
Culture conditions and not prolonged culture time
are responsible for monozygotic twinning in human
in vitro fertilization

The appearance of monozygotic twinning (MZT) in relation to prolonged culture and transfer at the
blastocyst stage has been described (1, 2) in relation to the use of sequential media but not in relation to
co-culture (3). Recently, Tarlatzis et al. (4) specifically linked the advent of MZT to in vitro prolonged culture
in intracytoplasmic sperm injection (ICSI) patients. Micromanipulations of the zona pellucida, including
assisted hatching and ICSI, have been reported to increase the frequency of MZT (5). Splitting of the inner
cell mass is one of the most common hypotheses, even if the mechanism is not completely known. We recently
suggested that this process might be rather related to an induced apoptosis in relation to culture conditions (3).

In this study, a total of 1,263 pregnancies originating at three different IVF centers performing more than
2,500 cycles per year in total were analyzed retrospectively from the beginning of 2000 to March 2002. The
indications for IVF/ICSI were the classical ones, ICSI being performed for male factors. The vast majority of
the controlled ovarian hyperstimulation cycles were performed using GnRH analogs in long protocols. The
antagonist protocols had not been introduced at that time.

In our centers, blastocyst transfers were, as usual, proposed to patients having earlier failed early-stage
embryo transfers (ETs). No differences in age were observed between early stage embryo (on day 2 and 3)
and blastocyst transfers. The average age of the patients was 34.3 years.

The only difference was in the laboratory procedures concerning the culture media. All cultures were made
under oil, in 4-well Nunc vials, under a gas atmosphere of 5% CO2 in air. The volume of culture medium was
0.3 mL per well. In two laboratories, (fertilized) oocytes were rinsed for IVF 4 hours after insemination and
placed in ISM1 medium. For ICSI, they were placed in ISM1 (Medicult, Copenhagen, Denmark) medium
immediately after the procedure. This medium was used for the first 48 hours of culture.

Then the fertilized embryos were cultured in ISM2 (Medicult) for the next 24 hours in the case of
cleavage-stage transfers or for 72–96 hours in the case of blastocyst transfers. In the third laboratory, after the
short insemination time/ICSI, the zygotes were incubated for 24 hours in ISM1. Then M3 (Medicult) was used
for the next 48 hours and ISM2 was used from 72 hours after insemination to days 5 and 6 in the case of
blastocyst transfers. The difference in the protocols is the use of M3 medium for 48 hours. Two different
statistical analyses were performed, one using the �2 and one using Fisher’s exact test, probably more accurate
here.

Culture conditions interfered severely with the incidence of MZT. For the ISM1/ISM2 sequence, whatever
technology (IVF/ICSI) was used, the MZT rate remained low: out of the 950 pregnancies, the incidence of
MZT was around 0.4%, regardless of the culture time, with no difference between IVF and ICSI. However,
when these conditions were changed with the introduction of M3, the classical observations concerning MZT
reappeared. Prolonged culture time increased MZT for both ICSI and IVF patients, to a threshold of 5%, very
similar to the one generally described for other sequences of commercial media (1, 2).

Because of the rather small and unbalanced numbers, the differences are below the limit of significance
(P�.06 for ICSI and P�.1 for IVF) between the culture conditions for blastocyst transfers. The MZT rate
remains similar for IVF and for ICSI (P�.92 for ISM1/M3/ISM2; P�.47 for ISM1/ISM2, all media P�.67),
contrary to the observations of several investigators (4, 5).

Our data are not in favor of a link between micromanipulation and MZT as already proposed (6). Several
exogenous factors and culture conditions may alter preimplantation embryo function. A high glucose level (10
�mol in M3 medium) and an absent or insufficient level of sulfur amino acids (7) are relevant because they
increase apoptosis. Our observations suggest that there is a baseline MZT rate of 0.5% in IVF/ICSI when ET
is performed on day 2 or 3.

Prolonged culture time does not necessarily induce an increase in MZT, but it does under suboptimal
culture conditions (Table 1) (day 5–6 transfers vs. day 2–3 transfers in ISM1/M3/ISM2: �2 � 8.42, P�.0037
or P�.0098 with Fisher’s exact test). This means that the mechanisms of free radical scavenging are active
(8) and efficient enough to overcome the short-time deleterious effect when transfer is made on day 2/3.
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However, if the embryos stay in culture for longer time after the
stress, then the occurrence of MZT is ineluctable and it easily
reaches 10 times the baseline level independent of the technology
used (IVF or ICSI).
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T A B L E 1

Effect of culture time and conditions on monozygotic twinning.

Transfers

IVF ICSI Total (IVF � ICSI)

Day 5–6 Day 2/3 Day 5–6 Day 2/3 Day 5–6 Day 2/3

ISM1/2
Pregnancies 146 435 77 292 223 727
MZT

n 1 0 0 2 1 2
% 0.7 0 0a 0.7 0.4b 0.3b

ISM1/M3/ISM2
Pregnancies 39 97 54 123 93 220
MZT

n 2 0 3 1 5 1
% 5.1 0 5.5a 0.8 5.5b 0.45c

Note: ICSI � intracytoplasmic sperm injection.
a P�.036, �2 test; P�.067, Fisher’s exact test.
b P�.0094, Fisher’s exact test.
c P�.0037, �2 test, or P�.0098, Fisher’s exact test.
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