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Abstract
Observational epidemiological analyses demonstrated a decreased risk of death and severe morbidity associated with caesarean delivery of twins at term but an increased risk preterm. A multicentre international randomised controlled compared planned caesarean section with vaginal birth and observed no difference in outcome, however, the trial included preterm and term births in approximately similar proportions. A subsequent re-analysis of the trial demonstrated that planned caesarean section was associated with an increased risk of adverse neonatal outcome at preterm gestational ages, but reduced the risk of perinatal complications at term, consistent with the epidemiological studies. Hence, decision making around mode of delivery for twins should recommend against routine caesarean delivery preterm. At term, the balance of risks and benefits will vary according to the mother’s prioritisation of avoiding intervention, her attitude to managing the risks of uncommon but potentially severe adverse events, and her plans and potential for future pregnancies.
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Introduction
The number of multiple births is increasing globally due to a combination of factors, with the major contributor being increasing use of fertility treatments. Vaginal delivery of multiples is associated with a series of well recognized potential complications, in particular related to delivery of the second twin following vaginal delivery of the first. Clinical and epidemiological studies suggested that there was an increased risk of severe adverse outcome associated with delivery of the second twin at term and it is biologically plausible that planned caesarean delivery might mitigate the risks[1]. In 2013, a randomized controlled trial, the Twins Birth Study (TBS), failed to demonstrate improved outcomes with the use planned caesarean[2]. However, the study was criticized for including a large proportion of preterm births, given that the apparent protective effect of caesarean delivery inferred from epidemiological analyses was only observed at term[3]. A subsequent secondary analysis of the TBS data confirmed that planning caesarean delivery reduced the risk of neonatal morbidity of twins born at or near term[4]. Whether the latter observation results in revision of current guidelines some of which state that women should be informed that there is no benefit of planned caesarean delivery in twin pregnancy remains to be seen, as there is a natural hesitancy about making such recommendations based on post hoc subgroup analyses. 

Many women with twins will consider requesting planned caesarean delivery and obstetricians will have to discuss the evidence and give their assessment of whether caesarean delivery may reduce the risk of perinatal death or severe morbidity. This review addresses the totality of the evidence. The issues addressed are relevant for the 1.6 million women per year with a twin pregnancy. They are also highly relevant for considering what we mean when we talk about "evidence-based medicine", and in particular the strengths and limitations of RCTs and observational epidemiology.



Why is mode of delivery of twins an issue?
It is well recognized that twin births are at an increased risk of adverse perinatal outcome. There are a number of determinants[1]. One challenge is the effect of a twin pregnancy on intrapartum electronic fetal monitoring. The fetal heart rate of the first twin can be measured using a fetal scalp electrode and there is also the option of performing pH analysis of a scalp blood sample. In contrast, the FHR of the second twin can only be assessed using an ultrasound transducer. This carries the danger that the FHR of the first twin may be detected and that abnormal FHR patterns of the second twin may be missed. It is also impossible to perform fetal blood sampling of the second twin in the event of non-reassuring monitoring.

The main risks associated with vaginal birth of twins are the risk of complications following delivery of the presenting twin. The risks include (i) malpresentation of the second twin, (ii) cord prolapse, (iii) placental abruption, and (iv) a prolonged inter-twin delivery interval. Given these risks, twin births usually take place in an environment where caesarean delivery can be performed at extremely short notice. These risks can also be addressed by specialized obstetric manoeuvres, such as internal podalic version and breech extraction. However, this procedure requires considerable training and skill. In older obstetric textbooks, caesarean delivery of the second twin following vaginal delivery of the first was regarded as a failure of intrapartum management. However, in modern practice, about 5% of twin births are delivered by a combined vaginal-caesarean approach and this may be preferable to an inexperienced practitioner attempting internal podalic version and breech extraction.

All of the factors above suggest that it is plausible (i) that the second twin may be at increased risk of death associated with complications during labor and delivery compared with the first twin, and (ii) that delivery of twins by planned caesarean may mitigate these risks and may lead to a lower risk of death[1]. Before reviewing the epidemiological literature on the effects of birth order on adverse outcome it is worth considering some important methodological issues.

Studying birth order, mode of delivery and the risk of adverse outcome
It might be presumed that the question about whether the perceived clinical risks associated with delivery of the second twin are associated with an increased risk of death is a relatively simple one to address. However, there are multiple complexities, and these will be dealt with in turn.

Defining intrapartum related events
Perinatal death is defined as stillbirth or death of a live born infant in the first week of life (many studies also include late neonatal deaths, i.e. neonatal deaths at two to four weeks of life). Most stillbirths are due to death of the baby prior to the onset of labor and are not, therefore, associated with complications during labor and delivery. The two major causes of neonatal death are preterm delivery and congenital anomaly. Again, neither are primarily related to complications during labor and delivery. It follows, therefore, that quite detailed information on the classification of perinatal death is required to infer whether the death was truly related to complications in labour and birth, hence potentially preventable by planned caesarean delivery. The term “delivery-related perinatal death” has been coined[1], which is intrapartum stillbirth or neonatal death which is not due to congenital abnormality. This outcome can be defined in datasets with rich information on the cause of perinatal death. However, perinatal death affects less than 1% of births and, due to the rarity of the event, informative analyses require the large sample sizes which tend to be achieved using routinely collected data. The combination of collecting data from large numbers of births and having detailed information on the circumstances of the loss is relatively uncommon. One example of such a resource was the National Health Service in Scotland, in the period 1977 and 2012, which linked a national survey on perinatal death with its national register of obstetric data. However, many other sources of routine data lack the ability to classify delivery-related perinatal deaths. 


Gestational age and associations with birth order
Another major factor which complicates the analysis of the risk of death in twins is gestational age. The definition of delivery-related perinatal death includes neonatal deaths due to prematurity and the degree of prematurity is one of the major determinants of the risk of neonatal death. This impacts on analysis of twins in a number of ways. First, twins are at increased risk of preterm birth, hence the proportion of twins that die due to premature birth is much higher than the proportion of singletons. Second, in the vast majority of cases of twin pregnancies the interval between the births is measured in minutes, hence both infants are usually exposed to the same risk of prematurity. It follows that the background risk of neonatal death (i.e. not caused by the complications listed above but rather by the degree of prematurity) is usually the same for both twins. A consequence of this is that if one assumes a fixed increased risk of neonatal death due to complications affecting the second twin after vaginal delivery of the first, it will be associated with a much smaller relative risk at extreme preterm gestational age than observed at or near term. This point is illustrated in Figure 1. The risk of neonatal death is plotted from 24 weeks to 41 weeks of gestational age in white circles and the black circles the absolute and relative risk associated with an additional 5 per 1,000 risk of death added at each week. The relative risk remains below 1.2 until 30wkGA. It only reaches 2 at 35 weeks and is only associated with a substantial increase at term. The changing pattern in relation to gestational age is observed despite the fact that exactly the same excess risk was applied across the whole range of gestational age. This illustrates the fact that, in the preterm period, the effects of prematurity dominate the risk of neonatal death. It is only in late gestation and particularly at term where relatively uncommon complications, such as abruption or cord prolapse, could have any impact on the relative risk of death of the second twin over the first.

Use of paired and un-paired statistical tests
One of the key determinants of which statistical test is appropriate in a given situation where two groups are compared is whether they are random samples drawn from the same population or whether the groups are in any way connected. The statistical tests used to compare both binary and continuous outcomes all make assumptions of either independence or dependence of observations. If the assumptions of the test are violated, the P value and odds ratio which the test yields may be incorrect. It is self-evident that twins represent paired data. Indeed, one might consider using twins as an example of paired data, where it is so obvious that first and second twins are not two unconnected random samples. Despite this, multiple studies have compared the risk of death in first and second twins using the Chi square test[1], but this is not appropriate as it assumes the two samples being compared are independent of each other. The correct test for paired binary data is McNemar’s test, which analyses discordant pairs. Figure 2 shows an example where incorrect use of the Chi square test results in missing a significant association. 

Mode of delivery
The main practical importance of these analyses is the extent, if any, that planned caesarean delivery might reduce the risk of death for the second twin. Addressing this question satisfactorily requires that the analysis can differentiate between planned pre-labour caesareans and emergency caesareans performed either during or before labour. This important sub-classification is possible in some but not all of the commonly used large scale routine data sources. Another complexity is analysis by intention to treat, specifically, what was the intended mode of delivery. Clearly, a woman planning to attempt vaginal birth might require an emergency pre-labour caesarean section. Alternatively, a woman planning caesarean delivery may attend in labour prior to the scheduled date and ultimately  deliver vaginally. Hence, there is an issue using observational data which analyses the observed mode of delivery, to inform clinical decision making about the intended mode of delivery. Analysis based on the planned mode of delivery will usually involve prospective studies.



Early epidemiological studies of the effect of birth order on the risk of perinatal death
Four large scale epidemiological studies published between 1981 and 2001 studied the effect of birth order and concluded that there was no excess risk of death to the second twin[1]. However, all four studies compared the risk of death in first and second twins using a non-paired statistical test, they pooled births at all gestational ages, and they did not confine the analysis to delivery related perinatal death. Hence, until 2001 the view was that, despite the known risks affecting second twins, it was not reflected in an increased risk of perinatal death but the studies which supported this conclusion were flawed.

First studies reporting an excess risk of death of the second twin at term
In 2002, a study of nationally collected data from Scotland compared the risk of delivery-related perinatal death between the first and second twin using paired statistical methods and stratified the analysis by gestational age[1]. Excluding planned caesarean sections, there was a statistically significant excess risk of death of the second twin in 2,436 births at 36 weeks and beyond, but there was no association between birth order and the risk of death among 1,438 births born <36 weeks. Among the latter group, there were no delivery-related perinatal deaths of first twins but nine deaths of second twins (P=0.004). The study included twins born 1992-1997 and a follow-up study extended the range of years to 1985-2001, analysing over 8000 births (excluding planned caesareans) at ≥36 weeks[5]. This study confirmed an increased risk of death of the second twin, demonstrated that there was no excess risk of death in pre-labour caesarean deliveries, and that the risk of either baby suffering a delivery-related death was lower in pre-labour caesarean deliveries. The absolute risk of death of the second twin was 42 per 10,000 (95% CI 28 to 61 per 10,000), which was higher than other high risk groups giving birth at term, such as vaginal birth after caesarean section (13 per 10,000; 95% CI = 8 to 20 per 10,000)[6].  A further UK study analysed data from 1377 twin pregnancies in England, Wales and Northern Ireland from 1994 to 2003 where one infant died and the other survived[7]. The same patterns were observed, namely, that there was no association between birth order and the risk of death preterm but there was an excess risk of death of the second twin at ≥36 weeks. This study could not adequately address the issue of mode of delivery as the dataset employed did not differentiate between planned and emergency caesarean births.

Studies attempting to validate associations seen in UK data
The methodological complexities discussed above make it difficult to summate the literature, due to the heterogeneity in the data available for analysis and in the analytic approach between different studies. A systematic review of the effects of birth order and mode of delivery was published in 2011[8], however, it used unpaired statistical tests to compare first and second twins, failed to stratify the analysis by gestational age, and included heterogeneous causes of deaths. Consequently, the absolute risk of death in second twins included in the meta-analysis varied 40-fold between studies. However, a population based study of Australian data combined detailed information about the cause of perinatal death, analysed outcomes at term, and used a statistical method which took into account the dependence between pairs of twins[9]. Among 3,883 twin pregnancies delivering following the onset of labour, there was one perinatal death of a first twin and 14 delivery-related perinatal deaths of second twins (odds ratio 14, 95% CI 1.84-106). Consistent with the analyses of Scottish data, there was no association between birth order and the risk of death in 3,216 twin pregnancies delivered by pre-labour caesarean, and there was only a single perinatal death among the 6,432 twins delivered by this method, yielding an odds ratio for death of either twin associated with pre-labour caesarean of 0.08 (95% CI = 0.01 to 0.61). The absolute risk of death of the second twin associated with women with twins in labour in this study was 36 per 10,000 (95% CI = 20 to 60 per 10,000), which is remarkably similar to the absolute risk in the Scottish data (42 per 10,000). 

A large scale prospective study of twins born at ≥32 weeks conducted in France[10] compared the risk of severe neonatal morbidity (five minute Apgar score less than four, neonatal trauma, encephalopathy, two or more seizures <72 hours after birth, endotracheal intubation >24 hours and <72 hours after birth, sepsis, bronchopulmonary dysplasia, intraventricular haemorrhage, periventricular leukomalacia, or necrotizing enterocolitis) and neonatal death in relation to whether a woman had a planned caesarean or a planned vaginal birth. Among low risk women (accounting for confounding by indication) these authors found that planning to deliver by caesarean section was associated with an increased risk of neonatal morbidity or mortality at 32-34 weeks, a non-significant trend towards an increased risk between 35 and 36 weeks, but a trend towards a reduced risk of the outcome at ≥37 weeks, with an adjusted odds ratio of 0.37, but with very wide 95% CI (0.08 to 1.67). This study had remarkably low rates of neonatal death among low risk women, with just two losses among 6,820 infants with a planned vaginal delivery. The absolute risk of the primary outcome among the infants of low risk women at term was 0.8% compared with 0.3% of those with a plan for caesarean birth. Hence, the French data are somewhat consistent with other studies in that there was no apparent protective effect of planning caesarean delivery preterm and there was a trend towards a reduced risk of complications with planned caesarean delivery at term. The 95% confidence intervals for the primary outcome in relation to planned caesarean delivery at term had a lower limit of between 0.03 and 0.08 depending on the method of adjustment, hence the data were consistent with a 10 to 30 fold reduction in risk with planned caesarean delivery and the analysis was, therefore, clearly underpowered to rule out a protective effect of caesarean delivery at term. One clear point of difference between the French data and the UK and Australian data was the risk of neonatal death. Among low risk women, there were 2 neonatal deaths among 6,820 infants with a plan for vaginal birth. This yields an absolute risk of 3 per 10,000 (95% CI 0.4 to 11 per 10,000). It is hard to reconcile these data with the much higher absolute risk of neonatal death in the UK and Australian data. It does not reflect generally lower rates of perinatal death in France, as the country had a >50% higher rate of stillbirth than either the UK or Australia[11], a similar rate of neonatal death to the UK, and a higher rate of neonatal death than Australia (https://data.worldbank.org/indicator/SH.DYN.NMRT). The use of population based data in the UK and Australian studies may make them more representative of the country as a whole, whereas the French study recruited larger maternity units. It is also possible that there could be differences in the completeness of ascertainment. But it is also possible that there are differences in the way that intrapartum care is provided in France that reduce the risk of delivery related perinatal deaths despite having similar or higher rates of other types of perinatal death.

The Twin Birth Study (TBS)
The TBS recruited 2804 women with a twin pregnancy who were between 32+0 and 38+6wkGA (see Barrett et al 2013 for inclusion and exclusion criteria[2]) and randomized them to planned caesarean delivery or planned vaginal birth. The primary outcome of the study was a composite of severe neonatal morbidity (very similar to the French study, described above) or neonatal death. The trial was conducted across 25 countries but 95% of births took place in countries with a perinatal mortality rate of <20 deaths per 1,000 births. The characteristics of both groups were comparable and there was minimal loss to follow up. The composite primary outcome affected 2.2% of infants assigned to planned caesarean delivery and 1.9% of those assigned to planned vaginal birth, yielding an odds ratio for planned caesarean delivery of 1.16 (95% CI 0.77 to 1.74). The rate of maternal death or severe maternal morbidity was 7.3% in the planned caesarean group and 8.5% in the planned vaginal birth group, yielding an odds ratio for planned caesarean delivery of 0.86 (95% CI 0.65 to 1.13). The authors concluded “planned caesarean delivery did not significantly decrease or increase the risk of fetal or neonatal death or serious neonatal morbidity, as compared with planned vaginal delivery”.

Just under half of the women in the trial delivered preterm, reflecting the early gestational age where they became eligible for recruitment. It follows that most of the perinatal mortality was due to the effects of preterm birth and could not be reduced by planned caesarean delivery. The paper reported a sub-group analysis confined to women who were recruited at term. Among these women, the composite primary outcome affected 0.4% of infants assigned to planned caesarean delivery and 1.4% of those assigned to planned vaginal birth, yielding an odds ratio for planned caesarean delivery of 0.30 (95% CI 0.06 to 1.43). Hence, the point estimate indicated a 70% reduction in the risk of the primary outcome at term with planned caesarean delivery and the 95% CI indicated that the observed result was consistent with a ~17-fold reduction in the risk of the primary outcome with planned caesarean delivery at term.

A letter published after the trial requested a subgroup analysis based on the actual gestational age of delivery[3]. The justification was: (i) that the observational data had indicated that any protective effect of caesarean delivery was only likely to be observed at term, and (ii) that such an analysis would have a larger sample size and would reduce the uncertainty about the possible magnitude of any beneficial effect of caesarean delivery at term. Seven years later, an analysis was published[4] which reported the modelled association between the primary outcome and planned caesarean delivery and performed a formal test of interaction between mode of delivery and gestational age (Figure 3). The P value for the interaction term was <0.001, indicating that the association between planned caesarean delivery and the primary outcome differed by the gestational age of birth. This observation is very unlikely to be explained by the play of chance for the following reasons: (i) the P value was very low, (ii) the analysis was recommended in advance (i.e. was not selected from a large number of sub-group analyses), and (iii) an interaction between caesarean section and gestational age in determining the risk of death was evident in the observational studies. Re-analysis of the TBS indicated that planned caesarean delivery was actually harmful in the preterm period. However, at term, the composite primary outcome affected 0.7% of infants assigned to planned caesarean delivery and 1.5% of those assigned to planned vaginal birth, yielding an odds ratio for planned caesarean delivery of 0.44 (95% CI 0.19 to 0.98, P=0.03).

Comparing the observational and interventional studies
There is a remarkable consistency between the data generated by observational and interventional studies of mode of delivery in twins. The observational data indicated that the associations between birth order and mode of delivery were only present at term. This did not indicate that second twins were not at the same risk of complications preterm, it merely indicated that any additional risk was so small in relation to the background risk of prematurity, that it could not be detected. Moreover, both the French observational study and the re-analysis of the TBS indicated that at preterm gestational ages, planned caesarean delivery actually increased the risk of a poor neonatal outcome. The likely explanation for this is that a decision to deliver by caesarean section will involve performing the procedure when spontaneous delivery is anticipated. It is possible that in some cases, although vaginal delivery was deemed to have been imminent, that the clinical situation would change and the natural history of the given presentation would not have resulted in delivery. In the situation where vaginal birth was planned, the pregnancy would be allowed to continue and the twins would be delivered at a later gestational age. In contrast, in the case of a twin pregnancy where caesarean section was the planned mode of delivery, the infants would be delivered on the assumption that vaginal delivery was imminent, with the effect that the infants would have the duration of pregnancy shortened. Given the cardinal importance of prematurity in determining perinatal morbidity, it is plausible that this effect could explain the poorer outcomes associated with planned caesarean delivery in the preterm period. It is also possible that pre-labour caesarean section exacerbates neonatal morbidity. One of the main causes of neonatal morbidity in premature infants is respiratory distress syndrome (RDS). It is well recognized that early term caesarean delivery increases the risk of RDS and transient tachypnoea of the newborn[12]. The presumed mechanism is that the lungs are fluid filled in fetal life and the hormonal and physical stimulation of labour stimulate a shift of fluid out of the alveolar space. Hence, it is also plausible that planned caesarean delivery has a direct harmful effect in the context of prematurity, over and above shortening the duration of pregnancy.

Planned caesarean and maternal morbidity
It is well recognized that vaginal birth is associated with a lower rate of maternal complications than caesarean delivery[13]. This observation is sometimes misinterpreted to encompass the idea that planning a vaginal birth is also, therefore, associated with a lower risk of maternal morbidity. This misinterpretation is due to the conflation of planning a vaginal birth and actually having a vaginal birth. In reality, the population of women who are planning a vaginal birth will ultimately experience different types of mode of delivery. Some will achieve a vaginal birth whereas others will have an unplanned caesarean section. In this latter group, some may be performed prior to the onset of labour. However, the majority will be emergency caesarean sections performed in labour. In the case of twin pregnancies, a small proportion of them will be caesarean delivery of the second twin after vaginal delivery of the first, a method of delivery associated with a particularly high risk of complications. When maternal morbidity is analysed by the actual mode of delivery, the hierarchy of increasing risk is spontaneous vaginal birth, operative vaginal birth, planned caesarean delivery and emergency caesarean delivery[13]. It follows, therefore, that among a population of women with a high prior risk of an emergency caesarean section who are planning vaginal birth, the overall risk of maternal morbidity may be increased compared with planning caesarean delivery, as any benefit gained by the reduced rates of morbidity in the women having a normal vaginal birth is outweighed by the increased risk of complications among those who attempted vaginal birth but ended up being delivered by emergency caesarean section.

The issue here is, again, analysis by intention to treat and this is one of the great strengths of an RCT. In the TBS study, 40% of the women who planned to deliver vaginally ended up being delivered by caesarean section. Among this group, about two thirds of the caesarean sections were performed during labour. Although the rate of intrapartum caesarean delivery was actually higher in the planned caesarean group, caesarean delivery in that group would have been performed because the woman was in labour at all. In contrast, in the planned vaginal delivery group, the procedure would have been performed because there was an indication for an emergency caesarean. It is likely, therefore, that the emergency caesarean deliveries in the planned group were “less emergency” than in the planned vaginal birth group. There is direct evidence for this interpretation in the study: the proportion of women experiencing vaginal delivery of twin 1 and caesarean delivery of twin 2 was five times greater in the planned vaginal delivery group. 

When analysed by intention to treat, the rate of maternal morbidity was actually lower in the planned caesarean delivery group (7.3%) versus the planned vaginal birth group (8.5%). The 95% CI indicated that a plan to delivery by caesarean section was associated with somewhere between a 35% reduction in the risk of maternal morbidity and a 13% increase in the risk of maternal morbidity. A comparable observation was made in a multicentre international RCT of planned caesarean delivery for breech presentation[14], i.e. that the group randomized to planned caesarean were not at increased risk of maternal morbidity.

Caesarean section and long term risks
Caesarean delivery is a procedure with extremely high short term utility when it is appropriately used. Although the main concern in high income countries is overuse of caesarean delivery, the absence of safe and timely caesarean delivery is a major determinant of perinatal and maternal death in low income countries. However, the short term benefit of caesarean delivery comes at a long term cost for the women planning future pregnancies. First, although vaginal birth after caesarean section (VBAC) is widely attempted, it is associated with increased risks of adverse outcome for the mother and infant compared with planned repeat caesarean and compared with other parous women attempting vaginal birth who have not had a previous caesarean[6]. Moreover, about 25% of women attempting VBAC ultimately have an emergency caesarean and these women will then generally end up having caesarean delivery for all future pregnancies. Second, there is a dose dependent association between previous caesarean section and placenta accreta spectrum (PAS). Physiological invasion of the placenta involves the decidua and the inner third of the myometrium. There is a range of conditions (variably called PAS, abnormally invasive placenta or placental adhesive disorders) where the depth of invasion is greater and invasion through the full thickness of the uterine wall can occur with penetration into adjacent organs, such as the bladder[15]. A population based study of Nordic data indicated that the risk of PAS was increased seven fold with one previous caesarean and greater than 50-fold in women with three or more previous caesareans[16]. There are also weaker but potentially clinically important associations with the future risk of miscarriage, stillbirth, and placental abruption[17]. It follows that a key element in the decision making around mode of delivery is the individual mother’s plans in relation to future pregnancies. On the whole, planned caesarean delivery is much more likely to cause severe long term harm to a 20y old than a 40y old.

Current guidelines
Currently, ACOG recommends attempting vaginal birth as a means of reducing the overall rates of primary caesarean delivery[18], stating that women where the first twin is cephalic “should be counselled to attempt vaginal delivery”, citing the lack of difference in perinatal outcome in the primary TBS publication. The UK’s National Institute for Health and Care Excellence recommends “explain to women with an uncomplicated twin pregnancy planning their mode of birth that planned vaginal birth and planned caesarean section are both safe choices for them and their babies”, making the statement conditional on a series of requirements (e.g. twin one is cephalic and the pregnancy has progressed beyond 32 weeks) (https://www.nice.org.uk/guidance/ng137). Based on the totality of the evidence, neither guideline is correct. Planning a caesarean delivery is associated with poorer outcomes in the preterm period but a small absolute reduction in the risk of an adverse event at term.

Summary
The evidence around planned caesarean section for mode of delivery in twins is complex. Usefully, the question is informed by an international multicentre randomized controlled trial. However, the trial was designed in such a way that it would never have shown a beneficial effect of planned caesarean, as it included many preterm births. It is unfortunate that the bottom line conclusion of the trial is negative, as this does not accurately reflect the risks and benefits of planned caesarean section. But it is very helpful that an analysis was subsequently published which was informed by the observational epidemiological data, analysing risks by gestational age, notwithstanding that it was published seven years after the event. The clear message is that a plan to deliver by caesarean section is harmful to twins in the preterm period. However, at term, it is clear that a plan to deliver by caesarean section is associated with a reduced risk of rare, but severe adverse outcomes. The magnitude and nature of the risks avoided may depend on the quality of intrapartum care in the given centre. For women with the potential or intention to have multiple future pregnancies, any benefit arising from avoiding these small risks may be outweighed by concerns about increased risks in future pregnancies. Whereas for others, such as the many women of advanced maternal age conceiving twins through IVF, the balance of risks and benefits may tend to favour planned caesarean delivery. 






Practice points
· Do not recommend caesarean section for preterm delivery of twins in absence of a specific indication
· Discuss potential for planned caesarean delivery at term to reduce the risk of adverse outcome for infants without increasing the risk of maternal morbidity
· Put short term benefits for perinatal outcome in context of potential harm for future pregnancies 

Research Agenda
· What is the mechanism whereby planned caesarean delivery adversely affects perinatal outcome in preterm twins?
· Is it possible to predict which women attempting vaginal birth of twins at or near term are at lower risk of perinatal or maternal complications?
· What are the mechanisms leading to increased risks of placentally-related complications in future pregnancies following caesarean delivery?
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Captions for figures

Figure 1. The effect of a fixed 0.5% increase in the absolute and relative risk of neonatal death across the range of gestational age. Weekly risk of death obtained from UK Office of National Statistics:
https://www.ons.gov.uk/file?uri=%2fpeoplepopulationandcommunity%2fbirthsdeathsandmarriages%2fdeaths%2fdatasets%2fchildmortalitystatisticschildhoodinfantandperinatalchildhoodinfantandperinatalmortalityinenglandandwales%2f2019/cim2019deathcohortworkbook.xls 

Figure 2. The effect of using the wrong statistical test when analysing associations with birth order.

Figure 3. Re-analysis of the Twin Birth Study primary outcome by gestational age at delivery. The Y axis plots the risk of difference (for either twin) derived from a statistical model comparing planned caesarean versus planned vaginal birth, including an interaction term with gestational age at delivery. Reproduced, with minor modification and permission from Zafarmand et al, 2021[4].
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Figure 2.

Example:
 1000 twin births:
Both twins survive=968, Both twins die=20,
Only 2nd twin dies=10, Only 1st twin dies=2
Is there an increased risk of death for twin 2?
18


Chi square test uses all cases
30/1000 vs 22/1000
Analysis:
OR = 1.4 (0.8 to 2.3)
P=0.3
McNemar’s test only uses discordant pairs
10 vs 2
Analysis:
OR = 5.0 (1.1 to 46.9)
P=0.04




Figure 3
caesarean higher risk
caesarean lower risk



Multiple choice questions

Question 1.
Which of the following is a recognised complication of vaginal delivery of the second twin:
(a) Cord prolapse
(b) Malpresentation
(c) Placenta accreta
(d) Placental abruption
(e) A prolonged inter-twin delivery interval

Answers to question 1
(a) T	(b) T	(c) F	(d) T	(e) T	
(a, b, d, e). All these outcomes can occur following vaginal delivery of the first twin. (c) Placenta accreta refers to an abnormally invasive placenta that invades beyond the inner third of the myometrium and is particularly associated with previous caesarean delivery.

Question 2.
Which of the following features of an analysis might mask the association between birth order, caesarean delivery, and the risk of perinatal death?
(a) Including neonatal deaths caused by extreme prematurity
(b) Using the Chi square test to compare first and second twins
(c) Including deaths occurring before the onset of labour
(d) Including neonatal deaths due to placental abruption
(e) Using the McNemar test to compare first and second twins

Answers to question 2
(a) T	(b) T	(c) T	(d) F	(e) F

(a, c) Deaths due to prematurity and stillbirths where death occurred prior to the onset of labour are not delivery related and could not potentially be prevented by planned caesarean delivery. (b) The Chi square test assumes that the populations being compared are independent of each other, which is clearly not the case with twins. (d) Neonatal death due to placental abruption is a risk for the second twin and some cases would potentially be preventable by planned caesarean. (e) The McNemar test is appropriate for comparing the risk of death in pairs, such as twins.

Question 3.
The conclusions which can be drawn from the Twins Birth Study include the following:
(a) The data were consistent with the possibility that a decision to be delivered by caesarean section doubles the risk of maternal morbidity. 
(b) There was strong evidence that planned caesarean section at term did not reduce the risk of neonatal morbidity.
(c) There was an increased risk of adverse neonatal outcome associated with a plan to deliver twins by caesarean section in the preterm period.
(d) The study concluded that there was no beneficial effect of caesarean section on the outcome for the infant when preterm and term births were studied as a single group.
(e) The effect of caesarean section was the same irrespective of the gestational age of delivery.

Answers to question 1
(a) F	(b) F	(c) T	(d) T	(e) F
(a) The upper limit of the 95% CI for maternal morbidity was 13%, hence the study ruled out a doubling in the risk of maternal morbidity. (b) The confidence intervals for women recruited at term in the primary study were very wide and the secondary analysis demonstrated that a plan for caesarean delivery was associated with a reduced risk of neonatal morbidity. (c) There was an increased risk of neonatal morbidity among preterm births in the secondary analysis. (d) The original report pooled preterm and term births and observed no overall association. (e) The secondary analysis demonstrated strong evidence for an interaction between a plan for caesarean delivery and the risk of neonatal morbidity across the gestational age range from 32 weeks through to term.
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