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The use of assisted reproductive technology has increased in the United States in the past several

decades. Although most of these pregnancies are uncomplicated, in vitro fertilization is associated with
an increased risk for adverse perinatal outcomes primarily caused by the increased risks of prematurity
and low birthweight associated with in vitro fertilization pregnancies. This Consult discusses the man-
agement of pregnancies achieved with in vitro fertilization and provides recommendations based on the
available evidence. The recommendations by the Society for Maternal-Fetal Medicine are as follows: (1)
we suggest that genetic counseling be offered to all patients undergoing or who have undergone in vitro
fertilization with or without intracytoplasmic sperm injection (GRADE 2C); (2) regardless of whether
preimplantation genetic testing has been performed, we recommend that all patients who have achieved
pregnancy with in vitro fertilization be offered the options of prenatal genetic screening and diagnostic
testing via chorionic villus sampling or amniocentesis (GRADE 1C); (3) we recommend that the accuracy
of first-trimester screening tests, including cell-free DNA for aneuploidy, be discussed with patients
undergoing or who have undergone in vitro fertilization (GRADE 1A); (4) when multifetal pregnancies do
occur, we recommend that counseling be offered regarding the option of multifetal pregnancy reduction
(GRADE 1C); (5) we recommend that a detailed obstetrical ultrasound examination (CPT 76811) be
performed for pregnancies achieved with in vitro fertilization and intracytoplasmic sperm injection
(GRADE 1B); (6) we suggest that fetal echocardiography be offered to patients with pregnancies
achieved with in vitro fertilization and intracytoplasmic sperm injection (GRADE 2C); (7) we recommend
that a careful examination of the placental location, placental shape, and cord insertion site be performed
at the time of the detailed fetal anatomy ultrasound, including evaluation for vasa previa (GRADE 1B); (8)
although visualization of the cervix at the 18 0/7 to 22 6/7 weeks of gestation anatomy assessment with
either a transabdominal or endovaginal approach is recommended, we do not recommend serial cervical
length assessment as a routine practice for pregnancies achieved with in vitro fertilization (GRADE 1C);
(9) we suggest that an assessment of fetal growth be performed in the third trimester for pregnancies
achieved with in vitro fertilization; however, serial growth ultrasounds are not recommended for the sole
indication of in vitro fertilization (GRADE 2B); (10) we do not recommend low-dose aspirin for patients
with pregnancies achieved with IVF as the sole indication for preeclampsia prophylaxis; however, if 1 or
more additional risk factors are present, low-dose aspirin is recommended (GRADE 1B); (11) given the
increased risk for stillbirth, we suggest weekly antenatal fetal surveillance beginning by 36 0/7 weeks of
gestation for pregnancies achieved with in vitro fertilization (GRADE 2C); (12) in the absence of studies
focused specifically on timing of delivery for pregnancies achieved with IVF, we recommend shared
decision-making between patients and healthcare providers when considering induction of labor at 39
weeks of gestation (GRADE 1C).
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Introduction

Successful in vitro fertilization (IVF) leading to a live birth was
initially reported in 1978.1 Since then, the use of assisted
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reproductive technology (ART) has increased steadily and
now accounts for 1.6% of all infants and 18.3% of all mul-
tiple-birth infants in the United States.2 Although most of
these pregnancies are uncomplicated, IVF is associated
with adverse perinatal outcomes primarily caused by the
increased risks of prematurity and low birthweight associ-
ated with pregnancies achieved with IVF. Such risks are
often compounded by the higher rates of twinning and
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higher-order multiples in pregnancies achieved with IVF.
More recent studies and meta-analyses demonstrate that
pregnancies achieved with IVF also carry a doubling in the
risk for severe maternal morbidity even after controlling for
maternal age, parity, and comorbid conditions.3e8

Factors that may contribute to the adverse effects of IVF
on pregnancy outcomes include those related to the IVF
procedure itself (medications, laboratory conditions during
embryo culture, culture medium, cryopreservation, and
thawing) and the maternal conditions associated with sub-
fertility and infertility (including pregnancy at an older age
and reduced ovarian reserve). It is often impossible to
separate the individual factors affecting the risks for adverse
outcomes in pregnancies achieved with IVF, making it
difficult to mitigate the risks associated with IVF. This
Consult discusses the management of pregnancies
achievedwith IVF and provides recommendations based on
the available evidence.
What genetic conditions should bediscussed
with patients considering to undergo or who
have undergone in IVF?

The IVF procedure itself does not appear to lead to a higher
prevalence of chromosomal anomalies when compared
with naturally occurring pregnancies.9,10 However, several
other factors may play a role in the increased risk for chro-
mosomal anomalies in these pregnancies, including preg-
nancy at an older age and polycystic ovary syndrome.11,12

Severe male and female factor infertility may be associated
with a higher risk for chromosome anomalies.13 A 1.5% rate
of karyotypic anomalies is reported in couples referred for
IVF (1.8% for men and 1.2% for women).14 The need for
genetic screening is well established for several infertile
subpopulations, including patients with severe sperm al-
terations and patients presenting with primary amenorrhea,
premature menopause, and recurrent pregnancy loss.14

Among the approximately 10% of men diagnosed with oli-
gospermia or azoospermia without physical obstruction of
the vas deferens, 8% to 15% carry a microdeletion in the
long arm of the Y chromosome.15 These findings have im-
plications when intracytoplasmic sperm injection (ICSI) is
performed because chromosomal or gene defects that
might normally be lost or eliminated by natural means could
be transmitted to the offspring.
Other studies report a significantly increased rate of de

novo chromosomal abnormalities in pregnancies achieved
with ICSI compared with a reference group of naturally
occurring pregnancies or the general population
(P<.001).16,17 In a nationwide cohort of ongoing pregnan-
cies achieved with IVF, of those who underwent invasive
testing, chromosome aberrations weremore common in the
ICSI-treated group than the IVF alone-treated group (1.3%
vs 0.5%; P<.001) despite the fact that women who became
pregnant after IVF alone were significantly older than those
who became pregnant after IVFwith ICSI (P<.001).18 Similar
findings have been reported by other groups.19
Patientswith reduced ovarian reserve and primary ovarian
insufficiency have an increased risk for being full mutation or
premutation carriers of fragile X. These patients typically
undergo FMR1 gene testing before undergoing IVF. Pre-
implantation genetic testing should be offered for mono-
genic disorders with the transfer of only embryos carrying
the normal X chromosome.20,21

Genomic imprinting is a phenomenon by which genes are
epigenetically regulated and expressed according to
parental origin. Imprinting syndromes are thought to occur
more frequently in the offspring of subfertile parents,22

including those undergoing IVF. Increased rates of Beck-
with-Wiedemann syndrome (BWS),23e26 Angelman or
Prader-Willi syndrome (PWS), and Russell-Silver syndrome
have been reported in case-control studies.27,28 A more
recent meta-analysis yielded estimates of specific associ-
ations between ART and Russell-Silver syndrome (odds
ratio [OR], 11.3; 95% confidence interval [CI], 4.5e28.5),
BWS (OR, 5.8; 95% CI, 3.1e11.1), Angelman syndrome
(OR, 4.7; 95% CI, 2.6e8.5), and PWS (OR, 2.2; 95% CI,
1.6e3.0).29 A systematic review and meta-analysis on the
subject concluded that pregnancy achievedwith ART, when
compared with naturally occurring pregnancies, is associ-
atedwith an increased risk for imprinting disorders (adjusted
odds ratio [aOR], 3.67; 95% CI, 1.39e9.74).30 However,
given the low prevalence of these syndromes, the absolute
risk remains very small. We suggest that genetic counseling be
offered to all patients undergoing or who have undergone IVF with
or without ICSI (GRADE 2C).31
What are the different types of
preimplantation genetic testing?

IVF is often accompanied by preimplantation genetic testing
(PGT). There are 3 types of PGT: Preimplantation genetic
testing for aneuploidy (PGT-A), preimplantation genetic
testing for monogenic disorders (PGT-M), and preimplan-
tation genetic testing for structural (chromosomal) rear-
rangements (PGT-SR).32

PGT-A focuses on the detection of de novo aneuploidies,
such as the common trisomies. Because aneuploidy is a
leading cause of implantation failure, miscarriage, and
congenital abnormalities, PGT-A before transfer has been
proposed to increase the implantation and pregnancy rates
per transfer and lower miscarriage rates. Most recent
techniques involve molecular testing of all chromosomes
using quantitative polymerase chain reaction, microarray
technology, or next-generation sequencing on several
trophoectoderm cells sampled from day 5 to 6 blastocysts.
Regardless of the technique used for preimplantation

genetic testing, PGT-A does not replace the recommen-
dation for prenatal screening or diagnosis. PGT-A samples
the trophoectoderm, which gives rise to the placenta, not
the inner cell mass, which gives rise to the fetus. Discordant
aneuploidy findings between trophoectoderm and inner cell
mass are reported to be as high as 50% in discarded frozen
embryos.33 In 1 systematic review of 26 studies that
MARCH 2022 B3
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compared the initial PGT-A and reanalysis results from 1124
embryos, concordance rates were 93.8% for euploidy,
81.4% for full aneuploidy, and 42.6% for mosaic aneuploidy
(all P<.05). The authors of the systematic review concluded
that the increased discordance rates with PGT-A are likely
caused by the inclusion of mosaic embryos.34 True rates of
false-negative and false-positive diagnoses for PGT-A in
clinical use are not well documented; euploid embryos
misdiagnosed as aneuploid are discarded, and aneuploid
embryos misdiagnosed as normal often miscarry. The value
of PGT-A as a screening test for IVF patients has been
debated.35e37 The Practice Committee of the American
Society for Reproductive Medicine states that there is
insufficient evidence to recommend the routine use of
blastocyst biopsy with aneuploidy testing in all infertile
patients.38

PGT-M is used to diagnose monogenic disorders, most
commonly in couples with previous offspring affected by
single-gene disorders (such as cystic fibrosis) or who have
undergone carrier screening with both partners testing
positive for a mutation associated with a genetic disease.
Less frequent indications are a desire to select a child who is
HLA-compatible with a sibling for stem cell therapy, sex
selection in cases of sex-linked disorders (eg, Duchenne
muscular dystrophy), or selection of embryos unaffected by
late-onset autosomal dominant disorders (eg, Huntington
disease) in the presence of a positive family history.
PGT-SR is used to diagnose structural chromosomal

rearrangements. In such cases, onepartner is usually known
to be a carrier of a balanced translocation or a deletion or
duplication. The goal of both PGT-M and PGT-SR is to allow
the transfer of an unaffected embryo. For both PGT-M and
PGT-SR, it is recommended that a confirmatory diagnostic
test be offered during the pregnancy.39 This recommenda-
tion reflects the inherent difficulties of testing the limited
number of cells obtained from blastocyst biopsy and the
known biologic and human factors that may lead to misdi-
agnosis. Misdiagnoses can be caused by unprotected
sexual intercourseduring the IVFcycle, humanerror (transfer
of a wrong embryo), or postzygotic mitotic changes. False-
negative diagnoses may be caused by contaminating
extraneous DNA, allele drop-out, or partial amplification and
may lead to the transfer of abnormal embryos. Despite these
limitations, reported misdiagnosis rates are <1 in 200
pregnancies following PGT-M.40 Many patients, however,
do not wish to pursue invasive testing after PGT. Regardless
of whether PGT has been performed, we recommend that all pa-
tientswhohave achievedpregnancywith IVF be offered the options
of prenatal genetic screening and diagnostic testing via chorionic
villus sampling or amniocentesis (GRADE 1C).
Furthermore, embryo mosaicism is present in an esti-

mated 16% to 21% of blastocysts.41 If euploid embryos
are unavailable, aneuploid mosaic embryos are sometimes
transferred, because a mosaic embryo can develop into a
healthy euploid fetus.42 The probability of confirmation of
the aneuploidy on amniocytes is reported to average
B4 MARCH 2022
11.4%; however, probability depends on the chromosome
involved in the aneuploidy, with rates of 45% for trisomy
21, 22% for trisomy 18, 2% for trisomy 13, 5% for trisomy
16, 12% for trisomy 14, and 5% for trisomy 20.43 For
chromosomes with imprinted genes (6, 7, 11, 14, and 15),
the risk for clinically meaningful uniparental disomy via tri-
somy or monosomy rescue mechanisms averages about
5%.43 Prenatal diagnostic testing should be offered to pa-
tients with pregnancies that are achieved by the transfer of
an embryo with a mosaic trisomy or monosomy. Consul-
tation with a genetic counselor or geneticist can be offered
to discuss diagnostic testing for these patients. Screening
with cell-free DNA (cfDNA) has limited clinical utility given
that it tests DNA of placental (not fetal) origin, leading to
unknown performance for low-level mosaicism and unclear
positive predictive values in this clinical setting.44
What is the accuracy of first-trimester genetic
screening tests in pregnancies achievedwith
in vitro fertilization?

The accuracy of first-trimester genetic screening tests for
aneuploidies may be affected by IVF. In a recent system-
atic review, when compared with naturally occurring
pregnancies, pregnancies achieved with IVF were associ-
ated with decreased pregnancy-associated plasma protein
A (PAPP-A) and increased nuchal translucency (NT) mea-
surements in the first trimester and decreased alpha
fetoprotein and transcription factor mE3 and increased
total hCG in the second trimester.45 Another meta-analysis
confirmed the significantly lower PAPP-A levels in any IVF
(with or without ICSI) vs controls (RR, 0.85; 95% CI
0.80e0.90), IVF vs controls (RR, 0.82; 95% CI, 0.74e0.89),
and ICSI vs controls (RR, 0.83, 95% CI, 0.79e0.86) but did
not find a difference in NT measurements.46 These findings
suggest a potential increased risk for false-positive results
for aneuploidies in patients who undergo first-trimester
combined screening.47

Studies using cfDNA report a lower fetal fraction (FF) in
pregnancies achieved with IVF, perhaps reflecting smaller
placental mass.48 This lower FF leads to higher rates of
failed cfDNA results compared with naturally occurring
pregnancies (5.2% vs 2.2%; P<.001).49 However, IVF does
not appear to be a risk factor for failed results on repeat
cfDNA testing (second draw), which has an overall success
rate of about 53% on repeat draw.50 We recommend that the
accuracy of first-trimester screening tests, including cfDNA for
aneuploidy, be discussed with patients undergoing or who have
undergone IVF (GRADE 1A).
Does multifetal pregnancy reduction reduce
the risks associated with multiple gestations?

Given the increase in maternal and perinatal morbidity and
mortality associated with twins and higher-order multifetal
pregnancies,51 efforts should be made to limit multifetal
pregnancies during the course of ART. However, even when
a single embryo is transferred, the risk of monozygotic twins
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TABLE
Pooled estimates of rates (per 1000) for specific
congenital anomalies in singleton pregnancies
following in vitro fertilization, with or without
intracytoplasmic sperm injection compared
with naturally occurring pregnancies (95%
confidence interval)

Organ system

IVF with or
without ICSI
pregnancies

Naturally
occurring
pregnancies

Cleft lip or palate 1.3 (0.9e1.7) 1.2 (1.0e1.6)
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is increased, often associated with extended culture. The
odds of a monozygotic twin pregnancy after transfer at the
blastocyst stage compared with the cleavage stage is 2.18
(95% CI, 1.93e2.48).52

When multifetal pregnancies do occur, we recommend that
counseling be offered regarding the option of multifetal pregnancy
reduction (GRADE 1C).53 Multifetal pregnancy reduction has
been shown to reduce the risks of preterm birth, neonatal
morbidity, and maternal complications.52,53 The framework
provided in the American College of Obstetricians and Gy-
necologists (ACOG) Committee Opinion No. 719: Multifetal
PregnancyReduction, may be useful for counseling patients.
Eye, ear, face, neck 1.7 (0.8e3.6) 1.5 (0.8e2.8)

CNS 1.7 (1.2e2.4) 1.7 (1.2e2.6)

Respiratory system 0.8 (0.4e1.6) 0.8 (0.5e1.4)
Are congenital anomalies increased in
pregnancies achieved with in vitro
fertilization?
GI 3.8 (2.4e6.0) 2.5 (1.4e4.5)

Musculoskeletal 11.0 (6.7e18.1) 8.1 (4.7e13.6)

Urogenital 10.9 (6.9e17.2) 6.4 (4.5e9.1)

Cardiovascular 5.7 (5.3e11.2) 5.2 (4.5e9.1)

Data from Chen et al.54

CI, confidence interval; CNS, central nervous system; GI, gastrointestinal; ICSI, intra-
cytoplasmic sperm injection; IVF, in vitro fertilization.

Society for Maternal-Fetal Medicine. SMFM Consult Series #60: Management of
pregnancies resulting from in vitro fertilization. Am J Obstet Gynecol 2022.
Meta-analyses demonstrate that there are associations
between IVF with or without ICSI and congenital malfor-
mations, although it remains unclear if this association is
because of infertility, factors associated with the procedure,
or both.54e56 It is also difficult to distinguish the risk asso-
ciated with IVF alone vs IVF with ICSI. Pooled estimates of
total major congenital malformations per 10,000 births are
475.8 (95% CI, 304.9e735.2) among singleton pregnancies
achieved with IVF with or without ICSI vs 317.6 (95% CI,
145.2e680.8) among naturally occurring pregnancies with
an absolute difference of 158.2 per 10,000 births.54 Not all
organ systems are equally affected. Pooled estimates for
specific malformations as derived from a meta-analysis are
displayed in the Table.54

Similar increases in fetal anomalies are reported for
pregnancies achieved with ICSI in national registries.57,58

Therefore, we recommend that a detailed obstetrical ultrasound
examination (CPT 76811) be performed for pregnancies achieved
with IVF and ICSI (GRADE 1B).59

In addition, a systematic review reported higher rates of
total congenital heart disease (CHD) in the IVF with or
without ICSI population than among naturally occurring
pregnancies (1.30% vs 0.68%).60 Similar findings are
observed in other studies, which report the highest risk for
cardiac anomalies to be associated with ICSI (aOR, 3.0;
95% CI, 1.0e8.9).61 The effect appears to be caused, at
least in part, by subfertility.62 However, a recent prospective
cohort study reported that the incidence of CHD in preg-
nancies achieved with IVF without other risk factors is not
significantly different from baseline population rates (OR,
1.4; 95% CI, 0.9e2.1), although these findings were based
on data from a single academic medical center, limiting the
generalizability.63 The cost-effectiveness of routine
screening for CHD in pregnancies following IVF has also
been questioned.63,64 It is important to note that in this
recent study by Chung et al64, universal fetal echocardiog-
raphy in pregnancies achieved by IVF was associated with a
higher detection rate of CHDs than with screening only
when abnormal cardiac findings were noted on a detailed
anatomy scan. Therefore, we suggest that fetal
echocardiography be offered to patients with pregnancies
achieved with IVF and ICSI (GRADE 2C).65
Are placental anomalies increased in
pregnancies achieved with in vitro
fertilization?

Several placental implantation disorders are more common
with IVF.66 Pregnancies achieved with IVF are associated
with higher risks for abnormal placental shape (bilobed
placenta, accessory placental lobes) compared with natu-
rally occurring pregnancies.67,68 Pregnancies achieved by
ART have higher odds of placenta previa (OR, 2.72; 95%CI,
2.04e3.40 in singleton pregnancies) when compared with
naturally occurring pregnancies.69 The risk of placenta
previa may be even higher for pregnancies achieved after
blastocyst transfer than for pregnancies achieved after
cleavage-stage transfer (aOR, 2.18; 95%CI, 1.79e2.65) and
naturally occurring pregnancies (aOR, 6.38; 95% CI,
5.31e7.66).70

Singleton pregnancies achieved with IVF have higher
rates of marginal or velamentous cord insertion than natu-
rally occurring singletons.71 A systematic review and meta-
analysis of 13 studies (2 prospective cohort studies, 10
retrospective cohort studies, and 1 case-control study)
reporting on 569,410 patients with 325 cases of vasa previa
found that pregnancies achieved with IVF are at increased
risk for vasa previa (OR, 19; 95%CI, 6.6e54).71,72 However,
it is unclear whether such risk is independent of the
MARCH 2022 B5
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Summary of recommendations

Number Recommendations GRADE

1 We suggest that genetic counseling be offered to all patients undergoing or who have undergone IVF, with or without
ICSI.

2C

2 Regardless of whether PGT has been performed, we recommend that all patients who have achieved pregnancy with
IVF be offered the options of prenatal genetic screening and diagnostic testing via chorionic villus sampling or
amniocentesis.

1C

3 We recommend that the accuracy of first-trimester screening tests, including cfDNA for aneuploidy, be discussed with
patients undergoing or who have undergone IVF.

1A

4 When multifetal pregnancies do occur, we recommend that counseling be offered regarding the option of multifetal
pregnancy reduction.

1C

5 We recommend that a detailed obstetrical ultrasound examination (CPT 76811) be performed for pregnancies achieved
with IVF and ICSI.

1B

6 We suggest that fetal echocardiography be offered to patients with pregnancies achieved with IVF and ICSI. 2C

7 We recommend that a careful examination of the placental location, placental shape, and cord insertion site be
performed at the time of the detailed fetal anatomy ultrasound, including evaluation for vasa previa.

1B

8 Although visualization of the cervix at the 18 0/7 to 22 6/7 weeks of gestation anatomy assessment with either a
transabdominal or endovaginal approach is recommended, we do not recommend serial cervical length assessment as
a routine practice for pregnancies achieved with IVF.

1C

9 We suggest that an assessment of fetal growth be performed in the third trimester for pregnancies achieved with IVF;
however, serial growth ultrasounds are not recommended for the sole indication of IVF.

2B

10 We do not recommend low-dose aspirin for patients with pregnancies achieved with IVF as the sole indication for
preeclampsia prophylaxis; however, if one or more additional risk factors are present, low-dose aspirin is
recommended.

1B

11 Given the increased risk for stillbirth, we suggest weekly antenatal fetal surveillance beginning by 36 0/7 weeks of
gestation for pregnancies achieved with IVF.

2C

12 In the absence of studies focused specifically on timing of delivery for pregnancies achieved with IVF, we recommend
shared decision-making between patients and healthcare providers when considering induction of labor at 39 weeks of
gestation.

1C

Society for Maternal-Fetal Medicine. SMFM Consult Series #60: Management of pregnancies resulting from in vitro fertilization. Am J Obstet Gynecol 2022.
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placental implantation disorders associated with IVF,
because the major risk factors for vasa previa are vela-
mentous cord insertion (OR, 672) and bilobed placenta (OR,
71),72 both of which are increased in pregnancies achieved
with IVF.
Placenta accreta spectrum is also more common

following IVF, with numerous studies showing an adjusted
risk of between 3 and 6 when compared with naturally
occurring pregnancies.73-78 IVF should be considered an
additional risk factor for accreta in patients with placenta
previa and a history of cesarean delivery. Patients with
multiple risk factors should be evaluated for placenta
accreta spectrum. The recently published Special Report of
the Society for Maternal-Fetal Medicine Placenta Accreta
Spectrum Ultrasound Marker Task Force provides defini-
tions of diagnostic markers and recommended approaches
to ultrasound examination in pregnancies at risk for placenta
accreta spectrum.79

All of the above manifestations of placental implantation
disorders appear to be related to each other and can occur
B6 MARCH 2022
together. Therefore, we recommend that a careful examination
of the placental location, placental shape, and cord insertion site
be performed at the time of the detailed fetal anatomy ultrasound,
including evaluation for vasa previa (GRADE 1B). Targeted
screening via transvaginal ultrasound should be considered
in all pregnancies achieved with IVF with velamentous cord
insertion, succenturiate or bilobed placentas, or resolved
placenta previa to rule out vasa previa on the basis of the
potentially catastrophic risks such a diagnosis implies and
the >95% survival rates achieved with prenatal diag-
nosis.80,81 Because of the ongoing risk of vasa previa in the
setting of resolved placenta previa, reassessment for vasa
previa is warranted when reassessing placental location at
32 weeks of gestation.
Is the prevalence of spontaneous preterm
birth higher in pregnancies achieved with in
vitro fertilization?

The risk for preterm birth is higher in all types of singleton
gestations from ART.82,83 A meta-analysis of singleton
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Society for Maternal-Fetal Medicine Grading System: Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) Recommendations107,a

Grade of recommendation Clarity of risk and benefit Quality of supporting evidence Implications

1A. Strong recommendation,
high-quality evidence

Benefits clearly outweigh risks
and burdens, or vice versa.

Consistent evidence from well-performed,
randomized controlled trials, or
overwhelming evidence of some other
form. Further research is unlikely to
change confidence in the estimate
of benefit and risk.

Strong recommendation that can
apply to most patients in most
circumstances without reservation.
Clinicians should follow a strong
recommendation unless a clear
and compelling rationale for an
alternative approach is present.

1B. Strong recommendation,
moderate-quality evidence

Benefits clearly outweigh risks
and burdens, or vice versa.

Evidence from randomized controlled
trials with important limitations
(inconsistent results, methodologic flaws,
indirect or imprecise), or very strong
evidence of some other research design.
Further research (if performed) is likely
to have an impact on the confidence
of the estimate of benefit and risk and
may change the estimate.

Strong recommendation that
applies to most patients.
Clinicians should follow a strong
recommendation unless a clear
and compelling rationale for an
alternative approach is present.

1C. Strong recommendation,
low-quality evidence

Benefits seem to outweigh risks
and burdens, or vice versa.

Evidence from observational studies,
unsystematic clinical experience,
or randomized controlled trials with
serious flaws. Any estimate of
effect is uncertain.

Strong recommendation that
applies to most patients. Some
of the evidence base supporting
the recommendation is, however,
of low quality.

2A. Weak recommendation,
high-quality evidence

Benefits closely balanced
with risks and burdens.

Consistent evidence from well-performed
randomized controlled trials or
overwhelming evidence of some other
form. Further research is unlikely to
change confidence in the estimate
of benefit and risk.

Weak recommendation; best
action may differ depending on
circumstances or patients
or societal values.

2B. Weak recommendation,
moderate-quality evidence

Benefits closely balanced
with risks and burdens; some
uncertainty in the estimates
of benefits, risks, and burdens.

Evidence from randomized controlled
trials with important limitations
(inconsistent results, methodologic
flaws, indirect or imprecise), or very
strong evidence of some other research
design. Further research (if performed)
is likely to have an effect on confidence
in the estimate of benefit and risk
and may change the estimate.

Weak recommendation; alternative
approaches likely to be better for
some patients under some
circumstances.

2C. Weak recommendation,
low-quality evidence

Uncertainty in the estimates of
benefits, risks, and burdens;
benefits may be closely balanced
with risks and burdens.

Evidence from observational studies,
unsystematic clinical experience,
or randomized controlled trials
with serious flaws. Any estimate
of effect is uncertain.

Very weak recommendation, other
alternatives may be equally
reasonable.

Best practice Recommendation in which either
(1) there is an enormous amount
of indirect evidence that clearly
justifies strong recommendation
(direct evidence would be
challenging, and inefficient
use of time and resources,
to bring together and carefully
summarize) or (2) recommendation
to the contrary would be unethical.

a Adapted from Guyatt et al.108

Society for Maternal-Fetal Medicine. SMFM Consult Series #60: Management of pregnancies resulting from in vitro fertilization. Am J Obstet Gynecol 2022.
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pregnancies demonstrated that IVF is associated with
higher odds of preterm delivery (OR, 2.0; 95% CI, 1.7e2.2),
low birthweight (OR, 1.8; 95% CI, 1.4e2.2), and very low
birthweight (OR, 2.7; 95% CI, 2.3e3.1) when compared
with naturally occurring pregnancies.82 Indeed, preterm
birth has been recognized for several decades as the pri-
mary independent cause of increased rates of several
adverse neonatal outcomes, including neonatal encepha-
lopathy and perinatal mortality, in pregnancies achieved
with IVF. Such risks are more than doubled in the presence
of IVF twin gestations. Among pregnancies achieved with
IVF, the risk for preterm delivery may be associated with
specific IVF techniques83; compared with natural-cycle
IVF, live births after stimulated IVF cycles have significantly
higher risks for preterm birth (RR, 1.27; 95% CI, 1.03e1.58)
and low birthweight (RR, 1.95; 95% CI, 1.03e3.67).84

Pregnancies achieved with IVF after oocyte donation have
higher risks than those achieved with autologous oo-
cytes.85 Subfertility is also a major risk factor for prema-
turity.83 However, even in the same patient, pregnancies
achieved with ART have higher risks for preterm birth than
naturally occurring pregnancies.83 Although there may be
an increased risk for spontaneous preterm birth with
pregnancies achieved with IVF, the utility of serial cervical
length measurement to screen for preterm birth risk is
unknown when the sole indication is IVF. Although visuali-
zation of the cervix at the 18 0/7 to 22 6/7 weeks of gestation
anatomy assessment with either a transabdominal or endova-
ginal approach is recommended, we do not recommend serial
cervical length assessment as a routine practice for pregnancies
achieved with IVF (GRADE 1C).86,87 In addition, progesterone
supplementation initiated for IVF cycles is not indicated
after 12 weeks of gestation if it was solely initiated for IVF
purposes without any other indication. Discontinuation of
progesterone supplementation initiated for the sole pur-
pose of IVF is recommended by 12 weeks.
Is the prevalence of fetal growth restriction
higher in pregnancies achieved with in vitro
fertilization?

An increased risk for small for gestational age (SGA) infants
is documented for singleton pregnancies achieved with
IVF,7,83,88-90 with an OR of 1.4 (95% CI, 1.27e1.53) to 1.6
(95% CI, 1.3e2.0) in meta-analyses.7,82 The difference in
weight between IVF with or without ICSI and naturally
occurring children persists from ages 0 to 4 years (mean
difference, �180 g; 95% CI, �320 to �4), but the signifi-
cance disappears in children after age 5 (mean
difference, �160 g; 95% CI, �580 to 260).91 The degree of
the effect of IVF on fetal growth differs by IVF technique:
meta-analyses have described a higher risk for SGA babies
in pregnancies achieved via IVF with or without ICSI from
fresh cycles than with frozen cycles.83,92-94

A retrospective cohort study reported the estimated fetal
weight (EFW) for pregnancies achieved with IVF (with or
without ICSI) decelerated in the third trimester when
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compared with reference growth curves, whereas that of
frozen embryo transfer did not.95 The effect on fetal growth
is particularly evident near term.89 The optimal gestational
ages for fetal growth scans and their frequency in the
presence of additional risk factors (eg, placental implanta-
tion anomalies or maternal age >40 years) is presently un-
known. We suggest that an assessment of fetal growth be
performed in the third trimester for pregnancies achieved with IVF;
however, serial growth ultrasounds are not recommended for the
sole indication of IVF (GRADE 2B).
In pregnancies achieved with in vitro
fertilization, does low-dose aspirin
prophylaxis reduce the risk for fetal and
placental complications?

IVF and underlying infertility are associated with adverse
perinatal outcomes, including hypertensive disorders of
pregnancy.96 A meta-analysis demonstrated an OR of 1.49
(95% CI, 1.39e1.59) for hypertensive disorders of preg-
nancy in pregnancies achieved using IVF with or without
ICSI when compared with naturally occurring pregnancies.7

However, the risk appears to depend on the specific IVF
technique utilized. When compared with autologous IVF,
oocyte donation is associated with a higher risk for hyper-
tensive disorders of pregnancy (OR, 2.63; 95% CI,
2.17e3.18), preeclampsia (OR, 2.64; 95% CI, 2.29e3.04),
preeclampsia with severe features (OR, 3.22; 95% CI,
2.30e4.49), and gestational hypertension (OR, 2.16; 95%
CI, 1.79e2.62).97 Meta-analyses show an increased risk for
preeclampsia in pregnancies achieved with IVF from frozen
embryo transfer when compared with fresh embryo transfer
(risk ratio [RR], 1.79; 95% CI, 1.03e3.09).98

A meta-analysis did not find a significant reduction in the
rates of hypertensive disorders of pregnancy or preterm
delivery with prepregnancy initiation of low-dose aspirin
(100 mg) in pregnancies achieved with IVF for singletons
(OR, 0.62; 95% CI, 0.22e1.7) or twins (OR, 1.2; 95% CI,
0.35e4.4).99 The United States Preventative Services Task
Force states that IVF is a moderate risk factor for pre-
eclampsia and recommends low-dose aspirin if an addi-
tional moderate risk factor is found.100 We do not recommend
low-dose aspirin for patients with pregnancies achieved with IVF
as the sole indication for preeclampsia prophylaxis; however, if
one or more additional risk factors are present, low-dose aspirin is
recommended (GRADE 1B).
Is the prevalence of stillbirth increased in
pregnancies achieved with in vitro
fertilization?

Pregnancies achieved with IVF have a 2- to 3-fold increased
risk for stillbirth even after controlling for maternal age,
parity, and multifetal gestations.82,101-103 One meta-anal-
ysis found a stillbirth rate of 11.8 per 1000 with an OR of 2.6
(95% CI, 1.8e3.6) in pregnancies achieved with IVF as
compared with naturally occurring pregnancies.82 The risk
for stillbirth seems to be affected by whether the pregnancy
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was achieved with frozen rather than fresh embryo transfer:
a meta-analysis reported a lower risk for the former
compared with the latter (RR, 0.88; 95% CI, 0.79e0.99).93

The ACOG-SMFM Committee Opinion on Antenatal Fetal
Surveillance suggests surveillance for conditions for which
stillbirth is reported to occur more frequently than 0.8 per
1000 (the false-negative rate of a biophysical profile) and for
which there is a relative risk or odds for stillbirth of >2.0
when compared with pregnant people without the condi-
tion.104 Given the increased risk of stillbirth, we suggest weekly
antenatal fetal surveillance beginning by 36 0/7 weeks of gesta-
tion for pregnancies achieved with IVF (GRADE 2C).104
In pregnancies achieved with in vitro
fertilization, does delivery at 39 weeks of
gestation reduce the risk for adverse
perinatal outcomes?

It is currently unknownwhether elective delivery at 39weeks
of gestation reduces the risks for maternal morbidity and
improves perinatal outcomes in pregnancies achieved with
IVF when compared with expectant management. A sys-
tematic review of published randomized controlled trials
reveals that in asymptomatic uncomplicated singleton
gestations, induction of labor between 39 0/7 and 40 6/7
weeks of gestation does not increase the risk for cesarean
delivery when compared with expectant management
(18.6% vs 21.4%; RR, 0.96; 95%CI, 0.78e1.19), but it does
not reduce the rates of adverse perinatal outcomes,
including perinatal death (OR, 0.51; 95%CI, 0.13e2.08), low
Apgar score at 5 minutes, or the need for neonatal intensive
care unit admission.105 In the absence of studies focused spe-
cifically on timing of delivery for pregnancies achieved with IVF,
we recommend shared decision-making between patients and
healthcare providers when considering induction of labor at 39
weeks of gestation (GRADE 1C).106
Conclusion

IVF is associated with an increased risk for several adverse
maternal and perinatal outcomes. However, evidence is
limited regarding whether specific screening, diagnostic, or
preventative interventions during pregnancy obviate or
reduce such risks. Specific technical characteristics of IVF
(eg, whether the eggs were autologous or donated; whether
the IVF cycle was natural vs stimulated; the type of PGT that
was performed; whether the embryos transferred were fresh
or frozen; and whether ICSI or conventional IVF was per-
formed), in addition to the presence of underlying infertility,
affect the risks for adverse clinical outcomes. Therefore,
individualization of care may be ideal for optimizing
outcomes. n
REFERENCES

1. Steptoe PC, Edwards RG. Birth after the reimplantation of a human
embryo. Lancet 1978;2:366.
2. Sunderam S, Kissin DM, Crawford SB, et al. Assisted reproductive
technology surveillance - United States, 2014. MMWR Surveill Summ
2017;66:1–24.
3. Belanoff C, Declercq ER, Diop H, et al. Severe maternal morbidity and
the use of assisted reproductive technology in Massachusetts. Obstet
Gynecol 2016;127:527–34.
4. Braat DD, Schutte JM, Bernardus RE, Mooij TM, van Leeuwen FE.
Maternal death related to IVF in the Netherlands 1984-2008. Hum Reprod
2010;25:1782–6.
5. Martin AS, Monsour M, Kissin DM, Jamieson DJ, Callaghan WM,
Boulet SL. Trends in severe maternal morbidity after assisted reproductive
technology in the United States, 2008-2012. Obstet Gynecol 2016;127:
59–66.
6. Nyfløt LT, Sandven I, Oldereid NB, Stray-Pedersen B, Vangen S.
Assisted reproductive technology and severe postpartum haemorrhage: a
case-control study. BJOG 2017;124:1198–205.
7. Pandey S, Shetty A, Hamilton M, Bhattacharya S, Maheshwari A. Ob-
stetric and perinatal outcomes in singleton pregnancies resulting from IVF/
ICSI: a systematic review and meta-analysis. Hum Reprod Update
2012;18:485–503.
8. Qin J, Liu X, Sheng X,WangH, GaoS. Assisted reproductive technology
and the risk of pregnancy-related complications and adverse pregnancy
outcomes in singleton pregnancies: a meta-analysis of cohort studies.
Fertil Steril 2016;105:73–85.e1.
9. ConwayDA, Patel SS, Liem J, et al. The risk of cytogenetic abnormalities
in the late first trimester of pregnancies conceived through assisted
reproduction. Fertil Steril 2011;95:503–6.
10. Shevell T, Malone FD, Vidaver J, et al. Assisted reproductive technol-
ogy and pregnancy outcome. Obstet Gynecol 2005;106:1039–45.
11. Hong KH, Franasiak JM, Werner MM, et al. Embryonic aneuploidy
rates are equivalent in natural cycles and gonadotropin-stimulated cycles.
Fertil Steril 2019;112:670–6.
12. Li Y, Wang L, Xu J, et al. Higher chromosomal aberration rate in mis-
carried conceptus from polycystic ovary syndrome women undergoing
assisted reproductive treatment. Fertil Steril 2019;111:936–43.e2.
13. Coates A, Hesla JS, Hurliman A, et al. Use of suboptimal sperm in-
creases the risk of aneuploidy of the sex chromosomes in preimplantation
blastocyst embryos. Fertil Steril 2015;104:866–72.
14. Tiboni GM, Verna I, Giampietro F, Leonzio E, Impicciatore GG. Cyto-
genetic findings and reproductive outcome of infertile couples referred to
an assisted reproduction program. Gynecol Endocrinol 2011;27:669–74.
15. Chandley AC. Chromosome anomalies and Y chromosome micro-
deletions as causal factors in male infertility. Hum Reprod
1998;13(Suppl1):45–50.
16. Aboulghar H, Aboulghar M, Mansour R, Serour G, Amin Y, Al-Inany H.
A prospective controlled study of karyotyping for 430 consecutive babies
conceived through intracytoplasmic sperm injection. Fertil Steril 2001;76:
249–53.
17. Bonduelle M, Van Assche E, Joris H, et al. Prenatal testing in ICSI
pregnancies: incidence of chromosomal anomalies in 1586 karyotypes
and relation to sperm parameters. Hum Reprod 2002;17:2600–14.
18. Gjerris AC, Loft A, Pinborg A, ChristiansenM, Tabor A. Prenatal testing
among women pregnant after assisted reproductive techniques in
Denmark 1995-2000: a national cohort study. Hum Reprod 2008;23:
1545–52.
19. Belva F, Bonduelle M, Buysse A, et al. Chromosomal abnormalities
after ICSI in relation to semenparameters: results in 1114 fetuses and 1391
neonates from a single center. Hum Reprod 2020;35:2149–62.
20. Haham LM, Avrahami I, Domniz N, et al. Preimplantation genetic
diagnosis versus prenatal diagnosis-decision-making among pregnant
FMR1 premutation carriers. J Assist Reprod Genet 2018;35:2071–5.
21. Pastore LM, Christianson MS, McGuinness B, Vaught KC, Maher JY,
Kearns WG. Does the FMR1 gene affect IVF success? Reprod Biomed
Online 2019;38:560–9.
22. Gosden R, Trasler J, Lucifero D, Faddy M. Rare congenital disorders,
imprinted genes, and assisted reproductive technology. Lancet 2003;361:
1975–7.
MARCH 2022 B9

www.smfm.org


SMFM Consult Series smfm.org
23. DeBaun MR, Niemitz EL, Feinberg AP. Association of in vitro fertiliza-
tion with Beckwith-Wiedemann syndrome and epigenetic alterations of
LIT1 and H19. Am J Hum Genet 2003;72:156–60.
24. Gicquel C, Gaston V, Mandelbaum J, Siffroi JP, Flahault A, Le Bouc Y.
In vitro fertilization may increase the risk of Beckwith-Wiedemann syn-
drome related to the abnormal imprinting of the KCN1OT gene. Am J Hum
Genet 2003;72:1338–41.
25. Halliday J, OkeK, BrehenyS, Algar E, J Amor D. Beckwith-Wiedemann
syndrome and IVF: a case-control study. Am J Hum Genet 2004;75:
526–8.
26. Vermeiden JP, Bernardus RE. Are imprinting disorders more prevalent
after human in vitro fertilization or intracytoplasmic sperm injection? Fertil
Steril 2013;99:642–51.
27. Hattori H, Hiura H, Kitamura A, et al. Association of four imprinting
disorders and ART. Clin Epigenetics 2019;11:21.
28. Uk A, Collardeau-Frachon S, Scanvion Q, Michon L, Amar E. Assisted
reproductive technologies and imprinting disorders: results of a study from
a French congenital malformations registry. Eur J Med Genet 2018;61:
518–23.
29. Cortessis VK, Azadian M, Buxbaum J, et al. Comprehensive meta-
analysis reveals association between multiple imprinting disorders and
conception by assisted reproductive technology. J Assist Reprod Genet
2018;35:943–52.
30. Lazaraviciute G, Kauser M, Bhattacharya S, Haggarty P,
Bhattacharya S. A systematic review and meta-analysis of DNA methyl-
ation levels and imprinting disorders in children conceived by IVF/ICSI
compared with children conceived spontaneously. Hum Reprod Update
2014;20:840–52.
31. Katagiri Y, Tamaki Y. Genetic counseling prior to assisted reproductive
technology. Reprod Med Biol 2021;20:133–43.
32. Harris BS, Bishop KC, Kuller JA, Alkilany S, Price TM. Preimplantation
genetic testing: a review of current modalities. F&S Reviews 2021;2:
43–56.
33. Popovic M, Dheedene A, Christodoulou C, et al. Chromosomal
mosaicism in human blastocysts: the ultimate challenge of preimplantation
genetic testing? Hum Reprod 2018;33:1342–54.
34. Marin D, Xu J, Treff NR. Preimplantation genetic testing for aneuploidy:
a review of published blastocyst reanalysis concordance data. Prenat
Diagn 2021;41:545–53.
35. Gleicher N, Albertini DF, Barad DH, et al. The 2019 PGDIS position
statement on transfer of mosaic embryos within a context of new infor-
mation on PGT-A. Reprod Biol Endocrinol 2020;18:57.
36. Sciorio R, Dattilo M. PGT-A preimplantation genetic testing for aneu-
ploidies and embryo selection in routine ART cycles: time to step back?
Clin Genet 2020;98:107–15.
37. Carson SA, Kallen AN. Diagnosis and management of infertility: a re-
view. JAMA 2021;326:65–76.
38. Practice Committees of the American Society for Reproductive Med-
icine and the Society for Assisted Reproductive Technology. Electronic
address: ASRM@asrm.org, Practice Committees of the American Society
for Reproductive Medicine and the Society for Assisted Reproductive
Technology. The use of preimplantation genetic testing for aneuploidy
(PGT-A): a committee opinion. Fertil Steril 2018;109:429–36.
39. Preimplantation genetic testing: ACOG committee opinion, number
799. Obstet Gynecol 2020;135:e133–7.
40. Hardy T. The role of prenatal diagnosis following preimplantation ge-
netic testing for single-gene conditions: a historical overview of evolving
technologies and clinical practice. Prenat Diagn 2020;40:647–51.
41. Munné S, Kaplan B, Frattarelli JL, et al. Preimplantation genetic testing
for aneuploidy versus morphology as selection criteria for single frozen-
thawed embryo transfer in good-prognosis patients: a multicenter ran-
domized clinical trial. Fertil Steril 2019;112:1071–9.e7.
42. Greco E, Minasi MG, Fiorentino F. Healthy babies after intrauterine
transfer of mosaic aneuploid blastocysts. N Engl J Med 2015;373:
2089–90.
43. Grati FR, Gallazzi G, Branca L, Maggi F, Simoni G, Yaron Y. An evi-
dence-based scoring system for prioritizing mosaic aneuploid embryos
B10 MARCH 2022
following preimplantation genetic screening. Reprod Biomed Online
2018;36:442–9.
44. Practice Committee and Genetic Counseling Professional Group
(GCPG) of the American Society for Reproductive Medicine. Electronic
address: asrm@asrm.org. Clinical management of mosaic results from
preimplantation genetic testing for aneuploidy (PGT-A) of blastocysts: a
committee opinion. Fertil Steril 2020;114:246–54.
45. Lanes A, Huang T, Sprague AE, Leader A, Potter B, Walker M.
Maternal serum screening markers and nuchal translucency measure-
ments in in vitro fertilization pregnancies: a systematic review. Fertil Steril
2016;106:1463–9.e2.
46. Cavoretto P, Giorgione V, Cipriani S, et al. Nuchal translucency
measurement, free b-hCG and PAPP-A concentrations in IVF/ICSI
pregnancies: systematic review and meta-analysis. Prenat Diagn
2017;37:540–55.
47. Gjerris AC, Tabor A, Loft A, Christiansen M, Pinborg A. First trimester
prenatal screening among women pregnant after IVF/ICSI. Hum Reprod
Update 2012;18:350–9.
48. Rizzo G, Aiello E, Pietrolucci ME, Arduini D. Are there differences in
placental volume and uterine artery Doppler in pregnancies resulting from
the transfer of fresh versus frozen-thawed embryos through in vitro fertil-
ization. Reprod Sci 2016;23:1381–6.
49. Lee TJ, Rolnik DL, MenezesMA, McLennan AC, da Silva Costa F. Cell-
free fetal DNA testing in singleton IVF conceptions. Hum Reprod 2018;33:
572–8.
50.White K, Wang Y, Kunz LH, Schmid M. Factors associated with
obtaining results on repeat cell-free DNA testing in samples redrawn due to
insufficient fetal fraction. JMatern Fetal NeonatalMed 2019 [Epub ahead of
print].
51. Qin JB, Sheng XQ, Wang H, et al. Worldwide prevalence of adverse
pregnancy outcomes associated with in vitro fertilization/intracytoplasmic
sperm injection among multiple births: a systematic review and meta-
analysis based on cohort studies. Arch Gynecol Obstet 2017;295:
577–97.
52. Hviid KVR, Malchau SS, Pinborg A, Nielsen HS. Determinants of
monozygotic twinning in ART: a systematic review and a meta-analysis.
Hum Reprod Update 2018;24:468–83.
53. Committee Opinion No. 719: multifetal pregnancy reduction. Obstet
Gynecol 2017;130:e158–63.
54. Chen L, Yang T, Zheng Z, Yu H, Wang H, Qin J. Birth prevalence of
congenital malformations in singleton pregnancies resulting from in vitro
fertilization/intracytoplasmic sperm injection worldwide: a systematic re-
view and meta-analysis. Arch Gynecol Obstet 2018;297:1115–30.
55. Hoorsan H, Mirmiran P, Chaichian S, Moradi Y, Hoorsan R, Jesmi F.
Congenital malformations in infants of mothers undergoing assisted
reproductive technologies: a systematic review andmeta-analysis study. J
Prev Med Public Health 2017;50:347–60.
56.Wen J, Jiang J, Ding C, et al. Birth defects in children conceived by in
vitro fertilization and intracytoplasmic sperm injection: a meta-analysis.
Fertil Steril 2012;97:1331–7.e1.
57. Davies MJ, Moore VM, Willson KJ, et al. Reproductive technologies
and the risk of birth defects. N Engl J Med 2012;366:1803–13.
58. Henningsen AA, Bergh C, Skjaerven R, et al. Trends over time in
congenital malformations in live-born children conceived after assisted
reproductive technology. Acta Obstet Gynecol Scand 2018;97:816–23.
59. AIUM practice parameter for the performance of detailed second- and
third-trimester diagnostic obstetric ultrasound examinations. J Ultrasound
Med 2019;38:3093–100.
60. Giorgione V, Parazzini F, Fesslova V, et al. Congenital heart defects in
IVF/ICSI pregnancy: systematic review and meta-analysis. Ultrasound
Obstet Gynecol 2018;51:33–42.
61. Tararbit K, Lelong N, Thieulin AC, et al. The risk for four specific
congenital heart defects associated with assisted reproductive tech-
niques: a population-based evaluation. Hum Reprod 2013;28:367–74.
62. Liberman RF, Getz KD, Heinke D, et al. Assisted reproductive tech-
nology and birth defects: effects of subfertility and multiple births. Birth
Defects Res 2017;109:1144–53.

www.smfm.org


smfm.org SMFM Consult Series
63. Bjorkman KR, Bjorkman SH, Ferdman DJ, Sfakianaki AK, Copel JA,
Bahtiyar MO. Utility of routine screening fetal echocardiogram in
pregnancies conceived by in vitro fertilization. Fertil Steril 2021;116:
801–8.
64. Chung EH, Lim SL, Havrilesky LJ, Steiner AZ, Dotters-Katz SK. Cost-
effectiveness of prenatal screeningmethods for congenital heart defects in
pregnancies conceived by in-vitro fertilization. Ultrasound Obstet Gynecol
2021;57:979–86.
65. AIUM practice parameter for the performance of fetal echocardiogra-
phy. J Ultrasound Med 2020;39:E5–16.
66. Jauniaux E, Moffett A, Burton GJ. Placental implantation disorders.
Obstet Gynecol Clin North Am 2020;47:117–32.
67. Jauniaux E, Englert Y, Vanesse M, Hiden M, Wilkin P. Pathologic fea-
tures of placentas from singleton pregnancies obtained by in vitro fertil-
ization and embryo transfer. Obstet Gynecol 1990;76:61–4.
68. Sacha CR, Harris AL, James K, et al. Placental pathology in live births
conceived with in vitro fertilization after fresh and frozen embryo transfer.
Am J Obstet Gynecol 2020;222:360.e1–16.
69. Karami M, Jenabi E, Fereidooni B. The association of placenta previa
and assisted reproductive techniques: a meta-analysis. J Matern Fetal
Neonatal Med 2018;31:1940–7.
70. Ginström Ernstad E, Bergh C, Khatibi A, et al. Neonatal and maternal
outcome after blastocyst transfer: a population-based registry study. Am J
Obstet Gynecol 2016;214:378.e1–10.
71. Baulies S, Maiz N, Muñoz A, Torrents M, Echevarría M, Serra B. Pre-
natal ultrasound diagnosis of vasa praevia and analysis of risk factors.
Prenat Diagn 2007;27:595–9.
72. Ruiter L, Kok N, Limpens J, et al. Incidence of and risk indicators for
vasa praevia: a systematic review. BJOG 2016;123:1278–87.
73. Kaser DJ, Melamed A, Bormann CL, et al. Cryopreserved embryo
transfer is an independent risk factor for placenta accreta. Fertil Steril
2015;103:1176–84.e2.
74. Modest AM, Toth TL, Johnson KM, Shainker SA. Placenta accreta
spectrum: in vitro fertilization and non-in vitro fertilization and placenta
accreta spectrum in a Massachusetts cohort. Am J Perinatol 2020 [Epub
ahead of print].
75. Roque M, Valle M, Sampaio M, Geber S. Obstetric outcomes after
fresh versus frozen-thawed embryo transfers: a systematic review and
meta-analysis. JBRA Assist Reprod 2018;22:253–60.
76. Salmanian B, Fox KA, Arian SE, et al. In vitro fertilization as an inde-
pendent risk factor for placenta accreta spectrum. Am J Obstet Gynecol
2020;223:568.e1–5.
77. Sundheimer LW,Chan JL, Buttle R, et al. Mode of conception does not
affect fetal or placental growth parameters or ratios in early gestation or at
delivery. J Assist Reprod Genet 2018;35:1039–46.
78. Thurn L, Lindqvist PG, Jakobsson M, et al. Abnormally invasive
placenta-prevalence, risk factors and antenatal suspicion: results from a
large population-based pregnancy cohort study in the Nordic countries.
BJOG 2016;123:1348–55.
79. Shainker SA, Coleman B, Timor-Tritsch IE, et al. Special Report of the
Society for Maternal-Fetal Medicine Placenta Accreta Spectrum Ultra-
sound Marker Task Force: consensus on definition of markers and
approach to the ultrasound examination in pregnancies at risk for placenta
accreta spectrum. Am J Obstet Gynecol 2021;224:B2–14.
80. Society of Maternal-Fetal (SMFM) Publications Committee, Sinkey RG,
Odibo AO, Dashe JS. #37: Diagnosis andmanagement of vasa previa. Am
J Obstet Gynecol 2015;213:615–9.
81. Sullivan EA, Javid N, Duncombe G, et al. Vasa previa diagnosis,
clinical practice, and outcomes in Australia. Obstet Gynecol 2017;130:
591–8.
82. JacksonRA,GibsonKA,WuYW,CroughanMS. Perinatal outcomes in
singletons following in vitro fertilization: a meta-analysis. Obstet Gynecol
2004;103:551–63.
83. Pinborg A,Wennerholm UB, Romundstad LB, et al. Why do singletons
conceived after assisted reproduction technology have adverse perinatal
outcome? Systematic review and meta-analysis. Hum Reprod Update
2013;19:87–104.
84. Kamath MS, Kirubakaran R, Mascarenhas M, Sunkara SK. Perinatal
outcomes after stimulated versus natural cycle IVF: a systematic review
and meta-analysis. Reprod Biomed Online 2018;36:94–101.
85. Mascarenhas M, Sunkara SK, Antonisamy B, Kamath MS. Higher risk
of preterm birth and low birth weight following oocyte donation: a sys-
tematic review and meta-analysis. Eur J Obstet Gynecol Reprod Biol
2017;218:60–7.
86. Prediction and prevention of spontaneous preterm birth: ACOG
Practice Bulletin, Number 234. Obstet Gynecol 2021;138:e65–90.
87. Society for Maternal-Fetal Medicine (SMFM). Electronic address:
pubs@smfm.org, McIntosh J, Feltovich H, Berghella V, Manuck T. The role
of routine cervical length screening in selected high- and low-risk women
for preterm birth prevention. Am J Obstet Gynecol 2016;215:B2–7.
88. D’Angelo DV, Whitehead N, Helms K, Barfield W, Ahluwalia IB. Birth
outcomes of intended pregnancies among women who used assisted
reproductive technology, ovulation stimulation, or no treatment. Fertil Steril
2011;96:314–20.e2.
89. De Geyter C, De Geyter M, Steimann S, Zhang H, Holzgreve W.
Comparative birth weights of singletons born after assisted reproduction
and natural conception in previously infertile women. Hum Reprod
2006;21:705–12.
90. McDonald SD, Han Z, Mulla S, et al. Preterm birth and low birth weight
among in vitro fertilization singletons: a systematic review and meta-ana-
lyses. Eur J Obstet Gynecol Reprod Biol 2009;146:138–48.
91. Bay B, Lyngsø J, Hohwü L, Kesmodel US. Childhood growth of sin-
gletons conceived following in vitro fertilisation or intracytoplasmic sperm
injection: a systematic review and meta-analysis. BJOG 2019;126:158–66.
92. Maheshwari A, Pandey S, Shetty A, Hamilton M, Bhattacharya S.
Obstetric and perinatal outcomes in singleton pregnancies resulting from
the transfer of frozen thawed versus fresh embryos generated through in
vitro fertilization treatment: a systematic review and meta-analysis. Fertil
Steril 2012;98:368–77.e1.
93. Sha T, Yin X, Cheng W, Massey IY. Pregnancy-related complications
and perinatal outcomes resulting from transfer of cryopreserved versus
fresh embryos in vitro fertilization: a meta-analysis. Fertil Steril 2018;109:
330–42.e9.
94.Wennerholm UB, Henningsen AK, Romundstad LB, et al. Perinatal
outcomes of children born after frozen-thawed embryo transfer: a Nordic
cohort study from the CoNARTaS group. HumReprod 2013;28:2545–53.
95. Ginod P, Choux C, Barberet J, et al. Singleton fetal growth kinetics
depend on the mode of conception. Fertil Steril 2018;110:1109–17.e2.
96. Tandberg A, Klungsøyr K, Romundstad LB, Skjærven R. Pre-
eclampsia and assisted reproductive technologies: consequences of
advanced maternal age, interbirth intervals, new partner and smoking
habits. BJOG 2015;122:915–22.
97. Moreno-Sepulveda J, Checa MA. Risk of adverse perinatal outcomes
after oocyte donation: a systematic review and meta-analysis. J Assist
Reprod Genet 2019;36:2017–37.
98. Roque M, Haahr T, Geber S, Esteves SC, Humaidan P. Fresh versus
elective frozen embryo transfer in IVF/ICSI cycles: a systematic review and
meta-analysisof reproductiveoutcomes.HumReprodUpdate2019;25:2–14.
99. Groeneveld E, Lambers MJ, Lambalk CB, et al. Preconceptional low-
dose aspirin for the prevention of hypertensive pregnancy complications
and preterm delivery after IVF: a meta-analysis with individual patient data.
Hum Reprod 2013;28:1480–8.
100. US Preventive Services Task Force, Davidson KW, Barry MJ, et al.
Aspirin use to prevent preeclampsia and related morbidity and mortality:
US Preventive Services Task Force recommendation statement. JAMA
2021;326:1186–91.
101. Bay B, Boie S, Kesmodel US. Risk of stillbirth in low-risk singleton
term pregnancies following fertility treatment: a national cohort study.
BJOG 2019;126:253–60.
102.Marino JL, Moore VM, Willson KJ, et al. Perinatal outcomes by mode
of assisted conception and sub-fertility in an Australian data linkage cohort.
PLoS One 2014;9:e80398.
103.Wisborg K, Ingerslev HJ, Henriksen TB. IVF and stillbirth: a pro-
spective follow-up study. Hum Reprod 2010;25:1312–6.
MARCH 2022 B11

www.smfm.org


SMFM Consult Series smfm.org
104. American College of Obstetricians and Gynecologists’Committee on
Obstetric Practice, Society for Maternal-Fetal Medicine. Indications for
outpatient antenatal fetal surveillance: ACOG committee opinion, Number
828. Obstet Gynecol 2021;137:e177–97.
105. SacconeG, Della Corte L, Maruotti GM, et al. Induction of labor at full-
term in pregnant women with uncomplicated singleton pregnancy: a
systematic review and meta-analysis of randomized trials. Acta Obstet
Gynecol Scand 2019;98:958–66.
106. Lagrew DC, Kane Low L, Brennan R, et al. National partnership for
maternal safety: consensus bundle on safe reduction of primary cesarean
births-supporting intended vaginal births. J Obstet Gynecol Neonatal Nurs
2018;47:214–26.
107. Society for Maternal-Fetal Medicine (SMFM). Electronic address:
pubs@smfm.org, Norton ME, Kuller JA, Metz TD. Society for Maternal-
Fetal Medicine Special Statement: grading of Recommendations
Assessment, Development, and Evaluation (GRADE) update. Am J Obstet
Gynecol 2021;224:B24–8.
108. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging
consensus on rating quality of evidence and strength of recommendations.
BMJ 2008;336:924–6.

All authors and Committee members have filed a disclosure of in-
terests delineating personal, professional, business, or other relevant
financial or nonfinancial interests in relation to this publication. Any
substantial conflicts of interest have been addressed through a
B12 MARCH 2022 ª 2021 Published by Elsevier Inc. https://doi.org/10.1016/j.ajog
process approved by the Society for Maternal-Fetal Medicine
(SMFM) Board of Directors. The SMFM has neither solicited nor
accepted any commercial involvement in the specific content
development of this publication.

This document has undergone an internal peer review through a
multilevel committee process within SMFM. This review involves
critique and feedback from the SMFM Publications and Document
Review Committees and final approval by the SMFM Executive Com-
mittee. The SMFM accepts sole responsibility for the document con-
tent. SMFM publications do not undergo editorial and peer review by
the American Journal of Obstetrics & Gynecology. The SMFM Publi-
cations Committee reviews publications every 18 to 24 months and
issues updates as needed. Further details regarding SMFM publica-
tions can be found at www.smfm.org/publications.

The SMFM recognizes that obstetrical patients have diverse gender
identities and is striving to use gender-inclusive language in all of its
publications. SMFM will be using terms such as “pregnant person/
persons” or “pregnant individual/individuals” instead of “pregnant
woman/women” and will use the singular pronoun “they.” When
describing the study populations used in research, SMFM will use the
gender terminology reported by the study investigators.

Reprints will not be available.
.2021.11.001

http://www.smfm.org/publications
https://doi.org/10.1016/j.ajog.2021.11.001
www.smfm.org

	Society for Maternal-Fetal Medicine Consult Series #60: Management of pregnancies resulting from in vitro fertilization
	Outline placeholder
	Introduction
	What genetic conditions should be discussed with patients considering to undergo or who have undergone in IVF?
	What are the different types of preimplantation genetic testing?
	What is the accuracy of first-trimester genetic screening tests in pregnancies achieved with in vitro fertilization?
	Does multifetal pregnancy reduction reduce the risks associated with multiple gestations?
	Are congenital anomalies increased in pregnancies achieved with in vitro fertilization?
	Are placental anomalies increased in pregnancies achieved with in vitro fertilization?
	Is the prevalence of spontaneous preterm birth higher in pregnancies achieved with in vitro fertilization?
	Is the prevalence of fetal growth restriction higher in pregnancies achieved with in vitro fertilization?
	In pregnancies achieved with in vitro fertilization, does low-dose aspirin prophylaxis reduce the risk for fetal and placen ...
	Is the prevalence of stillbirth increased in pregnancies achieved with in vitro fertilization?
	In pregnancies achieved with in vitro fertilization, does delivery at 39 weeks of gestation reduce the risk for adverse per ...
	Conclusion

	References


