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ABSTRACT

Objective: It is generally accepted that the incidence
of birth defects in spontaneously conceived children ranges
between 2.0-4.0%. However, several studies have shown
that babies born after assisted reproductive technology
(ART) procedures tend to present more congenital
malformations than naturally conceived children, with
6.5% of the children born after intracytoplasmic sperm
injection (ICSI) presenting birth defects. The use of
high magnification sperm selection before ICSI was
introduced in the early 2000s to allow the identification
of spermatozoa with low risk of sperm DNA damage.
Intracytoplasmic morphologically selected sperm injection
(IMSI) is expected to change the incidence of congenital
malformations, although data on the incidence of birth
defects in children conceived after IMSI are still scarce.

Methods: A systematic review based on searches
performed in electronic databases (PubMed, EMBASE,
Web of Science, SCOPUS, and Cochrane Central Register
of Controlled Trials) including articles published by
February 2021 was conducted to identify trials comparing
the neonatal outcomes of ICSI and IMSI. The outcome
measured was the rate of birth defects in children born
after ICSI or IMSI. Three trials were included as targets for
data extraction and meta-analysis.

Results: Our meta-analysis included 3907 children
conceived after IMSI (1280) or ICSI (2627). The incidence
of birth defects was statistically different, with 2.5%
(32/1280) in IMSI and 4.5% (119/2627) in ICSI (RR=0.59;
95% CI=0.40-0.87; p=0.007). The results demonstrated
that IMSI decreased the incidence of structural defects
compared to ICSI - 2.2% (18/830) vs. 3.8% (78/2049) - in
a statistically significant manner (RR=0.58; 95%CI=0.35-
0.96; p=0.04). No significant difference was observed in
chromosomal abnormalities (Trisomy 13; 18; 21 and Triple
X) between children conceived after IMSI (8/830) or ICSI
(19/2049) (RR=1.07; 95%CI=0.47-2.43; p=0.87).

Conclusions: IMSI seems to be an effective tool at
reducing the incidence of structural defects compared to
ICSI. However, IMSI does not change the incidence of
chromosomal abnormalities.

Keywords: Intracytoplasmic Morphologically Selected
Sperm Injection, IMSI, birth defects, IVI, meta-analysis

INTRODUCTION

Several authors have reported on spermatozoa morphol-
ogy, including studies dating back to 1677 (Cary, 1930; Mo-
ench & Holt, 1931; Williams, 1937; Hammen, 1944; MaclLeod
& Gold, 1951; Franken et al., 2000; Freund, 1966; Eliasson,
1971; 1975; 1981; Katz et al., 1986; Kruger et al., 1988; Men-
kveld et al., 1990; 2011; van der Merwe et al., 2005; Cobb,
2006; Robertson et al., 2016; WHO, 1987; 1992; 1999). In

2010, the World Health Organization (WHQ) provided guide-
lines for clinicians and other professionals involved in assisted
reproduction based on general sperm analysis criteria. These
parameters such as the Tygerberg strict criteria for morpho-
logical classification are customarily used in the selection of
spermatozoa in assisted reproductive technology (ART) pro-
cedures (Cooper et al., 2010; Kruger et al., 1988; Menkveld
etal., 2011; WHO, 2010).

In the early 2000s, a new technique for evaluating
sperm morphology was developed by Bartoov (Bartoov
et al., 2001; 2002; 2003; Berkovitz et al., 2005; 2006a;
2006b). This technique is based on a method of high sperm
magnification, without fixation or staining, called MSOME
(motile sperm organelle morphology examination). In ad-
dition to general evaluation of sperm cells, including the
shape of the head, the intermediate piece aspect, and the
insertion of the flagellum, MSOME allows the evaluation of
the presence of vacuoles in the sperm head. Vacuoles are
depressions on the surface of the sperm head that may
vary in position, number, and size (Franco Jr. et al., 2008;
Oliveira et al., 2010). This defect on the spermatozoa head
is an indicator of impairment in spermatogenesis and has
been associated with sperm DNA damage. Therefore, the
addition of MSOME for sperm selection before ICSI (intra-
cytoplasmic sperm injection), also known as IMSI (intra-
cytoplasmic morphologically selected sperm injection), al-
lows the identification of spermatozoa at low risk of sperm
DNA damage (Gaspard et al., 2018). IMSI might potential-
ly change the incidence of congenital malformations (Cas-
suto et al., 2014; Gaspard et al., 2018).

It is generally accepted that the incidence of birth defects
in spontaneously conceived children ranges between 2.0-
4.0%. However, several studies have shown that babies born
after ART procedures tend to present more congenital mal-
formations than naturally conceived children. The use of IMSI
in ART cycles has been associated with better fertilization and
lower miscarriage rates and described as having potential im-
pacts on the incidence of congenital malformations (Vanderz-
walmen et al., 2008; Cassuto et al., 2009; Knez et al., 2011).
Nevertheless, data on the incidence of birth defects in chil-
dren conceived after IMSI are still scarce (Berkovitz et al.,
2007; Cassuto et al., 2014; Hershko-Klement et al., 2016;
Gaspard et al., 2018).

This meta-analysis aimed to evaluate whether IMSI
might decrease the incidence of birth defects, including
structural defects and chromosomal abnormalities, in the
offspring of patients submitted to ART cycles.

MATERIALS AND METHODS

Study inclusion criteria

Published and ongoing randomized controlled trials
(RCT) and non-RCT studies comparing the incidence of
congenital malformation between patients undergoing to
ICSI or IMSI cycles were included.
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Endpoints

The primary endpoint measured for this meta-anal-
ysis was the incidence of congenital malformations in
the offspring of patients submitted to ICSI and IMSI.
Secondary endpoints included the incidence of structural
defects and chromosomal abnormalities in the studied
population.

Identification of studies

Searches were performed in electronic databases
(PubMed, EMBASE, Web of Science, SCOPUS, and Cochrane
Central Register of Controlled Trials) to find RCTs and/or
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robust trials published by May 2021 comparing the incidence
of congenital malformations in the offspring of patients sub-
mitted to ICSI and IMSI cycles. The search was restricted to
articles published in English. The following medical subject
headings and text words were used: IMSI, ICSI, congenital
malformation, birth defects, chromosomal abnormalities,
malformation, and randomized study.

Search results

Among the 44 potentially relevant studies retrieved,
three trials fulfilled the inclusion criteria. A flowchart of the
selection process is shown in Figure 1.

Figure 1. QUOROM statement flowchart illustrating the selection of trials included in this meta-analysis.
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Validity assessment and data extraction

Each trial was assessed independently by three review-
ers (FCD, JBAO, and JGFJr) and ranked based on method-
ological rigor and potential introduction of bias. Originally
reported characteristics, including randomization method,
presence of statistical power calculation, unit of analysis,
and presence or absence of blinding were analyzed. Miss-
ing data were obtained from the authors.

Study description — Below is a brief description
of each study

Cassuto et al. (2014): A prospective population-based
study was conducted from 2005 to 2010 to compare the risk
of major malformations in children born after ICSI and IMSI.
Medical and two-year follow-up data from 1028 infants were
collected. Major malformations were identified and catego-
rized by an external independent physician. The two groups
were similar concerning age of parents, treatment, number
of oocytes retrieved, days of transfer, gestational age, and
weight at birth. However, significantly fewer major malforma-
tions were seen in children born after IMSI (6/450, 1.33%)
versus ICSI (22/578, 3.80%; adjusted odds ratio 0.35, 95%
confidence interval 0.14-0.87, p=0.014); boys were prefer-
entially affected (adjusted odds ratio 2.84, 95% confidence
interval 1.24-6.53, p=0.009).

Hershko-Klement et al. (2016): This study aimed
to determine the birth defect rates in pregnancies result-
ing from IMSI. A cohort of couples presenting infertility
between January 2006 and January 2014 was retrospec-
tively analyzed. A board-certified medical geneticist re-
viewed all clinical data. The main endpoints were fetal/
birth defect and chromosomal abnormality rates. A total
of 2,258 pregnancies were analyzed; 1669 (73.9%) re-
sulted from ICSI and 2258 (26.1%) from IMSI. For the
fresh embryo transfer cohort, the fetal/birth defect rate
was 4.5%; the chromosomal aberration rate was 1.0%;
and the structural malformation rate was 3.5%. Preg-
nancies resulting from IMSI were less likely to present
fetal/birth defects (3.5% vs. 4.8% in IMSI vs. ICSI, re-
spectively), although not significantly (OR 0.71; 95% CI
0.39-1.22). Split by multiplicity, this trend existed only
for singleton pregnancies; 1.4% structural malformations
rate vs. 3.8%, respectively, OR 0.35 (95% CI 0.11-0.9).
The frozen embryo cohort demonstrated a significantly
lower birth defect rate (OR 0.25, 95% CI 0.09-0.58).

Gaspard et al. (2018): This study aimed to compare
the effects of excluding spermatozoa presenting vacu-
ole-like structures using IMSI with ICSI in terms of neo-
natal outcomes. In this retrospective two-center analysis,
a total of 848 successful IMSI or ICSI cycles ending in live
births, induced abortion, or intrauterine fetal death (IUFD)
were included. The IMSI and ICSI groups included 332 and
655 babies or fetuses, respectively. The parents were older
in the IMSI group than in the ICSI group (mothers were
aged 35.1 vs. 32.9 years, and fathers were aged 39.1 vs.
36.2 years). The multiple pregnancy rate was higher in the
IMSI group. There was no significant difference in major
congenital malformations between the two groups. How-
ever, rates were lower in the IMSI group compared to the
ICSI group (1.8% vs. 3.2%), with the difference occurring
mainly in singleton pregnancies (1.4% vs. 3.3%). Boys
were more often affected than girls in both groups. The
percentages of chromosomal abnormalities did not differ
between the IMSI and ICSI groups (0.6 and 0.8%). The
reported congenital malformations affected primarily the
heart, urogenital, and musculoskeletal systems.

Statistical analysis

Three studies were included as targets for data extraction
and meta-analysis. Data were combined in the meta-analysis
using statistical package StatsDirect (Cheshire, UK). The ran-
dom-effect model was used for the odds ratio (OR), and ef-
fectiveness was evaluated by the DerSimonian-Laird method.
Dichotomous data were expressed as Relative Risk (RR) with
a 95% confidence interval (CI), calculated using the variance
formula of Robins, Breslow and Greenland. The measure of
heterogeneity (non-combinability) was evaluated using Co-
chran’s Q, and I2 (inconsistency) tests. A non-significant re-
sult (i.e., a lack of heterogeneity) indicated that no trial had
an OR significantly worse or better than the overall common
OR obtained by pooling the data. p-values <0.05 were con-
sidered statistically significant.

RESULTS

The present meta-analysis included 3907 children con-
ceived after IMSI (1280) and ICSI (2627), and the inci-
dence of total birth defects was 2.5% (32/1280) when
IMSI was used versus 4.5% (119/2627) when ICSI was
employed, showing a statistically significant difference
(RR=0.59; 95% CI=0.40-0.87; p=0.007) (Figure 2).

Figure 2. IMSI vs. ICSI: Total birth defects (structural-defects /chromosomal abnormalities).
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Structural defects and chromosomal abnormalities were
analyzed separately. The results showed that IMSI [2.2%
(18/830)] significantly decreased the incidence of structural
defects when compared to ICSI [3.8% (78/2049) (RR=0.58;
95% CI=0.35-0.96; p=0.04)]. However, no significant dif-
ference was found for chromosomal abnormalities (Trisomy
13/18/21/ and Triple X) between the children conceived after
IMSI (0.96%; 8/830) and ICSI (0.93%; 19/2049) (RR=1.07;
95% CI=0.47-2.43; p=0.87) (Figure 3).

DISCUSSION

IMSI is one of the sperm selection techniques used in
assisted reproduction, with application indicated for cases
of male factor infertility and failed ICSI. IMSI includes strict
sperm morphological investigation performed under mag-
nifications of 6600-10000x and reportedly improves clinical
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and perinatal outcomes (Duran-Retamal et al., 2020). The
use of MSOME for sperm selection before ICSI has been
discussed by several authors regarding the improvement
of clinical results including clinical pregnancy and live birth
rates; however, trials rarely provide information on peri-
natal information (Antinori et al., 2008; Marci et al., 2013;
Gatimel et al., 2016; He et al., 2018).

A biological rational has been demonstrated in the use
of techniques for sperm selection, since previous studies
have reported the association between low sperm quality
and DNA fragmentation, and between DNA damage and
various chromosomal abnormalities in the male gamete
(Varghese et al., 2009; Enciso et al., 2013). These reports
have demonstrated that IMSI may provide for a better se-
lection of genetically normal spermatozoa (Hershko-Kle-
ment et al., 2016).

Figure 3. IMSI vs. ICSI: Structural defects and chromosomal abnormalities.
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It has been suggested that congenital malformations
are more prevalent in children born from IVF than in chil-
dren born after spontaneous conception (Bonduelle et al.,
2005). Studies suggest that IVF and mainly ICSI increase
the risk of birth defects by 30-40% when compared with
spontaneous conception (Davies et al., 2012; Wen et al.,
2012; Cassuto et al., 2014). Detailed sperm selection by
MSOME before oocyte injection enables the selection of
spermatozoa with a lower chance of presenting DNA dam-
age and chromatin decondensation, which might affect
embryo development (Cassuto et al., 2012). Therefore,
IMSI might lead to lower rates of congenital malforma-
tions.

Our meta-analysis presented data on general birth de-
fects, structural defects and chromosomal abnormalities
separately. The incidence of total birth defects and structural
defects was significantly lower when MSOME was employed
before ICSI. However, chromosomal abnormalities are appar-
ently not affected by IMSI. Some authors have described a
general trend of decreased incidence of birth defects in chil-
dren born after IMSI, while the incidence of chromosomal
aberrations was similar in children born after IMSI and ICSI
(Cassuto et al., 2014; Hershko-Klement et al., 2016).

The suspicion that ART increases the risk of congenital
malformations by suppressing natural male gamete selec-
tion is apparently not an absolute truth, since some trials
have shown that the use of sperm selection by ICSI did
not increase the risk of this undesired outcome (Fauser et
al., 2014). On the other hand, studies concerning the im-
pact of IMSI on birth defects are scarce, while the available
trials have their methodological limitations, including en-
rollment of heterogeneous populations and lack of patient
randomization.

It is important to note that randomized controlled trials
on IMSI effectiveness and ART cycle safety do not include
birth defects as an endpoint. Thus, studies with larger pop-
ulations are needed to estimate the actual risk of birth
defects associated with IMSI.

In conclusion, the present meta-analysis demonstrated
that IMSI seems to decrease the incidence of structural
defects in the offspring compared to ICSI. It is critical that
comparative trials involving IMSI include the health status
of the children after birth, a measure that might be adopt-
ed by authors of previously published studies that did not
include such data in the published article, but enquired
about birth defects during the course of the studies.
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