lower)or coronal (anterior/posterior) planes.

When considering all complications, pregnancy location had no significant effect on

cumulative complication rates. There was also no correlation between pregnancy location

and placental site location (p=0.27).

Table 23. Pregnancy location and obstetriccomplications

No complications | Obstetric P Value
(n=210) complications
(n=67)
Anterior- Anterior | 97 (46%) 31 (46%)
posterior Middle | 5 (2%) 2 (3%) 0.96
Posterior | 108 (51%) 34 (50%)
Upper-Lower Upper 198 (94%) 63 (94%)
Middle | 1(0.5%) 0 0.83
Lower 11 (5%) 4 (6%)
Left-right Left 99 (47%) 23 (34%)
Middle 3 (1%) 4 (6%) 0.04
Right 108 (51%) 40 (60%)

In a further subgroup analysis of the impact of pregnancy location and complication rate

alongthe transverse plane there was no difference in age orBMI. Consideringspecific

complications, the only significant association was the pregnancy locationininthe middle

of the uterine cavity, inthose who developed GDM (Table. 24).
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Table 24. Subgroup analysis of pregnancies located on the left, middle orright with late

complications

Left (n=23) Middle (n=4) Right (n=40) P Value

Mean age (years) | 34.0 (15D 4.01) | 33.5(xSD3.11) | 33.4(#SD 0.80
4.00)

Mean BMI 25.75 (£SD 24.91 (1£SD 25.13 (£SD 0.76

(kg/m?2) 3.79) 5.10) 2.87)

Complications

GDM 7 4 14 0.03

PET 3 2 8 0.22

SGA 3 0 4 0.73

Placentapraevia | 4 0 2 0.21

Placentaaccreta | O 0 2 0.50

LGA 5 1 8 0.96

Trophoblastic thickness

There was no differencein TTbetween thosewho had a fresh orfrozen ET. Similarly, a
difference was notdetected in TTbetween those who had orhadn’t received luteal

support.

Table 25. Trophoblasticthickness

Number Mean trophoblastic | P value

thickness (mm)

Type of transfer N=300

FreshET 113 (38%) 7.07 (+SD 2.17) 0.92
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FrozenET 187 (62%) 7.04 (£SD 2.13)
N=300
11 days luteal support 106(35%) 7.11 (£SD 2.21) 0.36
12 weeks luteal support 86 (28%) 6.78 (£SD 1.99)
No luteal support 108 (37%) 7.21 (£SD 2.19)
Embryo quality N=293
Good 208 (71%) 7.17 (£SD 2.18) 0.22
Average 69 (24%) 6.75 (+SD 2.13)
Poor 16 (5%) 6.49 (5D 1.61)

TT wassignificantly more inthose whowentonto have alive birth and those who

miscarried (7.2mm+SD 2.1 vs 5.5mmzSD 2.0 respectively, p<0.001) (Figure 31).
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Figure 31. Trophoblasticthickness and gestational age

A weak negative correlation between TT was noted with gestational age atdelivery, witha
Pearson correlation coefficient of -0.43. No significant correlation was detected between
TT and SGA, AGA and LGA groups (Pearson correlation coefficient r20.29, -0.08 and -0.04

respectively).
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Figure 32. Trophoblasticthickness and gestational age in SGA, AGA and LGA infants.

There was no significant association between TTand birth weight., usingone-way ANOVA

test. There was no difference between SGA and AGA (p=0.75) or SGA and LGA (p=0.41)

pregnancies, However, asignificant difference in TT was noted between AGA group

compared with LGA (p=0.01). Out of the 14 pregnancies that were diagnosed as LGA pre-

natally, only 9 (64%) were above the 90" centile, and the remaining 5(36%) were between

the 75-90* centile.

Table 26. Birthweight and mean trophoblasticthickness

Birthweight Number Mean TT Standard P value
(mm) deviation

SGA 18 7.13 2.84

AGA 190 6.97 1.88 0.05

LGA 69 7.69 2.43
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For all live births, there was a weakly positive correlation between TT and birthweight
(Pearson correlation coefficient 0.141). TT did not correlate with SGA, AGA and LGA groups

(Pearson correlation coefficient 0.26,0.08 and 0.08 respectively).
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Figure 33. Trophoblasticthickness and birth weightin SGA, AGA and LGA infants.

Of the 277 live births, 67 (24%) had obstetriccomplications such as placenta praevia,
placentaaccreta, PET, GDM, SGA and LGA. TT differences did notidentify those with or
without obstetrics complications. Although an apparently thinner TT was observed in PET,
GDM, placentaaccreta and SGA, this difference did not reach statistical significance. LGA
babies howeverhad a significantly thicker TTwhen compared with those who weren’t

(p=0.001).
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Table 27. Trophoblasticthickness and obstetric complications

Number Mean trophoblastic Complicationvs
(277) thickness (mm) no complication P
value
Obstetriccomplication
-No 210 (76%) | 7.13 (£SD 2.09) 0.68
-Yes 67 (24%) | 7.26 (£SD 2.19)
GDM 25(9%) | 6.85 (+SD 2.04) 0.44
PET 13 (4%) | 6.61 (+SD 1.61) 0.33
SGA 7 (3%) 6.41 (+SD 2.14) 0.34
Placentapraevia 6 (2%) 7.82 (+SD 3.13) 0.45
Placentaaccreta 2 (1%) 6.05 (+SD 1.91) 0.46
LGA 14 (5%) 8.93 (+SD 1.73) 0.001

When all pregnancies with obstetriccomplications related to placental dysfunction
(placenta praevia, placentaaccreta, PET and SGA) were compiled together, therewas no
difference in TT compared with those pregnancies that had no obstetriccomplications (TT

6.77 £SD 2.11 vs 7.13 1£SD 2.09 respectively, p=0.4).

Fresh vs frozen embryo transfer

We assessedif the type of embryotransferand luteal support onthe observed outcomes
to considertheir confounding attributes to the results. There was no significant difference
between fresh and frozen embryo transfers on pregnancy outcome (live birth vs
miscarriage, p=0.23). Babies born following frozen ET transfer had a significantincrease in
birthweight when compared with the fresh ET group (3526g vs 3353g p=0.009). There was
no difference between those babies who had natural frozen ET vs stimulated frozen ET
(3566g vs 3455g respectively, p=0.15). Babies were apparently born ata more advanced
gestation followingfrozen ETthan fresh embryo transfers but the difference was not

significant (274 vs 270 days respectively, p=0.056).
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Figure 34. Birthweightin relation to gestationinfreshandfrozen ETs.
There was no difference in obstetriccomplication rates between either the fresh or the

frozen group (p=0.59).

Luteal support

There was no difference intype of luteal support provided to patients on live birth or
miscarriage rates (p=0.3). There was a significant difference between birthweight and
gestational age at delivery when comparing the different luteal support methods (ANOVA,
p=0.023 and p=0.02 respectively). When comparing between the 3 different groupsthe
only statistically significant difference was the babies who had 11 days of luteal support
were significantly lighter and had shorter gestation at birth than those who had no luteal
support(3357g +/- SD 570 vs 3566g +/-SD 386, p=0.003; 38.7 weeks +/-1.9 weeks vs 39.3+/-
SD 1.2 weeks, P=0.02).

Table 28. Duration of luteal support, birthweight and gestational age at delivery

Duration of Birthweight | Standard | Pvalue | Gestation | Standard | P
Luteal support | (g) deviation (weeks) deviation | value
11 days 3357 570 38.7 1.9

12 weeks 3455 632 0.023 38.8 2.0 0.02
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3566

386

39.3

11

Type of luteal support alsoincreased the risk of obstetriccomplications. Women who had

12 weeks of luteal support were more likely to have obstetriccomplications than those

who weren’t exposed to luteal support orthose who had only 11 days of luteal

support(p=0.006). However, when the individual complications were considered

separately, no statistically significant differences were found.

Table 29. Obstetriccomplications and luteal support

Obstetric 11 days luteal 12 weeks luteal | No luteal P Value
complication support support (n=78) | support(n=98)
(n=101)
Yes 21 (21%) 29 (37%) 17 (17%) 0.006
No 80 (79%) 49 (63%) 81 (83%)
SpecificComplications
GDM 5 11 9 0.11
PET 3 6 4 0.31
SGA 4 3 0 0.14
Placentapraevia | 4 2 0 0.15
Placentaaccreta | O 2 0 0.08
LGA 1 6 7 0.06

In total vaginal delivery was the most common mode of delivery at 36.1%, with emergency

caesarean section (EMCS) (25.3%) and elective caesarean section (ELCS) (16.6%) the next
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most common with instrumentals accounting for the remaining 22% (Figure 35).
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Figure 35. Mode of delivery

Discussion

In agreement with previous studies assessing natural conceptions our study examining IVF
pregnancies has demonstrated an increase in miscarriage rates when pregnancies are
located inthe lower portion of the uterine cavity[215, 217]. Our findings are alsoin
agreement with a previous study, using 2D ultrasound, reporting thata thinnerTT is more

likely tolead to miscarriage in IVF pregnancies [232].

We demonstrate thatinformation on pregnancy locationin an early scan gives useful
information on the outcome of a singleton IVF pregnancy in the first trimester. Thisis
importantin counsellingwomen as well as making appropriate management plans. The
difference in outcome can be related to the relatively poor endometrial perfusionin the
lower portion of the uterus when compared to the fundus[215, 327, 331], thus, a
pregnancy establishinginthe lower part of the cavity may be affected by the poorly
perfused endometrial environment beingless able to provide forthe advancing
requirements of an ongoing pregnancy. A previous study using 3D ultrasonography,
examining IVF pregnancies however, reported that pregnancy location within the uterine
cavity had no relevance to the miscarriage rate[169]. We assume the reasons for this
discrepancy to be the smallernumber of patients (n=63) included in the previous study,

and theirinclusion of multiple pregnancies (15twinsand 1 triplet) [169].
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Consideringthe intracavity location of the pregnancy as a predictive marker of late
pregnancy/obstetrics complications, when a pregnancy was located in the middle of the
cavity, there was a significantlyhigherincidence of total occurrence of all obstetric
complications we examined when compared with those pregnancies located more tothe
rightor leftside of the cavity. However, this significant difference was lost, when the
complications were assessed individually, except forthose who developed gestational
diabetes. Similarly, those pregnanciesinthe middle of the uterus were more likely to be
delivered earlierthan those on the right or left. Location specific myometrial peristalsis and
thus, intrauterine flowof fluid has been suggested and that can affect the placentationand
placental function[332, 333]. Although we appreciate that this observation needs validation
infurtherstudies, future studies are warranted to explore if force pressure due to spatial
differencesin uterine peristalsis may incur sheerstress on placentation, contributing to
GDM and preterm birth, particularly inthe middle portion of the cavity. However, we are
aware that the number of patientsinthe middle of the transverse plane weresmall (n=7)

and whilst statistically significant may actually be a chance occurrence.

In 2000, the first study that associated TT with pregnancy outcome, proposed thata
miscarriage can be predicted with a >3mm difference between TTand gestational agein
weeks on 2D ultrasound (l.e. TT=3mm at 7 weeks gestation)[232]. Ourdata, in agreement
alsodemonstrated that those who had a thinner TT were more likely to miscarry. Further
more recent studies fromthe same authors from a private obstetricultrasound practice in
Australiaincluded over 1000 natural conceptions and did not detect an association
between TTand early pregnancy loss or maternal hypertensive disease[233, 334]. In their
2019 study, authors examined early pregnancy loss, and reported that trophoblastic
volume (TRV), mean uterine artery pulsatility index (UAPI), fetal heart rate (FHR) and mean
sac diameter (MSD) were all to be significantly lower in patients who miscarried. However,
theydid not find an association with TT and miscarriage [233]. The follow up period of this
study was only until the end of the first trimester, thus any later miscarriages beyond first
trimesterwould have notbeen reported. Furthermore, these studies only included natural
conceptions with adifferent physiological path to conception and implantation than IVF or
ICSI pregnancies, thus the data may not be relevantto our patient cohort [335, 336]. In the
2020study from the same group that examined the predictive value of the same early
pregnancy ultrasound parameters on maternal hypertensive disease, suggested that TRV
was the only markerthat was significantly lowerin hypertensive pregnancies. In

concordance with our findings, they did not detect TTto have a significant relevance[334].
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Unfortunately, that study only included maternal hypertensive disorders and did not collect
data on any other obstetriccomplications such as SGA, GDM or other placental
pathologies. All three previous studies only included natural conceptions thus, the data
may not be relevantto IVF pregnancies. However, comparison of specificdifferencesin
early pregnancy ultrasonic parameters with pregnancy complications between a naturally
conceived pregnancies and IVF pregnancies may unravel new research avenues to identify

distinctive molecular pathways active in each to formulate specifictherapeutic strategies.

Our study demonstrated asignificant increase in TTin LGA babies compared to AGA babies.
Increased trophoblasticinvasion could lead toincreased substrate and nutrient transfer to
a developingfetus leading to fetal overgrowth[337]. The small number of pregnancies with
an SGA baby meant that a significant difference was notidentified when SGA group was
compared with LGA group. A future study containingalargercohort of patients would be
requiredto clarify these findings. Interestingly, except for placenta praevia, women with all
otherlate obstetrics complications studied, such as GDM, PET, SGA and placentaaccreta
had apparently thinner TT when compared with the control group without complications.
A thintrophoblasticlayer may represent suboptimal placentation froma
pathophysiological perspective, and most of these complications have arelevanceto
suboptimal trophoblasticinvasion, e.g. PETand SGA [230, 231, 338]. In contrast, placenta
previacases we include may have beenrelated to amere abnormal location without

abnormal placentation, thus TT was not affected.

As secondary outcomes we also examined the differencesin pregnancy outcomes relevant
to freshandfrozen ET and as well asthe impact of luteal support. In concordance with
otherstudies[339] our data demonstrated that babies born from a frozen ET were more
likely to have a higher birthweight and greater gestational age at delivery thanthose who
were conceived with afresh ET. Our data isin contrast to the previous meta-analysis, which
reported thata frozen ET was associated with hypertensive disorders and LGA infants, and
that a fresh ET was more likely to be associated with SGA[339]. The smaller sample sizeand
differences specificto our local patient population may be the reason forthese observed
differences. Those who had noluteal support (natural frozen ET) and 12 weeks luteal
support (stimulated frozen ETin the majority) in our study were more likely to have heavier
babies at more advanced gestation in keeping with the previous publications[339, 340].
Interestingly, those patients who had prolonged luteal support (12 weeks) were more likely
to have obstetriccomplications, although these complications weretoo heterogenous thus

not sufficient numbers were included to do a subgroup analysis. Previously, in alarger
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study, hypertensive disorders and placental pathologies have beenidentified as more
prevalentinthose who had stimulated frozen embryo transfers[341-343]. Most of the late
pregnancy conditions such as pre-eclampsia, occurin only 3-5% of pregnancies[344] and
thus, unfortunately our study was not sufficientlypowered to detect the association of ET
type with these relatively rate obstetriccomplications. In our unit, the routine practiceis to
offer natural ET (without luteal support) to women who ovulate. Those with anovulatory
cycleswould be offered astimulated ET (12 weeks luteal support). Since anovulatory cycles
are frequently observed in women with pre-existing medical conditions such as polycystic
ovarian syndrome[345], this subgroup of patients are inevitably more atrisk of obstetric
complications due to their pre-existing medical conditions, not necessarily because of their

prolonged luteal support. .

The NHS maternity statistics for 2019/20 showed vaginal deliveriesin the UK to account for
57% of all deliveries, 31% caesarean section rates and 12% instrumental deliveries
(12%)[346]. Interestingly, our cohort of patients were more likely to have a caesarean
section (42%) in comparison to other modes of delivery, whichisin keeping with previous

data on modes of deliveryin IVF pregnancies [347].

The strengths of this study are; that it is the first of its kind to considerassociation of
pregnancy location and trophoblastic thickness measured by 3D ultrasound scanning with
both early and late pregnancy complicationsin IVF pregnancies. Observerbias had been
reduced by one experienced practitioner using the same ultrasound machinerecordingall
measurements of pregnancy location and TT [348]. 3D imaging has previously been shown
to improve inter-observer reproducibility in comparisonto 2D imaging. It also allows for
postprocessing reviews of the images, which would not be obtainable with 2Dimaging[190,

349].
Limitations

Despite finding statistically significant differences for the primary outcome (miscarriage
rates), this study was not sufficiently powered to detect significant associations of
ultrasound features with the othersecondary outcomes (PET, SGA etc.). 3D ultrasound is
not routinely usedin early pregnancy scanningsince it requires more advanced and costly
ultrasound machines and training. This potentially limits the translatability of our research

into routine clinical practice.
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Determiningthe pregnancy site location was based on scans between 6 -8 weeksin
gestation. Whilst pregnancy location was determined using this method, in future it may be
more beneficialto consideran earlierscaninthe pregnancy to determine the true
implantationsite. Previous studies have conflicting results regardingembryo deposition
pointand pregnancy location[169, 216, 223]. The majority of the ETs in our study were
done withoutultrasound guidance, using the clinical touch technique, therefore we were

unable toclarify if embryo deposition point correlated with pregnancy location.

We did not collect data on ethnicities of the patientsin the study, therefore we were
unable to use a customised growth chart when determining birth centiles. We therefore
used the population growth chart developed by the World Health Organisation to
determine whetherbabies born were SGA, AGA or LGA[350]. Thereis currently no
conclusive evidence of superiority between customized or population-based growth

charts[351, 352], therefore, we assume this to be of a lesser limitation of our data.

Finally, we did notinclude acontrol group in our study. IVF patients are a higher-risk group,
therefore in future it may be beneficial to compare IVF pregnancies with natural

conceptions.

Future studies

Future studiesto confirmourresults shouldincludealarger cohort of patients, including
otherultrasound markers such as trophoblast volume, mean gestational sacdiameter, fetal
heartrate and mean uterine artery pulsatility index. An appropriate control group of
naturally conceived pregnancies and the use of other biochemical markers, as wellas
facilitating studies into trophoblastinvasion could lead to the development of more
effectivetherapeuticstrategies, promoting optimal trophoblastinvasion to minimise the

burden andimpact of early and late pregnancy complicationsin IVF pregnancies.

Conclusion

Thisstudy is the first of its kind to show a thinnerTT and pregnancy locationinthe lower
half of the uterus are more likely toresultin miscarriage in IVF pregnancies. It has also
suggested that TT and luteal support has a potential impact on pregnancy complication
rates and furtherlargerstudiesare required to determine this link. These findings along
with otherultrasound markers such as trophoblasticvolume, mean uterine artery
pulsatilityindexand fetal heart rate can be used to develop analgorithm, to better counsel

and manage those at risk of early pregnancy loss and obstetriccomplications.
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Identification of those at risk may also prompt increased monitoring during pregnancy,
such as attendance at high-risk antenatal clinics and extra growth scans, with the aim of
reducing both maternal and neonatal morbidity. The findings of this study therefore
highlights the important contribution thatadvance ultrasound can make inan IVF

pregnancy, beyond embryo-implantation, in predicting the outcome of ongoing pregnancy.
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Chapter 5: Discussion

The overall aim of the studiesincluded in this thesis was to determine whether advanced
ultrasonography can be usedto improve or predict outcomesin reproductive medicine.
Ultrasound has been an essential tool in assisted reproductive practice since its initial
introductionin 1978[353], however, despite the continued advancesin ultrasound
technology[69, 137, 190] applicationinto clinical practice has not followed swiftly[354].
This could be due to a numberof reasons. Forexample, the new advanced ultrasonography
techniques require sufficient supportive evidence on efficacy and safety [354], and they
necessitate additional training, quality assurance, financialand resource allocation before

implementationinto routine clinical use [190, 354].

Use of advanced ultrasonography in reproductive medicine covers avastarea, with
improved techniques assessing different aspects of the ART treatment cycle, starting from
improvementinidentification of pelvic pathologies, monitoring the stimulation cycle, ET
and detecting markers foradverse pregnancy outcomesin the first trimester [122, 137,

190, 233, 354].

The particularareas my studies explored were the use of advanced ultrasound for ET and
itsusein early pregnancy to determine the impact of pregnancy site location and
trophoblasticthickness (TT) on pregnancy outcome. Itis envisaged that the work described
inthisthesis will contributetothe currentunderstanding of the use of ultrasonographyin

ART and will provide future avenues forresearch.

Chapter 2 — National survey on embryo transfer technique

The survey conducted and presented in this chapter provided asound basis forthe
subsequentstudy by providinginsightintothe current ET practice inthe UK. This work was
of upmostimportant asthe last similarsurvey assessing ET practice nationally was over 20
years ago[241]. Considering the changes that have taken place overthe lasttwo decadesin
ART practice, there was an obvious need foracontemporaneous surveyon the national
practice and preferencesin ET techniques. All reproductive centresinthe UK were invited
to complete oursurveythatincluded 38 questions detailingthe various aspects of ET. A
satisfactory response rate was achieved, which allowed generalisable conclusions to be

drawn about national practice.
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Of the 29 questionsrelatingto ET technique, only 10(34%) questions had responses that
showed adegree of concordance (>70% with the same response). Thisimplies thatthere is
alarge variationin mostaspects of the ET technique between different units. Only two
questions resulted inthe same answerfrom every clinician who completed the
guestionnaire and these confirmed that all clinicians used sterile gloves and soft catheters
for ET. The lack of standardisationin ET techniques identified from this survey could explain

the wide range of LBR between the clinics (ranged from 11-34%).

This survey also highlighted that there are number of practices which are prevailingin the
UK, despite sufficient available evidence to confirm their negative impact on ART
outcomes. Thisincluded the routine use of tenaculum atthe time of ET and not

abandoning ET when fluidis seeninthe endometrial cavity.

The use of ultrasound guidance for ET still appearsto be a contentiousissue and although
the majority of units use ultrasound guidance, 8 (17%) units did not. Interestingly, the HFEA
data did not demonstrate asignificant difference between the LBR for those units that used

ultrasound versus those thatdid notfor ET.

Whilst the majority of clinics deposited the embryo in the upper/middle portion of the
uterus, clinician’s interpretation of this point varied between 0.5cmto > 2cm fromthe
fundus of the uterus. This raises the question —what distance from the fundus defines the

upper/middle portion of the uterine cavity?

Surprisingly, clinicians were not fully aware of the HFEA recorded ET success rate of their
unit. The majority of the responders estimated their LBR per ET being between 30-40%, but
inreality, the majority of the clinics had a success rate between 20-30%. This could be due
to the HFEA data predatingthe survey by 2 years, but itis also possibly related to the
differences between personal perception and actual recorded HFEA data. This inaccuracy

may affect patient counsellinginthe respective units.

In summary, this survey has helpedto highlightinconsistencies and potential areas that
couldbe improved withregardsto ET. Based on our findings and current evidence[147,

164, 171], we have subsequently developed a stepwise approach to performingan ET[304].

ET techniques have been shown to have asignificantimpact on pregnancy rates[166, 292,
293] and thisvariationin practice identified by the survey could have aninfluence (along

with otherfactors of the in-vitrofertilisation (IVF) process) on aunit’s success rate.Ina
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field of medicine where every percent matters, slight changes could resultinsignificant

improvementin patient outcomes and satisfaction.

Implementing astandardised approach tothe ET technique would eliminate areas of poor
practice currently employed by some centres and thus, ultimately lead toimproved patient
outcomes. Future prospective clinical studies will need to be undertaken to ensure best
practise but until such data is available, guidance can be provided through consensus
meetingsinvolving experts fromall stakeholder groups, which can be furtherinformed by

comprehensive and systematicreviews of the literature.

Chapter 3 — Four-dimensional ultrasound guided embryo transfer

randomised controlled trial

UGET has been a subject of debate since it was first used backin 1984[161]. Since then,
there have been numerous studies and systematicreviews to assess the benefit of
ultrasound guidance atthe time of ET[97, 174, 237]. Systematicreviewsfound anincrease
inthe CPR between 5-10%, when ultrasound guidance was used in comparison to the
CTT[97, 174]. However, the overall quality of the evidence usingthe GRADE methodology
was low and studies only included TA ultrasound guidance[97]. The largest study to date
comparing UGET vs CTT was done at our unit, the Hewitt Fertility Centre. The study by
Drakeley etal, recruited over 2000 patients which accounted forovera third of the
populationincludedinthe systematicreviews and found no difference between the two
methods of ET[176]. Therefore, the CTT has remained as the standard technique for ET at

the Hewitt fertilitycentre and some otherclinicsin the UK.

Whilstthere have been furtherstudiesintothe use of advanced ultrasonography atthe
time of ET, there has been no previous RCTs using 4D UGET. We therefore performed the

first RCT assessing TV 4D UGET versus our current standard practice, the CTT.

320 patients were recruited to the trial and we detected asignificantincrease inthe CPR
and the LBR in those who had a 4D UGET vs those who hadthe CTT . No differencesinany
of the baseline characteristics, ET difficultly or patient satisfaction between thesetwo

groups were noted.

Currentlyinthe UK, average LBR perET is 24%[355] and the results of our trial showed that
the use of 4D ultrasound can potentially increasethat success by over 70%. Interestingly,
ETs usingthe CTT alsoshowed a higherLBR than the UK national average. Considering 83%

(as perchapter2) of the units are using TA ultrasound, it would be of interest to demarcate
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how much of an impact TV 4D ultrasound guidance has over TA 2D ultrasound guidance on
ET successrates. The same person performed all of the 4D UGET in our trial, which may
have positively influenced the outcomes and doesn’t allow effect of multiple practitioners
on the final success rates to be considered. Future studies should address these limitations

and assesstheirimpact on ET success rates.

Embryo deposition pointforthe 4D group was based on the MIP, which was initially
devised by Gergely etal[183]. This allowed tailoring the ET to the patient specificuterine
anatomy. Such personalised approachto ET is preferable to a previously proposed arbitrary
measurement [285]. Forexample, 2cm from the fundus can resultin embryos being
depositedin eitherthe upper, middleorevenlower portion of the uterus depending on the

individual uterine anatomy, which can have a negative impact onimplantation [164, 175].

When conductingthis trial, I found TV scanning offered anumber of advantages over TA
scanning. Itdid not require afull bladder, that can often cause patient discomfort; it
allowed forclearerimages and did not require an extra practitionerto be present. Patients
generallyfoundthe procedure comfortable. Whilst previous studies comparing TV to TA
scanningdid notidentify adifference in pregnancy rates, they did reportimproved patient

comfortin the TV group[178].

The findings from this study, demonstrated that 4D UGET significantly improves the clinical
outcomes, compelling us to change our current practice of CTT for the benefit of our
patients. The challenges to such change in practice are that not all of our practitioners are
trained to perform 4D ultrasound. This will invoke additional training and associated costs
to the unit. 2D ultrasoundis a comparatively easierand less time -consuming technique to
learnthan 4D scanning, therefore an RCT comparing 4D vs 2D TV UGET will helpto make a

financially and clinically sound decision on change of practice.

The Cochrane review in 2016 noted an odds ratio of 1.31 forthe CPR of those who had 2D
UGET vs CTT. Our trial showed an odds ratio of 1.78 for CPR with 4D UGET, markedly more
than the performance of 2D UGET as detailed inthe previous Cochrane review. However
further RCTs would be required to determine the true difference between 2Dand 4D UGET.
Whilst this may not be a clinically significantimprovement, patients may consider this

information to make a choice regarding their method of ET, given the option.
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Chapter 4- Optimal implantation site observational study and trophoblastic

thickness

There has been conflicting evidence regarding the relevance of pregnancy implantation site
on pregnancy outcomes[169, 215, 217, 327]. Studies assessing natural conception found
that successful pregnancies weremore likely to be located in the upper half of the uterine
cavity and those inthe lower half were more likely to miscarry[215, 217]. This observation
was notreplicated inthose who had undergone fertility treatment[169]. A higher
proportion of gestation sacs were found in the middle of the cavityinwomen undergoing
ART and no obviousincrease in miscarriage rate were reported dependent on pregnancy

site[169].

Similarly, very few studies exist examining TT on early gestation scan and itsimpacton
pregnancy outcome. Two studies on natural conceptions, one in 2000 and anotherin 2019,
have reported contradictory results on whether TT had an impact on early pregnancy
loss[232, 233]. This knowledge required further clarification, particularlyinwomen
undergoing ART, thus, we recruited 300 patientsto our trial with the primary outcome to
determineif the location of pregnancy siteand TT had an impact on the miscarriage rate.
This prospective observational study included women following asingle ET, with
subsequent live single intrauterine pregnancy. A 3Dimage of the uterus was taken at the
early gestation scan and these images were stored on the ultrasound machine for
measurements to be calculated ata later date. The patients were followed up until live
birth and furtherinformation was collected on secondary outcomes including obstetric

complications, birthweight and gestational age.

Miscarriages were more commonin pregnancieslocatedinthe lower half of the uterus and
inthose witha thinnerTT. Pregnancieslocated in the middle of the uterine cavity rather
than the left orright side were noted to be associated with gestational diabetes but thisis
unlikely to have a clinical significance. Those diagnosed as large for gestational age at late
gestation were more likely to have anincreased TT. An apparently decreased TT was
observed with pregnancy complications such as GDM, PET, SGA and placentaaccreta, when
compared withthose who did not have any complication, howeverthis observation did not

reach statistical significance.

Our ultrasound findings of pregnancy location and miscarriage werein keeping with the
previous studiesin natural conceptions[215, 217]. Our results also supported the previous

evidence thatdecreased TT was associated with anincreased risk of miscarriage [232].

127



While we were recruiting, afurther study, which assessed numerous ultrasound markersin
natural conceptions and theirimpact on pregnancy outcome was published[233]. The
authorsincluded TT as one of the outcomes but also examined other parameters such as
trophoblasticvolume, uterine artery pulsatility index, fetal heart rate and mean sac
diameter. Theirstudy did not find asignificant difference in TTon early pregnancy
outcomes but correlations were found with the other ultrasound markers [233]. This study
only focused on the first trimester, thus, potentially missing later miscarriages and late

pregnancy outcomes.

Despite finding statistically significant differences forthe primary outcome (miscarriage
rates), our study was not sufficiently powered to detect associations with late obstetric
outcomes as described above. However, we did identify some significant differences.

Adequatelypowered further future studies will confirm the validity of ourresults.

The use of these ultrasound findings could help to identify those patients atrisk and
therefore facilitate appropriate counselling, risk stratification and improved management
pathways. Identifying non-invasive biomarkers and facilitating studies of trophoblast
invasion could lead to the development of more effective therapeuticstrategies targeting

later complications of pregnancy.

Furtherstudies are requiredtoseeifthere isan association between embryo deposition
pointand subsequentimplantation site. This could lead to the development of novel
methods to ensure embryo deposition at the optimal point of the cavity, an avenue for

furtherinvestigation.

Overall conclusion

Ultrasoundis an essential tool in the day-to-day management of patients undergoing
fertility treatment, althoughitis rarely used toits full potential. Attempts should be made
to utilise theseadvanced techniques to the maximum benefit of the patientsand their

management.

The body of workincluded inthisthesis has highlighted the significantimpact advanced
ultrasonography has on predictingand managing awoman undergoing fertility treatment.
It has informed us on ways to improve embryo implantation by more precise embryo

deposition with 4D UGET, and how a standard early scan could predict outcomesinthe
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index pregnancy. Additionally, this work has identified future avenues of research to

pursue.

Introduction of advanced ultrasonography techniques may incuradditional trainingand
costs to ART units, however, since it can significantly contribute to the delivery of a healthy

baby with ART, the additional resource allocation s justified.
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Appendices
Ethical approvals

Page 1

NHS

Health Research Authority

North West - Liverpool Central Research Ethics Committee
3rd Floor

Barlow House

4 Minshull Street

Manchester

M1 3DZ

Telephone: 020 71048008

Please note: This is the
favourable opinion of the

REC only and does not allow
you to start your study at NHS
sites in England until you
receive HRA Approval

09 December 2016

Mr Richard Thomas Russell

Consultant Gynaecologist & Subspecialist in Reproductive Medicine & Surgery
Liverpool Women' NHS Foundation Trust

The Hewitt Fertility Centre

Crown Street

Liverpool

L8 7SS

Dear Mr Russell

Study title: 3D / 4D Ultrasound Guided Embryo Transfer vs. Clinical
Touch Technique: a randomised controlled trial

REC reference: 16/NW/0588

IRAS project ID: 202857

Thank you for your letter of 02 December 2016, responding to the Committee’s request for
further information on the above research and submitting revised documentation.

The further information has been considered on behalf of the Committee by the Chair.

We plan to publish your research summary wording for the above study on the HRA website,
together with your contact details. Publication will be no earlier than three months from the
date of this opinion letter. Should you wish to provide a substitute contact point, require
further information, or wish to make a request to postpone publication, please contact the REC
Manager, Mrs Carol Ebenezer, nrescommittee.northwest-liverpoolcentral@nhs.net.
Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the above
research on the basis described in the application form, protocol and supporting documentation

130



Page

as revised, subject to the conditions specified below.
Conditions of the favourable opinion

The REC favourable opinion is subject to the following conditions being met prior to the start of
the study.

Management permission must be obtained from each host organisation prior to the start of the
study at the site concerned.

Management permission should be sought from all NHS organisations involved in the study in
accordance with NHS research governance arrangements. Each NHS organisation must confirm
through the signing of agreements and/or other documents that it has given permission for the
research to proceed (except where explicitly specified otherwise).

Guidance on applying for NHS permission for research is available in the Integrated Research
Application Systern, www.hra.nhs.uk or at hito.www.rdforum.nhs. uk.

Where a NHS organisation’s role in the study is limited to identifying and referring potential
participants to research sites ("participant identification centre”), guidance should be sought from
the R&D office on the information it requires to give permission for this activity.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of management permissions from host
organisations

Registration of Clinical Trials

All clinical trials ({defined as the first four categories on the IRAS filter page) must be registered
on a publically accessible database within 6 weeks of recruitment of the first participant (for
medical device studies, within the timeline determined by the current registration and publication
trees).

There is no requirement to separately notify the REC but you should do so at the earliest
opportunity e.g. when submitting an amendment. We will audit the registration details as part of
the annual progress reporting process.

To ensure transparency in research, we strongly recommend that all research is registered but
for non-clinical trials this is not currently mandatory.

If a sponsor wishes to contest the need for registration they should contact Catherine Blewett
(catherineblewett@nhs.net), the HRA does not, however, expect exceptions to be made.
Guidance on where to register is provided within IRAS.

It is the responsibility of the sponsor to ensure that all the conditions are complied with
before the start of the study or its initiation at a particular site (as applicable).

Ethical review of research sites
MHS sites

The favourable opinion applies to all NHS sites taking part in the study, subject to management
permission being obtained from the NHS/HSC R&D office prior to the start of the study (see
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"Conditions of the favourable opinion” below).

Non-NHS sites

The Committee has not yet completed any site-specific assessment {SSA) for the non-NHS
research site(s) taking part in this study. The favourable opinion does not therefore apply to any
non-NHS site at present. We will write to you again as soon as an SSA application(s) has been
reviewed. In the meantime no study procedures should be initiated at non-NHS sites.
Approved documents

The final list of documents reviewed and approved by the Committee is as follows:

Document Version Date

IRAS Application Form [IRAS_Form_11072016] 11 July 2016
Non-validated questionnaire 1.0 01 July 2016
Participant consent form 1.0 16 March 2016
Participant information sheet (PIS) 1.0 16 March 2016
Participant information sheet (PIS) 1.1 30 Movember 2016
Referee’s report or other scientific critique report 1 27 January 2016
Research protocol or project proposal 3.0 21 March 2016
Response to Request for Further Information 02 December 2016
Summary CV for Chief Investigator (CI) 16 May 2014

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for Research
Ethics Committees and complies fully with the Standard Operating Procedures for Research
Ethics Committees in the UK.

After ethical review

Reporting requirements

The attached document “After ethical review — guidance for researchers” gives detailed
guidance on reporting requirements for studies with a favourable opinion, including:

= Notifying substantial amendments

= Adding new sites and investigators

« Notification of serious breaches of the protocol
= Progress and safety reports

» Notifying the end of the study

The HRA website also provides guidance on these topics, which is updated in the light of
changes in reporting requirements or procedures.
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User Feedback

The Health Research Authority is continually striving to provide a high quality service to all
applicants and sponsors. You are invited to give your view of the service you have received and
the application procedure. If you wish to make your views known please use the feedback form

available on the HRA website: http:/flwww.hra.nhs uk/about-the-hra/governance/guality-
assurance/

HRA Training

We are pleased to welcome researchers and R&D staff at our training days — see details at
hitp://www.hra.nhs.uk/hra-training/

[ 16/NW/0588 Please quote this number on all correspondence

With the Committee’'s best wishes for the success of this project.

Yours sincerely

EGs

Mrs Julie Brake
Chair

Email:nrescommittee. northwest-liverpoolcentral@nhs. net

Enclosures: “After ethical review — guidance for
researchers”
Copy to: Mrs Louise Hardman, Liverpool Women's NHS Foundation Trust
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NHS

Health Research
Authority

East Midlands - Leicester Central Research Ethics Committee
The Old Chapel

Royal Standard Place

Nottingham

NG1 6FS

20 September 2017

Mr Richard Thomas Russell

Consultant Gynaecologist and Subspecialist in Reproductive Medicine
Liverpool Women's NHS Foundation Trust

Crown Street

Liverpool

L87SS

Dear Mr Russell

Study title: Determining the Optimal Embryo Implantation Site
REC reference: 16/EM/0392
IRAS project ID: 204885

Thank you for your letter of 19 September 2017 responding to the Proportionate Review
Sub-Committee’s request for changes to the documentation for the above study.

The revised documentation has been reviewed and approved by the sub-committee.

We plan to publish your research summary wording for the above study on the HRA website,
together with your contact details. Publication will be no earlier than three months from the date
of this favourable opinion letter. The expectation is that this information will be published for all
studies that receive an ethical opinion but should you wish to provide a substitute contact point,
wish to make a request to defer, or require further information, please contact please contact

hra.studyregistration@nhs.net outlining the reasons for your request.

Under very limited circumstances (e.g. for student research which has received an
unfavourable opinion), it may be possible to grant an exemption to the publication of the study.

Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the above
research on the basis described in the application form, protocol and supporting documentation
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as revised.
Conditions of the favourable opinion

The REC favourable opinion is subject to the following conditions being met prior to the start of
the study.

Management permission must be obtained from each host organisation prior to the start of the
study at the site concerned.

Management permission should be sought from all NHS organisations involved in the study in
accordance with NHS research governance arrangements. Each NHS organisation must
confirm through the signing of agreements and/or other documents that it has given permission
for the research fo proceed (except where explicitly specified otherwise).

Guidance on applying for HRA Approval (England)/ NHS permission for research is available in
the Integrated Research Application System, www.hra.nhs.uk or at http/www.rdforum.nhs.uk.

Where a NHS organisation’s role in the study is limited to identifying and referring potential
participants to research sites (“participant identification centre’), guidance should be sought
from the R&D office on the information it requires to give permission for this activify.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of management permissions from host
organisations.

Reaistration of Clinical Trials

All clinical trials (defined as the first four categories on the IRAS filter page) must be registered
on a publically accessible database. This should be before the first participant is recruited but no
later than 6 weeks after recruitment of the first participant.

There is no requirement to separately notify the REC but you should do so at the earliest
opportunity e.g. when submitting an amendment. We will audit the registration details as part of
the annual progress reporting process.

To ensure transparency in research, we strongly recommend that all research is registered but
for non-clinical trials this is not currently mandatory.

If a sponsor wishes to request a deferral for study registration within the required timeframe,

they should contact hra.studyreqgistration@nhs.net. The expectation is that all clinical trials will
be registered, however, in exceptional circumstances non registration may be permissible with
prior agreement from the HRA. Guidance on where to register is provided on the HRA website.

It is the responsibility of the sponsor to ensure that all the conditions are complied with
before the start of the study or its initiation at a particular site (as applicable).

Ethical review of research sites
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The favourable opinion applies to all NHS sites taking part in the study, subject to management
permission being obtained from the NHS/HSC R&D office prior to the start of the study (see
“Conditions of the favourable opinion” above).

Approved documents

The documents reviewed and approved by the Committee are:

Document Version Date

Covering letter on headed paper [Cover Letter] 18 September 2017
IRAS Application Form [IRAS_Form_22082018) 22 August 2016
IRAS Application Form XML file [IRAS_Form_22082016] 22 August 2016
IRAS Checklist XML [Checklist_22082016] 22 August 2016
Participant consent form 1.0 22 August 2016
Participant information sheet (PIS) 1.0 22 August 2016
Participant information sheet (PIS) 1.0 18 June 2017
Research protocol or project proposal 1.0 22 August 2016
Summary CV for Chief Investigator (Cl)

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for Research
Ethics Committees and complies fully with the Standard Operating Procedures for Research
Ethics Committees in the UK.

After ethical review

Reporting requiremenis

The attached document “After ethical review — guidance for researchers” gives detailed
guidance on reporting requirements for studies with a favourable opinion, including:

» Notifying substantial amendments

s Adding new sites and investigators

» Notification of serious breaches of the protocol
* Progress and safety reports

s NMotifying the end of the study

The HRA website also provides guidance on these topics, which is updated in the light of
changes in reporting requirements or procedures.

Feedback
You are invited to give your view of the service that you have received from the Research Ethics

Service and the application procedure. If you wish to make your views known please use the
feedback form available on the HRA website:

hitp://www.hra.nhs.uk/about-the-hra/governance/quality-assurance
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We are pleased to welcome researchers and R & D staff at our RES Committee members’
training days — see details at hitp://www.hra.nhs.uk/hra-training/

| 16/EM/0392 Please quote this number on all correspondence

With the Committee's best wishes for the success of this project.

Yours sincerely
) C‘A/k
. 0N
PR.

Mr Murthy Nyasavajjala
Chair

Email: nrescommittee.eastmidlands-leicestercentral@nhs.net

Caopy to: Miss Louise Hardman, Liverpool Women's NHS Foundation Trust

137



Patient information leaflets

Liverpool Women's INHS

MHS Foundation Trust

3D / 4D Ultrasound Guided Embryo Transfer vs. Clinical Touch:
a randomised controlled trial

Participant Information Sheet

As part of your IVF  treatment, you will require placement of your embryo(s) into your uterus
(womb). This procedure is normally performed without ultrasound guidance and with the
embryo being replaced approximately 6cm beyond the neck of your womb. This is often called
a Clinical Touch technique.

This research study is looking at the process of replacing an embryo under ultrasound guidance
which is performed trans-vaginally (this is where the ultrasound probe is inserted into the
vagina which results in clearer images) and with the addition of 3D and 4D visualization of the
uterus during the procedure. We want to find out whether this procedure improves the
pregnancy rate and live birth rates compared with our standard practice.

We are aiming to recruit 314 participants to this research study who will be allocated to one of
the two treatments. This is an entirely random process which we have no control over. If you
decide not to take part in this research project your embryo transfer will be performed
according our standard practice without the use of ultrasound, by clinical touch.

What would taking part involve?

If you wished to join the study you will be asked to sign a consent form which is essentially your
permission. You will then be allocated a treatment intervention; either ultrasound guided or
not ultrasound guided embryo transfer. Your embryo transfer will take place on the day that
most suits your embryos development and is independent of the trial. Technically there will be
very little difference in what happens next, although if you were to be assigned to the
ultrasound group you would require an empty bladder rather than a full one.

Following the procedure you will be asked to complete a short questionnaire about your
experience of the embryo transfer.

We obviously need to know whether you became pregnant and whether you go on to have a
baby. This information will be collected from your hospital notes.

Version 3.0 20.02.2020 Page 1 IRAS 202857
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What are the potential benefits of taking part?

The study aims to discover whether there is any benefit to either procedure, so there may be
no personal benefit to you taking part. The results of the trial will be published and may change
how embryos are transferred for all patients undergoing IVF in the future.

What are the possible disadvantages and risks of taking part?

There is unlikely to be any disadvantage to taking part in the trial. If you choose not to take
part, your embryo transfer will be performed without ultrasound guidance and consistent with
our standard practice. We do not anticipate any risks to your health or chance of success from
taking part in this trial.

What if something goes wrong?

In the event of something going wrong you would be entitled to make formal complaint to the
hospital Trust who is acting as a sponsor for the study. The Trusts “Patient Advice and Liaison
Advice” Service (PALS) can be contacted on 0151 702 4353 Monday to Friday between 08.30
and 4pm. Outside of these hours you will be able to contact the duty manager via the main
hospital switchboard on 0151 708 9988,

What will happen if | change my mind about the study?

You will be under no pressure to continue with the study and you will be free to withdraw at
any time without affecting your remaining treatment, which will continue according to our
standard practice.

How will my information be kept confidential?

Your records are always confidential. Only members of the study team and members of the
fertility team will have access to your records. Each patient in the study will be allocated a
“study number” rather than using your personal details, meaning that your involvement is
anonymised. The study information will be entered on a secure electronic database that
complies with strict NHS Data Protection Standards.

Liverpool Women's NHS Foundation Trust is the sponsor for this study. We will be using
information from you and your medical records in order to undertake this study and will act as
the data controller for this study. This means that we are responsible for looking after your
information and using it properly. We will keep identifiable information about you for one year
after the study has finished.

Your rights to access, change or move your information are limited, as we need to manage your

withdraw from the study, we will keep the information about you that we have already

Version 3.0 20.02.2020 Page 2 IRAS 202857
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obtained. To safeguard your rights, we will use the minimum personally-identifiable
information possible.

You will not automatically be sent the results of the study, but you can request a lay summary
of the results from one of the study team.

What will happen to the results of the study?

The results of the study will be published in a scientific journal. Your individual information will
not be published or made available to anyone else.

Who is organising and funding this study?

The Hewitt Fertility Centre at the Liverpool Women's Hospital is organising and funding this
study.

Who has reviewed this study?

All research involving people is looked at by an independent group of people, called a Research
Ethics Committee, to protect the interests of the people taking part. This study has been
reviewed and given favourable opinion by REC reference: 16/NW/0588 Morth West - Liverpool
Central Research Ethics Committee,

Further Information & Contact Details

Mr Richard Russell Consultant Gynaecologist

The Hewitt Fertility Centre

Research Murse

Tel: 0151 702 4346

Email: 4dtrial@lwh.nhs.uk

Version 3.0 20.02.2020 Page 3 IRAS 202857
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Liverpool Women's

IRAS Project ID: 204885

Participant Information Sheet

Study Title
Determining the Optimal Embryc Implantation Site

Invitation and brief summary

As part of your IVF treatment, we will place an embryo (s) into your uterus (womb). This study
is looking at whether there is a better position in your uterus where embryos are more likely to
implant and continue as a successful pregnancy.

Explanation

The placement of an embryo is one of the most important steps in your IVF treatment. Embryo
implantation is a complicated process that is not fully understood. We know from experience
that where the embryo is placed in the uterus does not always mean is where it stays. This
study will be looking at which area of the uterus the pregnancy has implanted that has led to
your pregnancy. Using this information may help us better place an embryo in the first instance.

We are looking to recruit 200 participants to this research study.
What would taking part involve?

You will be asked to sign a consent form which gives your permission to join the study. At your
routine pregnancy scan which is performed at approximately 7 weeks gestation, we will be
looking more closely at the area of your uterus where the pregnancy is. This information will be
recorded and subsequently analysed. Technically there will be very little difference in what
happens compared with a “routine” pregnancy scan. We obviously need to know whether your
pregnancy proceeds to you having a baby. This information will be collected from your hospital
notes,

What are the potential benefits of taking part?

The study aims to discover where the best place is for an embryo to be placed that makes
treatment more successful. There is likely no personal benefit to you taking part. The results of
the trial may influence how IVF is performed in the future.

Participant Information Sheet: Optimal Embryo Implantation Site: Version 3.0 20 February 2020
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What are the possible disadvantages and risks of taking part?

There is unlikely to be any disadvantage to taking part in the trial. We do not anticipate any
risks to your health or your pregnancy.

What if something goes wrong?

In the event of something going wrong you would be entitled to make formal complaint to the
hospital trust who is acting as a sponsor for the study. The Trust's “Patient Advice and Liaison
Service” (PALS) can be contacted on 0151 702 4353 Monday to Friday between 08.30 and 4pm.
Outside of these hours you will be able to contact the duty manager via the main hospital
switchboard on 0151 708 9988.

What will happen if | change my mind about the study?

You will be under no pressure to take part in the study and you will be free change your mind
even after you have completed the consent form.

How will my information be kept confidential?

Your records are always confidential. Only members of the study team and members of the
fertility team will have access to your records.

What will happen to the results of the study?

The results of the study will be published in a scientific journal. Your individual information will
not be published or made available to anyone else.

Who is grganising and funding this study?
The Hewitt Fertility Centre is grganising and funding this study.
Who has reviewed this study?

The research study has been approved by the hospital’s Research & Development team and
also the Cheshire and the East Midlands — Leicester Central Research Ethics Committee (REC
16/EM/0352)

Further Information & Contact Details
Mr. Richard Russell

Consultant Gynaecologist

The Hewitt Fertility Centre

Tel: 0151 702 4121
Email: IVFTrial@lwh.nhs.uk

Farticipant Information Sheet: Optimal Embryo Implantation Site: Version 3.0 20 February 2020
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Consent forms

Liverpool Women'’s INHS'|

NHS5 Foundation Trust

Study Mumber:

Participant Identification Mumber:

CONSENT FORM

Title of Project: 3D !/ 4D Ultrazound Guided Embryo Transfer vs. Clinical Touch: a randomised controlled trial
Mame of Researcher: Mr Mr Richard Russell

Please initial b

1. 1 confirm that | have read the information sheet dated ...............__ (uersion ... .} for the

above study. | have had the opportunity to consider the information, ask questions and have

had these answered safisfaciorily.

2. lunderstand that my pariicipation is veluntary and that | am free to withdraw at any time
without giving any reason, without my medical care or legal rights being affected.

3. lunderstand that relevant sections of my medical notes and data collected during the study
maybe looked at by individuals from the Hewitt Centre study team, from regulatory authorities

or from the NHS Trust, where it is relevant to my taking part in this research. | give permission

for these individuals to have access to my records.

4. | agree to take part in the above study.

Mame of Participant Date Signature

Mame of Person taking consent Date Signature

When completed: 1 for parficipant; 1 for ressarcher site file; 1 (original) fo be kspt In medical nofes
Version 3.0, 20.02.2020 IRAS 202857
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Liverpool Women'’s [EEE

MHS Foundation Trust

Centre Mumber: LWH

Study Mumber:

Participant ldentification Number for this trial:

CONSENT FORM

Title of Project: Determining the Optimal Embryo Implantation Site Study
Mame of Researcher: Mr Richard Russell

Please initial box

1. | confirm that | have read the information sheet dated ............... (Version .......) for the

above study. | have had the opportunity to consider the information, ask guestions and have
had these answered satisfactorily.

2 lunderstand that my participation is voluntary and that | am free to withdraw at any time

without giving any reason, without my medical care or legal rights being affected.

3. lunderstand that relevant sections of my medical notes and data collected during
the study may be looked at by individuals from the Hewitt Fertility Centre study team, from
regulatory authorities or from the NHS Trust, where it is relevant to my taking part in this research.

| give permission for these individuals to have access to my records.

4. | agree to take part in the above study.

Mame of Paricipant Date Signature
Mame of Person taking consent Date Signature
\fersion 3.0 20.02-2020
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Presentations and abstracts

Oral presentations

4D ultrasound guided embryo transfers statistically improve live birth rates - Arandomised

controlled trial- ESHRE Virtual Congress-July 2021

4D ultrasound guidance improves embryo transfer success rates: arandomised controlled
trial. International Society of Ultrasound in Obstetrics and Gynaecology World Congress -

Virtual-Oct 2020

Poster presentations

Thereisan urgentclinical need to standardise embryo transfer techniques to ensure best

outcomes for patients. Fertility 2021 — Virtual - Jan 2021

4D-ultrasound guided embryo transfersimprove live birth rates: arandomised controlled

trial. RCOG world congress — Virtual - June 2021

4D ultrasound guided embryo transfersimprove live birth rates: A

randomised controlled trial. Fertility 2021 — Virtual-Jan 2021

Trophoblasticthickness and implantation site are associated with subsequent miscarriage:

A prospective study. Fertility 2021 — Virtual- Jan 2021

An observational study: does pregnancy implantation siteand trophoblastic ring thickness
at early gestational scan predict outcomes of pregnancy? International Society of

Ultrasoundin Obstetrics and Gynaecology World Congress -Virtual -Oct 2020

Does pregnancy implantation siteand trophoblasticring thickness at early gestational scan
predict outcomes of an intrauterine pregnancy? An observational study. ESHRE - Virtual

conference-July 2020

Abstract publications

0-181 4D ultrasound guided embryo transfers statistically improve live birth rates - A

randomised controlled trial- LNancarrow, N Tempest, A Drakeley, R Homburg, KFord, D
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trial- Nancarrow, L; Tempest, N; Drakeley, A; Homburg, R; Ford, K; Hapangama, D; Russell,R
(2021), Category — Reproductive Medicine/Assisted Reproduction. BJOG: IntJ Obstet Gy,
128: 230-242. https://doi.org/10.1111/1471-0528.18 16715

0C15.04: 4D ultrasound guidance improves embryo transfer success rates: arandomised
controlledtrial. Nancarrow, L., Ford, K., Drakeley, A., Hapangama, D., Homburg, R. and
Russell, R. (2020),Ultrasound Obstet Gynecol, 56: 45-

45, https://doi.org/10.1002/uo0g.22315

VP60.03: Anobservational study: does pregnancy implantation site and trophoblasticring
thickness at early gestational scan predict outcomes of pregnancy? Nancarrow, L.,
Vinayagam, S., Swanson, M., Drakeley, A., Ford, K., Homburg, R., Hapangama, D. and
Russell, R. (2020), Ultrasound Obstet Gynecol, 56: 329-

329. https://doi.org/10.1002/uog.23337

Publications

National Survey Highlights the Urgent Need for Standardisation of Embryo Transfer
Techniquesinthe UK- Nancarrow L, Tempest N, Drakeley AJ, HomburgR, Russell R,
Hapangama DK..J Clin Med. 2021 Jun 27;10(13):2839. doi: 10.3390/jcm10132839. PMID:
34198995; PMCID: PMC8267796.

Endometriosis and the Fallopian Tubes: Theories of Origin and Clinical Implications. Hill CJ,
Fakhreldin M, Maclean A, Dobson L, Nancarrow L, Bradfield A, Choi F, Daley D, TempestN,
Hapangama DK.J Clin Med. 2020 Jun 18;9(6):1905. doi: 10.3390/jcm9061905. PMID:
32570847; PMCID: PMC7355596.
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Abstrack Embryo transfer (ET) is one of the vital steps in the in vitro fertilisation (IVF) process,
vet there is wide variation in ET technique throughout the UK, without a nationally approved
standardised approach. The aim of this study was to gain contemporaneous information regarding
the current clinical ET practice in the UK. Method: A 38-question electronic survey was distributed
to the 79 UK Human Fertilisation and Embryology Authority (HFEA) registered clinics performing
ETs. Results: In total, 59% (47 /79) of units responded, 83% (39 /47) performing ultrasound-guided
transfers, with 42% (20/47) of units using a tenaculum; 22% (10/45) would proceed with transfer
regardless of fluid in the endometrial cavity. In 91% (43/47) of units, embryos were deposited in
the upper/middle portion of the uterine cavity, but interpretation of this area ranged from 0.5 to
=2 em from the fundus, with 68% (32/47) allowing patients to mobilise immediately after transfer.
In 60 (27 /45) of clinics, success rates were based on clinical pregnancy rates (CPR). Conclusion:
Within the UK there is a wide range of variability in ET techniques, with >70% of discordance in
survey-responses between clinics, Whilst there are areas of good practice, some disadvantageous
techniques continue to persist. This survey emphasises the importance of developing a standardised,
evidence-based approach to improve ET success rates.

Keywords: embryo transfer; survey; standardisation; IVF; in vitro fertilisation

1. Introduction

Transferring a good quality embryo in to an appropriately prepared uterine cavity is
an integral part of the in vitro fertilisation (IVF) process and a fundamental step in con-
ception [1]. Reproductive medicine as a speciality, and the IVF process in particular, have
seen significant changes over the past 40 years, with many developments in both clinical
practice and laboratory procedures [2]. However, during this time, there has been little
change in the embryo transfer (ET) technique originally developed by Steptoe et al. [3,4]
other than ultrasound guidance and the use of catheters specific for ET [2].

The best ET technique would deliver the embryo to the optimum location within the
uterine cavity in the least traumatic way without disturbing the primed uterine environ-
ment [4]. The first described ET technique introduced and delivered a preloaded embryo
with a soft catheter into the uterine cavity via the cervical canal [3]. The intrauterine posi-
tion of the catheter tip for embryo deposition was either determined by measuring 6 cm
from the external cervical os or by measuring the cavity length with a dummy transfer prior
to the actual ET [1]. The first ultrasound-guided ET was reported in 1985 [5], and 30 years
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later a Cochrane review concluded that ultrasound guidance should be the recommended
and preferred method for ET [1]. Despite this Cochrane guidance, a lack of universal
implementation exists, demonstrated by two recent surveys showing wide variation in
ET techniques [4,6]. The reason for this is thought to be multifactorial, with most of the
published data on efficacy of ET techniques being conflicting, inconclusive or affected by
confounding variables dependent on either the practitioner or the technique [1,4,7-10].
This is an important issue in [VF research. For example, studies using different embryo
deposition points of 1, 1.5 or 2 cm from the fundus, and measuring the outcome of clinical
pregnancy are confounded by the embryo deposition site [1,10-13]. Another example of
conflicting evidence is the removal of cervical mucus prior to ET. Some studies recommend
removal [14=17], whilst others, including a meta-analysis, failed to show any significant
benefit [15,19]. Use of a patient relaxant, direction of the removal of the ET catheter and
duration of bedrest following transfer are some of the other discordances between stud-
ies [4]. Such differences could also impact the outcomes between trials [20], resulting
in misinterpretation of the available evidence. It is estimated that up to 30% of all cycle
failures can be considered due to poor practice used in the transfer technique [21], and it
has been shown that pregnancy rates can differ depending on the clinician performing the
transfer [17], which emphasises the expertise required for this often-overlooked component
of the IVF process [2].

The lack of consensus that exists at the present time may also be due to the apparent
absence of a robust, specific guideline highlighting the practice of the ET technique. Such
guidelines from professional organisations such as the British Fertility Society (BFS) or
the European Society of Human Reproduction and Embryology (ESHRE) may facilitate
standardisation of best evidence-based practice, which is a fundamental first step towards
improving clinical outcomes in IVF.

The last UK survey on ET was conducted nearly two decades ago, and their main
recommendation was the need for a standardised national protocol to be implemented for
ET [22]. Since then, new evidence has found that subtle differences between individual prac-
titioners can significantly affect ET success rates despite using a similar technique [22-24].
Examples for these include two separate Cochrane reviews recommending the use of
ultrasound guidance, as well as the use of soft catheters for ETs [1,25]. However, a uni-
versally available, standardised, national guideline or protocol for practitioners in IVF
units in the UK is yet to be produced. Our aim, therefore, was to evaluate and gain insight
into the current clinical practice regarding ET in the UK. Our data aims to provide the
basis for future attempts to harmonise the practice in the UK with the formulation of a
standardised protocol.

2. Materials and Methods
2.1. The Survey

Items in the survey were identified based on a literature review and expert clinical
opinion. Expert clinical opinion was sought initially from local practitioners (reproductive
medicine specialists and embryologists) at the Hewitt Fertility Centre, Liverpool, which is
one of the larger National Health Service (WHS) IVF units in the UK with approximately
1800 fresh IVF/ICSI cycles being performed per annum. The initial survey questions were
formulated in August 2018 after reviewing current ET techniques and by considering
the practice pertinent to individual practiioners. The initial 33 question survey was
subsequently modified after being peer reviewed by five other fertility specialists who
were directly contacted by the authors, from IVF units around the country, before a final
38 question national survey was finalized and distributed to all IVF units in the country
{Supplementary Figure 51).

The survey questions were informed by current evidence relating to different aspects
of the ET technique. The questions in the final survey included demographic information
on the unit (type of practice, number of ETs per year, location) and important outcome
measurements (including biochemical pregnancy rate (BPR), clinical pregnancy rates (CPR)
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and live birth rates (LBR)). We also included questions relevant to the ET technique (such
as the type of catheter used, the use of ultrasound guidance, how practitioners clean
the cervix) and questions relevant to the practitioners involved during the ET (which
professionals were involved and their experience). Previous evidence suggested that the
use of ultrasound guidance [1,7], soft catheters [25,26] and removal of cervical mucus [16]
can improve ET success rates, and physician-associated factors also play an important
role [27], thus these were included. Our data, therefore, provides evidence for heterogeneity
in practice that may affect outcomes of clinical trials in this area, as well as highlighting
existing uncertainties to focus on in future research efforts.

The final electronic survey was emailed on the 16 December 2018 through SurveyHero
{(www.surveyhero.com) to all clinical leads in the 79 Human Fertilisation and embryol-
ogy authority (HFEA) registered units that perform ETs in the UK. SurveyHero is an
online anonymous survey tool, and no patient-identifiable data were collected. Electronic
reminders were sent out in the interim six-month period when they were requested to
respond. When there was no response from clinical leads, other consultants within the
same unit were contacted requesting a response to the survey. To remove duplication or
inaccuracy of responses from a particular unit, the name of the organisation was included.
If multiple responses were received from the same unit, the first response from that unit
(after confirming concordance with duplicate responses) was used in the analysis.

As this was an anonymous survey with no patient-identifiable data, ethical approval
was not required.

2.2 Statistical Analysis

This survey was not designed as a comparative study or powered to detect differences.
Therefore, in line with our research aims of the current national practice in the UK, we report
summary statistics of the data obtained from the survey. Where possible, the Statistical
package for the Social Sciences (SPSS) for Windows (Version 26; IBM Corporation, Chicago,
IL, USA) was used to analyse categorical data using the Xl test or the Student's paired i-test
for continuous data.

3. Results

Sixty-one out of the 79 clinics responded, fourteen responses were excluded (seven
incomplete and seven duplicate), leaving the final number of responses analysed as 47
(Figure 1).

Survey emailed to 79 clinics
within the UK

7 (8.9%) incomplete
¥ responses — results excluded
61 (77.2%) clinics responded
7 {8.9%) duplicate responses
- results excluded
N

47 (39.5%) individual clinics
in total responded with
complete responses

Figure 1. Flowchart of survey respondents.
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3.1. Demographics of the Units

Table 1 outlines the demographic data of the units that responded to the survey. It
demonstrates that the majority of practices treat both NHS and privately funded patients
(36, 77%), base their ET success rate on CPR (27, 57%) and estimate their LBR to be between
30 and40% (28, 60%).

Table 1. Unit demographics.

Types of IVF Practice n (%)

NHS 2(4)
NHS and Private 36 (77)

Private 9(19)

Basis of ET success n (%)

Positive pregnancy test 13 (28)
Clinical pregnancy rate 27 (57)
Live birth rate 5(11)

No response 2(4)

Persons performing the ET n (%)

Consultant only 18 (38)
Consultant and nurse 14 (30)
Consultant, registrar and nurse 7(15)
Consultant and registrar 6(13)

Nurse only 2(4)

Esti d clinical preg y rates per ET n (%)

3(6)
3040 18 (38)
40-50 23 (49)

50-60 1(2)

60-70 0(0)

>70 1(2)

No response 1(2)

Estimated Live birth rate per ET # (%)

20-30 13 (28)
3040 28 (60)

40-50 3(6)

50-60 0(0)

60-70 1(2)

No response 2(4)

3.2. Embryo Transfers

Seven clinics (15%) allowed individuals to utilise their preferred ET technique. No
zygote intrafallopian transfers were performed by any of the clinics (Table 2).

Table 2. Number of transfers performed by units.

Pry of Standardised Technique within the
Unit n (%)
Standard technique 40 (85)
Technique based on individual preference 7(15)
Number of ETs per year n (%)
<500 n (%) 7(15)
500-1000 2 (%) 20 (43)
1000-1500 10(21)
1500-2000 2(4)
>2000 8(17)
Number of yometrial transfers per year i
(%)
10 1(2)
5 2(4)
3 1(2)
2 7(15)
1 6(13)
0 30 (64)
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When the published HFEA clinic success rates were considered, those clinics per-
forming more transfers appeared to have better LBR than those performing less ET’s
(Table 3).

Table 3. Number of ETs relating to average HFEA LBR.

Number of ETs Number of Clinics Average HFEA LBR (%)
<500 7 20.1
500-1000 20 28
1000-1500 10 22
1500-2000 2 285
>2000 8 243

3.3. ET Preparation

Most units did not use sedation for ET (94%), with one unit (2%) using sedation when
required (when a patient was unable to tolerate the procedure without sedation). Forty-
three (91%) of the clinics cleaned the cervix prior to ET and 33 (72%) removed cervical
mucus with a cotton wool swab (Table 4). Most units (78%) would abandon the ET if
there was fluid within the endometrial cavity on ultrasound. Thirty-nine (83%) of the
clinics performed ultrasound-guided ET with nursing staff performing the majority of the
ultrasound scanning (92%).

Table 4. Patient and practitioner preparation prior to ET.

Patient Relaxant n (%)

None 44 (94)

Voltarol 1(2)

Sedation when required 1(2)

Sedation 1(2)

Sterility of Procedure s (%)

Sterile gloves after handwashing 27 (57)
Aseptic technique 18 (38)

Scrubbed and gowned 2(4)

Warmed speculum n (%)
Yes 11(23)
No 36(77)
Lubrication on speculum n (%)

None 10(21)

Culture media 1(2)
Normal Saline 23 (49)
Sterile water 11(23)

Ultrasound gel 2(4)

What is used to clean the cervix # (%)

Normal Saline 34(72)

Media from lab 7(15)

Not cleaned 409

Sterile water 2(4)

Instrumentation used to clean the cervix # (%)

Cotton wool 23 (50)
Gauze sponge on forceps 19 (41)
Cotton wool and Gauze 2(4)
Pipette 1(2)

N/A 1(2)

R 1 of endocervical n (%)

Cotton wool 29 (63)

Aspirate 409

Cotton wool and flush 4(9)
Flush 2(4)

Not removed 7(15)
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Table 4. Cont.

Embryo transfer technique n (%)

2D ultrasound guidance 38(81)
3D ultrasound guidance 1(2)
Clinical touch technique 7(15)
Dummy ET and measurement of cavity length 1(2)
Person performing the ultrasound scan n (%)
HCA 8(17)
Embryologist 1(2)
Nurse 36(77)
Doctor 4(9)
Ultrasound technician 1(2)
Approach to fluid within the endometrial cavity n
(%)
Abandon the transfer 35 (74)
Aspirate the fluid and continue with transfer 7(15)
Continue with the transfer 3(6)
No response 2(4)
Use of a routine mock transfer n (%)
For specific indication 27 (57)
Not routinely done 10 (21)
I diately before fi 4(9)
At oocyte retrieval 2(4)
Before cycle begins 4(9)

3.4. ET Technique

The most common ET technique was the afterload technique (53%), with 100% of
respondents using soft catheters (Table 5). Clinics generally used (72%) a stylet for less
than 25% of their transfers and the routine use of tenaculum was uncommon. Most (91%)
reported deposition of the embryo in the upper or middle portion of the uterine cavity,
although exact deposition points from the uterine fundus varied from 0.5 cm to over 2 cm.
Embryo retention following transfer was <5% in all clinics, with 31 respondents (66%)
re-transferring the embryo in a new catheter when this occurred.

Table 5. ET technique.

Emh T for Techni (%)

4 1
Afterload technique 24(53)
Trial with transfer technique 12(27)
Direct technique 9(20)
ET catheter preference n (%)

Wallace 29 (62)
Cook 2(47)

Kitazato 6(13)

Surepro 2(4)

Labotect 1(2)

Use of stylet n (%)

All the time 1(2)

>50% of transfers 6(13)
25-50% of transfers 5(11)
<25% of transfers (72

Never 1(2)

Use of a tenaculum » (%)

Never 9(19)
Several times in career 18 (38)
<10% of transfers 18 (38)

<30% of transfers 24

Approxi location of catheter tip in uterine cavity n (%)

Upper third 18 (38)
Middle third 25(53)

Lower third 409
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Table 5. Cont.
Approxi dist. bryo is is deposited (cm) from
fundus n (%)

05 1(2)
1 10421)
15 12 (26)

2 5(11)

>2 4(9)
Don’t measure 15(32)

Who dep the plunger once the catheter is in place n (%)
Clinician 372
Embryologist 13(28)
Speed and process of embryo deposit i (%)

As slowly as possible 7(15)
Slow pace with steady pressure 29 (62)
Moderately fast with steady pressure 11(23)

As quick as possible 1(2)

Approach to retained embryos # (%)
Retransfer in same catheter 19 (40)
Retransfer in new catheter 31 (66)
Frequency of retained embryos n (%)
<1% of ET 35(74)
1-5% 12 (26)
Presence of blood or mucus on catheter tip n (%)

22(47)
5-10% 18(38)

10-20% 5(11)

20-30 2(4)

Duration catheter left inside cavity following embryo deposition n (%)

Immediately removed 6(13)
5-10s 18 (38)
10-20s 17 (36)

30s 5(11)

1 min 3(6)

Direction catheter removed # (%)

Straight 21 (45)
Rotate as removed 25(53)

Both 1(2)

Patient remaining supine after transfer 1 (%)

Get up immediately 32(68)
5-10 min 15(32)

Clinics were asked to rank how they would deal with a difficult transfer and what steps
they would take (Figure 2). When faced with a difficult transfer, the majority responded
claiming to use a stylet. Use of cervical dilators was the most infrequent response.

Rank | Choice Distribution Score | Times Ranked
1 Use a stylet | —— 242 45
2 Change to another catheter | oommm 0 L0
3 Use of tenaculum m @ m u7 a
4 Keep trying JE— I ET
5 Call for help [ 126 38
6 Frevze embryo and transéer on another day -— b 42
7 Use of cervical dilators - 7 k)
Lowest o Hichet

Figure 2. If there is difficulty in ET, what would be your preferred options in order 1-7.

When the respondents were asked what they thought was the most important aspect
with regard to ET, the majority of responses suggested guidance with ultrasound and
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good consistent technique (Figure 3). Interestingly, there were three responses stating that
a slow steady transfer improves chances of success, whilst three other responses urged
speedier transfers.
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Figure 3. Most important aspects of embryo transfer.

When comparing the LBR published by the HFEA for units, very similar results were
observed between those units that used ultrasound guidance and those which used clinical
touch technique (CTT). For the CTT, the LBR was 22.8% (SD = 3.06) compared to 22.4%
(SD =+ 5.4) for the ultrasound-guided group (p = 0.873).

4. Discussion

This contemporary national survey updates the 16-year-old previous survey on ET
technique in the UK and highlights the existing wide variation in practice with no standard-
ised approach to the procedure prevailing in the UK. It therefore emphasises the urgent
need for a standardised national protocol to ensure best outcomes for women undergoing
IVF in the UK [22].

Over the years there have been many changes in ET techniques in general, with new
evidence demonstrating the benefit of particular practices to improve outcome, such as
the use of ultrasound guidance [1], soft catheters [14,17,26] and avoiding prolonged bed
rest following transfer [28]. Reassuringly, the majority of units that responded, appeared
to acknowledge the new evidence in their practice (83% ultrasound guidance, 100% soft
catheters and 68% immediate mobilisation). Interestingly, we unexpectedly found no
significant difference in LBR between clinics regardless of the use of ultrasound guidance.

Positioning of the embryo catheter in the upper or middle third of the cavity was
the practice in 91% of the units, in line with the systematic reviews [14,17]. However,
this apparently excellent practice should be considered with caution since some survey
responders appear to have different interpretations of the terms upper, middle and lower
third of the cavity (Figure 4). They determined the upper third of the cavity as 0.5— 2 cm,
middle third as 1 — 2 cm and the lower third as 1.5 — 2 cm from the fundus. Among those
respondents who measured the distance from the fundus, 85% placed the catheter 1-2 cm
from the fundus of the uterus. Frequency of depositing the embryo at the upper third of
the cavity increased to 97% if we included those who transfer at >2 cm in keeping with the
recommendations from the Cochrane reviews [14,17,29]. This draws attention to the need
for clarity in a future guideline/study protocol in which embryo deposition is described.
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Figure 4. Units” interpretation on distance from fundus to location in uterine cavity.

Despite the available evidence supporting immediate withdrawal of the catheter
following embryo expulsion [14,17,30,31] only six units (13%) adhered to this, with the
remaining units allowing a delay prior to removal. There was no significant difference
in pregnancy rates between the groups regardless of this practice [30,21]. However this
practice may unnecessarily prolong the uncomfortable procedure for the patient without
conferring any benefit.

All units reported embryo retention rates at <5% in keeping with previously quoted
incidence rates [5]. Maintaining a low retention rate would help reduce patient anxiety and
reduce the time that the embryo is outside of the incubator optimal conditions. Prolonged
transfer times are known to have a detrimental effect on pregnancy rates [32,33], although
the retransfer of retained embryos has not shown to be detrimental [34-38].

Conversely, there are areas with room for improvement. Amongst them, of concern
is how clinics approach fluid within the endometrial cavity, since 21% of respondents
claimed that they would either aspirate (15%) or would proceed with transfer (6%) when
there was fluid identified within the endometrial cavity, despite available advice to the
contrary [8,39]. We appreciate that fluid in the endometrial cavity is not an absolute
contraindication to ET, and that in cases where embryos need to be refrozen this may
have a negative impact on subsequent implantation and LBR [40]. Other studies have
also found that those with transient, small amounts of fluid within the endometrial cavity
{<3.5 mm) are not associated with poorer outcomes [41,42]. However, those with known
hydrosalpinx, or with persistent endometrial fluid in the cavity, continue to have poorer
outcomes compared to those without fluid in the endometrial cavity [42]. These cases
need to be dealt with on an individual basis, taking into account patient preference whilst
weighing the risks and benefits of continuing with the ET. The recommendation from our
survey would be to abandon the ET if endometrial fluid is found in the cavity and freeze
the embryo for transfer in a subsequent cycle, particularly since emerging evidence is
showing no detrimental effect when embryos are refrozen [43,44].

The frequent use of a tenaculum in some units is another concern. The use of a
tenaculum is not only painful but can also have a negative impact on embryo implantation
rates due to increased uterine contractions due to stimulating oxytocin release [45,46]. With
this in mind, the use of a tenaculum for ET should only be used once all other options are
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exhausted, yet surprisingly, it was the third most popular option to be used for difficult
transfers. When 57% of respondents reported having never used a tenaculum or only
having used one several times in their career, this raises the question how much their
technique differs to those who use the tenaculum on a more frequent basis.

Ome other interesting feature identified in our survey was that the majority of re-
spondents estimated their LBR to be between 30 and 40%. However, the 2017 HFEA data
reported most of the clinics having a LBR between 20 and 30% [47]. Although it is possible
that this is due to the HFEA data being two years older than when the clinics responded
to our survey, this may also be relevant to personal perception versus actual figures, and
further highlights the important impact such discrepancies may have when patients are
counselled by the clinicians in these units. Relevant to this, CPR was the preferred marker
of success for the responders, since presumably it is an easily and relatively rapidly attained
marker of success, with the majority of clinics performing the initial scan themselves to
confirm a pregnancy, and thereby acquiring this data [45]. Subsequently, patients may be
lost to follow up, and accurate LBR data is more difficult to collate [49]. Importantly, LBR
is a mandatory outcome to be reported in the UK, and possibly the most relevant data for
patients. However, publicizing the CPR, which is naturally higher than the LBR, may be
more attractive to patients [48].

Whilst there are a number of questions where concordance was observed in this survey,
there were more responses that differed than were similar. This lack of standardisation
amongst units can be one of the reasons why LBR between clinics range from 11 to 34% [47].
We appreciate that there are numerous other steps involved in the ART technique that
impact overall success rates, including type of ovarian stimulation cycles, oocyte retrieval
and laboratory techniques. However, if standardisation of ET techniques were to occur, it
could potentially highlight other imperfect areas in the above-mentioned steps of the IVF
process that also have an impact on the LBR.

Standardization could also reduce research bias, which has previously been noted
by Gambadauro et al. [50]. When reviewing published trials in IVF there was very little
information about the methods and execution involved in the ET and this could potentially
be a source of performance bias [50,51].

Our findings are in agreement with a previous survey conducted by the ASRM [4],
which also highlighted the need for standardization. They also demonstrated a highly
diverse approach to the ET technique, with multiple areas of discordance including use
of a patient relaxant at the time of ET, direction of catheter removal and duration of bed
rest following transfer [4]. As a consequence of their survey, the ASRM have been able to
produce a protocol for ET suitable for North American practice [4,17,52]. We anticipate
our survey should facilitate the launch of a similar national / European protocol following
discussion with representative bodies such as the British fertility society (BFS) and /or the
European society of human reproduction and embryology (ESHRE).

5. Recommendation

The previously mentioned ASRM survey [4], as well as the review by Saravelos
et al. [14], made recommendations based on their literature reviews. These can be seen in
Table 6.

Based on the findings of this survey, and the above evidence, we propose the following
approach to embryo transfer:

Mo routine use of anaesthesia or analgesia.

Use sterile gloves.

No use of warmed speculum.

Use sterile water or normal saline for speculum lubrication.
Clean the cervix with normal saline or laboratory media.

Use cotton wool or gauze to clean the cervix and remove mucus.
Use ultrasound guidance for embryo transfer.

Abandon transfer if fluid is within the endometrial cavity.

NS
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9. Perform mock transfer for specific indication.
10.  Afterload technique.
11.  Deposit the embryo in the upper/middle portion of the endometrial cavity.
12.  Use a stylet when required or anticipated difficulty.
13, Awoid the use of tenaculum /vulsellum.
14. Slow and steady pressure of plunger.
15. Remove the catheter either straight or rotational immediately following transfer.
16. Immediate ambulation.

The main limitation of this survey was that we did not achieve full coverage of all UK
IVF units. The response rate was reasonably high (59%), but we accept that this survey is
not necessarily representative of universal practice within the UK. The main instrument
utilised to gather information in our study was a questionnaire. We specifically developed
this questionnaire with the involvement of a number of specialists and experts from around
the UK to provide a snapshot of current practice, and it was not for general use among the
public. Therefore, although we acknowledge that not validating this questionnaire as a
limitation of our work, we followed similar pathways to other previous surveys [4,6,53,54]
in this field, and the involvement of multiple experts in the field in its development
improves its validity. The data obtained is qualitative and should be interpreted as such,
but it is meant to highlight the variations in current practice within the UK and to prompt
conversations on how standardisation could be achieved in ET techniques.

Table 6. ET recommendations.

Recommendation ASRM Guideline [4] Saravelos et al. [14]
Removal of cervical mucous Grade B evidence Grade B evidence
Use soft ET catheters Grade A evidence Grade A evidence
Abdominal ultrasound guidance Grade A evidence Grade A evidence
Embryo transfer to central or upper cavity Grade B evidence Grade B evidence
Immediate catheter withdrawal Grade B evidence Grade B evidence
Immediate ambulation Grade A evidence Grade A evidence
Immediate retransfer of retained embryo Grade B evidence Grade B evidence

The strengths of this survey are that it is the first of its kind in the UK, and compre-
hensively and systematically dissects out the practice of ET procedures. It emphasized the
concordance, discordance and areas of improvement required in certain practices involved
in the ET process, identifying the areas in need of a standardized approach. Areas of
improvement should aim to abandon ET when fluid is seen in the endometrial cavity and
only use tenaculums when all other options have been exhausted.

ET techniques have been shown to have a significant impact on pregnancy rates [24,27,55]
and the variation between practices could have an influence (along with other factors of the
IVF process) on a unit's success rate. In a field of medicine where every percentage point
counts, slight changes could result in significant improvement in success rates and patient
satisfaction. Therefore, we have a responsibility to ensure that all patients receive best
evidence-based care, and this survey brings to light that this may not be the case, at least in
some aspects of the ET process in the UK.

6. Conclusions

This is the first survey that sheds light on contemporary practice and attitudes among
different units regarding ET in the UK. It highlights the urgent need for standardisation in
ET, a process that s vital for IVF success rates. Such standardisation of practice will facilitate
practitioner training, research and ultimately IVF success rates. The lack of evidence for
best practices that prevails in many areas of the ET procedure will need to be overcome
with a consensus expert meeting and review of all literature. We believe that areas of
discordance identified in our survey, where there is insufficient evidence for the most
favourable method, will guide future research to fill the gaps in our current knowledge.
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Book chapters

Monitoring of Ovarian Stimulation. Nancarrow, L., & Drakeley, A.(2022). In R. Cutting & M.
Metwally (Eds.), Manual of Oocyte Retrieval and Preparation in Human Assisted
Reproduction (pp. 10-17). Cambridge: Cambridge University Press.
do0i:10.1017/9781108891646.002

Single-Embryo transfershould be performedinall IVF cycles- Against—Nancarrow, L.
Homburg, R., Balen, A., & Casper, R. (Eds.). (2021). 50 Big Debatesin Reproductive
Medicine. Cambridge: Cambridge University Press. doi:10.1017/9781108986373
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Embryo transfer technique survey

Final Survey

Demographics

Mame of Organisation-
Types of IVF practice- NHS / Private / NHS and private

How many embryo transfers do yvou do each year - <500 / 500<1000 / 1000<1500 / 1500<2000 /
>2000

How many ZIFT transfers do you do per year?
How many transmyometrial transfers do you do each year?
Basis of ET success rate - Positive hCG / Clinical pregnancy rate / Live birth rate

Estimated Success rate (%)- <20 / 20-30 / 30-40 / 40-50 / 50-60 / 60-70 [ >70

Estimated clinical pregnancy rate (%)- <20/ 20-30 / 30-40 S 40-50 f 50-60 f 60-70 / >70
Estimated live birth rate {%)- <20 / 20-30 / 30-40 / 40-50 / 50-60 / 60-70 / =70

Whao performs the embryo transfer (ET) — Murse / Registrar / Consultant

Patient and practitioner preparation

Presence of a standard technigue/operating procedure (S0P} for ET practice in unit- Standard
technique / Technique based on individual preference

Use of patient relaxant- No / Gas and air / Sedation / Nifedipine / Ritodrine / Other

Sterility of the procedure - Sterile gloves after handwashing / Aseptic technique f Scrubbed and
gowned

Use of warmed speculum —Yes / No

Lubrication used on speculum — Mone / Culture media / Normal saline / Sterile water / Ultrasound
gel

What do you use to clean the cervix before transfer - Mormal saline / Media from lab f Other /
MA[don't cleanse)

What Instruments do you use to clean cervix? Cotton swab / Gauze sponge on forceps / NA / Other
How do you remove mucous from the endocervical canal - Cotton swab / Flush / Cotton swab and
flush / Aspirate / MA

What technigue is used in your clinic for embryo transfer? Clinical touch technigue f 2D Abdominal
ultrasound / 30 Abdominal ultrasound f Other {please specify)

Person performing US guidance - US technician / Nurse / Doctor / NA [/ Other

Approach to fluid in the cavity- Cancel transfer / Aspirate fluid / Continue with transfer

Routine performance of mock transfer - Before cycle begins / During stimulation / At oocyte retrieval
J Immediately before transfer / Not routinely done f For specific indication

Embryo transfer technigue
Predominant technigue - Trial with transfer technigue / Afterload technigue f Direct technique
ET catheter preference — Cook / Wallace / Other
If there is difficulty in ET, what would you be your preferred options in order 1-7
Use a stylet
Change to another catheter
Usze of tenaculum
Freeze embryo and transfer on another day
Call for help
Keep trying
Use of cervical dilators
Use of stylet - All the time f =50% / 25-50% [ <25% [ Never
Freguency of transfers using a tenaculum — Never / Several times in career / <10%/ <30% J/ <50%
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Approximate location of endometrial cavity where tip of catheter is aimed - Upper third / Middle
third / Lower third

Distance from uterine fundus embryo deposited - I[J.Skm S 1cm [/ 1.5cm f 2om f =2cm J Don't
measure

Who pushes the plunger once the embryo catheter is in place — Clinician / Embryologist

sSpeed and process of plunge - As slowly as possible f Slow with steady pressure / Moderately fast
with steady pressure [ As quick as possible

Approach to retained embryos - Retransfer in same catheter / Reload into new catheter

Frequency of retained embryos (%) - <1 f 1-5 / 5-15 / 15-20 / =20

Frequency of blood or mucous on end of catheter(%s) - <5/ 5-10 f 10-20 / 20-30 / 30-40 / =40

Time after embryos expelled into cavity before removing catheter - Immediate removal / 5-10sec
f10-20sec f 30 sec / 1min f Other

Direction for catheter removal — Straight / Rotate as remowved

Patient remains supine after transfer - Gets up immediately / 5-10 min / 10-15 min / 15-30 min
>30min

Please highlight those areas that wyou think are the most relevant to your practice.
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