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Abstract
Introduction The use of assisted reproduction techniques (ART) is increasing; however, reports of molar pregnancy following
ART remain scarce. Currently, the Human Fertility and Embryology Authority (HFEA) collates data on the molar pregnancies
that have resulted through the use of ART. Recently, they have indicated that they will no longer collect these data.
Aim This paper aimed to examine the incidence of molar pregnancy amongst patients undergoing assisted reproduction.
Methods We contacted HFEA and placed a request under the Freedom of Information Act (2000) for the number of molar
pregnancies that resulted from fresh/frozen embryo transfer since HFEA started collecting data in 1991 to February 2018. We
also asked how many patients who had suffered a molar pregnancy went on to have a normal pregnancy and how many had
subsequent molar pregnancies, in subsequent treatment cycles.
Results Between 68 and 76 molar pregnancies occurred within this period using ART (n = 274,655). The incidence of molar
pregnancy using fresh intracytoplasmic sperm injection (ICSI) (1/4302) and fresh in vitro fertilisation (IVF) (1/4333) was similar.
The risk of recurrence of molar pregnancy following a previous molar was higher following ART compared to spontaneous
conceptions.
Conclusion The use of ICSI should be protective against triploidy; however, the retrospective data suggests that molar pregnancy
is not eliminated with the use of ART. It is pertinent to continue to record this data, through the gestational trophoblastic disease
centres, in order to ensure no further increase in incidence, appropriate follow-up, and transparency in communication.
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Introduction

A hydatidiform mole (HM) is a pre-malignant presentation of
gestational trophoblastic disease (GTD), associated with aber-
rant fertilisation and reported at an incidence of 1 in 714 live
births [1]. Patients with a previous HM are susceptible to

further molar pregnancies, which increase to 20% following
the second molar conception [2, 3].

Hydatidiform moles are defined as complete (CHM) or
partial (PHM). They are classified by their histopathological
findings, clinical presentation, and the parental contribution to
the molar genomes [4]. The aetiology for HM is not fully
elucidated; however, its morphological presentation is derived
from excessive paternally inherited chromosomes [5]. CHMs
are usually diploid androgenetic in nature and comprise of
paternally derived chromosomes. This results from
fertilisation by a singular haploid sperm replicating to form a
46, XX (monospermic, 80% cases) or two sperms 46, XX or
46, XY (dispermic, 20% of cases) [6]. Histologically, CHMs
exhibit excessive and atypical trophoblast proliferation and
hydropic villi. Furthermore, they do not demonstrate any foe-
tal or embryonic tissues.

In partial hydatidiform moles, foetal and/or embryonic tis-
sues are present alongside villous development. Most PHM
develops as androgenetic triploids (69, XXY, XXX, or XYY)
[7, 8]. They result from fertilisation with two sperms
(dispermy) [9].
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The aetiology of GTD is associated with several risk
factors, but we are yet to fully understand the causation
[10]. It is suggested HM develop due to an underlying
oocyte defect. The absence of maternal chromosomes in
most CHMs supports th is , a longside dispermic
fertilisation occurring in most PHMs and some CHMs
[11].

Patients identified as susceptible to recurrent HMmay elect
for IVF in order to prevent abnormal conceptions. Dispermic
fertilisation could be eliminated with assisted reproduction
treatment (ART) involving intracytoplasmic sperm injection
(ICSI). Pre-implantation genetic diagnosis (PGD) could be
used to identify any evidence of triploidy due to failed meiotic
division [12, 13], as well as examine polar bodies and/or blas-
tomeres for other explanations of triploidy excluding
dispermic fertilisation [13, 14].

Utilisation of ART is increasing; however, reports of
HM following ART remain scarce. Currently, the Human
Fertility and Embryology Authority (HFEA) collates data
on the molar pregnancies that have resulted through the
use of ART. Recently, following a 2-year review and con-
sultation (The Information for Quality Programme),
HFEA have indicated that they will no longer collect
these data. This decision reflected the burden on clinics
of reporting extensive data.

Aim

This paper aimed to examine the incidence of molar pregnan-
cy amongst patients undergoing assisted reproduction.

Methods

We contacted HFEA and placed a request under the
Freedom of Information Act (2000) for the number of
molar pregnancies that resulted from fresh/frozen embryo
transfer since HFEA started collecting data in 1991. The
run date for the data was on 20 February 2018. We also
asked how many patients who had suffered a molar preg-
nancy went on to have a normal pregnancy and how many
had subsequent molar pregnancies, in subsequent treat-
ment cycles. The HFEA does not distinguish between
partial and complete molar pregnancies. The data from
HFEA for the number of molar pregnancies, for the years
2015–2016, were given as a value of less than 5, in order
to prevent re-identification of the patient cycle. For this
reason, the data is quoted in the tables as a range. We
presumed that less than 5 patients would give a range of
1 to 4 patients.

Results

Between 68 and 76 molar pregnancies occurred within this
period using ART (n = 274,655). Between 25 and 29 molar
pregnancies occurred when using fresh ICSI (Table 1). This
gives an incidence of 1/3709–1/4302. The ambiguity over the
numbers for the years 2015–2016 is minimal with a range of
0.004% of the total. The incidence of molar pregnancy with
fresh cycle IVF was similar, with an incidence of 1/4333
(Table 2). Nomolar pregnancies occurredwhen a combination
of IVF and ICSI was used, but the total number for this cohort
was significantly lower than that for the others (902 total pro-
cedures). When frozen embryo transfer cycles were used, 16
to 20 molar pregnancies occurred. This gives an incidence of
1/2317 to 1/2896, suggesting molar pregnancies may be 50–
100%more likely to occur with a frozen cycle. There were no
molar pregnancies reported when in vitro maturation (IVM),
pre-implantation genetic screening (PGS), or pre-implantation
genetic diagnosis (PGD) was used, but the number of proce-
dures was small.

We also asked HFEA for the number of women who had a
molar pregnancy following licenced treatment who had previ-
ously had, or subsequently had, a normal pregnancy. They
stated that 25–29 women had either had a previous normal
or had a subsequent normal pregnancy. None of the patients
had a subsequent molar pregnancy in the same cycle, with
embryos created within the same cycle.

We asked HFEA howmanywomen had a subsequent com-
plete molar or partial molar pregnancy in the following fresh
cycle, from a different cohort of embryos. They informed us
that there were between 1 and 4 patients having a recurrence
of molar pregnancy from the total cohort. This suggests that
the incidence of recurrence of a molar pregnancy using ICSI
could be at its highest 1/6 or at its lowest 1/29. Likewise, the
data suggests that the recurrence rate of molar pregnancy for
the IVF cohort could be as high as 1/7 or at its lowest 1/27.
This range is quite wide, but due to the HFEA reporting of
data, the ambiguity is difficult to overcome.

Discussion

Oocyte maturation has to occur during fertilisation. During
insemination, sperm migration through the zona pellucida at-
taches and fuses with the oolemma and enters oocyte cyto-
plasm, activating the egg [15]. This leads to the modification
of the zona pellucida, in order to prevent polyspermy [15].
The second polar body undergoes extrusion [15]. Sperm
DNA de-condenses allowing the formation of male and fe-
male pronuclei [15]. Nuclear membranes encapsulate the pa-
rental genome, resulting in the diploid zygote [15].

Triploidy does occur with natural conceptions. Ten percent
of spontaneous miscarriages are attributed to triploidy [9]. A
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study by Zaragoza et al. reported 69% of cases were of
diandric origin and 31% were attributed to a lack of extrusion
of the second polar body (digynic origin) [9].

Our study, using HFEA data, shows that the incidence of
molar pregnancy is considerably lower in ART pregnancies
than in spontaneous conceptions. The overall incidence of
molar pregnancy using fresh ICSI was similar to that for fresh
IVF. The incidence of molar pregnancy with a frozen cycle is
considerably (50–100%) higher than with a fresh cycle. The
lack of distinction between complete and partial molar preg-
nancies is a weakness of the data. Nonetheless, the data sup-
port their being a partial protective effect of IVF and ICSI
against molar pregnancy. It is interesting to speculate why this
may be the case. Avoidance of dispermy may account for the
protective effect of ICSI. With standard IVF, serial embryo
observation and morphology-based selection may be relevant.
We are not aware of studies examining the effect of time-lapse
imaging of embryos.

Potential mechanisms for molar pregnancy following
assisted conception include the inadvertent use of a diploid
sperm or digynic triploidy. Triploidy following ICSI is sug-
gested to be of digynic origin [16]. Macas et al. examined
triploid zygote development in cases where ICSI was used
for severe sperm abnormalities. They reported that 33% of
the triploids were due to diploid sperm [17].

Triploid zygote formation in patients with molar pregnan-
cy, who underwent IVF, without significant male factor, has
been suggested to result from a dysfunctional oocyte.

Polyspermy can lead to diandric triploidy as a result of oocyte
failure preventing multiple sperm entry. During ICSI,
polyspermy is excluded; however, digynic triploidy may oc-
cur due to retaining the second polar body due to cytoplasmic
incompetence [18].

Unfortunately, the data is limited identifying risk factors for
triploidy formation. Triploid zygote formation has been ob-
served to occur following rescue ICSI. Oocytes that failed
fertilisation were injected the following day [19, 20].
Furthermore, if rescue ICSI was delayed, triploidy formation
was increased. This suggests that ageing of the oocyte may
increase the likelihood of triploid zygote formation [19, 20].
The mechanism for this is not known.

Diploid sperm is present in healthy men (0.2%) and in 1–
2% in men with fertility problems [21]. Surprisingly, despite
the presumed competitive disadvantage, these sperms can
fertilise both spontaneously, as well as in use with ICSI. It
has been reported that there may be difficulty in the visualisa-
tion of diploid sperm during ICSI [22]. Visualisation of the
pronuclear stage would be unremarkable as two pronuclei
would be visible in cases of PHM arising from diploid sperm
in comparison to the three pronuclei that would be seen in a
typical PHM resulting from two separate sperms [22].
Although diploid sperms are more common in infertile males,
the incidence is relatively low as mentioned previously and
should not impact on the success of ICSI in subsequent cycles.

We identified that the risk of recurrence following one pre-
vious molar pregnancy with ICSI ranges from 1/6 at its

Table 1 Total number of pregnancies arising from fresh and frozen embryo treatment cycles and those resulting in a complete molar or partial molar
pregnancy since 1991

Treatment type Pregnancies Molar pregnancies (%)

Fresh ICSI—own and donor eggs 107,571 25–291 (0.023–0.027)

Fresh IVF—own and donor eggs 116,992 27 (0.023)

Fresh IVF:ICSI—own and donor eggs 902 0 (0)

Frozen cycle—own and donor eggs 46,334 16–201 (0.035–0.043)

IVM, PGS, PGD, or unclassified 2856 0 (0)

Total 274,655 68–76 (0.025–0.028)

1 Ranges are given for the molar pregnancies due to the HFEA data reporting incidences of less than 5 for the years 2015–2016

Table 2 Summary table of statistics for molar pregnancy in spontaneous conceptions compared to assisted reproduction

Spontaneous conceptions
in UK population

HFEA data (ART),
fresh ICSI

HFEA data (ART),
fresh IVF

HFEA data (ART),
frozen cycle

Incidence 1/700 1/3709 to 1/4302 1/4333 1/2317 to 1/2896

Risk factors

Extremes of age < 15 years 20-fold increase No data on patient demographics

> 45 years Several hundred fold increases

Previous molar pregnancy

1 previous 1 in 80 (1.25%) 1 in 6, 1 in 29 (3–16%) 1 in 7, 1 in 27 (3–14%)
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highest to 1/29 at its lowest. This range is large, but the data is
limited due to the small numbers and needs to protect patients
being identified from it. Despite this, even at the lowest inci-
dence of 1/29, this is still considerably higher than the risk of
recurrence in spontaneous conceptions (1/80). Likewise, the
risk of recurrence of molar pregnancy with IVF ranges from 1/
7 at its highest to 1/27 at its lowest. We have no data for
patients who suffered 2 molar pregnancies with ART. This
may be as the numbers are low, as no patients suffered 2 repeat
molar pregnancies. It may also be that the patients may be
identifiable, or one may speculate that patients who had a
molar pregnancy with ART may have been offered ARTwith
PGD which eliminate this risk.

Recurrence of hydatidiform pregnancy may be coincidence
or may be affiliated to the clinical variables and factors that
lead to ART, including advanced age and poor oocyte quality.
The increased incidence of recurrence could be related to the
ART, alongside the patient characteristics. It may therefore be
reasonable to suggest that women with previous confirmed
triploid molar pregnancy to have ICSI as a treatment.
Furthermore, the potential risk of recurrence if a patient has
a mole through IVF/ICSI may also suggest that PGD should
be considered in the next cycle, in order to prevent the
recurrence.

HM is a rare disease. For this reason, there are 3 UK centres
to which it is recommended that all cases be referred. These
centres have good compliance and prior fertility treatment is
recorded. An analysis by Bates et al. demonstrated no rela-
tionship between infertility treatment and subsequent devel-
opment of HM, in a GTD centre [10]. For further research into
the association into HM and ART, it appears more appropriate
to record data via the specialist GTD centres rather than by
HFEA reporting. Appropriate genetic analysis, demographic
information, and follow-up are already carried out in these
centres and may allow HFEA to reduce the burden of manda-
tory reporting. Future research into the underlying genetic
basis of HM and causal factors in the ART process could then
be carried out by linkage of the more detailed GTD databases
to the HFEA register.

Conclusion

Assisted reproductive technology has improved our under-
standing of human fertilisation. The use of ICSI should be
protective against triploidy; however, the retrospective data
suggests that molar pregnancy is not eliminated with the use
of ART. However, it should be noted that the data come from
infertile couples that may have biologic or genetic polymor-
phisms, which may predispose to abnormal fertilisation pat-
terns. It is pertinent to continue to record this data, in order to
ensure no further increase in incidence, appropriate follow-up,
and transparency in communication with the couple regarding

assisted reproductive techniques. We would recommend that
as GTD centres already collate the data for HM, it would be
appropriate for HFEA to stop data collection. The GTD centre
database may help resolve issues of data ambiguity with re-
gard to the numbers and distinguish between partial and com-
plete moles. It would also be beneficial to obtain more infor-
mation on patient demographics and ART treatment parame-
ters in order to uncover causal mechanisms.
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