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Abstract

Introduction: This study was conducted to evaluate and compare the incidence of
birth defects in In-Vitro Fertilization-Intra Cytoplasmic Sperm Injection (IVF-ICSI)
pregnancies with autologous and donor oocytes. As a secondary outcome, the preva-
lence of birth defects in IVF-ICSI pregnancies was compared with those from spon-
taneous conceptions in India.

Material and methods: This retrospective study included 2444 births resulting from
IVF-ICSI cycles from autologous (n = 1743) and donor oocytes (n = 701) during a 3-
year period in an Indian infertility center. Birth defects, if any, were noted antenatally
and followed till the neonatal period, in case of live birth.

Results: The overall prevalence of birth defects in IVF-ICSI pregnancies in this study
was 29/2444 (118.6/10 000 births) and the most common congenital anomaly was
cardiac malformation (32.7/10 000 births) followed by genitourinary (28.6/10 000
births). The risks of birth defects resulting from autologous and donor oocytes did
not differ (114.7/10 000 vs 128.38/10 000; P > 0.05). However, pregnancies result-
ing from autologous oocytes had a higher trend of gastrointestinal birth defects
(20.5/10 000 births vs 0), though not statistically significant. The risk of cardiovascu-
lar birth defects resulting from IVF-ICSI pregnancies was much higher compared with
the natural conceptions in India (32.7/10 000 vs 12.7/10 000 births; P = 0.03),
whereas the risk of central nervous system malformations was much lower
(8.1/10 000 vs 60.18/10 000 births; P = 0.005).

Conclusions: Overall, there was no significant difference in birth defects resulting
from IVF-ICSI with autologous or donor oocytes. The births resulting from IVF-ICSI
pregnancies did not tend to have a higher rate of birth defects a compared with natu-
ral conceptions. The differences in the prevalence of certain birth defects (cardiovas-
cular or central nervous system) reported in IVF-ICSI pregnancies may be due to

improved surveillance modalities and early detection in pregnancies following

Abbreviations: ART, assisted reproductive technology; Cl, confidence interval; ET, embryo transfer; EUROCAT, European Concerted Action on Congenital Anomalies and Twins; ICSI, Intra
Cytoplasmic Sperm Injection; IVF, In Vitro Fertilization; NNPD, National Neonatal and Perinatal Database; OR, odds ratio; RR, relative risk; SEARO, South East Asia Regional Office; WHO,

World Health Organization.
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1 | INTRODUCTION

The Tenth Revision of the International Classification of Diseases
(ICD10) defines congenital anomalies as congenital malformations,
deformations and chromosomal abnormalities, but exclude inborn
errors of metabolism. An estimated 8 million children are born annu-
ally worldwide (accounting for 6% of total births) with serious birth
defects. In addition; there are birth defects of post-conception ori-
gin resulting from maternal exposure to teratogens, infections and
nutritional deficiencies that can harm a developing fetus. There are
many attributing causes to birth defects which include maternal age,
medical conditions such as diabetes and environmental factors.

The association of assisted reproductive technology (ART) and the
risk of congenital malformations was first reported in the 1980s when
Lancaster found a higher incidence of neural tube defects and car-
diovascular defects in babies born by ART.? Since then, authors have
reported inconsistent causal associations between ART and the risk
of birth defects. Initial studies by Wright et al® and Ludwig et al* re-
ported an inconclusive link between the two.>* Studies from Australia
and Sweden reveal a higher incidence of congenital malformation in
In-Vitro Fertilization (IVF) pregnancies compared with naturally con-
ceived pregnancies.5'6 A recent systematic review and meta-analysis
involving 45 cohort studies also showed that ART babies have a 32%
higher risk of birth defects compared with naturally conceived infants.”

In contrast, Davies et al concluded that the unadjusted odds ratio for
any birth defect in ART pregnancies compared with natural pregnancies
was 1.47 (95% confidence intervals [CI] 1.16-1.41); after adjustment of
parental factors this risk was no longer significant in IVF pregnancies
but remained increased for Intra Cytoplasmic Sperm Injection (ICSI).8
Simpson in his review observed that although ART is associated with a
30% increase in birth defects, sub-fertile couples achieving pregnancy
without ART also show a 20% increase in birth defects.’

Birth defects are a global problem, but their impact is particu-
larly severe in economically developing countries where more than
94% of the births with serious birth defects and 95% of the deaths
of these children occur.!® There is a paucity of data especially from
these countries where there is a lack of a structured database to
monitor the outcomes of pregnancy following ART in economically
developing countries such as India. In addition, globally, there is lack
of data comparing the congenital birth defect in IVF cycles sepa-
rately for autologous and donor oocytes. In recent years, the use
of donor oocyte in ART is increasing due to poor oocyte quality,
decreased ovarian reserve and improved surveillance for the detec-

tion of maternally carried genetic defects in pre-implantation stage

IVE-ICSI. A study with larger number of sample size will give us better understanding

of the prevalence of reported incidence in this study.

autologous oocytes, birth defects, congenital anomaly, donor oocytes, In Vitro Fertilization,
Intracytoplasmic Sperm Injection

Key message

This is the first study reporting the birth defects in preg-
nancies following IVF-ICSI with donor and autologous oo-
cytes and comparing them with those resulting from
natural births in India. The overall birth defect rates were
similar compared with natural births, and differences in cy-
cles resulting from autologous and donor oocytes were not

significant.

embryos. This stresses the need to study increased risk, if any, with
the congenital malformation resulting from donor oocytes. This is
the first study addressing the prevalence of birth defects with donor
oocytes, comparing it with the autologous oocytes in IVF-ICSI cy-
cles. We also compared the above result with natural pregnancies in

a national as well as global populations.

2 | MATERIAL AND METHODS

This retrospective observational study was conducted at an Indian
infertility center (Nova IVI Fertility, Ahmedabad, India). To detect a
statistical difference between the two groups with minimum detect-
able effect, we would require a very large sample size. Nonetheless,
with the aim of looking at even the minimal changes in neonatal out-
come derived from autologous and donor oocytes, we included all the
patients who had a positive pregnancy test after ET following IVF-
ICSI carried out between 1 January 2014 and 31 December 2016.
Fresh ET was done on day 3 or 5 post egg retrieval and frozen ETs
were done after thawing of a day 3 or 5 embryo. All the patients were
provided standard antenatal care at a well-equipped obstetric center

by the obstetrician of their choice, after confirmation of pregnancy.

2.1 | Eligibility criteria

All women who conceived following an ET (fresh or thawed) during
the study period were included in this study. The embryos in the
study were derived from ICSI using autologous or donor oocytes.
Women were offered treatment with donor oocytes in cases of ad-
vanced maternal age, poor ovarian reserve, poor response to IVF

with autologous oocytes and premature ovarian failure.
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2.2 | Data collection

Each obstetrician was provided with a standard proforma for preg-
nancy surveillance and to record the pregnancy outcome - both ma-
ternal and perinatal. The proforma was handed over to the woman
at the time of obstetric referral and the same document was com-
municated to the respective obstetrician by telephone. They were
requested to note the antenatal records on the form and send them
to our center within a month of abortion, ectopic pregnancy or deliv-
ery. In cases where the obstetrician could not be contacted, the de-
tails regarding pregnancy outcome were obtained from the subjects
personally by telephone. Relevant antenatal history in the antenatal
period such as drug history and exposure to teratogens was also
sought; only women with no significant contributory cause of birth
defects were included. Details of antenatal complications, mode of
delivery, perinatal outcome and birth details were recorded.

If a congenital anomaly was detected on the sonogram, it was
noted specifically and followed subsequently. The outcome of preg-
nancy in fetuses with birth defects was noted at termination of
pregnancy, birth (live or still birth) or post-delivery follow-up till the

neonatal period.

2.3 | Outcomes assessed

The study assessed the incidence of structural birth defects in preg-
nancies of women who conceived following IVF-ICSI using autolo-
gous and donor oocytes and compared it with the incidence of birth
defects following natural conception. These structural birth defects
in the study population were classified system-wise according to
the European Surveillance of Congenital Anomalies: EUROCAT
(European Concerted Action on Congenital Anomalies and Twins)
classification of birth defects.! Where a major congenital mal-
formation was detected before 20 weeks, medical termination of
pregnancy was offered to the patient. In non-lethal birth defects
compatible with life, pregnancy was continued till term and the peri-
natal outcome was noted. Undiagnosed birth defects during antena-
tal period that were detected at birth of the baby were also reported.
These were picked up by the obstetrician after birth and confirmed
by a pediatrician.

The system-wise incidences of these birth defects were com-
pared with the rates in natural pregnancies. Individual incidences in
cycles resulting from autologous and donor oocytes were also anal-

ysed for its statistical significance.

2.4 | Statistical analyses

The prevalence of birth defects between different study groups
(autologous oocytes and donor oocytes; IVF-ICSI pregnancies and
natural births) was compared by calculating the relative risks/risk
ratios using two-tailed P values; this enabled us to establish vary-
ing levels of incidence of events when compared within different
study groups. It is understood that a risk ratio = 1 implies that the

incidences are almost the same in both groups and an risk ratio of

<1 or >1 would imply a lesser or higher risk of a particular event in
the case group as compared with the control group. The significance
between the groups was also analysed by Fisher's exact t test using

R software (https://www.r-project.org/).

2.5 | Ethical approval

Prior ethical approval was sought from the Institutional Ethical
Committee (KB Institute Ethics Committee) dated 10 March 18 (no.
KBIPER/2018/104).

3 | RESULTS

During the study period spanning 3 years (1 January 2014 to 31
December 2016), there were 2444 births, comprising 2350 live and
94 still births. Of these 2444 births, 1743 resulted from IVF-ICSI
cycles with autologous oocytes and 701 cycles using donor oocytes.
There were 29 pregnancies with birth defects: 20 from ICSI with
autologous oocytes and 9 from donor oocytes. Of these 29 preg-
nancies, 24 were singleton and 5 were in a coexisting twin. All the
pregnancies were followed up. Table 1 depicts the incidence of the
birth defects classified system-wise in both autologous and donor
oocyte cycles, and Table 2 compares it with the standard reported
rates in the literature, both worldwide and from India. The overall
prevalence of birth defects was 29/2444, or 118.6/10 000 births,
and the most common structural congenital birth defect reported
was cardiac malformation (32.7/10 000 births) followed by genitou-
rinary malformation (28.6/10 000 births). Among IVF-ICSI cycles
with autologous oocytes, the prevalence of gastrointestinal, car-
diac and genitourinary defects was similar (5/1743, or 28.6/10 000
births each). In cycles with donor oocytes the most common mal-
formation was cardiac (3/701, or 42.7/10 000 births). The details of
fetal malformations in each group (autologous and donor oocytes)
are detailed in Table S1. Overall, there were 2 women with fetal
genetic anomalies: cystic hygroma (from autologous oocytes) and
hypoplastic nasal bone (from donor oocytes group) on a sonogram
with a positive aneuploidy screening test: both women underwent
termination of pregnancy in the second trimester. There was one
metabolic anomaly (from the donor oocyte group): congenital hy-
pothyroidism. One woman (from autologous group) had a fetus with
multiple anomalies: Cardiovascular, neural and limb defect.

Among the pregnancies with birth defects, 8 were terminated in
the second trimester, the defects being major malformations. Seven
babies underwent surgery: 3 for gastrointestinal malformations, 1
for mild hydrocephalus and 3 for cardiovascular defects.

The mean maternal age in autologous oocyte group was
31.6 years; in donor group the mean age of the donor was 26.7 years
and that of the recipient was 36.3 years. The differences between
the mean maternal age in the autologous and donor oocytes were
statistically significant (P < 0.001).

In the subgroup analysis, the differences in prevalence of a spe-

cific congenital birth defect in either autologous or donor oocyte
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group was not statistically significant (Table 2; P values in each sub-
group, P > 0.05). Although the autologous oocyte group had a higher
trend of gastrointestinal malformations (28.6/10 000), there was a
lower rate of cardiovascular defects (28.6/10 000 vs 42.7/10 000
births) and central nervous system malformations (5.7/10 000 births
vs 14.2/10 000 births), though these differences were statistically
insignificant.

Table 2 shows the system-wise prevalence of birth defects in the
two groups (autologous vs donor) and compares the overall rates
with national and global rates in standard birth defects rates for India
from published data - National Neonatal and Perinatal Database
(NNPD), World Health Organization (WHO)-South East Asia
Regional Office (SEARO) and EUROCAT for global incidences.***3
The prevalence of gastrointestinal and genitourinary malformations
was not significantly higher than both national and global incidences
in this published data. The incidence of cardiovascular defects was
significantly higher in this study compared with national incidence
(32.7/10 000 vs 12.7/10 000; P = 0.005) but lower compared with
global results (77.57/10 000; P = 0.06). Similarly, the incidence of
central nervous system malformations was also much lower in this
study (8.1/10 000) compared with both national (20.23/10 000;
P =0.005) and global (25.97/10 000; P = 0.16) incidences.

4 | DISCUSSION

Congenital anomaly birth rate is defined in the International
Committee Monitoring Assisted Reproductive Technologies
(ICMART) 2017 glossary as the number of births exhibiting signs
of birth anomalies per 10 000 births.'* The EUROCAT estimates
birth defects with different denominators: Live births, total births
and total births with added termination of pregnancies due to fetal
anomalies.!! In the present study, birth defect prevalence rates were
calculated per 10 000 births. The March of Dimes report estimated
that India has one of the largest number of infants born with birth
defects globally (64.3/1000 live births)'® but with improvements in
health care and intensive care facilities, many infants with birth de-
fects have better survival rates. Indian data on birth defects reveal
varying results, because of the geographic variation in birth defects,
varying standards of data collection in each study, case definition

and other methodological issues. The reported prevalence of birth

Autologous
oocytes (n)

Gastrointestinal malformation 5 0
Genitourinary malformation 5 2
Cardiovascular system 5 3

malformation

Central nervous system 1 1
malformation
Others 4 3

Total 20 9

Donor oocytes (n)

defects provided by the Birth Defects Registry of India (BDRI) in
2010 was 84.2/10 000, much lower than the estimated prevalence
of at least 2% in 2001.%°

The implication of IVF-ICSI using autologous or donor oocytes
on birth defect rate has not been exclusively reviewed in the lit-
erature. With the increasing application of IVF-ICSI cycles for a
successful pregnancy outcome (especially using donor oocytes),
the controversial association between ART cycles and birth defects
needs to be addressed separately. A few authors have noted a sim-
ilar birth defect rate in pregnancies resulting from donor oocytes
and in natural conceptions'®'” but these have not been compared
with those from autologous oocytes. A recent study from Sweden
analysed the neonatal outcome in births resulting from donor and
autologous oocytes with birth defects as one of the outcomes as-
sessed. Though the birth defect rates were similar in these groups
in donor oocytes (4/72) and autologous oocytes (4/60; 95% ClI
0.20-0.34), the numbers were too low to be significant.18 Another
study from our group found similar rates of birth defects in preg-
nancies following fresh ET using autologous (1.39%) vs donor oo-
cytes (1.32%) as a perinatal outcome over a 1-year period, but again,
the number of cases (4 each) were less in each subgroup.19 This is
probably the first study to compare the prevalence rate of birth de-
fects system-wise in the two groups as a follow-up analysis over
a 3-year period.

This retrospective data analysis of 2444 births resulting from
IVF-ICSI during a 3-year span revealed a similar congenital anom-
aly rate in IVF-ICSI using autologous and donor oocytes. Although
there was a trend towards a higher prevalence of gastrointestinal
birth defects and a a slightly lower prevalence of cardiovascular and
central nervous system birth defects in the autologous oocyte group
than in the donor group, these were not statistically significant.
Additionally, the birth defect rate noted in IVF-ICSI pregnancies was
similar to natural conceptions in India.

Overall, there was no statistical difference in the birth defect
rate in births resulting from IVF-ICSI using autologous or donor oo-
cytes. However, we report five cases of gastrointestinal malforma-
tion in the group with oocyte donors and none in the autologous
group, where the mean maternal age was lower in the latter group
(31.6 years) compared with the donor oocyte group (36.3 years);
the mean age of the ooctye donor was 26.7 years. Thus, the ob-

served difference may be explained by the epigenetic effect due to

TABLE 1 Prevalence of congenital
birth defects between IVF-ICSI cycles

Total (n
(n) with autologous and donor oocytes

29
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the higher maternal age in women opting for donor oocyte cycles.
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detection of cardiac anomalies is higher in the antenatal period,
which may explain the higher rates in the study population, as IVF
pregnancies are high-risk pregnancies and are monitored more
closely. Similarly, the risk of neural tube defects (8.1/10 000) and
limb defects (12.2/10 000) were significantly much lower than in
the general population (WHO-SEARO: 60.18/10 000; P = 0.005;
EUROCAT 25.97/10 000; P = 0.16). The risk of gastrointestinal birth
defects (20.5/10 000) was lower compared with national estimates
(38.37/10 000) but were slightly higher compared with global rates
(17.5/10 000; P = 0.79).

It is a misconception that ART pregnancies have higher birth de-
fect rates compared with natural conceptions. In fact, such pregnan-
cies are high risk and precious, and therefore have better antenatal
surveillance. Therefore, the chances of detection of birth defects
in the antenatal period is higher when compared with general
population.

To achieve a power of 80%, a sample size of 163 940 and 81 900
is required in Autologous and donor oocyte groups, respectively, for
the observed level of incidents in this study. This may take several
years to carry out. However, studies with meta-analysis will help in
reducing the time.

5 | CONCLUSION

This study involved 3-year data on children with a number of birth
defects (29/2444 births), which is still too low to achieve significant
statistical difference. Additionally, the babies were followed up only
till the neonatal period for birth defects; any birth defects detected
later may have been missed. The major reason for the lack of data-
bases in developing countries is the absence of dedicated birth regis-
tries for follow up. Therefore, we limited this study to early neonatal
follow up of the babies. Although the study group is small number in
number, some results in the study are close to significance. A larger
number of cases in the study group might provide a better under-
standing of the risk in different groups. Despite these limitations,
this is the first study to analyze the risk of birth defects from ART in
the Indian population with robust data; the study also compares the
risks of birth defects in babies resulting from autologous and donor
oocytes. Proper ART registries and long-term follow-up data may
help in better preconceptional ART counseling and prognostication
of the risk of birth defects after IVF.
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Additional supporting information may be found online in the

Supporting Information section at the end of the article.
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