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ARTICLE INFO ABSTRACT

Accepted 24 January 2020 Objectives: Ovarian stimulation during fertility treatment leads to profound maternal physiological

changes. Women undergoing in vitro fertilisation (IVF) may be at an increased risk of future
cardiovascular morbidity, though little is known about the effects on maternal cardiovascular function.
We aim to systematically review whether IVF treatment is associated with changes in maternal
haemodynamic parameters, and the effects of different protocols.

Study Design: A systematic review and meta-analysis of English language studies identified on Medline
and EMBASE database, between 1978, to 2019. Search terms: IVF, maternal haemodynamics, and
cardiovascular. Studies reporting on ovulation induction, intrauterine insemination, and oocyte donation
were excluded. Methodological quality was assessed by using the adapted Critical Appraisal Skills
Programme (CASP) checklist. A meta-analysis was conducted for blood pressure and heart rate on
patients undergoing the long GnRH agonist protocol according to Cochrane guidelines. We considered
four time points in the IVF cycle, in chronological order: pre-treatment, pituitary down regulation, peak
oestradiol and the luteal phase.

Results: Nine suitable studies were identified; four fulfilled the criteria for meta-analysis. Two studies
measuring heart rate found a significant increase in heart rate from pituitary down-regulation to peak
estradiol levels, which was supported by the meta-analysis (3.78 & 2.18 (p= < 0.0001)). Three studies
reported a significant decrease in blood pressure from baseline, with those suitable for meta-analysis
showing a significant decrease in mean arterial pressure (-2.08 + 1.79 (p= < 0.0001)). Cardiac functional
changes were reported for all studies and the changes depended on the type of protocol used.
Conclusions: In Vitro Fertilisation leads to acute changes in maternal haemodynamics at different time
points of the stimulation protocol. We found an increase in heart rate from pituitary down-regulation to
peak estradiol levels and a significant decrease in blood pressure from baseline or pituitary down-
regulation to the luteal phase. Cardiac functional changes were reported for all studies on the agonist
protocol, but no significant changes were found using the antagonist protocol. It remains unclear as to
whether these acute changes were associated with pregnancy complications or chronic cardiovascular
sequelae.
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Introduction older and may have pre-existing cardiovascular risk factors and
morbidities [3]. Though in vitro fertilisation (IVF) requires the
administration of stimulating hormones which induce supra-
physiological levels of reproductive hormones, there is little
understanding of how these changes acutely influence maternal
haemodynamics or the outcome of a resulting pregnancy.

Spontaneously conceived pregnancies may be a useful model to

Increasing numbers of women seek assisted reproductive
techniques in the UK. and worldwide [1,2], they are frequently
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represent hemodynamic adaptations in the presence of increasing
levels of reproductive hormones. From the first trimester of
pregnancy, peripheral vascular resistance falls, cardiac output
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increases and there is a fall in systolic and diastolic blood pressure
[4]. However, the hormonal changes during the first weeks of early
pregnancy cannot be equated with the rapid changes observed
within a few days during IVF. IVF cycles are associated with
systemic conditions such as ovarian hyperstimulation syndrome
and rarer cardiovascular complications such as coronary dissection
in a woman with no history of prior cardiovascular disease [5] [6]

Pregnancies conceived through assisted conception in general
are thought to be associated with obstetric complications such as
HDP [7], PE and small for gestational age (SGA) [8,9]. However, it
still remains unclear whether the causative factor is the treatment
itself, or pre-existing maternal characteristics, as for example
maternal age [10,11].

Large retrospective cohort studies are inconsistent regarding
risk of long-term cardiovascular morbidity in fertility therapy. A
meta-analysis by Dayan et al. found a weak but potential risk of
stroke 8-9 years later in women who have undergone assisted
conception, although IVF was not stratified amongst other
reproductive therapies, such as intrauterine insemination or
ovulation induction [12]. It is still unknown whether hormonal
changes during IVF treatment, the long-term effects of obstetric
complications, or the inherent maternal risk factors in the
subpopulation of IVF users, or which of these factors may lead
to an increased risk of cardiovascular complications.

The objective of this study is to systematically review changes
in the maternal hemodynamic parameters, heart rate, blood
pressure, cardiac structure and function, in women undergoing IVF
treatment.

Materials and methods

The Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) guidelines for systematic reviews was adhered
to [13]. The inclusion and exclusion criteria were pre-defined
before the literature search was conducted. The study protocol was
registered at PROSPERO International Prospective Register for
systematic reviews (CRD42018112610).

Data sources and search strategy

Studies were identified on the electronic database Medline
and EMBASE, covering the period from 1978 to August 2018. The
search was limited to human studies and those written in English
language only. Further studies were identified by examining the
references of relevant studies. The detailed search terms
were made with assistance from the health science librarian
(Supplemental Methods 1).

Study selection

Studies identified through the literature search were
uploaded onto a programmed Excel document. Two reviewers
(E.F. and RJ.) screened the title and abstracts of the papers
against pre-defined inclusion criteria. Full text screening was

also conducted by the two reviewers. Disagreement was resolved
through discussion with the supervisor (C.L.), and reasons for
exclusion were recorded.

Eligibility criteria

We included longitudinal studies of patients undergoing IVF
treatment which studied the outcomes of interest. We excluded
narrative reviews, animal studies, and case studies.

The intervention was defined as IVF, intracytoplasmic sperm
injection (ICSI), frozen cycles, fresh cycles, fresh embryo transfers,
single embryo transfers, and multiple embryo transfers. We
included studies reporting both agonist and antagonist protocols.
We excluded studies which used a different assisted conception
method, such as clomiphene ovulation induction, intrauterine
insemination, and oocyte donation.

Stringent exclusion criteria were applied for the meta-analysis;
agonist protocol studies with clearly defined timings of hormone
administration. This was to reduce heterogeneity between the
studies by accounting for variations in methodology. The antago-
nist protocol was not included in the meta-analysis due to the lack
of studies available.

Outcome measures

Maternal blood pressure, heart rate, cardiac output, and cardiac
functional and structural measurement (e.g. cardiac output/ heart
rate variability/Right and left ventricular end diastolic function/
ejection fraction) from cardiac echocardiography.

Data extraction

Data extraction for the outcomes were conducted using a
bespoke excel table by two authors (E.F. and R.J.). Extracted
data included details of IVF treatment (fertility medications,
date of oocyte transfer, number of oocytes transferred) and
patient demographic information (age, parity, reason for
infertility).

Data analysis

The changes in blood pressure, heart rate, or cardiac function
and structure which took place during the following time points
were recorded; baseline measurements before starting IVF
treatment, confirmation of pituitary down-regulation, peak serum
estradiol levels after ovarian stimulation, and luteal phase after
oocyte collection (Fig. 1).

For heart rate and blood pressure, the trend in change between
each time point was summarized with the vector of change (up/
down arrow), and statistical significance was noted. For cardiac
structural and functional changes, a narrative summary was
conducted due to the large heterogeneity between the modes of
measurements taken.
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Fig. 1. Shows measurement time points taken during the long GnRH agonist protocol. Baseline (B) indicates the mid-follicular phase before any hormonal treatment has
begun, Pituitary downregulation (D), Peak Oestradiol levels after stimulation (P), and Luteal phase (L) after hCG injection and oocyte retrieval.



Meta-Analysis

A meta-analysis of eligible studies was synthesized for blood
pressure and heartrate, for patients undergoing the agonist protocol.
A mean and standard deviation (SD) was generated for the
cardiovascular parameters for each time point mentioned above,
by combining the values of eligible studies. The difference between
the means for each time point was calculated from the Cochrane
guidelines under the hypothesis that the correlation is 1 [14].

Quality assessment

The assessment for bias was conducted by two authors. An
adapted Critical Appraisal Skills Programme (CASP) checklist was
used to assess for the risk of bias (Supplemental Methods 2).
Studies that were deemed to be very low to low quality were
assessed for exclusion.
Results

Result of search

The extensive literature search yielded 2079 unduplicated
studies. 306 studies were excluded after the removal of duplicates,

and 1773 studies underwent title and abstract screening. Of these,
150 studies were included for full text screening. Fig. 2. displays the
screening process for the inclusion and exclusion criteria and
the characteristics of the included studies are presented in
Supplemental Table 1.

In total, nine longitudinal studies were included in the review.
Protocols used were the Antagonist protocol (n = 3) and the Agonist
protocol (n=7).

Systematic review

Heart rate

Five studies reported changes in heart rate over the IVF
protocol. Two studies on the agonist protocol demonstrated a
significant increase in heart rate between pituitary down regula-
tion to peak oestradiol levels [15,16]. However, two studies,
including one on the GnRH antagonist protocol, demonstrated no
significant change in heart rate (Table 1) from pituitary down
regulation to peak estradiol levels. One study did not comment on
significant changes [17].

Two studies considered the change in heart rate from pituitary
downregulation to the luteal phase. There were no significant
changes found between pituitary downregulation and 8 days post
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Fig. 2. PRISMA flow diagram showing study selection process for identified papers.



Table 1
Summary of changes in heart rate during IVF protocol.

Study Protocol Change in Heart Rate

La Sala (1989) Long GnRH?® agonist

Significant increase from pituitary downregulation to peak estradiol levels. No significant changes from pituitary

downregulation to 12 days after gamete-intrafallopian tube transfer in both women who conceived and did not

conceive.

Nevo (2007) Long GnRH agonist

Significant increase from pituitary downregulation to peak estradiol levels. No significant changes from pituitary

downregulation to 8-9 days after hCG” administration

Weissman (2008)
Li (2013)

Long GnRH agonist
Long GnRH agonist

No significant change from pituitary downregulation to peak estradiol levels.
Did not comment on significance from pituitary downregulation to peak estradiol levels. Did not comment on

significant changes from downregulation to luteal phase (day 7 post-oocyte pick up or 16 after embryo transfer)

Ucukuyu (2010) GnRH antagonist

No significant change noted from day 2 of cycle (baseline) to peak estradiol levels (day of hCG administration).

¢ GnRH (gonadotrophin releasing hormone).
5 hCG (human chorionic gonadotrophin).

human chorionic gonadotrophin (hCG) injection, or 12 days after
gamete intrafallopian tube transfer [15,16].

Blood pressure

Seven studies reported changes in systolic, diastolic, and mean
arterial blood pressure (SBP, DBP, MAP) (Table 2) during the IVF
protocol:

Two studies compared baseline MAP from the mid-luteal or
mid-follicular phase of a spontaneous menstrual cycle to pituitary
downregulation [18,19]. One study found a significant increase in
MAP, whereas the other did not find a significant difference,
respectively.

Six studies reported changes from baseline levels or pituitary
down-regulation to peak oestradiol levels. Three studies on the
agonist protocol found a significant decrease in MAP [15] [19] [18],
and one study on the antagonist protocol found a significant
decrease in SBP and DBP [20]. One study on the agonist protocol
found no change in MAP from pituitary down-regulation to peak
oestradiol levels [16], and one study on the agonist protocol did not
comment on significant changes [17].

Six studies reported on changes from baseline or pituitary
downregulation to the luteal phase after hCG injection. Three
studies found a significant decrease in MAP from baseline before
starting hormonal treatment, to the luteal phase (day 7 or 11 after
hCG injection) [21,19,18]. From pituitary downregulation to the
luteal phase (12 days after GIFT), one study found a significant

Table 2

decrease in MAP, SBP, and DBP in women who conceived, whereas
in the same study, a significant difference was not found in women
who did not conceive [15]. One study did not find any significant
changes in MAP during this time period (pituitary downregulation
to 8-9 days post hCG injection), and one study did not comment on
significant changes [20].

Cardiac function

Five studies reported the cardiac functional and structural
changes during the IVF protocol. Two studies on the agonist
protocol reported a significant increase in cardiac output or cardiac
index from pituitary downregulation or baseline to peak estradiol
levels (Table 3) [15,18].

One study reported an increase in left ventricular end-diastolic
volume (LVEDV) and a decrease in left ventricular ejection fraction
(LVEF) during the agonist protocol, when comparing pituitary
downregulation measurements to the luteal phase (Day 7 after
oocyte retrieval)(Li et al.,2012). No significant changes to cardiac
structure were found. However, by 16 days post embryo transfer,
LVEDV decreased in both women who conceived and women who
did not, and there was no significant difference in LVEF between
the two groups [17].

Uckuyu et al. reported patients undergoing the antagonist
protocol. There were no changes found in the right and left
ventricular systolic or diastolic function between pituitary down-
regulation and peak estradiol levels [22].

Summary of Mean Arterial Pressure (MAP), systolic, and diastolic blood pressure changes during IVF Protocol.

Study Protocol Change in Blood Pressure

La Sala (1989)

Manau (1998)

Manau (2002)
Manau (2002)

Nevo (2007)

Li (2013)

Tollan (1993)

GnRH agonist

GnRH agonist

GnRH agonist
GnRH agonist

GnRH agonist

GnRH agonist

GnRH antagonist

From pit. downregulation to peak estradiol level, there was a significant decrease in MAP?, SBP”, but no significant change in
DBP*. For women who conceived, from pit. downregulation to the luteal phase (12 days after GIFT"), there was a significant
decrease in MAP, SBP, DBP. There were no significant changes during this time period in women who did not conceive.
No significant change in MAP from baseline (mid-follicular phase of menstrual cycle) to pituitary downregulation.
Significant decrease in MAP from baseline to peak estradiol levels. There was a significant decrease in MAP from baseline
24 hours and 7 days post hCGE injection.

There was a significant decrease in MAP from baseline (day 7 of spontaneous menstrual cycle) to 7 days post hCG injection.
Significant increase in MAP from baseline (mid-luteal phase measurements taken from control) to pituitary downregulation
(in IVF patients). Significant decrease in MAP from baseline to peak estradiol levels in IVF patient. There was a significant
decrease in MAP from baseline to 11 days after hCG injection.

No significant change in MAP from pit. downregulation to peak estradiol levels. No significant change in MAP from pit.
downregulation to 8-9 days post hCG injection.

Did not comment on significant changes in systolic or diastolic BP from day 5 of GnRH to peak estradiol levels. Did not
comment on significant changes in systolic or diastolic BP from pit. downregulation to day 7 post-oocyte pick up or 16 after
embryo transfer.

Significant decrease in systolic and diastolic blood pressure from baseline (day 3 of menstrual cycle) to peak estradiol levels.

|| hCG (human chorionic gonadotrophin).

2 GnRH (gonadotrophin releasing hormone).
MAP (mean arterial blood pressure).

SBP (systolic blood pressure).

DBP (diastolic blood pressure).

GIFT (gamete intrafallopian tube transfer).

b

c
d
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Table 3

Summary of change in cardiac function and structure over the IVF treatment protocol.

Study Protocol Changes observed

La Sala (1989) GnRH agonista®

Pituitary downregulation to peak oestradiol levels. Significant increase in heart rate and cardiac index. Significant increase

in left ventricular dimension at end diastole (LVEDD) and left ventricular dimension at end systole (LVESD).

Li (2013) GnRH agonist

From pituitary downregulation to 7 days post-oocyte retrieval, there was an increase in left ventricular end diastolic volume

and decrease in left ventricular ejection fraction. The values trended towards baseline values after this period.

Manau (2002)
Weissman (2009)

GnRH agonist
GnRH agonist

Post-ovulatory day 7 before starting treatment to peak estradiol levels. Significant increase in cardiac output.
Pituitary downregulation to peak oestradiol levels. There was a significant increase in high-frequency spectral power, and a

significant decrease in the ratio of low-frequency to high-frequency spectral power. This indicates the activation of the
parasympathetic arm in the modulation of heart rate variability.

Uckuyu (2010) GnRH antagonist

Pituitary downregulation to peak estradiol levels. No significant change in right and left ventricular systolic or diastolic

function.
# GnRH (gonadotrophin releasing hormone).
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Fig. 3. Meta-analysis of 3 studies showing change in heart rate during GnRH agonist
protocol from pituitary downregulation to peak estradiol levels.

Weissman et al. reported the autonomic modulation of heart
rate variability during the IVF agonist protocol. At peak estradiol
levels, there was a significant decrease in the ratio of low-
frequency to high-frequency spectral power, indicating parasym-
pathetic dominance and an alteration of the balance between
sympathetic and vagal control [23].

Meta-analysis

Heart rate

The meta-analysis of 3 studies undergoing the GnRH long
agonist protocol showed a significant increase in heart rate of 3.78
beats per minute (bpm) (£2.18) from pituitary down-regulation to
peak oestradiol levels (Fig. 3). There was also a significant increase
in heart rate of 2.61 bpm (£0.95) from pituitary downregulation to

Study means  sds
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Nevo 35 008 | |
Summary 261 095 ‘

Fig. 4. Meta analysis of 2 studies showing change in heart rate during GnRH agonist
protocol from pituitary down-regulation to the luteal phase.

Fig.5. Meta-analysis of 3 studies showing change in heart rate during GnRH agonist
protocol from peak estradiol levels to luteal phase.

the luteal phase (Fig. 4). There was no significant difference found
in heart rate between peak oestradiol levels and the luteal phase
(Fig. 5).

Mean arterial pressure

The meta-analysis showed a significant decrease of
2.08 mmHg (+1.79) of MAP from pituitary downregulation to
the luteal phase (Fig. 6), and a significant decrease of 3.58 mmHg
(£2.14) from peak serum estradiol levels to the luteal phase
(Fig. 7). There was no significant difference found in MAP
between pituitary down-regulation to peak estradiol levels
(-0.15 mmHg [+2.08]) (Fig. 8).

Study means sds
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Fig. 6. Meta-analysis of 2 studies showing change in mean arterial pressure during
GnRH agonist protocol from pituitary downregulation to luteal phase.
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Fig. 7. Meta-analysis of 3 studies showing change in mean arterial pressure during
GnRH agonist protocol from peak oestradiol level to luteal phase.
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Fig. 8. Meta-analysis of 2 studies showing change in mean arterial pressure during
GnRH agonist protocol from pituitary downregulation to peak oestradiol levels.

Comments

IVF treatment is associated with acute changes in maternal
hemodynamic parameters. We found an increase in heart rate from
pituitary down-regulation to peak oestradiol levels, not sustained
through to the luteal phase. We report a significant decrease in
blood pressure from baseline or pituitary down regulation to the
luteal phase. Conversely, between pituitary down-regulation to
peak oestradiol levels, most studies did not report a significant
change in MAP, systolic, or diastolic blood pressure. Cardiac
functional changes were reported for the studies on the agonist but
not antagonist protocols. The importance of these findings is that
profound haemodynamic perturbations occur in IVF over a very
short period, usually days, at around embryonic implantation.

The role of oestrogen as a vasodilator has been reported to be
mediated by oestrogen induced nitric oxide release (White, 2002).
In the GnRH agonist protocol, pituitary down-regulation is initially
associated with a decrease in oestradiol plasma levels. As ovarian
stimulation progresses with the development of multiple follicles,
oestradiol rises to supra-physiological levels, and remains elevated
after hCG has been administered (Shrestha et al., 2015). Manau
et al. found the changes in serum oestradiol levels in their patients
to be chronologically related to changes in blood pressure,
implying the inverse association between increasing oestradiol
levels and blood pressure (Manau et al., 1998).

During the initial weeks of pregnancy, decrease in blood
pressure is associated with homeostatic activation of the renin-
angiotensin-aldosterone system (RAAS). Similarly, it is postulated
that the circulatory changes to blood pressure and heart rate
during IVF may also lead to the activation of the RAAS (Manau et al.,

2002b). The maximum increase in plasma renin activity and
aldosterone levels occurs during the luteal phase after oocyte
retrieval (Manau et al., 2002a), as opposed to during ovarian
stimulation when peak oestradiol levels occur. This suggests that a
stimulus other than an oestrogen-related fall in blood pressure has
activated the RAAS. A possible mechanism for the increase in
plasma renin may be by the increased production by the ovary,
shown previously by a significant increase of renin in ovarian
follicular fluid after the injection of hCG (Manau et al., 2002a).

The haemodynamic changes occurring in early pregnancy
could affect measurements taken in the luteal phase, which was
not taken into account in all studies. One study found cardiac
function to return to baseline approximately 4 weeks after the
initiation of treatment, despite a continued elevation of
oestradiol levels (Li et al., 2012). In contrast, another study
found that in patients who became pregnant, the significant
change in cardiac function was sustained through the luteal
phase and did not return to baseline, whereas this was not
observed in patients who did not conceive despite a continuous
elevation of serum oestradiol in both cohorts (La Sala et al,
1989). Whether this is a function of oestrogen, hCG or cardiac
modulation by some other mechanism is not possible to
determine.

The response to stimulating hormones can vary extensively
depending on the protocol and the type of ovulation maturation
trigger administered. Therefore, the heterogeneity between the
protocols limited the studies which could be included in the meta-
analysis. The wide variation in the timing of measurement taken
during the luteal phase may have further had an impact on the
values.

It remains unclear as to whether the acute cardiovascular
changes during IVF lead to a propensity for cardiovascular
dysfunction in pregnancy. We have recently described that
healthy women who develop PE and/or fetal growth restriction
have higher pre-pregnancy vascular resistance, blood pressure
and lower cardiac output than those with normal outcomes (Foo
et al.,, 2018). This raises the intriguing question as to whether
pre-pregnancy cardiovascular function is causatively associated
with the development of hypertensive conditions and growth
restriction or is itself a marker or a predisposition to adverse
pregnancy outcome.
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