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Abstract

Purpose of review Assisted reproductive technology (ART) has continued to emerge as a
treatment option for infertility, a condition that affects a significant proportion of couples
of reproductive age. The goal of this review is to provide information on the link between
adverse pregnancy outcomes (APOs) and ART and long-term cardiovascular consequences
associated with these therapies.
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Recent findings Increasing use and advancing maternal age have raised concerns regarding
the short- and long-term use of such technologies. ART and associated hormonal therapies
are known to cause potential vascular effects and have an association with APOs and

cardiovascular disease.

Summary Our review highlights potential risks associated with ART and the need for pre-
treatment awareness and counseling of short-term APO risk and long-term cardiovascular

disease.

Introduction

Infertility, according to the World Health Organiza-
tion, is defined as failing to achieve a successful
pregnancy after at least 12 months of unprotected
and regular sexual intercourse [1]. However, this
definition varies based on significant factors in a
patient’s medical history, clinical presentation, and
age. If an individual has a medical, sexual, reproduc-
tive history, or physical exam finding, significant for
concern regarding reproductive function, or if they
are 40 years of age or older, it is recommended to
initiate diagnostic testing immediately [1]. Addition-
ally, age itself may warrant expedited workup at
6 months, particularly for women 35 years and
older, who have had regular, unprotected intercourse
without conceiving [1]. Infertility affects up to 15%
of reproductive-aged couples and once identified
warrants evaluation. The most common female cause
of infertility is ovulatory dysfunction secondary to
factors such as obesity, polycystic ovary syndrome
(PCOS), hypothalamic and pituitary dysfunction,
thyroid disease, and hyperprolactinemia [2, 3].
Women at risk for diminished ovarian reserve in-
clude women 35 years or older, those with a family
history of early menopause, prior ovarian resection,
and a history of pelvic radiation, or chemotherapy
[2]. Tubal disease and endometriosis are other com-
mon causes of infertility. In 40% of couples, there is
a contributing male factor which may also lead to a
need for ART. Despite many identifiable causes and
risk factors for infertility, as many as 15-20% of
couples may ultimately be diagnosed with unex-
plained infertility [3].

The first live birth using in vitro fertilization (IVF),
one type of ART, occurred in 1978 and 3 years later, the
first infant in the USA to be conceived with the use of IVF
was born [4, 5]. Since then, the use of ART and IVF
procedures to treat infertility has increased substantially
due to the growing number of fertility clinics, improved
success rates, awareness of these procedures, and greater
availability of insurance coverage. This is illustrated by
the fact that in 2015, out of 4,009,654 infants born in
the USA and Puerto Rico, 66,298 (1.7%) of them were
conceived using ART procedures [5]. As maternal age
continues to advance, the need for ART will only con-
tinue to increase [6].

ART encompasses many different treatments and
procedures (Table 1) that involve the handling of
both human oocyte and sperm, ovarian tissue, tes-
ticular tissue, or embryos in vitro with the ultimate
goal of establishing a pregnancy [7, 8]. IVF is com-
posed of procedures that encourage the fertilization
of gametes outside of the body [7]. Once an embryo
is created via IVF, with or without intracytoplasmic
sperm injection (ICSI—a procedure involving
injecting a single spermatozoon into the cytoplasm
of an oocyte), then an embryo is transferred to the
uterus, a process known as embryo transfer [7]. Both
fresh and frozen embryo transfers are common, and
embryos can be created from self or donor eggs or
sperm. According to the Society for Assisted Repro-
ductive Technology, about 99% of ART cycles per-
formed are IVF with fresh or frozen embryo transfer
(IVE-ET) [9].
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Table 1. Types of assisted reproductive technology [7]

ART

In vitro fertilization-embryo
transfer (IVF-ET)

Zygote intrafallopian transfer
(ZIFT)*

Gamete intrafallopian transfer
(GIFT)*

Frozen embryo transfer (FET)
cycle

Intracytoplasmic sperm
injection (ICSI)

*Rarely done

Definition
Fertilization of gametes outside of the human body to create an embryo and then the

transfer of that embryo to the uterus.

A procedure involving the transfer of one or more zygote(s) into a woman’s fallopian tube

A procedure involving the transfer of both oocytes and spermatozoa into a woman's

fallopian tube.

A procedure where cycle monitoring is started and/or medication is provided to a female in

preparation for the transfer of a frozen, and subsequently thawed, embryo into her uterus.

A procedure in which a sperm from the male partner is injected into the cytoplasm of an

oocyte with the goal of creating an embryo.

ART and impact on pregnancy outcomes

ART offers several treatment options for those experiencing infertility; however,
like other diseases and their respective therapies, these treatments are not
without risk from both maternal and fetal perspectives (Table 2) [10]. It is
known that there are significant adverse pregnancy outcomes (APOs) associated
with multiple gestations that result from fertility treatment; however, the focus
hereafter will be on the APOs associated with singleton pregnancies resulting
from ART. The goal of current IVF treatments is to help infertile individuals have
one healthy baby at a time. Even if the pregnancy is limited to a singleton, both
the mother and baby have higher risks of complications than singleton babies
conceived spontaneously.

Many studies, including a meta-analysis of 50 cohort studies showed that
singleton pregnancies resulting from ART, compared to singleton pregnancies
from spontaneous conception, had a significantly increased risk of developing

Table 2. Risks associated with assisted reproductive technology (in singleton pregnancies) [10]

Maternal risks

Placenta previa

Placental abruption
Pregnancy-induced hypertension
Cesarean delivery

Fetal risks

Preterm delivery

Low birth weight

Small for gestational age
Cesarean delivery

Abnormal amniotic fluid volume (oligohydramnios or polyhydramnios) Stillbirth

Gestational diabetes

Birth defects

Maternal morbidity (blood transfusion being the most common indicator of severe morbidity) Perinatal mortality
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pregnancy-related complications such as pregnancy-induced hypertension (RR
1.30,95% CI 1.04-1.62, p = .02), gestational diabetes (GDM) (RR 1.31, 95% CI
1.13-1.53,p=.0004), placenta previa (RR 3.71, 95% CI 2.67-5.16, p <.00001),
placental abruption (RR 1.83, 95% CI 1.49-2.24, p<.00001), postpartum
hemorrhage (RR 1.29, 95% CI 1.06-1.57, p=.01), polyhydramnios (RR 1.74,
95% CI 1.24-2.45, p=.001), oligohydramnios (RR 2.14, 95% CI 1.53-3.01,
p<.0001), and cesarean sections (RR 1.58, 95% CI 1.48-1.70, p=.001) [11e].
Additionally, the same study showed that ART resulting in a singleton pregnan-
cy was associated with APOs including preterm birth, very preterm birth, low
birth weight, very low birth weight, small for gestation age, congenital
malformations, and perinatal mortality [11e]. Many of these findings were
supported in the findings from a retrospective cohort study that showed single-
ton gestations following ART had a greater incidence of GDM, gestational HTN,
preeclampsia, and intra-hepatic cholestasis when compared to spontaneous
conceptions [12]. This study also showed higher perinatal complications in-
cluding placenta previa, placental abruption, premature preterm rupture of
membranes (PPROM), and postpartum hemorrhage in ART singleton pregnan-
cies and higher rates of APOs including preterm labor, low birth weight com-
pared to spontaneously conceived singleton pregnancies [12].

The risk of APOs differs depending on the specific type of ART used. For
example, several studies have shown there is an increased risk of pregnancy-
induced hypertension following ART; however, this risk has been shown to be
specific to (IVF) pregnancies that use donor oocytes and frozen embryo transfer
or thawed embryos [6, 13]. A population-based Massachusetts Outcomes Study
of Assisted Reproductive Technologies (MOSART) analysis showed that donor
oocytes, compared to autologous oocytes, also carried an increased risk of
prematurity and occurrence of a primary cesarean section [13]. Interestingly,
even the presence or absence of a corpus luteum (CL) has been shown to affect
APOs. For example, in IVF protocols that override and do not stimulate the
ovaries, such as frozen embryo transfer, there is no corpus luteum. A study
demonstrated that pregnancies conceived without a CL showed higher rates of
preeclampsia and preeclampsia with severe features when compared to preg-
nancies conceived in women with one or multiple CLs [14]. This same study
also showed that programmed cycles of frozen embryo transfer (FET) were
associated with higher rates of preeclampsia when compared to modified
natural ovulatory cycles and that modified natural cycle FET showed no signif-
icant difference in the frequency of preeclampsia when compared to spontane-
ous conception. This study adds insights to support the need for further study of
maternal physiology and preeclampsia risk in FET and other IVF protocols
conducted with and without a CL, particularly given the increasing utilization
of FET in clinical practice. If the finding of increased preeclampsia risk after FET
in programmed cycles is confirmed, FET performed in a natural cycle might
alleviate this increased risk.

Another prospective observational study evaluating the impact of the pres-
ence or absence of a corpus luteum compared maternal cardiovascular out-
comes in spontaneous pregnancies with a CL versus donor egg IVF or FET (no
CL) versus multiple CL after ovarian stimulation [15®e]. The expected increase
in cardiac output, left atrial dimension, peak left ventricular filling velocity in
early diastole (E wave velocity), peripheral/central arterial pulse pressure ratio,
as well as a decrease in augmentation index was significantly attenuated or
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absent during the first trimester in women who conceived without a CL, when
compared to the 1 and >1 CL cohorts, which were comparable. These results
provide strong support for a critical role of CL factor(s) in the transformation of
the maternal cardiovascular system in early gestation. Regimens that lead to the
development of a CL or replacement of missing CL factor(s) may be indicated
to improve cardiovascular function and reduce preeclampsia risk in IVF preg-
nancies [15ee].

The risks of APOs can also differ depending on the stage of embryo transfer
when comparing day 5 blastocyst transfer versus day 2 or 3 cleavage-stage
transfer. A population-based retrospective registry study showed that deliveries
after blastocyst transfer had a higher risk of preterm birth and a higher rate of
neural tube defects compared to spontaneous conception and that the risk of
placenta previa and placental abruption were higher in singleton pregnancies
after blastocyst transfer compared to those after cleavage-state or spontaneous
conception [16]. Currently, the majority of ART procedures involving fresh or
frozen embryo transfer are done at the blastocyst stage. The most current data is
related to complications related to this stage of transfer.

The use of ART has markedly increased over the past several years. Based on
data from the CDC, there were 306,197 ART cycles performed in the USA during
2018 [17]. From these cycles, there were 73,831 live births (defined as deliveries
of one or more living infants) and 81,478 live-born infants [17]. Approximately
1.9% of all infants born in the USA every year are conceived using ART [17].
Overall, compared to age-matched singleton pregnancies, there is a higher risk
of adverse pregnancy outcomes in women conceiving through ART. It is impor-
tant that these couples receive pre-treatment counseling so they are aware and
prepared for these risks.

Hemodynamics

ART treatments such as IVF involve the use of fertility medicines to produce
ovarian stimulation associated with multifollicular growth and resulting
supraphysiologic levels of estradiol. These changes start to occur within a few
days of beginning ovarian stimulation with gonadotropin injections. For frozen
or donor embryo transfer, estradiol and progesterone are replaced to create a
suitable endometrial environment for embryo transfer. Hormone levels will be
closer to those in a natural menstrual cycle, but they will lack a corpus luteum.
As a result, the changes in hormone levels that occur during ART have down-
stream implications on the cardiovascular system through shifts in hemody-
namics, endothelial function, and the coagulation cascade (Fig. 1). These effects
can have varying clinical significance [18]. Initially, some IVF protocols use a
GnRH agonist for initial ovarian suppression and result in estradiol suppression
and are associated with increases in blood pressure and peripheral vascular
resistance. Subsequently, gonadotropin injections given for ovarian stimulation
lead to rising estradiol levels and an increase in cardiac output but also a
decrease in mean arterial pressure and peripheral vascular resistance [19]. In
the context of IVF, once the embryo is transferred to the uterus, exogenous
estrogen, progesterone, or hCG may be given up until the end of the first
trimester to allow endometrial development for implantation and ongoing
pregnancy support or until the placenta becomes the dominant endocrine
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Fig. 1. Hemodynamic changes associated with ovarian stimulation following ART. VEGF, vascular endothelial growth factor; SNS,
sympathetic nervous system; RAAS, renin-angiotensin system.

organ of the pregnancy. Typically, these changes are well tolerated; however,
ovarian hyperstimulation syndrome (OHSS) is a rare but extreme example of
potential hemodynamic consequences of ART [18, 20].

OHSS is an exaggerated response to ovarian stimulation that leads to
increased systemic capillary permeability and arterial vasodilation resulting in
extravascular fluid shift [21]. The signs and symptoms can range from mild to
critical in severity and include enlarged ovaries, ascites, pleural and pericardial
effusions, and thromboembolic events [22]. Rarely, myocardial infarction or
embolic phenomenon such as pulmonary embolus or DVT may occur second-
ary to OHSS [23]. Although the incidence of moderate to severe OHSS is
estimated as occurring in 1-5% of ART cycles, it has been suggested that even
lower grade levels of ovarian stimulation may cause long-term cardiovascular
effects [22, 24]. The exact mechanism of OHSS is not completely understood;
however, the role of estradiol, LH, hCG, inflammatory mediators, and vascular
endothelial growth factor (VEGF) has been studied as markers or mediators in
OHSS [25]. Additionally, disruption in the renin-angiotensin axis has been
documented in several studies finding higher concentrations of angiotensin II
in follicular and ascitic fluid of women with OHSS [26]. This is likely a
downstream effect of the intravascularly depleted state rather than a direct cause
of OHSS [27]. Fortunately, newer stimulation protocols have further reduced
this type of complication.
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In addition to the hormonal impacts on hemodynamics, ART increases the
likelihood of multiple pregnancies, which results in physiologic changes requir-
ing additional circulatory adaptations. Twin pregnancies compared to singleton
pregnancies have an increase in cardiac output, ejection fraction, left ventricular
end-diastolic and end-systolic dimensions, and a lower total vascular resistance
[28]. Women with multiple pregnancies are also more likely to experience
hypertensive complications [29]. These challenges with multiple pregnancies
may be of particular significance for women with pre-existing cardiovascular
disease [18]. New protocols, insurance coverage, and higher success rates have
caused a positive trend towards single embryo transfer, with falling rates of
multiple gestations.

Finally, the hemodynamic consequences of abnormal placentation
and vascular dysfunction associated with ART result in an elevated risk
of hypertensive disorders including preeclampsia [30]. During embryo
transfer into the uterine cavity, the changes in the hormonal environ-
ment in the endometrium alter the typical maternal-fetal interface and
may result in placental insufficiency [29]. The compromised
uteroplacental blood flow triggers the release of antiangiogenic factors
into the maternal circulation that results in maternal systemic vasocon-
striction. Additionally, in IVF pregnancies, the chorion forms in vitro
which may predispose to diseased placenta vessels and inadequate
uteroplacental circulation. Furthermore, a disruption in the balance of
various vasoactive factors during ART may be implicated in hypertensive
disorders. For example, in IVF procedures without the formation of
corpus luteum, levels of relaxin are lower resulting in impaired vasodi-
lation [29].

Cardiovascular disease and ART

To date, the largest systematic review of data evaluating cardiovascular risk
following ART is a meta-analysis by Dayan et al. in 2017 [31e]. Six
observational studies including over 40,000 women receiving fertility ther-
apy and over 1,400,000 who did not showed no increased risk of cardiac
events in the fertility-treated group (pooled HR 0.91; 95% CI 0.67 to 1.25;
I’ =36.6%). This included various cardiovascular outcomes in different
studies such as coronary heart disease, cardiovascular hospitalization,
and “CVD not otherwise specified.” Limited data on stroke outcomes
showed a potential increased risk for stroke among women receiving
fertility therapy (pooled HR1.25; 95% CI 0.96 to 1.63; I>=0%). Still,
definitive conclusions on cardiovascular outcomes associated with fertility
therapy could not be made due to heterogeneity in comparator groups,
types of fertility therapy, and varied cardiovascular outcomes reported in
these studies. The major utility of this systematic review was to highlight
the gaps in knowledge on long-term CV safety of fertility therapy and the
need for quality studies in this area [24, 31e].

The association of ART and elevated risks of hypertensive disorders of
pregnancy and thromboembolic events have been studied. Thomopoulous
et al. reviewed 47 studies and found IVF in particular was associated with
increased gestational hypertension and preeclampsia [29]. The 2019
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systematic review by Almasi-Hashaiani et al. found the incidence of pre-
eclampsia following ART to be 1.71-fold higher compared to spontaneous
conception (RR 1.71, 95% CI 1.11-2.62, p=0.015) [30]. Additionally,
there is a 100-fold increased risk of thromboembolic events specifically
in the setting of OHSS following ART [32]. Interestingly, venous throm-
bosis associated with ART often occurs in upper extremities and head and
neck vasculature as opposed to lower extremity venous thrombosis due to
poor venous return associated with pregnancy [33].

It is difficult to control for confounding factors associated with cardio-
vascular risk and fertility therapy. In recent years, an association between
adverse pregnancy conditions and long-term cardiovascular outcomes such
as myocardial infarction and stroke has been increasingly recognized and
incorporated into risk stratification guidelines [34]. APOs as a marker and/
or mediator of future cardiovascular risk have been studied in the context
of overlapping physiologic mechanisms that include vascular dysfunction,
inflammation, and endothelial dysfunction [35]. Although the additive
adverse effects fertility therapy may have on cardiovascular risk is unclear,
similar pathways resulting in vascular dysfunction and a pro-thrombotic
state may be implicated.

There is limited data to speculate on the degree of increased risk of
complications following ART in women with pre-existing cardiovascular
disease. A retrospective study of 20 women with either congenital heart
disease (68%) or acquired cardiovascular disease (32%) who successfully
achieved pregnancy with ART was surveyed for pregnancy complications.
In this small cohort, OHSS occurred in 18% and adverse cardiac maternal
outcomes occurred in 27% of women [36]. Although there are several
limitations to this study, it is reasonable that pre-existing cardiovascular
disease would further limit the ability to compensate for the hemodynam-
ic changes associated with ART.

The most important and difficult question is how we as clinicians
counsel patients undergoing evaluation for ART. Women should be
counseled that the use of IVF, even when performing single embryo
transfer, carries a higher risk for maternal pregnancy complications includ-
ing gestational diabetes, hypertension, preeclampsia, and cesarean section.
This is true even for women without pre-existing cardiovascular disease.
For women with pre-existing cardiovascular disease, first, it is important to
thoughtfully consider their ability to tolerate the hemodynamic changes
associated with a healthy pregnancy. A decision to proceed or offer ART
should be made in conjunction with maternal-fetal medicine and cardiol-
ogy. Risk assessment models such as the World Health Organization
classification of maternal cardiovascular risk can be used to stratify pa-
tients [37]. It is reasonable to consider WHO class III and IV which
includes mechanical valve, complex congenital heart diseases, severe left
ventricular dysfunction (EF < 30%, NYHA class III-IV heart failure), severe
symptomatic aortic stenosis, and other CV diseases, as relative contraindi-
cations to ART [18, 37]. Still, it is important to recognize the limitations
within the evidence we use to counsel patients during a pivotal time in
their lives. Our aim should be the early identification of potential risk
factors and supporting patients through this decision-making process. If it
is considered an acceptable risk for pregnancy and ART, there should be
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close monitoring of metabolic derangements (i.e., gestational diabetes)
and hypertension, among other complications.

Conclusions

ART has been increasingly utilized to treat infertility and encompasses a broad
range of different techniques. Hormonal therapies associated with ART are
associated with vascular changes and ART has been associated with a higher
risk of adverse pregnancy outcomes, although this varies by type of ART. The
data to support an association between ART and CVD is not definitively
established. However, counseling patients should involve discussion of the
risks and benefits as it relates to the use of ART and cardiovascular conse-
quences. A team approach to pre-ART counseling and care is important if the
woman has pre-existing cardiovascular risk factors.
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