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Abstract

The use of assisted reproduction techniques such as in vitro fertilization has been increas-
ing in recent decades, with up to 8 million newborns conceived this way since 1978, when
the first person conceived by this method was born. Assisted reproduction has been asso-
ciated with an increase in the incidence of multiple obstetric and perinatal complications
such as preeclampsia. This article presents a narrative review of the association between in
vitro fertilization and preeclampsia, with the most commonly associated maternal factors
and procedure, along with measures that have been proposed to reduce this risk.
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It is estimated that approximately 8 million newborns have been conceived through
in vitro fertilization (IVF) since 1978, when the first person conceived by this technique was
born.!'IVF is a method of assisted reproduction with an estimated live birth rate of 30-40%
for each embryo transfer.?

IVF has been associated with an increase in the incidence of multiple obstetric and
perinatal complications such as preterm delivery, low birth weight, intrauterine growth
restriction, and preeclampsia.® This review seeks to investigate the relationship between
IVF and preeclampsia: what maternal and procedural factors have been most associated
with this complication and what measures have been proposed to reduce this risk.

Methods

In this review, the databases of Pubmed, Cochrane and Google Scholar were used to
identify the most relevant articles published in the last 10 years on the correlation between
pregnancies achieved by IVF and the development of preeclampsia. The search terms were:
preeclampsia, in vitro fertilization and reproductive medicine, as well as their respective
translations into English. Clinical trials, meta-analyses, randomized and controlled studies,
narrative reviews, and systematic reviews were included.

Results

In this context of assisted human reproduction with IVF and its relationship with
preeclampsia, 21 published articles were included (Figure 1). In the study by Gui et al
published in 2020, the incidence of preeclampsia in pregnancies achieved by spontaneous
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conception (SC) and IVF was compared with a
population of 4,601 and 109,884 women in each group,
respectively. IVF was carried out by intracytoplasmic
sperm injection (ICSI) with fresh embryo transfer or
after cryopreservation. Patients with already known risk
factors for preeclampsia such as chronic hypertension,

preeclampsia, polycystic ovary syndrome, pregestational
diabetes, and kidney or heart disease were excluded.
Singleton and multiple pregnancies were compared in
two separate groups: 4601 women with pregnancies
achieved by IVF and 109,884 women with spontaneous
pregnancies, in which the diagnosis of preeclampsia was

lupus, antiphospholipid syndrome, history of 6.1% and 1.0% (p<0.01) respectively.
(=
.g Records identified from: Records identified from other sources:
E Cochrane Library (n = 47) Manual search in Google Scholar
E= Pubmed (n=69) and citation review
§ Total (n=116) (n=5)
g
‘€ Records screened by titles _
(g and abstracts (n = 105)
A
A 4
Records screened by titles Re.cords e.xcluded after
- screening of titles and abstracts
and abstracts (n =105)
(n=78)
>
=
) v
w
Records assessed for full-text Records excluded after
eligibility (n = 27) full-text assessment
(n=6)
\
5
= Records included in
Ts, qualitative synthesis (n =21)
[=
Figure 1. PRISMA flow diagram for the systematic review.

Compared towomen with SC, pregnant women with
IVF were 2.6 times more likely to develop preeclampsia
(p < 0.01), taking into account maternal age, parity,
birth weight, and gestational age. Of the patients who
developed preeclampsia in both groups, severity criteria
were more commonly presented in IVF patients compared
to SC patients (40% vs. 24.1%, p = 0.025).3

Influence of the endometrium

Again, the aforementioned study, which contrasts
pre-eclampsia in spontaneous versus IVF pregnancies,
highlights a likely deficient placenta as the cause of high-

er pre-eclampsia incidence in IVF pregnancies. Ovarian
stimulation and the resulting supraphysiological estradi-
ol levels are considered to generate a suboptimal endome-
trial environment for placentation. For this reason, fresh
embryo transfer performed within a few days of ovarian
puncture could increase the risk of preeclampsia during
pregnancy. Due to the risk of ovarian hyperstimulation,
there has been an increasing tendency to defer embryo
transfers by cryopreservation of all embryos, a strategy
known as “freeze all”. During the interval between ovari-
an puncture and delayed transfer, efforts are made to op-
timize endometrial conditions for implantation.*
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Three options have been described for how to
prepare the endometrium for embryo transfer after the
“freeze all” process: the patient’s natural cycle, hormone
therapy, and ovulation induction medication. The three
techniques have not presented significant differences in
terms of implantation, pregnancy and live birth rates.*
It has been observed that pregnancies achieved by
cryopreserved embryo transfer, in which endometrial
preparation was carried out by means of the natural
cycle or ovulation induction, have a lower incidence of
hypertensive disorders of pregnancy compared to those
prepared by hormone therapy. It is then stipulated that
the corpus luteum could play a fundamental role in
adequate placentation, by secreting steroid substances,
cytokines, chemokines, growth factors, among others.’

Role of the corpus luteum in these patients

On the other hand, in the trial by Wang et al pu-
blished in 2020, 14,373 pregnancies achieved by cryopre-
served embryo transfer were evaluated, 10,211 patients
in their natural cycle and 4,162 with hormonal treatment
that inhibits ovulation and the formation of the corpus
luteum. The results showed the appearance of pree-
clampsia in 3.8% in women in the natural cycle and in
8.6% under hormonal treatment (p < 0.01). This, despite
the fact that prior to the transfer of a cryopreserved em-
bryo it is supplemented with estradiol and progesterone,
while other vasoactive substances produced by the cor-
pus luteum are not routinely administered.®

Another trial compared the velocity of the femoral
and carotid pulse wave, together with the transit time
of the femoral and carotid pulse wave, in women from
three different groups: with spontaneous pregnancies
with cryopreserved embryo transfer after hormonal
stimulation for endometrial preparation (without the
presence of corpus luteum) and with fresh embryo
transfer after IVF or ovarian stimulation (with one or
more corpus luteums). The aim of the study was to assess
cardiovascular adaptation during pregnancy.’

In the groups that conceived spontaneously or
by IVF with one or more corpus luteums, a reduction in
femoral and carotid pulse wave velocity of ~1 m/s was
recorded during pregnancy. The nadir was reached be-
tween the 22nd-25th week of gestation, similar to what
was expected. In contrast, in the group of patients wi-
thout corpus luteum, no such decrease was documented.
Regarding the transit time of the femoral and carotid
pulse wave in the groups with corpus luteum, the expec-
ted increase was observed, while in patients without cor-
pus luteum no relevant change was documented.’

In this same publication, which evaluated the in-
fluence of the corpus luteum on the evolution of preg-

nancies in the natural cycle compared to those in cycles
with hormonal treatment and without corpus luteum, it
is emphasized that the absence of the corpus luteum in
the cycles in the latter group generates a lack in the cir-
culation of vasoactive substances produced exclusively
by the corpus luteum, as is the case with relaxin. This can
generate vascular alterations from early gestation, which
in turn can increase the risk of preeclampsia.*

While spontaneous pregnancies generally develop
in the presence of a corpus luteum, in vitro fertilization
involves two opposite scenarios: on the one hand, the
formation of supraphysiological numbers of corpus
luteum associated with ovarian stimulation in fresh
IVF cycles and, on the other hand, the hypothalamic-
pituitary suppression and consequent absence of corpus
luteum in the artificial cycles used in scheduled transfers
after hormone therapy or cases of couples receiving
female gamete donation.”

Low ovarian reserve as a predictor of
preeclampsia risk

During a woman’s lifetime, the ovarian reserve
(oocytes remaining in the ovaries) decreases exponen-
tially.®Its size can be estimated by biochemical markers
or ultrasonographic data. The most widely accepted bio-
chemical marker for evaluation is the quantification of
anti-Miillerian hormone (AMH), produced by granulosa
cells of small preantral and antral follicles, so its level
correlates with the number of remaining gametes. AMH
levels increase until about age 25 and then progressi-
vely decrease until menopause.®By means of ultrasound,
antral follicle count (AFC) can be performed in order to
quantify follicles of 2-9 mm.!°

In 2011 the European Society of Human Repro-
duction and Embryology (ESHRE) published the Bologna
criteria to define the poor ovarian response of some pa-
tients to hormonal stimulation during infertility treat-
ments. To be categorized within this group, a patient
must meet two of the following three criteria: maternal
age over 40 years, history of poor oocyte response in a
previous stimulation cycle (retrieval of <3 oocytes in a
standard stimulation cycle) and an altered ovarian re-
serve test (HA less than 0.5-1.1) or a AFC less than 5-7
follicles.!!

Studies indicate that patients who meet the crite-
ria for a low ovarian reserve have a higher risk of pree-
clampsia. One study compared groups of women who had
a pregnancy through IVF with a history of low ovarian
reserve and a control group with a normal reserve. Pa-
tients with low reserve had preeclampsia in 8.1% of ca-
ses, compared to the control group that registered 2.7%
(p=0.003). In the same study, placentas were analyzed
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after delivery and it was documented that those of pa-
tients with low ovarian reserve had a greater number of
vascular lesions due to poor perfusion.'?

Role of gamete donation

Oocyte donation is a resource used in assisted
reproductive technologies with a wide range of indica-
tions. Among the most important are premature ovarian
failure, advanced female reproductive age, hereditary
diseases and gestational surrogacy due to contraindica-
tions to pregnancy. Several studies comparing pregnan-
cies achieved by egg donation with natural conceptions
have consistently reported a higher prevalence of pree-
clampsia in the former, which could explain the more
unfavorable perinatal outcomes in this group. However,
studies comparing pregnancies with egg donation ver-
sus those achieved by IVF with autologous oocytes have
been conflicting.!3

A Swedish study that included 259 women un-
dergoing IVF with egg donation investigated whether
pregnancies achieved by egg donation and single em-
bryo transfer had higher obstetric complications com-
pared to a group of 515 women who used their own
oocytes. The main findings of this study indicated an
increase in pregnancy complications, including a four-
fold increase in the risk of gestational hypertensive di-
sorders and preeclampsia, in a group of young, healthy
women who received a single embryo in their egg do-
nation treatments.'®* This publication is the largest co-
hort study to use case-controls to examine the effect
of egg donation and obstetric and perinatal outcomes.
The findings may have implications for practice and
indicate that women with pregnancies achieved by
egg donation could benefit from aspirin prophylaxis
in early pregnancy.'3

Information on pregnancies achieved by male ga-
mete donation is scarce and most of the available studies
have been carried out in patients undergoing intrauteri-
ne inseminations with donor sperm and not IVF. It has
been hypothesized that contact of a woman’s vaginal or
oral mucosa with her partner’s semen might reduce the
risk of pre-eclampsia due to a woman’s immune toleran-
ce to specific semen proteins.!*In this context, it has been
observed that couples with sex without barrier methods,
with previous children or with frequent oral sex, have
a lower risk of developing preeclampsia in future preg-
nancies. Consequently, women who become pregnant
through insemination with donor sperm without such
exposure have shown an incidence of preeclampsia of
up to 9%, compared to up to 5% of those who conceived
by insemination with their partner’s sperm.* Although
there are no clear studies evaluating this correlation in
IVF-achieved pregnancies with donated male gametes, a
similar trend could be expected.

Spontaneous twin pregnancy vs. pregnancy
achieved by IVF

The incidence of twin pregnancies has increased
over the past four decades.' The rate of preeclampsia is
increased in twin pregnancies compared to singleton
preganancies, with a relative risk (RR) of 3.50 for
dichorionic twins and 2.61 for monochorionic twins. !¢

A 2018 Israeli study of 4,448 patients with twin
pregnancies compared the incidence of preeclampsia in
spontaneous twin pregnancies versus those achieved by
fertilization in vitro. The main conclusion of that study was
that preeclampsia is more common in twin pregnancies
achieved by IVF. In addition, in twin pregnancies achieved
by IVF, preeclampsia was associated with an increased risk
of preterm birth, lower birth weight, and a higher cesarean
section rate. However, no difference in short-term neonatal
outcomes was observed between the two groups.'

Aspirin prophylaxis

As recently as 2021, the US Preventive Services
Task Force (USPSTF) and, consequently, the American
Association of Obstetrics and Gynecology added IVF
pregnancies to the “moderate” risk list for developing
preeclampsia. Currently, this risk factor would be
sufficient criteria to recommend management from week
12 with low-dose aspirin of 81 mg daily."”

The study by Chaemsaithong et al did not show
greater benefits of starting aspirin treatment before week
11 with respect to the onset of preeclampsia in IVF patients,
but they did reduce preterm deliveries.'®

A recent meta-analysis describes aspirin as highly
effective in reducing the rates of preeclampsia if but confers
no significant beneficial effect when started after that
time. The effect on pre-eclampsia rates is mainly due to a
reduction in severe and premature forms of the disorder; no
significant benefit on pre-eclampsia at term. The existence
of a dose-response effect when aspirin is started before 16
weeks of gestational age is proposed, since it corresponds
to the time when placentation is completed, with the effect
maximized at daily doses above 100 mg."

Aspirin, in doses below 300 mg, selectively and irre-
versibly inactivates the COX-1enzyme, which suppres-
ses the production of prostaglandins and thromboxane
and inhibits platelet aggregation. The mechanism by
which aspirin prevents preeclampsia is unknown, what
has been described so far is largely speculative and ba-
sed on in vitro research.!* Some of the possible proposed
mechanisms include improvement in the placentation
process, inhibition of platelet aggregation and its anti-
thrombotic effect, leading to lower levels of placental
infarction, as well as anti-inflammatory effects and en-
dothelial stabilization.?
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The ASPRE (Aspirin for evidence-based PRE-
eclampsia prevention) study was based on evidence from
other publications suggesting that approximately 30% of
women do not respond to the effect of aspirin at a daily
dose of 81 mg and that only 5% do not respond to its ef-
fects at a daily dose of 162 mg."?

Based on this women at high risk were blindly
randomly assigned to receive either 150 mg daily of
aspirin (n= 789) or placebo (n=822), from 11 to 14
weeks of gestational age until 36 weeks or delivery,
whichever came first. Aspirin was shown to reduce
the occurrence of premature preeclampsia by 62%
(1.6% vs. 4.3% with placebo), odds ratio (OR): 0.38
95% CI: 0.20 to 0.74; p=0.004). Notably, although a
non-significant trend toward a greater reduction in
preeclampsia was observed at early gestational ages,
there was no evidence of a significant reduction in the
rate of preeclampsia at term.?!

Finally, aspirin use has been linked to improved
implantation rates, attributed to increased endometrial
oxygenation. There are a variety of treatment options
depending on the cause of implantation failure, includ-
ing aspirin, low molecular weight heparin, immunosup-
pressants, intravenous immunoglobulins, and hydroxy-
chloroquine.??

Discussion

Infertility is a pathology that affects 1 in 6 cou-
ples and in vitro fertilization is one of the most effec-
tive methods to achieve a live newborn.?® Pregnancies
achieved by in vitro fertilization are not without obstet-
ric risks and, in general, a risk of developing preeclamp-
sia has been seen up to 2.6 times higher compared to
pregnancies achieved spontaneously.® Different propos-
als have been developed on the pathophysiology of this
condition and the influence of hyperestrogenic endo-
metrium, absence of corpus luteum and inadequate pla-
centation. The USPSTF and the American Association of
Obstetrics and Gynecology recommend the use of low-
dose aspirin of 81 mg starting at week 12 in women with
pregnancies resulting from in vitro fertilization primar-
ily to reduce the risk of severe and premature forms of
preeclampsia.!’

Finally, in patients at high risk of developing pree-
clampsia, it is appropriate to consider the option of deferred
embryo transfer from the natural cycle or modified natural
cycle; however, further research is required in this regard.
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