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somal aberrations were found. Major congenital abnormali-
ties were observed at birth in 9/150 (6.0%) children. The total 
malformation rate was 6.5%.  Conclusions:  The prevalence of 
congenital abnormalities in children born after ICSI in our 
center (6.5%) was comparable to the prevalence of congeni-
tal abnormalities after ICSI reported in the literature. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Intracytoplasmic sperm injection (ICSI) was intro-
duced as a new form of in vitro fertilization (IVF) about 
16 years ago and is now accepted as the treatment of 
choice for severe male infertility in many centers around 
the world  [1, 2] . As ICSI has become part of mainstream 
of infertility treatment and has even replaced classical 
IVF in many centers, it is critical to continually reassess 
its safety.

  The theoretical concerns about the safety and poten-
tial risks of ICSI to the offspring can be categorized 
broadly into the following groups:
  – the risks of using sperm that potentially carry genetic 

abnormalities  [3–14] , 
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 Abstract 

  Background:  Although intracytoplasmic sperm injection 
(ICSI) is now accepted as the treatment of choice for severe 
male infertility, concerns about its safety and the potential 
risks for the offspring remain. We reviewed the literature 
with respect to the prevalence of major congenital malfor-
mations after the ICSI technique and supplemented these 
data with the results of a prospective follow-up study per-
formed in our center.  Methods:  From January 1994 till June 
2000, 776 ICSI cycles were carried out at the Leuven Univer-
sity Fertility Center. The resulting pregnancies (n = 172) were 
followed for biochemical and obstetrical parameters, prena-
tal diagnosis and congenital abnormalities.  Results:  A total 
of 134/172 (78%) ongoing pregnancies resulted in 132 deliv-
eries of 166 live born children. Two terminations of pregnan-
cy were carried out due to the presence of major congenital 
anomalies, diagnosed at prenatal ultrasound. Prenatal diag-
nosis was carried out in 55 fetuses. Two de novo chromo-
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 – the risks of using sperm with structural defects  [7, 15, 
16] , 

 – the potential for mechanical and biochemical damage 
and of introducing foreign, material into the oocyte 
 [17–20] , 

 – the risks associated with bypassing the process of nat-
ural selection by injecting a single spermatozoon into 
the cytoplasm of the oocyte  [21] ,  

 – the risk of transmitting subfertility to the offspring  [9, 
22–28] , 
 The reported prevalence of major congenital malfor-

mations after ICSI varies between 1.1 and 14.7%  [2, 29–
50] . Although the reports are methodologically heteroge-
neous, it appears that children born after ICSI have a sig-
nificantly increased risk of congenital abnormalities 
compared to children born after natural conception  [42, 
44–47, 51] . Still, this issue is a matter of continuing debate 
and more long-term information is needed regarding the 
health of these children.

  The aim of our prospective study was to evaluate the 
congenital malformation rate during 2 years of follow-up 
in infants born after ICSI at the Leuven University Fertil-
ity Center, Belgium. We compared our results with the 
current literature regarding congenital malformations 
after the ICSI technique.

  Review of the Literature 

 The introduction of ICSI as a new form of IVF has 
raised questions regarding the outcome of children con-
ceived by this technique because of additional risks re-
lated to the invasive nature of the ICSI procedure and the 
use of poor quality sperm. The safety of the ICSI proce-
dure has been evaluated by several centers ( table 8 ).

  Early reports on the major malformation rate after 
ICSI were reassuring.

  The Belgian group of Bonduelle reported their find-
ings of all children born after ICSI in a series of papers in 
1995 and 1996  [29–31] . The major malformation rate in 
these studies was comparable to most registers of chil-
dren born after ART and the general population.

  Kurinczuk and Bower  [32]  criticized the fact that the 
Belgian researchers had used a rather narrow definition 
of ‘major birth defect’, and reclassified the birth defects 
using a standard classification system to compare them 
with data from naturally conceived children born in 
Western Australia. They concluded that infants born af-
ter ICSI were twice as likely as Western Australian in-
fants to have a major birth defect (OR 2.03; 95% CI 1.4–

2.93) and nearly 50% more likely to have a minor defect 
(OR 1.49, 95% CI 0.48–4.66; not significant). In response 
to the paper by Kurinczuk and Bower  [32] , Bonduelle et 
al.  [33]  recalculated their 1996 data and, after excluding 
cases of atrial septum defects and cardial defects without 
clinical importance, they reported that the prevalence of 
major birth defects was 5.23%, not significantly higher 
than in the Western Australian population (odds ratio 
1.406 (0.91–2.16)).

  In 1999, the Belgian group published their data of 7 
years of ICSI in a prospective follow-up study of 1,987 
children  [35] . The total malformation rate was 2.84%.

  Sutcliffe et al.  [36, 41]  reported on the UK data in 2 
subsequent papers and found no differences between ma-
jor and minor congenital malformations when ICSI chil-
dren were compared with naturally conceived children.

  Similar, reassuring data from a Danish national co-
hort study of 730 infants born after ICSI were published 
by Loft et al.  [37]  in 1999.

  In Sweden, congenital malformations were reported in 
1,139 infants born after ICSI using data from the medical 
records, the Swedish Medical Birth Registry and the Reg-
istry of Congenital Malformations  [38] . The odds ratio 
(OR) for children conceived with ICSI to have any major 
or minor malformation was 1.75 (95% CI 1.19–2.58) when 
compared to all children born in Sweden. After stratifica-
tion for singletons/twins was done, the OR was reduced 
to 1.19 (95% CI 0.79–1.81), indicating that the increased 
rate of congenital malformations was mainly a result of a 
high rate of multiple births.

  In the USA, Palermo et al.  [40]  found a lower preva-
lence of congenital malformations after ICSI (1.8%) than 
after conventional IVF (3%).

  In contrast to these initially reassuring reports, Han-
sen et al.  [42]  found the risk of major birth defects for 
infants conceived after IVF and ICSI to be twice as high 
as the risk in naturally conceived infants. A major birth 
defect was diagnosed at the age of 1 year in 8.6% (26/301) 
of infants conceived with ICSI, 9.0% (75/837) of infants 
conceived with IVF and 4.2% (168/4,000) of the natural-
ly conceived infants. These results did not change after 
restriction to term singletons, implying that the signifi-
cantly increased risk could not be explained by preterm 
or multiple birth.

  In a large cohort study of 2,889 neonates born after 
ICSI and 2,995 neonates born after IVF, Bonduelle et al.  
[43]  found a total malformation rate of 4.2% in ICSI and 
4.6% in IVF children, suggesting no increased risk of ma-
jor malformations and neonatal complications in the 
ICSI group when compared to the IVF group.
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  German data were presented in a prospective, multi-
centric, control cohort study by Ludwig et al.  [44]  in 2002. 
A total of 3,372 infants born after ICSI were compared 
with a control group of 30,940 naturally conceived in-
fants, recruited from a prospective population-based 
birth registry in Germany. In the ICSI cohort 8.6% of in-
fants had a major malformation, compared with 6.9% in 
the control group (RR 1.25 (95% CI 1.11–1.40)). The au-
thors found an increased risk for major malformations in 
children born after ICSI, that was assumed to be in part 
due to known risk factors in the parents and probably to 
other, unknown parental factors associated with male 
subfertility. A risk associated with the ICSI technique it-
self could not be excluded. In their subsequent paper, 
published in 2004  [45] , the same cohort of ICSI children 
was compared with a control cohort of 8,016 naturally 
conceived infants, taken from the Congenital Malforma-
tion Monitoring Center Saxony-Anhalt, instead of using 
published data from the Mainz birth registry for com-
parison. The results were comparable with the previous 
report: 8.7% major malformations in the ICSI group and 
6.1% in the control group, resulting in a relative risk of 
1.44 (95% CI 1.25–1.65), which declined after adjustment 
for risk factors. Although this malformation rate in the 
ICSI group was nearly identical to the rate published by 
Hansen et al.  [42] , the rate in the control group was ap-
parently different, confirming the higher reliability of 
prospectively collected data instead of data drawn retro-
spectively from registries. 

  In the last years, a few, well-designed long-term fol-
low-up studies were published. Follow-up of the physical 
health of 5-year-old ICSI, IVF and naturally conceived 
children was reported in a European multicenter cohort 
study in 2005  [46] . Although the assessment of 5-year-old 
ICSI and IVF children was generally reassuring, ICSI 
children were found to present with more major congen-
ital malformations (6% of the 540 children) than natu-
rally conceived children. This higher rate was due par-
tially to an excess of malformations in the (boys) uro-
genital system. In the IVF group a similar pattern of 
increased congenital malformations was found, but this 
was not statistically significant (OR 1.80, 95% CI 0.85–
3.81). Both ICSI and IVF children were more likely to 
need health care resources than naturally conceived chil-
dren: they were more likely to have had a significant 
childhood illness, to have had a surgical intervention, to 
require medical therapy and to be admitted to hospital. 
The International Collaborative study also reported on 
the neurodevelopmental well-being of 5-year-old ICSI 
children: no differences were seen in motor and cognitive 

development in comparison to naturally conceived chil-
dren  [51] .

  Follow-up of the physical health of 8-year ICSI and 
naturally conceived children was recently reported by the 
group of Brussels and showed an increased major malfor-
mation rate (15/150 ICSI children vs. 5/147 naturally con-
ceived children), mostly corrected by minor surgery, but 
no differences in physical and neurological examination, 
similar pubertal staging and comparable cognitive and 
motor development  [47, 52] . The overall general health of 
8-year-old singleton ICSI children seemed satisfactory, 
but the potential risks to future fertility remain un-
known.

  A study by Buckett et al.  [49]  in 2007 showed a slight 
but not significantly increased risk of congenital malfor-
mations for every form of ART compared with natural 
conception (OR 1.21 (95% CI 0.63–2.62) for IVF and 1.69 
(95% CI 0.88–3.26) for ICSI). In another study involving 
a small number of patients, there was no significant dif-
ference in occurrence of major malformations in the ICSI 
group (5/34, 14.5%) compared with the natural concep-
tion group (2/39, 5%), but the incidence of severe major 
malformations was significantly increased in the ICSI 
group (11.8 vs. 0%)  [48] .

  Recently, Knoester et al.  [50]  offered reassuring results 
of their prospective follow-up study evaluating short- and 
long-term health in ICSI singletons. No adverse health 
outcomes were identified in ICSI singletons up to 5–8 
years compared to IVF and natural conception single-
tons, besides poorer perinatal outcomes after ICSI versus 
natural conception. Data on major congenital malforma-
tions, however, were insufficiently numerous to draw 
conclusions.

  Two meta-analyses have been performed to evaluate 
the major malformation rate after ICSI.

  The first meta-analysis was performed on 19 con-
trolled studies comparing major malformation rates in 
IVF and ICSI infants with naturally conceived children 
 [53] . The major malformation rate varied from 0 to 9.5% 
for IVF; 1.1 to 9.7% for ICSI and 0 to 6.9% in the control 
groups, the wide variation being attributable to differ-
ences in study design. The authors concluded that in 
comparison to naturally conceived children, ART chil-
dren had a significantly increased risk for major malfor-
mations with an overall OR of 1.29 (95% CI 1.01–1.67). 
In a second meta-analysis comparing birth defects in 
children conceived by ICSI and by IVF  [54] , 4 peer-re-
viewed prospective cohort studies were selected, includ-
ing 5,395 children born after ICSI, and no significant 
additional risk of birth defects was observed in children 
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conceived after ICSI compared with those conceived af-
ter IVF.

  In conclusion, although the initial reports on the ma-
jor malformation rate after ICSI were reassuring, the re-
sults of all recently published, well designed, multicen-
tric, long term follow up studies indicate that the major 
malformation rate is increased after ICSI, when com-
pared to natural conception but not in comparison to 
IVF. The incidence of major malformations reported in 
the literature, varied between 1.1–14.7%. This wide vari-
ation can be explained by differences in study design and 
methodology, which are problematic in many studies. 
The most important criticism is the lack of an appropri-
ate control group. A perfect control group would be the 
group of infertile couples who conceive spontaneously. 
In some studies, data for the control group, were drawn 
from retrospective registries, in others, controls were 
even not matched for maternal age. Other criticisms con-
cern a small number of patients included, selection bias, 
problems with follow-up examinations of the children, 
etc. It is therefore difficult to compare two sets of data 
which makes meta-analysis problematic. The more re-
cently published studies take those problems into ac-
count.

  Materials and Methods 

 All women included in this prospective follow-up study be-
came pregnant after a transfer of fresh or thawed embryos ob-
tained after ICSI at the Leuven University Fertility Center be-
tween January 1994 and June 2000. Standard procedures related 
to ovarian stimulation, oocyte collection, sperm preparation, 
IVF, ICSI, embryo culture and transfer have been described in 
detail elsewhere  [55] . The pregnant patients and their partners 
agreed by informed consent to participate in this follow-up 
study.

  Before pregnancy, the following clinical data were recorded: 
maternal age, causes of infertility, use of ejaculated or surgically 
obtained sperm, number of embryos obtained and frozen, num-
ber of embryos replaced, fertilization rate and number of implan-
tations. Pregnancy outcome data were obtained in written format 
for all pregnancies from the referring gynecologists and included 
information about biochemical and clinical pregnancies, ectopic 
pregnancies, miscarriages, preterm births, stillbirths, live births, 
multiple pregnancies and terminations. Data regarding prenatal 
diagnosis and the presence of congenital abnormalities at ultra-
sound examination were also recorded. Perinatal data included 
gestational age, mode of delivery, date of birth, sex, birth weight, 
Apgar scores, and the prevalence of congenital malformations at 
birth and neonatal problems. The definitions of these outcome 
data are listed in  table 1 . The clinical data for 172 pregnancies oc-
curring after embryo transfer with ICSI embryos are shown in 
 table 2 .

  At birth a detailed physical examination was performed by the 
pediatrician in charge, assessing major and minor malforma-
tions, and neurological/psychomotor development. Written re-
ports about babies born outside our hospital were obtained from 
both gynecologists and pediatricians.

  During the follow-up after birth, the children were examined 
by a pediatrician at the age of 2 months (n = 135, 81%), 1 year
(n = 118, 71%) and 2 years (n = 102, 61%). A clinical evaluation of 
the neurological/psychomotor development was done at 1 year
(n = 96, 58%) and at 2 years (n = 61, 37%). This consisted of a gen-
eral pediatric examination including assessment of tonus, reflex-
es and classic psychomotor milestones, such as visual contact, 
head control, pincet grip, independent sitting and standing. When 
a child was lost for follow-up, a reminding letter was sent to the 
parents to make an appointment for a follow-up consultation. In-

Table 1. Definition of pregnancy outcome data [72]

Pregnancy: positive �-hCG test (≥25 IU/l) 14–16 days after oocyte 
retrieval or thawing.

Biochemical pregnancy: evidence of conception based only on bio-
chemical data in serum or urine before ultrasound evidence of a 
gestational sac.

Clinical pregnancy: evidence of pregnancy by clinical or ultra-
sound parameters (ultrasound visualization of a gestational sac). It 
includes ectopic pregnancy. Multiple gestational sacs in one pa-
tient are counted as one clinical pregnancy.

Ongoing clinical pregnancy: pregnancy with fetal heartbeat at 12 
weeks.

Miscarriage: loss of a fetus with a gestational age <20 weeks.

Gestational age: calculated from the day of oocyte aspiration which 
is defined as day 14 of the cycle.

Preterm birth: a birth which takes place after at least 20, but less 
than 37, completed weeks of gestation. This includes both live 
births and stillbirths.

Stillbirth: intrauterine or intrapartum death of a child born with a 
gestational age of ≥20 weeks or with a birth weight of ≥500 g.

Perinatal mortality: number of stillbirths and neonatal deaths <7 
days after birth per 1,000 children born with a gestational age of at 
least 20 weeks or with a birth weight ≥500 g.

Low birth weight: less than 2,500 g at birth.

Very low birth weight: less than 1,500 g at birth.

Major congenital malformations: malformations that generally 
cause functional impairment or require surgical correction.

Minor malformations: the remaining malformations. A minor 
malformation can be distinguished from normal variation if it oc-
curs in 4% or fewer of the infants from the same racial group.

Total malformation rate: (affected live births + affected fetal deaths 
+ induced abortions for malformations) divided by (live births + 
stillbirths) [57, 58].
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formation was obtained from the medical records of the physical 
examinations and the neurological and psychomotor clinical 
evaluations.

  ‘Malformations’ were defined as conditions registered in the 
International Classification of Diseases and Health Related Prob-
lems, 10th Revision  [56] , as a congenital malformation or chro-
mosome abnormality (ICD-10: Q00–Q99). ‘Major congenital 
malformations’ were defined as malformations that generally 
cause functional impairment or required surgical correction  [57] . 
The remaining malformations were considered ‘minor’. A minor 
malformation can be distinguished from normal variation if it 
occurs in 4% or fewer of the infants from the same racial group. 
Minor malformations not having a Q code were also recorded ac-
cording to a checklist containing 242 items  [43, 58] .

  The total malformation rate was defined as the number of (af-
fected live births + affected fetal deaths + induced abortions for 
malformations) divided by the number of (live births + stillbirths) 
 [59, 60] .

  Results 

 Basic Clinical Data  
 All relevant clinical data with respect to ICSI indica-

tions are shown in  table 2 .

  Pregnancy Information  
 Biochemical pregnancies were observed after 6/172 

conceptions, all in fresh ICSI cycles. The 166 clinical 
pregnancies included 125 (75.3%) singletons, 37 (22.3%) 
twins and 4 (2.4%) triplets. The pregnancy outcome data 
of the 166 clinical pregnancies (fresh cycles: n = 150, 
mixed cycles: n = 2, thawing cycles: n = 14) are summa-
rized in  table 3 .

  Of the 166 clinical pregnancies, 134 were ongoing at 
12 weeks (fresh cycles: n = 122; thawing cycles: n = 10; 
mixed cycles: n = 2) including 101 singleton pregnancies 
(101/134, 75%), 31 twin pregnancies (31/134, 23%) and 2 
triplet pregnancies (2/134, 1.5%). These ongoing preg-

nancies resulted in 132 deliveries and 2 terminations of 
pregnancy for congenital malformations (2/134 or 1.5%). 
In termination of pregnancy cases, ICSI had been carried 
out for severe male factor infertility using ejaculated 
sperm resulting in a singleton pregnancy with normal 
karyotype. The first case (maternal age 31.4 years) was 
performed at a gestational age of 16 weeks after prenatal 
diagnosis of anencephaly. There were no other congenital 
anomalies. The second case (maternal age 27.2 years) was 
performed after prenatal diagnosis of a fetus with mul-
tiple congenital anomalies, including atresia of the larynx 
with bilateral lung sequestration, tracheomalacia, esoph-
ageal atresia, crossed ectopy of kidneys with fusion of the 
left kidney, single umbilical artery and discrete cutane-
ous syndactily of the fingers. This pregnancy was achieved 
after a mixed transfer with one fresh and one frozen em-
bryo. The karyotypes of both fetuses were normal.

  Prenatal Diagnosis of Chromosomal Abnormalities 
and Congenital Anomalies 
 Prenatal diagnosis was performed on a voluntary basis 

after informed consent in 44 of 97 (45%) pregnant wom-
en with documented follow-up during pregnancy. The 
mean age of all women who opted for prenatal diagnosis 
was 31.0  8  4.2 (range 20.3–39.0) years. Ten of 12 women 
(83%) with ongoing pregnancy and with documented fol-
low-up older than 35 years had prenatal diagnosis. No 
complications were observed after prenatal diagnosis. 
Prenatal diagnosis was performed in 33 singleton preg-
nancies and in 11 twin pregnancies, resulting in the anal-
ysis of 55 fetal karyotypes. Three of 55 karyotypes were 
abnormal (5.45%) including 2 de novo cases and one ab-
normality inherited from the father (balanced Robertso-
nian 13/14 translocation). In the first case of de novo 
anomalies (maternal age 25.8 years), the ultrasound find-
ings were oligohydramnion, short limbs, a narrow thorax 

Table 2. Clinical data for 172 pregnancies occurring after embryo transfer with ICSI embryos

Fresh cycle Mixed cycle Thawing cycle Total

Pregnancies, n 156 2 14 172
Maternal age, years (range) 30.683.8 (20.3–41.3) 28.7582.19 (27.2–30.3) 31.984.0 (26.9–42.9) 30.783.8 (20.3–42.9)
Embryos transferred (range) 2.2980.59 (1–4) 280 (2) 2.6480.49 (2–3) 2.3280.59 (1–4)

Indication for ICSI
Severe oligoasthenoteratozoospermia 129 2 11 144
Obstructive azoospermia 9 0 0 9
Nonobstructive azoospermia 3 0 0 3
Fertilization failure after IVF 15 0 3 18
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and an increased nuchal thickness. The chorion villus bi-
opsy on this fetus of a twin pregnancy showed a Turner 
syndrome with 45XO, 46XX, 47XXX mosaicism. In the 
second case of de novo anomalies (maternal age 31.0 
years), trisomy 21 was diagnosed in a male fetus of a twin 
pregnancy. This pregnancy was carried to term. In both 
cases, the indication for ICSI was severe male factor in-
fertility and ejaculated sperm was used.

  Obstetrical and Neonatal Outcome 
 One hundred and thirty-two deliveries resulted in the 

birth of 166 live-born children (fresh: n = 150; mixed:
n = 1; cryo: n = 15). The perinatal mortality including in-
tra-uterine or intrapartum deaths and neonatal deaths 
with a gestational age of  6 24 weeks was 2.4% (4 per 167 
children with gestational age of  6 24 weeks). One idio-
pathic tumor in utero was observed in one fetus of a twin 
pregnancy at a gestational age of 27 weeks. There were 
three neonatal deaths:
  – a preterm birth followed by neonatal death was ob-

served at a gestational age of 24 weeks after preterm 
rupture of membranes caused by intrauterine infec-
tion (from 1 of the 7 pregnancies where only 1 fetus 
developed from the 2 initial implantations); 

 – one member (diagnosed with Turner syndrome with 
45XO, 46XX, 47XXX mosaicism) of a twin pregnancy 

died on day 17 after birth at a gestational age of 29 
weeks, due to gastroenteritis; 

 – another baby, also member of a twin pregnancy, died 
on day 18 after birth at gestational age of 32 weeks, due 
to a severe sepsis. 
 The 166 live-born children included 99 singletons (99 

children/166; 59.6%), 31 twins (61 children/166, 36.7%) 
and 2 triplets (6 children/166, 3.6%). The proportion of 
multiple deliveries/total deliveries was 24% (32/132), in-
cluding 40% (66/166) of the children. The sex ratio in the 
166 live-born children was 0.86 (76/88) with 76 boys 
(46.3%), 88 girls (53.7%) and 2 unknowns. The mode of 
delivery is shown in  table 4 . Obstetric and neonatal out-
come data are shown in  table 5 .

  Major and Minor Congenital Malformations 
Diagnosed at Birth or within Two Years of Follow-Up  
 The prevalence of congenital abnormalities at birth 

could be determined in 150 of 166 (90%) newborns. The 
other 16 children (10%) included cases who could not be 
reached (n = 12; 12 singletons) or whose parents refused 
follow-up (n = 4; 2 singletons and 1 twin). Major birth 
defects in live-born infants with a gestational age of  1 24 
weeks are listed in  table 6 .

  Major malformations were noticed in 9/150 (6%) chil-
dren including 5 singleton children (5%, 5/99), 3 children 

Table 3. Pregnancy outcome in 166 clinical pregnancies after fresh, mixed or cryo cycle with embryo transfer 
with ICSI embryos

Type of cycle Pregnancies with 1, 2 or 3 implantations Miscarriage Ectopic
pregnancy

Pregnancy
termination

Fresh
(n = 150)

1 impl. (%/CP) 114 (76) 22 6 1a

2 impl. (%/CP) 33 (22)b, c 0 0 0
3 impl. (%/CP) 3 (2)d 0 0 0

Mixed (n = 2) 1 impl. (%/CP) 2 (100) 0 0 1a

Cryo (n = 14) 1 impl. (%/CP) 9 (64) 2 1 0
2 impl. (%/CP) 4 (29) 1 0 0
3 impl. (%/CP) 1 (7) 0 0 0

Total
(n = 166)

1 impl. (%/CP) 125 (75) 24 7 2
2 impl. (%/CP) 37 (22) 1 0 0
3 impl. (%/CP) 4 (2) 0 0 0
1–3 impl. (%/CP) 166 25 (15) 7 (4) 2 (1)

a Termination of pregnancy (after >12 weeks of pregnancy) because of congenital malformations (see text). 
b Seven pregnancies with initially 2 implantations resulting in a pregnancy with 1 implantation (at 12 weeks) 
(spontaneous abortion of the 2nd embryonic sac). c One pregnancy with 2 implantations resulting in delivery 
at 33 weeks of one live-born and 1 stillborn baby (mors in utero (idiopathic) at gestational age of 27 weeks).
d Two fetal reductions from a triplet to a twin pregnancy (before 12 weeks of pregnancy).
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of a twin pregnancy (3.3%, 3/61) and 1 child of a triplet 
(1.6%, 1/6). These 9 cases all occurred following concep-
tion after ICSI during a fresh cycle and were associated 
with chromosomal abnormalities in 2 cases. The follow-
ing 9 cases were observed:
  (1) Neck fistula: a small dimple with an opening of the 

fistula, surgically corrected at the age of 14 months. 

 (2) Lobar emphysema, diagnosed by ultrasound as the 
presence of an intra-thoracal mass, requiring a seg-
mentectomy of the left underlobe during the neonatal 
period. 

 (3) Tetralogy of Fallot, requiring a Blalock-Taussig shunt 
operation at the age of 4 months and a dilatation of the 
pulmonary valve stenosis at the age of 1 year. 

Table 4. Delivery mode of 132 pregnancies with gestational age of at least 24 weeks

Singleton
pregnancies
(n = 99)

Twin
pregnancies
(n = 31)

Triplet
pregnancies
(n = 2)

Total
pregnancies
(n = 132)

Vaginal delivery (%/known delivery) 68 (80) 13 (43)a 0 81
Caesarean section (%/known delivery) 17 (20) 17 (57) 2 (100) 36
Unknown (%) 14 1 0 15

a Including one live-born child of a twin pregnancy resulting from a delivery at 33 weeks of one live-born 
and 1 stillborn baby (mors in utero (idiopathic) at gestational age of 27 weeks).

Table 5. Obstetrical and neonatal outcome data of 132 pregnancies with gestational age of at least 24 weeks resulting in the live births 
of 166 children

Singleton
pregnancies
(n = 99)

Twin
pregnancies
(n = 31)

Triplet
deliveries
(n = 2)

Deliveries (total n = 132) (%) 99 (74.24) 31 (23.48) 2 (1.52)
Intra-uterine death/stillbirth 0 1 0
All infants 99 61a 6

Male 49 24 3
Female 48 37 3
Unknown 2 0 0

Preterm birth (<37 weeks) 5 (5) 20 (64.5) 2 (100)
Gestational age: ≥37 weeks (%/known gestational age) 93 (95) 11 (35.5) 0
Gestational age: ≥34–37 weeks (%/known gestational age) 1 (1) 12 (38.7) 1 (50)
Gestational age ≥32–<34 weeks (%/known gestational age) 3 (3) 6a (19.4) 1 (50)
Gestational age ≥28–<32 weeks (%/known gestational age) 0 2 (6.4) 0
Gestational age <28 weeks (%/known gestational age) 1b (1) 0 0
Gestational age unknown 1 0 0
Birth weight, g (n = 91) 3,1918514 2,3828551 1,7848329
N babies with birth weight ≥2,500 g (%/n known birth weight) 86 (94.5) 27 (45.7) 0
N babies with birth weight ≥ 1,500–2,500 g (%/n known birth weight) 4 (4.4) 28 (47.4) 5 (83)
N babies with birth weight <1,500 g (%/n known birth weight) 1b (1.1) 4 (6.7) 1 (17)
N babies with unknown birth weight 8 2 0

a Including one child from a twin pregnancy resulting in delivery at 33 weeks of one live-born and 1 stillborn baby (mors in utero 
(idiopathic) at gestational age of 27 weeks).

b A preterm birth followed by neonatal death was observed at a gestational age of 24 weeks after preterm rupture of membranes 
caused by intrauterine infection.
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 (4) Craniosynostosis in one child of a twin pregnancy, 
surgically corrected at the age of 8 months. 

 (5) Bilateral cryptorchidy (low-inguinal). After failure of 
therapy with an LH-RH analogue for one month, a bi-
lateral orchidopexy was performed at the age of 2 
years. 

 (6) Hypospadias; surgical correction at the age of 14 
months. 

 (7) Trisomy 21 in one child of a twin pregnancy, diag-
nosed by amniocentesis. At birth the child was also 
diagnosed with a duodenum atresia followed by surgi-
cal correction (duodeno-duodenostomia) 4 days after 
birth. 

 (8) Umbilical hernia, diagnosed in one baby of a triplet 
pregnancy at a gestational age of 32 weeks (premature 
delivery) and followed by surgical correction immedi-
ately after birth. 

 (9) Turner syndrome with 45XO, 46XX, 47XXX mosa-
icism of a twin pregnancy: baby died on day 17 after 
birth due to gastroenteritis. 
 The total malformation rate taking into account major 

malformations present in terminations of pregnancy, in 
stillbirths and in live births was 7.2% (11/153). No addi-
tional major anomalies were observed in the children 
who had follow-up examinations at 2 months (n = 135 or 
82%) and at 1 year (n = 118 or 72%), or at 2 years (n = 102 
or 62.2%). Nineteen minor malformations were found of 
which 9 at birth, 4 after 2 months, 4 after 1 year and 2 
after 2 years ( table 7 ).

  Neurological and Psychomotor Development 
 No abnormalities were observed at clinical neuro-

logical and psychomotor evaluations done, during fol-
low-up.

  Discussion 

 In our prospective 2-year follow-up study, we found a 
major malformation rate after ICSI of 6.5%. Assuming 
that the prevalence of major congenital malformations in 
the general population is 3%, and that this prevalence rate 
increases with 3 to 6% after ICSI, 749 patients per group 

Table 6. Major birth defects in live-born children at a gestational age of at least 24 weeks

Maternal
age

Indication
ICSI

Specification
ICSI

Specification
embryo transfer

Type of 
pregnancy

Neck fistula 30.3 OT Ejaculate Fresh Singleton
Lobar emphysema 32.6 OAT Ejaculate Fresh Singleton
Tetralogy of Fallot 30.3 OAT Ejaculate Fresh Singleton
Craniosynostosis 24.9 OAT Ejaculate Fresh Twin
Bilateral cryptorchidia 30.1 OAT Ejaculate Fresh Singleton
Hypospadias 33.1 OAT Ejaculate Fresh Singleton
Trisomy 21 30.9 OAT Ejaculate Fresh Twin
Umbilical hernia 28.8 OAT Ejaculate Fresh Triplet
Turner syndrome 25.8 OAT Ejaculate Fresh Twin

Table 7. Minor malformations

Malformation Number of
children show-
ing anomaly

Cardiac anomalies
Atrial septum defect type II 1
Ventricular septum defect 1

Urogenital anomalies
Vesicoureteral reflux (<2 years) 1

Facial anomalies
Hypertelorism 2
Short philtrum 1

Limb anomalies
Metatarsus adductus 1
Overriding toes 1
Clinodactyly 2

Dermatological anomalies
Cavernous hemangioma 1
Café-au-lait spots 1
Congenital naevus 2

Abdominal anomalies
Umbilical hernia (small) 3
Inguinal hernia (gestational age 32 weeks) 1

Cranial anomalies
Hydrocele communicans 1
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would be needed to detect this increase with 80% power 
at a two-sided statistical significance level of 0.05 using a 
 �  2  test. The number of patients in our study is unfortu-
nately much smaller.

  Another weakness of our study is that we did not ex-
amine a control group (IVF or naturally conceived). 
However, the malformation rate reported in our study is 
within the range reported in the literature and is also 
higher than the generally accepted background risk of 
2–3%.

  In our study, no particular malformation was dispro-
portionally frequent. Although the prevalence of a spe-
cific defect is rarely reported for infants conceived with 
assisted reproductive technology, others have suggested 
that the prevalence of these defects is increased among 
such infants  [32, 38, 42] . Kurinczuk and Bower  [32]  found 
an excess of major cardiovascular, genitourinary and gas-

trointestinal defects, in particular cleft palate and dia-
phragmatic hernia. Hansen et al.  [42]  found a significant-
ly greater proportion of musculoskeletal and chromo-
somal defects in ART children compared with the 
naturally conceived group, and Wennerholm et al.  [38] 
 found an excess of hypospadias in ICSI children. These 
findings regarding specific organ systems should be in-
terpreted with caution since they are based on small 
numbers of infants in each group.

  In our study, one of the nine malformations found was 
a hypospadias. Our study population is obviously too 
small to draw conclusions, but several studies have re-
ported a higher risk of hypospadias after ICSI than after 
IVF or in the general population. Wennerholm et al.  [38]  
found a relative risk of 3.0 (95% CI 1.09–6.50) compared 
to natural conception. He found a higher incidence of hy-
pospadias in the ICSI group compared to the IVF group, 

Table 8. Review of studies concerning major malformation rate after the ICSI procedure

Study Type of study Number of children with major malformation/
total number of children (%)

Age of children
at assessment 
(m = months,
y = years)ICSI IVF natural conception

Bonduelle [1995] prospective, comparative follow-up study 4/130 (3.1)* 6/130 (4.6) 0/2 m/1 y
Bonduelle [1996] prospective follow-up study 14/423 (3.3)* 0/2 m/1/2 y
Bonduelle [1996] prospective follow-up study 23/877 (2.6)* 0/2 m/1/2 y
Kurinczuk [1997] reclassification and re-analysis Belgian data 31/420 (7.4)** 3,800/100,454 (3.8) 1 y
Bonduelle [1997] recalculation of 1996 data 22/420 (5.23)*
Bowen [1998] prospective study 4/89 (4.5)* 3/84 (3.6) 4/80 (5) 1 y
ESHRE [1998] multicenter survey analysis 17/807 (2.1)* 0/2 m/1/2 y
Bonduelle [1999] prospective follow-up study 46/1,987 (2.3)* 0/2 m/1/2 y
Sutcliffe [1999] population control study 6/123 (4.9)* 5/123 (4.1) 17.5 m
Loft [1999] national cohort study 16/721 (2.2)*** 0
Wennerholm [2000] cohort study 47/1,139 (4.1)***
Palermo [2000] retrospective study 22/2,059 (1.1) 31/1,796 (1.7)
Sutcliffe [2001] case-control study 10/208 (4.8)* 10/221 (4.5) 0/2 y
Hansen [2002] case-control study 26/301 (8.6)** 75/837 (9) 168/4,000 (4.2) 1 y
Bonduelle [2002] prospective follow-up study 96/2,840 (3.4)* 112/2,955 (3.8) 2 m/1/2 y
Ludwig [2002] prospective, multicentric control cohort study 291/3,372 (8.6)a 2,140/30,940 (6.9) <2 m
Katalinic [2004] prospective, controlled, nationwide cohort study 295/3,372 (8.7)a 488/8,016 (6.1) <2 m
Bonduelle [2005] multicenter cohort study 33/540 (6)* 18/437 (4) 12/538 (2) 5 y
Belva [2007] cross-sectional study of a prospective cohort 15/150 (10)* 5/147 (3.4) 8 y
Sanchez-Albisua [2007] prospective case-control study 5/34 (14.7)* 2/39 (5) 1.5/3.5/5 y
Buckett [2007] retrospective study 7/160 (4.4)b 6/217 (2.8) 9/350 (2.6) 0/1 y
Knoester [2008] prospective follow-up study 5/81 (6.2)*

6/87 (6.9)
3/81 (3.8)

5/85 (5.9)
0/5/8 y

* Congenital anomalies are classified according to the ICD-10 classifica-
tion, major malformations are defined as malformations that cause func-
tional impairment or require surgical correction. The remaining malforma-
tions are considered as minor.

** Birth defects are defined as abnormalities probably of prenatal origin, 
include structural, chromosomal, genetic and biochemical defects, and are 
coded according to the British Paediatric Association’s ICD-9 system. Each 
malformation is also coded as major/minor according to the Centers for Dis-
ease Control (US).

*** Congenital anomalies are classified according to the ICD-10-classifi-
cation, definition of major and minor malformations not specified.

a Major malformations are structural defects of the body and/or organs 
which affect viability and quality of life requiring medical intervention (EU-
ROCAT).

b Definition of major malformations not specified.
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but this difference was not significant. An increased risk 
of hypospadias compared to natural conception was also 
reported by Ericson and Källén  [61] : RR 1.1 (95% CI 0.68–
1.81) for IVF and RR 2.9 (95% CI 1.4–5.4) for ICSI. In the 
European multicenter study of 2005  [46] , the higher rate 
of congenital malformations was explained partially by 
an excess of malformations in the boy’s urogenital sys-
tem. The higher prevalence of hypospadias may be re-
lated to paternal subfertility  [62, 63] . Others have impli-
cated progesterone support used in IVF  [64] . In the data 
of Bonduelle et al.  [43]  no statistical difference for uro-
genital, urological or genital anomalies between ICSI and 
IVF children were found.

  Chromosomal aberrations have been most extensively 
studied by the Belgian group  [43] . The limited available 
data on ICSI fetal karyotypes reveal that, in comparison 
with a general neonatal population, there is: (1) a slight 
but significant increase in de novo sex chromosome aber-
rations (0.6% instead of 0.2%) and structural autosomal 
abnormalities (0.4% instead of 0.07%), and (2) an in-
creased number of inherited (mostly from the infertile 
father) structural aberrations  [65–68] . In our study, we 
found two de novo chromosomal abnormalities (3.6%). 
We may suppose that the other live born children were 
normal because we noticed no typical malformations 
compatible with chromosomal defects, which means a 
percentage of 1.2% (2/167). This is not significantly dif-
ferent from the ICSI group in the study of Bonduelle, 
where they found 1.56% de novo chromosomal anoma-
lies.

  In our study, we did not find severe cognitive or motor 
developmental problems in children born after ICSI at 
the age of 2 years. Bowen et al.  [34]  was until recently the 
only one to report an increased risk of mild delays in de-
velopment at 1 year when compared with children con-
ceived by routine IVF or conceived naturally. Recently, 
Knoester et al.  [50]  also reported a significantly lower 

cognitive development of 5- to 8-year-old ICSI singletons 
compared to matched IVF and natural conception chil-
dren. However, most other studies found no significant 
difference in cognitive and motor development at the age 
of 1 or 8 years between children born after IVF or ICSI 
and children born after natural conception  [50–52, 69–
71] . Still, there is a need for ongoing developmental fol-
low-up studies.

  Conclusion 

 ICSI has revolutionized the treatment of severe male 
infertility and its use is increasing worldwide. Many cen-
ters have evaluated the implication that congenital mal-
formations may arise secondary to the ICSI technique. 
Although the initial reports were reassuring, the results 
of all recently published, well-designed, multicentric, 
long-term follow-up studies indicate that the major mal-
formation rate is increased after ICSI when compared to 
natural conception but not compared to IVF. The results 
of our prospective follow-up study are consistent with the 
in the literature reported higher congenital malforma-
tion rate after ICSI. Further long-term follow-up is neces-
sary to obtain information on sexual development, future 
fertility, psychomotor and intellectual development of 
ICSI children. Patients should be counseled about this 
increased risk of congenital malformations, de novo 
chromosomal aberrations, the uncertainty about long-
term outcome and the possibility of transmitting infertil-
ity to their offspring. Similarly, it is important that ICSI 
is only offered to patients when it has added value when 
compared to IVF: only in cases of severe male infertility 
or repeated fertilization failure after IVF. In this context, 
research on predictors of congenital malformation risk 
would be very important to be able to identify patients at 
increased risk.
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