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Abstract

Abstract
Through decades of development, the outcomes of assisted reproductive technology (ART),
of which in-vitro fertilisation (IVF) is one form, have continued to improve. The field has
progressed rapidly, from the dawn of ART, where the question was simply ‘can we?’ to now
focussing on ‘how can we do it better?’ Naturally, with an increase in the accessibility,
acceptability and uptake of ART treatments, and the advent of commercial ART, comes an
increase in the demands on treatment to provide a ‘successful’ outcome - a live birth. During
these years, significant improvements have been made to optimising patients for ART,
ovarian stimulation protocols, culture media and luteal phase support. In the race to further
improve outcomes, investigation into novel adjuvant therapies aimed at improving oocyte
and embryo number and quality has begun, with a focus on immune system activity and
oxygen scavengers.
Melatonin, a potent endogenous oxygen scavenger, has gained attention due to its ability to
neutralise oxygen free-radicals in both intra- and extra-cellular environments and synergise
the actions of other endogenous anti-oxidants. Melatonin is also a suicidal-terminal
antioxidant, meaning that its metabolites are also antioxidants and therefore, melatonin
does not promote oxidation under any circumstance. It has been conclusively shown that
melatonin has a role in reproduction, however, its impact is still uncertain. Several
investigators have suggested that it can improve oocyte and embryo number and quality and
maybe even pregnancy rate after ART treatment. However, these studies have generally
been small, unblinded, non-randomised and/or using a within-subjects’ design. Despite this
lack of adequate evidence, melatonin is currently used widely by infertility specialists,
possibly because of pressure from patients or colleagues.
Through a pilot double-blind placebo-controlled randomised dose-finding clinical trial, this
thesis aims to determine whether melatonin can improve clinical pregnancy rates after ART
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through an improvement in oocyte and embryo number and quality. I further aspired to
determine whether melatonin can alter blood flow to the reproductive organs, as this may
explain a further mechanism of action of melatonin beyond its oxygen scavenging ability.
Finally, I aimed to show that administration of melatonin, even at high doses given in the
morning and evening, does not impair sleep patterns or sleep quality in these women.
While I show that exogenous oral administration of sustained-release melatonin does,
indeed, result in a dose-dependent increase in both serum and follicular fluid concentrations
of melatonin, this neither translates to an improvement in oocyte or embryo number or
quality, nor an increase in clinical pregnancy rate. Furthermore, melatonin does not result in
a difference in uterine artery or ovarian follicular blood flow. Interestingly, even when given
in divided doses in the morning and evening, melatonin does not change daytime sleepiness,
nor does it change night time sleep quality.
In conclusion, this work has shown that while exogenous oral administration of melatonin
can result in supra-physiological follicular fluid concentrations and does not alter sleep
patterns of patients, this does not appear to translate to a clinical benefit in the ART
population. Although, this study is small and therefore lacks power to state this definitively,
this suggests that the use of melatonin, in the doses tested, with the intention of improving
ART outcomes should be discontinued until larger, similarly well-designed studies are
performed. This work has contributed to the field of reproductive medicine and it is expected
that it will result in a change in clinical practice.
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Melatonin in assisted reproductive technologies
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Chapter One

1.1 A SUMMARY TO BEGIN AND THESIS STRUCTURE
This thesis aims to determine whether a commonly prescribed antioxidant, melatonin, can
improve the outcomes for infertile patients undergoing in-vitro fertilisation (IVF).
Since its inception in the 1970s, in-vitro fertilisation (IVF) and other assisted reproductive
technologies (ART) have expanded globally, with almost one in twenty Australian births
resulting from some form of assisted reproduction (Harris, et al., 2016). Despite significant
improvements in technology, embryology and early pregnancy care, the successful live birth
rate has remained relatively stable over the preceding decade (Harris, et al., 2016). In
Australia, the recent commercialisation of IVF clinics and an increase in reliance on ART
techniques, in part as a result of the aging maternal population, has seen an increase in
pressure to improve outcomes following ART treatment. Many clinicians, and indeed,
patients, are seeking novel adjuvant therapies designed to significantly improve their
chances of taking home a baby.
Fertility specialists are increasingly prescribing treatments with little or no quality evidence
of efficacy or safety under the impression that these therapies will improve the chances of
success after ART treatment without causing harm. Adjuvants currently being used without
sound evidence to support them range from seemingly harmless vitamin C and fish oil to
more invasive immunoglobulin infusions and acupuncture. Certainly, if safety has been
proven, clinicians justify treatment under the belief that ‘if it does no harm, then why not try
it?’ Unfortunately, in many cases of adjuvant therapy, adequate data supporting efficacy and
safety have not been elucidated, and specialists and patients turn to these treatments as ‘just
another thing to try’. This can be harmful to patients, not only because of the risks and
financial toxicity that may be involved, but also because of the provision of ‘false hope’. This
overestimation of the chances of success with these adjuvant therapies can result in
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significant disappointment amongst the infertile population and contribute to complaints
received by ART clinics.
One such adjuvant treatment that is currently used by infertility specialists is melatonin.
Melatonin, an indoleamine secreted by the pineal gland in response to darkness, is a natural
regulator of mammalian circadian rhythm. It is currently approved for use in Australia as a
treatment for insomnia in selected populations. It is also a very potent oxygen scavenger,
with metabolites that also act as anti-oxidants. Its ability to potentiate the actions of other
endogenous antioxidants and its relatively easy commercial availability has made it a popular
‘off-label’ addition to standard therapy for many IVF clinicians. The theory behind its benefit
and available evidence supporting this is thoroughly reviewed in Chapter One and forms the
foundation for the Melatonin in Assisted Reproductive Technology (MIART) Trial.
The design of the MIART trial is described in detail in Chapter Two and includes a description
of the selected population, the trial protocol and outcome measures, in particular, the
primary outcome – the effects of melatonin on clinical pregnancy rates in ART patients. This
primary outcome is investigated and presented in Chapter Three, together with other
important clinical outcomes including oocyte and embryo number and quality, miscarriage
rate and adverse event rates. Based on the hypothesis that melatonin does improve
outcomes of ART, I also aimed to determine how melatonin might influence such outcomes.
Because of the known effect that melatonin has on some vascular beds, I aimed to determine
whether melatonin has an impact on ovarian and uterine blood flow during ART. The results
of this investigation are presented in Chapter Four, together with the effect of melatonin on
other ultrasound markers of ovarian response to stimulation including follicle size and
number. If melatonin does improve success rates after fertility treatment, it would then be
important to show that it does not have any negative effects on the population studied. One
effect of melatonin is its potential ability to impair sleep quality or increase daytime
sleepiness, particularly when given in the morning and evening. This was investigated using
25

Chapter One
both subjective and objective measures of sleep and is presented in Chapter Five. Finally,
Chapter Six discusses and summarises the findings and limitations of this work and provides
an insight into future research which may improve the outcomes of future generations of
infertile patients.

1.2 AIMS
The overall aim of this thesis is to determine the effect, if any, that oral melatonin has on ART
outcomes when given during ovarian stimulation. This will be elucidated using the following
three aims:
1. To determine whether melatonin can improve oocyte and embryo number and
quality and clinical pregnancy rate when given during ART treatment
2. To determine whether melatonin can improve ovarian and uterine blood flow and
follicular markers of ovarian response on ultrasound when given during ART
treatment
3. To determine whether melatonin affects night-time sleep quality and quantity or
daytime sleepiness when given during ART treatment.
These aims are addressed in published or submitted works which have been included as the
major component of this thesis.

1.3 BACKGROUND
Both in animal and human studies, melatonin has shown promise in its ability to promote
fertility. Prior to embarking on this investigation, the usefulness of adjuvant therapies in
infertility treatments has been called into question. The pressures on IVF clinics to improve
IVF success rates, the advent of the internet and ‘finger-tip’ access to questionable advice for
patients has resulted in a rise in the popularity of adjuvant therapies in IVF (Segev, et al.,
2010). An in-depth review of recent literature surrounding melatonin and its relevance to the
reproductive system and infertility treatments is described below.
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1.4 MELATONIN: SHEDDING LIGHT ON INFERTILITY? – A REVIEW OF THE RECENT
LITERATURE
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Melatonin in assisted reproductive technologies - Study
protocol
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Chapter Two

2.1 INTRODUCTION
As explained in 1.4, there is a necessity for well-designed placebo-controlled randomised
studies to determine if melatonin has a positive impact on human IVF success rates. Such a
study should also assess multiple doses of melatonin to ensure that alternative dosing
regimens are not superior. To date, no such study has been presented. There are several
likely reasons for this. Firstly, such a study, if it were designed to be definitive, would require
a large sample size. This could be reduced if a ‘higher risk’ population (for example, women
who respond ‘poorly’ to IVF treatment) was selected for investigation, as the magnitude of
improvement would likely be higher than in a ‘low-risk’ population. However, randomising
patients who have failed multiple expensive cycles of IVF to receive either a placebo or a
melatonin dose has previously been considered unlikely to be practical.
Often, patients who are desperate to conceive and who have failed multiple cycles previously,
will request treatment with any adjuvant that has the potential to improve their chances of
success, particularly if that adjuvant is inexpensive and presumed to be safe. Furthermore, if
we were to study patients with multiple failed cycles, this would need to be accounted for in
the analysis, which would require a larger sample size.
To overcome this, and to provide a more standardised baseline, I chose to study women
undergoing their first cycle of IVF. Because ‘higher risk’ groups are more difficult to identify
in large numbers (and are potentially more difficult to recruit to a randomised and blinded
trial), for the purposes of this thesis, I focussed on a relatively ‘low risk’ group of patients
having their first cycle of IVF.
What follows is a detailed description of the trial protocol published prior to commencement
of participant recruitment. Detailed information regarding Standard Operating Procedures
can be found in Appendix A and the Patient Information and Consent Form can be found in
Appendix B.
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2.2 A PILOT DOUBLE-BLIND RANDOMISED PLACEBO-CONTROLLED DOSE-RESPONSE TRIAL
ASSESSING THE EFFECTS OF MELATONIN ON INFERTILITY TREATMENT (MIART): STUDY
PROTOCOL
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Clinical pregnancy and clinical outcomes
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3.1 THE EFFECT OF MELATONIN ON CLINICAL PREGNANCY RATE
As discussed in 2.2, melatonin is commonly used in IVF treatment because of a perceived
benefit, by patients and clinicians, on IVF success rates. Hence, the primary outcome of the
MIART Trial was clinical pregnancy rate, defined as the presence of a live intrauterine
pregnancy identified on a first trimester ultrasound scan after 7 weeks’ gestation. I was also
interested in adverse event rate, as the safety of high doses of melatonin have been poorly
documented in the IVF population, and if melatonin were to be a successful treatment, its
use would need to be proven to be safe before entering routine clinical practice. The effect
on oocyte and embryo number and quality is also reported.
To add plausibility and credibility to this hypothesis by proving medication penetration into
target tissues, I also determined absolute changes in serum melatonin, oestradiol (E2),
progesterone (P4) and follicular fluid concentrations of these hormones. A recently published
study has suggested that melatonin concentrations in follicular fluid on the day of oocyte
retrieval correlated positively with oocyte and embryo parameters, but this did not result in
an increase in the percentage of high quality embryos (Tong, et al., 2017).
In order to truly blind participants and investigators, all active trial medications were
compounded to appear the same by Orrong Compounding Pharmacy, Melbourne, Australia.
The melatonin content of all formulations was independently verified (Australian Life
Sciences, NSW, Australia) (Appendix E). Melatonin is approved by the Therapeutic Goods
Administration (TGA) as a prescription-only (Schedule 4) medication. However, as a
specifically formulated version was used for this trial under a Clinical Trial Notification (CTN)
authority, it does not carry TGA approval for administration outside this context.

3.2. CROSSOVER
In order to encourage patient recruitment, a ‘crossover’ arm was included in the trial protocol.
If a patient was not successful in achieving a pregnancy in their first cycle, they were offered
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inclusion into this arm where they would be guaranteed a different dose of trial medication.
In this way, all patients had the option to receive at least one dose of melatonin over two
cycles. The second dose was allocated blindly and in sequence. It was expected that several
women may wish to participate in the crossover arm of the study, however, only four women
(2.7%) did. None of these women became pregnant in their second cycle. Because of the very
limited uptake of this option, these results were not considered significant enough to publish
or to add to the main analysis.
This low uptake in the crossover arm did not appear to be due to adverse events. Rather, it
seems that women were reluctant to participate in the trial for a second cycle after failing
one cycle. In addition, some participants became ineligible in their subsequent cycle as their
specialists commenced them on other adjuvant therapies (including melatonin) in these
cycles.
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3.3 MELATONIN IN ASSISTED REPRODUCTIVE TECHNOLOGY: A PILOT DOUBLE-BLIND
RANDOMISED PLACEBO-CONTROLLED CLINICAL TRIAL

54

Chapter Three
Abstract
Because of its potent oxygen-scavenging abilities, we sought to determine whether oral
melatonin can increase clinical pregnancy rate (CPR) after IVF and what dose might be most
effective. This was a double-blind, dose-finding, placebo-controlled randomised clinical trial
enrolling 160 women having their first cycle of IVF or intra-cytoplasmic sperm injection (ICSI).
Women were randomised to receive placebo (n=40), melatonin 2mg (n=41), melatonin 4mg
(n=39) or melatonin 8mg (n=40) orally twice per day (BD) during ovarian stimulation. Primary
outcome was CPR. Secondary outcomes included serum and follicular fluid (FF) melatonin
concentrations, oocyte/embryo quantity/quality and live birth rate (LBR). Compared with
placebo, mean FF melatonin concentration in the highest dose group (8mg BD) was 9-fold
higher (P < 0.001). Despite this, there were no differences between the groups in total oocyte
number, number of MII oocytes, number of fertilised oocytes, or the number or quality of
embryos between the groups. There was no difference in CPR or LBR between any of the four
groups (p=0.5). When taking any dose of melatonin, the CPR was not statistically significantly
different compared with placebo (21.7% vs 15.0%, OR 1.57 (95% CI 0.59, 4.14), p=0.4).
Therefore, despite a 9-fold increase in FF melatonin concentration, there were no statistically
significant differences in clinical outcomes. Because this was a small study, a beneficial effect
of melatonin on IVF pregnancy rates cannot yet be excluded. Therefore, we suggest that the
use of melatonin in this setting should be restricted to larger clinical trials.
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Introduction
Despite significant advances in in vitro fertilisation (IVF), only about a quarter of all IVF cycles
result in a clinical pregnancy and less than one in five cycles in live birth.1 Recently, interest
has grown in the effects of oxidative stress on the success rates of IVF. IVF exposes oocytes
and embryos to high concentrations of reactive oxygen species (ROS) during gamete and
embryo culture.2 Oxidative stress in the follicular fluid (FF) of infertile women are associated
with poor oocyte maturation and embryo quality, and inducers of oxidative stress inhibit
oocyte maturation.3,

4

It has been suggested that anti-oxidant therapy might lessen

detrimental effects of excessive ROS and so improve success rates.5
Melatonin can mitigate oxidative stress by neutralising ROS in animal6-8 and human tissues
by inducing endogenous anti-oxidant enzymes.9 Melatonin has been suggested as an
adjuvant therapy in the management of diverse medical conditions in which oxidative stress
has been implicated, including neural tube defects, diabetes, glaucoma, irritable bowel
syndrome, and infertility.10-14 That melatonin receptors are found on granulosa cells, oocytes
and embryos,15 suggests that it may have a physiological role in reproduction. What that role
is, if any, and whether it relates to antioxidant protection remains unknown. Nonetheless, it
is intriguing that higher concentrations of melatonin in the ovarian follicle are associated with
higher follicular progesterone and lower oestradiol concentrations.16
Several human and animal studies support the use of melatonin in the management of
infertility.4,

5, 17-20

Beneficial effects, if any, have been largely attributed to its oxygen

scavenging properties.9 However, clinical trials addressing the use of melatonin in IVF have
been small, lack blinding and were not placebo-controlled.4, 5, 17, 18 In addition, interpretation
of some trial outcomes has been hampered by poor study design, where participants have
acted as their own controls.4, 18, 21 Importantly, there have also been no attempts to define
an optimal dosing regimen,22 and considering the short half-life of melatonin,23 a single daily
dose may not provide sustained protection from oxidative stress.
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The lack of reliable treatment effect sizes prompted us to undertake a pilot study24 with a
randomised, double-blinded, placebo-controlled dose-finding trial design to (a) estimate the
sample size and optimal melatonin dose needed for a future trial, (b) examine the plausibility
of the effectiveness of the intervention through the measurement of secondary outcomes,
including follicular fluid concentrations of melatonin and quantity/quality of oocytes and
embryos, (c) assess the recruitment rate, trial adherence and retention, and (d) record
adverse maternal and fetal outcomes of twice daily high dose melatonin administration.
Materials and Methods
Participants
Women were recruited at their first clinical contact visit. Baseline demographic data is
detailed in Table 3.1.
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TABLE 3.1: DEMOGRAPHICS
Treatment arm

Total

Placebo
BD

Melatonin
2mg BD

Melatonin
4mg BD

Melatonin
8mg BD

N=40

N=41

N=39

N=40

Age, Mean (SD)

35.2 (4.2)

35.0 (4.1)

36.0 (4.2)

35.4 (4.4)

35.4 (4.2)

BMI, Mean (SD)

24.5 (4.8)

24.6 (4.0)

24.6 (4.5)

24.6 (3.9)

24.6 (4.3)

Gravidity 0

22 (55.0)

24 (58.5)

26 (66.7)

24 (60.0)

96 (60.0)

Gravidity ≥1

18 (45.0)

17 (41.5)

13 (33.3)

16 (40.0)

64 (40.0)

Parity 0

32 (80.0)

35 (85.4)

33 (84.6)

32 (80.0)

132 (82.5)

Parity ≥1

8 (20.0)

6 (14.6)

6 (15.4)

8 (20.0)

28 (17.5)

Current smoker N (%)

4 (10.0)

2 (4.9)

1 (2.6)

2 (5.0)

9 (5.6)

Night shift worker N
(%)

1 (2.5)

1 (2.4)

2 (5.1)

3 (7.5)

7 (4.4)

IVF N (%)

16 (40.0)

12 (29.3)

18 (46.2)

13 (32.5)

59 (36.9)

ICSI N (%)

24 (60.0)

25 (61.0)

21 (53.8)

26 (65.0)

96 (60.0)

0 (0.0)

4 (9.8)

0 (0.0)

1 (2.5)

5 (3.1)

Caucasian

20 (50.0)

30 (73.2)

28 (71.8)

28 (70.0)

106 (66.3)

Asian and SouthAsian

14 (35.0)

9 (22.0)

9 (23.1)

7 (17.5)

39 (24.4)

Other

6 (15.0)

2 (4.9)

2 (5.1)

5 (12.5)

15 (9.4)

Endometriosis

6 (15.0)

7 (17.1)

5 (12.8)

5 (12.5)

23 (14.4)

PCOS

1 (2.5)

4 (9.8)

1 (2.6)

4 (10.0)

10 (6.3)

Tubal

7 (17.5)

8 (19.5)

4 (10.3)

5 (12.5)

24 (15.0)

Male factor

7 (17.5)

13 (31.7)

10 (25.6)

14 (35.0)

44 (27.5)

Ovulatory

1 (2.5)

1 (2.4)

0 (0.0)

1 (2.5)

3 (1.9)

Sociala

1 (2.5)

2 (4.9)

4 (10.3)

2 (5.0)

9 (5.6)

19 (47.5)

17 (41.5)

20 (51.3)

14 (35.0)

70 (43.8)

N=160

Type

Both IVF and ICSI
Ethnicity

Aetiology

Idiopathic
a

Includes same-sex couples and single women; IVF: in-vitro fertilisation; ICSI:
intracytoplasmic sperm injection; BD: twice per day; PCOS: polycystic ovarian syndrome
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Women were eligible if they (i) were undergoing their first cycle of IVF/ICSI, (ii) were
undergoing an antagonist cycle, (iii) were aged between 18 and 45, and (iv) had a BMI
between 18 and 35. Exclusion criteria were: untreated endometriosis, uterine malformations,
large distorting fibroids or endometrial polyps, autoimmune disease, concurrent use of other
adjuvant therapies, malignancy, preimplantation genetic screening, known sensitivity to
melatonin, or if concurrently taking medications known to interact with melatonin
(antidepressants, antiepileptics or hypnotics).24
Recruitment
We planned to recruit 160 women, 40 in each group. 3269 women underwent their first cycle
of IVF/ICSI at Monash IVF between September 2014 and September 2016. Following several
steps of eligibility assessment, 371 were found to be eligible, of which 211 declined to
participate, leaving 160 to be randomised for intention-to-treat (ITT) analysis (Figure 3.1).
Ten (6.3%) of these women were withdrawn after randomisation but before commencement
of trial medication because they subsequently met exclusion criteria (pregnant before trial
medication, n=6; used excluded adjuvants, n=1; cancelled IVF, n=2; could not comply with
trial protocol, n=1), leaving a total of 150 women for per-protocol (PP) analysis (Figure 3.1).
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FIGURE 3.1: RECRUITMENT FLOWCHART

ITT: intention-to-treat; PP: per-protocol; BD: twice daily; IVF: in-vitro fertilisation
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Blinding and Randomisation
Each dose of trial medication was randomly designated a letter (‘A’ to ‘D’) using a random
number generator by an independent Data Safety and Monitoring Board (DSMB). This
allocation was only known to the DSMB and the hospital pharmacy responsible for labelling
and dispensing the medication until after completion of the trial. All staff and participants
remained blinded throughout the trial. All medication bottles and capsules were of identical
appearance.
To prevent selection bias, randomisation was performed using the minimisation method.25
Weighted minimisation was performed using age (weighting of 20), parity (weighting of 10),
BMI (weighting of 5) and smoking status (weighting of 1) in real-time using minimisation
software (MUI Online Minimisation®, powered by Qminim®).
Outcome measures
The primary outcome was CPR (presence of a live intrauterine pregnancy detected on
transvaginal ultrasound scan at 6-8 weeks’ gestation). The secondary outcomes were LBR,
biochemical pregnancy rate (BPR; serum HCG≥25IU/ml >9 days after ET), oocyte and embryo
number and quality, number of oocytes fertilised, number of embryos utilised, pregnancy
complications, and adverse events including cycle cancellations.24
Administration of trial medication and compliance
All active formulations of trial medication were ‘sustained release’ (Orrong Compounding
Pharmacy, Melbourne, Australia). The melatonin content of all formulations was
independently verified (Australian Life Sciences, NSW, Australia). Placebo capsules were
composed of methylcellulose. Each participant was instructed to take one capsule twice per
day (once between 08:00 and 10:00 and once between 20:00 and 22:00) from day two of
their stimulation cycle until the night before oocyte retrieval (Figure 3.2). Each participant
kept a diary documenting compliance and adverse events.
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IVF: in-vitro fertilisation; FSH: follicle stimulating hormone; GnRH: gonadotrophin releasing hormone; hCG: human chorionic gonadotrophin; E2: oestradiol;
P4: progesterone; EPU: oocyte retrieval
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Ovarian stimulation and oocyte retrieval (EPU) protocol
All patients received GnRH antagonist cycles with recombinant FSH and a HCG trigger
administered 36 hours before EPU (Figure 3.2). EPU was cancelled if there were fewer than
three follicles >17mm or if there was risk of severe OHSS. Transvaginal ultrasound-guided
EPU was performed under general anaesthetic.
Collection of blood
Blood was collected to assess melatonin, oestradiol (E2) and progesterone (P4)
concentrations on the day of recruitment, day 8-9 of ovarian stimulation and on the day of
EPU (prior to general anaesthetic). Blood was transported in light-shielded containers,
centrifuged at 1800g at 21°C for 15 minutes and frozen in aliquots at -80°C.
Collection of FF
At EPU, FF was collected from the single largest, most accessible follicle. The volume of
collection media (Sydney IVF Follicle Flush Buffer, Cook Medical Australia) was standardised
to allow for accurate concentration comparisons between samples. Following EPU, samples
were immediately transported on ice in shielded containers, centrifuged at 400g at 4°C for 7
minutes to remove cellular debris and aliquoted at -80°C.
Assays
Serum melatonin concentrations were determined by radio-immunoassay (Buhlmann®, RKMEL2, Switzerland), according to manufacturer’s instructions. The extraction efficiency of the
assay was >90%, with an estimated functional sensitivity (CV=10%) of 0.9pg/ml and an
estimated analytical sensitivity of 0.3pg/ml.
Serum steroid concentrations were assayed with Chemiluminescent Microparticle
Immunoassays (Architect iSystem, Illinois, USA) (progesterone sensitivity <0.1ng/ml;
oestradiol sensitivity <10pg/ml).
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Oestradiol concentration in FF was determined using mass spectrometry (AbSciex Triple
Quad 5500 LC/MS/MS system) following solvent extraction. Progesterone was determined
using a Beckman Coulter® competitive binding immunoenzymatic assay performed on a
Unicel DXI® 800 analyzer (Lane Cove, Australia).
Embryology procedures and assessments
Standard IVF or ICSI was performed using routine protocols. Experienced embryologists
scored oocyte maturity and developing embryos for morphology on Day 3 and Day 5. Embryo
quality was graded by blinded embryologists from ‘A’-‘D’. ‘X’ was used to describe zygotes
that arrested before day 3. Good quality embryos were defined as those scored ‘A’ or ‘B’.
Embryo transfer occurred on day three or five and surplus embryos were frozen.
Sample size and statistical analysis
There were no published data from appropriately designed studies that provided estimated
size effects on which to base a power calculation. Therefore, we designed this study with an
a priori sample size of convenience 26 that was sufficient to detect an absolute difference in
CPR of 25%, from 20% in the placebo group to 45% with melatonin treatment with a power
of 80% at a level of 0.05. Using a placebo:intervention allocation ratio of 1:3 allowed us to
explore possible dose effects of melatonin, requiring a minimum of 160 women (40 in the
placebo group and each of the three treatment groups). While the 25% difference in
pregnancy rate is relatively large, similar effect sizes have previously been used in other drug
trials.27 We acknowledge that the relatively small group size (n=40) means that this study is
under-powered to detect smaller differences. Nonetheless, our study design usefully informs
future larger trials of melatonin in IVF, not only with respect to expected size effects and
therefore sample size required but also regarding doses of melatonin, if any, to study.
Where participants were cancelled before their EPU, their number of oocytes and embryos
were entered as zero. Analyses for all dichotomous categorical variables were performed
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using Chi-square or Fisher’s exact tests where appropriate. Normally distributed continuous
data was analysed across the four groups using ANOVA, otherwise the non-parametric
equivalent was used (Kruskal-Wallis). Within-patient changes, were compared using paired
samples t-tests and Wilcoxon-signed rank tests. Melatonin concentrations were analysed
with ANOVA using log-transformed data. Trends across dosing groups for categorical and
continuous clinical outcomes were assessed using Chi-square for trend and Spearman’s rank
correlation coefficient respectively. Trends across groups for count variables were analysed
using Poisson regression.
As planned a priori, prespecified subanalyses were performed by combining treatment
groups and comparing outcomes with placebo using Mann-Whitney-U and linear regression.
To determine effects of cancelled cycles, primary outcome analyses were repeated after
excluding these cases.
An independent interim analysis of safety data only (cancelled cycle rate, preclinical
pregnancy loss and medication side effects) was performed by the DSMB at 50% recruitment,
with stopping rules defined prior to this assessment.24
Statistical analysis was performed using SPSS v22.0 (IBM, Armonk, New York). P <0.05 was
considered statistically significant for the primary outcome. For a priori determined
secondary outcomes, we set the level of statistical significance at a more conservative level
of p<0.005 to control for multiple comparisons. ITT results have been reported unless
otherwise stated.
Ethics
This study was registered with the ANZCTR (Project ID: ACTRN12613001317785) with the
protocol published before commencement of recruitment.24 Ethics and Institutional Review
Board approval was obtained from the Monash Health HREC (Project number: 13402B),
Monash Surgical Private Hospital HREC (Project number: 14107), Monash University HREC
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(Project number: CF14/523 - 2014000181), and Epworth HealthCare HREC (Project number:
634-34).
Results
Demographics
There were no differences at baseline for demographic variables (Table 3.1). Thirty women
(19%) were aged ≥40 years and were evenly distributed across the groups. The ten
participants who withdrew did not differ from those that were included in the analysis.
Compliance
Compliance across groups was over 95%. The number of tablets and duration of intake did
not differ between groups.
Serum and FF melatonin concentrations
EPU occurred 14.2±1.7 hours after the last dose of trial medication and increasing doses of
melatonin resulted in a dose-dependent increase in both serum and FF concentrations of
melatonin (Figure 3.3A and 3.3B). Compared with placebo, FF melatonin concentrations
increased by 3-fold, 6-fold and 9-fold for our three doses.
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FIGURE 3.3 A) SERUM CONCENTRATIONS OF MELATONIN; B) FOLLICULAR FLUID CONCENTRATIONS OF
MELATONIN

A)

*P<0.005

BD

BD

BD

BD

Melatonin Dose
B)

*P<0.001

BD

BD

BD

BD

Melatonin Dose
BD: twice daily
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Serum oestradiol and progesterone concentrations
There were no statistically significant differences or dose-dependent effect on day eight to
nine serum concentrations of oestradiol, progesterone or LH (Table 3.2) across all groups or
when treatment groups were combined and compared with placebo. There was no
statistically significant difference or dose-dependent effect on FF concentrations of
oestradiol and progesterone (Table 3.2).
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TABLE 3.2: SEX-STEROID CONCENTRATIONS AT BASELINE, DAY 8-9 AND AT OOCYTE RETRIEVAL (MEDIAN, IQR)
Placebo BD
N=36

Melatonin 2mg BD
N=38

Melatonin 4mg BD
N=36

Melatonin 8mg BD
N=40

P valuea

P value
for trendb

Any
melatonin

P valuec

242
(152 – 414)
11.6
(1.0-33.9)

388
(189-612)
19.8
(2.5-36.6)

333
(162.5-464)
11.9
(1.05-44.7)

357
(225-549)
23.7
(5.4-28.5)

0.3

0.2

0.1

0.7

0.5

355
(187-524)
18.1
(3.3-35.3)

2309
(1310 – 3079)
1.5
(0.9-2.2)
1.2
(1.0-2.2)

2264
(984 – 4231)
1.0
(0.8-1.6)
1.4
(0.0-2.6)

2355
(1193 – 4456)
1.4
(0.9-2.5)
1.6
(0.0-2.5)

2178
(1051 – 3666)
1.0
(0.7-1.9)
1.0
(0.0-2.3)

0.9

0.8

0.8

0.1

0.2

0.8

0.4

2249
(1152 – 4129)
1.1
(0.8-2.0)
1.3
(0.0-2.3)

2287
(1755-3045)
23.8
(18.3-33.3)

2642
(1705-3447)
22.0
(16.9-35.1)

1819
(1593-3205)
21.6
(17.4-27.1)

1985
(1337-3040)
21.4
(12.5-32.9)

0.4

0.3

0.8

0.8

0.3

2131
(1624-3277)
21.7
(16.6-32.1)

851
705
629
(530-1290)
(425-1190)
(377-1115)
25.8
22.2
25.0
Progesterone
(18.8-32.9)
(15.3-33.6)
(18.4-30.4)
(µmol/L)
a
Kruskal Wallis; bSpearman-rank correlation; cMann Whitney U; BD: twice daily

708
(517-1180)
30.4
(14.9-35.5)

0.9

0.4

0.3

0.6

0.8

702
(425-1178)
25.0
(17.0-33.9)

SERUM
Baseline
Oestradiol (pmol/L)
Progesterone
(nmol/L)
Day 8-9
Oestradiol (pmol/L)
Progesterone
(nmol/L)
LH (IU/L)
Day of EPU
Oestradiol (pmol/L)
Progesterone
(nmol/L)
FOLLICULAR FLUID
Oestradiol (nmol/L)

0.4

0.1
0.6

0.4

0.7
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Oocyte number and maturity and embryo number and quality
There was no statistically significant difference between the groups for total oocyte number
(p=0.8) or for the number of oocytes that were fertilised (p=0.6). There was also no significant
dose-dependent trend in any oocyte or embryo parameter (Table 3.3). When assessing the
number of MII oocytes (data was available for ICSI patients, N=96), there was no significant
difference in the median number of MII oocytes between the groups (p=0.4).
There were no statistically significant differences in median number of embryos or quality of
embryos across all groups or when comparing placebo with any dose of melatonin (Table 3.3).
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TABLE 3.3: EMBRYO AND OOCYTE OUTCOMES
Treatment arm

Number of oocytes

Number of Fertilised oocytes

Number of embryos

Number of embryos utilised

Number of good embryos
(A and B)
Number of poor embryos
(C D and X)
a

Placebo BD

Melatonin

Melatonin

Melatonin

N=40

2mg BD

4mg BD

8mg BD

N=41

N=39

N=40

8·0

9·0

6·0

7·5

(3·25-13·0)

(0·0-16·0)

(0·0-14·0)

(3·25-11·0)

3·0

4·0

2·0

4·0

(1·0-6·0)

(0·0-7·5)

(0·0-5·0)

(1·25-6·0)

3·0

4·0

2·0

4·0

(1·0-5·75)

(0·0-7·5)

(0·0-5·0)

(1·25-6·0)

2·0

1·0

1·0

2·0

(0·25-3·0)

(0·0-3·0)

(0·0-2·0)

(0·25-3·0)

1·5

2·0

2·0

2·0

(0·0-3·75)

(0·0-5·0)

(0·0-4·0)

(0·0-3·75)

1·0

0·0

0·0

1·0

(0·0-2·0)

(0·0-3·0)

(0·0-1·0)

(0·0-3·0)

P valuea

IRR (95% CI)b

P value for
trend across
groupsb

Any
Melatonin

P valuec

N=120

0·8

0.97 (0.92, 1.01)

0.2

8·0 (3·0-14·0)

0·4

0·6

1.00 (0.93, 1.07)

0.9

4·0 (1·0-7·0)

0·8

0·6

1.00 (0.93, 1.07)

0.9

3·0 (0·0-7·0)

0·9

0·7

0.94 (0.85, 1.03)

0.2

2·0 (0·0-3·0)

0·4

0·9

1.00 (0.91, 1.07)

0.7

2·0 (0·0-4·0)

0·8

0·1

1.03 (0.91, 1.05)

0.7

0·5 (0·0-0·5)

0·4

Kruskal Wallis; bPoisson regression; cMann-Whitney U, comparison between placebo and any melatonin; IRR: incidence rate ratio; Cancelled cycles and
withdrawn patients considered as having zero oocytes and embryos; Results reported as Median (IQR) unless otherwise stated; X=zygotes discarded Day 3
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Clinical pregnancy, live birth, biochemical pregnancy and adverse events
Neither the BPR (p=0.8), CPR (p=0.7), LBR (p=0.7) nor the rate of cancelled cycles before EPU
(p=0.3) showed a dose-response relationship between groups (Table 3.4). There were no
clinical pregnancies in the 30 women aged ≥ 40 years. The CPR for all the women who took
melatonin (all three groups combined) was higher than those taking a placebo, but this did
not reach statistical significance (21.7% vs 15.0%, OR 1.57 (95% CI 0.59, 4.14), p=0.4, absolute
risk reduction (ARR) +6.7% (95% CI -6.6%, +20.0%)). This result did not differ significantly in
the PP analysis (22.8% vs 16.7%, OR 1.48 (95% CI 0.56, 3.94), p=0.4, ARR +6.1% (95% CI -8.3%,
+20.5%)). We performed logistic regression, including age as the only covariate found to
effect CPR in a univariate analysis, and this did not significantly change the result significantly
(adjusted OR 1.73 (95% CI 0.62, 4.78, p=0.3).
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TABLE 3.4: CLINICAL OUTCOMES
Placebo BD
N=40

Melatonin
2mg BD

Melatonin
4mg BD

Melatonin
8mg BD

N=41

N=39

N=40

P
value

P value for
trend
across
groups

Any
Melatonin

OR (95% CI)

P valuec

N=120

Cancelled cycle before EPU (%)

6/40 (15.0)

12/41 (29.3)

10/39 (25.6)

6/40 (15.0)

0.3a

0.3b

28/120 (23.3)

1.73 (0.66, 4.53)

0.3

Cancelled cycle between EPU
and ET (%)

7/40 (17.5)

2/41 (4.9)

9/39 (23.1)

7/40 (17.5)

0.1a

0.5b

18/120 (15.8)

0.83 (0.32, 2.17)

0.6

Biochemical pregnancy rate
per cycle started (%)

8/40 (20.0)

14/41 (34.1)

7/39 (17.9)

9/40 (22.5)

0.3 a

0.8 b

30/120 (25.0)

1.33 (0.55, 3.21)

0.5

CPR per cycle started (%)

6/40 (15.0)

11/41 (26.8)

6/39 (15.4)

9/40 (22.5)

0.5a

0.7b

26/120 (21.7)

1.57 (0.59, 4.14)

0.4

CPR per ET (%)

6/27 (22.2)

11/27 (40.7)

6/20 (30.0)

9/27 (33.3)

0.5a

0.6 b

26/74 (35.1)

1.90 (0.68 – 5.29)

0.2

CPR per ET* (%)

8/29 (27.6)

11/28 (39.3)

9/25 (36.0)

9/30 (30.0)

0.8 a

0.9 b

29/83 (34.9)

1.75 (0.64 – 4.81)

0.3

LBR per cycle started (%)

6/40 (15.0)

11/41 (26.8)

6/39 (15.4)

9/40 (22.5)

0.5a

0.7b

26/120 (21.7)

1.57 (0.59, 4.14)

0.4

LBR per ET (%)

6/27 (22.2)

11/27 (40.7)

6/20 (30.0)

9/27 (33.3)

0.5a

0.7b

26/74 (35.1)

1.90 (0.68 – 5.29)

0.2

LBR per ET* (%)

8/29 (27.6)

11/28 (39.3)

9/25 (36.0)

9/30 (30.0)

0.8 a

0.9 b

29/83 (34.9)

1.75 (0.64 – 4.81)

0.3

d

e

3337 (342)

1.00 (0.99, 1.00)

0.7d

24 (92·3)

2.40 (0.18, 31.88)

0.5

Mean birthweight (SD)
Gestation

3240 (228)

3249 (168)

3267 (227)

3492 (186)

0.8

5 (83·3)

10 (90·9)

6 (100·0)

8 (88·9)

0·6a

0.6

0.8 b

≥37 weeks
*These include the first frozen embryo transfer of patients having an elective ‘freeze all’ cycle; aChi-square; bChi-square for trend across treatment groups;
c
Chi-square, comparison between placebo and any melatonin; dEstimated marginal means; e Spearman-rank correlation coefficient = 0.1; ET: embryo
transfer; EPU: oocyte retrieval; CPR: clinical pregnancy rate; LBR: live birth rate; Patients who were randomised but did not take trial medication were coded
as ‘cancelled cycle before EPU’
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Of all 160 patients who were randomised, 59 (36.9%) did not reach ET in their first cycle. Ten
(17%) were withdrawn prior to commencing trial medication (Figure 3.1), 20 (35%) had
unexpected poor ovarian response to stimulation, 14 (24%) were cancelled after EPU but
before ET because of a lack of transferable embryos, 11 (19%) required a ‘freeze all’ cycle, 2
(3.4%) had a premature LH surge and 2 (3.4%) experienced an error in stimulation medication
administration. For the ITT analysis, patients who were recruited but withdrawn were coded
as ‘cancelled before EPU’. Therefore, the cancellation before EPU rate in the women taking
melatonin (all doses) was 23.3% compared with 15.0% for those taking placebo (OR 1.73 (95%
CI 0.66, 4.53), p=0.3). There were no significant differences in clinical outcomes following PP
analysis, however, the rate of cancelled cycles before EPU was 19.3% in the any melatonin
group, compared with 5.6% in the placebo group (OR 4.07 (95% CI 0.91, 18.22), p=0.07).
The rate of preclinical pregnancy loss did not differ between groups, although the total
number of preclinical pregnancy losses was small (n=6). There were no ectopic pregnancies.
One woman, in the 2mg BD melatonin group, had a term livebirth of a baby with an absent
right kidney. One baby from the placebo group was born weighing 1300g at 29 weeks and no
babies in the melatonin groups were born <2500g. One patient each in the 2mg BD and the
8mg BD melatonin groups gave birth between 34 and 37 weeks. One patient each in the 4mg
BD and the 8mg BD melatonin groups were diagnosed with preeclampsia and there was one
case of major placenta praevia in the 2mg BD melatonin group.
‘Minor’ adverse effects were reported as ‘none’ by 33.3% of women in the placebo group
and by 28.1% in the melatonin groups (p=0.6). The most commonly reported adverse effect
was headache, reported by 50% of women in the placebo group and by 45% of those taking
any dose of melatonin (p=0.6). The rates of fatigue also did not differ between placebo and
melatonin arms (16.7% vs 28.1%, p=0.2). A detailed analysis of sleep outcomes is presented
elsewhere.28
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Subanalyses
To assess the effect of cancelled cycles before EPU, we performed a subanalysis excluding
these patients. We found no differences in oocyte or embryo parameters and no difference
in CPR (28.3% vs 17.6%, OR 1.84 (95% CI 0.68, 4.96), p=0.2).
In PP analysis of CPR and LBR (excluding women who withdrew prior to commencing trial
medication), there were no significant differences when any melatonin dose was compared
with placebo (22.8% vs 16.7%, OR 1.48, 95% CI 0.56, 3.94, p=0.4). To assess the outcome of
the ‘first transfer’, including those who did not have a transfer in their first cycle due to a
‘freeze all’ cycle (N=11), we assessed CPR and LBR including the first frozen embryo transfer
in these patients (Table 3.4). The CPR and LBR was not significantly different between any
melatonin and placebo groups (34.9% vs 27.6%, OR 1.75, 95% CI 0.64, 4.81, p=0.3).

Discussion
We designed this pilot clinical trial to determine the effectiveness of melatonin on IVF
outcomes and, if appropriate, to inform sample size calculations and a target melatonin dose
for future clinical trials. In our study, oral melatonin during ovarian stimulation, up to 16mg
daily, did not statistically significantly improve outcomes from IVF.
Our interest in melatonin as a method of improving IVF success was primarily due to its
potent effects as an antioxidant, as opposed to any presumed effects on sleep. Melatonin is
unique in the family of antioxidants for several reasons. It is a suicidal terminal antioxidant,
with its metabolites also acting as antioxidants,29 it is amphiphilic, allowing it to gain access
to intra- and extra-cellular targets; it acts via receptors but also directly on free radicals; and
it has the ability to potentiate the actions of other endogenous antioxidants.3 Melatonin has
a relatively short half-life.23 It is likely that a single daily dosing regimen, such as those tested
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previously, would not achieve sustained antioxidant effects during the IVF cycle. This may, at
least in part, explain why previous studies exploring the efficacy of melatonin in improving
IVF success have been inconclusive.30 For this reason, we chose to examine a more frequent
dosing regimen, twice per day, together with higher doses.23
FF melatonin and sex steroids
Serum and FF concentrations of melatonin and sex steroids were measured so that we would
be able to assess biochemical changes in relation to clinical outcomes. Our dosing regimens
resulted in measurable differences in concentrations of circulating and FF melatonin. In that
regard, we observed an increase in FF concentrations of melatonin of 3-fold, 6-fold and 9fold for our three doses, compared with placebo. The absolute concentrations are dissimilar
to those observed by Tamura and colleagues, however, the relative increase compared with
controls was similar between our studies (3-fold vs 4-fold).4 Therefore, the difference in
absolute concentrations are most likely a reflection of the different assay techniques used.
There was no difference in FF concentrations of oestradiol and progesterone between the
placebo and melatonin groups, suggesting that melatonin is not significantly associated with
the synthesis of these hormones in the follicle. This is in contrast to previous findings in swine
models.31
Oocyte and embryo outcomes
Based on the findings of previous reports, we also assessed the impact of melatonin on
oocyte and embryo number and quality. We found no apparent effects on number or quality
of either oocytes or embryos.
In a recent retrospective analysis, Tong and colleagues32 identified that higher endogenous
FF melatonin concentrations are correlated with a higher response to ovarian stimulation.
While a moderate correlation existed, the lack of molecular pathway analysis or controlling
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for other factors associated with ovarian response makes it difficult to conclude that
melatonin deficiency causes poor ovarian response.
Our findings also contrast with those of others, all of which have used oral melatonin given
during ovarian stimualtion.3, 5, 17, 18 Eryilmaz and colleagues studied 60 women with sleep
disorders and unexplained infertility.17 They found that a single 3mg dose of melatonin given
at night almost doubled the number of oocytes retrieved, from 6.9 to 11.5 (p<0.001) and the
number of MII oocytes (4.0 to 9.0, p<0.001), and increased the proportion of grade 1 embryos
from 45% to 69% (p=0.05). However, while that trial was randomised it was not blinded and
introduced further bias by excluding cancelled cycles from analysis. The authors were also
unable to control for possible confounding factors such as number of previous failed IVF
cycles and parity. Another study that used patients as their own controls after an
unsuccessful non-melatonin IVF cycle also found an increase in the proportions of fertilised
oocytes and good quality embryos in their subsequent melatonin cycle.33 The within-subjects
design limits the reliability of the conclusions drawn by this study because of the
phenomenon of regression to the mean.34
In keeping with our findings, Batioglu and colleagues5 found that, when comparing controls
with melatonin, the total number of oocytes retrieved and the number of mature oocytes
did not differ (10.9 ± 4.0 vs 12.0 ± 6.0, p=0.14). This study excluded cancelled cycles. In our
study, we focussed on first cycles, controlled for multiple demographic variables, and were
able to assess multiple doses of melatonin. In our sub-analysis, after excluding patients who
had their cycles cancelled before EPU, there was no significant difference between groups in
any oocyte or embryo parameters, although the difference widened. It is therefore probable
that previous reports of improvements in embryological outcomes after melatonin
treatment that have excluded cancelled cycles have overestimated the benefit of melatonin
in these circumstances. Our inability to confirm measurable effects on gametes and embryos
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with any dose casts significant doubt on the plausible mechanisms by which melatonin might
improve LBR.
Clinical pregnancy, live birth rates and adverse events
This study is the first to assess the LBR in women taking melatonin during their first IVF cycle.
Despite achieving a dose-dependent increase in FF melatonin concentrations, none of our
analyses demonstrated an increase in CPR or LBR compared with placebo. This is in keeping
with the absence of any measurable effects on egg or embryo number or quality and largely
in accord with previous studies that have also failed to show an improvement in pregnancy
rate.4, 5, 17 A recently published randomised trial assessing the combined use of melatonin
with myo-inositol specifically in participants with polycystic ovarian syndrome (PCOS) has
also found no significant improvement in CPR.35
There were no significant differences in maternal side effects, adverse pregnancy outcomes
or fetal abnormalities between the placebo and treatment arms. We have previously
reported the lack of adverse effects on daytime alertness and sleep quality, which is
reassuring in view of the twice daily melatonin administration.28
Cancelled cycles
The number of recruited women who did not reach fresh ET was 59 (36.9%). This was largely
due to the number of cancelled cycles before EPU. In our PP analysis (excluding women who
were withdrawn), there was a non-statistically significant increase in cancelled cycles before
EPU when comparing any dose of melatonin with placebo (19.3% vs 5.6%, OR 4.07 (95% CI
0.91, 18.22), p=0.07). This result needs to be interpreted with caution because of the wide
confidence interval. Nevertheless, we cannot exclude the possibility that melatonin may
cause a reduction in the success of ovarian stimulation.
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Strengths and Limitations
This is the first dose-finding double-blind placebo-controlled randomised trial assessing the
effect of melatonin on LBR in women undergoing their first IVF cycle. A further key strength
is the analysis of circulating and FF melatonin concentrations following the administration of
three doses of melatonin administered twice daily to promote sustained antioxidant
concentrations.
Our study failed to detect a statistically significant difference in CPR per cycle started
between placebo and treatment groups. We were also able to follow up the outcome of the
first frozen embryo transfer from patients who had a ‘freeze all’ cycle. Even after inclusion of
these, pregnancy rates were no different between groups. We recognise that this study lacks
power and while we have not shown a statistically significant difference in our primary
outcome, this does not mean that a smaller clinically significant difference does not exist.
Based on the LBR per cycle started (following the first transfer of a fresh or frozen embryo)
in this trial (placebo: 8/40 [20.0%]; all melatonin groups: 29/120 [24.2%]) a future study
would need to recruit approximately 3100 patients. About 7200 eligible patients would need
to be approached based on our recruitment rate of 371 eligible patients over two years.
Furthermore, we were unable to determine the outcomes of all embryos that were frozen
from a trial cycle as some of the MIART embryos remain in cryopreservation. As such, we
cannot exclude that cumulative pregnancy rates from a melatonin treatment cycle may be
higher than in the placebo group. However, this appears unlikely given that the total number
of useable embryos was not significantly different between the groups.
It can also be argued that the maximal benefit of an adjuvant therapy such as melatonin
would be experienced by patients who are ‘poor responders’. While some of the women
included in this trial were aged 40 years or over, we cannot exclude that melatonin has a
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potential beneficial effect in poor responders as no clinical pregnancies were recorded in
these women.
Finally, the CPR in our placebo group is low (15%) but the 95% confidence interval around
this point estimate suggests that the true rate is between 5.7% and 29.8%. It is likely that a
repeat trial would show a regression to the mean with a higher pregnancy rate in the placebo
group rendering the difference between the placebo and treatment groups even smaller.
Conclusion
In this pilot clinical trial, we have shown that while oral melatonin in high doses can result in
supraphysiological serum and FF concentrations, there is insufficient evidence to suggest
melatonin improves CPR after IVF in women undergoing their first cycle of treatment. We
also failed to demonstrate a difference in secondary outcome measures, including the
number of mature oocytes and embryo quality, and have not been able to find any dosedependent effects on clinical outcomes. Recognising that our study lacked power for the
primary outcome, the observed effect size in this pilot dose-finding study could inform the
design of a larger randomised controlled trial of melatonin in IVF. However, as we have
demonstrated no differences in oocyte or embryo outcomes and no dose-dependent clinical
effects, the plausibility of a positive effect of melatonin on CPR remains questionable.
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Ovarian blood flow and follicular development

85

Chapter Four

4.1 THE EFFECT OF MELATONIN ON ULTRASOUND MARKERS OF FOLLICULAR DEVELOPMENT
Together with being a potent oxygen scavenger, melatonin is known to influence blood flow
in several vascular beds. Blood flow to the reproductive organs, in particular the ovaries, may
have an influence on reproductive health and fertility (Dickey, 1997, Razik, et al., 2015).
Three-dimensional (3D) Power Doppler is emerging as a potential method for imaging the
blood supply to the ovaries and ovarian follicles, and may represent a novel way of predicting
IVF success.
Despite the lack of improvement in clinical outcomes shown in Chapter Three, the possibility
that melatonin could influence subtle stimulation parameters without influencing clinical
pregnancy rate remains. If melatonin had any effect on ultrasound markers of ovarian
response, this may provide clues concerning dosing regimens, timing and duration of dosing
that may then inform future studies.
In order to determine whether patients who were participating on the MIART trial
experienced a change in blood flow to their ovaries while taking their trial medication, and
to see whether these indices could predict IVF outcomes, I performed an analysis of day 610 transvaginal ultrasound results on a subset of these women.
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4.2 THE EFFECT OF MELATONIN ON ULTRASOUND MARKERS OF FOLLICULAR DEVELOPMENT:
A DOUBLE-BLIND PLACEBO-CONTROLLED RANDOMISED TRIAL

Abstract
Purpose
Melatonin is gaining increasing popularity as anti-oxidant adjuvant therapy for women
undergoing in-vitro fertilization (IVF). It is also capable of altering blood flow in various
vascular beds. While melatonin is largely thought to exert a beneficial effect on IVF success
rates via its anti-oxidant capabilities, its effect on gonadal blood flow has never been
previously assessed. We aimed to determine the effect of melatonin on ovarian vascular
indices during ovarian stimulation for IVF. In addition, we wished to determine whether these
indices could be used to predict IVF outcomes.
Materials and Methods
A double-blind placebo-controlled randomised trial. Sixty-nine women from the ‘Melatonin
in Assisted Reproductive Technology (MIART)’ trial, undergoing their first cycle of IVF were
randomised to receive either identical looking placebo (n=21), 2mg (n=13), 4mg (n=17) or
8mg (n=18) of melatonin, twice a day. Each participant underwent a transvaginal ultrasound
at day 6-10 assessing follicular number and size. Additionally, the vascularisation index (VI),
flow index (FI) and vascularisation-flow index (VFI) were measured in each ovary. These
indices were then correlated with oocyte and embryo parameters.
Results
There were no differences in baseline characteristics between groups. The median number
of follicles >11mm in diameter did not differ between groups. There were no statistically
significant differences in the VI, FI or VFI in the right ovary or the FI or VFI in the left ovary
between groups. When comparing placebo to any dose of melatonin, there was no
87

Chapter Four
statistically significant difference in any measured parameter. The inter- and intra-observer
reliability of the ovarian vascular indices was moderate to good. While there was correlation
between the number of follicles on ultrasound and all measured embryological outcomes,
there was no correlation between ovarian vascular indices and these important clinical
outcomes.
Conclusion
Melatonin, in the doses tested, does not change ovarian vascular indices during ovarian
stimulation. In addition, such vascular indices cannot predict the number or quality of
oocytes or embryos obtained in an IVF cycle.

Keywords: Melatonin, assisted reproductive technology, IVF, ultrasound, power Doppler
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Introduction
Traditionally the ovarian response to hormonal stimulation prior to assisted reproductive
technology (ART) has been measured biochemically, by serial oestradiol concentrations,
together with standard two-dimensional (2D) ultrasound determination of follicular number
and size [1]. Information obtained from these follicular phase ultrasounds are used to make
decisions regarding whether or not to continue the cycle and also when the ideal time is to
trigger follicular maturation. Unfortunately, while providing useful insights into ovarian
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response and follicular number, traditional 2D ultrasound measurements do not provide
insights to either follicular or oocyte quality. Such insights would be likely to assist in the
prediction of the ultimate success of the assisted reproductive procedure. As ultrasound
technology has improved, the usefulness of newer, non-invasive measurement techniques,
such as 3-dimensional (3D) power Doppler (PD), have begun to be evaluated [2].
Promising results have indicated that follicular power Doppler studies are positively
correlated with ovarian response and other markers of ovarian reserve, but not necessarily
with clinical pregnancy after IVF/ET [3], and not in women with polycystic ovarian syndrome
[4].
Others have focussed on the measurement, by 3D PD, of vascularity index (VI), flow index (FI)
and vascularisation flow index (VFI) [5], VI estimates the number of vessels in the measured
volume, FI estimates the average flow rates through these vessels by measuring the intensity
of the colour output and VFI is an aggregate measure of the two [5,6]. However, the utility
of these measures in predicting ART success is still under-investigated and uncertain.
There has been growing interest in the use of the potent oxygen scavenger, melatonin, as a
means of improving IVF success rates. One proposed mechanism of action is that due to its
variable effect on human vasculature [7], melatonin may have a beneficial effect on blood
flow to the ovaries. Considering this possibility, we used a subset of patients recruited for the
‘Melatonin in Assisted Reproductive Technologies (MIART) trial’ (ACTRN12613001317785)
[8], to determine whether the administration of different doses of melatonin can change the
blood flow to the ovaries during gonadotrophin stimulation and to assess whether these
indices are predictive of oocyte and embryological outcomes in this cohort.
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Methods
Because of the pilot nature of this study and to provide clarification for future design of larger
randomised trials, a convenience sample of 69 participants was obtained by offering
participants of the MIART trial inclusion in the ultrasound arm of the study. These
participants were recruited from Monash IVF centres in Melbourne, Australia between
September 2014 and September 2016. Inclusion criteria are outlined elsewhere [8]. These
participants were offered additional measurements at their routine Day 6-10 follicular
ultrasound scan. Of 138 participants, 62 declined participation in this arm, because of an
inability to attend the trial ultrasound scan. Seventy-six were consented and randomised
using the minimisation method by the factors age, body mass index (BMI), parity and smoking
status [9]. After randomisation, 7 patients withdrew from the MIART trial before
commencing the trial medication.
Therefore, 69 participants were available for intention-to-treat (ITT) analysis: placebo (n=21),
2mg (n=13), 4mg (n=17) and 8mg (n=18) of melatonin (Figure 4.1).All patients took the
allocated trial medication twice per day (between 0800 and 1000 and between 2000 and
2200) from Day 2 of their cycle until the night before egg collection.
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FIGURE 4.1: RECRUITMENT FLOWCHART

BD: twice per day; IVF: in-vitro fertilization; MIART: Melatonin in Assisted Reproductive
Technology trial; mg: milligrams

91

Chapter Four
This study was double-blinded, with allocation known only by the prescribing pharmacy and
an independent party. Routine 2D ultrasound with a 6-12MHz transvaginal transducer was
used to take grayscale measurements of follicular development at Day 6-10, together with
endometrial appearance and thickness, ovarian volume and follicular number >11mm, which
were counted manually. In addition, 3D power Doppler was used to measure ovarian VI, FI
and VFI.
All measurements were taken by one of two highly trained sonographers using a transvaginal
probe on a Voluson E8 Expert, Software EC250 copyright 2013 General Electric (GE
Healthcare Austria GmbH & Co OG, 2013) using Vocal II software (GE healthcare, Austria,
2004) and analysed by a specialist gynaecological sonologist. All women were examined in
the lithotomy position after emptying their bladder.
Ovarian volume was determined using the methods described by Makled et al [10], and
Jokubkiene et al [11] using Virtual Organ Computer-aided Analysis (VOCAL). In the 3D
ultrasound mode with power Doppler, a longitudinal section of the ovary was obtained and
a 3D power Doppler ultrasound data set was obtained. The setting “Quality mid 2” was
chosen as the sweep speed for the 3D ultrasound. After recording of each volume, the
resultant multiplanar display was examined to ensure that a complete volume of the ovary
had been captured. Volumes were transferred to a server for storage in a database for later
analysis. Ovarian vascular indices (VI, FI and VFI) were then determined offline using the 4Dview™ software, version 9.1 (GE Medical Systems, Zipf, Austria) with the virtual organ
computer-aided analysis (VOCAL™) software. All calculations were performed on images of
the ovary using the midsagittal view as the reference image and recording in the longitudinal,
transverse and coronal plane. Based on the findings of Jokubkiene and associates [11], we
chose a rotation step of 30 degrees for all images. The outline of each ovary was traced
manually in all planes, and VI, FI and VFI were calculated.
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Tests for intra-observer variation were performed on a subset of 14 (21.7%) participants
chosen at random from the sample with the same specialist taking two measurements from
the same ovaries in two separate sittings. Separate tests for inter-observer error were also
performed for these participants with another specialist sonographer blinded to the findings
of the other sonologist.
Embryological outcomes were determined by skilled blinded embryologists. Oocytes were
scored for maturity. Embryos were scored as ‘good’, being a grade of ‘A’ or ‘B’; or ‘poor’,
representing grades of ‘C’ or ‘D’. Clinical pregnancy was defined as the presence of a live
intrauterine pregnancy at 7-week ultrasound.
All statistical analyses were performed using SPSS v22 (IBM, Armonk, New York) with the
intention-to-treat principle. Baseline demographics were compared for similarity using
ANOVA for normally distributed continuous data and Chi square with Fishers exact test
where required for categorical data. Vascular indices were compared between groups using
Kruskal-Wallis for non-parametric data and ANOVA for normally distributed data. Doseeffects were analysed using chi-square for trend (categorical variables) and Spearman’s rank
correlation for continuous outcomes. Intraclass correlation coefficients were determined for
the intra-observer (One-way random, consistency, single measures) and inter-observer (Twoway mixed, consistency, single measures) analysis. Spearman correlation analysis was
performed to assess the relationship between vascular indices and the total number of
oocytes, MII oocytes and embryos. To control for the large number of outcomes assessed
and considering that these were a priori determined secondary outcomes of the MIART trial,
a more conservative level of significance was chosen (p<0.005).
Human research ethics approval was obtained from the Monash Health HREC (Project
number: 13402B), Monash Surgical Private Hospital HREC (Project number: 14107), Monash
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University HREC (Project number: CF14/523 - 2014000181), and Epworth HealthCare HREC
(Project number: 634-34). Participants provided written informed consent.

Results
Sixty-four participants were available for analysis. There was no significant difference in
baseline demographics between the groups (Table 4.1). Fifteen (21.7%) women were at least
40 years or older, and these were evenly distributed across the groups.
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TABLE 4.1: BASELINE CHARACTERISTICS

Placebo BD
N=21

Melatonin
2mg BD

Melatonin
4mg BD

Melatonin
8mg BD

Any
melatonin

N=13

N=17

N=18

N=48

Age Mean(SD)*

34.5 (4.5)

35.2 (4.5)

36.9 (3.7)

36.7 (4.6)

36.4 (4.2)

BMI Mean (SD)*

24.0 (4.7)

24.5 (4.6)

25.9 (4.4)

24.0 (4.3)

24.8 (4.4)

2 (9.5)

0 (0.0)

0 (0.0)

1 (5.6)

1 (2.1)

0

18 (85.7)

11 (84.6)

13 (76.5)

16 (88.9)

40 (83.3)

≥1

3 (14.3)

2 (15.4)

4 (23.5)

2 (11.1)

8 (16.7)

IVF, n (%)

8 (38.1)

7 (53.8)

7 (41.2)

9 (50.0)

23 (47.9)

ICSI, n (%)

13 (61.9)

6 (46.2)

10 (58.8)

8 (44.4)

24 (50.0)

0 (0.0)

0 (0.0)

0 (0.0)

1 (5.6)

1 (2.1)

Endometriosis

3 (14.3)

1 (7.7)

1 (5.9)

3 (16.7)

5 (10.4)

PCOS

1 (4.8)

0 (0.0)

1 (5.9)

1 (5.6)

2 (4.2)

Tubal

3 (14.3)

3 (23.1)

2 (11.8)

3 (16.7)

8 (16.7)

Male factor

4 (19.0)

4 (30.8)

5 (29.4)

5 (27.8)

14 (29.2)

Idiopathic

11 (52.4)

6 (46.2)

10 (58.8)

8 (44.4)

24 (50.0)

6-7

0 (0.0)

0 (0.0)

2 (11.8)

2 (11.1)

4 (8.5)

8-10

21 (100.0)

13 (100.0)

15 (88.2)

16 (88.9)

44 (91.7)

Smoker
Parity N (%)

Type of ART

Both IVF and ICSI
Aetiology

Day of scan

BMI: body mass index; ART: assisted reproductive technology; IVF: in vitro fertilization; ICSI:
intra-cytoplasmic sperm injection
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To assess the reliability and reproducibility of ovarian vascular indices, intra and interobserver measurements were performed on a random sample of 14 participants. We found
moderate to good agreement for all indices for intra-observer analyses (Intraclass correlation
(ICC) of 91-97%, p<0.001) (Table 4.2) and a wider range for inter-observer analysis (ICC 8497%, p<0.001) (Table 4.3) [12].
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TABLE 4.2: INTRA-OBSERVER DIFFERENCES: SONOGRAPHER 1
Left VI

Pass 1 Mean (SD)
5.59 (4.02)

Pass 2 Mean (SD)
5.82 (3.64)

Cronbach’s Alpha
0.99

Intraclass correlation
0.97

95% CI
0.91-0.99

F
70.24

P value
<0.001

Left FI

33.91 (4.83)

34.72 (4.07)

0.97

0.93

0.80-0.98

28.15

<0.001

Left VFI

2.02 (1.87)

2.07 (1.64)

0.98

0.97

0.89-0.99

56.50

<0.001

Right VI

4.97 (2.33)

4.99 (2.25)

0.97

0.95

0.85-0.98

36.89

<0.001

Right FI

33.57 (3.87)

34.16 (5.04)

0.96

0.91

0.76-0.97

21.75

<0.001

Right VFI

1.69 (0.82)

1.74 (0.83)

0.95

0.91

0.76-0.97

21.95

<0.001

Comparisons between 14 subjects; VI: vascularity index; FI: flow index; VFI: vascularity flow index

TABLE 4.3: INTER-OBSERVER DIFFERENCES: SONOGRAPHER 1 VS SONOGRAPHER 2
Sonographer 1

Sonographer 2

Cronbach’s Alpha

Intraclass correlation

95% CI

F

P

Mean (SD)

Mean (SD)

Left VI

5.59 (4.02)

5.43 (4.33)

0.986

0.97

0.91-0.95

71.05

<0.001

Left FI

33.91 (4.83)

33.09 (3.92)

0.913

0.84

0.56-0.95

11.53

<0.001

Left VFI

2.02 (1.87)

1.92 (1.94)

0.99

0.98

0.94-0.99

100.12

<0.001

Right VI

4.97 (2.33)

5.01 (2.45)

0.96

0.93

0.79-0.98

25.97

<0.001

Right FI

33.57 (3.86)

33.41 (3.50)

0.94

0.89

0.68-0.96

16.37

<0.001

Right VFI

1.69 (0.82)

1.65 (0.84)

0.95

0.91

0.74-0.97

20.40

<0.001

Comparisons between 14 subjects; VI: vascularity index; FI: flow index; VFI: vascularity flow index
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The left sided VI was statistically higher in the 4mg BD group compared with the 8mg BD
group (Median (IQR): 6.3 (5.3-10.4) vs 3.6 (1.4-6.0), p<0.01). There were no other statistically
significant differences in VI, FI or VFI in either laterality or between any other groups (Table
4.4).
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TABLE 4.4: ULTRASOUND PARAMETERS INCLUDING VASCULAR INDICES
Placebo BD
N=21

Melatonin 2mg BD
N=13

Melatonin 4mg BD
N=17

Melatonin 8mg BD
N=18

P value
for trend§

Any Melatonin
N=43

P value

3.6 (1.4-6.0)

P value
between
groups
0.03

Left VI

4.8 (3.6-8.3)

4.5 (3.4-5.8)

6.3 (5.3-10.4)

0.2

4.6 (2.8-7.6)

0.5

Left FI

33.8 (32.2-36.6)

36.7 (32.0-40.4)

34.5 (33.1-37.1)

33.5 (29.1-36.3)

0.3

0.6

34.5 (31.6-37.9)

0.6

Left VFI

1.7 (1.2-3.1)

1.6 (1.2-2.4)

2.1 (1.8-3.9)

1.8 (0.6-2.6)

0.3

0.7

1.8 (1.0-2.8)

0.9

Right VI

5.6(3.2-7.8)

4.5 (3.1-6.3)

4.2 (2.9-5.4)

5.3 (2.8-6.9)

0.4

0.3

5.0 (3.0-6.1)

0.1

Right FI

34.6(31.6-36.9)

34.8 (30.5-38.5)

32.1 (29.1-34.9)

32.7 (30.1-34.4)

0.1

0.04

32.7 (30.3-35.6)

0.1

Right VFI

2.0 (1.1-2.9)

1.7 (1.1-3.9)

1.3 (0.9-1.9)

1.9 (1.0-2.3)

0.3

0.4

1.7 (1.0-2.3)

0.3

Total

6.0 (4.0-10.5)

6.0 (1.5-9.0)

5.0 (2.0-8.0)

6.0 (1.0-8.0)

0.9

0.4

6.0 (2.0-8.0)

0.4

LOV (ml)

19.3 (10.4-21.6)

18.2 (9.3-24.0)

10.4 (6.9-16.6)

11.7 (7.6-18.4)

0.3

0.1

12.0 (7.7-22.2)

0.3

ROV (ml)

17.8 (11.4-29.4)

20.4 (9.5-27.2)

11.1 (6.4-27.7)

13.1(8.7-23.7)

0.3

0.1

14.4 (8.1-23.7)

0.5

9.1 (2.8)

8.9 (2.1)

8.6 (2.6)

8.9 (2.6)

0.9

0.8

8.8 (2.4)

0.6

Non-specific, N(%)

2 (9.5)

1 (7.7)

1 (5.9)

1 (5.6)

1.0

0.7

3 (6.3)

1.0

Proliferative, N(%)

19 (90.5)

12 (92.3)

16 (94.1)

17 (94.4)

follicles >11mm

ET Mean (SD)*
EA‡

45 (93.8)

All results are presented as Median (IQR) unless otherwise stated; Kruskal Wallis performed unless otherwise stated; *ANOVA – these variables are normally
distributed; ‡Fishers exact; § Spearman correlation; VI: vascularity index; FI: flow index; VFI: vascularity flow index; LOV: left ovarian volume; ROV: right
ovarian volume; ET: endometrial thickness; EA: endometrial appearance
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There were no statistically significant differences in 2D measures of stimulation response,
including the total number of follicles, follicles>11mm, endometrial thickness or ovarian
volume between groups. When combining all melatonin groups and comparing with placebo,
there were no significant differences in these parameters (Table 4.4).
The embryological outcome data of all patients were pooled and a Spearman correlation
analysis was performed assessing oocyte and embryo outcomes. As expected, the total
number of follicles on ultrasound was positively correlated with the number of oocytes
(Spearman’s rho = 0.68, p<0.001, N=64), number of MII oocytes (Spearman’s rho = 0.28,
p<0.05, N=64) and number of embryos (Spearman’s rho = 0.62, p<0.001, N=64). However,
there was no correlation between any ovarian vascular index and total number of oocytes,
MII oocytes, fertilised oocytes, embryos or embryos utilised (Table 4.5).
There were 4 miscarriages in this cohort (6.3%), two in the placebo group and two in the 2mg
BD melatonin group. There were 6 clinical pregnancies (9.4%), three in the placebo group,
one in the 2mg BD melatonin group and two in the 4mg BD melatonin group. All clinical
pregnancies resulted in live births.
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TABLE 4.5: CORRELATION BETWEEN OVARIAN VASCULAR INDICES AND OOCYTE AND EMBRYO OUTCOMES: ALL GROUPS COMBINED
Total

Total oocytes

follicles

retrieved

Fertilised

Total

Poor quality

Good quality

Utilised

oocytes

embryos

embryos

embryos

embryos

5.5 (2.0-8.8)

8.0 (3.0-14.0)

5.0 (2.0-7.0)

3.0 (0.0-6.0)

3.0 (0.25-6.0)

0.5 (0.0-2.0)

2.0 (0.0-3.8)

1.0 (0.0-2.8)

RVI^

0.02, 0.86

0.09, 0.46

0.01, 0.99

-0.08, 0.56

-0.09, 0.50

-0.02, 0.89

-0.02, 0.87

-0.12, 0.36

RFI^

-0.05, 0.69

0.03, 0.84

0.03, 0.79

0.09, 0.49

0.07, 0.59

0.15, 0.23

0.06, 0.62

0.06, 0.65

RVFI^

-0.16, 0.22

-0.06, 0.67

-0.04, 0.76

-0.19, 0.14

-0.18, 0.16

-0.02, 0.87

-0.14, 0.27

-0.24, 0.06

LVI^

0.12, 0.35

0.15, 0.24

-0.06, 0.66

0.11, 0.41

0.08, 0.56

0.05, 0.71

0.07, 0.57

-0.04, 0.79

LFI^

0.04, 0.74

-0.02, 0.88

0.04, 0.74

0.06, 0.66

0.04, 0.75

0.06, 0.64

0.01, 0.95

-0.04, 0.74

LVFI^

0.04, 0.79

0.03, 0.83

0.04, 0.79

-0.02, 0.91

-0.06, 0.66

-0.04, 0.77

-0.05, 0.67

-0.17, 0.19

-

0.68, <0.001*

0.28, 0.03*

0.63, <0.001*

0.76, <0.001*

0.42, <0.001*

0.54, <0.001*

0.51, <0.001*

Median (IQR)

Total follicles^

MII oocytes

^Spearman correlation coefficient (rho,p) presented unless otherwise stated; IQR: inter-quartile range; RVI: right vascularity index; RFI: right flow index;
RVFI: right vascularity-flow index; LVI: left vascularity index; LFI: left flow index; LVFI: left vascularity-flow index
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Discussion
We have shown that increasing melatonin doses, at least in the range 2mg-8mg twice daily,
has no apparent effect on ovarian blood flow. In addition, we have shown that ovarian
vascular indices do not correlate with the number of oocytes or the embryo utilization rate.
Melatonin is a potent oxygen scavenger and has been shown to have effects on the vascular
system in both animals and humans. This effect is mediated through stimulation of the
melatonin receptors, MT1 and MT2 on the smooth muscle cells of blood vessels. Interestingly,
the effects of melatonin on the vasculature appears to be dose-mediated, with effects not
necessarily being directly proportional to the dose [13]. Vascular smooth muscle MT1
activation has been shown to result in vasoconstriction through its effects on noradrenaline
pathways [14], and the stimulation of MT2 has been shown to result in vasodilation [13,15].
Vasodilation can also occur without melatonin receptors being involved [16]. This direct
action of melatonin on vasculature together with the difference in effect that occurs as a
result of the activation of melatonin receptors might, at least in part, account for the variable
effect on the human vasculature that has also been demonstrated [7]. It is, therefore,
conceivable that different vascular beds contain a variable distribution of MT1 and MT2
receptors which might account for the variation in response to melatonin.
Ovarian blood flow changes during the menstrual cycle, with improvements in flow being
observed from the day before ovulation [17]. Links have previously been drawn between high
ovarian follicular blood flow and improved follicular development [18], with some suggestion
that pregnancy rates are improved with well-perfused follicles [19,20]. Very high ovarian
peak systolic velocity (PSV) and very low PSV are associated with better and worse success
rates respectively [21].
Some investigators have found that VI, FI and VFI are not able to predict the difference
between ‘poor ovarian responders’ and ‘normal’ responders to ovarian stimulation [22].
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Engels et al performed a study of 79 intrauterine insemination (IUI) cycles measuring these
ovarian blood flow indices. They found a significantly lower subfollicular VI and VFI in women
who became pregnant in that cycle [6]. They argue that while this seems counterintuitive, it
is in agreement with another study which investigated unstimulated cycles [23], and may
indicate an inversely proportional relationship between follicular blood flow and follicular
response, whereby a reduction in vascularisation might improve the response to ovarian
stimulation [6]. We did not find this in our study, where ovarian vascular indices did not
correlate with the number of follicles.
While our study was not powered to detect the effects of blood flow differences in relation
to pregnancy rates, we did show that ovarian indices did not change with melatonin dose.
This suggests that while melatonin may have an influence on the vascular system in other
body systems, this does not apply to the ovaries in the IVF population, even when using doses
four times the currently accepted ‘standard’ dose. In addition, we have shown that these
ovarian vascular indices are not predictive of oocyte or embryo outcomes in our cohort.
While we did not find any change in blood flow or vascularisation in the ovaries, we were not
adequately powered to detect very small differences in ovarian vascular indices. However,
the clinical significance of such small differences is uncertain. Furthermore, a sample of only
14 patients was used to compare reliability of ovarian vascular indices, and only two
observers were tested. This may result in inaccuracies in reporting of reproducibility of
measurements, and cannot account for larger variations in investigators. In addition, using
the same dataset for analysis and for determination of intra- and inter-observer variation
might overestimate the results reported. The pregnancy rates in this cohort were relatively
low. This might be a reflection of the high proportion of older women included in the analysis.
However, our sample size did not allow us to assess these parameters as a priori outcomes.
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Finally, because we investigated patients undergoing their first IVF cycle in the context of a
clinical drug-trial, these results may not be generalizable to the ‘standard’ IVF population.
In this double-blind placebo-controlled randomised study, we have shown that melatonin
does not affect ovarian flow indices. In addition, we have shown that these indices do not
correlate with oocyte number or the embryo utilization rate. This suggests that the ovarian
vascular indices of VI, FI and VFI do not, in their current state, provide useful clinical
information predicting the success of an IVF cycle.

References
1.

Souza Mdo C, Souza M, Oliveira J et al. Use of antral follicle count to predict the

response pattern in controlled ovarian hyperstimulation cycles with GnRH antagonist. Rev
Bras Ginecol Obstet 2008 30(1): 36-41
2.

Jayaprakasan K, Hilwah N, Kendall NR et al. Does 3D ultrasound offer any advantage

in the pretreatment assessment of ovarian reserve and prediction of outcome after assisted
reproduction treatment? Hum Reprod 2007; 22(7): 1932-1941
3.

Jadaon JE, Ben-Ami M, Haddad S et al. Prospective evaluation of early follicular

ovarian stromal blood flow in infertile women undergoing IVF-ET treatment. Gynecological
endocrinology : the official journal of the International Society of Gynecological
Endocrinology 2012; 28(5): 356-359
4.

Younis JS, Jadaon JE, Haddad S et al. Prospective evaluation of basal stromal Doppler

studies in women with good ovarian reserve and infertility undergoing in vitro fertilizationembryo transfer treatment: patients with polycystic ovary syndrome versus ovulatory
patients. Fertility and sterility 2011; 95(5): 1754-1758

104

Chapter Four
5.

Pairleitner H, Steiner H, Hasenoehrl G et al. Three-dimensional power Doppler

sonography: imaging and quantifying blood flow and vascularization. Ultrasound Obstet
Gynecol 1999; 14(2): 139-143
6.

Engels V, Sanfrutos L, Perez-Medina T et al. Periovulatory follicular volume and

vascularization determined by 3D and power Doppler sonography as pregnancy predictors in
intrauterine insemination cycles. J Clin Ultrasound 2011 39(5): 243-247
7.

Cook JS, Sauder CL, Ray CA. Melatonin differentially affects vascular blood flow in

humans. American journal of physiology Heart and circulatory physiology 2011; 300(2):
H670-674
8.

Fernando S, Osianlis T, Vollenhoven B et al. A pilot double-blind randomised placebo-

controlled dose-response trial assessing the effects of melatonin on infertility treatment
(MIART): study protocol. BMJ open 2014; 4(8): e005986
9.

Altman DG, Bland JM. Treatment allocation by minimisation. BMJ (Clinical research

ed) 2005; 330(7495): 843
10.

Makled AK, El Sherbiny M, Elkabarity R. Assessment of ovarian stromal blood flow

after metformin treatment in women with polycystic ovary syndrome. Archives of
gynecology and obstetrics 2014; 289(4): 883-891
11.

Jokubkiene L, Sladkevicius P, Valentin L. Ovarian size and vascularization as assessed

by three-dimensional grayscale and power Doppler ultrasound in asymptomatic women 2039 years old using combined oral contraceptives. Contraception 2012; 86(3): 257-267
12.

Coelho Neto MA, Roncato P, Nastri CO et al. True Reproducibility of UltraSound

Techniques (TRUST): systematic review of reliability studies in obstetrics and gynecology.
Ultrasound Obstet Gynecol 2015; 46(1): 14-20
13.

Doolen S, Krause DN, Dubocovich ML et al. Melatonin mediates two distinct

responses in vascular smooth muscle. European journal of pharmacology 1998; 345(1): 6769
105

Chapter Four
14.

Vandeputte C, Giummelly P, Atkinson J et al. Melatonin potentiates NE-induced

vasoconstriction without augmenting cytosolic calcium concentration. American journal of
physiology Heart and circulatory physiology 2001; 280(1): H420-425
15.

Masana MI, Doolen S, Ersahin C et al. MT(2) melatonin receptors are present and

functional in rat caudal artery. The Journal of pharmacology and experimental therapeutics
2002; 302(3): 1295-1302
16.

Ting N, Thambyraja A, Sugden D et al. Pharmacological studies on the inhibitory

action of melatonin and putative melatonin analogues on porcine vascular smooth muscle.
Naunyn-Schmiedeberg's archives of pharmacology 2000; 361(3): 327-333
17.

Kurjak A, Kupesic-Urek S, Schulman H et al. Transvaginal color flow Doppler in the

assessment of ovarian and uterine blood flow in infertile women. Fertility and sterility 1991;
56(5): 870-873
18.

Monteleone P, Giovanni Artini P, Simi G et al. Follicular fluid VEGF levels directly

correlate with perifollicular blood flow in normoresponder patients undergoing IVF. J Assist
Reprod Genet 2008; 25(5): 183-186
19.

Lam P, Haines C. Vascular endothelial growth factor plays more than an angiogenic

role in the female reproductive system. Fertility and sterility 2005; 84(6): 1775-1778
20.

Gordon J, Mesiano S, Zaloudek C et al. Vascular endothelial growth factor localization

in human ovary and fallopian tubes: possible role in reproductive function and ovarian cyst
formation. J Clin Endocrinol Metab 1996; 81(1): 353-359
21.

Nargund G, Bourne T, Doyle P et al. Associations between ultrasound indices of

follicular blood flow, oocyte recovery and preimplantation embryo quality. Hum Reprod 1996;
11(1): 109-113
22.

Jayaprakasan K, Al-Hasie H, Jayaprakasan R et al. The three-dimensional

ultrasonographic ovarian vascularity of women developing poor ovarian response during

106

Chapter Four
assisted reproduction treatment and its predictive value. Fertility and sterility 2009; 92(6):
1862-1869
23.

Vlaisavljević V, Reljic M, Gavrić Lovrec V et al. Measurement of perifollicular blood

flow of the dominant preovulatory follicle using three-dimensional power Doppler.
Ultrasound Obstet Gynecol 2003; 22(5): 520-526

107

Chapter Four

108

Chapter Five

Melatonin and sleepiness
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5.1 THE EFFECT OF MELATONIN ON SLEEP
The majority of this thesis has focussed on melatonin and the importance of its function as
an anti-oxidant. However, melatonin is still most widely prescribed nocturnally for treatment
of insomnia. While it is traditionally associated with sleep and plays an essential part in
circadian rhythmicity, it is not required to be labelled with a sedation warning by the
Therapeutic Goods Administration in Australia.
Naturally, when considering the use of doses as high as 8mg twice per day (16 mg per day),
which is a dose that is eight-fold higher than that standardly used for the treatment of
insomnia, some concern might be raised regarding its effect on daytime sleepiness. When
the dose is administered in the morning, a regimen which has undergone limited testing
previously, it is understandable if patients are reluctant to participate. Despite this
speculation, there have been no previously reported studies designed to assess the effect of
melatonin at twice daily dosing. Furthermore, none have tested different doses in a placebocontrolled and blinded fashion. Certainly, none have assessed this effect in the IVF population.
As has been shown in Chapter Three, high doses of melatonin are required if significant
changes to serum and follicular fluid concentrations are to be achieved. If melatonin were to
become a routine adjuvant to IVF treatment, its safety profile would first need to be
elucidated, and its effect on daytime sleepiness and night time sleep quality further
understood. In order to achieve this, all participants on the MIART trial were invited to
complete a ‘sleep diary’ and ‘alertness score and compliance diary’ (Appendix C).
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5.2 THE IMPACT OF MELATONIN ON THE SLEEP PATTERNS OF WOMEN UNDERGOING IVF: A
DOUBLE BLIND RCT.
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6.1 SUMMARY OF FINDINGS
Melatonin, a very potent oxygen scavenger, is gaining momentum as a potential adjuvant
therapy in IVF. Because of its anti-oxidative effects, it is theorised to improve the quality of
oocytes and embryos and, therefore, pregnancy rates after IVF.
The MIART trial, a double-blind randomised placebo-controlled dose-finding study, has found
that oral melatonin when given at doses of 2mg, 4mg or 8mg twice per day during IVF
stimulation, does not improve the number or quality of oocytes or embryos or clinical
pregnancy rates. This is despite being able to demonstrate a significant dose-dependent
increase in follicular fluid concentrations of melatonin (Chapter Three).
Chapter Four demonstrated that melatonin at the doses tested, also does not appear to alter
blood flow to the ovaries or the uterus when given during ovarian stimulation. This important
finding suggests that, together with a lack of clinical benefit, melatonin does not result in a
subtle difference in vascular supply to key reproductive organs. In addition, melatonin does
not increase the number or size of ovarian follicles.
This placebo-controlled double blinded randomised trial is the first to assess the effects of
short-term oral melatonin on both subjective and objective measures of sleep in this
population. Presented in Chapter Five, I have shown that even at twice daily high doses,
melatonin does not increase daytime sleepiness or change night time sleep quality or
quantity in this population. Interestingly, I have also shown that subjective night time sleep
quality appears to improve from pre-treatment to during treatment. However, these
differences occurred across all groups, including the placebo group. This may indicate an
improvement in sleep quality that is attributable to psychological or physiological responses
to the IVF process itself, and this may warrant further investigation.
The MIART trial has shown that melatonin in the doses tested does not change clinical
pregnancy rate or cancelled cycle rate (Chapter Three), ultrasound markers of ovarian
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response to stimulation (Chapter Four) or sleep and daytime sleepiness (Chapter Five).
Unfortunately, being a small study, it lacked power to detect the primary outcome of clinical
pregnancy rate, and as such, the conclusions of this trial are not definitive and the efficacy of
melatonin on IVF outcomes still requires further investigation. However, these preliminary
findings suggest that the use of melatonin in this context should be discontinued until larger
trials can be performed to refute these findings.

6.2 STRENGTHS AND LIMITATIONS
The MIART trial is a small pilot trial. Because it lacked power to detect a small difference in
clinical pregnancy rates, it cannot exclude that such a smaller difference does not exist.
Despite this, the lack of effect on major clinical secondary outcomes (eg. Oocyte and embryo
number and quality) suggests that a true positive effect of melatonin on clinical outcomes is
unlikely. A much larger trial would be required to determine a benefit (or lack thereof)
definitively.
Because of the lack of clinical difference demonstrated in this trial, concerns may be raised
about the bioavailability of the compounded trial medication that was used. However, each
trial medication was independently verified for content. Importantly, I was able to
demonstrate a definitive dose-dependent increase in biochemical concentrations of
melatonin in both serum and follicular fluid, showing that the administered trial medication
was able to both increase serum concentrations and reach the target tissue in follicular fluid.
This suggests adequate bioavailability in this context.
The MIART trial is limited in its generalisability in that I have only included patients having
their first cycle of IVF. It is likely that choosing this relatively ‘low risk’ group may have
impacted negatively on power. Therefore, it is possible that selecting a ‘higher risk’ group,
such as those with ‘poor ovarian response’, may have led to significant results, and this
cannot be excluded. Women undergoing their first cycle of IVF were selected because of the
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relative lack of contamination in this group (no previous IVF cycles, no previous failed or
successful cycles etc.) and also because of the known challenges recruiting patients with
‘poor ovarian response’ for a blinded placebo-controlled IVF trial. Therefore, the lack of effect
that we have shown can only be generalised to women having their first cycle of IVF.
Interestingly, the cancelled cycle rate was high in the melatonin groups, and while this did
not reach statistical significance when compared with placebo, this is the first suggestion that
melatonin may not be entirely harmless. This was most marked in the per-protocol analysis,
after exclusion of patients who were withdrawn from the trial prior to commencement of
trial medication (19.3% vs 5.6%, OR 4.07 (95% CI 0.91, 18.22), p=0.07). This result should be
interpreted with caution, as the cancellation rate before EPU of 5.6% in the placebo group
was far lower than the baseline rate of cancelled cycles at Monash IVF during the trial period
(11%), which may have artificially inflated the difference between groups in the per-protocol
analysis.
Table 6.1 shows the breakdown of cancelled cycles by treatment group. While there was an
absolute difference in the rates of poor stimulation between the placebo group and any
melatonin group, this was not statistically significant (5.0% vs 15.0%, OR 3.35 (95% CI 0.74,
15.14, p=0.5)). While this might suggest that melatonin has a negative impact on ovarian
stimulation, the numbers were small (as reflected by the wide confidence interval) and
therefore, further large randomised trials are required to confirm this.
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TABLE 6.1: BREAKDOWN OF CANCELLED CYCLES
Placebo BD
N=40

Melatonin
2mg BD

Melatonin
4mg BD

Melatonin
8mg BD

N=41

N=39

N=40

P
value

P value for
trend
across
groups

Any
Melatonin

OR (95% CI)

P valuec

N=120

Cancelled cycle before EPU (%)

6 (15.0)

12 (29.3)

10 (25.6)

6 (15.0)

0.3a

0.3b

28 (23.3)

1.73 (0.66, 4.53)

0.3

Poor stimulation

2 (5.0)

8 (19.5)

5 (12.8)

5 (12.5)

0.4a

0.6b

18 (15.0)

3.35 (0.74, 15.14)

0.1

Withdrawn

4 (10.0)

3 (7.3)

3 (7.7)

0 (0.0)

0.3a

0.1b

6 (5.0)

0.47 (0.13, 1.77)

0.3

Otherd

0 (0.0)

1 (2.4)

2 (5.2)

1 (2.5)

0.5a

0.4b

4 (3.4)

e

e

7 (17.5)

2 (4.9)

9 (23.1)

7 (17.5)

0.1a

0.5b

18 (15.8)

0.83 (0.32, 2.17)

0.6

Failed fertilisation

2 (5.0)

1 (2.4)

2 (5.1)

2 (5.0)

0.9a

0.9b

4 (4.2)

1.21 (0.23, 6.50)

0.8

Insufficient embryos

2 (5.0)

0 (0.0)

0 (0.0)

2 (5.0)

0.3a

1.0b

2 (1.7)

0.32 (0.04, 2.37)

0.3

OHSS

1 (2.5)

0 (0.0)

2 (5.1)

0 (0.0)

0.2a

1.0b

2 (1.7)

0.66 (0.06, 7.49)

0.7

Freeze all

2 (5.0)

1 (2.4)

5 (12.8)

3 (7.5)

0.3a

0.3b

9 (7.5)

1.54 (0.32, 7.45)

0.6

TOTAL CANCELLED
13 (32.5)
14 (34.1)
19 (48.7)
13 (32.5)
0.4a
0.7b
46 (38.3)
1.29 (0.61, 2.75)
b
c
Chi-square; Chi-square for trend across treatment groups; Chi-square, comparison between placebo and any melatonin dIncludes ‘premature LH surge’
and ‘medication errors’; einsufficient sample to create a meaningful comparison statistic

0.5

Cancelled cycle between EPU
and ET (%)

a
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In addition, the clinical pregnancy rate (per cycle started) in the placebo group was relatively
low (15%) comparative to the literature, but the confidence interval around this point
estimate is wide (95% CI 5.7%, 29.8%), suggesting that the true placebo pregnancy rate in
this study could be as high as 29%. In order to ensure that this relatively low success rate was
not a reflection of small sample size, I assessed the intention-to-treat clinical pregnancy
outcomes of women who had declined participation in the trial (who were therefore, were
eligible for inclusion and comparable to the placebo group). In this population of 211 women,
the clinical pregnancy rate was 16% per cycle started. Sixty-four percent reached embryo
transfer (compared with 63% in MIART placebo group) and 12% had a cancelled cycle before
oocyte retrieval (compared with 15% in MIART placebo group). Reassuringly, these results
are comparable to the MIART placebo group.
Despite its pilot nature, the MIART trial has several defining qualities that help to make it a
high-quality addition to the literature on this subject. It is the first melatonin trial in IVF
patients that is both randomised and placebo-controlled. It also investigates melatonin in
isolation (without combination with other adjuvant therapies) and using a placebo-control
as opposed to a within-subjects design where patients are used as their own controls.
Together with being double-blinded, this helps to minimise bias and to ensure that results
are as transparent as possible. The study was not funded by interested parties and therefore,
reporting bias is also minimised.
Finally, the choice to investigate several doses of melatonin has proven worthwhile, as I have
been able to show that there is a dose-dependent change in both serum and follicular fluid
concentrations of melatonin. This suggests that oral administration of melatonin restricted
to the ovarian stimulation period is sufficient to achieve supraphysiological concentrations
of melatonin in both serum and follicular fluid. It has also demonstrated that low doses
previously investigated may not have been sufficient to achieve biochemical changes in
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melatonin concentrations in target tissues. This, together with the small sample sizes in
former studies, may offer an explanation for previously negative findings, and suggests that
any further efforts should concentrate on higher doses.

6.3 CLOSING REMARKS AND FUTURE DIRECTIONS
In order to definitively determine whether or not melatonin can improve IVF success rates,
the design of a large multicentre double blinded randomised placebo-controlled trial is
required. Because I have shown that lower doses of melatonin (2mg BD) do not achieve an
increase in serum or follicular fluid concentrations of melatonin, an ideal dose would be
closer to 8mg BD. I feel that it is unlikely that the lower dose would show a clinical difference,
which is true of previously published data.
In addition, I have not demonstrated an increase in adverse events with high doses, and have
shown a lack of effect on sleep and daytime sleepiness even with twice daily dosing. This
safety data should assist with counselling and recruitment of participants to a larger trial.
Assuming a withdrawal rate of 6% (similar to what was experienced in the MIART trial), to
detect a difference in clinical pregnancy rate of 6.7% (from 15.0% in the control group to 21.7%
in the treatment group) such a trial would require almost 1500 patients to be recruited (1334
analysed at 80% power, α=0.05, 1:1 allocation ratio). It should also be noted that MIART
found a non-statistically significant difference in cancelled cycle rate of 19.3% in the any
melatonin group compared with 5.6% in the placebo group (per protocol) (p<0.07). Therefore,
in the design of a future trial, it would be prudent to arrange an interim analysis for safety
following recruitment of 180 patients (90 to each intervention, power 80%, α=0.05). If no
significant difference in cancelled cycle rates or other adverse effects is confirmed at this
stage, then the trial should be allowed to continue to completion.
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Using one IVF clinic, and the recruitment methods employed in MIART, this would take an
estimated 20 years of recruitment. Therefore, to be feasible over a practical time-frame, this
would require the involvement and cooperation of multiple IVF clinics.
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Appendix A: Standard Operating Procedures for the MIART
Trial
Introduction
High levels of oxidative stress can have considerable impact on the outcomes of in-vitro fertilization
(IVF). Recent studies have reported that melatonin, a neurohormone secreted from the pineal gland
in response to darkness, has significant anti-oxidative capabilities which may protect against the
oxidative stress of infertility treatment on gametes and embryos. Early studies of oral melatonin (34mg/day) in IVF have suggested favourable outcomes. However, most trials were poorly designed and
none have addressed the optimum dose of melatonin. We present a proposal for a pilot double-blind
randomised placebo-controlled dose-response trial aimed to determine whether oral melatonin
supplementation during ovarian stimulation can improve the outcomes of assisted reproductive
technology.

Aims
The overall aim of this trial is to determine whether oral melatonin administration can improve the
outcomes of IVF/ICSI. In order to address this, we will determine whether melatonin administration
has a dose-response effect in women undergoing IVF/ICSI on:
Biochemical markers of follicle and oocyte health (melatonin, 8-hydroxy- 2'-deoxyguanosine (8-OHdg),
progesterone, oestradiol)
Sonographic markers of follicle health
Patient sleepiness
Pregnancy rate following IVF/ICSI

Methods and analyses
We will recruit 160 infertile women into one of four groups: placebo (n=40); melatonin 2mg twice per
day (n=40); melatonin 4mg twice per day (n=40) and melatonin 8mg twice per day (n=40). The primary
outcome will be clinical pregnancy rate. Secondary clinical outcomes include oocyte number/quality,
embryo number/quality and fertilization rate. We will also measure serum melatonin and the
oxidative stress marker, 8-hydroxy- 2'-deoxyguanosine (8-OHdg) at baseline and after treatment and
levels of these in follicular fluid at egg pick-up. We will investigate follicular blood flow with Doppler
ultrasound, patient sleepiness scores, and pregnancy complications, comparing outcomes between
groups. NB: For funding reasons, blood tests and follicular fluid samples will only be taken from 25
patients per group (100 patients in total). Follicular flow 3D ultrasound will be used in 60 patients
(total of 15 per group). Measurements of uterine artery blood flow will also be taken from these
patients.
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This Standard Operating Procedure describes the procedures required to undertake this study in a
standard manner.

Preparation before recruitment commences
Transfer of medication to pharmacy
After compounding of melatonin and placebo tablets, Shavi Fernando (SF) will transfer the tablets
from the compounding pharmacy to the Monash Health Pharmacy.

Randomisation of medication
JM will randomly allocate each trial group a letter from A to D using opaque envelopes eg. A =
Melatonin 2mg bd and notify the pharmacy as to which doses should be allocated which letter. The
Monash Health pharmacy will then remove current labels on each bottle and re-label each bottle with
a letter (A to D) corresponding with the appropriate dose. Both JM and the Monash Health Pharmacy
will keep a record of which letter represents which dose. No other member of the research team
(including SF) will know this allocation until after analysis of data.

Storage of medication
These letter-labeled bottles will then be stored in the pharmacy at under 25 degrees celsius. Patients
will be asked to store medication bottles in the refrigerator under 25 degrees celsius.

Safety of medication
The Data Safety and Monitoring Committee will be provided with an interim analysis of adverse events
after 50% of participants have been enrolled.

Process of Recruitment
Specialist for review of results-Activation of treatment
The specialist will be sent the trial information, including PICF, ethics approval letter, medical defence
letters to send to their MDO and an advertising poster to hang in their waiting room.
Pt attends for visit and the specialist will decide that the patient requires IVF.
IVF clinicians will offer patient study information pack (Plastic pocket with PICF in it with a sticker on
front with main incl/excl criteria for doctor to quickly check before handing out). The clinician will
provide the pack to the patient and stick the patients ID sticker onto the 'details page'.

Process of Notification
At the end of the consulting day, the specialist will give these page(s) to their secretary who will send
a copy together with a copy of each patient's most recent pelvic ultrasound via email to SF to notify
him of the patient's contact details.
Once receiving this call, SF will update the CONSORT table for the patient as 'approached'.
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Equipment
Patient introductory pack - Introductory letter, envelope with PICF inside, SF's email address
Clinician pack - Introductory letter and trial summary, page with full inclusion/exclusion criteria, poster
for clinicians' rooms, PICF, ethics approval letters, medical defence letter, patient details forms

Before Nurse visit
Pre-visit routine IVF tests will be followed up by SF with the external lab/Specialist that performed the
tests.

SF will perform a followup call to the patient approximately 1-2 days after patient receives the
information package, to determine the patient's interest and if they have any further questions.
If the patient is still interested in inclusion and eligible, SF will also ask the patient when they anticipate
commencing IVF, when day 1 of that cycle will be and who their nurse is and that he will meet the
patient after their nurse visit.
SF will then contact Deborah Deguingand (DD) or the nurse directly, who will book the patients nurse
visit with an extra 30-60 minutes and tell SF the date and time of the appointment.
Prior to the nurse visit, SF will collect some bottles from each group (lettered) bottle from Monash
Health pharmacy and take it to Monash IVF to give to the appropriate patient

Equipment
Patient record sheet
Consent form (PICF)
Trial Medication
Labels for medication (Trial specific ID and letter reference for medication)
Fridge at less than 25 degrees C

First visit (alongside nurse visit)
SF will have a list of potential participants attending the clinic on that day (previously prepared - see
above). He will bring medication bottles from each treatment group and ActiWatches with him to
dispense to the according patients (and blood collection tubes)

Routine nurse visit occurs
Immediately following nurse visit, SF will meet the patient and talk to them in the interview room
(Suite 1) or research room (Suite 3, MSPH)
If at this stage she decides not to participate, the medication will be returned to the Monash Health
Pharmacy. Her CONSORT table will be updated to reflect 'not recruited'.
If she agrees to participate, SF will:
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Obtain written informed consent on the PICF and provide the patient with the appropriate trial
medication.
Ask the patient to note any medication she is currently taking including complementary therapies, and
instruct her to stop taking complementary therapies (including acupunture) from this point until the
embryo transfer
Add this information to Patient Record Access Database.
Measure and record the patient’s age, BMI, smoking status and parity and complete the remainder of
the 'patient details' on the Patient Record.
SF will randomise the patient accordingly:

Randomisation procedure:
SF will enter the details into the minimization program and identify which letter (A-D) trial medication
to provide to the patient and provide it to the patient

Instructions for patient after randomisation
Inform them to bring in the bottle at the embryo transfer for return for capsule counting
Provide them with an ActiWatch together with instructions and ask her to begin wearing it
The patient will be provided with a unique trial identifier number in sequence with enrollment and
this will be entered onto her Patient Record. She will also be asked to complete the validated sleep
diary.
SF or DD will take 8.5ml whole blood in each of 3 BD serum tube for baseline levels of melatonin and
8-OHdg.
After the patient has left the consultation:
Update the CONSORT table to include the patient as being 'recruited'
Notify the nurse of trial inclusion and nurse will place a 'MELATONIN TRIAL' sticker on graph. This
sticker will alert the nurse that the patient is on the melatonin trial and is to be scanned (for follicular
Doppler flow also) on Day 8-9 by Nikki White (NW) on Tues, Wed or Thurs at 0700 (and, less preferably
on Mon or Fri at 0700)

Post randomization- transport of blood samples
The tube will be shielded in a light-proof container and labelled with a patient ID number and the letter
'a' to signify that this is the first sample of the protocol and kept on ice until transferred to the lab.
SF will take the blood samples back to MIMR

Post randomization labeling and storage of blood samples
At MIMR or Hawthorn blood samples will be centrifuged, pooled and then aliquoted into 5 eppendorf
tubes (1.5ml per 2ml eppendorf tube), labeled with the patient trial ID, the date, 'serum', letter 'a$'
(to represent that this is the first serum sample) and 'SF/EW' and frozen at -80C. Any remaining serum
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will be aliquoted into upto another 2 eppendorf tubes and labelled 'a$', 'serum' and 'e' for 'extra' and
'SF/EW'. Refer to Appendix A. If insufficient blood is collected, freeze in aliquots of 1.2ml in a minimum
of 2x 2ml eppendorf tubes.
SF will then bring the patient's trial prescription to Monash Pharmacy so that a record of which patient
received which medication can be kept.

Equipment
Patient record sheet
Consent form (PICF)
ActiWatch and sleep diary
Medication bottle
Patient diary form and Sleepiness scale
Appropriately allocated Trial Medication
3x BD serum tubes - labelled with date, patient ID, 'SF/EW' and 'a$' (eg. 1-9-14, SF/EW, 23a$)
Freezer at -80C
5x Labeled eppendorf tubes (plus any extra labeled tubes)

Day 2 of period-Day 1 of stimulation
At the commencement of FSH injections, the patient also commences her trial drug orally, twice per
day at 1000 and 2200.
They will need to take tablets at least 12 hours apart
They will need to record the exact time of taking each tablet on the diary form.
If a tablet is missed, they should take it when it is remembered and record the time on the diary form.
Equipment
Trial drug (patient should already have this in her possession)

Day 8-9-Scan day
At the time of her ultrasound, measurements will also be taken for the ovarian follicular blood flow
from each ovary (only 15 patients per group - see note above). Measurements of uterine artery blood
flow will also be taken.
The patient will be contacted via telephone (See 'Day 8 phone interview checklist') to determine
whether any adverse events have been experienced, and these will be recorded on the adverse events
form. At the same time she will be reminded to bring medication bottle, Actiwatch and completed
diaries to the oocyte retrieval.
Equipment
Ultrasound and sonographer - follicular flow and uterine artery flow
Adverse events form
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Prior to EPU- Instructions for patient
SF will provide Instructions for nurses in relation to the trial as the nurses will be ringing them to tell
them to take trigger injection or give the patient the EPU transfer time
The night before EPU, the participant will cease her trial medication,
The night before EPU the participant will continue to wear her Actiwatch
Prior to EPU-Investigator task
The night before EPU, SF will ensure that a tube of 5ml medium has been set aside to allow it to be
equilibrated in the standard medium warmer for use the following day

Day of EPU-patient
On the morning of EPU, SF will check to see if the patient has completed her sleepiness scale and daily
diary
SF will enquire as to whether the subject has experienced any adverse events
The patient will return the medication bottle to SF who will count and document remaining tablets to
ascertain compliance on the separate Drug Compliance Chart. The patient will return the Actiwatch
and both diaries

Day of EPU-Investigator
SF or DD will be present for the EPU. At the time of inserting the IVC for anaesthesia, 3 x BD serum
tube will be taken for melatonin and 8-OHdg with 8.5ml whole blood each.
The tubes will be shielded in a light-proof container and labeled with a patient ID number and the
letter 'b$' to signify that this is the second serum sample of the protocol.
At the time of oocyte collection, the clinician will obtain a clean specimen of follicular fluid from the
first and largest accessible follicle in each ovary according to the below procedure (Luck, Jeyaseelan et
al. 1995). It should be noted that this does not necessarily represent the ‘largest follicle’ as if the largest
follicle was not immediately accessible, the most accessible follicle was aspirated.
Procedure:
SF will prepare four collection tubes with exactly 2ml of medium in each (2 x L and 2 x R)
Nurse will prime the aspiration line into a follicular fluid tube which will then be set aside (FT1). The
previously filled tube (L) will then be used for the follicular fluid sample from the largest easily
accessible follicle from the left ovary. If the follicle is large, the second L tube will be used for overflow.
Before flushing this follicle, the clinician will hand the filled tube to SF, then continue with the
aspiration as normal from the left ovary into different tubes (can then use FT1).
Nurse will then flush the aspiration line with into another follicular fluid tube (FT2) between ovaries.
The previously filled tube (R) will then be used for the follicular fluid sample from the largest easily
accessible follicle from the right ovary. If the follicle is large the second R tube will be used for overflow
Before flushing this follicle, the clinician will hand the filled tube to SF, then continue with the
aspiration as normal from the right ovary into different tubes (can then use FT2).
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The L and R tubes will be handed to the embryologist for oocyte extraction
L fluid (after the oocyte is removed) will be given to SF and pipetted into a shielded BD Falcon tube
and the volume noted
R fluid (after the oocyte is removed) will be given to SF and pipetted into a shielded BD Falcon tube
and the volume noted
The follicular fluid from L and R will be individually separated and stored.

Transport of samples post EPU
Follicular fluid
SF will take labeled L and R and the labeled serum BD tubes in an Esky on ice to MIMR for processing
SF will note (and subjectively score: none, mild, mod, severe) whether FF is contaminated with blood
and whether the serum is lipaemic. This is performed by visual inspection and subjective assessment
of the sample
SF will spin L down to separate supernatant (follicular fluid) and granulosa cells,
SF will aliquot the follicular fluid into 3 eppendorf tubes (1.5ml per 2ml eppendorf tube), labeled with
date, patient ID and 'L' and 'SF/EW'. Remaining follicular fluid from the L sample will be stored in 2x
eppendorf tubes labelled L and 'e' for 'extra' (depending on volume of FF) with date, ID and 'SF/EW'
and 'FF'.
This process will be repeated for R: SF will spin R down to separate supernatant (follicular fluid) and
granulosa cells, aliquot the follicular fluid into 3 eppendorf tubes (1.5ml per 2ml eppendorf tube),
labeled with date, patient ID and 'R' and 'SF/EW' and 'FF'. Remaining follicular fluid from the R sample
will be stored in 2x eppendorf tubes labelled R and 'e' for 'extra' (depending on volume of FF) with
date, patient ID and 'SF/EW'.

Granulosa Cells
Perform procedure separately for each collection tube ie. left and right (but can be performed
concurrently).
After spinning and removing follicular fluid, a pellet of cells should remain in the base of the BD
collection tube.
Warm red cell lysis buffer in waterbath to 37C
Add 1ml of red cell lysis buffer to BD tubes (left and right), and resuspend the cells until red cells are
completely lysed - add more red cell lysis buffer if required as quickly as possible
Dip in waterbath for a total of 1 minute (both tubes).
Add pink media up to total volume of 10ml per tube (left and right)
Spin samples at 1200g for 5 minutes at 21C
Prepare 2 wells in trypan blue plate with 10uL of trypan blue in each (one for left and one for right
samples)
Prepare and clean the haemocytometer
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Once samples have finished being centrifuged, use glass pipette attached to wall suction to remove as
much excess medium as possible
Resuspend in 1ml pink medium in each of the two blue top BD tubes (left and right)
Pipette 10uL of this and resuspend this into the well of trypan blue (do this for both the left and right
collection tubes) - (should have a total of 20uL volume (10uL trypan blue and 10uL cell medium) in
each well by now)
Pipette 10uL of each well into cell counter top for right and bottom for left
Do cell count
Calculate cell count using:
Total cells = (cell count/4) x 10^4 x 2 x 1
ie. Total cells = (cell count/number of squares) x 104 x dilution factor x volume
Record this count in lab book.
Label 2x1.5ml eppendorf tubes with patient ID, date, 'GC' and 'L' for left or 'R' for right and
'SF/EW'(1xeppendorf for each follicle sample)
Resuspend the pellet
Transfer the cells/media into 2ml eppendorf tube (left and right)
Centrifuge again at 1200g for 5 mins at 21C
Remove as much media as possible
Add 200uL RNA later (each to left and right)
Freeze at -80C in the 'Granulosa cell' eppendorf box in Rack 16 at the back.

Blood
SF will shield and take the blood samples taken prior to anaesthesia back to MIMR, where they will be
centrifuged, aliquoted into 5 eppendorf tubes, labelled with the patient ID, date, 'SF/EW' and the letter
'b$' (second serum sample). Any remaining serum will be aliquoted into up to another 2 eppendorf
tubes (depending on volume of remaining serum) and labeled with patient ID, date, 'serum', 'SF/EW',
'b' and 'e' ('extra').

Equipment
Patient Record
Drug Compliance Chart
Return of medication bottle
Return of ActiWatch and sleep diary
Patient sleepiness scale to be returned
Follicular fluid collection tubes preprepared with 2ml medium each x 4 (L, R)
Serum BD tube x 3 - labeled with date patient ID and 'b$' (eg. 23b$)
labeled follicular fluid tube with date, 'SF/EW', trial ID and 'L' (eg. 23L)
labeled follicular fluid tube with date, 'SF/EW', trial ID and and 'R' (eg. 23R)
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11 x Eppendorf tubes labeled with ink (3 for left and 3 for right follicle, 5 for serum)
Granulosa cell storage, labelling and transport

Post EPU
SF will return the used bottle to Monash Health Pharmacy who will store it in case of need for future
reference.
SF will record compliance in the Patient Record Access Database
Results from routine blood tests taken for oestradiol, progesterone and LH will be obtained from
external pathology centre and recorded in Patient Record Access Database

Embryo transfer occurs or does not occur
HCG at D16 if Embryo transferred
Blood is taken for HCG and progesterone routinely and results will be followed up with the external
lab performing the tests.
SF will follow up the HCG result electronically

Positive HCG
SF will follow up HCG result every week (with the external pathology lab performing the tests) until
either miscarriage (this will then be recorded including the gestation at diagnosis and absolute HCG
levels) or 7/40 US.
The results of the 7/40 US will then also be recorded, the due date for the pregnancy identified
20/40 US followed up and any fetal abnormalities recorded and the pregnancy will be followed up to
assess the outcome of live birth.
NB: (Only after the live birth, will the patient, investigators and clinicians be allowed to be unblinded.

Negative HCG
If the initial HCG level (or any subsequent one) is indicative of pregnancy failure, management will
depend on the patient's wishes. When she sees her specialist at her next visit (usually 2-4 weeks after
confirmed failed transfer) her specialist will offer her the option of continuing on the trial or
withdrawing from the trial.
If she wishes to continue with a further cycle on the trial, she will be randomised to one of the other
treatment arms. In this way, she will be guaranteed at least one active arm over 2 cycles.
The trial protocol will then proceed, with particular attention being paid to sleep disturbances and
adverse events.
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Equipment
Access to results from pathology and ultrasound services

Privacy and confidentiality of data leaving Monash IVF
All samples that leave MSPH will be identified only by a unique ‘trial ID’ which will be allocated to the
patient at the time of randomisation
At the end of collection, there should be the following blood samples for a total of 100 patients (25
per group):
Progesterone (3 time points)
Oestradiol (3 time points)
LH (one time point)
Melatonin (two time points)
8-OHdg (two time points)
At the end of collection, there should be the following follicular fluid samples for each of a total of 100
patients:
Melatonin (1 sample)
8-OHdg (1 sample)

Second cycle
The second stimulation cycle with trial medication will not require an Actiwatch. It will only require
the alertness score, partial sleep diary and the compliance diary. Similarly, the baseline blood test will
not be required. Only the blood test at oocyte collection and follicular fluid and GCs will be collected.

Embryos frozen from first (trial) cycle
The second cycle in this case will occur as per usual (non-trial) care. That is, a patient will not be given
melatonin if frozen embryos obtained from a melatonin stimulation cycle are to be used.
After their first negative HCG, call patient and advise that if they require a further stimulation cycle to
obtain more oocytes, that they will be able to continue a further trial cycle with a different trial
medication
There is no obligation to continue the trial

No frozen embryos from first (trial) cycle
Notify SF and DD. Offer patient a different trial medication (in sequence) in their second cycle, and to
mention this to their specialist if they wish to continue the trial
There is no obligation to continue the trial

140

Appendices
Special Circumstances
If cycle is cancelled before oocyte collection
This may occur for example, if insufficient follicles are developed during the stimulation cycle, and
despite repeat ultrasounds and giving more time, follicles don’t develop to an acceptable level before
oocyte retrieval or in the case of OHSS.
If this occurs: Notify SF and DD and mark the patient as 'cancelled before EPU' on the database
Make a note on the database as to why cycle was cancelled in the 'notes' section
Record Day 8 ultrasound results
Record Day 8 blood tests
Contact the patient, offer sympathies and offer inclusion in the trial for the following cycle with a
different trial medication

If cycle is cancelled before embryo transfer
This may occur for example, in the case of OHSS.
If this occurs: Notify SF and DD, Contact the patient and explain that once the embryo is transferred,
the results of the transfer will be followed up as per trial protocol
Record day 8 US and blood test results, number of embryos and all other trial data possible
Mark patient as 'cycle cancelled before embryo transfer' on database
Once embryo is transferred, mark this in appropriate section on database
Follow up outcome of embryo transfer
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Appendix B: Patient flowchart
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Appendix C: Patient information and consent form
Monash Surgical Private Hospital - Monash IVF

Participant Information Sheet/Consent Form
Interventional Study - Adult providing own consent
Monash Surgical Private Hospital

Title

Short Title
Coordinating Principal Investigator/ Principal
Investigator

Associate Investigator(s)

Melatonin and infertility: Can we improve
outcomes of assisted reproductive
technology – a placebo-controlled
randomised controlled trial
Melatonin and infertility

Prof Luk Rombauts
Dr Shavi Fernando
Prof Euan Wallace
Dr Tiki Osianlis
A/Prof Beverley Vollenhoven

Associate Researcher(s)

Ms Caroline Motteram

Location

Monash IVF

Part 1 What does my participation involve?
1

Introduction

This research project is being undertaken at Monash Health and Monash IVF.
You are invited to take part in this research project. This is because you have had difficulty
conceiving naturally and have been advised to undergo invitro fertilisation (IVF). The research
project is testing a new complementary treatment for infertility. The new treatment is called
melatonin.
This Participant Information Sheet/Consent Form explains the research project. It describes
the tests and treatments involved. Knowing what is involved will help you decide if you want
to take part in the research.
Please read this information carefully. Ask questions about anything that you don’t understand
or want to know more about. Before deciding whether or not to take part, you might want to
talk about it with a relative, friend or your local doctor.
Participation in this research is voluntary. If you don’t wish to take part, you don’t have to. You
will continue to receive the most appropriate care whether or not you take part.
If you decide you want to take part in the research project, you will be asked to sign the consent
section. By signing it you are telling us that you:
• Understand what you have read
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• Consent to take part in the research project
• Consent to have the tests and treatments that are described
• Consent to the use of your personal and health information as described.
You will be given a copy of this Participant Information and Consent Form to keep.

2

What is the purpose of this research?

You have been diagnosed with infertility and your doctor has recommended treatment with a
form of assisted reproductive technology (ART) or which in-vitro fertilisation (IVF) is a type.
It has been established that when undergoing ART, eggs and embryos may interact negatively
with oxygen molecules in a process called ‘oxidative stress’. This oxidative stress has the
potential to damage eggs and embryos.
Melatonin is an antioxidant and may be able to help reduce the effect of ‘oxidative stress’ on
eggs and embryos.
Our research project would like to determine whether the use of oral melatonin can improve
success rates of ART.
The main aims of this trial are:
a) To determine the effect of oral melatonin supplementation on fertilisation, clinical pregnancy,
and live birth rates and to determine an optimal dose if such a relationship exists.
b) To determine the effect of oral melatonin supplementation on biochemical parameters and
body fluid levels of melatonin and thereby to determine its effect on oxidative stress in the
body.
We hope to show that melatonin can reduce the negative effect of oxidative stress on embryos
and therefore, increase success rates of ART. If this study is successful, we would hope that
melatonin would become a standard complementary therapy for all patients undergoing ART
for infertility.
It is necessary for us to undertake this trial because others have performed similar trials with
varying degrees of uncertainty. Previous trials have not succeeded in proving or disproving
the beneficial effects of melatonin. Because of this, doctors are not certain whether melatonin
has a beneficial effect or not. Trials that have been completed to date have shown the safety
of oral melatonin, but none have addressed specifics regarding dose and none have actually
proven a benefit in participants with infertility.
This trial seeks to fill these gaps in knowledge by performing a large trial testing different doses
of oral melatonin. This trial, once completed, should add to our knowledge about melatonin
and its effect on infertility, and should help to confirm (or refute) the benefit of melatonin in
infertility.
Melatonin is approved in Australia to treat primary insomnia under the trade name, Circadin®.
However it is not approved to treat infertility. Therefore, it is an experimental treatment for
infertility. This means that it must be tested to see if it is an effective treatment for infertility.
The results of this research will be used by the study doctor, Dr Shavi Fernando to obtain a
Doctor of Philosophy postgraduate degree (PhD).
This research has been initiated by the study doctor, Dr Shavi Fernando.
This research has been funded by the Ritchie Centre.
This research is being conducted by The Ritchie Centre in collaboration with Monash IVF.

3

What does participation in this research involve?

This research project will run for a total of three years.
Participation in this research means that you will be in regular touch with the research team
from the moment you enrol until the birth of your baby or withdrawal from the trial.

144

Appendices
You have been asked to participate in this trial because you meet the inclusion criteria:
-

You have not been able to conceive naturally after 12 months of regular intercourse
without use of contraception

-

You are between 18 and 45 years of age

-

You have a body mass index between 18 and 35

-

You require in-vitro fertilisation (IVF) or intra-cytoplasmic sperm injection (ICSI)

-

You are cycling regularly

Once you have consented to participate in the trial:
-

You will be participating in a randomised controlled research project. Sometimes we
do not know which treatment is best for treating a condition. To find out we need to
compare different treatments. We put people into groups and give each group a
different treatment. The results are compared to see if one is better. To try to make
sure the groups are the same, each participant is put into a group by chance (random).

-

You will be participating in a double-blind study. This means that neither you nor your
study doctor will know which treatment you are receiving. However, in certain
circumstances your study doctor can find out which treatment you are receiving.

-

You will be allocated to receive one of four study drug protocols:
o

Placebo twice per day (A placebo is a medication with no active ingredients
or a procedure without any medical benefit. It looks like the real thing but is
not)

o

4mg melatonin (2mg tablet twice per day)

o

8mg melatonin (4mg tablet twice per day)

o

16mg melatonin (8mg tablet twice per day)

-

Therefore, you have a 3 in 4 chance of receiving one of the active ingredient
medications.

-

You will also be asked to wear an 'Actiwatch' which is a small watch-like device used
to monitor sleep patterns from the time of enrolment to the time of egg collection, and
to complete a simple daily sleep diary and a summary sleepiness score.

-

We will obtain only relevant information regarding your medical and fertility history,
sometimes from your treating clinician, local doctor and/or Monash IVF with your
clinician's permission

During melatonin treatment:
-

You will take your study medication twice per day. It does not matter whether this is
with or without food.

-

You will be asked to donate a maximum of 60mL (4 tablespoons) of your own blood:
o

During the week before you start your stimulation cycle (30ml)

o

Day of your egg pick up (30ml)

These tests will assess melatonin levels and levels of oxidative stress. At these
visits, you are asked to report any problems or issues that have occurred to a
member of the research team.
-

At the time of your egg pickup, fluid that normally surrounds the egg is usually
discarded. Instead of disposing of this fluid immediately, we will collect it to test the
levels of melatonin and oxidative stress in the fluid surrounding the egg.

-

You will continue melatonin treatment until egg pick up.

-

After your embryo transfer:
o

If you become pregnant
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Your due date will be recorded and a member of the research team
will follow up the outcome of your ultrasounds and delivery once your
baby is born

o

If you are not pregnant, you will be offered to continue with the trial for one
further cycle. If this is the case, you will be offered a randomly chosen
medication in this second cycle. You will be guaranteed at least one dose of
melatonin over the two cycles. If this is the case, no break between cycles will
be required as melatonin remains in the body for only a very short time.

o

If you are not pregnant and decide you want to complete future cycles without
being part of the trial, this will be permitted.

o

If you are not pregnant and decide you do not want further ART treatment,
you will be discharged from Monash IVF and the trial.

This research project has been designed to make sure the researchers interpret the results in
a fair and appropriate way and avoids study doctors or participants jumping to conclusions

There are no additional costs associated with participating in this research project, nor will you
be paid. All medication, tests and medical care required as part of the research project will be
provided to you free of charge.
It is desirable that your local doctor be advised of your decision to participate in this research
project. If you have a local doctor, we recommend that you inform them of your participation
in this research project.

4

What do I have to do?

During the trial, there aren’t any specific restrictions on physical activity or diet apart from what
is recommended by your infertility doctor.
If you take regular medication that is necessary for the treatment of medical conditions, these
should not be ceased. We do request, however, that you notify the research team of any
medications you are continuing to take or begin taking during the study period.
We also ask that, apart from standard pregnancy vitamins (folate, pregnancy multivitamin etc)
recommended by your fertility doctor, you do not take any other non prescribed
complementary therapies. If you do, please inform the study coordinator.
You will also be asked to wear an 'Actiwatch' (see above) and complete a daily sleep diary.
While you are attempting to get pregnant, we recommend that you do not donate blood to a
blood bank.
To be eligible for the trial you must be between 18 and 45 years old, have a body mass index
between 18 and 35 and be having your first cycle of IVF/ICSI and have a Medicare number.
You will not be eligible to participate in this study if you have one or more of the following:
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□

Current untreated pelvic pathology – Stage 3 or 4 endometriosis, large submucosal uterine fibroids/polyps
thought by the specialist to affect fertility, diagnosed current pelvic inflammatory disease, uterine
malformations (i.e uterine didelphys, bicornuate uterus and septate uterus), Asherman's syndrome and the
current diagnosis of a hydrosalpinx (not treated).

□

Currently enrolled in another investigational trial

□

Concurrent use of other adjuvant therapies (eg. Co Enzyme Q10, acupuncture)

□

Current pregnancy

□

Malignancy or other contraindication to IVF

□

Autoimmune disorders

□

Will not have regular blood tests with Monash IVF (because of distance from Monash IVF)

□

Undergoing preimplantation genetic diagnosis (PGD)

□

Hypersensitivity to melatonin or its metabolites
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□

Concurrent use of any of the following medications
o

Fluvoxamine (eg. Luvox, Movox, Voxam)

o

Cimetidine (eg. Magicul, Tagamet)

o

Quinolones and other CYP1A2 inhibitors (Ciprofloxacin, Avalox)

o

Carbemazepine (eg. Tegretol), rifampicin (eg.Rifadin) and other CYP1A2 inducers

o

Zolpidem (eg Stilnox), zopiclone (eg. Imovane) and other non-benzodiazepine hypnotics

If you agree to participate, we expect that you will continue to use the study medication in its
entirety and as prescribed.

5

6

Other relevant information about the research project
-

This trial will include a total of 160 patients (40 patients in each of the study groups)
treated through the Monash IVF group involving collaboration with the Ritchie Centre
at Monash Medical Centre.

-

There are four study groups of varying doses of melatonin (as mentioned above)
including a placebo group

-

This is a crossover trial, and after your first cycle, you will be offered to try one of the
other medications (chosen at random) for your second cycle.

Do I have to take part in this research project?

Participation in any research project is voluntary. If you do not wish to take part, you do not
have to. If you decide to take part and later change your mind, you are free to withdraw from
the project at any stage.
If you do decide to take part, you will be given this Participant Information and Consent Form
to sign and you will be given a copy to keep.
Your decision whether to take part or not to take part, or to take part and then withdraw, will
not affect your routine treatment, your relationship with those treating you or your relationship
with Monash IVF or Monash Surgical Private Hospital.

7

What are the alternatives to participation?

You do not have to take part in this research project to receive treatment at this hospital. Other
options are available; these include obtaining your own melatonin from a pharmacy or using
other complementary therapies together with melatonin at your own expense. As mentioned
earlier, melatonin and many other adjunctive therapies have not yet been proven to work, and
participation in this study will help determine the effectiveness of melatonin in this context.
Your study doctor will discuss these options with you before you decide whether or not to take
part in this research project. You can also discuss the options with your local doctor.

8

What are the possible benefits of taking part?

We cannot guarantee or promise that you will receive any benefits from this research. However,
we believe that melatonin treatment will lower levels of oxidative stress in your body and
improve the quality of your eggs and embryos. Oxidative stress seems to reduce the success
rates of ART. The benefit from participating in this study is therefore the possible protection
from oxidative stress and possible increase in pregnancy rates after ART. If Melatonin is
shown to work, we may also determine the optimal dose and therefore allow for future patients
to benefit from the outcome of this trial
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9

What are the possible risks and disadvantages of taking part?

Melatonin
Melatonin has previously been used during infertility treatment, but only in small studies. These
studies have not reported any problems in regards to these pregnancies or babies. You will
only be taking melatonin from the commencement of your ovarian stimulation medication until
your eggs are collected.
Patients should avoid alcohol before, during and after taking melatonin.
Melatonin has an excellent biosafety profile, but like any other medicine can have adverse
reactions. As referenced by MIMS, these are considered to be uncommon side effects of
melatonin (i.e., likely to occur in fewer than 1 in 100 patients):
-

Melatonin can cause drowsiness, so you will need to be careful if you need to drive or
use machines. If this concerns you, please discuss it with the research team.

-

Irritability, nervousness, restlessness insomnia, abnormal dreams, anxiety, migraine,
lethargy, psychomotor hyperactivity (restlessness associated with increased activity),
dizziness, somnolence (tiredness), high blood pressure, (upper) abdominal pain,
indigestion, mouth ulceration, dry mouth, hyperbilirubinaemia (changes in the
composition of your blood which could cause yellowing of the skin or eyes ( jaundice),
inflammation of the skin (dermatitis, night sweats, pruritis (itching), rash, dry skin, pain
in extremities, menopausal symptoms, asthenia (feeling of weakness), chest pain,
excretion of glucose in urine, excess proteins in the urine, abnormal liver function and
weight increase.

The following events are considered to be rare (i.e., likely to occur in fewer than 1 in 1,000
patients):
-

Shingles, reduced number of white blood cells in the blood, decreased number of
platelets in the blood, high level of fatty molecules in the blood, severe chest pain due
to angina, feeling your heartbeat (palpitations). low serum calcium levels in the blood,
low sodium levels in the blood, altered mood, aggression, agitation, crying, stress
symptoms, disorientation, early morning awakening, increased sex drive, depressed
mood, depression, loss of consciousness or fainting, memory impairment, disturbance
in attention, dreamy state, restless legs syndrome, poor quality sleep, ‘pins and
needles’ feeling (paresthesia) reduced visual acuity (visual impairment), blurred vision,
watery eyes, dizziness when standing or sitting, vertigo, hot flushes, gastrooesophageal reflux, gastrointestinal disorder, blistering in the mouth, tongue
luceration, gastrointestinal upset, vomiting, abnormal bowel sounds, flatulence (wind),
salivary hypersecretion (excess saliva production), halitosis (bad breath), abdominal
discomfort, gastric disorder, inflammation of the stomach lining, eczema, erythema
(skin rash), hand dermatitis, psoriasis, pruritic rash (itchy rash), nail disorder, arthritis,
muscle spasms, neck pain, night cramps, increased duration of erection, inflammation
of the prostate gland, tiredness, pain, thirst, passing large volumes or urine, presence
of red blood cells in the urine, urination during the night, increased liver enzymes,
abnormal blood electrolytes and abnormal laboratory tests.

If you are taking any drugs, please tell the member of the research team, because some types
of medication should not be combined with melatonin. If you experience any of these effects,
you should not drive, and should contact the study coordinator.
Data & Sample Collection
Your first blood test will be taken on the day of your nurse visit. This will be in addition to your
routine care, and will be for the purposes of this research project only. As far as possible, we
will try to collect your blood samples at the same time as blood is being collected for your
normal medical care or when an intravenous drip is being placed.
Having a blood sample taken may cause some discomfort or bruising. Sometimes, the blood
vessel may swell, or blood may clot in the blood vessel, or the spot from which tissue is taken
could become inflamed. Rarely, there could be a minor infection or bleeding. If this happens,
it is easily treated.
Counselling
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If you become upset or distressed as a result of your participation in the research, the
researcher is able to arrange for counselling or other appropriate support. Any counselling or
support will be provided by staff who are not members of the research team. In addition, you
may prefer to suspend or end your participation in the research if distress occurs. If you decide
to suspend or end your participation in this research project, your care will not be affected, but
we do ask that you notify us as to the reason of your withdrawal.
As with any research project, there may be additional risks that the researchers do not expect
or do not know about.
Injury
If you suffer any injuries or complications as a result of this research project, you should
contact the study team as soon as possible and you will be assisted with arranging appropriate
medical treatment. If you are eligible for Medicare, you can receive any medical treatment
required to treat the injury or complication, free of charge, as a public patient in any Australian
public hospital. If you are not eligible for Medicare, please notify the trial coordinator, as you
will not be eligible to participate in this trial.

10

What will happen to my test samples?

To protect your identity, once the tissue samples and information from your medical records
have been collected, any personal information that could identify you will be removed from
them e.g. name, hospital number, address, date of birth. The de-identified samples and
information will then be allocated a unique code. The code assists the researchers who will be
analyzing and interpreting the results of the research project, to relate your pregnancy
information to the tissue samples without knowing who you are.
The samples collected for this research project:
-

Will be analysed to assess markers of oxidative stress and melatonin levels only

-

Will be used for the purposes of this research project only. However, the results from
this project will be used by the researchers to inform future research projects.

-

Will not be used to diagnose any conditions or guide your clinical care.

-

Will not be used for genetic testing

-

Will not be used for stem cell research.

Any information obtained in connection with this research project will remain confidential.
Information will only be disclosed as required by law. Your health records and any information
obtained during the study are subject to inspection (for the purpose of verifying the procedures
and data) by the relevant authorities, Monash Surgical Private Hospital or as required by law.
By signing the attached Consent Form, you authorise release of, and access to, this
confidential information by the relevant study personnel and regulatory authorities as noted
above.
Written information will be securely stored in a locked filing cabinet and password protected
database, accessible only by the named researchers. De-identified tissue samples will be
stored in a laboratory in The Ritchie Centre, Monash Institute of Medical Research (MIMR) or
Monash Surgical Private Hospital.
After the study is completed, the information and remaining tissue samples will be securely
stored for 15 years by the principal investigator, as currently recommended by the National
Health and Medical Research Council (NHMRC). After this time, all the information and tissue
samples will be disposed of in a secure and confidential manner.
If you give us your permission by signing the Consent Form, it is intended that the project
outcomes will be submitted for publication in peer reviewed medical journals and presented at
meetings. In any publication or presentation, information will be provided in such a way that
you cannot be identified in any way.
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Your consent is requested to use your data collected for this study and in future research that
is approved by the Monash Surgical Private Hospital Human Research Ethics Committee. You
do not have to consent for both of these uses and you can specify which.

11

What if new information arises during this research project?

Sometimes during the course of a research project, new information becomes available about
the treatment that is being studied. If this happens, your study doctor will tell you about it and
discuss with you whether you want to continue in the research project. If you decide to
withdraw, your study doctor will make arrangements for your regular health care to continue.
If you decide to continue in the research project you will be asked to sign an updated consent
form.
Also, on receiving new information, your study doctor might consider it to be in your best
interests to withdraw you from the research project. If this happens, he/ she will explain the
reasons and arrange for your regular health care to continue.

12

Can I have other treatments during this research project?

Whilst you are participating in this research project, you may not be able to take some or all of
the medications or treatments you have been taking for your condition or for other reasons. It
is important to tell your study doctor and the study staff about any treatments or medications
you may be taking, including over-the-counter medications, vitamins or herbal remedies,
acupuncture or other alternative treatments. You should also tell your study doctor about any
changes to these during your participation in the research project. Your study doctor should
also explain to you which treatments or medications need to be stopped for the time you are
involved in the research project.

13

What if I withdraw from this research project?

If you decide to withdraw from the project, please notify a member of the research team before
you withdraw. This notice will allow that person or the research supervisor to discuss any
health risks or special requirements linked to withdrawing.
If you do withdraw your consent during the research project, the study doctor and relevant
study staff will not collect additional personal information from you, although personal
information already collected will be retained to ensure that the results of the research project
can be measured properly and to comply with law. You should be aware that data collected
by the sponsor up to the time you withdraw will form part of the research project results. If you
do not want them to do this, you must tell them before you join the research project.

14

Could this research project be stopped unexpectedly?

This project could be stopped if we observe that maternal well being is being harmed by this
treatment. This event seems to be very unlikely, but we will not take any risks and will
discontinue this trial if there are too many participants showing possible adverse events.

15

Further information or concerns:

If you require further information or if you have any problems concerning this project, you can
contact:
Dr. Shavi Fernando (first contact)
Telephone: (03) 9594 6666. Email: shavi.fernando@monash.edu
Prof. Euan Wallace
Telephone: (03) 9594 5145. Email: euan.wallace@monash.edu
16
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Who has reviewed the research project?
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The ethical aspects of this research project have been approved by the Human Research
Ethics Committee of Monash Health, Monash University and Monash Surgical Private Hospital.
This project will be carried out accordance with the National Statement on Ethical Conduct in
Human Research (2007) produced by the National Health and Medical Research Council of
Australia. This statement has been developed to protect the interests of people who agree to
participate in human research studies.
If you have any complaints about any aspect of the project, the way it is being conducted or
any questions about being a research participant in general, then you may contact:
Monash
Health
HREC,
research@monashhealth.org

Research

Support

Services;

T:

613

95944611;
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Consent Form
Title

Melatonin and infertility: Can we improve outcomes
of assisted reproductive technology – a placebocontrolled randomised controlled trial

Short Title

Melatonin and infertility

Coordinating Principal Investigator/

Prof Luk Rombauts

Principal Investigator
Dr Shavi Fernando
Prof Euan Wallace
Associate Investigator(s)
Dr Tiki Osianlis
A/Prof Beverley Vollenhoven
Caroline Motteram
Location

Monash IVF

Declaration by Participant
I have read, or had read to me in a language I understand, this document. I understand the
purposes, procedures and risks of this research project as described within it.
I have had an opportunity to ask questions and I am satisfied with the answers I have received.
I freely agree to participate in this project according to the conditions in the Participant
Information.
I will be given a copy of the Participant Information and Consent Form to keep.
I understand that the researcher has agreed not to reveal my identity and personal details if
information about this project is published or presented in any public form.
I consent to the data collected in this study being used in future related research that has
obtained approval from the Monash Surgical Private Hospital Human Research Ethics
Committee ☐ (only valid if ticked).
Name of Participant (please print)
Signature

Date

Name of Witness* to Participant’s Signature (please print)
Signature

Date

* Witness is not to be the investigator, a member of the study team or their delegate. In the event that an interpreter is used, the
interpreter may not act as a witness to the consent process. Witness must be 18 years or older.

Declaration by Study Doctor/Senior Researcher†
I have given a verbal explanation of the research project, its procedures and risks and I believe
that the participant has understood that explanation.
Name of Senior Researcher†

(please

print)

Signature
†

Date

A senior member of the research team must provide the explanation of, and information concerning, the research project.

Note: All parties signing the consent section must date their own signature.
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Appendix D: Sleep and Compliance diaries
Please update this form every day while you are participating in this trial.
Please record details of any problems that occur, any medications that you take (apart from your
trial medication) and your Alertness score (see Alertness scale overleaf). Please take your
medication at least 12 hours apart at 10am and 10pm. If this isn't possible, please record the times
you took the medication in the appropriate spaces below.
Apart from scheduled visits, if at any time before your oocyte collection, you present to a doctor or
hospital, please also contact us to let us know (contact details are at the bottom of this page).
Trial ID:_______________ Trial medication group (circle): A/B/C/D
Monash IVF
ID:___________________
Day of Trial
medication

Example

Date
(dd/mm/yy)
01/01/14

Alertness
score*

Morning dose
taken

Evening dose
taken

(1200)

(1000)

(2200)

2

Yes

No

Time: 1010

1
2
3
4
5
6
7
8
9
10
11
12
13
14

__/__/__
__/__/__
__/__/__
__/__/__
__/__/__
__/__/__
__/__/__
__/__/__

Yes

No

Yes

No

Time: 2210
Yes

Time:_______

Yes

Yes

Time:_______

Yes

Yes

Time:_______

Yes

Yes

No

Time:_______

Time:_______

Yes

Yes

No

No

Time:_______

Time:_______

Yes

Yes

No

No

Time:_______

Time:_______

Yes

Yes

No

No

Time:_______

Time:_______

Yes

Yes

No

No

Time:_______

Time:_______

__/__/__

Yes

Yes

Time:_______

Time:_______

__/__/__

Yes

Yes

__/__/__
__/__/__
__/__/__
__/__/__

No

No

No

No

Time:_______

Time:_______

Yes

Yes

No

No

Time:_______

Time:_______

Yes

Yes

No

No

Time:_______

Time:_______

Yes

Yes

No

No

Time:_______

Time:_______

Yes

Yes

No

Time:_______

2 tabs Panadol

No

Time:_______
No

Headache not
thought to be related
to medication

No

Time:_______
No

Other
medications or
treatments

No

Time:_______
No

Details of any
undesirable event

No

Time:_______

When you arrive for your egg collection, please return this completed form to the trial coordinator,
Dr Shavi Fernando: 95946666 shavi.fernando@monash.edu

153

Appendices

*Alertness score
Please use this scoring system to rank your Alertness level at 12 noon every day while you
are taking the trial medication.
Here are some descriptions about how alert or sleepy you might be feeling right now.
Please read them all carefully and write the number that best corresponds to the statement
describing how you feel at the moment on your patient diary form.
1. Extremely alert
2. Very alert
3. Alert
4. Rather alert
5. Neither alert nor sleepy
6. Some signs of sleepiness
7. Sleepy, but no difficulty remaining awake
8. Sleepy, some effort to keep alert
9. Extremely sleepy, fighting sleep

154

MIART - SLEEP DIARY for Actiwatch
Trial ID:________________ Monash IVF ID: ______________________
Do you share a bed with someone for the whole night? Yes/No
Did you consume caffeine (eg. tea, coffee, coke) in the hour before bed(circle)? Yes/No
If yes, how often(circle)? Every night/3-4 nights per week/ 1-2
nights per week
Did you nap on any day during this study? Yes/No
If yes, which days and for how long (list
all)?__________________________________________________
Please record all times to the nearest 5 minutes
Day of trial

Example
Nurses visit
(Day A)
B
C
D
E
F
G

Date

Time
watch
taken
off

Time
watch
put back
on

After going
to your
bedroom
what did
you do?*

25/5/14

7:35pm

7:45pm

Read a
book

Time you
went to
bed

Time you
went to
sleep

10:05pm 10:20pm

Number of
awakenings
during the
night

Total
time
awake
during
the night
(mins)

Time you
woke up
next
morning

What woke
you in the
morning?**

Time you
got out
of bed

How well
did you
sleep last
night?***

1

5

7:00am

Alarm

7:10am

2

Day of trial

Example
Start of
trial
medication
(Day 1)
2
3
4
5
6
7
8
9
10

Date

Time
watch
taken
off

Time
watch
put back
on

After going
to your
bedroom
what did
you do?*

25/5/14

7:35pm

7:45pm

Read a
book

Time you
went to
bed

Time you
went to
sleep

10:05pm 10:20pm

Number of
awakenings
during the
night

Total
time
awake
during
the night
(mins)

Time you
woke up
next
morning

What woke
you in the
morning?**

Time you
got out
of bed

How well
did you
sleep last
night?***

1

5

7:00am

Alarm

7:10am

2

11
12
13
14
15
16
*eg. went straight to sleep, watched TV, read a book, used a screen (eg laptop, phone), listened to music, other
**eg. woke myself, a family member, alarm, other
***Please rank from 1 to 4 (1 = very good, 2 = fairly good, 3 = fairly bad, 4 = very bad)
Please make a note of any other activities (with dates and times) which may have effected your sleep below (eg. got sick, stayed out late at a party etc):
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Appendix E: Trial medication independent content analysis
certificates
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