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Abstract

Multifetal gestation, which accounts for approximately 3% of births, is a high-risk pregnancy being associated with adverse

obstetric and perinatal complications with its consequences including neurodevelopmental handicaps. Multifetal pregnancy

reduction aims to reduce the risk of miscarriage and extreme preterm birth at an acceptable procedure-related loss rate by

terminating one or more fetuses. Selective termination for discordant anomalies in monochorionic pregnancies has advanced in

recent years with the development of various vascular-occlusive techniques. Obstetricians should be knowledgeable about the

medical risks of multifetal pregnancy, the potential benefits of these interventions and complex ethical issues inherent in the

decisions.

Introduction

Multifetal pregnancy is one of the greatest perinatal challenges. Changing demographics and fertility practice
has resulted in the global epidemic of multifetal pregnancies which has substantially inflated the perinatal
disease burden for clinicians, parents as well as society.1,2 Bergh3 attributed a third of the increase to in-vitro
fertilization(IVF), a third to ovulation induction and rest to advanced maternal age. Lawlor and Nelson et
al4 demonstrated that the success rate for live-borns was higher by about 7% by transferring 2 embryos in
1 cycle rather than 1 each for 2 cycles. Thus, where aggressive embryo transfers seem justifiable, mounting
multiple pregnancies are to be dealt with.Evans5 reviewed trends over past 3 decades and reported that
twin births have surged high and stayed relatively constant, but the curves for triplets and above show a
curvilinear pattern, an incidence which skyrocketed initially, has returned to almost baseline due to Human
Fertilization and Embryology Authority Code of Practice (2001), which restricted the number of embryos
transferred at IVF/ICSI cycle to two.

The incidence of complications in multifetal pregnancy directly correlates with the number of fetuses. Be-
sides the higher risk of miscarriages, infants born are at increased risk of prematurity, cerebral palsy,
chronic lung disease, developmental delay, behavioral difficulties and death.6-8 Advancements in neonatal
care may have reduced associated mortality though morbidity has remained unabated. Pharoah and Cooke
reported cerebral palsy rates per 1,000 1st year survivor at 2.3 for singletons, 12.6 for twins, and 44.8 for
triplets.9,10Complications secondary to unique placental vascular connections further escalates risks for mono-
chorionic gestations. Maternal risks include hypertension, preeclampsia, gestational diabetes, postpartum
hemorrhage.11

Sub-fertile couples may consider multiple pregnancies as a desirable outcome after trying many years but as-
sociated high rate of maternal and perinatal complications has compelled obstetricians to consider prevention
options. Primary prevention has been achieved to an extent with sonographic monitoring of ovulation induc-
tion with cancellation if excessive ovulation is predicted, and the restrictions on embryo transfer. However,
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once twins or higher-order multiple pregnancy has occurred, the option of multifetal pregnancy reduction
or selective termination (ST) needs to be considered as a secondary prevention measure. Fetal reduction
not only improves medical outcomes but also significantly reduces the economic and psychological impact of
caring for multiple new-borns.

Multifetal pregnancy reduction (MFPR)

MFPR refers to an intervention in which the number of fetuses in a multifetal gestation is reduced by
terminating one or more fetuses.

The first reports of MFPR came from France by Dumez and Oury in 1986 explaining first-trimester selective
abortion for pregnancies involving more than 3 fetuses, or an abnormal cotwin. 12 Evans et al13 reported
their MFPR experience and argued it to be ethically justified because it met the criterion of least harm
and more potential good. Berkowitz14 and later Wapner15 described a surgical approach to improve the
outcomes. Methods have included predominately transthoracic injection of Potassium Chloride (KCl), but
also transcervical embryo aspiration, mechanical disruption of the fetus, air embolization, and electrocautery.

American College of Obstetricians and Gynaecologists (ACOG) Committee Opinion16 on MFPR recommends
that obstetricians should be knowledgeable about medical risks of multifetal pregnancy, potential benefits
of MFPR and complex ethical issues inherent in the decision for reduction. Nondirective patient counseling
should be offered to all women with multifetal pregnancies by a multidisciplinary team including maternal-
fetal medicine specialists, neonatologists, child development specialists, mental health professionals, etc. and
informed consent taken. Patient should be referred in time and without judgement to fetal therapy center.
Obstetrician should respect patients’ autonomy and that ”only the patient can weigh the relative importance
of the medical, ethical, religious, and socioeconomic factors and determine the best course of action for her
unique situation.”

The consensus views arising from the 50th RCOG Study Group recommend that selective reduction should
be discussed in all higher-order pregnancies.17 An International Federation of Gynaecology and Obstet-
rics(FIGO) Committee Report18stated ”multiple pregnancy of an order of magnitude higher than twins
involves great danger for the woman’s health and also for her fetuses, which are likely to be delivered pre-
maturely with a high risk of either dying or suffering damage” and ”where such pregnancies arise, it may be
considered ethically preferable to reduce the number of fetuses rather than to do nothing”.

MFPR is performed between 11 and 14 weeks as the risk of spontaneous reduction has by then passed19 and
fetus are sufficiently large to allow for the detection of gross structural anomalies and markers of aneuploidy
including thick nuchal translucency or absent nasal bone to guide the selection of the fetus(es) for reduction.
Pregnancies conceived by IVF and ICSI are known to be associated with a higher incidence of aneuploidy as
well as structural anomalies, some centers now offer routinely chorionic villous sampling (CVS) before the
MFPR. Evans20 reported about 85% of their patients followed the protocol of CVS followed by MFPR the
next day. In pregnancies with sonographically normal fetuses, 3.1% of women had a fetus with an abnormal
karyotype. FISH detected 90% of aneuploidy while the remaining 10%, virtually were confined placental
mosaicisms for other chromosomes.21

There are no absolute contraindications to MFPR, however, cases as a mother with HIV or active hepatitis,
extreme obesity with poor visualization of the fetus warrant special consideration.

The fetus(es) selected for MFPR is generally the one that is most accessible to needle insertion and furthest
away from the cervix. However, if a fetus has a structural anomaly, markers of aneuploidy or lagging crown-
rump length or a substantially smaller sac then that fetus is preferentially chosen for reduction so as to leave
behind apparently healthy fetuses. Most commonly, the procedure is performed using a transabdominal
percutaneous technique under ultrasound guidance. A transcervical or a transvaginal approach can be used
if performed before10 weeks or transabdominal route is not technically feasible. However, recent studies
have confirmed that these routes have been associated with higher postprocedural pregnancy loss rates.22

MFPR is performed most commonly by giving an intracardiac injection of KCl (1.5 g in 10mL) into the
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targeted fetus using a 20 gauge needle resulting in fetal asystole. Additional fetuses can be reduced by
the same puncture if next desired fetus is accessible or else a separate second puncture may be required to
complete the procedure. An ultrasound examination is performed one hour after the procedure to confirm
asystole in the reduced fetus(es) and cardiac activity in the nonreduced fetus(es).

A finishing number of two has become standard practice, as the perinatal outcome of twin pregnancies is
considered acceptable and it still leaves an option of ST if discordant fetal abnormalities are detected at
mid-trimester scan later.

Data from observational studies23,24 show consistently that perinatal and obstetric outcomes particularly
preterm birth (PTB) rates, improve significantly after MFPR. International Registry analysis of 3513 patients
undergoing MFPR, in 11 centers showed overall loss rates were correlated strongly with starting and finishing
numbers. Stone et al24 reported outcomes of 1000 consecutive cases of MFPR at Mount Sinai Medical Centre
(1999-2006). Post-procedure pregnancy loss rate was 4.7% and it correlated with the starting number when
reduced to twins (> 5: 12.1% loss; 4: 5.8% loss; 3: 4.5% loss), but that the rate of PTB did not differ with
starting number. The lowest loss rate occurred in the patients reducing from twins to a singleton (2.1%),
likely it is basically the background spontaneous loss rate of twin pregnancies.25,26Reduction to a singleton
was also associated with higher birth-weights and lower rates of preterm deliveries.

Evidence of improved perinatal and obstetric outcomes after reduction of> 4 fetuses is undisputed, convincing
data has emerged for triplets as well in various meta-analysis.

A 2017 meta-analysis27 including 24 studies (1999-2015) compared triplets reduced to twins with expectantly
managed triplets. The risk of pregnancy loss before 24 weeks was similar in both groups (7.4 versus 8.1%, OR
0.87, 95% CI 0.52-1.42). Reduction to twins was associated with a 60% reduction in early PTB (<32 weeks:
OR 0.30, 95% CI 0.22-0.41; <28 weeks: OR 0.40, 95% CI 0.22-0.71) which resulted in a significant reduction
in neonatal mortality. Other adverse pregnancy outcomes as gestational diabetes reduced by nearly 70% and
hypertensive disorders by 60%. Mothers of reduced triplets had a lower rate of Caesarean deliveries (61.4%)
compared with the non-reduced triplets’ (90.5%) cohort. Nonreduced triplets delivered significantly earlier,
with a consequent higher prevalence of major morbidities.28 Twins from reduced triplets didn’t follow the
true growth curves of spontaneous twins, and instead, retain their suboptimal growth potential as triplets,
secondary to early placental processes or retained fetoplacental material after MFPR.

Papageorghiou et al29 calculated that seven (95%CI 5-9) reductions needed to be performed to prevent one
early PTB, while the number of reductions that would cause one miscarriage was 26(95%CI14-193) in their
systematic review.

Another meta-analysis30 separately assessed outcomes of trichorionic triamniotic triplet pregnancies (TCTA,
n=501) and dichorionic triamniotic triplet pregnancies (DCTA, n=200) versus those electively reduced to
twins (TCTA n=666;DCTA n=49). In TCTA gestations, MFPR was associated with a substantial reduction
in PTB <34 weeks (17.3 versus 50.2%), without a substantial increase in the rate of miscarriage (8.1 versus
7.4%). In DCTA pregnancies, only a modest reduction of PTB ( 51.9% to 46.2%) was observed with selective
reduction of the triplet with the separate placenta while miscarriage rate increased from 8.5 to 13.3%. The
numbers were small to draw any confident conclusion.

Morlando 31 presented a systemic review of MFPR outcomes. Out of 331 DCTA triplets, the miscarriage
and PTB rates were 8.9% and 33.3% respectively with expectant management. The miscarriage rate was
14.5% with a reduction of MC pair, 8.8% with a reduction of one fetus of the monochorionic pair, and 23.5%
with a reduction of the fetus with a separate placenta. Severe PTB rates were 5.5%, 11.8%, and 17.6%
respectively. The highest rate of fetal loss was observed where monochorionic pair was left behind reflecting
losses secondary to complications of monochorionicity. Hence, they concluded expectant management in
DCTA triplets, is a reasonable choice when a liveborn infant is a top priority irrespective of the possible
presence of handicap. The benefit of fetal reduction is a decrease in the rate of severe PTB thereby minimize
risks of long-term sequelae.
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Presently enough evidence exists that even when chorionicity is taken into consideration, reducing triplets
to twins does reduce the rate of PTB with probably no significant increase in the miscarriage rate.

A recent retrospective review32 of large contemporary cohort comparing pregnancy outcomes of DCDA twin
pregnancies reduced to singletons (n = 250) with ongoing (nonreduced) twin pregnancies (n = 605) showed
in univariate logistic regression analysis, MFPR was associated with higher mean gestational age at delivery
(39 versus 36.7 weeks), reduction in PTB <37 weeks (18 versus 54%) and <34 weeks (7 versus 17%) as well
as reduction in birth weight <5th percentile (9 versus 22% ). Other adverse outcomes including preeclampsia
(4 versus 17%), PPROM (6 versus 19%), gestational diabetes (5 versus 9%) also showed improvement with
MFPR. No significant increase in unintended pregnancy loss <24 weeks (2.4 versus 2.3 %) was reported.

SELECTIVE TERMINATION

The incidence of fetal malformations is known to be higher in multifetal pregnancies compared to singletons.33

In dizygotic twins, the risk of malformation is slightly more than twice the risk per pregnancy (independent
probabilities per fetus). In monozygotic twins, Mendelian and chromosomal abnormalities are comparable to
singletons, while the definite higher risk of structural malformations exists. In nearly 85% of cases irrespective
of chorionicity, the malformation is confined to one fetus. After the prenatal diagnosis, a couple would have
three options: expectant management, terminate both normal and abnormal fetuses, or ST of the abnormal
fetus.

Aberg34 reported the first successful selective birth from a twin pregnancy discordant for Hurler syndrome
in 1978. Kerenyi and Chitkara35 followed with a report of ST for twins discordant for Down syndrome in
1981. Throughout the 1980s a number of small series of second-trimester selective terminations appeared in
the literature, most of which showed very high loss rates and morbidity.36-38 The high loss rates represented
were ultimately determined to be principally in monochorionic pregnancies.

Selective termination refers to an intervention in which one or more specific fetuses with a known or suspected
fetal chromosomal, structural, or genetic abnormality of a multifetal gestation are terminated.

ST was initially offered as an option to mothers with fetuses with major nonlethal anomalies that could
otherwise lead to the live birth and long-term survival of a severely impaired child. ST is now also offered for
fetuses with lethal anomalies because some mothers find it emotionally challenging to carry on baby with a
gross fetal anomaly like anencephaly that will die before or shortly after birth. Secondly associated antenatal
issues as polyhydramnios or hydrops may increase the risk of PTB.

The main variable in selecting the technique of ST is the chorionicity. In dichorionic (DC) twins, intracardiac
KCl in the affected fetus is safe for the normal co-twin. In monochorionic(MC) pregnancies, the risk of passage
of KCl into the circulation of the normal co-twin through placental anastomosis precludes this technique.
Hence, the accurate determination of chorionicity between 9-13 weeks is crucial before performing ST.

Dichorionic multiple gestations

Selective termination can be easily carried out in dichorionic gestations by the transabdominal percutaneous
procedure.39 Under ultrasound guidance, the intracardiac injection of KCl is given to the targeted fetus using
a 20 or 22-gauge needle until asystole is confirmed.

Evans40 published the largest multicenter series on outcomes of ST in dizygotic pregnancies for structural
or chromosomal anomalies. They reported loss rates with gestation of procedure with rates of 5.4% at 9-12
weeks, 8.7% at 13-18 weeks and 9.1% at >25 weeks, although these did not reach significance. The mean
gestation at delivery was 35.7 weeks with a liveborn infant in >90% of cases. They concluded ST, in the
most experienced hands, can be technically performed in all 3 trimesters (if legal) with good outcomes in
>90% of cases.

This report was followed by several single-center series41-43 which confirmed ST in DC pregnancy with
discordant anomaly to be a safe, feasible and effective option. With experience, the procedure-loss rate is
reported as 4% and mean gestational age at delivery as 38 weeks.
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Monochorionic multiple gestations

MC twins are at substantially increased risk of adverse outcomes compared to DC twins,44 secondary to typ-
ical angioarchitecture of a monochorionic placenta.45Vascular anastomoses maintain a dynamic bidirectional
flow between the co-twins. Unique complications such as twin-to-twin transfusion syndrome, twin reversed
arterial perfusion sequence, selective intrauterine growth restriction or discordant malformations are encoun-
tered in monochorionic gestations due to altered vascular connections. When one of the twins suffers major
structural anomaly or shows doppler patterns suggestive of impending demise, ST of the specific fetus is the
only therapeutic option available to optimize the survival of co-twin. In case of intrauterine demise of one
fetus, co-twin may acutely exsanguinate across vascular anastomoses and die or suffer neurological damage
in 30-50% cases.46

ST using various vaso-occlusive techniques that completely occlude flow through the targeted fetus’s umbil-
ical cord have been developed.47 Initial attempts were made with cord ligation or cord embolization with
thrombogenic coils or sclerosants. These were often complicated by method failure and high pregnancy
loss-rates. Presently techniques used are namely bipolar cord coagulation (BCC), laser cord coagulation,
radiofrequency ablation (RFA), microwave ablation and High Intensity Focussed Ultrasound to achieve se-
lective termination. The main complications associated with these interventions are preterm rupture of
membranes (PPROM), hemorrhage and PTB.

Bipolar cord coagulation is the standard procedure for ST in monochorionic pregnancies. Under ultrasound
guidance, a 3mm port is inserted into the sac of the affected fetus and a bipolar coagulation forceps is passed
and used to grasp the cord of the affected fetus which is coagulated using bipolar energy between 20 and
50W. This technique simultaneously obliterates the umbilical arteries and vein, causing immediate cessation
of flow and thus preventing any interfetal hemorrhage. Overall survival rates for co-twin are between 76%
and 88% with low risk of neurological damage (2.6%).48-50

Radiofrequency ablation uses a 17G radiofrequency electrode to generate high-frequency sinusoidal current
(400–500 kHz) which induces local tissue ionic agitation resulting in frictional heat to cause thermal coagu-
lation. Under ultrasound guidance, using local anesthesia RFA needle is inserted into the fetal abdomen at
the level of cord insertion, guided by color Doppler mapping. Radiofrequency energy is applied until there is
‘roll-off’. Tissue necrosis results in increased tissue impedance that prohibits the passage of electrical current,
hence there is a drop-in power output indicated as roll-off. Coagulative damage is usually restricted to 2cm
area around the needle tip. Commonly used devices include LeVeen RFA probe (Boston Scientific, Natick,
MA), Starburst SDE radiofrequency needle (Angiodynamics, Inc., Queensbury, NY, USA) and Covidien
Cool-tip RF ablation system (Medtronics) Each function slightly differently, but the net effect achieved is
the same. Occlusion of blood flow occurs slowly only once adequate power has been applied to achieve tissue
desiccation. This may result in an increased risk of thermal damage to membranes and co-twin demise due
to acute exsanguination.

Fetoscopically guided Nd:YAG laser coagulation of the cord or the vessels at the route of the cord has been
used for ST in MC gestations. A 400–600-micron laser fiber positioned under ultrasound guidance in the
fetoscope and is advanced a few millimeters beyond the tip of the needle into the target tissue. Power is
applied in short bursts until the blood flow stops. Coagulation occurs slowly only once adequate thermal
energy is applied often requiring multiple applications of laser. Slower occlusion again increases the risks for
co-twin.

Newer techniques employed are microwave ablation or High frequency focused ultrasound (HIFU). A thin
microwave antenna is placed directly into the fetus using ultrasound guidance. This antenna emits an elec-
tromagnetic wave through its exposed, non-insulated tip which agitates water molecules in the surrounding
tissue, producing friction and heat, thus, inducing cellular death via coagulation necrosis.51 The antennae
are internally cooled with either room-temperature fluid or carbon dioxide to reduce conductive heating and
to prevent possible skin damage.

Modality of HIFU has been used to manage TRAP sequence cases.52 This technique involves the transmission
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of a beam of ultrasound through solid tissue which is focused within the fetus, enabling thermal coagulation
necrosis. The chief advantage lies in being truly non-invasive. However only a few reports are published
and in one of them the co-twin was delivered with pseudoarthosis52, and the role of ultrasound beam is not
clear. The procedure required several attempts to achieve complete occlusion, thus leaving the potential for
transfusion-related complications.

Rossi et al50 presented a systematic review of 345 complicated MC twins who underwent ST. Overall survival
rate is almost similar for BCC (82%) or RFA (86%). Nearly 22% had PPROM and in one-sixth of cohort,
co-twin demise was reported. Roman et al49 also showed no clear superiority of any one technique in their
comparative series.

Bebbington53 reported that BCC was associated with a higher rate of overall survival (85.2% v 70.7%)
compared to those who had RFA for ST. The difference was attributed to an increased survival rate of the
co-twin below 28 weeks (BCC 31.6% Vs RFA 10.5 %) probably as there was a complete cessation of blood
flow in BCC cases whereas, in RFA, there is slow cessation.

O’Donoghue54 reported outcomes for the use of interstitial laser in ST of thirty MC pregnancies. Overall
perinatal survival was reported in 68% cases. Two of 26 neonates (8%) were diagnosed with aplasia cutis
congenita. They postulated that the procedure-related losses may be related to difficulty in maintaining
the correct position of the laser fibre during repeated laser applications. However, Jennifer55 demonstrated
laser cord occlusion is a reasonable surgical modality for ST in their retrospective review with high PPROM
(32.6%) and co-twin survival rates (95.3%).

Meng et al56 described their preliminary novel experience in the application of microwave ablation for ST
and reported it to be safe and effective. None of the surviving co-twins had evidence of thermal injury or
neurological abnormalities and the overall survival rate was 73.3% (n=33/45).

All techniques for ST are associated with some risk of co-twin demise and complications such as miscarriage,
PPROM, preterm birth, etc. (Table 1). Each of ST technique has its own merits, no single perfect technique
exists to manage complicated MC gestations. No randomized control studies are available to assess the
superiority of one method over others, the evidence is though available through various systematic reviews
and metanalyses. The balance between benefits and risks with these procedures is not always completely
clear and the decision is usually based on technical considerations, local experience, available instrumentation
and above all parental wishes.

Conclusion: Management of multifetal pregnancies is challenging due to the associated high rates of com-
plications. MFPR aims to increase the likelihood of a successful pregnancy and the best current means of
evading undesired sequelae of extreme prematurity associated with high-order multiples. Selective termina-
tion for anomalies in multifetal pregnancies has significantly advanced with acceptable low procedure-related
loss rates. Couples should be provided balanced counseling about benefits and risks associated with these
fetal interventions so that they can make informed choices for their pregnancy.

Conflict of Interest: All authors declare that there are no conflicts of interest.

Contribution to authorship: AB did the literature search and wrote the article. YSH gave expert opinion
and contributed to the conclusion. All authors approved the final version.
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