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Abstract
This abstract was presented at the American Academy of Otolaryngology-Head and Neck Surgery Annual
Meeting, Orlando, FL, September 2014 with the abstract published (Neumann C, Thompson D, and Sidman
J; Assisted reproduction is not associated with increased risk of head and neck defects; Otolaryngology-Head
and Neck Surgery; Vol 151, Issue 1, supplement, 2014).

Objectives
- Compare the rate of head and neck anomalies between children conceived via artificial reproductive
technology (ART) versus those conceived via natural methods.

- Determine the risk of congenital head and neck abnormalities associated with ART.

Study design
A retrospective chart review cross-sectional study from 2004-2014 of all patients admitted to the neonatal
intensive care unit (NICU) at a tertiary pediatric hospital.

Results
A total of 14,857 charts were examined; 2,288 patients were conceived via ART, while 12,569 patients were
conceived via natural methods. There were 8,022 males and 6,637 females. There were 40 patients born with
defects via ART, while there were 681 patients born with defects via natural conception. The total occurrence
of congenital malformations was higher for patients conceived naturally versus those conceived with
artificial reproduction (5.41% vs. 1.74%). The odds ratio was 0.31 with a 95% CI of 0.23 to 0.43 and a P-value
of < 0.0001; the relative risk of having any one of the head and neck defects with ART was 1.04 with a 95% CI
of 1.03 to 1.05 and a P-value < 0.0001.

Conclusion
There appears to be no increased risk of congenital head and neck defects in children conceived via ART
versus those conceived naturally.

Categories: Obstetrics/Gynecology, Otolaryngology, Public Health
Keywords: artificial reproduction, congenital head and neck, congenital anomalies

Introduction
Assisted reproductive technology (ART) is the technology that involves handling eggs, sperm, or both outside
the human body (in vitro) in order to achieve pregnancy [1]. ART includes in vitro fertilization (IVF) and can
encompass a number of different IVF techniques. ART, in addition to IVF, includes the use of donor eggs or
embryos, surrogacy, and intrauterine insemination and ovarian stimulation with gonadotropin or ovarian
stimulating medications [1].

Infertility is described as the inability to conceive after one year of attempting pregnancy. Infertility has
been identified as a significant independent predictor of adverse obstetrical and perinatal outcomes [2].
Maternal age and obesity are two major factors related to both an increased risk of infertility and an
increased risk of adverse obstetrical outcomes. Infertility is associated with male factor or abnormal sperm
parameters in approximately 50% of cases [3]. Studies have shown that 4.6% of oligozoospermic men and
13.7% of azoospermic men have constitutional chromosomal abnormalities, the most common being sex
chromosomal abnormalities and autosomal translocations [4]. As expected, infertile men with chromosomal
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abnormalities are more likely to have genetically abnormal spermatozoa and to father chromosomally
abnormal pregnancies [5]. Due to the association of infertility and birth defects, there has been some
question as to whether it is the inherent risk or the techniques used in ART that cause a higher rate of birth
defects or whether there is a combined risk from both factors.

ART, including IVF, currently accounts for 1.7% to 4% of pregnancies [6]. Both primary and secondary
infertility can be treated with ART [7]. Examples of situations where ART is used include fertility
preservation in patients who have had chemotherapy or other gonadotoxic treatments [8], singles or same-
sex couples who want to conceive biologic children, and surrogacy or gestational carriers that will carry
biologic children of couples otherwise unable to carry a child during pregnancy [9]. Many ethical issues
surround ART and are regulated differently by laws and policies in different countries [10].

There is conflicting evidence for an association between an increased birth defect prevalence and the use of
ART although large, population-based studies are scarce [11-13]. This becomes more evident with the recent
huge expansion of assisted reproduction techniques involving gamete manipulation, accounting in 2002 for
the birth of approximately 223,000 babies worldwide [14]. In some developed countries, the resulting higher
birth defect prevalence was found to be 4.2% for ART [12]. Nowadays, concern over the safety of ART
pregnancies could be an issue due to interfering iatrogenic factors, such as gamete manipulation, ovulation
induction, or luteal phase support drugs, not to mention the underlying causes of infertility [15-16].

While ART techniques have been shown to carry an increased risk for congenital birth defects, no study has
attempted to classify the types of births defect. In this study, our aim was to determine if ART methods were
associated with a higher risk of congenital birth defects, specifically of the head and neck.

Materials And Methods
After obtaining permission from the Internal Review Board, we conducted a retrospective chart review of all
patients admitted to the neonatal intensive care unit (NICU) over a 10- year period from 2004 to 2014 at
Children’s Hospital of Minnesota-Minneapolis campus. The patients were split into two groups: patients
who were conceived via assisted reproductive techniques and patients who were conceived naturally. Each
chart was evaluated for 15 different head and neck malformations: anencephaly, corpus callosum agenesis,
Dandy-Walker syndrome, Arnold-Chiari malformations, encephalocele, holoprosencephaly,
hydranencephaly, congenital hydrocephalus, tracheal atresia/agenesis, tracheoesophageal fistula,
esophageal atresia, cleft palate, facial clefts, Pierre-Robin sequence, and choanal atresia.

Anencephaly, encephalocele, hydranencephaly, and tracheal atresia/agenesis were excluded from the data
analysis, as there were no children born from ART who had these malformations. An X2 analysis with a Yates
correlation and a two-tailed P value were performed on the total number of anomalies from ART versus
the total number of anomalies from natural methods. A multiple linear regression analysis was also
performed to account for low birth weight and smaller gestational age.

There was no funding for this study.

Results
There were a total of 14,857 charts examined; 2,288 patients (15.13%) were conceived via ART, while 12,569
patients (80.02%) were conceived via natural methods. Table 1 shows the patient demographics.
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 Naturalᶧ ARTˠ Totalˤ

Patients 12569 2288 14857

Malformations 681 (5.41%) 40 (1.74%) 721 (4.85%)

Males 6989 (55.61%) 1231 (53.80%) 8220 (55.33%)

Females 5580 (44.39%) 1057 (46.2%) 6637 (44.67%)

Birth Weight (g) 2,556.84 ± 981.67 2,113.42 ± 790.26 2,520.58 ± 967.31

Gestational Age (months) 34.99 ± 4.34 33.43 ± 3.76 34.90 ± 4.27

TABLE 1: General Data of Patient Population
ᶧ Percentages are # of malformations/total # of natural births

ˠ Percentages are # of malformations/total # of ART births

ˤ Percentages are # of malformations/total # of all births

There were 40 patients (0.27% of the total, 1.75% of ART) born with the aforementioned head and neck
malformations via ART, while there were 681 patients (4.58% of the total, 5.42% of natural methods) born
with the aforementioned head and neck malformations via natural methods. There were a total of 8,022
males (1,231 ART vs. 6,989 natural) and 6,637 females (1,057 ART vs. 5,580 natural). The average gestational
age of all patients was 34.90 ± 4.27 months with an average birth weight of 2,520.58 ± 967.31 grams; the
average gestational age of those conceived via ART methods was 33.43 ± 3.76 months with an average birth
weight of 2,113.42 ± 790.26 grams; the average gestational age of those conceived via natural methods was
34.99 ± 4.34 months with an average birth weight of 2,556.84 ± 981.67 grams. Using the z-test, there was a
statistical significance for both the gestational age average and the birth weight average between the ART
and naturally conceived groups with P-value < 0.001. The X2 value with a Yates correlation of a child with a
congenital head and neck malformation via ART compared to the natural method was 55.67 with one
degree of freedom and a P-value < 0.001. The odds ratio of a child being born with a head and neck
malformation via ART compared to the natural method was 0.31 with a 95% CI of 0.23 to 0.43 and a P-value
of < 0.0001; the relative risk of the same comparison was 1.04 with a 95% CI of 1.03 to 1.05 and a P-value <
0.0001.

In this study, the total occurrence of congenital malformations in the studied group was higher for patients
conceived with natural methods versus those conceived with ART (4.58% vs. 0.27% of the total births).
Similarly, in each of the 15 head and neck malformations examined, the rate of occurrence was higher in
patients conceived via natural methods versus artificial reproductive techniques. The 11 malformations
studied were corpus callosum agenesis (0.41% vs. 0.13%), Dandy-Walker syndrome (0.14% vs. 0.04%),
Arnold-Chiari (0.77% vs. 0.22%), congenital hydrocephalus (1.12% vs. 0.31%), tracheoesophageal fistula
(0.54% vs. 0.22%), esophageal atresia (0.56% vs. 0.22%), cleft palate (0.96% vs. 0.31%), facial cleft (0.39% vs.
0.17%), Pierre-Robin (0.33% vs. 0.04%), and choanal atresia (0.19% vs. 0.09%). Table 2 shows the different
anomalies that were present.
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 Naturalᶧ ARTˠ Totalˤ

Corpus Callosum Agenesis 51 (0.41%) 3 (0.13%) 54 (0.36%)

Dandy-Walker Syndrome 19 (0.14%) 1 (0.04%) 20 (0.13%)

Arnold-Chiari Malformation 97 (0.77%) 5 (0.22%) 102 (0.69%)

Congenital Hydrocephalus 142 (1.12%) 7 (0.31%) 149 (1.00%)

Tracheoesophageal Fistula 68 (0.54%) 5 (0.22%) 73 (0.49%)

Esophageal Atresia 71 (0.56%) 5 (0.22%) 76 (0.51%)

Cleft Palate 121 (0.96%) 7 (0.31%) 128 (0.86%)

Facial Cleft 49 (0.39%) 4 (0.17%) 53 (0.36%)

Pierre-Robin Sequence 41 (0.33%) 1 (0.04%) 42 (0.28%)

Choanal Atresia 24 (0.19%) 2 (0.09%) 26 (0.17%)

    

Total 683 (5.43%) 40 (1.74%) 723 (4.87%)

    

TABLE 2: Number of Congenital Malformations
ᶧ Percentages are # of malformations/total # of natural births

ˠ Percentages are # of malformations/total # of ART births

ˤ Percentages are # of malformations/total # of all births

Discussion
Controlled studies of perinatal outcomes comparing twin pregnancies conceived after ART with those of
spontaneously conceived twins [17], as well as two systematic reviews [18-19], reveal data that are somewhat
conflicting. There is data that show a higher risk for major congenital abnormalities in infants following in
vitro fertilization (IVF) compared to spontaneous conceptions, even when adjusting for comorbidities and
risk factors [20]. A type of IVF called IVF-intracytoplasmic sperm injection (IVF-ICSI) has an increased risk
for major malformations of 8.9% in single live births compared with 6.0% in spontaneous conceptions of
single gestations and a similar, increased risk in newborns among twin gestations compared to single
gestations conceived with IVF-ICSI [21-22].

More recent studies have indicated the complexities of studying infants conceived naturally compared to
ART, with some studies showing ART with fewer complications. A study by Joy et al. showed that
spontaneously conceived twins had an increase in preterm birth, lower birth weight, and congenital
anomalies but the differences were not significant when the monochorionic twin population was removed
[23]. Another study by Morcel et al. found that ART resulted in lower-risk pregnancies compared to
pregnancies conceived by ovulation induction (OI) [24]. There have been studies showing that subfertility,
and not ART itself, actually has a bigger influence on the adverse outcomes in patients undergoing ART [25].
The risk of significant neurodevelopmental or behavioral adverse outcomes at two-year [26] or five-year [27-
28] follow-ups appears to be minimal. A 10-year follow-up study found no significant difference between
ICSI and spontaneously conceived children [29]. Physical health appears equal, with the exception of
increased undescended testes resulting in urogenital surgery in boys conceived by ICSI [30].

The data in this study agrees with the above data in that we did not find a higher occurrence of head and
neck defects with ART conception when compared to natural conception. While our study did not separate
the various forms of ART, it does provide a large sample size over a decade, which we feel gives an
appropriate representation. One point in our study that should be noted is that we only examined children
admitted to the NICU, thus automatically selecting sicker, more complicated children. We chose to exclude
those patients not admitted to the NICU, as we were intentionally looking for significant birth defects and
had we examined all children born to the hospital over this time period, we felt that it would have been a
fruitless endeavor. Finally, we did not examine whether or not multiple gestations had an influence on the
presence of birth defects in this study.
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Conclusions
Historically, ART has been associated with higher rates of birth defects when compared to natural
conception. As ART is becoming more common with newer technologies, newer data is beginning to suggest
that the risks are not as high as initially thought. According to this data, there is no increased risk of head
and neck defects associated with ART. Further studies are needed, though, to examine the subsets of ART
and their independent risks associated with birth defects, specifically of the head and neck.
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