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High incidence of monozygotic twinning in infertility treatment
Ales Sobek Jr.a,c, Martin Prochazkab, Eva Klaskovac,d, Marek Lubuskya, Radovan Pilkaa

Background. Monozygotic twinning is associated with increased perinatal morbidity and mortality. There is evidence 
that the number of monozygotic twins increases after assisted reproductive techniques.
Methods. We searched PUBMED, MEDLINE, and Scopus from 1987 to 2015 for studies analyzing the incidence and 
possible etiology of monozygotic twinning in infertility patients and critically reviewed the current state of knowledge.
Results and Conclusions. Monozygotic twinning is a rare in natural conception but occurs around twice the normal 
rate after assisted reproduction. Factors associated with this phenomenon remain speculative, though there is some 
evidence that micromanipulation techniques, prolonged culture, and genetics are involved. In view of the possible 
complications, adequate pre-conception counselling is advocated.
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INTRODUCTION

It is well known that multiple births occur more of-
ten after assisted reproductive technologies (ART) than 
after spontaneous conceptions. The higher incidence 
of dizygotic twins arising from the transfer of two em-
bryos is an understandable consequence of ART but the 
mechanism of monozygotic twinning after ART is still 
unclear. Monozygotic twins occur when the fertilization 
of one oocyte by one sperm produces genetically identical 
twins. Monozygotic twinning (MZT) is a relatively rare 
phenomenon, with an incidence of about 1% of natural 
conceptions. In assisted conceptions, the risk of mono-
zygotic twinning has been estimated to be about twice 
as high1. Multiple births are generally associated with 
many maternal and fetal complications, which are more 

severe in MZT that share a single placenta. Therefore, 
understanding the mechanism of increased monozygotic 
twinning in ART is important and could minimize the 
incidence of such high-risk pregnancies. We reviewed the 
scientific literature on the etiology, frequency, risk fac-
tors, and complications associated with MZT in patients 
treated with ART.

MECHANISM OF MONOZYGOTIC TWINNING

Monozygotic twins arise from one zygote which di-
vides into two separate individuals. The time at which the 
embryo divides is a critical factor in subsequent placental 
development, and the risk of complications is related to 
placental sharing2. Division on days 1–4 (morula), before 
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Fig. 1. Type of monozygotic twins depends on the time of division.
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the chorion has differentiated, results in dichoriotic–di-
amniotic twins (20%), which are indistinguishable from 
dizygotic twins resulting from two embryos. Division on 
4–8 days (blastocyst) results in monochoriotic–diamni-
otic twins (75%), and division on 1–2 weeks results in 
monochoriotic–monoamniotic twins, which share one 
placenta and one amniotic sac. Conjoined twins result 
from division after day 12.

Monozygotic twinning has been induced experimental-
ly in animal models. In 1921, Stockard3 demonstrated an 
increased incidence of MZT in fish after either the avail-
able oxygen or the incubation temperature was reduced. 
Similarly, increased MZT has been identified in mice un-
der in vitro conditions, although mice do not normally 
show MZ twinning in natural cycles4. MZT were also 
induced by delayed fertilization in rabbits5. In vitro con-
ditions also seem to be related to increased monozygotic 
twinning in humans. The reason for this phenomenon 
has been discussed for almost three decades and several 
potential mechanisms have been proposed. Earlier studies 
examined the effect of ovulation induction, whereas later 
research concentrated on the effects of micromanipula-
tion techniques and the length of culture. Recent studies 
have identified a possible genetic etiology6. The rate of 
monozygotic twinning after natural conception varies 
only slightly in the literature, from 0.4% (ref.1) to 1.6% 
(ref.7). In contrast, studies of assisted conceptions show 
wider variance, ranging from 0.72% (ref.8) to 12.5% (ref.9). 
Generally, the incidence of monozygotic twinning after 
assisted reproductive techniques is about twice as high 
as after natural conceptions, although some large studies 
have detected no association between MZ twinning and 
infertility treatment10.

Micromanipulation techniques
The routine application of intracytoplasmic sperm in-

jection (ICSI) and assisted hatching (AH) has prompted 
discussion of a possible connection between microma-
nipulation techniques and increased MZT. To successfully 
implant into the uterine wall, an embryo must hatch out 
of the zona pellucida (ZP), a protein layer covering the 
embryo in the initial stages of development, and attach to 
the inner lining of the uterus. Both techniques (ICSI and 
AH) manipulate the ZP in different ways. ICSI involves 
direct injection of a spermatozoon into the oocyte. The 
technique requires a very small number of sperm and al-
lows the use of sperm with limited motility. The other 
technique, AH, involves mechanical, chemical, or laser 
incision of the ZP of a fertilized embryo. AH has devel-
oped based on the observation that embryos with a thin 
ZP have a higher rate of implantation after in vitro fertil-
ization (IVF). Both of these techniques (ICSI and AH) 
leave small defects in the ZP, which may complicate the 
natural process of embryo hatching. The embryo may by-
pass its own mechanism of ZP lysis and herniate through 
these defects, thus resulting in MZT (ref.11). If so, the size 
of the defect will probably affect the rate of MZT. There 
is a distinct difference in the size of the artificial breach 
in the ZP when ICSI and AH are used. The zona open-
ing formed by AH is 25–30 µm in diameter, whereas the 

puncture site following ICSI is much smaller (7–8 µm in 
diameter) (ref.12). In theory, a smaller hole would not al-
low the embryo to hatch appropriately and MZT would be 
more common in ICSI than AH patients. This finding is 
in agreement with the results of Vitthala11, who collected 
data from 27 studies in a meta-analysis, and  concluded 
that couples who underwent ICSI had a higher MZT rate 
than couples who underwent conventional IVF or AH. 
In contrast, Luke et al.2 reported a greater effect after 
AH, although only in 2–3 day embryos (cleavage stage). 
The same observation was recently reported by Kanter et 
al.13, who showed that early stage embryos may be more 
vulnerable to the effect of AH than blastocysts. Unlike the 
previous results, there are also reports, although involving 
a smaller number of patients, which show that microma-
nipulation techniques have no effect on MZT (ref.14,15). It 
is apparent that larger studies with statistical power are 
needed to determine whether or not micromanipulation 
of the ZP increases the rate of monozygotic pregnancies 
in IVF patients. 

Length of culture
It has previously been reported that culture to the blas-

tocyst stage (day 5) in women with good-quality embryos 
may facilitate embryo selection, reduce aneuploidy embry-
os16 and improve live birth rates17. Rijnders18 and Peramo19 
were the first to report an association between the inci-
dence of MZT and blastocyst transfer. They observed a 
significant difference between the MZT rate after embryo 
transfer (ET) on day 3 (0.68%) and transfer on day 5 
(2.7%). Da Costa20 reported that 3.9% of pregnancies gen-
erated by blastocyst transfer were complicated by MZT, 
and Behr21 detected an incidence of 5%. Wrigth et al.22 
examined the 1999–2000 data from the American Society 
of Assisted Reproductive Technologies (SART) for 39,198 
pregnancies. The incidence of MZT was four-fold higher 
after embryo transfer on day 5 than after embryo transfer 
on day 3. Similarly, a more recent and larger study that 
examined data from the SART showed that MZT was 
more likely to develop from embryos transferred on days 
5–6 than from cleavage embryos2.

Conversely, Franasiak et al.23 recently reported that 
transfer in the blastocyst stage is not associated with in-
creased MZT rates when controlling for embryo quality 
based on a cohort of 342 monozygotic pregnancies.

To explain the possible mechanism by which pro-
longed cultivation affects the MZT rate, most theories 
center on hardening of the ZP (ref.20). Zona hardening 
may squeeze the inner cell mass (ICM) and induce em-
bryo splitting during hatching24.  Increased MZT might 
also correlate with the transfer of high-quality embryos, 
which are more often transferred after prolonged culture. 
These embryos are more sensitive to the effects of me-
chanical manipulation in the laboratory or to changes 
in temperature and pH during monitoring2, which might 
result in higher rates of MZT after blastocyst transfer.

Culture medium conditions
Studies of animals have shown that mice blastocysts 

duplicate their ICM more frequently in vitro than in 
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vivo25. A similar phenomenon can be expected in humans. 
Steinman26 speculated that the prolonged exposure of 
blastocysts to lower calcium levels in the culture medium 
could enhance ICM division because the intercellular 
bonds are destabilized. Others believe that changes in the 
culture medium, including an absence of growth factors 
and a higher glucose content, could produce free radicals, 
which induce apoptosis, leading to the disruption of the 
ICM and presumably zygotic splitting22. Similarly, Behr21 
suggested that the current culture media cause perturba-
tions of the cell-to-cell adhesions, facilitating the splitting 
of the ICM. Several researchers also detected a possible 
association between temperature changes and a higher 
incidence of MZT in animal models3. However, no as-
sociation has been demonstrated between the transfer of 
thawed embryos and monozygotic twinning in humans27.

Genetics
Autosomal dominant inheritance with reduced pen-

etrance has been proposed as the possible etiology for 
familial MZT. Inheritance has been reported to occur 
through the maternal and paternal lines28. Hamamy29 re-
ported a high incidence of MZT (n=13) in an extended 
Jordanese family. Shapiro30 investigated 10 families with 
multiple pairs of monozygotic twins born to parents who 
were also born as monozygotic twins. In a recent study, 
Sobek et al.6 documented that 45% of the group of women 
who had monozygotic twins also had a family history of 
MZT. The results of those studies suggested that the in-
cidence of MZT might be under the control of heredi-
tary factors with genes transferred similarly by both the 
male and female parents.  In the past, the transfer of an 
increased number of embryos was common in an effort 
to increase fertility rates. In studies reporting a higher 
incidence of monozygotic twins, the average rate was 2–4 
embryos/ET (3.6 embryos/ET12, 3.2/ET24, and 2.8/ET8). 
Theoretically, if some of the embryos were “genetically” 
prone to produce MZT, and more of such embryos were 
implanted, MZT might have been increased after IVF in 
those studies than the normal population. 

Ovulation induction
Derom et al.1 reported an increased incidence of MZT 

in patients after the induction of ovulation with gonado-
trophins or clomifen citrate. They believed that medica-
tion can alter the structure of the ZP, making the embryo 
more vulnerable to ICM splitting.

Age
Later maternal age is considered by many as the only 

factor that increases the frequency of monozygotic twin-
ning in natural cycles31 A gradual reduction in the thick-
ness of the ZP with increasing age in women has been 
reported32. A thinner ZP could be more vulnerable to 
inner cell protrusion at multiple sites during zona lysis, 
facilitating the division of the ICM. In contrast, a recent 
study by Knopman et al.27 found increased MZT rates in 
women < 35 years old. However, it must be noted that the 
rate of blastocyst transfer, which is believed to increase 
monozygotic twinning, is higher in younger women with 

good-quality embryos than in women over 35 years old, 
which could confound these results.

Preimplantation genetic diagnosis (PGD)
Verpoest et al.33 were the first to report the incidence 

of MZT after preimplantation genetic diagnosis (PGD). 
They assumed that the incidence of MZT was increased 
by breaks in the ZP associated with blastomere biopsy, 
similar to those formed by micromanipulation techniques. 
They found higher a incidence in the group treated with 
PGD than in the group treated without it, but the differ-
ence was not significant (2.1% vs 1.5%, respectively).

Complications of monozygotic twins
Multiple pregnancies are associated with an increased 

risk of maternal and fetal complications. Women carrying 
twins more frequently suffer from nausea, hypertension, 
and pre-eclampsia. Multiple pregnancies incur a higher 
risk of perinatal morbidity, mortality, prematurity, and 
growth restrictions. MZT pregnancies are associated with 
a perinatal mortality rate at least three-fold higher than 
that associated with dizygotic twin pregnancies34, and the 
twins are also at greater risk of perinatal morbidity as-
sociated with prematurity than are dizygotic twins. They 
display higher rates of fetal abnormalities, including neu-
ral-tube defects, congenital heart diseases, limb reduction 
defects, and deformities. The risk of congenital anomalies 
in MZT is about 10% (ref.5). The placental arrangement in 
monozygotic monochorionic twins poses additional risks. 
Monochorionic twins share one placenta and tend to suf-
fer hemodynamic complications. These include twin-to-
twin transfusion syndrome (TTTS), twin embolization 
syndrome (0.1%), reversed arterial perfusion syndrome, 
umbilical knots, and thrombosis. TTTS is the commonest 
disorder and occurs in response to unbalanced vascular 
communication in the placenta. Vascular anastomosis 
are present in more than 90% of monochorionic preg-
nancies35, but do not usually cause problems. When the 
placenta is unequally shared, blood can be transfused dis-
proportionately from one twin (the donor) to the other 
twin (the recipient). This transfusion causes the donor 
twin to lose blood volume, whereas the recipient twin 
must deal with an overload of blood. The excess blood 
exerts abnormal strain on the heart of the recipient fetus, 
causing the development of polyhydramnion and eventual 
heart failure. In the donor twin, the loss of blood leads to 
slower growth, and poor urinary output, causing oligo- or 
anhydramnion. TTTS is a severe complication in MZT, 
accounting for 10%–16% of perinatal mortality36.

DISCUSSION

The major limitation in the research into MZT is the 
extremely low incidence of monozygotic twinning, even 
in patients treated for infertility. Monozygotic twins are 
a rare phenomenon and very large studies would be re-
quired to obtain satisfactory statistical power. Studies of 
the effects of culture conditions are limited because the 
media used, the sources of mineral oil, and the plastic-
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ware used change over time. They can also be obtained 
from different suppliers, which makes any comparison 
even more difficult. Another factor limiting the accuracy 
of the studies is the actual identification of monozygotic 
twins. The only reliable identification of monozygotic 
twins is by ultrasound after single-embryo transfer or by 
DNA analysis of the twins born when more than one 
embryo was transferred. Most studies identify MZT from 
first-trimester ultrasound data based on the number of 
fetuses present relative to the number of embryos trans-
ferred, which identifies approximately two thirds of MZT 
(ref.11). The reasons for the higher incidence of MZT af-
ter ART most commonly discussed in the literature are 
micromanipulation techniques, blastocyst transfer, genet-
ics, maternal age, and culture medium and conditions. 
Most of the larger studies and meta-analyses agree on 
a possible association between prolonged culture or mi-
cromanipulation techniques and the higher incidence of 
monozygotic twinning in women treated for infertility. 
There is also growing evidence of genetic background of 
this phenomenon. 

CONCLUSION

MZT is a rare phenomenon that occurs more often 
after assisted conception than natural conception. The 
reasons for the increased MZT in IVF patients have been 
widely discussed but no general consensus has been 
achieved. The major limitation of studies on MZT is the 
very low incidence of MZT in natural and IVF cycles. 
Thus, only large sample size studies provide sufficient 
statistical power. The current data show that several fac-
tors might contribute to the overall increased rate of MZT 
using assisted reproductive techniques. The majority of 
larger studies agree on the possible impact of microma-
nipulation techniques and prolonged culture, some studies 
suggest genetic influences but the results differ.  In view of 
the complications arising from MZT pregnancies, proper 
counselling of patients before infertility treatment and 
examination of chorionicity in the early weeks of gesta-
tion are essential. 
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