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Objective To study the outcome after fetal reduction or selective termination to singleton pregnancies for
various indications.

Methods Fetal reduction or selective feticide to singleton pregnancies was performed in 80 multiple
gestations (congenital malformations, 17 cases; high-risk obstetric conditions, 25 cases; or social/
psychological indications, 38 cases).

Results The overall pregnancy loss rate was 10%; however, pregnancy failure was significantly higher in
selective reductions performed for preterm prelabor rupture of membranes (PPROM) (4/8) compared with
monochorionic twin and bad obstetric history. Fetal reduction to singletons for psychological reasons
resulted in a pregnancy wastage of 5.3% (2/38). Procedures performed at f14 weeks showed a significantly
lower fetal loss rate (2/61; 3.3%), a higher mean gestational age at delivery (38.3t2.2 weeks), and a
decreased prematurity rate (pf0.001). The number of reduced fetuses, prenatal diagnosis by chorionic
villus sampling before the reduction and maternal age did not interfere with pregnancy outcome.

Conclusion Fetal reduction to singleton pregnancies has a favorable outcome, especially when performed
before 14 weeks of gestation. Copyright # 2002 John Wiley & Sons, Ltd.
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INTRODUCTION

The reduction to a single fetus is appropriate in twin
pregnancies with structural or genetic fetal abnor-
malities, uterine malformations or significant medical
disease (Evans et al., 1998). Twin gestations compli-
cated by a single anomalous fetus showed a signifi-
cantly lower gestational age at delivery and birth
weight, and a higher rate of perinatal mortality and
caesarian delivery, than normal twin pregnancies
(Malone et al., 1996). Late elective termination of
abnormal fetuses in twin pregnancies has been associ-
ated with favorable perinatal outcome of the healthy
twin in several studies (Lipitz et al., 1996, 1997;
Berkowitz et al., 1997; Evans et al., 1999a). However it
is not clear whether the obstetric advantage of selective
termination is applicable to all fetal malformations.
Favorable outcome for the unaffected twin without
selective termination of the affected fetus has been
reported for twin pregnancies with anencephaly (Lipitz
et al., 1995; Sebire et al., 1997a) or lethal chromosomal
abnormalities (Sebire et al., 1997b). Other commonly
accepted indications of elective fetal reduction are
those to improve pregnancy outcome as in patients
with cervical incompetence, uterine malformations
(Ginsberg et al., 1997) or a history of repetitive
preterm delivery. Fetal reduction to a singleton for
social/psychological indications remains controversial
and is not widely performed (Evans et al., 1998).

The present study evaluates the obstetric outcome
after multifetal pregnancy reduction (MFR) or selec-
tive feticide (SF) to singleton pregnancies in various
clinical conditions.

PATIENTS AND METHODS

The present prospective study is of 84 consecutive
patients in which MFR or SF to singleton pregnancies
was performed. Four pregnancies were excluded from
further analysis because of incomplete data. Of the 80
pregnancies studied, eight were quadruplet, 27 were
triplet and 45 were twin pregnancies.

Under local anesthesia and sonographic guidance,
potassium chloride (KCl) (1 mEq/ml) was injected
with a 22-gauge spinal needle into the fetal thorax
near to or into the fetal heart. In monochorionic twin
pregnancies, both fetuses were reduced by needling
each fetus separately. The procedure was considered
successful after a fetal asystole of 2 min and the needle
was redrawn. The patients were divided into three
major groups: pregnancies complicated by the pre-
sence of a congenital malformation in one of the
fetuses (Group I); pregnancies with high-risk obstetric
conditions (Group II) and multiple pregnancies re-
duced for social/psychological indications (Group III).

Prenatal diagnosis was mainly performed by chori-
onic villus sampling (CVS). The technical aspects were
as described previously (De Catte et al., 1998a). Later
in the second trimester, amniocentesis or fetal blood
sampling was used for rapid fetal karyotyping.

Perinatal outcome was collected for all completed
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pregnancies. Pregnancy loss at <500 g or f22 weeks
of gestation was described as early fetal loss or
spontaneous miscarriage. Fetal mortality rates inclu-
ded fetuses of >500 g or fetal death occurring after
22 weeks of gestation, according to the definitions of
the World Health Organization (WHO) and Fédéra-
tion Internationale de Gynécologie et Obstétrique
(FIGO) criteria. For the purpose of the present study,
fetal loss rate was the sum of early fetal loss and fetal
death. Mean gestational age at delivery, mean birth
weight and prematurity rates were calculated on all
pregnancies evolving beyond 22 weeks.

All statistical tests were performed two-sided at a
5% level of significance. To investigate the influence of
the indication for the procedure, the gestational age
at the time of the reduction, the number of fetuses
reduced, and the performance of a CVS on the preg-
nancy loss rate and on preterm delivery, Fisher exact
tests (FE) were used for each variable separately. The
effect of maternal age on pregnancy outcome was
investigated by means of the non-parametric Mann-
Whitney test (MW). The influence of the above factors
on the gestational age at delivery and the birth weight
was investigated by means of Kruskall-Wallis (KW) or
Mann-Whitney tests for each categorical factor and by
means of a Spearman rank correlation coefficient for
maternal age. Finally, stepwise regression was per-
formed to predict the mean gestational age at delivery
and the mean birth weight by each of the possible
prognostic factors, with a 10% level of significance to
decide whether or not to include a variable.

RESULTS

MFR or SF to singletons was performed in 80 con-
secutive multiple pregnancies at a mean gestational age
of 13.0t3.3 weeks. Sixty-one procedures were carried
out at 14 weeks or less (76.3%). The mean maternal

age was 31.7t4.2 years. Twenty-two patients (27.5%)
were 35 years old or over.

In Group I, fetal reductions were performed for
either chromosomal abnormalities (eight) or for
structural defects (nine) in 17 twin pregnancies.
Group II consisted of 25 high-risk obstetric patients.
There was a monochorionic twin pregnancy as a part
of the multiple gestation in ten cases; eight patients
showed a premature rupture of membranes before
20 weeks of gestation and another seven had a bad
obstetric history. In Group III, 38 patients had a
reduction to a singleton pregnancy for psychological
reasons. In 45 twin pregnancies one fetus was reduced.
Of the remaining 35 pregnancies, two fetuses were
reduced in 27 cases, and three fetuses in eight cases.
Prenatal diagnosis by CVS before fetal reduction was
performed in 30 patients at a mean gestational age of
11.7t1.9 weeks (range 10.0–18.7 weeks). Twenty-one
patients were sampled for increased risk of fetal
aneuploidy, of whom 15 for advanced maternal age
o35 years, two for ICSI, and four for congenital
malformations. In eight additional cases, chorionic
villi were retrieved for psychological reasons, and in
one case for fetal growth discordance.

Spontaneous early or late fetal loss occurred in
8/80 (10%) reduced pregnancies (Table 1). Early fetal
demise was observed in 5/8 pregnancies (62.5%), one
of which was attributed to a congenital cytomegalo-
virus (CMV) infection. The remaining three fetal
deaths occurred between 22 and 28 weeks of gesta-
tion. In one pregnancy with congenital malformation,
anhydramnion led to the misjudgment of chorionicity
resulting in the death of the co-twin after KCl in-
jection. Unfortunately there was no first trimester
ultrasound to state chorionicity in this patient. The
correction of fetal loss rate, taking these facts into
consideration, would be reduced to 7.5%. One addi-
tional neonatal loss was encountered because of
extreme preterm delivery.

Table 1—Fetal loss after reduction to singleton pregnancies in relation to the indication of the procedure, the gestational
age at reduction, the number of fetuses reduced, and the performance of a CVS before the reduction process

Group I Group II Group III

Total (%)
Chromosome
abnormality

Structural
defect

Monochorionic
multiplets PPROM

Obstetric
history

Social-
psychological

f14 weeks 6 – 10 1 7 37 61 (76.3)
Fetal loss 0 – 0 0 0 2 2* (3.3)
>14 weeks 2 9 – 7 – 1 19 (23.7)
Fetal loss 0 2 – 4 – 0 6* (31.6)
1 fetus reduced 8 9 – 8 – 20 45 (56.3)
Fetal loss 0 2 – 4 – 0 6** (13.3)
>1 fetus reduced – – 10 – 7 18 35 (43.7)
Fetal loss – – 0 – 0 2 2** (5.7)
CVS 7 3 2 2 2 14 30 (37.5)
Fetal loss 0 1 0 0 0 1 2{ (6.7)
No CVS 1 6 8 6 5 24 50 (62.5)
Fetal loss 0 1 0 4 0 1 6{ (12.0)

*p=0.001, **p=0.455, {p=0.703.
CVS, Chorionic villus sampling; PPROM, preterm prelabor rupture of membranes.
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There was no significant difference in fetal loss
according to the three major groups of indication (FE:
p=0.393). In Group II however, four late pregnancy
losses occurred among those pregnancies complicated
by early preterm prelabor rupture of membranes
(PPROM), compared with none in the two other sub-
groups (FE: p=0.008) (Table 2). There was a signi-
ficantly lower pregnancy loss rate associated with fetal
reductions performed at f14 weeks (2/61; 3.3%)
compared with reductions performed at a later ges-
tational age (6/19; 31.6%) (FE: p=0.001). The number
of fetuses reduced (1 or >1), the performance of a
CVS before the reduction or advanced maternal age
did not significantly alter the pregnancy loss (FE:
p=0.455, 0.703 and 0.930, respectively). Reduction of
one fetus in 45 patients resulted in six pregnancy losses
(13.3%), four of which were attributed to the PPROM
group. Fetal reduction of more than one fetus in the
remaining 35 cases was associated with two pregnancy
losses (5.7%). A total of 2/30 pregnancies (6.7%)
undergoing a CVS before the reduction were lost,
compared with 6/50 (12%) in the group where prenatal
diagnosis was not carried out.

The mean gestational age at delivery in 75 preg-
nancies evolving beyond 22 weeks of gestation was
37.3t3.7 weeks (range 23–41 weeks) (Table 3). There
was no difference in mean gestational age at delivery in
relation to the main indication categories. However,

the mean gestational age at delivery after fetal reduc-
tion for chromosomal malformations was 38.9t1.4
weeks and significantly higher than the 33.1t6.0
weeks for cases with structural defects (MW: p=0.010)
(Table 2). In Group II (fetal reductions for high-risk
obstetric conditions) a significantly different mean
gestational age at delivery was observed according to
the subgroup. Reduction of the monochorionic twin
pregnancy, selective feticide of the anhydramnic twin
fetus after PPROM and fetal reduction for high-risk
obstetric history showed a mean gestational age at
delivery of 39.2t1.0 weeks, 32.8t5.2 weeks and
37.8t0.9 weeks (KW: p=0.003), respectively. The
mean gestational age at delivery was 38.3t2.2 weeks
when fetal reduction was performed at f14 weeks,
compared with 33.9t5.5 weeks for interventions after
14 weeks (KW: p<0.001). The number of reduced
fetuses, the performance of a CVS before the reduction
and maternal age did not significantly interfere with
the gestational age at delivery (p=0.487, 0.725 and
0.614, respectively). Twenty-five patients delivered at
or before 37 completed weeks (33%). Preterm delivery
occurred significantly more often after fetal reduction
for structural defects (7/9) than for chromosomal
malformations (1/8) (FE: p=0.015), and significantly
more frequently in patients with selective feticide for
PPROM (4/5) than for other high-risk obstetric events
(3/16) (FE: p=0.004).

Table 2—Detailed analysis of the pregnancy outcome in the subgroups

Fetal
loss p

Mean GAtSD
at delivery (weeks) p

Mean BWtSD
at delivery (g) p

Preterm
delivery (%) p

Structural defects 2/9 0.471 33.1t6.0 0.010 2504t892 0.148 7/9 (78) 0.015
Chromosomal abnormalities 0/8 38.9t1.4 3299t744 1/8 (12.5)

Dichorial triplet 0/10 39.2t1.0 3143t418 0/9
PPROM 4/8 0.008 32.8t5.2 0.003 2428t605 0.08 4/5 (80) 0.004
High-risk history 0/7 37.8t0.9 2843t394 3/7 (43)

GA, Gestational age; BW, birth weight; PPROM, preterm prelabor rupture of membranes.

Table 3—Mean gestational age (GA) at delivery and mean birth weight (BW) after reduction to singleton pregnancies in
each group, the GA at reduction, the number of fetuses reduced and the performance of a CVS

na
Mean GAtSD
at delivery (weeks) p Mean BWtSD (g) p

Indication
Group I 17 35.8t5.3 2875t897
Group II 21 37.2t3.6 0.218 2897t512 0.965
Group III 34 38.1t2.6 2895t668
GA
f14 weeks 56 38.3t2.2 <0.001 2964t653 0.094
>14 weeks 16 33.9t5.5 2610t718
Fetuses reduced
1 40 36.8t4.4 0.487 2931t742 0.592
>1 32 38.0t2.5 2844t599
CVS
Yes 28 37.6t3.5 0.725 2876t725 0.880
No 44 37.1t3.9 2901t652

aNumber of pregnancies after exclusion of early pregnancy losses (f22 weeks).
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The mean birth weight was 2891t677 g (range
600–4800 g). Although not statistically significant, a
trend towards higher birth weights was observed
when the fetal reduction was performed f14 weeks
(2964t653 g) than >14 weeks (2610t718g) (KW:
p=0.094). There was no correlation between the mean
birth weight and the indication for the fetal reduction,
the number of fetuses reduced, first trimester prenatal
diagnosis by CVS or maternal age.

Fitting stepwise models on the mean gestational age
and birth weight at delivery revealed that gestational
age at reduction is the single most significant factor
on pregnancy outcome and confirmed the previous
findings for each factor independently.

DISCUSSION

Pregnancy outcome after fetal reduction or selective
termination has been documented by the collaborative
series of the world’s largest centers (Evans et al., 1998,
1999b). More recently, the international experience on
selective termination for structural defects, chromo-
somal malformations or Mendelian disorders in 402
multiple pregnancies showed pregnancy loss had
decreased to 8.2% (Evans et al., 1999a).

Loss rates after fetal reduction to singleton preg-
nancies in the present study was 10%. Five of the eight
losses occurred before 22 weeks of gestation. One
pregnancy was lost because of a first trimester con-
genital CMV infection. No difference in fetal loss was
observed in the three categories of patients. However,
looking into the 25 high-risk pregnancies (Group II),
a significant difference in pregnancy failure emerged.
Four of the eight pregnancies with early second tri-
mester PPROM were lost within 3 weeks of the pro-
cedure because of a chorioamnionitis. In one of these
cases, the PPROM occurred after a cerclage for a
history of cervical incompetence in a twin pregnancy.
In our hands, this indication for SF still carries the
highest risk of pregnancy failure and preterm delivery.
Nevertheless, selective feticide of the anhydramnic
fetus in multiple pregnancies complicated by a pre-
viable rupture of the membranes (Dorfman et al.,
1995; De Catte et al., 1998b; Debbs et al., 1999) has
improved fetal outcome by reducing the likelihood of
chorioamnionitis, increasing the number of days to
delivery, and also raising the survival rate of the
healthy co-fetus(es). In the remaining 17 cases, no
pregnancies were lost. Among these patients, there
were ten dichorionic triplet pregnancies. Monochori-
onic twin pregnancies carry a six-fold higher fetal loss,
a two-fold increase in very preterm delivery (Sebire
et al., 1997c) and a 15–20% risk of twin–twin trans-
fusion syndrome (TTTS). Therefore, if MFR is per-
formed in dichorionic triplet pregnancies, reduction of
the monochorionic twin pregnancy should be advised.
In the ten cases performed in the present study,
no additional losses or obstetric complications were
noticed. Unfortunately, none of the patients had been
correctly informed about the chorionicity and its
related problems at the time of the referral.

Of the thirty-eight (47.5%) reductions performed for
psychological reasons, only two were lost (5.3%). Fetal
reduction to singleton pregnancies for social reasons
seems a relatively safe procedure. Although MFR to
singletons for psychological reasons is a policy not
widely accepted, we are convinced that couples with
social, financial or relationship problems might benefit
from this procedure. Some ethical parallels may be
drawn with first trimester termination of pregnancy
for the same problems. In addition, patients suffering
from longstanding primary subfertility may feel unable
to cope with their multiple pregnancies and, despite
being advised against it, decide to terminate their
pregnancies (Marcus and Brinsden, 2000). Moreover,
older couples are more inclined to want reduction to
singleton gestation (Evans et al., 1997), thereby
reducing some problems to parenthood in their 60s
and 70s. On each occasion, individual psychological
and social counseling should facilitate the decision-
making process.

The gestational age at which the procedure was
performed was the single most important factor deter-
mining fetal loss after reduction to singleton pregnan-
cies. Performing the MFR/SF before the 15th week of
gestation led to a successful pregnancy outcome in all
but two patients (96.7%), of which one was related to a
congenital CMV infection. Procedures performed after
14 completed weeks resulted in a significantly higher
pregnancy failure rate (31.6%; p=0.001). This obser-
vation was previously found by other authors (Lynch
et al., 1996; Evans et al., 1999a) and was considered as
a strong argument to improve prenatal detection of
congenital malformations in the first trimester. Com-
piled data (Evans et al., 1999a) on selective feticide for
congenital malformations in 402 multiple pregnancies
demonstrated a progressive rise in fetal loss (o24
weeks) in relation to the gestational age at which the
procedure was performed: 5.4%, 8.7%, 6.8% and 9.1%
for procedures carried out between 9 and 12, 13 and
18, 19 and 24 and o25 weeks respectively. In a 10-year
overview, Yaron et al. (1998) observed a slightly
higher fetal loss for fetal reductions performed before
14 weeks, which he attributed to a higher than
expected rate of spontaneous abortions in the first
trimester. Berkowitz and co-workers (1997) demon-
strated that selective feticide for congenital malforma-
tions in 100 consecutive cases was accompanied by
a low spontaneous loss rate of 3%, and resulted in the
birth of healthy infants at or near term in the vast
majority of cases. In addition, with increasing experi-
ence the discrepancy between fetal loss rates after first
and second trimester interventions has decreased
(Evans et al., 1999b).

In his collaborative study on multifetal pregnancy
reduction, Evans observed higher fetal loss rates (Evans
et al., 1998, 1999b) associated with higher starting
and finishing numbers of fetuses. Fetal reduction to a
singleton pregnancy showed a 13.7% risk of preg-
nancy loss (Evans et al., 1998) compared with 10%
in the present series. Procedures performed in twin
pregnancies only resulted in 13.3% pregnancy loss,
which seems higher than 9.0% or 7.9% in 111 and
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345 twin pregnancies, respectively, reported by Evans.
Some of this discrepancy can be explained by the
difference in indication for the fetal reduction.
Excluding PPROM as an indication for selective feti-
cide from the present data would yield a fetal loss
rate of 2/37 or 5.4% in twin pregnancies. Increasing
starting numbers and numbers of fetuses to reduce
did not interfere with the pregnancy loss rate in the
present data. Only two pregnancies were lost out of
35 triplet and quadruplet gestations (5.7%). However,
this observation could be related to the small number
of patients in the present study or to the fact that
these procedures were predominantly performed in
the first trimester.

Mean gestational ages at delivery and mean
birth weights after fetal reduction in the present
series were smaller than in low-risk singleton pregnan-
cies, but slightly better than in twin pregnancies. The
present data fit with those reported for FR/ST to
singleton pregnancies by Lynch (1996), Evans (1999a)
and Berkowitz (1997). However, multiple pregnancies
with vanishing embryos resulting in singletons tend to
do better (mean gestational age: 39.1 weeks; mean
birth weight: 3122 g) (Manzur et al., 1995). Fetal
reduction after 14 weeks significantly reduces mean
gestational age at delivery. This observation was shared
by Yaron et al. (1998), who reported a decrease of 3
weeks in mean gestational age at delivery and a mean
drop of 700 g in birth weight.

Fetal reduction to singleton pregnancies implies an
acceptable low risk of fetal loss, and a near to normal
obstetric outcome in terms of gestational age at
delivery and mean birth weight. Selective termination
in multiple pregnancies with congenital malformations
produces a better obstetric prognosis. Fetal reduction
for psychological reasons remains a controversial
issue, but carries a very low risk of pregnancy failure.
We are convinced that in selected couples there are
more benefits from fetal reductions in twin pregnancies
than perinatal outcome.
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