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Multiple pregnancy affects 0.9–3.1% of births worldwide. 
Prevalence rates vary significantly due to differences in 
dizygotic twinning rates and use of assisted reproduction. Both 
maternal and fetal/neonatal complications are more common 
in multiple compared to singleton pregnancies, and there are 
specific problems for the fetuses related to monochorionicity. 
Multiple pregnancies require specialised and individualised 
care. Complicated multiple pregnancies should be managed 
in a tertiary care centre where there is additional expertise, 
such as the laser ablation needed to treat monochorionic 
monozygotic pregnancies with conjoined circulations. 
Cornerstones of management in pregnancy are the need for 
accurate fetal measurement to optimise dating of gestational 
age, and documentation of chorionicity. High-level ultrasound 
expertise is needed. The mothers need frequent assessment to 
detect hypertension and anemia, and early identification and 
management of preterm labour.
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Commentary

Multiple pregnancy affects 0.9–3.1% of births worldwide. Prevalence rates vary

significantly. For example, twinning rates are 6–9 per 1,000 births in East Asia,

but 18 per 1,000 in central Africa. This variation is due to differences in

dizygotic (DZ; non-identical) twinning rates (thought to be genetic).

Monozygotic (MZ; identical) twinning occurs at a relatively constant rate of

3.5–4 per 1,000 around the globe. In high-income countries, there is further

variation related to the use of assisted reproduction (AR). For example, in

England and Wales, 14.4 out of every 1,000 women giving birth in 2020 had

a multiple birth, whereas in the United States, the twin rate was 31.1 per 1,000

live births, and triplet and higher-order births comprised 79.6 per 100,000

births. Because of the higher morbidity and mortality of twin pregnancies, in

recent years there has been a concerted effort to restrict AR to single embryo

transfer (SET), which is associated with a significantly lower rate of multiple

pregnancy compared to transferring more than one embryo. For example, in the

UK in 2006, the Human Fertilisation and Embryology Authority (HFEA)

published a report with a set of policies in order to reduce multiple births

from AR, including SET. Single embryo transfers increased from 13% of

in vitro fertilisation (IVF) cycles in 1991 to 75% in 2019, and a reduction in

the multiple birth rate was seen from 27% in 2007 to 6% in 2019 in patients aged

35 and under.

Both maternal and fetal/neonatal complications are more common in mul-

tiple compared to singleton pregnancies. The main maternal problems during

pregnancy include anemia, hypertensive disorders, gestational diabetes, haem-

orrhage and intrahepatic cholestasis of pregnancy (ICP). Preterm labour and

caesarean section are commoner than in a singleton pregnancy. Fetal problems

common to all multiple births include congenital abnormalities, miscarriage,

single fetal death, growth disorders and cerebral palsy. Chorionicity (the num-

ber of chorions/placentas) and zygosity (the degree of genetic similarity/dis-

similarity) affect these risks. Thus, some complications such as conjoined twins

and monoamniotic (MA) twins only occur in monochorionic (MC) MZ preg-

nancies because they result from an abnormal connection between the two

circulations in a shared placenta. In DZ twins, each twin has its own separate

placenta and circulation, even though they may be adjacent.

Multiple pregnancies require specialised and individualised care. Usually,

this is provided by a multidisciplinary team comprising an experienced midwife

and obstetrician, allowing discussion and decision-making, and access to imme-

diate diagnostic ultrasound (US) and multidisciplinary opinions such as anaes-

thetic, neonatal/paediatric and psychological services. Complicated multiple
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pregnancies should be managed in a tertiary care centre where there is add-

itional expertise, such as the laser ablation needed to treat MCMZ pregnancies

with conjoined circulations.

Cornerstones of management in pregnancy are the need for accurate fetal

measurement to optimise dating of gestational age, and documentation of

chorionicity. High-level US expertise is needed because of the high incidence

of fetal anomaly, the need for detailed evaluation of the fetal circulations and the

difficulty of assessing fetal size (and growth) in a ‘crowded’ uterus. The

mothers need frequent assessment to detect hypertension and anemia, and

early identification and management of preterm labour.

Delivery should take place in an obstetric unit with level 3 neonatal care, both

because of the high incidence of preterm birth (average gestational length is

only 36 weeks in twins and 34 weeks in triplets) and the high incidence of

hypoxic and mechanical complications of labour. An experienced obstetrician,

midwife and anaesthetist must be available 24/7. A neonatal paediatrician and

a neonatal team should be available for delivery, with one paediatrician present

for each infant, especially if preterm or operative delivery or fetal abnormalities

are anticipated. The timing of delivery is determined by chorionicity and the

presence of complications. The mode of delivery is influenced by the fetal

presentations, the difference in birthweights (BWs), gestational age, the pres-

ence of fetal complications and the woman’s preferences. Active management

of the third stage of labour is advocated. After delivery, the mother will need

extra support both in hospital and at home.

1 Introduction

‘Multiple pregnancy’ is a pregnancy with two or more fetuses, including twins

(the commonest multifetal pregnancy), triplets and higher-order multiples. The

overall prevalence of multiple pregnancy varies worldwide from 0.9 to 3.1%

[1,2,3,4]. The rate ofMZ twin (identical twins) birth rate remains fairly constant

at a rate of 3.5–4.0 per 1,000 around the globe [4]. Thus, the variation across

different populations is due to variation in DZ births; this is thought to mainly be

influenced by genetics and is reflected in racial and ethnic differences, with low

rates of 1.3 per 1,000 births in Japan and rates as high as 50 per 1,000 births in

Nigeria [5]. Substantial increases in twinning rates have been observed in

Europe, North America and Asia. Africa is the continent with the highest

rates at 17.1 per 1,000 deliveries, and Asia is the lowest at 9.2 per 1,000. Due

to population growth, Asia and Africa are now home to more than 80% of the

world’s twin births [4,6]. A shift towards an older maternal age at conception

has also contributed to the increasing rates [7]. In high-income countries, there
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is further variation related to the use of AR. For example, in 2021, 13.7 per

1,000 women giving birth in England andWales had amultiple birth, whereas in

the United States, the twin birth rate was 31.2 per 1,000 live births [1,2].

Until recently, the incidence of multiple births within England andWales was

continually rising, reflecting the effects of increased maternal age, parity and

use of AR. Following the introduction of ovulation induction and multiple-

embryo-transfer fertility, the UK triplet rate more than quadrupled between

1970 and 1998. However, since 1998, triplet and higher-order multiple rates

have fallen annually, most likely reflecting changes in AR practice and guid-

ance. In 2006, the HFEA published a report entitled ‘One Child at a Time’ with

a set of policies to reduce multiple births from AR, including SET [8]. Single

embryo transfers were seen to increase from 13% of IVF cycles in 1991 to 75%

in 2019, and a reduction in the multiple birth rate was seen from 27% in 2007 to

6% in 2019 in patients aged 35 and under [9]. Office for National Statistics

(ONS) data from 2021 for England and Wales demonstrated that twin preg-

nancy rates have continued to decrease, with birth rates equivalent to reported

rates in 1996 [1]. In England and Wales in 2021, only 102 women gave birth to

triplets and there was one higher-order multiple pregnancy (live born or still-

born) [1]. Multiple birth rates have also been affected by the use of selective

reduction (SR; often in the first trimester).

1.1 Developmental Aspects

Multiple pregnancies are either polyzygotic (PZ) or MZ. Dizygotic twins are

far more common than MZ twins, accounting for approximately 70% of all

twin pregnancies [5]. In PZ pregnancies, each embryo is derived from

a different ovum and, thus, are ‘non-identical’. This arises when polyovula-

tion occurs in a cycle, with dual fertilisation from a single source. Each zygote

will develop its own amnion, chorion and placental circulation and can be

defined as ‘polychorionic’.

In MZ pregnancies, a zygote is formed from the union of one ovum and one

sperm, which subsequently divides to form two ‘identical’ individuals

(Figure 1) [10], although this is not invariable as both genotypic and phenotypic

differences can sometimes occur. The pattern of placentation is dependent

primarily upon the timing of division. In general, when division occurs within

three days of fertilisation, dichorionic (DC) placentation occurs, in which each

fetus has its own placental circulation. Division at three to nine days results in

MC twin placentation, in which there is sharing of one placenta. Similarly,

amnionicity, which reflects the number of gestational sacs present, is largely

dependent upon the timing of division. Splitting after nine days results in MA

3Multiple Pregnancy
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twins, in which one sac is shared by both [11]. Before this, each fetus forms and

develops an individual sac. Monoamnionicity is rare, representing <1% of twin

pregnancies [11]. Cleavage occurring after the 12th day will result in conjoined

twins. For triplet and higher-order multiples the same principles apply, with

different combinations of chorionicity and amnionicity possible (e.g., DC

triamniotic (DCTA) triplets would comprise an MC diamniotic (MCDA) twin

pair and a ‘singleton’). From a clinical perspective, it is chronicity that influ-

ences pregnancy risk and management.

2 Risks Related to Multiple Pregnancies

2.1 Maternal Risks

Women with a multiple pregnancy are at an increased risk of obstetric complica-

tions, severe maternal morbidity and mortality. Table 1 shows that many maternal

conditions are more likely in a multifetal pregnancy. Women with multiple preg-

nancies are also more prone to minor complications of pregnancy, including

increased abdominal pain, malaise, acid reflux, poor sleep, constipation, varicose

veins, dependent oedema and symphysiopubic dysfunction. Thesewomen therefore

require more frequent monitoring than those with low-risk singleton pregnancies.

Figure 1 MZ twins: relationship between chorionicity and amnionicity.

Reproduced with permission from Ward, RH, Whittle, MJ (eds). Multiple

Pregnancy. London: RCOG Press, 1995
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Twin pregnancy is associated with greater severe maternal morbidity and mortality

[12,13]. Maternal mortality is also higher than in singleton pregnancy [14].

For many of these risks the management will be the same as for singleton

pregnancy. Those where management may vary in multiple pregnancy will be

discussed further in Section 3.

Table 1 Maternal risks associated with multiple pregnancy with associated
singleton and multiple gestation prevalence

Maternal risks

Singleton
pregnancy
prevalence (%)

Multiple
pregnancy
prevalence (%)

Hyperemesis gravidarum
(Section 2.1.1)

1.3 2.9 [15]

Anemia (Section 2.1.2) 38.7 67.3 [16]
Urinary tract infections

(Section 2.1.3)
19.0 17.0 [17]

Hypertension and pre-
eclampsia/eclampsia
(Section 2.1.4)

6.5 12.7−20.0
[18,19,20]

Gestational diabetes
(Section 2.1.5)

4.8 6.8 [21]

ICP and other liver disease
(Section 2.1.6)

1.3 6.7 [22]

Haemorrhage (>1,000 ml)
(Section 2.1.7)

8.7 17.0 [23,24]

Idiopathic polyhydramnios
(Section 2.1.8)

0.4−3.3 0.4−3.3* [25]

Preterm labour/birth
(Section 2.1.9)

8.2 60.3 [26]

Operative vaginal birth
(Section 2.1.10)

5.3 14.0 [27,28]

Caesarean section
(Section 2.1.11)

23.8 42.9 [29,30]

Postnatal illness
(Section 2.1.12)

8.3 11.3 [31]

Maternal morbidity and
mortality (Section 2.1.13)

1.3
0.1

6.2 [32]
0.4 [14]

*An increased incidence of polyhydramnios in multiple pregnancy can be seen due to
complications of monochorionicity and/or the presence of fetal anomalies. There is no
evidence that uncomplicated multiple pregnancy has an increased risk of idiopathic
polyhydramnios.

5Multiple Pregnancy
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2.1.1 Hyperemesis Gravidarum

Nausea and vomiting are common and seen in approximately 50–90% of

pregnant women [33], and multiple pregnancy is a known risk factor for

worsening symptoms. The most severe form, hyperemesis gravidarum, has

been shown in systematic reviews to occur in 0.3–10.8% of pregnancies [34].

A UK population study demonstrated a prevalence of 1.48% and an increased

risk in twins compared to singletons, adjusted odds ratio (AOR: 2.09, 95%

confidence interval (CI): 2.02–2.16) [35]. This is similar to another large cohort

that demonstrated a 61% increase in the development of hyperemesis gravi-

darum in twin pregnancies compared to singletons [36]. In any woman diag-

nosed with hyperemesis gravidarum, a first-trimester US should be performed

to diagnose or exclude a multiple pregnancy.

2.1.2 Anemia

Secondary to increased oxygen demands and plasma volume expansion (one-

third greater than singletons), the risk of anemia is heightened in multiple

pregnancy. A study of 2,130 pregnancies (1,684 singletons and 446 twin

pregnancies) revealed 67.3% of twin pregnancies were anemic (defined as Hb

<105 g/l) compared with 38.7% of singleton pregnancies [16]. Fetal demands

are also greater, particularly for folate.

2.1.3 Urinary Tract Infections

Urinary tract infections are more common in twin and triplet pregnancies than in

singleton pregnancies [17]. The incidence of pyelonephritis does not appear to

be increased [37].

2.1.4 Hypertensive Disorders

Gestational hypertension and/or pre-eclampsia complicate 10–20% of multiple

pregnancies, which is an incidence of two- to five-times higher than in singleton

pregnancies [20,38]. However, it is likely the true underlying tendency is under-

estimated, asmanymultiple gestations will deliver preterm compared to singleton

pregnancies, so birth occurs before worsening hypertensive disease ensues. There

are many different pathophysiological processes that may contribute to the

increased risk, which appears to be dose-dependent (i.e., reliant on placental

mass and number of fetuses), with reported rates in triplets of 20.0% compared

to 12.7% in twins [39]. The incidence is also higher among nulliparous compared

to parous women. Importantly, the onset, progression and severity of pre-

eclampsia are often sooner, quicker and greater in multiple pregnancies [37,40].
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As such, this results in higher rates of eclampsia, placental abruption andmaternal

mortality and neonatal adverse outcomes [41,42].

2.1.5 Gestational Diabetes

Women with multiple pregnancies may also be at increased risk of gestational

diabetes [16]. A study of 759,718 singleton and twin deliveries published in

2021 highlighted a prevalence of gestational diabetes in twins at 6.82% com-

pared to 4.8% in singletons [16]. A dose–response relationship exists with

higher rates in higher-order multiples [41].

2.1.6 ICP and Other Liver Disease

The incidence of ICP in multiple pregnancy is higher, with some studies

reporting rates of up to 22% [37,43]. Data published in 2018 reported that

twin pregnancies conceived through AR are twice as likely to develop ICP

compared with spontaneously conceived twin pregnancies [44]. A retrospective

cohort study demonstrated rates of ICP of 6.7% in twins versus 1.3% in

singletons [22]. An increased risk of adverse outcome has also been reported

associated with total bile acid levels [22]. Twin pregnancy is also an independ-

ent risk factor for acute fatty liver, a rare complication of pregnancy associated

with significant maternal mortality [37].

2.1.7 Haemorrhage

There is a high incidence of antepartum and postpartum haemorrhage (PPH),

with the average blood loss 500ml higher than in a singleton pregnancy [24,37].

Antepartum bleeding is particularly common. A major cause is placental abrup-

tion, which may arise secondary to uterine over distension and decompression

following rupture of membranes or first twin delivery [37]. The larger placental

surface area in multiple pregnancy is also considered a predisposing factor for

placenta praevia [45], and the incidence of velamentous cord insertion and vasa

previa is also increased [37,46]. Increased placental surface area, uterine over

distension and higher caesarean section rates all contribute to the increased risk

of postpartum blood loss. Other characteristics associated with PPH >1,000 ml

in twins include episiotomy and neonatal weight [23].

2.1.8 Polyhydramnios

Multiple pregnancies account for about 10% of cases of polyhydramnios [47]. This

may be idiopathic, related to gestational complications such as maternal diabetes,

or relate to specific complications of monochorionicity such as twin-to-twin
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transfusion syndrome (TTTS) [37]. In this setting, the risks of preterm labour and/

or preterm rupture of membranes, cord prolapse, malpresentation and abdominal

discomfort are increased [47].

2.1.9 PTB

Approximately 50% of all multiple pregnancies birth preterm (<37 complete

weeks’ gestation), and they account for about 20% of all preterm births (PTBs)

[26,48,49]. Large variation in PTB rates has been reported. In Scotland (n = 1,432

live multiple births), 9.9% delivered before 32 weeks, 41.3% at 32–6 weeks and

51.2% before 37 weeks, whereas in Austria (n = 2,311), 12.7% delivered before

32 weeks, 55.7% at 32–6 weeks and 68.4% before 37 weeks [50]. The rate of

PTB is significantly increased in MC compared to DC twins, likely to be related

to the complications of monochorionicity [51]. Risks to the mother relate to the

need for hospitalisation, use of tocolytics and possible intrauterine transfer.

2.1.10 Operative Vaginal Birth

Compared to singleton pregnancies, there is an increased rate of operative

vaginal births [27,28]. The maternal risks associated with instrumental delivery

are the same as for singleton birth.

2.1.11 Caesarean Section

Women with multiple pregnancy are more likely to have an elective or emer-

gency caesarean section, with rates as high as 75% reported worldwide [52].

A 2019 Cochrane review reported that 42.9% of women with multiple pregnancy

who aimed for a vaginal birth had a caesarean section for at least one fetus [29].

2.1.12 Postnatal Illness

A 2011 systematic review concluded that multiple birth might be associated

with an increased risk of postpartum depressive symptoms [53]. Given the high

fetal morbidity and mortality rates associated with multiple pregnancy, bereave-

ment and grief support are often required. Furthermore, with the potential

psychosocial and financial difficulties associated with multiple pregnancy,

a high index of suspicion for postnatal depression is recommended [53].

2.1.13 Maternal Morbidity and Mortality

Severe maternal morbidity is increased in multiple pregnancy [12], with com-

parative studies demonstrating that the relative risk (RR) of severe maternal
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morbidity compared to singletons was 4.3 (95%CI: 3.7–5.0). Risks were higher

in triplets (RR: 6.2, 95% CI: 2.5–15.3) [13].

Maternal mortality is 2.5-times higher in multiple than in singleton births in

the UK [54] and World Health Organisation (WHO) multi-country survey data

demonstrated rates of maternal death of 0.4% in twins and 0.1% in singletons

[14]. Specific factors contributing to maternal death in multiple births are the

use of tocolytic agents, pre-eclampsia and eclampsia, placental abruption,

caesarean delivery and PPH [37].

2.2 Fetal Risks

Women with multiple pregnancy are also at increased risk of fetal complica-

tions, as shown in Table 2.

Table 2 Fetal risks associated with multiple pregnancy with associated
singleton and multiple gestation prevalence

Fetal risks

Singleton
pregnancy
prevalence (%)

Multiple
pregnancy
prevalence (%)

Congenital anomalies
(Section 2.2.1)

2.70 3.49 [3]

Structural 2.35 3.23
Chromosomal 0.35 0.26

Early pregnancy loss
(Section 2.2.2)

5.40* 15.00−35.00
[55,56]

Single fetal death (Section 2.2.3) 0.40 6.00 [57,58]
Discordant fetal growth and

growth restriction
(Section 2.2.4)

8.00 25.00 [59]

Preterm birth (Section 2.2.5) 8.20 60.30 [2]
Cord prolapse (Section 2.2.6) 0.10−0.60 Up to 1.80 [60,61]
Twin entrapment (Section 2.2.7) N/A 0.10 [62]
Cerebral palsy (Section 2.2.8) 0.20 0.70–5.10 [63,64]
Perinatal mortality^

(Section 2.2.9)
0.14−0.32 0.62−0.73 [65]

* Overall figure for pregnancy loss <20 weeks after confirmation of fetal heart activity,
but ranges from 0.8 to 33.7% based on gestational age and number of prior pregnancy
losses [55]
^ Range given as perinatal mortality rate depends on chorionicity
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2.2.1 Congenital Anomalies

There is an increased risk of congenital anomalies in multiple pregnancy

compared to singletons, reported as 27% higher [66]. In Europe, the prevalence

has increased from 5.9 per 10,000 multiple births in 1984–7 to 10.7 per 10,000

in 2004–7. Non-chromosomal anomalies increased from 5.03 per 10,000 births

to 10.00 over the same period, it is suggested that this may relate to an increased

risk in DC twins conceived by AR or to parental characteristics associated with

AR. For chromosomal anomalies, the prevalence increased from 0.58 per

10,000 births to 0.90 [3].

The risk rate per fetus for DZ twins is most likely similar to that of singletons,

but two- to three-times higher in MZ twins, which reflects primarily an

increased risk of abnormal cleavage and midline structural defects, including

syringomyelia, cloacal anomalies and holoprosencephaly [66,67,68].

Approximately 1 in 25 DC, 1 in 15 MCDA and 1 in 6 MA twin pregnancies

are discordant for anomaly, with a major structural defect affecting only one

fetus [68,69]. The European data recorded that for twin pairs with at least one

non-chromosomal abnormality, there was concordance in 11.6% [3]. The most

common structural defects in twin pregnancies include cardiac anomalies,

neural tube defects, brain defects, facial clefts, and gastrointestinal and anterior

abdominal wall defects [70]. A 2020 study of 488 twins reported the rates of

different structural anomalies: genitourinary defects represented 24%, with

cardiac and gastrointestinal anomalies representing 20 and 18.5%, respectively

[71]. Importantly, if a discordant anomaly is noted, the likelihood is that it will

originate within the smaller twin, however, the risk of adverse outcome for the

normal twin is also increased [71,72].

Monozygotic twins are generally concordant for chromosomal or genetic

defects (although discordance may occur secondary to postzygotic mutation,

parental imprinting effects, asymmetrical X inactivation and differential deoxy-

ribonucleic acid (DNA) methylation) [10]. European data report that for

chromosomal anomalies, 5.53% of all twin pairs were concordant [3]. For DZ

pregnancies, the risk of chromosomal abnormalities for each twin is no different

to that for a singleton fetus, but since two fetuses are present, the chance of one

being affected is doubled. For MZ pregnancies, the baseline risk is twice that of

a singleton pregnancy, therefore four-times higher for at least one twin to be

affected [73,74].

The implications of AR for DZ twin congenital anomaly rates are not fully

understood, but recent data have demonstrated an increased risk of congenital

heart defects in twin pregnancies conceived with AR compared to spontan-

eously conceived pregnancies [75].
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There are also congenital anomalies that are considered unique to twin

pregnancies [55]:

• midline structural defects, believed to be a consequence of the twinning

process (e.g., conjoined twins)

• malformations resulting from vascular events as a consequence of placental

anastomoses. Following co-twin demise, the following can occur: micro-

cephaly, periventricular leukomalacia, hydrocephalus, intestinal atresia, renal

dysplasia or limb amputation

• defects or deformities from intrauterine ‘crowding’: foot deformities, hip

dislocation and skull asymmetry

The spectrum of abnormalities specific to MZ twins are categorised either as

‘symmetrical’ (namely, conjoined twins) or ‘asymmetrical’ duplications. The

latter are further subdivided into those with a separate external twin present

(twin reversed arterial perfusion (TRAP) sequence), an attached fetal mass

(ectoparasitic twins) or an internal asymmetrical duplication (endoparasitic

twins or fetus-in-fetu) [10].

2.2.2 Early Pregnancy Loss

Mortality of one or more fetuses within the first trimester is a common occur-

rence with a reported prevalence of between 15 and 35%. However, the

mortality rate can be up to 50% in pregnancies that began with three or more

gestational sacs [56,76]. The true prevalence of fetal loss is likely to be even

greater, as many twin pregnancies are initially undetected if not monitored with

sequential sonographic evaluation during the first trimester. The so-called

vanishing twin syndrome (VTS) occurs when a late first-trimester scan identi-

fies fewer fetuses than an earlier scan. Several aetiologies have been proposed,

including chromosomal abnormalities, placental ‘crowding’, chronic maternal

disease and inappropriate implantation [56].

Vanishing twin syndrome is identified more frequently in AR pregnancies,

mostly because of the increased prevalence of multiple pregnancy with AR, but

in addition, due to the increased frequency of early pregnancy scanning in AR

pregnancies. The number of embryos initially transferred has also been shown to

increase the occurrence of VTS [77]. Within the context of AR and double embryo

transfer (DET), the vanishing twin phenomenon is associated with an increased

risk of PTB and low BW (LBW) in both fresh and frozen embryo cycles when

multiple gestational sacs were initially visualised [78]. In other settings, the impact

on the surviving co-twin is not known to be adverse, although data remain sparse.
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Fetus papyraceous occurs when one twin dies at an early gestation and becomes

shrunken and compressed.

A 10-year multicentre retrospective study including 3,117 twin pregnancies

(605 MC and 2,512 DC) concluded that the risk of early pregnancy loss before

24 weeks was significantly higher in MC twins (60.3 per 1,000 fetuses) than in

DC twins (6.6 per 1,000 fetuses), with an RR of 9.18. The study also demon-

strated that the rate of fetal loss in MC pregnancies was highest at 16–22 weeks’

gestation, likely due to the corresponding peak in incidence of TTTS [79]. Early

detection of MC pregnancies is therefore paramount. The risk of subsequent

miscarriage in twin pregnancies with one missed early silent miscarriage of one

fetus is also increased: it is approximately 10-times higher than in twin preg-

nancies unaffected by single miscarriage [80].

2.2.3 Single Fetal Death

Single twin demise (>14 weeks’ gestation) occurs in approximately 5–6% of

twin pregnancies and may occur in any trimester [58]. The risk of single

intrauterine fetal demise (sIUFD) is seen to be greater with MC (7.5%) than

DC (3%) twins, likely due to inter-twin placental anastomoses causing an

adverse distribution of placental blood flow [58,81]. The etiology of fetal

demise may be either fetal (infection, chromosomal or structural anomaly),

cord incident or placental (TTTS or selective fetal growth restriction (sFGR)),

or maternal (hypertensive disorders, thrombophilia, abruption). A UK popula-

tion study of 81 MC twin pregnancies with sIUFD published in 2020 identified

that 47% were due to TTTS [81].

Fetal morbidity and mortality are both increased in the remaining co-twin,

due either to the potential risk from the same pathophysiological condition

that affected the sibling or to the death of the sibling. There are two main

theories to explain the risk of morbidity and mortality for the co-twin: transi-

ent hemodynamic fluctuations and transchorionic embolisation. Systematic

reviews and meta-analysis identified that the rates of co-twin demise were

15% (95%CI: 9.1–20.9) for MC twins and 3% (95%CI: 0.4–5.7) for DC twins

(odds ratio (OR): 5.24, 95% CI: 1.75–15.7) with an increased risk of co-twin

demise in MC pregnancies if the fetal death occurred prior to 28 weeks

[58,82]. For the surviving twin, the subsequent risks were profoundly

increased, particularly in an MC pregnancy. Specifically, the risk of PTB

was increased due to iatrogenic deliveries at 60.4% (95% CI: 33.5–109.1) in

MC twins, compared with 32.7% (95% CI: 14.6–72.1) in DC pregnancies,

respectively [58]. The risk of neurological abnormality, including cerebral

palsy, in the surviving co-twin was 20% (95% CI: 12.8–31.1) for MC twins,
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with prior literature demonstrating a risk of just 2% (95% CI: 1.6–4.9) for DC

twins [58,82]. Large prospective multicentre studies with shared protocols for

prenatal management are warranted, particularly looking at neurodevelop-

mental comorbidity in the surviving twin.

2.2.4 Discordant Fetal Growth and Fetal Growth Restriction

The growth of twins does not differ significantly from singleton growth in the

first and second trimesters. However, from 32 weeks’ gestation, slower fetal

growth is often observed. If singleton growth charts are used, growth ‘abnor-

malities’ in twins are overestimated compared with the use of twin growth

charts, as the definition of small for gestational age (SGA) remains the same, an

estimated fetal weight (EFW) <10th centile [83,84]. However, it is possible that

the usual slower growth of twins in the third trimester may reflect a state of

‘relative growth restriction’ compared with singleton gestations [85]. A certain

degree of weight discordance (~10%) between twins is generally recognised as

a normal physiological variation, greater discordance is seen as an independent

risk factor for adverse perinatal outcomes regardless of chorionicity [86].

Fetal growth is determined by several factors including genetic differences in

growth potential (DC twins), unequal uteroplacental perfusion to each twin,

congenital infection affecting one fetus or aberrant placental umbilical cord

insertion [84,87,88]. Relevant maternal factors increasing the risk of suboptimal

fetal growth in multiple pregnancies include older age, nulliparity, assisted

conception and gestational hypertension.

Fetal growth restriction (FGR) is more common inmultiple pregnancies, with

around 25% of twin pregnancies affected, and in each individual fetus the

definition for FGR is the same as in singletons, as is the definition of SGA.

However, in twins, the difference in growth between the two fetuses (discord-

ance) also needs to be considered as this is associated with greater perinatal risks

[86]. A Delphi consensus definition of FGR and sFGR (see Section 2.3) has

been proposed [89].

To calculate the discordance in growth, the following equation is used, using

EFW in utero or BW:

[(Larger estimated or actual weight – smaller estimated or actual weight)/
larger estimated or actual weight] × 100

Several thresholds for significant discordance have been suggested with the

commonest reported in the literature ranging between 18 and 30% [90]. The

prospective ESPRIT (Evaluation of Sonographic Predictors of Restricted

Growth in Twins) study concluded that the threshold for significant growth
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discordance, defined according to adverse perinatal outcome risk, should be

18% for both DC andMC twins without TTTS. In the setting ofMCwith TTTS,

this cut-off was lowered to 15% [91]. A 2018 review of 10,877 twin pregnancies

reported that in DC pregnancies, there was found to be a greater risk of

intrauterine death (IUD), but not neonatal death (NND) in twins with a BW

discordance of 15% (OR: 9.8, 95% CI: 3.9–29.4), ≥ 20% (OR: 7.0, 95% CI:

4.15–11.8), ≥25% (OR: 17.4, 95% CI: 8.3–36.7) and ≥30% (OR: 22.9, 95% CI:

10.2–51.6), respectively, compared with those without BW discordance [90].

Within each cut-off of BW discordance, the smaller twin was at a greater risk of

mortality compared with the larger one. In MC twin gestations, excluding cases

affected by TTTS, twins with BW discordance ≥20% (OR: 2.8, 95% CI: 1.3–

5.8) or ≥25% (OR: 3.2, 95% CI: 1.5–6.7) were at higher risk of IUD, compared

with controls [92]. The overall risk of mortality in MC pregnancies was similar

between the smaller and larger twin, except in those with BW discordance

≥20% [90].

The Royal College of Obstetricians and Gynaecologists (RCOG), the

International Society of Ultrasound in Obstetrics and Gynecology (ISUOG)

and the American College of Obstetricians and Gynecologists (ACOG) all

report that a cut-off of 20% should be adopted, whilst the Fetal Medicine

Foundation (FMF) recognise a ≥25% discordance between the two fetuses as

selective growth restriction [93,94,95].

Discordance in fetal growth is an independent risk factor for neonatal mor-

bidity. A 2019 study conducted by di Mascio et al. demonstrated that the risk of

composite morbidity was significantly higher in the pregnancies with BW

discordance ≥15% (OR: 1.4, 95% CI: 1.0–1.9), ≥20% (OR: 2.2, 95% CI:

1.40–3.45), ≥25% (OR: 2.5, 95% CI: 1.8–3.6) and ≥30% (OR: 3.4, 95% CI:

2.2–3.2) [96]. In DC, BW discordance ≥15% (OR: 2.4, 95% CI: 1.65–3.46),

≥20% (OR: 2.2, 95% CI: 1.3–3.8), ≥25% (OR: 2.7, 95% CI: 1.4–5.1) and ≥30%
(OR: 3.6, 95% CI: 2.3–5.7) were all significantly associated with composite

neonatal morbidity [96].

Given the significant association between twin weight difference and adverse

perinatal outcomes, timing of birth must be individualised, balancing the risk of

stillbirth of the smaller twin with the benefits of prolonging the gestation for the

larger twin.

2.2.5 PTB

Preterm birth (delivery <37 weeks) remains the most significant fetal complica-

tion of multiple pregnancy in terms of perinatal morbidity, mortality and cost

[97]. Preterm prelabour rupture of membranes (PPROM) confers a higher chance
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of perinatal mortality if preterm labour ensues, due to the impact of chorioam-

nionitis [98]. The 2020 Mothers and Babies: Reducing Risk through Audits and

Confidential Enquiries (MBRRACE) report demonstrated that the most frequent

cause of perinatal loss in DC twin pregnancies was extreme preterm labour [65].

As discussed in Section 3, the etiology of spontaneous preterm labour and birth

in multiple pregnancy is likely to be different to singleton pregnancy and is

multifactorial, relatively poorly understood and an important field for research

[99]. In a prospective study of 1,000 twin pregnancies (800 DC and 200 MC),

29% of the DC pregnancies developed a maternal or fetal condition, leading to

birth before 36 weeks, whereas 34% of the MC twins were born before 34 weeks

[100]. In a 2021 systematic review of 29,864 twin pregnancies, monochorioni-

city was found to be associated with an increased risk of preterm labour and thus

PTB at <34 weeks, even if TTTS had been excluded [101].

2.2.6 Cord Prolapse

Cord prolapse is an obstetric emergencywith a reported incidence varying between

0.1 and 0.6% pregnancies [60]. Multiple birth is an independent risk factor for cord

prolapse, which in part relates to a lower gestational age at birth, frequent malpre-

sentation and polyhydramnios, all of which are more common in multiple preg-

nancy. A 2021 study demonstrated that the rate of umbilical cord prolapse for

the second twin was 1.8%. An abnormal cord insertion (marginal or velamentous)

of the second twin was a significant risk factor for umbilical cord prolapse in

the second stage of labour (OR: 5.05, 95% CI: 1.139–22.472, p = 0.033) [61].

2.2.7 Twin Entrapment

Twin entrapment is a rare, but serious occurrence, reported to present in approxi-

mately 1 in 1,000 twin births [62]. It occurs when fetus A is presenting breech and

fetus B is cephalic, leading to interlocking of the fetal heads, and is strongly

associated with hypoxia and fetal death [102]. It is more common in MA twins

and nulliparous women. It is hypothesised that risks are less within parouswomen

due to a reduction in uterine tonicity, which allows fetuses to move more freely

and reduce risks of entrapment.

2.2.8 Cerebral Palsy

Both asphyxia and cerebral palsy are more common in twins than in singleton

births. A 2021 multicontinental study also demonstrated the prevalence of cere-

bral palsy increases with plurality (twins: 6.5 per 1,000 live births (95% CI: 6.1–

6.9), triplets: 17.1 (95% CI: 13.6–21.2), quadruplets: 50.7 (95% CI: 25.6–88.9)),

this is mainly related to PTB [64].
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2.2.9 Perinatal Mortality

The rate of neonatal mortality and stillbirth for multiple pregnancies within

the UK has increased slightly over the last decade. The 2022 MBRRACE

report (covering births in 2020) demonstrated an overall increase in the

stillbirth and neonatal mortality rate for twins over the period 2016–20; for

stillbirths, 6.16 per 1,000 total births in 2016 to 7.33 per 1,000 in 2020; and

for neonatal mortality, from 5.34 to 6.18 per 1,000 livebirths [65]. Rates have

been relatively static since 2020 and remain significantly higher than the rates

of neonatal mortality and stillbirth in singletons [103]. There are differences

in the causes of stillbirths in twins when compared to singleton births. In

twins, the commonest category for the primary cause of the stillbirth is

‘stillbirth with no antecedent or associated obstetric factors’, followed by

‘specific complications of multifetal pregnancy’ or ‘major congenital anom-

aly’. The 2021 MBRRACE report on a study of 50 twin pregnancies from

2017 found that in about 50% of baby deaths, obstetric care was poor, and that

improvements in care might have reduced adverse perinatal and fetal out-

comes [104].

It is known that perinatal mortality is higher in MC pregnancies than DC

pregnancies with a 2.5 RR [105]. A significant proportion of this increased risk

will be due to the shared placental circulation and specific fetal risks of MC twins,

as described in Section 2.3. Even in the absence of these specific MC complica-

tions, studies demonstrate an increased risk in uncomplicated MC pregnancies

compared to DC. A 2013 systematic review and meta-analysis demonstrated an

OR for stillbirth for uncomplicatedMCDA pregnancies versus DCDA of 4.2 at 32

weeks, 3.7 at 34 weeks and 8.5 at 36 weeks’ gestation [106]. Data from the

Southwest Thames Obstetric Research Collaborative (STORK) cohort found that

while overall and early mortality was higher in MC than DC twins, there was no

significant difference noted after 24 weeks’ gestation. This may be due to early

detection and prompt treatment of complications in MC twins, which is explored

further in Section 3 [79].

A 2019 review of 25 studies reporting mortality rates in MCMA twin

pregnancies demonstrated an IUD rate of 4.3% (95% CI: 2.8–6.2%) of twins

at 24–30 weeks, in 1.0% (95% CI: 0.6–1.7%) at 31–2 weeks and in 2.2% (95%

CI: 0.9–3.9%) at 33–4 weeks’ gestation [107].

2.3 Fetal Risks Specific to MCMZ Twins

Women with MC pregnancies are also at increased risk of specific fetal compli-

cations, as shown in Table 3.
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2.3.1 Conjoined Twins

Conjoined twins represent a rare form of MA twinning, estimated to occur in

around 1 in 50,000 births but approximately 1 in 200,000 live births due to

a stillbirth rate of 60% [108,114]. Diagnosis is made in the first trimester by

the close and fixed apposition of the fetal bodies with fusion of skin lines.

Classification is guided by the most prominent fusion site, with the thoraces

being the most identified (~70%) [115]. Importantly, other congenital anom-

alies not directly related to conjoined components are also often present

(~63%) [108].

The prognosis is poor, and most conjoined twins die in utero. A review found

that about 80% of cases ended in termination of pregnancy (TOP), 10.7% died

in utero and only 8% continued to term. The overall outcome was found to be

determined primarily by the type of conjoining, the organs shared and which

surgical/nonsurgical treatment options are available [116]. Conjoined twins not

requiring imminent separation surgery following delivery have a relatively

good prognosis (~80% survival), compared to twins requiring immediate sep-

aration surgery postpartum (~30% survival) [115]. The determination of when

to separate conjoined twins depends on how extensively the vital organs are

shared between each fetus [115]. Separation of twins if there is extensive

sharing of vital organs can risk death of either one or both twins. The decision

on separation requires multiple clinical reviews and interprofessional effort,

however, the overall decision will lie with the parents.

2.3.2 MA Twins

Monoamniotic twins are rare, with an estimated prevalence of 8 in 100,000

pregnancies (1 in 20 MC gestations) [109]. Monoamnionicity is caused by late

Table 3 Fetal risks specific to MC twins with associated prevalence

Fetal risks specific to MCMZ twins Prevalence of risk within total
cohort of MC twins

Conjoined twins (Section 2.3.1) 0.002%* [108]
MA twins (Section 2.3.2) 5% [109]
Selective FGR (Section 2.3.3) 10−46% [110]
TRAP sequence (Section 2.3.4) ~1% [111]
TTTS (Section 2.3.5) 10−15% [112]
Twin anemia–polycythemia sequence

(TAPS) (Section 2.3.6)
5% [113]

*Total prevalence within entire pregnancy cohort (gestations)
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splitting of the inner cell mass at day 9–12 so that the twins share a placenta and

amniotic sac [117]. Consequently, there are usually large anastomoses connect-

ing the fetal circulations, with close umbilical cord insertions, leading to the risk

of cord entanglement.

Monoamniotic twins are at increased risk of congenital malformations, and

discordant anomalies affect 15–35% of pregnancies (due to late embryonic

cleavage and hemodynamic imbalances), with an increased propensity for

anomalies of cardiac origin (30%) [68,117]. Monoamniotic twins are also at

increased risk of IUD, as previously discussed. Mechanisms for twin demise

include acute hemodynamic imbalances across the large anastomoses, severe

prematurity secondary to early preterm labour and congenital abnormalities.

Previously, cord entanglement was thought to play a significant role, but data

suggest that although this is almost invariably present at birth in MA twins, it is

only implicated in causing fetal death before 24 weeks, with other causes of

death thought to be more relevant [117,118].

2.3.3 sFGR

The underlying etiology of sFGR is different to that of growth restriction in

singletons and relates to unequal placental sharing. There is a wide variation in

the reported incidence of sFGR within MC pregnancies, ranging between 10

and 46%, which likely relates to the historic lack of consensus on diagnostic

criteria for sFGR [110].

There have been various accepted definitions for sFGR. It is defined by

ISUOG as a growth discordance of 25% between twins with an EFW <10th

centile in the smaller fetus [92]. The additional inclusion of a discordance in

abdominal circumference (AC) >10% between twins has also been noted

previously [119]. More recently, a Delphi consensus report based upon 60

expert opinions advised that for MC pregnancies, at least two out of four

contributory parameters (EFW of one twin <10th centile, AC of one twin

<10th centile, EFW discordance of ≥25% and umbilical artery (UA) pulsatility

index (PI) of the smaller twin >95th centile) are required to diagnose sFGR [89].

However, a 2022 retrospective study on 291 MC pregnancies identified that

employing this new consensus criteria increased the diagnostic rate sFGR by

more than 50% compared to the ISUOG criteria, but without improving the

perinatal outcomes [120]. Larger studies are required looking at these and other

potential parameters to determine how best to predict prognosis in these

pregnancies.

In singletons or DC pregnancies, UADoppler waveforms are used as a marker

of placental resistance. In MC pregnancies, the type and diameter of vascular
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anastomoses can influence outcome. Thus, a classification system (Gratacos

classification – type 1, 2 or 3) based on UA Doppler waveforms in the smaller

twin is now accepted and is described further in Section 3.2.3 [121]. Almost

100% of twin fetuses with type 1 sFGR survive, compared to 60% of those with

type 2. Type 3 is intermediate, with survival rates of 85%, but is also very

unpredictable. Sudden demise of the smaller twin without signs of deterioration

occurs in 15%, followed by demise of the larger twin in half of these cases [122].

2.3.4 TRAP Sequence

Twin reversed arterial perfusion sequence is a pathology unique to MC twins,

with incidence reported as 1:35,000 pregnancies and 1:100 MC twins (~1%)

[111]. With advances in US and the increase in AR, there are reports of

increased incidence of up to 2.6% of MZ twins [123]. It involves the presence

of an abnormal cardiac structure in one fetus (acardiac) that does not pump, and

consequently the affected twin becomes hemodynamically dependent upon its

structurally normal co-twin, via a superficial artery-to-artery placental anasto-

mosis (Figure 2). Thus, blood flows via the UA of the healthy ‘pump’ twin in

a reversed direction into the UA of the co-twin via the arterio-arterial (AA)

anastomosis and returns via a veno-venous (VV) anastomosis back to the pump

twin. The acardiac twin’s blood is thus deoxygenated, which results in abnormal

development of the head and upper limbs. This oxygen-depleted blood also

returns to the pump twin and can thus cause some degree of hypoxemia. Twin

reversed arterial perfusion is associated with a high risk of perinatal death for

the pump twin, caused by a combination of high-output cardiac failure and

polyhydramnios-related PTB [111]. There is also a concern about long-term

neurological sequelae for the pump twin due to chronic hypoxemia, cardiac

failure and PTB.

2.3.5 TTTS

In MC pregnancies, inter-twin placental vascular anastomoses exist and enable

communication between their two circulations. In 10–15% of all MC twins,

a significant imbalance exists that results in the development of TTTS, usually

between 16 and 26 weeks [112]. This carries particularly high perinatal mor-

bidity and mortality rates, and accounts for approximately 20% of total still-

births in multiple pregnancies [67].

A spectrum of TTTS exists, ranging from mild disease with isolated discordant

amniotic fluid volume (AFV), to severe disease with demise of one or both twins

[124]. This is explored further in Section 3.2.4. Mortality primarily relates to

extreme prematurity and very LBW [125]. Prospectively, there is a three-fold
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increased risk of congenital heart disease, as well as an increased incidence of

cerebral lesions with long-term neurological sequelae, renal morbidity and haem-

atological disorders. Additional complications include in utero amniotic band

syndrome and in utero acquired limb ischemia [126].

2.3.6 TAPS

Twin anemia–polycythemia sequence is another disorder also restricted to MC

pregnancies, complicating 1 in 20MCDA pregnancies. It can be spontaneous or

occur following fetoscopic laser ablation (FLA) treatment for TTTS. However,

in the absence of prenatal screening for the condition, the prevalence is sus-

pected to be much greater [113,127]. In rare cases, TAPS has been noted to

develop following spontaneous placenta thrombosis leading to rapid succession

Figure 2 TRAP sequence. After Sebire N. In Ward, RH, Whittle, MJ (eds).

Multiple Pregnancy. London: RCOG Press, 1995
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of fetal hydrops [128]. Complications of TAPS include severe anemia leading to

hydrops in the donor, and severe polycythemia in the recipient may lead to

cardiac failure and cerebral vascular accidents. Both twins are at risk of later

IUD [129].

3 Management Options

3.1 Pre-pregnancy

3.1.1 AR

Over the past three decades there has been a remarkable improvement in AR,

characterised by the increase in the live birth rate per transfer. However,

improved pregnancy rates have been linked with concerns about increasing

multiple pregnancies and the associated maternal morbidity and perinatal mor-

bidity and mortality because of AR [130]. Consequently, international regula-

tory policies now recommend an elective SET (eSET) policy in almost all cases

to reduce the rate of multiple birth [8,131]. This has resulted in a significant

reduction in the number of two or more embryo transfer cycles performed,

particularly in younger women and a reduction in the multiple birth rate in the

UK following AR, as previously discussed [1,9]. However, international data

show that high twin and higher-order multiple pregnancy rates still exist [4,5].

Even in developed countries, these problems persist, depending on clinical

practice, funding of health services and patient demands. For example, recent

data from the first registry report from China for 2016 showed a twin rate with

IVF and intracytoplasmic sperm injection (ICSI) of 27.9 and 27.2%, respect-

ively [132]. The highest twin rate from fresh IVF and ICSI was Taiwan at 35.4%

and the lowest Japan at 4.2% [133].

A 2020 Cochrane review of 17 randomised controlled trials (RCT) compar-

ing the clinical effectiveness of eSET versus DET suggests that the overall live

birth rate is reduced following SET (RR: 0.67, 95% CI: 0.59–0.75). However,

the cumulative live birth rate following repeated SET (two cycles of fresh SET

or one cycle of fresh SET followed by one cycle of frozen SET) may be little or

no different compared to a single cycle of DET (RR: 0.95, 95% CI: 0.82–1.10).

The multiple pregnancy rate with repeated SET is reduced compared to a single

cycle of DET (OR: 0.13, 95% CI: 0.08–0.21) (i.e., a 13% risk of multiple

pregnancy with DET versus a 0–3% risk with SET) [134]. Elective SET is

associated with a reduced risk of adverse outcomes such as antepartum haem-

orrhage (OR: 0.35, 95% CI: 0.15–0.82), LBW (OR: 0.20, 95% CI: 0.16–0.25),

PTB rate (OR: 0.25, 95% CI: 0.16–0.25) and neonatal intensive care unit

(NICU) admission (OR: 0.30, 95% CI: 0.14–0.66) [135]. However, only some
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of the excess morbidity in multiple pregnancy resulting from AR can be

attributed to multiple pregnancy, as singleton pregnancies arising from AR

are also associated with worse perinatal outcomes when compared to natural

conception, including placental complications, hypertensive disorders and pre-

natal hospitalisations [136].

More recently, a shift in practice towards delayed embryo transfer on day 5–6

(blastocyst stage), as opposed to day 2–3 (cleavage stage), has occurred in order

to increase reproductive success and reduce miscarriage risk. The 2022

Cochrane review of 32 RCTs identified uncertain evidence as to whether

blastocyst-stage transfer increases multiple pregnancy, while the live birth

rate was significantly higher in the delayed blastocyst culture group (OR:

1.27, 95% CI: 1.06–1.51) [137]. A 2019 systematic review and meta-analysis

assessed whether blastocyst transfer compared to cleavage-style transfer

increased the risk of MZ or MC twinning and reported a significantly increased

risk of MZ (OR: 2.16, 95% CI: 1.74–2.68) and MC (OR: 1.29, 95% CI: 1.03–

1.62) pregnancies following blastocyst transfer. Conventional IVF was also

associated with a statistically significantly increased risk of MZ twin pregnancy

compared with ICSI (OR: 1.19, 95% CI: 1.04–1.35) and assisted hatching (OR:

1.17, 95% CI: 1.09–1.27) [138].

Counselling and Support

Thus, for couples receiving AR therapy that could result in a multiple preg-

nancy, pre-pregnancy counselling and support regarding this risk is required.

Both the psychological and financial effects of multiple pregnancy on a family

are significant. Women should be aware of this and understand that additional

support may be of value. This is a particular concern when infants are preterm

with long-term neurodevelopmental complications.

SUMMARY OF MANAGEMENT OPTIONS

Pre-pregnancy
For women undergoing assisted conception:

• counsel about the risks of multiple pregnancy

• SET is recommended

• blastocyst-stage transfer results in more MZ and MC twins than cleav-

age-stage transfer

• conventional IVF results in more MZ twins than ICSI or assisted

hatching
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3.2 Prenatal

3.2.1 General Management Options for all Twin Pregnancies

Multiple pregnancies require specialised and individualised care, and there is

a consensus that this should be in specialist multidisciplinary clinics/services,

with non-randomised data suggesting an improvement in perinatal outcome

with this model. These clinics/services should comprise an experienced mid-

wife and obstetrician, allowing discussion and decision-making, and access to

immediate diagnostic US and multidisciplinary opinions (i.e., anaesthetic,

neonatal paediatric and psychological services). This model affords timely

diagnosis of any complications of multiple pregnancy along with an individu-

alised plan of care for the prenatal, intrapartum and postnatal periods

[139,140,141]. Standardised antenatal care for multiple pregnancies has

been clearly shown to significantly improve maternal-fetal outcomes

[142,143].

Women with multiple pregnancies require frequent antenatal visits. Not only

does this facilitate early detection of potential complications but it also provides

the opportunity to provide specialised prenatal counselling and support.

Education and readily accessible multidisciplinary support are particularly

important in this context. Parents will require specific information to help

prepare for birth and postnatal care.

Parents should be encouraged to attend specific multiple-birth support group

meetings, and to liaise with families who have experienced multiple birth.

Useful websites, both UK and non-UK, include:

• Twins Trust: www.twinstrust.org.uk

• Multiple Births Foundation: www.multiplebirths.org.uk

• Multiples of America: https://multiplesofamerica.org/

• International Council of Multiple Birth Organisations: https://icombo.org/

• Australian Multiple Birth Association: www.amba.org.au/

• Multiples New Zealand: https://multiples.org.nz/

• Multiple Births Canada: www.multiplebirths.ca/

The following groups with multiple pregnancy are higher risk and should be

managed in a tertiary care centre [54,144]:

• MCMA twin and triplet pregnancies

• MCDA and DCDA triplet pregnancies

• conjoined twins or triplets

• all higher-order pregnancies
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• pregnancies complicated by any of the following:

• discordant fetal growth

• fetal anomaly

• discordant fetal death

• sFGR

• TRAP

• TTTS

• TAPS

SUMMARY OF MANAGEMENT OPTIONS

Prenatal: Management Options for all Twin Pregnancies

General

• Specialised multidisciplinary twin/multiple pregnancy clinics/services and

a standardised approach to care improve maternal and fetal outcomes.

• A tertiary centre care is recommended for:

• MCMA twin and triplet pregnancies

• MCDA and DCDA triplet pregnancies

• all higher-order pregnancies

• pregnancies complicated by discordant fetal growth, fetal anomaly,

discordant fetal death, TTTS, TAPS, TRAP or sFGR

• conjoined twins or triplets.

3.2.2 Screening and Prevention for Maternal Complications

Specific recommendations related to general antenatal care for women with

multiple pregnancy relate to nutrition, anemia and risk of PTB.

Nutrition

The metabolic rate of the mother is 10% greater in multiple pregnancy, reflect-

ing the increased nutrient demands and placental size in this setting. Evidence

regarding the potential benefits of special high-calorie diets and/or specific

dietary advice upon multiple pregnancy outcomes is not currently sufficient as

a basis for robust recommendations [144]. Women with multiple pregnancies

should therefore receive prenatal counselling regarding nutritional intake as in

routine antenatal care [54], with access to a specialist dietitian if required [144].

Anemia

In view of the higher incidence of anemia and haemorrhage in women with

multiple pregnancies, a full blood count should be performed at 20–4 weeks to
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identify whether earlier supplementation with iron or folic acid is required, in

addition to that performed routinely at 28 weeks [54]. Anemia should be

corrected antenatally to reduce the subsequent risk of a blood transfusion.

Hypertensive Disorders of Pregnancy

Sincemultifetal pregnancy is amoderate risk factor for pre-eclampsia, womenwith

multiple pregnancy need only one additional risk factor from the following list to

be recommended to take 75–150 mg/day of aspirin from 12 weeks until birth [54]:

• first pregnancy

• age 40 years or older

• pregnancy interval of more than 10 years

• body mass index (BMI) of 35 kg/m2 or more at first visit

• family history of pre-eclampsia.

Women with major risk factors such as prior hypertension, renal impairment,

diabetes or autoimmune disease would be recommended aspirin irrespective of

multiple pregnancy. All women should have their blood pressure measured and

urine tested for proteinuria to screen for hypertensive disorders at each antenatal

appointment in twin and triplet pregnancies as per routine antenatal care

[54,145].

PTB

Preterm birth is the leading cause of neonatal mortality and morbidity, and the

risk of PTB is as much as 10-times higher in twins than in singletons [1]. In the

2020 MBRRACE report, PTB was the leading cause of perinatal loss in DC

twins [65]. The causes of PTB for both singletons and multiples are multifac-

torial (Figure 3) but a significant proportion in multiples are medically indicated

due to maternal and or neonatal risks (i.e., iatrogenic) [146]. The pathological

causes of spontaneous PTB are similar to singletons (i.e., infection, cervical

insufficiency, placental dysfunction and stress) but again may occur in greater

proportions [147]. Preterm prelabour rupture of membranes complicates 7–8%

of twin pregnancies at a mean gestation of 30–2weeks (compared with 2–4% of

singletons). Additionally, the uterus may have a restricted capacity to distend

and permit adequate fetal growth within a multiple pregnancy, thus creating

a risk for preterm labour [5]. In a prospective study of 1,000 twin pregnancies

(800 DC and 200 MC), 29% of the DC pregnancies developed a maternal or

fetal condition, leading to birth before 36 weeks, whereas 34% of the MC twins

were born before 34 weeks [100]. In a systematic review of 29,864 twin

pregnancies, monochorionicity was found to be associated with an increased
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risk of preterm labour and thus PTB at <34 weeks, even if TTTS had been

excluded [101]. It is thus recommended that women with a multiple pregnancy

are informed of the risks and symptoms and signs of PTB [54].

Predicting the Risk of Preterm Labour

Tools to assist obstetricians in predicting and stratifying the risk of preterm delivery

in women with multiple pregnancy have gained increasing attention. Fetal fibro-

nectin (fFN) measurements may be of clinical value in threatened preterm labour

(i.e., symptomatic women). The National Institute for Health and Care Excellence

(NICE) guidance for preterm labour and birth recommends in symptomaticwomen

considering fFN testing to determine the likelihood of birth within 48 hours for

womenwho are 30+0weeks pregnant ormore, if cervical length (CL)measurement

is indicated, but is not available or not acceptable [148]. For asymptomatic

presentations, the accuracy of fFN testing in multiple gestations is inconclusive,

as reported in a 2018meta-analysis by dos Santos et al. [149]. However, the studies

in this review used qualitative fFN. Since the systematic review, a study by

Shennan et al. demonstrated that quantitative fFN (qfFN) can be used to predict

PTB <30 weeks’ gestation in asymptomatic women and that CL strengthens the

prediction. This data have been incorporated into the QUIPP app, which combines

qfFN, CL and woman’s risk factors, and evaluated in a cohort including twins

Figure 3 Factors affecting risk of preterm delivery in twins. Reproduced with

permission from Stock, S, Norman, J. Preterm and term labour in multiple

pregnancies. Semin Fetal Neonatal Med. 2010; 15: 336–41
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[150,151]. At present, NICE guidance does not recommend the use of fFN alone in

screening asymptomatic women with multiple pregnancy [54,152]. In September

2024 the manufacture ceased production of fetal fibronectin for the UKmarket and

thus it will no longer be available.

Cervial length is not routinely measured in women with multiple preg-

nancies in order to screen for risk of PTB in an asymptomatic population.

A 2016 meta-analysis of 4,409 asymptomatic twin pregnancies demon-

strated a significant and non-linear relationship between the gestational

age at screening and CL measurement on the gestational age at birth [153].

Earlier screening (≤18+0 weeks) was most predictive of PTB prior to 28

weeks, whereas later screening (>22+0 weeks) was more predictive of

delivery at 28+1–36+0 weeks’ gestation [153]. Serial CL measurements

provide some promise for predicting the risk of PTB. However,

a distinction between screening all multiple gestation pregnancies (a large

cost implication) or only subgroups of patients with certain predisposing

risk factors needs to be established to not over-investigate and over inter-

vene. The current recommendation of NICE is that CL measurement should

not routinely be used as a screening method [54]. In 2024 NICE updated

their guidance to recommend that women with a twin or triplet pregnancy

are offered a single cervical length scan between 16 and 20 weeks [54].

Prevention of Preterm Labour

In theNICETwin and Triplet Pregnancy guideline, based on available evidence, the

following interventions are not routinely advised in the context of PTB prevention

in multiple pregnancy [54]:

• bed rest at home or in hospital

• intramuscular (IM) progesterone

• Arabin pessary

• cervical cerclage

• history indicated

• ultrasound indicated

• physically indicated

• oral tocolytics.

The Society for Maternal–Fetal Medicine (SMFM) and ACOG also do not

recommended restriction of activity, use of tocolytics or cervical cerclage for

prevention of PTB (history and US indicated) based solely on the indication of

multiple gestation, however, physically indicated cerclage should be considered

on a case-by-case basis [154,155].
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Bed-rest

Historically, bed-rest has been seen as a useful approach to reduce the risk of PTB.

However, a recent Cochrane review of six RCTs evaluating the role of complete or

partial bed-rest to reduce the incidence of PTB in twin and triplet pregnancy found

no evidence to support its use [156]. Prolonged bed-rest is also associated with an

increased risk of venous thromboembolism and worsening maternal mental illness

[73].

Progestogens

There has been much research interest in vaginal progesterone for the preven-

tion of PTB in twin pregnancy. There have been several systematic reviews and

individual patient data (IPD) assessing the evidence and different subgroups of

women that have informed current guidelines. A 2019 Cochrane systematic

analysis, which included 17 studies (4,773 women), concluded that overall, for

women with a multiple pregnancy, the administration of progesterone (either

IM or vaginal) does not appear to be associated with a reduction in risk of PTB

(<34 weeks) or improved neonatal outcomes [157]. A 2017 updated IPD meta-

analysis assessed individual patient data outcomes for 303 asymptomatic

women with a twin gestation and sonographic short cervix (≤25mm) in the mid-

trimester (159 assigned to vaginal progesterone and 144 assigned to placebo/no

treatment) and their 606 fetuses/infants from six RCTs [158]. The authors

concluded that vaginal progesterone treatment, compared with placebo, is

associated with a statistically significant reduction in the risk of PTB <33

weeks (31.4 vs 43.1%, RR: 0.69, 95% CI: 0.51−0.93, moderate-quality evi-

dence). Moreover, vaginal progesterone administration was found to be associ-

ated with a significant decrease in the risk of PTB <35, <34, <32 and <30 weeks

(RRs range: 0.47−0.83), NND (RR: 0.53, 95% CI: 0.35−0.81), RDS (RR: 0.70,

95% CI: 0.56−0.89), composite neonatal morbidity and mortality (RR: 0.61,

95% CI: 0.34−0.98), use of mechanical ventilation (RR: 0.54, 95% CI: 0.36

−0.81) and BW <1,500 g (RR: 0.53, 95% CI: 0.35−0.80) (all moderate-quality

evidence). Some of the significant findings reported in this analysis (PTB <33

weeks, NND) became statistically non-significant when the sensitivity analysis

was restricted to trials with adequate blinding of patients, clinical staff and

outcome assessors. However, the sensitivity analyses did not substantially

change the magnitude and direction of effect sizes obtained in the overall

analysis. It should be noted that 74% of the sample size included within this

review was provided by a single study that has now been retracted online [159].

Thus ACOG, SMFM and Royal Australian and New Zealand College of

Obstetricians and Gynaecologists (RANZCOG) currently do not recommend the

use of vaginal progesterone for preventing PTB in twin pregnancies [155,160,161].

28 High-Risk Pregnancy: Management Options

use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009526142
Downloaded from https://www.cambridge.org/core. Berklee College Of Music, on 11 Feb 2025 at 16:34:48, subject to the Cambridge Core terms of

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009526142
https://www.cambridge.org/core


In 2024 NICE considered the evidence for progesterone and updated their guidance

to include advice for management of women identified with a short cervix on

ultrasound. This included offering progesterone 200mg vaginal capsules once a

daywhen the cervical lengthwas 25mmor less, until 34weeks [54]. TheEvaluating

Progestogens for Preventing Preterm Birth International Collaborative (EPPPIC)

meta-analysis published in 2021 compared vaginal, IM or oral progesterone with

a control or with each other in asymptomatic women at risk of PTB [162]. Eight

trials on multiple gestations were included, mostly including women without

additional risk factors. Within the study vaginal progesterone did not reduce PTB

before 34 weeks (eight trials, 2,046 women, RR: 1.01, 95% CI: 0.84–1.20) nor did

IM progesterone for twins or triplets (eight trials, 2,253 women: 1.04, 0.92–1.18)

[162].Moreover, PPROMwas increasedwith IMprogesterone exposure inmultiple

gestations (rupture <34 weeks, RR: 1.59, 95% CI: 1.15–2.22) [162]. However, the

authors found no consistent evidence of benefit or harm for other outcomes with

either vaginal or IM progesterone. A 2021 study by Rehal et al., which was not

includedwithin the EPPPIC study, examined 1,194 twin pregnancies randomised to

either vaginal progesterone or placebo [163]. Findings were similar with EPPPIC in

that there was no overall reduction in PTB with the administration of vaginal

progesterone. However, a 2021 post hoc time-to-event analysis suggested that

vaginal progesterone may reduce the risk of spontaneous PTB <32 weeks in twin

pregnancies with a CL <30mm, although it may increase the risk of PTB if CL

≥30mm [163].

In a 2022 updated meta-analysis of six placebo-controlled studies, the use of

vaginal progesterone for asymptomatic twin gestations with a short cervix

(≤25 mm) detected sonographically demonstrated a statistically significant reduc-

tion in PTB <33weeks (38.5 vs 55.8%, RR: 0.60, 95%CI: 0.38–0.95, p = 0.03, I2 =

14%) [164]. Significant reductions in PTBwere also seen at <34, <32, <30 and <28

weeks in groups administered with vaginal progesterone. However significant

reductions in PTB were not seen for <35, <36 and <37 weeks’ gestation.

A declining trend was also seen in composite neonatal morbidity and mortality

[164]. The PROSPECT study is an eagerly awaited RCT that has been ongoing

since November 2015, looking at the use of vaginal progesterone (200 mg/day) or

cervical pessary compared a placebo to reduce the rate of PTB in twin gestations

with a CL <30 mm between gestation weeks 16 and 23 [165]. The current

recruitment target for this study is 630 participants. The ISUOG guideline for the

role ofUS in the prediction of spontaneous PTBwas updated in 2022 and concluded

that the prophylactic use of progesterone is not recommended in unselected preg-

nancies but that it could be considered in twin pregnancy with CL ≤25 mm [166].

There is limited available evidence of the potential benefit of IM progester-

one for twin pregnancies with a short cervix. A 2016 Cochrane review revealed
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that the risk of PTB <34 weeks’ gestation was greater in the IM progesterone

group compared to placebo (RR: 1.54, 95% CI: 1.06–2.26, 399 pregnancies,

two studies; low-quality evidence) [157]. Given the insufficient evidence for IM

progesterone, it is currently not recommended for use in PTB prevention.

Arabin Pessary

The value of Arabin cervical pessaries for PTB prevention in multiple pregnancy

is also uncertain. In singleton pregnancies, there is evidence to suggest a potential

benefit in relation to timing of delivery, and that treatment is overall well tolerated

[167]. Whether this therapy significantly reduces neonatal morbidity and mortal-

ity, however, is less clear. Specifically, within the context of multiple pregnancy,

the ProTwin multicentre RCT in the Netherlands published in 2013 measured the

effect of cervical pessaries directly upon neonatal outcome [168]. Of 808 women

included in the analysis (401 pessary group, 407 control group), 53 (13%) in the

pessary group had a poor perinatal outcome, compared with 55 (14%) in the

control group (RR: 0.98, 95% CI: 0.69–1.39). Prophylactic use of a cervical

pessary in all-risk multiple pregnancies was not found to reduce poor perinatal

outcome (stillbirth, periventricular leukomalacia, severe RDS, bronchopulmon-

ary dysplasia, intraventricular haemorrhage, necrotising enterocolitis, proven

sepsis and NND). Planned subgroup analysis in women with a CL <25th centile

(<38 mm) (n = 78 pessary group, 55 control group) did find that the pessary

significantly reduced the frequency of poor perinatal outcome and very preterm

delivery [168]. The results from the ProTwin trial have been corroborated by the

2016 PECEP-Twins trial, whereby a cervical pessary placement for a CL ≤25mm

demonstrated a significant reduction in rate of spontaneous PTB prior to 34weeks

compared to expectant management (11/68 (16.2%) vs 26/66 (39.4%), RR: 0.41,

95% CI: 0.22–0.76) [169].

Data from a 2016 open-label international RCTevaluating prophylactic cervical

Arabin pessary insertion from 20 to 24+6 weeks’ gestation until elective removal or

delivery versus expectant management in twin pregnancies (n = 1180 women)

found no difference in spontaneous early PTB at <34 weeks (RR: 1.054, 95% CI:

0.787−1.413, p = 0.722), perinatal death (RR: 0.908, 95% CI: 0.553−1.491, p =

0.702), adverse neonatal outcome (RR: 1.094, 95%CI: 0.851−1.407, p = 0.524) or

neonatal therapy (RR: 1.040, 95% CI: 0.871−1.242, p = 0.701) [170]. Comparing

this to the ProTwin trail there were different cut-offs used for reduced CL (22 and

38 mm, respectively) which may explain the different conclusions.

This was similarly the case for a 2018 open RCT of 357 pregnant women

(24+0−33+6 weeks) who had not delivered 48 hours after a threatened preterm

labour episode and had a short cervix remaining (≤25 mm at 24+0−29+6 weeks;
≤15 mm at 30+0−33+6 weeks). No significant differences between the pessary
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and routine management groups were observed in the spontaneous PTB rate

<34 weeks (19/177 (10.7%) in the pessary group vs 24/175 (13.7%) in the

control group; RR 0.78; 95% CI, 0.45–1.38) [171]. A systematic review that

assessed the effectiveness of cervical pessary in the prevention of PTB in

multiple pregnancies with a short cervix (<25 mm) found no benefit of using

cervical pessary in the prevention of PTB, BW <1,500 g, <2,500 g, adverse

neonatal events and fetal/NND in twin pregnancies with a short cervix. The

authors concluded that more RCTs are required in this area [172].

In response to this call, the STOPPIT-2 RCT was completed in 2021. This

was a multicentre open-label RCT and screened 2,228 twin pregnancies for

a short CL between weeks 18+0 and 20+6. Women with a CL ≤35mm were

assigned to either an insertion of pessary and standard care, or standard care

alone. The Arabin pessary was associated with 18.4% rate of PTB <34 weeks

compared with 20.6% following standard care alone (AOR: 0.87, 95% CI:

0.55–1.38, p = 0.54) [173]. The evidence remains that the use of the Arabin

pessary for PTB prevention has limited efficacy.

Cervical Cerclage

Cervical cerclage for any indication (history, US or physical exam) is not

routinely recommended since the effectiveness and safety of this procedure in

multiple gestations remains controversial. This recommendation is mainly based

on a 2014 Cochrane review (five trials of average to above average quality, n =

128 multiple pregnancies, 122 twins and six triplets) that investigated whether

cervical cerclage improved perinatal outcomes (perinatal death and/or serious

neonatal morbidity) specifically in multiple gestations identified as high risk of

pregnancy loss according to maternal history alone, US findings of ‘short cervix’

or physical exam changes in the cervix. No statistically significant differences in

perinatal deaths (19.2 vs 9.5%, RR: 1.74, 95% CI: 0.92–3.28) or serious neonatal

morbidity (15.8 vs 13.6%, RR: 0.96, 95% CI: 0.13–7.10) were identified, but this

in part reflects the low participant numbers included [174].

History-indicated cerclages can be placed for patients who have predisposing

risk factors that may increase the propensity of these patients to develop future

cervical insufficiency and subsequently deliver preterm. A retrospective cohort

study in 2019 of 82 twin pregnancies with a prior history of PTB at 20–36

weeks’ gestation were split to either having a history-indicated cerclage or

expectant management. The rates of spontaneous PTB <24 weeks (2.4 vs

19.5%, OR: 0.10, 95% CI: 0.01–0.87, p = 0.03), <28 weeks (12.2 vs 34.1%,

OR: 0.27, 95% CI: 0.09–0.84, p = 0.03), <32 weeks (22.0 vs 56.1%, OR: 0.22,

95% CI: 0.08–0.58, p = 0.003) and <34 weeks (34.1 vs 82.9%, OR: 0.11, 95%

CI: 0.04–0.30, p <0.0001) were significantly lower in the cerclage group than in
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the control group [175]. This study demonstrated the potential positive impli-

cations that history-indicated cerclage can have in twin gestations on reducing

the rate of PTB.

The detection of a short cervix on US, in the absence of symptomatology

suggesting threatened preterm labour may warrant the placement of a cervical

cerclage. A 2019 meta-analysis of 16 studies reporting on the placement of

a cervical cerclage following incidental finding of a CL <15 mm on US in twin

pregnancies demonstrated a significant prolongation of pregnancy (mean dif-

ference of 3.89 weeks’ gestation, 95% CI: 2.19–5.59, p = 0.000, I2 = 0%) and

a reduction of PTB <34 weeks’ gestation (RR: 0.57, 95% CI: 0.43–0.75, p =

0.000, I2 = 0%) and <32 weeks’ gestation (RR: 0.61, 95% CI: 0.41–0.90, p =

0.010, I2 = 0%), compared to those pregnancies expectantly managed [176].

There was, however, some criticism of this study, as much of the data were

derived from retrospective cohort studies rather than high-quality RCTs. There

are two RCTs that are in the recruitment phase that will examine the potential

benefit of cervical cerclage for twin pregnancies with a short cervix [177,178].

These may provide valuable recommendations towards the potential clinical

efficacy of this intervention, but until then, based on the current evidence, a US-

indicated cervical cerclage is not routinely recommended.

Cervical cerclages can also be placed in situations whereby physical exam-

ination indicates evidence of a dilated cervix, in the absence of symptoms of

preterm labour. Li et al. demonstrated a significant prolongation of pregnancy

(mean difference of 6.78 weeks, 95% CI: 5.32–8.24; p <0.0001), significant

reduction of PTB <34, <32, <28 and <24 weeks’ gestation by 40–65%, and

significant improvement in the perinatal outcomes for twin pregnancies pre-

senting with a dilated cervix >10mm between 14 and 26 weeks’ gestation [176].

An RCT published in 2020 was concluded prematurely as there was

a demonstrated significant benefit within the intervention arm [179]. The inser-

tion of a physical indicated cerclage in twin gestation was associated with

a reduction in PTB at less than 28 weeks of 50%, with an overall reduction in

perinatal mortality by 78%. The study also demonstrated a significant reduction

in PTB at all gestations when cerclage was used in a combination with tocoly-

tics (indomethacin) and antibiotics [179]. The updated 2022 ISUOG practice

guideline for US in PTB prediction recommends a consideration of physical

examination cerclage in twin pregnancies with a short cervix when in combin-

ation with antibiotics and tocolytics [166].

Use of Corticosteroids

The use of corticosteroids in twin pregnancy is not routinely recommended,

unless targeted in the context of threatened PTB, PPROMor intended iatrogenic
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early PTB [54].Whether corticosteroids are as effective in preventing RDS as in

singleton pregnancies is uncertain. The benefits and harms of antenatal cortico-

steroids at later preterm gestations are an important area of research.

Management of Threatened Preterm Labour

Of those women who present with symptoms suggestive of preterm labour,

only 22–9% subsequently deliver within seven days [152,180]. In the setting

of PTB, the timely administration of antenatal steroids is crucial. The 2018

EPIPIAGE-2 study demonstrated a significant reduction in perinatal mortal-

ity, periventricular leukomalacia and intraventricular haemorrhage in twin

neonates that were delivered within seven days of the completed course of

steroid regime [181]. However, as it is difficult to predict PTB, it is important

to educate women about the signs and symptoms of preterm labour so that

they can present early, and corticosteroids can be given in time to optimise

efficacy.

Infection/inflammation is commonly associated with PTB, in particular at

<30 weeks’ gestation. Given the association between PPROM and intrauterine

infection, current guidance endorses the routine use of antibiotics for women

with PPROM [182]. In singletons, this is shown to have significant short-term

value in terms of reduced infection rates, improved latency to delivery and early

perinatal outcome, but the long-term benefits are not proven [183]. Studies

specifically evaluating prophylactic antibiotic use in twins are limited, the

evidence regarding singletons guides current practice [184].

Antenatal Magnesium Sulphate

A Cochrane review involving 6,145 babies concluded that antenatal therapy

administered to women at risk of PTB substantially reduced the risk of moderate

to severe cerebral palsy in their offspring. Subgroup analysis comparing single-

ton and twin outcomes found no significant difference. Magnesium sulphate in

twins at risk of PTB is therefore recommended for neuroprotection when

delivery is anticipated, and no contraindications exist. [185].

Tocolytics

The value of tocolytics is more controversial in multiple pregnancy with limited

published data on their use [186]. Tocolytic therapy for 48 hours may enable

corticosteroid administration. Beyond this their utility is unproven, and certainly

the potential risks of therapy require consideration by an experienced obstetrician.

There has been an RCT underway since 2016 comparing the use of Atosiban

(oxytocin inhibitor) versus nifedipine (calcium channel blocker) for the manage-

ment of preterm labour in twin pregnancies [187]. Its primary and secondary

outcomes include duration of labour and infant morbidity.
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Delayed Delivery of the Second Twin

After delivery of the first fetus during a very early PTB or second-trimester

miscarriage, delay in delivery may be an effective management option to

increase the chance of survival of the remaining fetus(es). Meta-analysis of

492 pregnancies (432 twins (88%), 56 triplets (11%), three quadruplets and

one quintuplets) found that a delayed-interval delivery significantly improved

the perinatal survival of remaining fetus(es) compared with the first-born (OR:

5.2, 95% CI: 2.95–9.25), before 20 weeks (OR: 6.32, 95% CI: 1.99–20.13)

between 20 and 23+6 weeks (OR: 3.31, 95% CI: 1.95–5.63) and >24 weeks

(OR: 1.92, 95% CI: 1.21–3.05), in DCDA (OR: 14.89, 95% CI: 6.19–35.8),

and in unselected triplet pregnancy (OR: 2.33, 95% CI: 1.02–5.32) [188]. No

significant difference in short- or long-term neonatal morbidities between the

first-born and the remaining fetus(es) was identified. Serious maternal mor-

bidity was however reported in 39% of pregnancies after delayed-interval

delivery.

SUMMARY OF MANAGEMENT OPTIONS

Screening for and Prevention of Maternal Complications

Nutrition

• Routine antenatal counselling regarding nutritional intake is recom-

mended, and women with multiple pregnancy should be made specific-

ally aware of the increased metabolic demands associated with multiple

pregnancy, though there is no evidence to support advocating an

increased calorific intake.

Anemia

• Perform a full blood count at 20−4 weeks to identify whether earlier

supplementation with iron or folic acid is required, in addition to that

performed routinely at 28 weeks.

Hypertensive Disease

• Screen for hypertensive disease with blood pressure and urinalysis at

antenatal appointments.

• Assess risk of hypertensive disorders and prescribe low-dose aspirin

(75−150 mg/day) for women with two or more of the following risk

factors:

• first pregnancy
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(cont.)

• age ≥40 years

• pregnancy interval >10 years

• BMI ≥35 kg/m2 at first visit

• family history of pre-eclampsia.

Preterm Labour

• Women should receive clear, timely counselling and support regarding

their significantly increased risk of PTB.

Predicting the Risk of Preterm Labour

• Fetal fibronectin: not routinely recommended in asymptomatic women

with multiple pregnancy in the UK; should be reserved for use in

symptomatic women.

• Women with twin or triplet pregnancy in the UK can be offered a CL

measurement between 16–20 weeks.

Prevention of Preterm Labour

• There is no evidence of benefit of routine use of bed-rest or oral tocolytics.

• There is conflicting evidence of benefit of cervical cerclage (indicated by

history, cervical US or vaginal examination), Arabin pessaries or IM

progesterone.

• In the UK vaginal progesterone can be offered to women with a twin or

triplet pregnancy and a short cervix ( </= 25mm).

• Only use corticosteroids with an additional risk of preterm delivery

(e.g., threatened PTL, PPROM, elective preterm delivery).

Management of Threatened Preterm Labour

• Counsel women about the higher risk of PTB, ask them to be vigilant for

early symptoms of preterm labour and encourage prompt self-referral if

PTL is suspected.

• Routinely use antibiotics with PPROM, although the evidence is from

studies in singleton pregnancies.

• Give magnesium sulphate if preterm delivery is anticipated.

• Give corticosteroids.

• The use of tocolytics is controversial.

• More data are needed to allow recommendations about delaying the

delivery of the second twin.
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3.2.3 Prenatal Surveillance

Dating and Chorionicity

As soon as a multiple pregnancy is identified, the gestational age, amnionicity

and chorionicity should be documented with US. This enables appropriate

planning of prenatal care and surveillance as well as allowing informed coun-

selling of the risks of the multiple pregnancy for the parents. Knowledge of

chorionicity is also important in the event of the need for invasive diagnostic

procedures or counselling in the event of discordance (anomaly or growth).

Assessment of size for dating purposes is performed in the first trimester at

the same time as chorionicity and amnionicity assessment whenever possible,

using crown rump length (CRL) as the recommended measure. This should be

performed when the CRL is between 45 and 84 mm (i.e., 11+0–13+6 weeks)

[92]. Crown rump length discrepancy within the first trimester is a common

finding when scanningmultiple gestations [189]. To assist identification of early

fetal growth pathology, the larger fetus measurements are generally used to

estimate gestational age [54,92]. When twin pregnancy follows IVF, gestational

age is decided by using oocyte retrieval date and adding 14 days.

Small CRL differences between twins within the first trimester may appear to

be physiological, however, larger discrepancies may be of pathological origin and

warrant a referral to fetal medicine specialist for a detailed assessment in view of

worsening perinatal outcome [88]. This has been confirmed by a 2020 cohort

study of 6,225 twin pregnancies that demonstrated an increased CRL discordance

is associated with increased fetal and perinatal death [88]. Crown rump length

discrepancy in the first trimester of 10 mm represents a significant growth

discrepancy and is predictive of subsequent EFW discordance [73,83,190].

Management of CRL discordance is determined by chorionicity. In MC twins,

invasive testing should occur when additional anomalies are co-existing, how-

ever, discordance should prompt more intense fetal surveillance due to the high

risk associated with sFGR secondary to unequal placental vascular sharing

(AUC: 0.89) [191]. In DC twins, a reduced fetal size may present as the first

sign of a congenital anomaly, as the risk of fetal anomalies is greater in DC

compared to MC twins, thus CRL discordance should prompt detail second-

trimester assessment, as well as invasive testing [92,191].

The accuracy of second-trimester estimation of dating by size measurement

is acceptable if required, and the best estimate is obtained by using head

circumference (HC), AC and femur length in combination [83]. For women

having the dating scan performed after 14 weeks, the larger HC should be used

to date the pregnancy [92].
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Chorionicity should be determined at the time the twin pregnancy is detected.

This is best performed before 14 weeks’ gestation. After this time, distinguishing

US features become more difficult to identify. Accuracy rates for determining

chorionicity at first-trimester US (compared to pathological examination) are up

to 96% with transabdominal US and 100% with transvaginal [192,193]. Prior to

10 weeks’ gestation, a single gestational sac containing two live fetuses can

indicate the presence of MC twins, compared with two gestational sacs with

individual live fetal poles suggesting DC twins [194]. Between 10 and 14 weeks,

the number of placental masses, a lambda sign or T-sign,membrane thickness and

sex discordance should be assessed to elicit chorionicity [54]. It is recommended

that a US image is kept in the maternity records for future reference [92]. If only

one placenta is visualised, the presence of an extension of chorionic tissue

(lambda sign) suggests dichorionicity, and its absence (T-sign), monochorionicity

(Figure 4) [194,195]. Additionally, a thin inter-twin membrane is associated with

MC twins, whereas an echogenic and thick membrane suggests DC twins. There

are several pitfalls during the dating scan that can lead to difficulty when

determining chorionicity. In advancing gestation, the appearance of the lambda

sign can become less prominent. A 2016 meta-analysis of more than 2,000 twins

reported a diagnostic accuracy of the lambda signs of 99% prior to 14 weeks’

gestation for diagnosing DC twins, whereas by 20 weeks’ gestation, the accuracy

fell substantially to 7% [196,197]. Furthermore, there are several anatomical

variations of the membrane-placental junction (MPJ) that can mimic a lambda

sign. Cord insertion at the MPJ may resemble a lambda sign, however, the use of

colour flowDoppler can help to clarify diagnosis [198]. A haematoma at theMPJ

can alsomimic a fake twin peak sign, however, a continuous scan along the entire

length of theMPJ can help differentiate whether or not there are two sacs [199]. In

very rare circumstances, there can be co-existence of a T and lambda sign,

representing a hybrid placentation constituting both MC and DC characteristics

[194]. To date, there have only been three such cases reported.

Diagnosis of MA twins within the early first trimester can include assessing

the number of yolk sacs, with approximately two-thirds having the presence of

a single yolk sac, and one-third two yolk sacs, similar to DA twins [200]. Thus,

the presence of an MA pregnancy has to be confirmed at the 11–14-week scan

and is initially demonstrated by the lack of a dividing membrane on US and

a transvaginal US may be required. The cords can also be assessed by pulsed-

wave Doppler looking for the presence of cord entanglement [92,94]. Cord

entanglement is detected when two distinct arterial waveform patterns with

different heart rates are observed within the same sampling gate [92].

MC twins are MZ and thus concordant for fetal sex with discordant sex

pregnancies being DZ. Very rarely there can be discordant sex MC pregnancies
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secondary to sex chromosome abnormalities (X/XYmosaicism, XX/XYmosai-

cism), genital malformations of one fetus or DZ twins forming an MC placenta

[194,195]. For like-sex DC twin pregnancies, 20% will be MZ, and in these

instances, zygosity can only be determined by DNA fingerprinting. It is not

routine in the UK to offer this. In certain circumstances it may be required either

prenatally (e.g., to determine individual genetic risk or to demonstrate dichor-

ionicity in the presence of fetal compromise) or postnatally (e.g., to determine

genetic risk, transplantation compatibility).

There has also been much recent interest in developing a systematic twin

labelling system for US assessment. Determination of gestational sac position

and orientation, namely, lateral (left and right) or vertical (upper and lower), is

now recommended to facilitate the accuracy of serial fetal antenatal assessment

and should be clearly documented in the woman’s case notes [54,92]. This is

considered more reliable than previous techniques that utilised fetal position

relative to the maternal cervix, which is changeable and thus potentially mis-

leading both antenatally and at the time of delivery [201]. Gestational sac

position cannot be used, however, for MA pregnancies.

Figure 4 First-trimester US determination of chorionicity: DC showing lambda

sign; MC showing T-sign. From Ward, RH, Whittle, MJ (eds). Multiple

Pregnancy. London: RCOG Press, 1995
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Twins of Unknown Chorionicity

With the advent of first-trimester scanning, the incidence of unknown chorioni-

city has declined rapidly. Pregnancies where this has not been accurately deter-

mined, particularly those with the same-sex and discordant growth, present

a challenge. An/oligohydramnios can make the lambda sign unreliable. In this

situation, 30% of twins will be MC and chorionicity should be assessed by

detection of an AA anastomosis with the characteristic bidirectional waveform,

DNAdetermination of zygosity by amniocentesis and/or identification of the cord

insertion at the inter-twin membrane. Where chorionicity cannot be accurately

determined, the pregnancy should be managed as an MC pregnancy [54,92].

Fetal Abnormality Screening and Diagnosis

Screening for both structural abnormalities and aneuploidy uses the same methods

as for singleton pregnancies. The introduction of widespread first-trimester US and

themeasurement ofNThas affordedwomenwithmultiple pregnancies the optionof

aneuploidy screening that provides a fetus-specific risk in DC pregnancies and

pregnancy risk in MC pregnancies. While knowledge of chorionicity is important

when considering invasive procedures and interventions, it is zygosity that deter-

mines aneuploidy risk. Before embarking on any screening or diagnostic test,

parentsmust be adequately counselled about the possibility of a discordant anomaly

and the implications of a positive result. In the case of discordant structural or

chromosomal anomaly, there are essentially three management options: conserva-

tive, selective feticide (see Section 3.2.4) or termination of the whole pregnancy.

Women with a triplet pregnancy should be counselled about the greater risks of

aneuploidy, the increased false-positive rates for screening and thus potential need

for invasive testing with greater risks for the pregnancy and the potential interven-

tions (e.g., SR with physical risks and psychological implications) [54].

NT

At the first-trimester US scan, NTmeasurement for aneuploidy is offered to parents

[145]. In MC twin pregnancies there is an increased risk of discordant NT meas-

urements and an increased false-positive rate for screening. This is because discord-

ant NT measurements may represent early manifestations of other MC pregnancy

complications such as TTTS [202]. However, NT measurement is the only tech-

nique that allows an individual risk to be assigned, allowing for targeted fetal

karyotyping and selection of ‘low-risk’ fetuses in the context of MFPR. For twins

where there is a vanished twin with a remaining measurable fetal pole, triplets and

higher-order multiples, the only form of first-trimester screening available is NT

alone or combined with maternal age.
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Discrepancy in NT in twin gestations has also been associated with adverse

perinatal outcomes. A discordance of 20% between fetuses should prompt the

same management options in MC and DC twins as in CRL discrepancies [191].

Combined Test

The combined screening test (NT, β-human chorionic gonadotropin (β-hCG),
pregnancy-associated plasma protein A (PAPP-A)) is recommended by the

NICE in twin pregnancies in the first trimester, ideally between weeks 11 and

12 [54]. Women with a multiple pregnancy should be adequately counselled

regarding the greater likelihood of Trisomy 21 (Down Syndrome) before

screening is performed. The potential screening options available should also

be explained, and their associated sensitivities and false-positive rates. In a 2014

review of twin pregnancies undergoing the combined screening, the sensitivity

and specificity for trisomy 21were 86.2% (95%CI: 72.8–93.6) and 95.2% (95%

CI: 94.2–96.0) for DC twins, while the corresponding figures for MC twins

were 87.4% (95% CI: 52.6–97.7) and 95.4% (95% CI: 94.3–96.3), respectively.

In comparison, sensitivity was 89% for singletons for the same 5% false-

positive rate [203]. Women who have a 1:150 or greater risk should be referred

to a fetal medicine specialist in a tertiary-level fetal medicine centre [54].

Second-Trimester Serum Screening

Where first-trimester screening is not able to be offered, second-trimester serum

screening may be offered in the form of the quadruple test. The quadruple test can

be offered between 14+2 and 20+0 weeks’ gestation and measures levels of alpha-

fetoprotein, human chorionic gonadotropin (hCG), unconjugated estriol and

inhibin A. The screening performance for multiple pregnancy is worse when

using the quadruple test, particularly with DC twins, and it is not currently

recommended for screening in triplet pregnancies and higher-order multiples [54].

Non-invasive Prenatal Testing

Cell-free fetal DNA-based non-invasive prenatal testing (NIPT) has a high-test

accuracy in singleton pregnancies, but a lower test accuracy in twin pregnancies.

Failure rates are reported to be three-times higher in twin pregnancies than in

singletons, with AR and raised maternal weight noted to be contributing factors

[204]. A recent prospective multicentre study of 1,000 twins pooled its data with 11

additional studies that were previously published within the literature to identify the

screening performance of using cell-free fetal DNA (cffDNA) for common triso-

mies (trisomy 21, 18, 13). The detection rate and false-positive rate were 95% (95%

CI: 90–9) and 0.09% (95%CI: 0.03–0.19) for Trisomy21,whilst 82% (95%CI: 66–

93) and 0.08% (95% CI: 0.02–0.18) for Trisomy 18 [205]. Only five cases of
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Trisomy13were detected,whichyielded an average detection rate of 80%and false-

positive rate of 0.13%; however, CIs could not be calculated due to the small sample

size [205]. Theworse test performance is believed to be because testing inDZ twins

relies on differentiating and quantifying DNA molecules from three different

sources (two non-identical twins and the mother) as opposed to just two (two

identical twins or a single fetus and the mother). In DZ twins, discordance is

a significant issue, as only one fetus is likely to be affected. The cffDNA fraction

can vary between DZ twins nearly two-fold, which means that the cffDNA fraction

from the affected fetus may be below the threshold of 4% required for testing while

the unaffected twin may contribute a high cffDNA fraction; therefore, the total

cffDNA fraction may appear satisfactory and produce a false-negative (low-risk)

result [73,206,207].

Monozygotic twins produce identical DNAmolecules and therefore should be

treated as singletons during this screening test. Whilst NIPT should be easier,

there is the issue of confirming chorionicity to be confident in the results.

However, a small proof-of-principle study (n = 8) has demonstrated that it is

possible to determine chorionicity non-invasively using cffDNA, although this

needs further validation [208]. There is also the problem of single twin demise

and vanishing twin, whereby the cffDNA remainswithin themother’s circulation.

Studies predict that it remains within the maternal circulation for at least eight

weeks and up to 15 weeks, and consequently has been attributed to result in 42%

of the confirmed false-positive results [209,210,211].

As with all cffDNA NIPT, the ethical implications of the results also need to

be considered, particularly in the case of twin discordance and potential select-

ive feticide, which may not be sufficiently acknowledged by women who see

NIPTas a routine blood test. Within the UK, the National Screening Committee

(NSC) implemented the routine use of cffDNA as a secondary screening tool in

2020 for twin pregnancies receiving a >1 in 150 trisomy risk result from

combined screening [212], in the same way it is offered as a contingent test in

singleton pregnancies. The International Society of Prenatal Diagnosis (ISPD)

and ACOG recommend its use in twin pregnancies [213,214].

Screening for Fetal Abnormality

If the woman consents, US should be performed between 18+0 and 20+6 weeks

to detect structural anomalies. This includes extended cardiac views, namely,

the four-chamber view, the left and right ventricular outflow tracts, the three-

vessel view and the transverse arch view. In principle, this is no different to

standard antenatal care with singleton pregnancies [145,212].
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Invasive Prenatal Diagnosis

The chance of being offered invasive testing and the likelihood of complications

associated with these procedures are both increased in the context of a multiple

pregnancy. The complexity of counselling, performing the technique and manage-

ment options necessitates that they be performed in a fetal medicine referral centre.

The objectives when performing invasive testing in multiple pregnancies are:

• determination of chorionicity

• detailed US examination to determine fetal gender

• mapping/documentation of fetal position, placental site, septal site and cord

insertions

• accurate and detailed labelling of samples with details of fetus and needle

insertion site.

Some guidelines recommend chorionic villus sampling (CVS) as the preferred

technique in DC pregnancies as it can be performed earlier and thus facilitate

earlier intervention if needed [92]. In DC twins, both placentas should be

sampled with a separate needle. In the case of fused placentas in DC twins or if

chorionicity is doubtful, each side of the placenta should be sampled accord-

ingly [73]. In MC twins, only one sample is usually required, notwithstanding

rare cases of discordant karyotypes in MZ twins. For amniocentesis, ideally

both amniotic sacs should be sampled, however, in cases where there are no

detected fetal anomalies and concordant growth, a single sample from one

amniotic sac may be considered.

Systematic review evidence for fetal loss following invasive testing suggests

a rate of 2.0% (95% CI: 0.0–6.5%) for CVS compared with 1.8% (95% CI: 0.3–

4.2%) in those not undergoingCVS. For amniocentesis, the rate was 2.4% (95%CI:

1.4–3.6%) and 2.4% (95% CI: 0.9–4.6%) for twin gestations not undergoing

amniocentesis [215]. This review and a 2021 retrospective study investigating

pregnancy loss after CVS demonstrate that the risk of fetal loss following amnio-

centesis and CVS in twins is lower than reported previously and the rate of fetal loss

before 24weeks’ gestation, or within four weeks after the procedure, does not differ

from the background risk in twin pregnancy not undergoing invasive prenatal

testing [215,216]. There is a lack of evidence related to the risks of increasing

number of needle insertions [215].

A high level of heterogenicity can be seen within published studies on fetal

loss following invasive testing, mainly due to the variable level of inclusion

criteria, differences in study design and published outcome data on chorionicity.

However, patients must be informed regarding the potential risks of invasive

testing, particularly taking into consideration the factors that may increase rate
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of fetal loss such age maternal BMI, placental position and rate of baseline risk

for fetal loss [216,217].

Additionally, fetal blood sampling (FBS) may be indicated for similar

reasons as in singletons (e.g., fetal anemia, hydrops, congenital infections,

thrombocytopenia). When performing FBS, the intrahepatic vein may be sam-

pled to avoid confusing the cord origins in twins. The procedure-related loss

rate is four-times higher than in singletons (8.2 vs 2.5%) [218].

Fetal Surveillance

The frequency of US evaluation in multiple pregnancy is determined by chor-

ionicity. In DC pregnancies, surveillance is mainly directed at the detection of

growth disorders. In MC pregnancies, surveillance is more frequent with

additional Doppler measurements due to the higher risks of fetal demise and

risk of complications specific to monochorionicity, as previously described. As

discussed earlier, higher-risk multiple pregnancies should be cared for in

a tertiary referral unit and for certain pregnancies this will require US monitor-

ing performed in a fetal medicine centre.

DC Twin Pregnancy

There is a consensus among most international guidelines that DC twins should

be scanned every four weeks, with more frequent assessments if any complica-

tions arise. The recommendation of ISUOG and NICE is that scans start at 24

weeks and occur every four weeks thereafter, with scans including fetal biom-

etry (NICE recommend two or more biometric parameters) and AFV (NICE

recommend using deepest vertical pocket (DVP)) and ISUOG recommend UA

Doppler. Discordance in EFW should be calculated and recorded [54,92]. The

ESPRiT multicentre prospective study assessed a two- versus a four-week US

interval for detection of FGR and found that detection with a four-week interval

reduced to 69% compared to 88% with a four-week interval [219].

Triplet Pregnancy

For trichorionic triamniotic triplet (TCTA) pregnancies, the frequency of sur-

veillance is often increased with NICE recommending intervals of 14 days [54].

MC Pregnancy

The recommendation of NICE, RCOG, ISUOG and RANZCOG is that USs

should be offered that monitor for TTTS, FGR and TAPS every 14 days from 16

weeks until birth. Scans should assess biometry, amniotic fluid in each sac and

the UA PI (NICE recommend UA Doppler only in the presence of growth
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discordance or amniotic fluid discordance as does ACOG). The RCOG also

highlights the importance of assessing the fetal bladders. There is variation in

the recommendations related to MCA Dopplers, with ISUOG, RANZCOG and

the International Federation of Gynecology and Obstetrics (FIGO) stating that

these should be at every scan from 20 weeks and NICE and RCOG recommend-

ing that they are performed following laser therapy for TTTS or in the presence

of sFGR [54,92,94, 154, 220,221].

A 2021 study by Nicholas et al. examined a series of international guidelines

relating to management of MC pregnancies (25 guidelines). Conflicting recom-

mendations were related to screening for TAPS, routine UA Doppler, umbilical

vein and DV assessment. Published guidelines ranged from 2011 to 2020,

revealing the necessity for many international guidelines to be updated with

newly surfacing clinical work and ensuring a global consensus on the routine

sonographic assessment of MC twins [113].

Growth Discordance and sFGR

A high index of suspicion is required to identify early signs of FGR and/or fetal

growth discordance [94]. Both DC and MC twin pregnancies discordant for

fetal growth are at higher risk of IUD compared with pregnancies with con-

cordant BW. This is higher when at least one fetus is SGA [90]. As previously

discussed, a discordance in CRL measurement in the first trimester of 20% or

more is a risk factor for fetal growth disorders.

There is evidence that assessing EFWis less accurate in a twin than in a singleton

pregnancy and ISUOG recommends the use of head, abdomen and femur measure-

ments to calculate EFW,whileNICEandRCOGrecommend twoormore biometric

measurements from 16 weeks [54,92,94,222]. Singleton fetal growth charts are the

most commonly used charts for plotting of EFW to aid growth surveillance and

classification of SGAorFGR.There are differences in growth for twins compared to

singletons in the third trimester andmostmarked inMCpregnancies with a slowing

of growth in the third trimester. Thus, twin-specific growth charts have been

developed and proposed [223,224]. However, it is not clear whether the mechanism

behind this slowing of growth is pathological (i.e., FGR) or a physiological adapta-

tion. There is observational evidence to suggest that the use of twin charts can reduce

the rate of SGA diagnosis without compromising the detection of those fetuses at

risk of adverse outcome [225]. However, singleton growth charts remain the gold

standard at present.Theyprovide thebest predictors of adverse outcome in twins and

may be used for evaluating growth abnormalities [226].

As discussed previously, a recommended cut-off of 20% difference between

twins for discordance has been internationally adopted, given the increased
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risks of perinatal morbidity associated with a higher than 20% discordance [90].

For DC, MC and triplet pregnancies, NICE recommends that when discordance

has been detected, increased monitoring with weekly UADoppler is introduced

when there is an EFW discordance of 20% or more and/or any of the babies has

an EFW <10th centile for gestational age. The recommendation from ISUOG is

UADoppler every two weeks in DCwith sFGR and weekly inMC pregnancies.

When the EFW discordance is 25% or more and either baby has an EFW <10th

centile then NICE recommends fetal medicine referral with ISUOG using the

single indicator of discordance ≥25% and RCOG stating that this should occur

in MC pregnancies when the discordance is ≥20% as the sole indicator

[54,92,94]. Detection of a fetal weight discrepancy of 20% within the second

trimester is recommended by ISUOG to prompt a detailed anatomical assess-

ment, including screening for infection (cytomegalovirus, rubella and toxoplas-

mosis). Amniocentesis should also be considered [92].

Decisions relating to fetal surveillance, antenatal corticosteroid therapy and

timing of delivery are normally driven by the smaller twin of a discordant pair.

Heightened surveillance is indicated in those cases with an abnormal UA

Doppler, including measurement of DV waveforms prior to 32–4 weeks.

Amniotic fluid volume discordance is common, with the smaller twin showing

a reduced DVP and the larger a mild increase. In MC twins, if the DVP is not

<2 cm in the smaller and ≥8 cm before 20 weeks and ≥10 cm after 20 weeks in

the larger, then this is discordant growth and liquor volumes and not TTTS [94].

However, this should always be considered a potential diagnosis (sometimes

called ‘pre-Stage 1 TTTS’), as TTTS may still develop.

Timing of delivery is challenging, and should consider chorionicity, gesta-

tional age at the time of growth discordance and Doppler abnormalities. One

must also consider the added risks of prematurity for the normally grown co-

twin. There is currently no RCT that explores different management options in

twins with growth discordance. A 2022 IPD of 7,474 DCDA and 2,281MC twin

pairs derived from cohort studies demonstrated that growth discordance or SGA

was associated with a higher absolute risk of stillbirth or NND. However, on

balancing of these two risks, there was insufficient evidence to change the

optimal timing for delivery based on the detection of growth disorders alone

[227]. Decisions are often complex and require consistent parental counselling

by a multidisciplinary team with significant expertise in managing multiple

pregnancy with growth discordance [91].

For sFGR in DC pregnancies, ongoing management is as for singleton

pregnancies with monitoring with UA, MCA and DV Doppler as appropriate

[92]. However, the standard management of FGR requires modification in the

case of twins, as the wellbeing of both twins needs to be considered. In the
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setting of sFGR in DC twins, decisions relating to timing of delivery are similar

to those in singleton pregnancies, even if expectant management leads to the

death of the smaller twin when delivery is delayed until a time when the risks of

prematurity are acceptable for the appropriately grown twin.

For sFGR in a MC pregnancy, management and decisions are complicated by

the heightened risk of co-twin demise or adverse neurological sequelae if one fetus

dies, due to their shared circulation [91]. InMC pregnancies, the type and diameter

of vascular anastomoses can influence outcome and give rise to different charac-

teristics in the UAwaveform. Thus, a classification system (Gratacos classification

(Table 4)) based on UA Doppler waveforms in the smaller twin is now accepted

[121]. These patterns are influenced by the flow across AA anastomoses: in type 1,

70% have large (>2 mm) anastomoses, with 18% in type 2 and 98% in type 3.

There is an association with outcome (type 1 almost 100% survival, type 2 60%

and type 3 85%, but sudden unpredictable demise in 15%,with 50% risk of death in

larger co-twin): almost 100% of twin fetuses with type 1 sFGR survive, compared

to 60% of those with type 2 [122]. Thus, UA Doppler studies from 24 weeks’

gestation are recommended as standard care [94,228].

The management of severe growth discordance/sFGR in MC pregnancies is not

currently established. Differences do exist compared to singleton pregnancies: for

example, the latency that follows absent end-diastolic flow velocity before ‘pre-

terminal’ factors ensue is longer in MC twins. Paradoxically, this reflects

a temporary protective effect offered by the vascular anastomoses present in MC

pregnancies. It is generally accepted that pregnancies with abnormal UA Doppler

(sFGR types 2 and 3) should be assessed weekly, looking for signs of deterioration

or progression to TTTS. If there are signs of imminent demise of the smaller twin

(arrest of growth, anyhdramnios, abnormal venous Doppler) and delivery is not an

option, then SR may be considered to protect the larger twin from the risks of co-

twin demise or neurological disability (see Section 3.2.3). The course for type 3

sFGR is very unpredictable because the large placental anastomoses lead to large

hemodynamic fluctuation [121]. This can lead to sudden acute transfusion events

Table 4Classification system for selective intrauterine growth restriction inMC
pregnancies according to UA Doppler flow in the smaller twin [121]

Classification
system

Characteristics of UA Doppler flow during
examination

Type 1 Positive end-diastolic flow in the UA
Type 2 Persistent absent or reversed end-diastolic flow
Type 3 Cyclical pattern of positive flow and absent or reversed

end-diastolic flow
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that are not predictable; therefore, antenatal testing cannot reliably predict demise.

There is thus a significant risk of neurological damage in the non-growth-restricted

fetus of 20–40% [229].

Pregnancies with type 1 sFGR should be monitored weekly with UA Doppler

and middle cerebral artery (MCA) Doppler to exclude evolution of TAPS and are

delivered electively at 34–6weeks if there is satisfactory fetal growth velocity and

normal UA waveforms. Type 1 sFGR is characterised by a good perinatal

outcome when managed expectantly, and this represents the most reasonable

management strategy for the large majority of affected cases [230]. In type 2

sFGR, as for type 3, delivery should be planned by 32 weeks, unless the fetal

growth velocity is significantly abnormal or there is worsening of the fetal

Dopplers [122]. Prenatal management of sFGR should be individualised accord-

ing to gestational age at diagnosis, severity of growth discordance and magnitude

of Doppler anomalies [231]. Options for intervention, other than delivery, are

FLA and selective TOP in certain cases and are discussed further in Section 3.2.4.

New trials in this area are urgently needed, but in this rare and complex group,

maximising the relevance and utility of clinical research design and outputs is

paramount. In 2020, 11 core outcomes were formulated to facilitate standardised

outcome collection and data reporting. These are live birth, gestational age at

birth, BW, inter-twin BW discordance, death of surviving twin after death of co-

twin, loss during pregnancy or before final hospital discharge, parental stress,

procedure-related adverse maternal outcome, offspring length of hospital stay,

neurological abnormalities on postnatal imaging, and childhood disability [232].

MCMA Twins

Currently there is little published evidence to advise on the most appropriate

surveillance method for MCMA twins [233]. Management of MCMA pregnan-

cies is similar to that of MCDA pregnancies, with careful assessment at the

detailed anomaly scan and follow-up two-weekly for fetal biometry, fetal

urinary bladder assessment, liquor volume and Doppler assessments from 24

to 26 weeks [107]. Frequent scanning is to identify early signs of MC-related

complications including TTTS and discordance growth. In MCMA twins, 2020

data suggest BW discordance is not a sole indication for iatrogenic delivery,

however, increased fetal monitoring is required due to the high association of

growth discordance with fetal death [234]. The changes in UA Doppler param-

eters secondary to cord entanglement, including absent or end-diastolic flow

and/or UA notching can occur intermittently or persistently in cases of MCMA

twins. Previously, cord entanglement was thought to play a significant role, but

data suggest that although this is almost invariably present at birth in MA twins,
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it is only implicated in causing fetal death before 24 weeks and thus if identified

antenatally after 20 weeks can be expectantly managed with a good prognosis

[117]. Furthermore, in those pregnancies where entanglement is present and

perinatal mortality occurs after 24 weeks, other causes of death are now thought

to be more relevant [118]. Monochorionic MA twins should be cared by fetal

medicine specialists [233].

Prior literature has attempted to make recommendations on the choices

between either continuous fetal monitoring as an elective inpatient within the

third trimester or frequent outpatient monitoring (ranging from several times

daily to alternate days) for MCMA twins, albeit displaying a degree of hetero-

genicity [235,236,237]. A 2019 systematic review of MCMA twins demon-

strated an increased incidence of fetal loss during outpatient management

versus inpatient management (7 vs 3%, respectively). However, the wide

array of management protocols within the included studies and the varied

gestational age at which the protocols were initiated may have resulted in an

overall biased result [107].

The RCOG, ACOG, SMFM and NICE all advocate the delivery of MCMA

twins by caesarean section between 32+0- and 33+6-weeks’ gestation, following

corticosteroid administration [54,94,154,155]. Following 32 weeks’ gestation, 4

out of 100 MCMA pregnancies will result in fetal demise, whereas 1 out of 100

twins will die in the neonatal period because of prematurity [255]. Consequently,

at this given gestational window, the risk of fetal demise outweighs the risk of

prematurity, thus justifying the requirement for planned caesarean section prior to

34 weeks’ gestation. Monochorionic MA twins are normally delivered by caesar-

ean section due to the risk of intrapartum cord strangulation or the umbilical cord

of the second twin becoming tethered around the first twin, risking cord transec-

tion and subsequent emergency caesarean section for the second twin [233].

SUMMARY OF MANAGEMENT OPTIONS

Prenatal Surveillance

Document dates and chorionicity: ideally this should be at 10−14 weeks or
as soon as the multiple pregnancy is diagnosed after 14 weeks

• Confirm gestational age:

- using the larger twin’s CRL if 10−14 weeks

- using a combination of HC, AC and femur length in combination after

14 weeks

- in AR pregnancies, date by oocyte retrieval date +14 days.
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(cont.)

• Document gestational sac position and fetal orientation (i.e., a lateral

(left and right) or vertical (upper and lower)) should be utilised to

accurately label twin pregnancies for ongoing fetal surveillance.

• Document chorionicity and amnionicity (though there is no prospective

data to determine if this affects outcome).

• If transabdominal US scan views are poor because of a retroverted

uterus or a high BMI, transvaginal US scan should be used to determine

chorionicity and amnionicity.

• If chorionicity remains unconfirmed, manage as MC twins.

• MCMA twins and higher-order multiples should be referred to a tertiary

fetal medicine centre for care by fetal medicine specialists.

Screening and Diagnosis of Fetal Abnormality

• Aneuploidy screening

- Nuchal translucency (NT) screening alone provides fetus-specific

risk.

- The combined screening test (NT, β-hCG, PAPP-A) is recommended

in twin pregnancies in the first trimester, though the accuracy is less

than in singletons.

- Offer second-trimester serum screening if a first-trimester screening

unavailable or woman presents too late, however, detection rate is

poor for multiple gestations.

- Refer women with a risk of ≥1:150 to fetal medicine specialist in fetal

medicine centre.

- For higher-order multiples, only NT and maternal age can be used.

• Non-invasive prenatal testing using cffDNA, if available, should be

offered after counselling as a contingent test.

• Perform a detailed anomaly US scan at 18+0−20+6 weeks; this should
include extended views of the heart. Be aware of increased risks of

structural anomalies in MCMA pregnancies.

• Full fetal echocardiography is not routinely performed unless clinically

indicated.

• Careful counselling about the increased risks of invasive diagnostic testing

if indicated; it should be performed by an experienced operator in

a tertiary fetal medicine centre with prior documentation of chorionicity,
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(cont.)

fetal positions, placental site(s), septal site and location of cord insertions.

For higher-order multiples, amniocentesis is the preferred option.

Fetal Surveillance

• In otherwise low-risk multiple pregnancies, fetal surveillance is deter-

mined by chorionicity.

• In MC twins (including MCMA), US evaluation should be performed

every two weeks from 16 weeks’ gestation. The US parameters that are

recommended to record are

- biometry

- maximum pool depth of both sacs

- umbilical artery Doppler from 24 weeks

- assessment of bladder in both twins

- recommendations for MCA Doppler vary.

• In low-risk DC twins, US evaluation is not standardised but is less

frequent than for MC pregnancies and is commonly four-weekly from

20 weeks’ gestation. The US parameters to be recorded are:

- biometry

- maximum pool depth of both sacs

- recommendations for UA Doppler vary.

• There is no prospective data to showwhether this increased surveillance

improves outcome.

• In higher-order multiples, NICE recommends a frequency of every two

weeks with the timing of initiation determined by chronicity as per twin

pregnancies.

• Growth discordance and sFGR

- a high index of suspicion is required

- first trimester: CRL discrepancy of 20% or more should lead to 1)

consideration of invasive testing for chromosomal abnormality and

a detailed US scan in second trimester; if normal, 2) close surveil-

lance of both twins for the pregnancy

- second and third trimester: EFW should be calculated using at least

two biometric measurements and the discordance in fetal weight

calculated and recorded. Estimated fetal weight should be plotted

on singleton growth charts

- EFW discrepancy of 20% or more should lead to screening for viral

infection, chromosomal and structural abnormality
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(cont.)

- EFW discrepancy of 20% or more and/or EFW <10th centile should

prompt increased surveillance comprising:
& umbilical artery Doppler weekly
& referral to fetal medicine if an MC pregnancy

- EFW of 25% or more and one or more fetus <10th centile should

prompt a referral to fetal medicine for increased surveillance and

management:
& decisions regarding more detailed fetal surveillance (e.g., MCA

and ductus venosus (DV) Doppler), corticosteroids and timing of

delivery are complex and require the input and counselling of

a multidisciplinary team.

• For sFGR in DC pregnancies, ongoing management is as for singleton

pregnancies.

• For sFGR inMC pregnancies, the UA Doppler waveform helps classify

the type of sFGR and guide management:

- type 1 sFGR should have weekly surveillance and elective delivery at

34−6 weeks, if possible

- types 2 and 3 sFGR should have weekly surveillance and elective

delivery at 32 weeks, if possible.

3.2.4 Prenatal: Diagnosis and Management Options for Specific
Complications

Multifetal Pregnancy Reduction

Multifetal pregnancy reduction (MFPR) is the termination of one or more

normal embryos in a multifetal pregnancy to prevent higher-order pregnancies

and the associated adverse outcomes [238]. This should be differentiated from

selective termination, which involves the termination of an abnormal fetus. In

certain settings, MFPR may be performed with the aim of reducing poor

obstetric and perinatal outcomes. However, it should be noted that there is

also a risk of early total pregnancy loss [239]. The acceptability of this is solely

dependent upon a couple’s social background, beliefs and wishes [240]. For

most couples, MFPR is a more acceptable option than elective termination of

the whole pregnancy.

The degree of procedural risk is dependent on the number of fetuses, chor-

ionicity and gestational age at the time of the intervention. Reduction is usually

performed at 11–14 weeks, as at this gestation the risk of spontaneous reduction

or VTS has passed, and selection of the fetus may be based on first-trimester
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anomaly scan and NT [239]. A transabdominal percutaneous technique under

US guidance is used, with the type of procedure determined by chorionicity and

gestation. Intracardiac injection of potassium chloride, which is used to induce

fetal asystole, can be employed in a singleton or member of a DC twin pair. In

MC pregnancies, current management options include US-guided interstitial

laser coagulation or radiofrequency ablation (RFA) up to around 22 weeks

depending on fetal size, and bipolar cord coagulation between 18 and 25

weeks (sometimes later in a few centres). A 2015meta-analysis between bipolar

cord coagulation and RFA in MCDA demonstrated similar overall pooled

survival rates of between 77 and 79% [241]. Within the first trimester, the

choice of embryo to be reduced depends on multiple factors including anatomic

features suggesting abnormality or aneuploidy (discordance in CRL, large NT),

positioning of the embryo and operator dependent [239].

Reliable data regarding MFPR for quadruplets and above is lacking, how-

ever, it is well established that the rates of severe PTB, severe neonatal morbid-

ity and indeed pregnancy loss are very high in these subsets of patients. It is

therefore reasonable to assume that these risks will be lessened with MFPR.

For TCTA triplets, first-trimester intracardiac potassium chloride is the safest

way to decrease the number of embryos present. However, a recent meta-

analysis did not demonstrate a statistically significant reduction in the rate of

miscarriage (<24 weeks) with MFPR in TCTA triplets compared to expectant

management (7.4 vs 8.1%) [242]. The studies included were a small case series,

which could have introduced substantial bias and heterogenicity, thus the results

should be interpretated with caution. It should be noted that beyond 24 weeks,

reduced triplet pregnancies (now DCDA twins) have a markedly lessened risk

of PTB prior to 33 weeks (13.1%) compared to triplet pregnancies without

intervention (35.1%) [243].

In DCTA triplets, whereby one part of the twins will be MC, the use of

intracardiac potassium chloride, to either triplet (MCDA twin or singleton) has

been noted to increase rates of pregnancy loss from 13.3 to 19.6% [244].

However, if successful, the rates of PTB substantially decreases regardless of

whether the pregnancy is reduced to a singleton (46–8%) or to MCDA twins

(46–23.1%) [240]. If intrafetal laser is used instead for DCTA triplets, thereby

reducing the MCDA twin pair to a singleton, thus resulting in an overall DCDA

twin pregnancy, the rate of miscarriage does not seem to change [244].

Conversely, the rate of co-twin death carries a significant risk of 12–46%

depending on the modality used (RFA or laser, respectively) [245,246].

In triplet pregnancies without intervention, a 2009 systematic review

reported that the risk of perinatal death was higher in DCTA than TCTA triplet

pregnancies (OR: 3.3, 95%CI: 1.3–8.0), mainly owing to the higher risk of IUD
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in DCTA pregnancies (OR: 4.6, 95% CI: 1.8–11.7) [185]. The risk of neuro-

logical morbidity is also significantly higher in DCTA triplets (OR: 5.4, 95%CI:

1.6–18.3) [247]. Only one study has reported on outcomes of MC triamniotic

(MCTA) pregnancies, and hence no formal comparison is possible. Reports do

indicate that MFPR improves pregnancy outcome in triplet pregnancies regard-

less of initial fetal number, with reduced rates of pregnancy loss, antenatal

complications, PTB, LBW and NND reported [240,242,247,248]. However,

since no prospective randomised studies exist, and randomisation would prove

exceptionally difficult in this setting, a couple’s social background and beliefs

remain pivotal to their informed decision-making process [249].

Although evidence is relatively limited, women undergoing MFPR com-

monly report immediate feelings of sadness and guilt. However, despite the

significant emotional stress experienced, women appear to recover following

reduction and overcome the psychological consequences. When making deci-

sions regarding MFPR and selective termination, parents should be encouraged

to weigh up the potential negative psychological impact against the risks and

long-term consequences of pregnancy continuation [250].

Congenital Anomalies in Twins

In DC twins, the presence of a structural anomaly in one twin will not affect the

healthy twin unless it is associated with polyhydramnios or spontaneous demise

of the affected twin, thus increasing the risk of PTBwith the risks of prematurity

for the healthy twin. Careful consideration and counselling of parents must also

occur when invasive procedures are being considered for the affected twin (e.g.,

shunt placement), as again these confer a risk of preterm delivery. For MC

twins, the risk of spontaneous demise of the affected twin may have serious

consequences for the healthy twin, with risks of massive hemodynamic changes

and thus risk of death or cerebral damage to the healthy co-twin.

The management options for discordant anomalies are thus:

• conservative management

• selective termination of the affected twin

• termination of the whole pregnancy.

Prior to considering any intervention, chorionicity must be accurately deter-

mined, as the methods for selective feticide will differ. For DC twins, conser-

vative management is usually the preferred option unless the wellbeing of the

healthy twin is being compromised, to avoid the risk of procedure-related PTB,

particularly if the anomaly is lethal. If the affected twin has a non-lethal
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anomaly but there is a significant risk of serious mental or physical disability,

then parents need to be carefully counselled about the risks of intervention.

Selective Termination: Feticide

It is important to differentiate selective termination from MFPR. The former

involves the presence of an abnormal fetus. In DC twins discordant for con-

genital anomaly, as discussed earlier, options include conservative management

where the twin with the abnormality does not pose a risk to the healthy twin or

selective termination in which feticide of the affected twin is performed. The

latter may be performed by intracardiac or intrafunicular injection of potassium

chloride or lidocaine once the affected twin has been carefully identified, as

discussed earlier. Within the first trimester, the risk of pregnancy loss following

the procedure is low, ranging from 2.1 to 5.8% [251]. Selective termination for

fetal anomalies, whether chromosomal or structural, may occur at a later gesta-

tion (i.e., following a detailed anomaly scan at 18–22 weeks). Following

identification of a fetal anomaly mid-trimester, many patients would opt for

an immediate selective termination at this time, however, prior data of DCDA

twins suggested this carries an increased risk of miscarriage (12–15%) or PTB

of the healthy twin (>15%) [252]. As such, recommendations have been to

postpone selective termination to 32 weeks’ gestation, whereby severe PTB is

mitigated, but it must be noted that once the procedure is undertaken at 32

weeks, approximately 45% of births will occur in the subsequent two weeks and

there is a risk of spontaneous PTB whilst waiting for the procedure [239].

However, a meta-analysis of seven studies published in 2022, including 646

DC twins undergoing both early (<18 weeks’ gestation) and late (>18 weeks’

gestation) selective termination, demonstrated that the risk of pregnancy loss

prior to 24 weeks was significantly lower in twin pregnancies undergoing early

compared to late selective termination (1 vs 8%, OR: 0.25, 95% CI: 0.10–0.65,

p = 0.004) [253]. The risk of PTB was significantly lower in DC twin pregnan-

cies undergoing early compared to late selective termination when considering

either PTB <37 weeks (19 vs 45%, OR: 0.36, 95% CI: 0.23–0.57, p <0.00001),

<34 weeks (4 vs 19%, OR: 0.24, 95%CI: 0.11–0.54, p = 0.0005) and <32 weeks

(3 vs 20%, OR: 0.21, 95% CI: 0.05–0.85, p = 0.03) [253]. The mean BW was

also significantly greater in the early selective termination group (MD: 392.2 g;

95% CI: 59.1–726.7, p = 0.02). This highlights the importance of early diagno-

sis of fetal anomalies in twin pregnancies and subsequent consideration for

prompt intervention rather than delay until the third trimester.

In MC twins, the procedure needs to be adapted to remove the risks to the

healthy twin of transfer of the potassium chloride/lidocaine via placental
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anastomoses. This could lead to the subsequent death of the healthy twin. There

are also risks of acute fetofetal haemorrhage with risk of mortality and morbid-

ity either secondary to feticide or to death of the affected twin where conserva-

tive management is used. Thus, the technique employed must result not only in

cardiac arrest, but isolation of the affected twin’s circulation, and the techniques

are like those employed in the TRAP sequence (see later) with the choice of

procedure dependent on access and gestation. Given the risk of spontaneous

demise of the affected twin, if selective feticide is to be undertaken in an MC

pregnancy, it is preferable to perform this as soon as possible after diagnosis.

Thus, in early gestation, intrafetal laser and RFA are the available options. In

mid-gestation (18–25 weeks), RFA or bipolar energy are required to occlude the

cord. At late gestation (>26 weeks), the size of the cord necessitates cord

ligation. All procedures for selective feticide have risks, and the systematic

review of procedures in MC twins by Gaerty et al. suggested that co-twin

survival rates were highest with bipolar cord occlusion (84%) compared with

RFA (73%); however, the incidence of PPROM occurred in 23% undergoing

a bipolar cord occlusion, compared with just 11% in the RFA cohort [241]. In

a 2021 study comparing outcomes of RFA prior to and after 16 weeks’ gesta-

tion, there was no difference in the rate of co-twin loss (23.1 vs 29.7%,

p = 0.558) or PPROM before 34 weeks (7.7 vs 5.4%, p = 0.853), or in the

median gestational age at delivery (36.2 vs 37.3 weeks, p = 0.706) [254]. There

is evidence that there may be a risk of adverse neurological sequelae in the

surviving co-twin compared to that of an uncomplicated pregnancy [255]. Fetal

magnetic resonance imaging (fMRI) four to six weeks post procedure for the

surviving co-twin should be discussed.

In MCMA twins for severe discordant anomalies, selective feticide can be

performed by US-guided bipolar cord coagulation and fetoscopic laser transec-

tion of the cord to allow disruption of cord entanglement, thus attempting to

prevent demise of the healthy twin.

sFGR

When sFGR is severe inMC pregnancies and there are concerns regarding the in

utero demise of the smaller twin, then intervention in the form of selective

termination or FLA can be considered. While FLA of the vascular anastomoses

is a proposed management option in type 2 and 3 cases, there is a significant risk

of demise of the smaller twin (70%) and no difference in neurological outcome

for survivors. In addition, it is technically very challenging owing to the

reduction in amniotic fluid and the size of the anastomoses. For pregnancies

complicated by type 2 or 3 sFGR, treatment with FLA also carries a high rate of
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mortality (44.3%) but low rate of morbidity compared with those managed

expectantly, thereby supporting its use at gestations remote from neonatal

viability [230]. Indications for selective termination include progressive deteri-

oration in the condition of the smaller twin with evidence of significant risk of

fetal demise (e.g., absent or reversed a-wave in the DV when delivery is not an

option).

IUD of One Fetus (Single-Twin Demise, sIUFD)

A death of one twin may occur at any point during the antenatal period (single-

twin demise or sIUFD), however, the time at which this occurs has a large

influence on the prognosis for the co-twin [58,256,257]. When fetal death

occurs in the first trimester, the evidence for the outlook for the co-twin is

conflicting, with a 2021 paper stating there is little detrimental effect for the co-

twin irrespective of chorionicity [258]. However, there have been reports of

increased rates of PTB and SGAwithin the surviving twin.

In the second and third trimester, the risk of co-twin fetal demise is greater in

MC twins. In a 2019 systematic review,MC pregnancies where sIUFD occurred

at <28 weeks’ gestation, the rate of co-twin IUD (OR: 2.31, 95% CI: 1.02–5.25)

and NND (OR: 2.84, 95%CI: 1.18–6.77) significantly increased compared with

sIUFD after 28 weeks’ gestation [58]. The overall rates of co-twin fetal demise

were doubled in MC twins compared to DC twins with rates of abnormal

postnatal brain imaging at a six-fold increase in MC twins [58].

Healy et al. published in 2022 a proposed management plan, based on expert

consensus for sIUFD [259]. Once a diagnosis of fetal demise has been con-

firmed, immediate assessment of fetal wellbeing of the co-twin should

commence, including fetal biometry, liquor volume assessment, Doppler velo-

cimetry and placental examination, irrespective of chorionicity [259]. Women

and their partners should be counselled on the prognosis of current findings and

chorionicity and referral to bereavement services should be offered. For DC

twins, two- to four-weekly US and Doppler velocimetry assessments should

take place until delivery. It is recommended that MC twins undergo more

frequent Doppler velocimetry assessments, with weekly DV, UA and fetal

cerebral measurements for the first four weeks and then fortnightly thereafter

[259]. This includes measuring MCA peak systolic velocity (PSV) to look for

evidence of fetal anemia. If detected prior to 35 weeks inMC twins, intrauterine

transfusion (IUT) is advised. For MC twins, fMRI of the surviving co-twin can

be offered, however, timing of this investigation should be timed to provide

information prior to birth, accepting that brain injury may not be detectable

initially [259].
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A major challenge is the decision regarding timing of delivery, as the risk of

the co-twin dying must be balanced against preterm-associated morbidity and

mortality, secondary to iatrogenic preterm delivery. International consensus

(RCOG, ISUOG, RANZCOG, NICE, FIGO), Society Obstetricians and

Gynecologists of Canada (SOGC) and ACOG) recommend the avoidance of

preterm delivery for the surviving twin [54,83,92,94,154,155,200,221]. For DC

twins, this is recommended between 37+0 and 37+6 weeks’ gestation, however,

for MC twins, delivery should be considered by 36+6 weeks [83]. The timing

should be individualised for the parents, taking into account the assessment

findings and the couple’s views and wishes and their past obstetric history. The

mode of delivery should also be discussed thoroughly with the patient and

partner. Whilst there is no absolute contraindication for either vaginal delivery

or caesarean section, it should be noted that recent literature has demonstrated

a statistically significant increase rate of emergency caesarean if sIUFD

occurred in the presenting twin (67 vs 32%, OR: 4.29, 95% CI: 1.25–14.7,

p = 0.02) [260].

After birth, a thorough neonatal examination should be performed including

neurological investigation and the value of a post-mortem examination of the

dead twin should be discussed with the parents. The placenta should undergo

investigation and confirmation of chorionicity. Ideally, the survivor should be

enrolled in long-term neurological and developmental follow-up, alongside

postnatal magnetic resonance imaging (MRI) brain imaging. There is a need

for core outcome sets for the assessment of sIUFD in twin pregnancies [58,81].

TRAP Sequence

The diagnosis of TRAP is reliably made on US in the first trimester, when the

condition is characterised by an abnormal fetus that has no functional cardiac

activity but may show movements and grow. Doppler studies demonstrate the

pathognomonic features of reversed arterial perfusion through an AA anasto-

mosis. The goal of management in TRAP is to maximise the fetal outcome for

the pump twin; however, at present, there is currently no clear guideline on the

management of TRAP when deciding on choice of intervention. Options for

management include the conservative approach with serial sonographic assess-

ment or intervention to arrest the circulation of the acardiac twin. At diagnosis,

biometric measurements of the acardiac twin should be taken and an assessment

of the structures present, liquor volume and features of cardiac failure in the

pump twin made. An acardiac/pump weight ratio >70% has been associated

with poor prognosis. However, it must be noted that normal biometric measure-

ments may not be possible in the acardiac twin and thus rapid growth of the
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acardiac twin (using length) can also be used as a criterion [261]. In the absence

of polyhydramnios and signs of cardiac failure, conservative management may

be appropriate with serial US to look for development of these features, and to

monitor the growth of the acardiac twin. There are currently no RCTs examin-

ing conservative management versus intervention for TRAP patients; however,

a recent systematic review by Mone et al. demonstrated better survival with

intervention than with conservative management (OR: 2.22, 95% CI: 1.23–

4.01, p = 0.008), but again confirmed that this difference was greater in the

presence of one or more poor prognostic features (OR: 8.58, 95% CI: 1.47–

49.96, p = 0.02). There was insufficient data to determine which poor prognostic

features should guide management [262].

The type of interventional procedure performed will depend on the clinical

presentation and gestation. Options include coagulation of umbilical cord and/

or placental anastomoses, intrafetal laser or RFA, and these can be offered at

the time of diagnosis or around 16 weeks’ gestation if there has been no

spontaneous cessation of flow. Radiofrequency ablation has been the most

common intervention reported within the literature, with most studies retro-

spectively examining cohorts of MC twins. However, studies have included

the treatment of RFA for multiple additional pathologies (TTTS, sFGR) and

not just TRAP. The literature since 2020 has suggested an overall survival rate

of approximately 70–80%, with gestational age at delivery ranging from 34 to

37 weeks [254,263,264,265,266]. Bipolar cord coagulation can also be used to

treat TRAP, however, available reporting literature on this modality is sparser

than RFA. Overall co-twin survival has been reported to range between 55 and

63%, with gestational age at delivery at around 31 weeks [267,268]. A 2022

meta-analysis of eight studies examining RFAversus bipolar cord coagulation

demonstrated lower rates of PPROM (OR: 0.45, 95% CI: 0.27–0.73), longer

procedure to delivery intervals (mean difference: 13.42 days, 95% CI: 1.90–

24.94) and less PTB (OR: 0.50, 95% CI: 0.29–0.85) following RFA [269].

There is limited data on the efficacy of intrafetal laser for the treatment of

TRAP, however, the same 2022 paper reported a metanalysis of three studies

that did not show any difference in overall survival or gestational age at

delivery when comparing intrafetal laser and RFA [269]. Microwave ablation

(MWA) is an additional interventional modality with promising future appli-

cation. A 2019 paper reported a 73% survival rate with a median delivery

gestation of 37.6 weeks [270]. In conjunction, Xie et al. are currently piloting

an RCT comparing MWA versus RFA, which may provide promising results

on this relatively new treatment modality and its application within the context

of TRAP [271].
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The decision onwhen to intervene has also been discussed in the literature.Most

published studies (including the ones cited earlier) examining interventional ther-

apy for TRAP are from 16 weeks’ gestation and above. However, several studies

have aimed to elucidate whether intervention before 16 weeks has clinical benefit.

A small series of 12 cases undergoing intrafetal laser at a median gestational age of

13+5 weeks demonstrated an overall survival of 91.7% and only a single case of

PTB [272]. Weber et al. in 2021 evaluated 15 MA pregnancies with TRAP

diagnosed before 14 weeks’ gestation and compared expectant management to

intrafetal laser [273]. All pump twins that had expectant management died before

20 weeks while 57% of pump twins in the intervention group survived with

a median gestational age at delivery of 39.6 weeks [273]. With these results

taken collectively, intrafetal laser therapy may hold promise as the main treatment

intervention for TRAP within the first or early second trimester. However, the

studies included are of very small sample sizes, with high risk of publication bias.

An ongoing RCT, the ‘TRAP Intervention Study: early versus late intervention for

twin reversed arterial perfusion sequence’, is aimed at addressing this important

question on gestational age of intervention [274]. Results of this studymay provide

key novel insights on optimal timing of intervention.

TTTS

The pathophysiology of TTTS is not fully understood, and although vascular

anastomoses are a prerequisite for its development, there is no unique pattern. The

chronic imbalance in net flow leads to hypovolemia, oliguria and oligohydram-

nios in the donor and hypervolemia, polyuria and polyhydramnios in the recipi-

ent, who may also develop circulatory overload and hydrops. Cordocentesis

studies demonstrate that 75% of cases will have an inter-twin haemoglobin

difference <15%, and thus the syndrome is not simply due to transfer of red

blood cells [275]. Discordant growth, with the recipient being larger and the

donor being small, is usually present but not essential. There may be signs of right

ventricular dysfunction in the recipient, and specialists consider presence of

tricuspid regurgitation to be an abnormal Doppler waveform and a marker of

severity. These features must be carefully documented before and after any

intervention and counselling individualised to reflect the whole clinical picture.

Endocrine factors, related to fluid and pressure homeostasis, are likely to contrib-

ute to the varying degrees of clinical severity.

ATTTS diagnosis is made when the following US criteria are seen:

• a single placental mass

• concordant gender
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• oligohydramnios with maximum vertical pocket (DVP) <2 cm in one sac and

polyhydramnios with DVP ≥8 cm (>10 cm after 20 weeks) in the other sac

(Figure 5).

A spectrum of TTTS exists, ranging from mild disease with isolated discord-

ant AFV, to severe disease with demise of one or both twins. The Quintero

staging system aids standardisation of TTTS, using five stages, as outlined in

Table 5 [124]. However, since TTTS does not often progress in a predictable

manner and the staging is not strongly predictive of outcome, its clinical utility

has been questioned. Atypical TTTS has been noted in approximately 7% of

cases, whereby cardiac compromise or abnormal Dopplers can be noted in

either twin prior to the alteration of AFV that meets the desired cut-off [276].

The RCOG suggests that structural and/or functional assessment of the fetal

Figure 5 US imaging in TTTS, showing donor and recipient

Table 5 Quintero staging system for TTTS [124]

Stage I The bladder of the donor twin is still visible, and Doppler
studies are normal

Stage II The bladder of the donor twin is not visible, but Doppler studies
are not critically abnormal

Stage III Doppler studies are critically abnormal in either twin (UA in
donor and/or DV in recipient); absent or reverse end-diastolic
velocity in the UA, reverse flow in the DVor pulsatile
umbilical venous flow

Stage IV Recipient hydrops; ascites, pericardial or pleural effusion, scalp
oedema or overt hydrops

Stage V Intrauterine demise of one or both twins
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heart (especially in the recipient) by echocardiography may be useful in defin-

ing the prognostic risk of severe TTTS and treatment modalities [94]. Quintero

stages I and II have a significant proportion of recipient twins with ventricular

hypertrophy, atrioventricular valve regurgitation and objective abnormalities in

either right or left ventricular function. Discordant bladder appearances and/or

evidence of hemodynamic and cardiac compromise are strongly indicative of

severe disease [94].

Strict AFV cut off values have been recommended by the Eurofetus group.

However, a 2021 paper reporting 366 TTTS cases between 20 and 26 weeks’

gestation found 14.5% of patients might be excluded from laser treatment if the

MVP for the recipient twin is confined to ≥10 cm [277]. It can be noted that

60.4% of these patients were Quintero stage III or IV. Between gestation weeks

16 and 17, a DVP of amniotic fluid measuring 7 cm equates to the 97.5th centile.

Consequently, Khalil et al. suggested modifying the DVP cut-off prior to 18

weeks from 8 to 6 cm to avoid misdiagnosis and postponement of TTTS, thus

potentially reducing the number of poor outcomes resulting from delaying

intervention [278,279]. However, complete laser coagulation of the vascular

equator for an anterior placenta with a DVP <8 cmmay prove more challenging

or even impossible.

Several first-trimester markers have been investigated for prediction of

development of FFTS, including NT discordance or NT >95th centile, CRL

discordance and reversed a-wave in the DV on Doppler study. None of these

individually predicts the development of TTTS with sufficient accuracy, and

thus combinations of tests and the addition of biomarkers are being studied in

the research setting [202]. The current practice is to use regular US surveillance.

Recent developments in prenatal care strategies and management options for

patients with TTTS have reduced perinatal mortality rates significantly. Left

untreated, TTTS is associated with severe complications, and despite therapy,

neonatal mortality and morbidity remain high [280]. Treatment options for

TTTS include expectant management, amnioreduction, septostomy, FLA of

vascular anastomoses (Figure 6) and SR. The two main options are serial

amniodrainage (percutaneous insertion of a needle into the recipient sac to

remove amniotic fluid and to bring DVP back to normal limits) and FLAwith

amniodrainage. The aim of FLA is to disconnect the two fetal circulations.

A Cochrane review comparing randomised and quasi-randomised studies of

septostomy, amnioreduction and FLA included three studies (253 women and

506 babies) [281]. There was no difference in overall death rate between

amnioreduction and FLA (average RR: 0.87, 95% CI: 0.55–1.38 adjusted for

clustering, two trials), or death of at least one infant per pregnancy (RR: 0.91,

95% CI: 0.75–1.09, two trials), or death of both infants per pregnancy (average
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RR: 0.76, 95% CI: 0.27–2.10, two trials) [282,283]. It should be noted that for

the outcomes of death, the two included trials demonstrated opposite effects,

with the Eurofetus trial demonstrating a reduction in mortality with FLA, and

the National Institute of Child Health and Human Development trial (NIHCD)

demonstrating a reduction with amnioreduction, although for this result the CIs

crossed the line of no effect. This may partly reflect that in the NIHCD trial all

cases underwent amnioreduction prior to randomisation, which may have

affected outcome, and the trial was stopped early. However, long-term studies

found more babies were alive without neurological abnormality at the age of six

years in the laser group than in the amnioreduction groups (RR: 1.57, 95% CI:

1.05–2.34 adjusted for clustering, Eurofetus trial) [282]. It must also be recog-

nised that the majority of pregnancies in the included trials were Quintero stage

II or III (three stage IV in the Eurofetus trial and three in NIHCD) and were less

than 26 weeks’ gestation, limiting the applicability of the results to this popula-

tion. However, in light of the review findings, FLA is recommended first-line

for management of TTTS and is consequently endorsed by RCOG, SMFM,

ISUOG and RANZCOG [92,94,155,220].

Figure 6 FLA. After El Kateb, A, Ville, Y. Update on twin-to-twin transfusion

syndrome. Best Pract Res Clin Obstet Gynaecol. 2008; 22(1): 63–75
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The management of stage I TTTS remains controversial. Systematic reviews

have demonstrated progression occurs in 27% of pregnancies and survival rates

for at least one twin were 85, 87 and 92% if managed expectantly, by laser or

amnioreduction, respectively [284,285]. An international RCT compared cases

of stage I FFTS that were managed conservatively (n = 58) versus immediate

laser treatment (n = 59). Of the cases managed conservatively, 59% progressed

(n = 34) and required rescue laser therapy. However, the overall survival rates

were of no significant difference between each original group (77 and 78%,

respectively) [286]. As such, expectant management with regular fetal US

surveillance is a reasonable option and many fetal medicine centres adopt this

line of practice [286]. It allows for a proportion of patients to avoid unnecessary

intervention, which in itself can carry a risk of poor outcome. However, given

the unpredictability of stage I TTTS, in depth counselling of patients regarding

patient wishes and potential outcomes is paramount [112]. Wohlmuth et al.

postulated the incorporation of early sonographic cardiovascular markers,

including inter-twin DV time-interval differences (preload) and aortic disten-

tion (afterload), rather than the present or absence of bladder filling to assist in

selecting patients that may benefit from early FLA treatment in stage I disease

[282]. It was noted that such cardiac changes may even precede the identifica-

tion of stage I TTTS by on average 12±6 days [287]. However, the benefit of

these parameters is yet to be studied in large multicentre RCTs.

Regarding the degree of TTTS severity, the Quintero staging has been the

longstanding diagnostic tool for MC twins. However, as survival rates follow-

ing laser therapy have continued to improve, its use in predicting prognosis is

questioned. A 2020 systematic review assessed 20 studies for outcomes for

pregnancies complicated by TTTS according to Quintero stage and found that

overall survival was higher for stage I and II but rates were moderately high for

III and IV when FLA is performed. Gestational age at birth was similar for

stages I–III [285]. A 2022 systematic review assessed 10 studies (4,031 fetuses

with TTTS) and found that donor demise was associated with high Quintero

stages compared with surviving donors (OR: 2.42, 95% CI: 1.78–3.29,

p <0.001, I2 = 0%). Recipient fetal demise had a trend for higher Quintero

stage compared with surviving recipients, but the analysis did not achieve

statistical significance. Pregnancies with donor demise had lower gestational

at the time of FLA (mean difference: −0.56, 95% CI: –0.93 to –0.18, p = 0.003,

I2 = 36%), whereas pregnancies complicated by recipient demise had similar

gestational at time of FLA compared with those without demise [288].

Monochorionic MA twins complicated by TTTS are at even greater risk of

perinatal mortality. A 2020 systematic review of 15 cohort studies including 888

MCMA twins, of which 44 were complicated by TTTS, compared interventional
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outcomes between FLA and amnioreduction [289]. In cases treated by laser

surgery, the incidence of miscarriage, IUD, NND and postnatal death was 19.6,

27.4, 7.4 and 35.9%, respectively. In cases treated with amniodrainage, the

incidence of IUD, NND and perinatal death was 31.3, 13.5 and 45.7% respect-

ively [289]. Thus, survival rates are lower in MCMA twins, however, FLA still

remains the favourable management choice for this subset of MC twins. Given

the associated morbidity, termination of the whole pregnancy should always be

considered as a management option.

Fetoscopic laser ablation is performed percutaneously under local or regional

anaesthesia. A cannula or fetoscopic sheath is inserted into the amniotic sac and

the placenta inspected. The arterio-venous (AV) anastomoses are identified, and

the laser tip directed at a 90° angle and the vessel photocoagulated (selective

technique). Following the laser treatment, amniodrainage is performed to

a normal DVP value. Residual anastomoses are reported in up to 33% of treated

pregnancies, and these can lead to complications such as TAPS (13%) and

recurrent TTTS (14%) [290]. The Solomon technique was thus proposed,

involving coagulation of the whole vascular equator, ensuring to include tiny

non-visualised anastomoses [291].

In an RCT of 274 patients, comparing both techniques against each other, the

Solomon technique was associated with fewer cases of recurrent TTTS (1 vs 7%)

and additional post-laser TAPS (3 vs 16%) [292]. A subsequent two-year follow-

up of the original cohorts did not display any significant differences in either

group regarding neurodevelopmental outcomes or neonatal morbidity [293].

A systematic review comparing Solomon versus the selective technique (three

studies, n = 523) has demonstrated a trend towards a reduction in recurrent TTTS

and TAPS and an increase in twin survival with no increase in complications or

adverse events [294]. In 2021, Kanazawa et al. examined the rate of placental

abruption and PPROM following either the selective (n = 227) or Solomon

(n=168) technique for the treatment of TTTS. The incidences of placental

abruption (Solomon vs selective: 10.7 vs 3.5%, p = 0.007) and PPROM with

subsequent delivery before 32 weeks (20.2 vs 7.1%, p <0.01) were higher in the

Solomon group. However, the rate of at least one surviving twin was significantly

higher after Solomon’s laser surgery (98.2 vs 93.8%, p = 0.046) [295]. Increasing

rates of placental abruption following the Solomon technique were also detected

recently by Knijnenburg et al. in a large retrospective cohort study, however,

results were not significantly different (OR: 0.50, 95% CI: 0.18–1.39, p = 0.184)

[296]. It is theorised that higher rates of placental abruption following the

Solomon method are due to the larger volume of placental tissue that is ablated,

including normal healthy placental tissue. As such, many clinicians opt for

a partial Solomon technique, ablating areas of neighbouring anastomoses around
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the vascular equator, but aiming not to damage any areas of healthy placental

tissue [112]. Reported maternal complications following TTTS include nausea,

vomiting and abdominal pain presumed to be due to secondary leakage of

amniotic fluid into the peritoneal cavity [297].

Whilst the type of technique for laser therapy may risk PTB, CL at the time of

treatment has a significant association with subsequent risk [298,299,300].

Buskmiller et al. retrospectively analysed cases of patients with short cervixes

that underwent a variety or treatments prior to laser therapy from 2011 to 2020

[301]. Patients with a short cervix (<30 mm) with FFTS were managed either

expectantly (59%), with vaginal progesterone (13%), with pessary insertion

(8%), with cerclage placement (8%) or with a combination of treatments (30%)

[301]. It was noted that the use of interventions for a short cervix prior to laser

surgery were of no increased superiority when prolonging pregnancy compared

with managing cases expectantly. However, the retrospective nature of this

study introduced a large risk of bias and definitions of a short cervix remain

inconsistent. Well-designed RCTs are required to determine the true efficacy of

each therapy for short cervix specifically within this context.

Centres performing FLA should have adequate training and experience and

continued throughout to maximise perinatal survival and minimise perinatal

morbidity, and outcomes (and operator performance) should be prospectively

audited [297]. Even after ‘successful therapy’, the fetuses remain high risk

and require careful US surveillance both for the occurrence of complications

(e.g., recurrent TTTS, limb defects) and for the assessment of fetal cardiac

function and brain anomalies. An fMRI of the fetal brain is recommended

four weeks after surgery to assess for brain injury. The recommendations for

timing of delivery in TTTS cases have not yet been fully established. Many

experts advocate premature elective delivery of such babies between 34 and

36 weeks. However, in the absence of any post-laser complications, the 2022

literature has recommended delivery between 36+0 and 37+0 gestational

weeks [112].

Twin-to-twin transfusion syndrome can occur with MA twins but is less

common due to the protective large bidirectional AA anastomoses, thus is

seen in 2–4% of MCMA pregnancies. The diagnosis is made by the presence

of polyhydramnios in the single sac with a small or invisible bladder in one

twin and a distended bladder in the other. The best treatment option is unclear,

as FLA is often more challenging and with greater risks due to the proximity

of the cord insertions and overlapping vascular territories [117]. A systematic

review reported 44 cases of TTTS in MCMA pregnancies with conservative

management having a 60% neonatal survival, laser 48% and cord occlusion

80% [289].
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TAPS

Twin anemia-polycythemia sequence develops in the absence of the severe oligo-

hydramnios–polyhydramnios sequence needed for a diagnosis of TTTS, although

mild discordance of liquor volumes may be present, as may growth discordance. It

can occur across a wide range of gestation from 15 to 35 weeks but is more

commonly seen in later pregnancy and can be spontaneous (5%) or occur after FLA

for TTTS (2–16%) [302]. It is characterised by a large haemoglobin discrepancy

between the twins, with anemia in the donor twin and polycythemia in the recipient

twin (predicted antenatally by Doppler US MCA-PSV assessment). Current clin-

ical cut-off values are generally elevated MCA-PSV >1.5 MoM in the donor and

decreased MCA-PSV <1.0 MoM in the recipient. However, more recent research

identified that a difference of >0.375 MCA-PSV MoM is likely to already predict

haemoglobin discordance between twins greater than the 95th percentile and an

inter-twin difference in MCA-PSV >0.5 MoM is a more superior predictor of

TAPS, irrespective of absolute Doppler velocities [303,304]. As a result, a 2020

Delphi consensus recommends the addition of an MCA-PSV discordance of ≥1.0
MoM to the existing definitions of MCA-PSV ≥1.5 MoM in the donor twin and

≤0.8 MoM for the recipient twin [305]. Co-existing FGR commonly occurs in

TAPS pregnancies and usually affects the donor [302]. A prenatal classification

system for TAPS exists with stages 1–5; stages 1–2 are differences in MCA-PSV

without signs of fetal compromise, stage 3 iswith cardiac compromise of the donor,

stage 4 hydrops and stage 5 IUD [303].

Screening for TAPS is controversial, with increasing discussion internation-

ally around routine screening in all MC twins. There is currently a lack of

evidence to demonstrate that screening improves outcomes, with no clear

treatment pathway and no health economic evidence, and thus current NICE

guidance does not advocate screening in all MC twins. Screening in compli-

cated MC pregnancies (post FLA for TTTS and sFGR) is advocated [54].

Postnatally, diagnosis requires an inter-twin haemoglobin difference of 80 g/l

(8 g/dl) with a demonstrable chronic transfusion imbalance (placenta with small

anastomoses or donor/recipient reticulocyte count ratio >1.7) [306]. Placentas

from both spontaneous and iatrogenic TAPS are very similar, typically showing

3–4 small (≤1 mm) unidirectional AVanastomoses with the paucity of compen-

satory AA anastomoses, unlike TTTS, where there are large central diameter

AV anastomoses [306,307]. Compensatory AV anastomoses can however be

seen in 10–19% of spontaneous TAPS, compared to 25% of TTTS placentas

[306]. The development of small unidirectional vascular connections without

compensatory vascular networks is presumed to increase the chronic net trans-

fer of red blood cells, leading to the development of TAPS [306,308].

66 High-Risk Pregnancy: Management Options

use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009526142
Downloaded from https://www.cambridge.org/core. Berklee College Of Music, on 11 Feb 2025 at 16:34:48, subject to the Cambridge Core terms of

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009526142
https://www.cambridge.org/core


Complications of TAPS include severe anemia leading to hydrops in the

donor, and severe polycythemia in the recipient that may lead to cardiac failure

and cerebral vascular accidents. Both twins are at risk of later IUD. Once

a TAPS diagnosis has been made, the management options available are

dependent on gestational age, etiology of TAPS (spontaneous or post-

operatively), accessibility of the placental vascular equator and severity of the

condition [303].

Where elective delivery is not an option, expectant management with close

weekly US monitoring (including MCA-PSV measurements) or supportive

interventions, which encompasses cordocentesis and IUT, may be utilised in

the first instance. The expectant approach is favoured in TAPS cases that present

in the first or early second trimesters, as many cases may remain stable, by

which the goal of a late preterm delivery can feasibly be achieved. More

invasive management options include an IUT of the anemic donor twin or an

exchange transfusion whereby blood from the recipient twin is removed and

transfused to the donor twin [309]. If there is rapid recurrence of the anemia

after two transfusions then options again include elective delivery if at an

appropriate gestational age and EFW, or selective feticide or FLA of the

vascular anastomoses depending on gestation, fetal condition and accessibility

of the equator. It is however imperative to avoid transfusions in cases of severe

TAPS given the rapid inter-twin passage of blood, which may risk transfer of

blood to the polycythemia recipient, leading to worsening hyperviscosity [125].

Intraperitoneal transfusion of fetal blood can assist in mitigating this risk factor,

allowing for slower red cell absorption by the donor and reduce hyperviscosity

of the recipient [310].

At present, FLA is the only potentially curative in utero treatment for TAPS.

However, this is more technically challenging than in the context of TTTS. The

presence of a floating inter-twinmembrane can inhibit the ability to fully visualise

the vascular equator and any small vessels requiring ablation [303]. Performing

an FLA for TAPS that occurs after FLA for TTTS will have the added complica-

tion of this being a second procedure and thus knowledge of the first procedure

and any challenges (e.g., blood-stained liquor) can inform the decision as to

whether to perform a repeat laser for TAPS.

There is currently no consensus as to the best management for TAPS. Data

from the TAPS registry, across 17 fetal medicine centres, demonstrated that of

370 cases recorded, 31% were managed expectantly, 30% with laser surgery

and 19% with IUT. A small proportion were managed with delivery or selective

feticide (8 and 1%, respectively). Perinatal mortality was high across all groups

(mortality: 17% expectant, 18% laser, 18% IUT, 10% delivery and 7% co-twin

following feticide). There was also significant morbidity (49% delivery group,
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31% laser, 25% selective feticide, 31% expectant). The longest diagnosis to

birth internal was in the selective feticide group followed by laser surgery,

expectant and delivery [311]. For patients presenting prior to 28 gestational

weeks, recent literature has suggested an operative approach, with laser surgery

ensuring a greater proportion of patients are resolved of TAPS prior to delivery,

alongside delivering at an adequate gestational age [312].

The data from the TAPS registry was included in a 2021 meta-analysis of 38

studies (506 pregnancies) assessing the perinatal outcome according to whether

TAPS occurred spontaneously or post laser treatment, whilst examining the

outcome following each management option. Intrauterine death occurred in

5.2% (95% CI: 3.6–7.1%) of twins with spontaneous TAPS and in 10.2%

(95% CI: 7.4–13.3%) of those with post-laser TAPS, while the corresponding

rates of NND were 4.0% (95% CI: 2.6–5.7%) and 9.2% (95% CI: 6.6–12.3%),

respectively [298]. Overall, IUD occurred in 9.8% (95% CI: 4.3–17.1%) of

twins managed expectantly and in 13.1% (95% CI: 9.2–17.6%), 12.1%

(95% CI, 7.7–17.3%) and 7.6% (95% CI, 1.3–18.5%) of those treated with

laser surgery, IUT and SR, respectively [298]. Severe neonatal morbidity

affected 27.3% (95% CI: 13.6–43.6%) of twins in the expectant-management

group, 28.7% (95% CI: 22.7–35.1%) of those in the laser-surgery group, 38.2%

(95% CI: 18.3–60.5%) of those in the IUT group and 23.3% (95% CI: 10.5–

39.2%) of those in the SR group [313]. Results of this review suggest that twins

complicated by spontaneous TAPSmay have a better prognosis. The TAPS trial,

a multicentre open label RCT is currently underway to evaluate the effect of

laser surgery compared with standard treatment on the neonatal outcome and

gestational age of delivery inMC twin gestations complicated by TAPS [314]. It

is hoped that completion of this study will be in 2024.

Postpartum, the outcomes of TAPS can range from haematological disorders to

severe neonatal morbidity andmortality. Postnatal TAPS canmanifest as anemia in

the donor twin, polycythemia in the recipient [128]. The discordance in haemoglo-

binmaywarrant a blood transfusionwithin the donor twin, with partial exchange in

the recipient twin to minimise hyperviscocity-related complications [303].

Thrombocytopenia can also develop postnatally, more commonly in the recipient

twin. Postnatal TAPS tends to be seen less frequently in cases managed by laser

therapy, comparedwith casesmanaged expectantly. Neonatalmorbidity or cerebral

injury can range from 25 to 49% of TAPS cases [303,311,312]. A retrospective

study published in 2020 examined the long-term neurological sequalae of survivors

of spontaneous TAPS cases. Ex-donors were noted to have an up to 15% rate of

deafness and a four-fold increase in neurodevelopmental impairment. This was

a significant increase compared to ex-recipients (OR: 4.1, 95% CI: 1.8–9.1,

p = 0.001) [315]. Ultimately, regardless of the management option, the importance
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of minimising risk of prematurity and residual morbidity of TAPS cases is para-

mount for the overall long-term neurological benefit and neonatal survival.

Conjoined Twins

Owing to the very poor prognosis for all types of conjoined twins, with no in utero

fetal interventions possible, TOP should be discussed. Conjoined twins are rare,

and prenatal assessment is required in a tertiary centre so that diagnosis can be

confirmed, and prognosis discussed in conjunction with a multidisciplinary team,

as advised by RCOG [94].

If the parents decide to continue with the pregnancy, then a detailed US

examination including echocardiogram should be performed, with consider-

ation of other imaging modalities such as 3D US and fMRI [316]. The aim of

imaging is to determine the amount of shared tissue and organ involvement,

particularly cardiac, as this has the greatest influence onmortality and the ability

to separate the twins. If preterm labour occurs, then vaginal delivery can be

considered, but for most, caesarean section is required as dystocia is common

[317]. Delivery should be carefully planned in a tertiary centre with appropriate

neonatal and paediatric surgical support [318].

SUMMARY OF MANAGEMENT OPTIONS

Prenatal: Diagnosis and Management Options for Specific
Complications

MFPR

• Multifetal pregnancy reduction aims to reduce poor obstetric and peri-

natal outcomes associated with higher-order pregnancies.

• Acceptability is dependent upon couple’s social background, beliefs

and wishes.

• In DC twins, the preferred method is US-guided intracardiac potassium

chloride injection.

• In MC pregnancies, options are US-guided interstitial laser coagulation

or RFA at <18 weeks or bipolar cord coagulation at 18−25 weeks.

• Multifetal pregnancy reduction of triplet pregnancy remains contentious;

studies of MFPR of quadruplets and higher-order pregnancies are lacking.

• Anti-D prophylaxis is required for procedures.

Congenital Anomalies in Twins

• For all twins:

- offer counselling and psychological support
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(cont.)

- accurate chorionicity determination is essential

- anti-D prophylaxis is required for procedures

- options:
& conservative management
& selective feticide of the abnormal fetus
& termination of the pregnancy

• Dichorionic twins:

- conservative management is usually preferred if the condition is

lethal to avoid intervention loss rates

- selective feticide, if indicated, can be performed at a later gestation

(i.e., following the detailed anomaly scan at 20−2 weeks)

• Monochorionic twins:

- conditions with a high risk of intrauterine fetal death selective feti-

cide should be considered

• Careful follow-up of surviving normal twin

Selective Termination: Feticide

• In DZ twins, use intracardiac or intrafunicular injection of potassium

chloride or lidocaine.

• Counselling couples with DZ twins: inform them that delivery of

a viable infant/s is most often achieved, but complications include

miscarriage and preterm delivery. Gestational age at feticide does not

significantly affect miscarriage rates.

• In MC pregnancies, selective feticide is to be undertaken as soon as

possible after diagnosis and options are US-guided interstitial laser

coagulation or RFA at <18−25 weeks, bipolar cord coagulation at 18

−25 weeks and cord ligation from 26 weeks; co-twin survival rates and

preterm rupture of membrane rates vary with the procedure used.

• In MCMA pregnancies, bipolar cord coagulation and fetoscopic laser

transection of the cord can be used.

• InMC pregnancies, fMRI should be discussed with the parents to assess

for neurological sequalae in the surviving co-twin.

• Psychological support of parents is important before and after feticide.
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(cont.)

sFGR

• Management options are expectant, FLA, selective termination or

delivery at later gestations. The role of FLA is not clear.

IUD of One Fetus (Single Twin Demise, sIUFD)

• For all twins:

- offer counselling and psychological support to patient and family

- administer Rh prophylaxis if Rh-negative

- give maternal steroids if preterm delivery is contemplated

- after birth:
& paediatric assessment and neurodevelopmental follow-up includ-

ing MRI should be undertaken
& post-mortem for the dead fetus should be discussed with parents

• At diagnosis:

- check for signs of threatening miscarriage and severe preterm

delivery

- assess co-twin: fetal biometry, AFV, Doppler velocimetry and pla-

cental examination

• Dichorionic twins:

- Doppler velocimetry (UA and MCA), fetal growth/biometry and

AFV measurements every 2−4 weeks in the survivor

• Monochorionic twins:

- continue fetal surveillance in surviving twin every one to two weeks:

fetal growth/biometry assessment, AFV and Doppler velocimetry

(UA and MCA +/-DV)

- the MCA Doppler, recordings may suggest anemia, which, in turn,

may predict the risk of brain damage; offer fetal blood transfusion if

detected <35 weeks

- consider offering an MRI at least three weeks after the time of

presumed death to provide information about possible brain injury

• Timing and mode of delivery:

- these should be discussed with the parents

- recommendation in DC twins: deliver at 37+0–37+6 weeks

- recommendation in MC twins: deliver by 36+6 weeks

- mode of delivery should be individualised, though tendency is for CS
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(cont.)

TRAP Sequence

• Management options (empiric rather than evidence-based)

- conservative when there is no evidence of hydramnios and/or

hydrops

- serial US surveillance: biometry including length as conventional

measurements may be difficult in the acardiac twin, AFV, Doppler

velocimetry

- intervention when there is hydramnios and/or hydrops; aim is to stop

the circulation in the acardiac twin
& RFA from 16 weeks is the method most commonly reported.
& Bipolar cord coagulation from 16 weeks seems to have more

complications than RFA.
& Limited data on intrafetal laser or MWA; the value of intrafetal

laser before 16 weeks is being studied.

TTTS

• Management options:

- expectant management

- serial amnioreduction

- septostomy

- fetal laser ablation of vascular anastomoses – this is recommended as the

first-line treatment by RCOG, SMFM, ISUOG and RANZCOG; centres

offering this treatment should have operators with adequate training and

experience

- selective reduction.

• Perform MRI of the brains of the surviving fetuses four weeks after the

procedure.

• Most authorities recommend elective delivery at 36+0–37+0 weeks.

• Longer-term follow-up to two years of age is advocated.

TAPS

• Prenatal management options (dependent on gestational age, etiology

of TAPS (spontaneous or post-operatively), accessibility of the placen-

tal vascular equator and severity of the condition)

- elective delivery, especially if the condition presents late in

pregnancy
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(cont.)

- expectant management (especially if presenting in first or

early second trimesters) comprising weekly fetal surveillance with

UA and MCA Doppler velocimetry

- FBS and intrauterine/intraperitoneal fetal blood transfusions

- fetoscopic laser ablation of vascular anastomoses is the only curative

treatment.

• Neonatal management

- vigilance for anemia, polycythemia and/or thrombocytopenia

- implement long-term neurodevelopmental surveillance.

Conjoined Twins

• Obtain careful ultrasonographic evaluation of anatomy; consider 3DUS

and/or MRI in addition.

• Provide interdisciplinary discussion of therapeutic options with the

parents:

- termination of pregnancy

- continue with the pregnancy; prognosis depends on the amount and

location of the shared tissue; whilst vaginal delivery may be possible

if preterm labour occurs, most cases are delivered by CS; delivery

should be in a tertiary centre with neonatal and paediatric surgical

support.

3.2.5 Labour and Delivery

Planning Birth

Women should be given the opportunity to discuss mode and likely timing of

birth from 24 weeks. Information should be tailored to the woman and her

pregnancy and include discussion related to place of birth and potential need for

transfer in case of PTB, timing and possible mode, analgesia, intrapartum fetal

monitoring and management of the third stage [54].

Setting and Resources

Given the associated fetal and maternal risks of multiple pregnancy, delivery in

an obstetric-led unit is routinely recommended to enable easy access to an

obstetric operating theatre. Easy access to a specialist neonatal unit is vital.

Since multiple pregnancies may require specialised and multidisciplinary sup-

port at the time of delivery, comprising immediate access to an experienced
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midwife, obstetrician, anaesthetist and neonatologist, is essential. Furthermore,

if a preterm or operative delivery or fetal problems are anticipated, one neonat-

ologist should be present per infant [54,94].

Timing of Birth

The mean duration of pregnancy of 138,660 twin gestations in the United

States in 2008 was 35.3 weeks with a standard deviation of 3.6 weeks [319].

A study of 1,663 sets of twins from Germany published in 2020 found

a median value of 35.0 weeks, with an interquartile range of 33–7 weeks

[320]. It is difficult to establish to what extent these durations are shortened by

intervention when complications arise because studying only spontaneous

onset of labour excludes the large number of twin pregnancies with complica-

tions that would mean that they would have delivered early anyway, even

without intervention. What is clear is that the peak risk of perinatal mortality

for twin pregnancies occurs at an earlier gestational age than for singletons.

Consequently, in twin pregnancies, early elective delivery is commonly

recommended even when there are no obvious complications [321,322].

Chorionicity is a particularly important determinant of delivery timing. In

the setting of DC twins, decisions relating to timing of delivery when compli-

cations arise are similar to those in singleton pregnancies. In the setting of MC

pregnancies, decisions are complicated by the heightened risk of co-twin

demise or adverse neurological sequelae in the event of single fetal death,

owing to the shared circulation [257].

A 2016 systematic review and meta-analysis of 32 studies (29,685 DC and

5,486 MC twin pregnancies) examined the prospective weekly perinatal death

risk following 37 weeks’ gestation for uncomplicated DC twins and 36 weeks’

gestation for uncomplicated MC twins, respectively. A delay in delivery to 38

weeks for DC twins led to an additional 8.8 perinatal deaths per 1,000 pregnan-

cies (95% CI: 3.6–14.0/1,000, I2 = 0%) compared with the previous week.

A delay in delivery to 37 weeks for MC twins led to an additional 2.5 per

1,000 perinatal deaths, although that increase was not statistically significant

[323]. A 2022 IPD meta-analysis aimed to elicit the effect of growth discord-

ance or SGA on rates of stillbirth and NND. It demonstrated that growth

discordance or SGA were associated with higher absolute risks of stillbirth

and NND but, balancing these risks, there was no evidence to recommend

a changing to the time of recommended delivery if growth disorders were

present [227].

Amnionicity is also an important determinate in the timing of delivery for

multiple gestations, with recommended delivery dates for MA twins being
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earlier than DA twins due to increased risks of single or double IUD within the

third trimester due to a shared amnion. Currently there are no RCTs assessing

the optimal timing of delivery forMCMApregnancies. A 2019meta-analysis of

25 studies (1,628 MCMA twins) demonstrated an overall incidence of fetal loss

of approximately 6%, with rates greatest between 24 and 30 weeks’ gestation

[107]. Of these, 11 studies examined rates of IUD beyond 35 weeks, but the

number of deaths were too few to draw significant conclusions. 37.8% (95%CI:

28.0–48.2%) of MCMA pregnancies were also delivered before the scheduled

timing for delivery, due mainly to spontaneous PTB or abnormal cardiotoco-

graphic (CTG) findings [107].

Consequently, NICE, ACOG, ISUOG and RANZCOG recommend offering

delivery [54,92,154,220]:

• at 37+0–37+6 weeks for women with an uncomplicated DCDA twin preg-

nancy, because of the increased risk of fetal death from 38 weeks onwards.

The NICE guideline recommends offering delivery, following consideration of

administration of corticosteroids [54]:

• at 36 weeks for women with an uncomplicated MCDA twin pregnancy

because planned birth from 36+0 weeks does not appear to be associated

with an increased risk of serious neonatal adverse outcome but that continu-

ing the pregnancy beyond 36+6 weeks increases the risk of fetal death.

• between 32+0 and 33+6 weeks for women with an uncomplicated MCMA

twin pregnancy.

• at 35 weeks for women with an uncomplicated TCTA or DCTA triplet

pregnancy because continuing beyond 35+6 weeks increases the risk of fetal

death.

Conduct of Labour

Multiple pregnancies have a greater intrapartum blood loss than singletons and

an increased rate of PPH, and thus intravenous access, full blood count, and

serum group and save should be obtained early in labour, with the consideration

of prophylactic uterotonics following delivery [5,94]. Continuous fetal moni-

toring should occur once there are regular contractions. Care must be exercised

to ensure that two distinct heart rate tracings are being obtained. Until the

membranes of the first twin have ruptured, this will be via external transducers,

and thus it is important to use a twin monitor to allow simultaneous recording

with the option of separating the heart rates by adding 20 beats/min to one.

Ideally, after membrane rupture, the first twin should be monitored by a fetal

scalp electrode (unless contraindicated). It is still important to continually check
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at each CTG assessment that two distinct fetal heart rate (FHR) traces are

being obtained. Fetal scalp stimulation should not be used in twin pregnancy

to ‘gain reassurance’ from a pathological classification of the CTG. Twin

pregnancy should be considered a fetal clinical risk factor when performing

CTG classification. This should lower the threshold for identification of fetal

concerns in a way similar to that which should occur in the presence of

meconium [54]. With suspected fetal compromise of the leading twin at ≥34
weeks’ gestation, scalp FBS is appropriate, and the findings should be

interpreted as in singleton pregnancy [54]. However, a frank discussion

about the ultimate likelihood of recourse to caesarean section is important.

According to NICE, women with uncomplicated pregnancies giving birth

after 32 weeks should be advised that more than one-third of women that

plan a vaginal birth will go on to have a caesarean and that a small number

will need an emergency caesarean for the second twin after vaginal birth of

the first [54].

Epidural anaesthesia should be discussed not only in the context of pain relief

for labour but also in the event that interventions are required for delivery, in

particular of the second twin (e.g., operative delivery or internal podalic version

(IPV)). Augmentation by using oxytocin may be used.

Mode of Delivery

Before delivery, the woman should understand the potential complications,

including spontaneous change in fetal presentation and the risk of either

instrumental vaginal delivery and/or emergency caesarean section. Fetal pres-

entation at the time of labour and delivery may not correspond to what was

seen at the last antenatal assessment, which is the case in nearly one-third of

pregnancies last scanned at 32–6 weeks [79]. Fetal lie must be determined on

admission with US in all cases, and potentially intrapartum. Successful deliv-

ery management is reliant upon preparation and well-coordinated multidis-

ciplinary care.

The three clinically relevant combinations of fetal presentations for twin

gestations are:

• cephalic–cephalic

• cephalic–non-cephalic

• both non-cephalic

There needs to be consideration of other risk factors when planning mode of

delivery such as previous caesarean section and PTB. Monoamniotic and

higher-order multiples also require special consideration.
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Cephalic–Cephalic Presentation

This is the most common presentation in twins, representing 40% at delivery.

Malpresentation of one or both twins occurs in 60%: vertex–non-vertex in 35–

40% and non-vertex–non-vertex or vertex in 20% [324]. Recommendations

regarding the optimal mode of delivery are primarily guided by the presentation

of the first twin (twin A). Birthweight difference in relation to the presenting

twin, gestational age, senior clinician skill and experience, and patient prefer-

ence are other key determinants [325]. The consensus is that if both twins are in

cephalic presentation, a vaginal delivery can be offered even in the setting of

LBW (<1,500 g) [28], unless a specific contraindication to vaginal birth exists

[29]. The recommendation of NICE is that vaginal birth and planned caesarean

section are both safe choices for DC and MC pregnancies, if the first twin is

cephalic, the pregnancy has been uncomplicated and passed 32 weeks and there

is no significant size discordance [54].

Non-cephalic Twin A

In the case of a non-cephalic-presenting twin A, RCOG, NICE and RANZCOG

currently recommend an elective caesarean section [54,220,326]. However, it is

recognised that there are limitations to the volume of available high-quality

evidence to underpin this recommendation. The evidence in singletons is from

the TermBreech Trial, which investigated delivery for singleton breech cases. It

concluded that planned caesarean section is associated with substantially

improved neonatal outcomes [327]. This trial was included in a 2015

Cochrane review that concluded that whilst perinatal death or NND (excluding

fatal anomalies) was reduced with planned caesarean section (RR: 0.29, 95%

CI: 0.10–0.86, three studies, 2,388 women), there was a reported higher risk of

short-term maternal morbidity following a policy of planned caesarean (RR:

1.29, 95% CI: 1.03–1.61, three studies, 2,396 women, low-quality evidence)

[328]. These results can be extrapolated to the first twin only. A 2003 systematic

review assessed caesarean delivery in twins compared to vaginal birth and

included three cohort studies and a single RCT and demonstrated that a low

Apgar score at 5 min was less frequent in those delivered by planned caesarean

section (OR: 0.47, 95%CI: 0.26–0.88) but these twins spent significantly longer

in hospital [329]. Conversely, a 2012 systematic review of 16 observational

studies of non-cephalic twin A presentation did not demonstrate a benefit of

caesarean section in non-cephalic-presenting twins but highlighted the small

sample sizes of the included studies [330]. A 2020 national prospective

population-based study of 1,467 twin deliveries did not find a significant differ-

ence in neonatal mortality and morbidity of vaginal breech delivery of the
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first twin compared to caesarean section (adjusted RR: 0.71, 95% CI: 0.27–

1.86) [331]. More robust, high-quality evidence is required to make firm deci-

sions on mode of delivery for non-cephalic twin A presentations, taking into

account gestation, chorionicity and other risk factors. However, at the time of

writing, there is general consensus that if the first twin is a non-cephalic

presentation, then caesarean section should be offered.

Limited research is available on the applicability of external cephalic version

(ECV) for non-vertex-presenting twins. A recent systematic review of two case

reports and a small case series of 22 patients demonstrated a 57% success rate in

ECV for mispositioned presenting twins, with 85% of successful interventions

proceeding to an uncomplicated vaginal delivery [332]. Further research is

required in this area to universally recommend this procedure, which is technic-

ally challenging.

Cephalic Twin A plus Non-cephalic Twin B

In the setting of a non-vertex twin B, RCOG recommends vaginal delivery by

breech extraction provided the infant weighs >1,500 g and all other criteria for

vaginal breech delivery are met [333]. A 2011 systematic review and meta-

analysis of 18 studies (39,571 twin pairs) confirmed lower neonatal morbidity

(3.0 vs 4.6%, OR: 0.53, 95% CI: 0.39–0.70, p <0.001) and mortality for the first

compared to the second twin (0.3 vs 0.6%, OR: 0.55, 95% CI: 0.38–0.81, p =

0.02), regardless of mode of delivery [334]. There was no difference in morbid-

ity between twins in cephalic and non-cephalic presentations or for planned

method of delivery. A significant difference in neonatal morbidity was identi-

fied when the second twin had to be delivered by emergency caesarean section

after vaginal delivery of the first. In this instance, morbidity was higher for

the second twin compared to vaginal birth or planned caesarean section (19.8 vs

9.5 vs 9.8%; p <0.0001) [334].

In 2013, a multicentre prospective RCT, the Twin Birth Study, published its

results, which have been used to derive a lot of the recommendations made in

the RCOG twin birth guidance [335]. This included deliveries between 32 and

38+6 weeks’ gestation, with a DA twin pregnancy (25% MC) and the first twin

in the cephalic presentation. Participants were randomised to either planned

caesarean section or planned vaginal birth. Primary outcome was a composite of

fetal or NND or serious neonatal morbidity. In the planned CS group, 89.9% had

CS for both babies, 9.3% delivered both twins vaginally, and in 0.8% (n = 11) of

cases, the second twin was delivered via CS following the vaginal birth of the

first twin. In the planned vaginal birth group, both twins were born vaginally in

56.2% of cases, in 39.6% of cases both were born by CS and in 4.2% the second
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twin was delivered via CS after the vaginal birth of the first. There was no

significant difference in the mortality and overall morbidity of mothers and

children in the two groups, at 7.3 versus 8.5% (OR: 0.86, 95% CI: 0.65–1.13,

p = 0.29) and 2.2 versus 1.9% (OR: 1.16, 95% CI: 0.77–1.74, p = 0.45).

Regardless of the delivery method, the overall risk of morbidity was signifi-

cantly higher for the second twin than for the first (OR: 1.9, 95% CI: 1.34–2.69,

p <0.001). It can be concluded that under these conditions, for both DC and MC

pregnancies there are no benefits of planned CS compared to planned vaginal

birth for twins between 32 and 38 weeks’ gestation when the first twin is

cephalic [335]. Longer-term follow-up of the babies in the trial has demon-

strated no benefit at two years of age with a policy of planned caesarean delivery

[336]. It should be noted that the obstetricians involved in this study were highly

skilled in the management of vaginal birth of both twins, as there were relatively

few cases of combined vaginal and caesarean births (4.2%). As such, all

obstetricians should take note of the recommendations by RCOG and within

the literature, whilst focusing on maintaining their skillset to manage twin

deliveries in their respective labour ward units [312].

A 2014 WHO global survey on outcomes for 1,424 twin pregnancies dem-

onstrated 25.9% of this cohort had a non-vertex second twin presentation. Of

this patient subgroup, the rate of caesarean section was significantly greater than

in second twin vertex presentation (6.2 vs 0.9%, p <0.001) [337]. However,

although rates of lowApgar score (<7) at 5 min were reported to be significantly

greater (16.0 vs 11.4%, AOR: 1.42, 95% CI: 1.01–2.00) in non-vertex-

presenting second twins, the rates of stillbirth, NND and admission to NICU

were not different [337]. Similar results have been reported by observational

studies. These same studies showed conflicting results as to whether a non-

cephalic presentation of the second twin was a risk factor for caesarean section

for that twin [338,339]. Thus, at present, the evidence suggest that vaginal

delivery of the non-cephalic (breech) second twin presentation when the pre-

senting twin is cephalic is as safe as vaginal delivery of twins in the vertex–

vertex presentation.

Previous Caesarean Section

Women with twin pregnancies who have had a previous cesarean section are

less likely to attempt a vaginal birth after cesarean section (VBAC) but they are

no more likely to fail a VBAC trial compared to women with singleton gesta-

tions [340]. Studies have reported no difference in perinatal outcomes for twins

delivered vaginally or by elective caesarean section in twin pregnancies follow-

ing previous caesarean section [341,342,343]. A retrospective multicentre study
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of 236 twin trials of labour after caesarean section reported in 2022 found no

significant difference in the rates of uterine rupture between vertex–vertex and

vertex–non-vertex presentations, including no difference in maternal morbidity,

neonatal morbidity or mortality [342]. This contrasts with a systematic review

published in 2021 of four retrospective studies that reported that the rate of

uterine rupture was significantly higher in the twins undergoing vaginal birth

after prior caesarean section rather than planned caesarean (OR: 9.43, 95% CI:

3.54–25.17), although absolute rates of uterine rupture were very low regardless

of mode of delivery (0.87 vs 0.09%, respectively) [343].

Caesarean Section

Compared with vaginal birth, it is known that infants born by caesarean are

at greater risk of respiratory distress syndrome (RDS), transient tachypnoea

of the newborn (TTN) and admission to NICU, with risks decreasing as

gestational age increases [344,345]. A 2016 study reported that caesarean

delivery significantly increased the frequency of RDS in both twins com-

pared with vaginal birth, but only at gestational ages <30 weeks [346].

Accordingly, the advisability of prophylactic corticosteroids should take

into account primarily gestational age, fetal size and associated comorbid-

ities and follow the same guidance as for singleton pregnancies. The 2022

RCOG guidelines state

For women undergoing planned caesarean birth between 37+0 and 38+6 weeks
an informed discussion should take place with the woman about the potential
risks and benefits of a course of antenatal corticosteroids. Although antenatal
corticosteroids may reduce admission to the neonatal unit for respiratory
morbidity, it is uncertain if there is any reduction in RDS, transient tachyp-
noea of the newborn or neonatal unit admission overall and antenatal cortico-
steroids may result in harm to the neonate which includes hypoglycaemia and
potential developmental delay [347].

Evidence suggests that mothers and infants spend significantly longer in hos-

pital if delivered by caesarean section, albeit maternal stay may significantly

bias these figures [348].

In summary, there is no evidence to suggest that caesarean section confers an

improvement in maternal or fetal morbidity or mortality, unless twin A is non-

vertex. In the context of acute intrapartum care, such as cord prolapse, placental

abruption, fetal compromise or malpresentation of the second twin, combined

delivery with secondary emergency caesarean section for the second twin may

be necessary. Women who elect to have vaginal birth should thus be aware of

the risk of combined delivery in the setting of multiple pregnancy [54].
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Preterm or LBW Twin Birth

It should be noted that the majority of evidence recommended so far relates to

pregnancies >32 weeks’ gestation and fetal weight >1,500 g. The evidence for

mode of delivery in preterm twin pregnancies is mainly encompassed by

retrospective studies analysing outcomes of neonatal morbidity and mortality.

There is available evidence to promote vaginal birth of both twins, some

reporting equivocal outcomes between modes of delivery and some supporting

caesarean section with an increase in neonatal mortality if twin weights are

<1,500 g [349,350,351].

In the context of extremely preterm twin gestations, there is a paucity of data

with regards to a recommended mode of delivery. A 2017 systematic review of

extremely preterm twins (24+0–27+6) demonstrated no significant difference

between composite outcomes of NND and severe brain injury for cephalic–

non-cephalic twins delivering either vaginally or by caesarean section (95% CI:

0.05–13.43, two studies, I2 = 56%) [352]. A 2020 retrospective study of 390 twin

gestations drew similar conclusions [353]. However, Tucker Edmonds et al.

provided evidence to support that overall survival was greater for

caesarean-born neonates at previable gestations; both 23 and 24weeks’ gestations

(AOR: 3.98, 95% CI: 2.24–7.06, AOR: 2.91, 95% CI: 1.76–4.81, respectively)

[354]. There is an urgent need for research in this area, and at present, mode of

deliverywill need to be individualised according to gestation, BW, fetal condition

and indication for delivery, after appropriate counselling of parents.

MATwins and Higher-Order Multiples

Caesarean section is the recommended mode of birth for MCMA twins due to

the risk of cord entanglement and inter-twin locking [54,233]. For higher-order

multiples, caesarean is also the recommended mode of birth [54].

Delivery Procedures

Cephalic–Cephalic Presentation: Vaginal Delivery

Late second-stage management of delivery for twin A should be as for singleton

vaginal birth. Following delivery, delayed cord clamping (DCC) may be per-

mitted based on the presumed extrapolation of benefits for term singletons.

However, the cord should be clamped immediately if contraindications to DCC

are known, such as the need to immediately resuscitate neonate or mother, fetal

hydrops or utero-placental haemorrhage [355]. The literature on the effects of

DCC in term twin births is sparse, in part because studies have not exclusively

analysed twin deliveries or analysed the twin data subgroup within a larger

cohort. Delayed cord clamping in preterm twins has produced some possible
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evidence of benefit. A recent observational study of 624 twins demonstrated

DCC in preterm infants was associated with a reduced need for delivery

room intubation (AOR: 0.53, 95% CI: 0.42–0.68), mechanical ventilation

(AOR: 0.51, 95% CI: 0.39–0.67) and NICU length of stay (adjusted

coefficient –4.17, 95% CI: 8.15 to –0.19) [356]. However, results should be

interpreted cautiously, as babies eligible for DCC at birth are likely to be from

more stable patients who would otherwise have less of a risk of adverse outcomes

irrespective of DCC or not. A recent small cohort study of 58 patients did not

show any difference in outcomes with DCC compared to immediate [357].

A 2019 RCT demonstrated minimal benefit for DCC compared to immediate

with regards to superior vena cava flow, admission haematocrit and levels at eight

weeks; however, incidence of maternal PPH was higher in the DCC group (4.3%

in ICC vs 25% in DCC, p = 0.04) [358]. For uncomplicated MC twins, delayed

umbilical cord clamping should not be practiced due to an increased risk of acute

feto-fetal haemorrhage due to the placental vascular anastomoses.

Vaginal delivery of the second twin remains a challenge in obstetric practice.

Uterine inertia, abnormal lie or a high presenting part of the second twin may

occur following delivery of the first twin. Accurate determination and stabilisa-

tion of the lie of the second twin must be obtained immediately by an experi-

enced obstetrician, and US examination may be required when the lie is not

readily ascertainable by abdominal palpation or vaginal examination. Only once

fetal lie is firmly established, and the presenting part is confirmed to not be high,

is it safe to perform artificial rupture of membranes. A scalp electrode may be

applied at this time if in vertex position, to maintain accurate fetal monitoring,

given the increased risk of intrapartum asphyxia.

Oxytocin infusion is valuable in the setting of reduced contractility or uterine

inertia, or when there is perceived to be insufficient maternal effort to achieve

timely delivery of twin B, but should only be given after it has been determined that

twin B is in a position suitable for delivery. Giving oxytocin before this risks losing

the opportunity for IPV due to a reduction in intrauterine volume as it contracts the

uterus, preventing the baby being turned. For some cephalic–cephalic births,

a vertex delivery will not occur for the second twin because of a change in

presentation after delivery of the first twin, fetal compromise, cord prolapse or

failure of engagement. Thus, between 0.8 and 3.9% will require breech extraction

and up to 10% will require emergency caesarean section [335,359,360].

Cephalic–Non-cephalic Delivery of Second Twin

In the setting of a transverse or oblique twin B, fetal lie requires correction by an

experienced obstetrician. One option is ECV (Figure 7), which aims to
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manipulate the fetal head over the pelvic inlet to a vertex position. However, in

the context of vaginal breech with intact membranes, IPV followed by breech

extraction (Figure 8) appears to be associated with a significantly lower inci-

dence of fetal compromise and abdominal delivery with comparable neonatal

outcome [361]. The Twin Birth Study demonstrated a 95% success rate in

patients delivered by breech extraction, compared with 42% by ECV, confirm-

ing that breech extraction is the optimal procedure for the non-vertex second

twin [335]. In both cases, the membranes should remain intact as this aids

manoeuvres and reduces the risk of cord prolapse [335]. Internal podalic

version comprises a series of manoeuvres performed prior to breech extraction

and may also be used to expedite delivery in the case of profound bradycardia

(Figure 8). Adequate analgesia is however an essential prerequisite, as is

informed verbal consent by the woman.

Throughout delivery, continuous FHRmonitoring should be maintained. The

bladder is first emptied and the woman positioned in the lithotomy position. The

responsible obstetrician should then locate the fetal foot by internal palpation.

Once it has been identified, the membranes may be artificially ruptured, and one

or (preferably) both feet are held and guided down to the vagina. Assisted

breech delivery is then performed to achieve safe delivery of the second twin.

Figure 7 Modified ECV for delivery of the second twin
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Figure 8 Internal podalic version for delivery of the second twin
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Potential complications of IPV include:

• fetal anoxia

• failed delivery

• trauma (e.g., hip dislocation)

• inadvertent delivery of a hand/shoulder

• placental abruption

• cord prolapse

• endometritis

• maternal trauma – inversion, rupture

There is increasing evidence to suggest a rapid decline in the use of breech

extraction, with a concomitant decrease in IPV, despite its high success rate

[362]. There is thus an urgent need to ensure that obstetricians are trained and

remain competent and confident in these manoeuvres.

Time Interval between Delivery of Twins

A retrospective study performed by Stein et al. assessed the correlation between the

twin-to-twin delivery interval and umbilical blood gas of the second twin in 4,110

twin deliveries ≥34 weeks following vaginal delivery of the first twin. The mean

twin-to-twin delivery time interval was 13.5 min (SD: 17.1 min). However, the

majority of the second twins, 3,115 (75.8%)were born within 15min after delivery

of the first twin (the time distributionwas not Gaussian). Some 674 (16.4%) second

twinswere bornwithin 16–30min, 178 (4.3%)within 31–45min, 71 (1.7%)within

46–60min and 72 (1.8%) after >60min. A significant negative correlation between

delivery interval and cord blood gas was demonstrated. With a delivery interval of

0–15 min, umbilical arterial pH of twin B was <7.10 (OR: 1). with a delivery

interval of 16–30min, the rate of pH at <7.1 of the second twin increased (OR: 3.5,

95%CI: 2–6.3), with a delivery interval of 31–45min (OR: 5.2, 95%CI: 2.4–11.5),

with a delivery interval of 46–60 min (OR: 6.7, 95% CI: 2.5–17.7) and with

a delivery interval of >60 min (OR: 9.3, 95% CI: 3.6–23.8) [363]. A study of

527 twin deliveries also demonstrated a significant negative association between

UA pH and interval twin delivery (0–30 min pH 7.23 and >30 min pH 7.20,

p <0.0001) [364]. Some authors have recommended that an inter-twin delivery

interval of less than 30 min should be achieved to reduce the risk of compromise

and acidosis in the second twin [364,365]. However, studies have shown no

increased risk in perinatal morbidity or mortality with increasing inter-twin deliv-

ery interval if continuous fetal monitoring is used [364,366,367].

In view of the conflicting evidence, it would seem sensible that no limit is put

on the time interval but that the aim of management for the second twin is to
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ensure that there is adequate fetal monitoring with CTG (external or internal)

and that the delivery is actively managed by a senior obstetrician. This involves

not only assessing fetal wellbeing, considering current CTG, CTG during first

stage and risk factors for fetal compromise, but also maternal condition and

ensuring that there are adequate contractions. When delivery needs to be

expedited because of concerns regarding fetal condition, this may be achieved

by operative vacuum, forceps or breech extraction.

Twin Entrapment

If twin A presents breech, and twin B is cephalic presentation, there is a risk of twin

entrapment in the setting of vaginal delivery. This occurs when the head of

the second twin enters the pelvis prior to the head of the presenting twin, thus

obstructing labour progression. This is an obstetric emergency, associated with

fetal death of the first twin and perinatal asphyxia for both [102]. Attempts to

release the locked twins by internal manual manoeuvres that push the first twin

back into the pelvis may be performed to enable the cephalic second twin to deliver

first. However, if this is unsuccessful, an emergency caesarean section is indicated.

Third Stage of Labour

All women with twin or triplet pregnancy should be offered active management

of the third stage, as it is associated with a lower risk of PPH and/or blood

transfusion [54]. Additional uterotonics for the active management of the third

stage should be considered if additional risk factors are present (other than just

multiple gestation) for PPH [54].

SUMMARY OF MANAGEMENT OPTIONS

Labour and Delivery

Planning Birth, Setting and Resources

• Parents should have a prenatal discussion of the management/conduct

of labour and delivery.

• Advise delivery in an obstetric unit.

• An experienced obstetrician and anaesthetist to be available for labour

and delivery; a neonatal paediatrician and neonatal team to be available

for delivery, with one paediatrician present per infant if a preterm or

operative delivery or fetal problems are anticipated.
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(cont.)

Timing of Birth

The most recent update of the NICE guideline recommends offering

planned birth:

• at 37+0−37+6 weeks for an uncomplicated DCDA twin pregnancy.

• after considering administration of corticosteroids:

• at 36 weeks for an uncomplicated MCDA twin pregnancy

• at 32+0−33+6 weeks for an uncomplicated MCMA twin pregnancy.

• at 35 weeks for an uncomplicated TCTA or DCTA triplet pregnancy.

Conduct of Labour and Delivery

• Obtain intravenous access at onset of labour; take blood for full blood

count and serum for blood group and saving it if needed for a blood

transfusion.

• Maintain continuous fetal monitoring of both twins throughout labour,

ensuring distinction of the two heart rates.

• Be aware that the second twin is at highest risk of adverse outcome

whether delivered vaginally or by CS.

• Epidural analgesia is recommended.

• Consider synthetic oxytocin infusion for uterine inertia, especially after

the first twin is delivered (should not be given until a favourable

position of twin B is established).

Mode of Delivery

• Choice is influenced by presentation, BW difference, gestational age

and patient preferences.

• Caesarean section is recommended for MCMA and higher-order

multiples.

• The following recommendations relate to twin pregnancies at 32+0

weeks or more.

• Cephalic twin A–cephalic twin B

- Consensus is that a vaginal delivery should be advised in the absence

of a contraindication to vaginal birth.

- Establish fetal lie of twin B after twin A delivered, ideally with US.

- Perform amniotomy provided the presenting part is not high and

a longitudinal lie is confirmed; continue FHR monitoring.
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(cont.)

• Non-cephalic twin A

- RCOG/NICE recommend elective CS.

• Cephalic twin A–non-cephalic twin B

- ACOG and RCOG recommend vaginal birth for twin A and breech

extraction/vaginal delivery for twin B.

- Establish fetal lie of twin B after twin A delivered, ideally with US.

- An experienced obstetrician to perform IPV followed by breech

extraction; this has a higher success rate than ECV.

- With IPV or ECV, membranes should ideally remain intact until the

manoeuvre is completed.

- Continuous FHR monitoring throughout.

- Epidural ‘top-up’ is advisable before an assisted delivery.

• There is no evidence to justify a set inter-twin birth interval; the priority

is to ensure both have FHR monitoring.

• Twin entrapment occurs generally with breech twin A and vertex twin

B presentation: management options are a) manually pushing the first

twin back into the uterus and deliver the second twin first or, b) an

emergency CS.

Preterm or LBW Twin Birth

• In preterm labour <32 weeks or where EFW of the fetus is <1,500 g,

there is conflicting opinion about the optimal mode of delivery and little

evidence to guide decision-making, thus, mode of delivery should be

individualised depending on gestation, BWs, conditions of the fetuses

and indication/reason for delivery, and a detailed discussion with the

parents.

Third Stage of Labour

• Active management is advocated; extra uterotonics may be required.

3.2.6 Postnatal

General

Although the principles of postnatal care do not differ from those that apply to

singleton births, women with multiple pregnancies may require additional

support. The postnatal hospital care of women with multiple births may in the

first instance be prolonged, and additional community support may also be

required postnatally. All mothers should receive adequate encouragement and

88 High-Risk Pregnancy: Management Options

use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009526142
Downloaded from https://www.cambridge.org/core. Berklee College Of Music, on 11 Feb 2025 at 16:34:48, subject to the Cambridge Core terms of

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009526142
https://www.cambridge.org/core


support to successfully establish breastfeeding, and in the context of multiple

birth, this may demand increased healthcare team input. Women should also

receive contraceptive advice early in the postnatal period to avoid an unintended

pregnancy, and ideally these conversations should begin antenatally.

A heightened awareness for postnatal depression may be justified. Research

in this area is limited, however, a 2015 systematic review has demonstrated an

increased occurrence in mothers of multiple gestations compared to singletons

[368]. Recognised risk factors for postnatal depression, such as pre-eclampsia,

hyperemesis, emergency caesarean or instrumental delivery, premature delivery

and excessive bleeding intrapartum, are higher for this group [367,368].

Offspring are also more likely to require neonatal unit admission in the imme-

diate postpartum period. Socioeconomic deprivation indicators such as

unemployment, low income and low education have been cited as risk factors

in mental health disorders [368,369]. The added financial implications associ-

ated with multiple birth are thus likely to be relevant.

A good domestic relationship and positive social support are considered

protective factors against postnatal depression and may be particularly

valuable in this context [368,369]. Maintaining or establishing contact

with the local multiple birth support groups during the puerperium may

also be important.

SUMMARY OF MANAGEMENT OPTIONS

Postnatal

• Provide extra support while in hospital to assist with infant care.

• Encourage breastfeeding.

• Offer longer inpatient stay.

• Arrange support at home.

• Increased vigilance for maternal postnatal mental health problems.

• Provide adequate contraceptive advice.

4 Higher-Order Multiples Summary

Triplet and higher-order multiple pregnancies are particularly high-risk groups

and warrant separate consideration. Internationally, an overall decline in triplet

pregnancies is observed, which likely reflects statutory regulation of AR prac-

tice [1]. Multifetal pregnancies are associated with a higher risk of maternal,

perinatal and long-term complications when compared to singletons or twins

[219]. Althoughmodern neonatal care has improved survival rates of preterm as

well as LBW triplets, with 2014 rates showing comparable perinatal mortality
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for twins and triplets, significant complications still exist [370]. Because of

these issues and the additional challenges in fetal surveillance, early referral to

a tertiary centre with a specialist fetal medicine service from initial diagnosis is

required [312]. The subject of MFPR is relevant in this setting, and even in

triplet pregnancies, reduced rates of pregnancy loss, antenatal complications,

PTB, LBW and NND have been reported with reduction [240].

To reflect the increased risks associated with triplet pregnancies, closer

maternal and fetal monitoring is recommended [54]. For those pregnancies

with a shared chorion, increased fetal growth surveillance is recommended

and may commence from 16 weeks’ gestation at two-weekly intervals.

Recommendations vary for monitoring in TCTA pregnancies, with some sug-

gesting that they may requires less intensive growth surveillance [371]. Scans

every 14 days from 20 weeks are recommended by NICE [146]. Before

screening is performed, women should receive clear counselling regarding the

greater likelihood of Down syndrome. In terms of screening, only NT and

maternal age are utilised in this setting, and thus the accuracy of testing is

also lower.

A particularly important complication in higher-order multiples is PTB,

especially given its associations with perinatal mortality and long-term child

morbidity [73]. Concerning mode of delivery, the potential difficulties with

electronic fetal monitoring, unrecognised hypoxemia (especially given the high

incidence of FGR) and birth trauma frommanipulative delivery of non-cephalic

-presenting fetuses mean that caesarean section is generally advocated in triplet

and higher-order multiple pregnancies [54].

SUMMARY OF MANAGEMENT OPTIONS

Higher-Order Multiples

• All cases require early referral to a tertiary centre with a specialist fetal

medicine service.

• Only NT and maternal age can be used for screening for aneuploidy.

• If invasive prenatal diagnosis is required, amniocentesis is the preferred

option.

• Growth surveillance

a) commence at 16 weeks and at two-weekly intervals for triplets with

a shared chorion

b) commence at 20 weeks and at four-weekly intervals for TCTA

pregnancies.
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(cont.)

• MFPR (see Section 3.2.4) should be discussed as higher-order multiple

pregnancies are associated with reduced rates of pregnancy loss, ante-

natal complications, PTB, LBW and NND.

• Most advocate elective caesarean section for delivery of triplet and

higher-order births.

Abbreviations

AA arterio-arterial

AC abdominal circumference

ACOG American College of Obstetricians and Gynecologists

AFV amniotic fluid volume

AOR adjusted odds ratio

AR assisted reproduction

AV arterio-venous

β-hCG β-human chorionic gonadotropin

BMI body mass index

BW birthweight

cffDNA cell-free fetal DNA

CI confidence interval

CL cervical length

CRL crown rump length

CTG cardiotocographic

CVS chorionic villus sampling

DA diamniotic

DC dichorionic

DCC delayed cord clamping

DCTA dichorionic triamniotic

DET double embryo transfer

DNA deoxyribonucleic acid

DV ductus venosus

DVP deepest vertical pocket

DZ dizygotic

ECV external cephalic version

EFW estimated fetal weight

EPPPIC Evaluating Progestogens for Preventing Preterm Birth

International Collaborative
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eSET elective single embryo transfer

ESPRIT Evaluation of Sonographic Predictors of Restricted Growth in

Twins

FBS fetal blood sampling

fFN fetal fibronectin

FGR fetal growth restriction

FIGO The International Federation of Gynecology and Obstetrics

FLA fetoscopic laser ablation

FMF Fetal Medicine Foundation

fMRI fetal magnetic resonance imaging

Hb hemaglobin

HC head circumference

HFEA Human Fertilisation and Embryology Authority

ICP intrahepatic cholestasis of pregnancy

ICSI intracytoplasmic sperm injection

IM intramuscular

IPD individual patient data

IPV internal podalic version

ISPD International Society for Prenatal Diagnosis

ISUOG International Society of Ultrasound in Obstetrics and

Gynecology

IUD intrauterine death

IUT intrauterine transfusion

IVF in vitro fertilisation

LBW low birthweight

MA monoamniotic

MBRRACE Mothers and Babies: Reducing Risk through Audits and

Confidential Enquiries

MC monochorionic

MCA middle cerebral artery

MCDA monochorionic diamniotic

MCMA monochorionic monoamniotic

MCTA monochorionic triamniotic

MFPR multifetal pregnancy reduction

MPJ membrane-placental junction

MWA microwave ablation

MZ monozygotic

NICE National Institute for Health and Care Excellence

NICU neonatal intensive care unit

NIHCD National Institute of Child Health and Human Development
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NIPT non-invasive prenatal testing

NND neonatal death

NSC National Screening Committee

NT nuchal translucency

ONS Office for National Statistics

OR odds ratio

PAPP-A pregnancy-associated plasma protein A

PI pulsatility index

PPH postpartum haemorrhage

PPROM preterm prelabour rupture of membranes

PSV peak systolic velocity

PTB preterm birth

PZ polyzygotic

RANZCOG Royal Australian and New Zealand College of Obstetricians and

Gynaecologists

RCOG Royal College of Obstetricians and Gynaecologists

RCT randomised controlled trial

RDS respiratory distress syndrome

RFA radiofrequency ablation

RR relative risk

SET single embryo transfer

sFGR selective fetal growth restriction

SGA small for gestational age

sIUFD single intrauterine fetal demise

SMFM Society for Maternal–Fetal Medicine

SOGC Society Obstetricians and Gynecologists of Canada

SR selective reduction

STORK Southwest Thames Obstetric Research Collaborative

TAPS twin anemia–polycythemia sequence

TCTA trichorionic triamniotic

TOP termination of pregnancy

TRAP twin reversed arterial perfusion

TTN transient tachypnoea of the newborn

TTTS twin-to-twin transfusion syndrome

UA umbilical artery

US ultrasound

VTS vanishing twin syndrome

VV veno-venous

WHO World Health Organisation
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