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Introduction  

Multiple pregnancy 

In a multiple pregnancy two or more fetuses are developing simultaneously in the same uterus. The 

prevalence is about 1 in 80 live births (Hall 2003). The two forms of multiple pregnancy are dizygotic 

(“fraternal”) and monozygotic (“identical”) twins. Dizygotic twins are more frequent than monozygotic 

twins with a spontaneous prevalence of 1 in 100 and 1 in 330 live births respectively.
1
 Dizygotic twins 

occur when two ova are fertilized at the same time by separate sperm cells. Both fetuses have a 

placenta and a different selection of the parental genes. Monozygotic twins occur when one ovum has 

split after fertilization and two embryos develop.
1
 A monozygotic twin can either have a dichorionic 

diamniotic, a monochorionic diamniotic or a monochorionic monoamniotic placenta (Figure 1), 

depending on the time of cleavage.
1
 In a triplet or higher order multiple pregnancy, combinations of 

mono- and dizygocity and mono- or dichorionicity are present. Since the introduction of artificial 

reproductive technologies (ART) in the ‘80’s, the incidence of twin pregnancies in the United States of 

America (USA) has risen from 1.9% in 1980 to 3.3% in 2012
2
 (Figure 2). In line with this is the 

increase in the incidence of triplet and higher order multiple pregnancies: from 0.04% in 1980 to 

0.19% in 1997. In contrast to twin pregnancies, the number of triplet pregnancies has subsequently 

declined to 0.12% in 2012
2
 (Figure 3) and seems to be declining further. In the Netherlands the 

incidence of twin pregnancy is stable since 1999 at approximately 2.0%
3
 while the number of triplet 

pregnancies has declined from 74 (0.04%) in 2000 to 32 (0.02%) in 2007.
3
  

Women with a multiple pregnancy are more prone to both maternal, fetal and neonatal complications 

compared to women with a singleton pregnancy.
4;5

 Maternal risks include complications associated 

with ART including ovarian hyper stimulation syndrome, bleeding and infection
6
 and an increased risk 

of, hyperemesis, hypertensive disorders, gestational diabetes, placenta previa, cesarean delivery, 

post-partum hemorrhage and post-partum depression.
5
 Fetal and neonatal risks include a higher risk 

on neonatal mortality and morbidity, mainly caused by preterm birth.
5;7

 Other risks are intra-uterine 

growth restriction, congenital abnormality, especially in monozygotic multiples,
1;8

 complications of 

shared placentation in monochorionic multiples
9
 and birth trauma, especially in the second or following 

fetuses of a multiple pregnancy.
10 
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Preterm birth 

Preterm birth, defined as birth before 37 weeks of gestation,
11

 is the worlds leading cause of neonatal 

morbidity and mortality.
7;11

 Preterm birth is associated with a higher risk of neonatal mortality and short 

and long term morbidity including infant respiratory distress syndrome (IRDS), intraventricular 

hemorraghe (IVH), sepsis, bronchopulmonary dysplasia (BPD) and neurodevelopmental disability in 

childhood.
12

 Although women with a multiple pregnancy represent only 2-3% of all pregnancies, they 

account  for 15-20% of all preterm births.
7
 Women with a twin pregnancy have a 60% risk of preterm 

birth and those with a triplet pregnancy have more than 90% risk, whilst in women with a singleton 

pregnancy this risk is approximately 5-9%.
7;13-15

  

Moreover, it is well known that triplets are disadvantaged in comparison with twins because they are 

often born more preterm : approximately 4 weeks earlier, at a mean of 32 weeks’ gestation.
13-19

 

Subsequently they are more likely of being very low birth weight (<1000 grams, 8%),
17

, having low 5’ 

Apgar score (17%)
17

 and more likely to suffer from IRDS (29%) and IVH (27%),
18

 all which can 

subsequently result in  lifelong disability including neurodevelopmental disability.
14;16

   

Preterm birth in women with a multiple pregnancy can either be spontaneous or iatrogenous for fetal 

or maternal indications. Spontaneous preterm birth in women with a multiple pregnancy is suggested 

to be mainly related to uterine overdistention
7;20

 but other risk factors can be involved including 

infection, cervical disease, breakdown of maternal-fetal tolerance, vascular disorders, decidual 

senescence, decline in progesterone action and stress.
20

 Blickstein
14

 argued that there is an “ideal” 

phenotype of women to carry twins successful, being older (>35 years), parous, tall (>165 cm) and 

with racial or familiar predisposition.
21

 He announces that it is not known if the same phenotype is also 

applicable for women with a triplet pregnancy as they are rare in spontaneous conception.
14

  

 

Risk factors for preterm birth in women with a multiple pregnancy 

Apart from the multiple pregnancy itself, women with a multiple pregnancy can have additional risk 

factors of preterm birth. The strongest risk factor is previous preterm birth with an Odd’s Ratio (OR) of 

4.2 (95% CI 1.9-11) for recurrence of preterm birth <32 weeks.
22

 Other risk factors are short cervical 

length, monochorionicity, young or advanced maternal age, nulliparity, lower educational level, black 
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ethnicity, cigarette smoking and several medical conditions such as hypertensive disorder, gestational 

diabetes and anemia.
9;23;24

 In contrast to women with a singleton pregnancy, conception after ART is 

not associated with preterm birth in women with a twin pregnancy.
25;26

  

In previous studies,
23;27;28

 mid-term cervical length (CL) showed to be a strong predictor for preterm 

birth in both singleton
27

 and multiple pregnancies.
23;28

 In women with a high risk singleton pregnancy a 

CL <25 mm has a positive predictive value of 70% for PTB <35 weeks when detected at 14-18 weeks, 

and of 40% when detected at 18-22 weeks, indicating that the earlier the short cervix was measured, 

the higher the risk of preterm birth.
27;29

 In women with a multiple pregnancy CL was only studied at 20-

24 weeks' gestation and found to be a good predictor of spontaneous preterm birth in asymptomatic 

women. In a systematic review CL <25 mm had a sensitivity of 40% (95% (Confidence Interval (CI) 

38-46) and a specificity of 93% (95% CI 92-94).
23 

In order to prevent preterm birth several preventive 

interventions have been studied before 20 weeks of gestation including pessary placement and 

administration of progesterone.
30;31

 Placement of a pessary has shown to reduce adverse neonatal 

outcome when placed at mid-term in women with a multiple pregnancy and short cervix (<38 mm).
30

 

Administration of progesterone is also beneficial in women with a short CL (<25 mm) before 24 weeks’ 

gestation.
32

  

Apart from a screening test for preterm birth in asymptomatic women at mid term, cervical length 

measurement is often used as a diagnostic test for preterm birth in in women with threatened  preterm 

labor. The purpose and consequence of diagnosing preterm labor is to admit antenatal corticosteroids 

in time and to have the opportunity of transferring women to a tertiary center for preterm labor. 

Although CL measurement to predict preterm delivery in women with threatened preterm labor is 

studied extensively in women with a singleton pregnancy,
33

 its diagnostic accuracy is not well known 

in women with a multiple pregnancy.  

Apart from preterm birth, children that are part of a multiple pregnancy have an increased risk of 

mortality during delivery or post-partum.
10

 This fact resulted in studies analyzing the delivery mode. 

Previous research found that there is no benefit for perinatal outcome of delivering all twins by 

cesarean section.
34

 In a large randomized clinical trial (n= 2804), women with a twin pregnancy eligible 

for vaginal delivery were randomized between a planned vaginal delivery and planned cesarean 

delivery. No differences were found between the two groups on a composite of fetal or neonatal 

mortality or serious neonatal morbidity.
34

 However, about 50% of all multiples are born by cesarean 
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delivery, 68% electively and 32% in emergency setting due to arrest of labor or fetal distress.
35

 A 

cesarean delivery, especially emergency, increases the risk of maternal complications during delivery 

such as hemorrhage and postpartum complications such as trombo-embolic events and infections.
36

 

In addition, women with a history of a pregnancy complicated by a cesarean delivery are at increased 

risk of abnormal placentation (placenta previa, placenta increta) and of uterine rupture with fetal 

demise in a subsequent pregnancy. A previous study by Smith et al
37

 described that, in singleton 

pregnancies, CL measured at 20 weeks’ gestation can predict emergency cesarean delivery. Currently 

no studies are available to the predictive value of CL form emergency cesarean delivery in women 

with a twin pregnancy.  

Triplet pregnancy and multifetal pregnancy reduction 

As previously described, women with a triplet pregnancy have a very high risk of preterm birth
13 

due to 

both indicated and spontaneous preterm birth. Some clinicians provide untargeted antenatal 

administration of corticosteroids to prevent complications caused by premature birth.
19;38

 However, 

antenatal steroids are optimally administered 48 hours to seven days before delivery
39

 and one 

repeated course should be considered if women have not delivered and experience a new episode of 

preterm labor following this window. The administration of multiple courses of antenatal steroids is not 

proven to be harmless in long term pediatric follow-up.
40;41

 Nowadays it is not possible to make an 

individual risk prediction for time to delivery in women with a triplet pregnancy. Therefore it is useful  to  

evaluate whether there is a specific time frame, in women with a triplet pregnancy, with such a high 

risk of delivery to warrant prophylactic administration of steroids 

Another suggested therapy to reduce preterm birth in women with a triplet pregnancy is multifetal 

pregnancy reduction (MFPR) from a triplet to a twin or to a singleton pregnancy. MFPR is a technique 

first described in 1978
42

 and  has been used widely since the rise of (higher order) multiple 

pregnancies in the ‘80’s and ‘90’s after the introduction of ART.
43

 The procedure is performed usually 

by transabdominal, ultrasound guided injection of potassium chloride in the fetal heart or thorax.
43

 Due 

to vascular anastomoses in monochorionic twin placentas, this technique is only applicable in 

dichorionic multiples. To reduce one of a monochorionic pair umbilical cord occlusion can be 

performed.
44

 Indications for MFPR include: reducing the risk of preterm birth, prolongation of gestation 

and selective feticide for fetuses with structural or chromosomal anomalies.
43

 However, currently this 
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is still a controversial technology and there is still no evidence for better obstetric and neonatal 

outcome. One would expect to prolong pregnancy duration when there are two instead of three 

fetuses, however, after MFPR there is an increased risk for delivery <24 weeks’ gestation.
45

 This is 

probably due to the release of cytokines after the procedure which affects development and growth of 

the placentas of the remaining fetuses which can cause systemic maternal inflammation.
20

 In 

literature, depending on its chorionicity the safest number of fetus for reduction is one in case a 

trichorionic triplet is reduced and two in case a triplet with a monochorionic twin is reduced.
46

 MFPR of 

triplets is performed in ten centers in the Netherlands, but data regarding pregnancy outcomes and 

neonatal outcomes are unknown. The same holds for MFPR from a twin to a singleton pregnancy, 

which is even more controversial. It can be performed in women with a twin pregnancy discordant for 

fetal abnormality and besides some women ask for MFPR from twin to singleton for elective 

indications such as psychological or financial reasons.
47

  

 

Aim of this thesis 

In  part one of this thesis, the aim was to analyze the predictive value of CL measurement in women 

with a multiple pregnancy. As preventive methods for preterm birth in women with a multiple 

pregnancy can be applied before 20 weeks of gestation, we questioned whether CL has a high 

sensitivity and specificity to estimate preterm birth in women with a twin pregnancy measured at 16-20 

weeks’ gestation. Moreover we wanted to analyze the diagnostic accurateness of CL measurement in 

women with threatened preterm labor complicated by twin pregnancies as mechanisms that can lead 

to preterm birth are suggested to be different in multiple pregnancy compared to singleton pregnancy. 

Apart from predictive for preterm birth, mid-term CL is also predictive for cesarean delivery in women 

with a singleton pregnancy. We questioned whether CL is a predictor in women with a multiple 

pregnancy as well. The rational is that if we are able to predict for emergent cesarean delivery in 

women with a twin pregnancy, we can select women prone for cesarean delivery and counsel these 

women for elective cesarean delivery. We hypothesized that CL is one of these predictors. 

In part two of this thesis, the objectives were to study the outcomes of triplet pregnancy and MFPR in 

the Netherlands. We wanted to know the natural course of a triplet pregnancy to evaluate if there is 

one specific timeframe with such a high risk of delivery to warrant prophylactic administration of 
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steroids. Moreover we wanted to analyze the pregnancy outcomes of MFPR in the Netherlands as this 

has never been done before. We focused on three specific groups: elective reduction from a 

trichorionic triplet to a twin pregnancy, reduction from a dichorionic triplet to a singleton pregnancy and 

reduction from a dichorionic twin to a singleton pregnancy. Of these women and their children, we 

wanted to know the median time of delivery, the risks to lose the entire pregnancy before 24 weeks, 

the risk of preterm birth <32 weeks and the perinatal outcomes. 

 

Outline of this thesis 

Part I Cervical length measurement in women with a multiple pregnancy 

In Chapter 2 the question will be answered whether cervical length measurement at 16-20 weeks’ 

gestation is predictive for preterm birth in women with a multiple pregnancy by the development of a 

multivariable prediction model for preterm birth in women with a multiple pregnancy is described. We 

included cervical length measurement at 16-20 weeks’ gestation as a predictor. In Chapter 3 we 

analyzed the results of a systematic review and meta-analysis of cervical length measurement for the 

prediction of preterm birth in symptomatic women with a multiple pregnancy. Chapter 4 focused on 

the predictive value of mid-trimester cervical length measurement for emergency caesarean delivery in 

nulliparous women with a twin pregnancy. 

Part II Triplet pregnancy and multifetal pregnancy reduction 

In chapter 5 the pregnancy outcomes of 494 consecutive triplet pregnancies are analyzed to answer 

the question if untargeted administration of corticosteroids is applicable. In Chapter 6 pregnancy 

outcomes of MFPR in women with a trichorionic triplet pregnancy are compared with pregnancy 

outcomes of expectantly managed trichorionic triplet pregnancies and with primary dichorionic twin 

pregnancies. In chapter 7 the pregnancy outcomes of MFPR in women with a dichorionic triplet 

pregnancy to a singleton pregnancy are compared to women with an expectantly managed dichorionic 

triplet pregnancy and to women with a primary singleton pregnancy. A review of literature on this topic 

is provided. In chapter 8 the pregnancy outcomes of MFPR in women with a dichorionic twin 

pregnancy to a singleton pregnancy are compared to those with an expectantly managed dichorionic 

twin pregnancy and with a primary singleton pregnancy. 
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Part III General discussion, summary  

In Chapter 9 the results described in this thesis are discussed and a prospective for future research is 

made. Chapter 10 consists of an English and Dutch summary.
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Figure 1 Zygocity and Chorionicity 

 

 

Figure 2 Twin pregnancies in the USA 1980-2009 
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Figure 3 Triplet pregnancies in the USA 1980-2012 

 

Source: CDC/NCHS, National Vital Statistics System 
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Abstract  

Objective 

To develop a multivariable prognostic model for the risk of preterm delivery (PTD) in women 

with multiple pregnancy including cervical length measurement at 16-21 weeks’ gestation 

and other variables.  

Methods 

We used data from a previous randomized trial. We assessed the association between 

maternal and pregnancy characteristics including cervical length measurement at 16-21 

weeks’ gestation and time-to-delivery using multivariable Cox regression modelling. 

Performance of the final model was assessed for preterm and very preterm delivery using 

calibration and discrimination measures.  

Results 

We studied 507 women of whom 270 (53%) delivered <37 weeks (preterm) and 66 (13%) 

<32 weeks (very preterm). Women with cervical length <30 mm delivered more often preterm 

(Hazard Ratio (HR) 1.9 (95% Confidence Interval (CI) 0.7-4.8)). Other independently 

contributing predictors were previous preterm delivery, monochorionicity, smoking, 

educational level and triplet pregnancy. Prediction models for preterm and very preterm 

delivery had a c-index of 0.68 (95% CI 0.63-0.72) and 0.68 (95% CI 0.62-0.75), respectively 

and showed good calibration. 

Conclusion 

In women with a multiple pregnancy, risk of preterm delivery can be assessed with a 

multivariable model incorporating cervical length and other predictors. 
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Introduction 

Preterm birth is one of the major causes of neonatal morbidity and mortality, and occurs 

more often in multiple than in singleton pregnancies.1 However, at present individual risk 

prediction for preterm birth in multiple pregnancies is not applied, thus hampering 

development, evaluation and implementation of preventive strategies.  

In previous studies, mid-term cervical length (CL) showed to be a strong predictor for preterm 

birth in both singleton2 and multiple pregnancies.3;4 In women with a singleton pregnancy that 

had previous preterm delivery, CL measured at 16 weeks’ gestation, is a good predictor for 

preterm birth.5 Preventive strategies such as cervical cerclage and administration of 

progesterone are effective in the prevention of preterm birth in these singleton pregnancies 

and can also be started at this gestational age.6;7  

In a systematic review, Condé showed that transvaginal sonographic CL measurement at 20-

24 weeks' gestation is a good predictor of spontaneous preterm birth in asymptomatic 

women with twin pregnancies. However, the predictive value of CL measured at a gestational 

age of 16-21 weeks in women with a multiple pregnancy has not been assessed extensively, 

as studies measuring that early were limited to three studies with different cut-off values.3  

Assessment of CL at 22–25 weeks is better than assessment at 18–21 weeks in women with 

a multiple pregnancy to predict preterm delivery before 34 weeks8;9 and cervical shortening at 

a rate of >2 mm/weeks between 18 and 25 weeks gestation is a good predictor for 

spontaneous preterm birth.8 However, potential interventions that prevent preterm birth, such 

as progesterone, should preferably be started before 22 weeks.6 Current studies in 

prevention of preterm birth in multiple pregnancy start intervention before 20 weeks.10;11 To 

elaborate individual risk prediction of preterm birth in women with a multiple pregnancy 

before this time, we evaluated the predictive capacity of CL measurement at 16 to 21 weeks’ 

gestation by the development of a prediction model for time-to-delivery using readily 

available characteristics including CL.  Therefore, we used data from the AMPHIA trial, a 
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multicenter trial on 17-a hydroxyprogesterone (17P) versus placebo in the prevention of 

preterm birth in multiple pregnancies.10   
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Patients and Methods 

We used data collected from the AMPHIA trial assessing the effectiveness of 17P in the 

prevention of preterm birth in women with a multiple pregnancy (Figure 1).10 In that study, 

patients had been randomized at a gestational age of 15-19 weeks. Cervical length was 

measured at randomization or shortly after, but before the start of medication. Unfortunately 

the AMPHIA protocol did not direct how to measure CL but the Dutch College for Obstetrics 

and Gynecology recommends to measure CL by transvaginal ultrasound in sagittal view and 

with empty maternal bladder and therefore we can assume that is was done accordingly.12 

Gestational age and chorionicity were determined at first trimester ultrasound scan.  

Exclusion criteria in the AMPHIA trial were congenital abnormalities detected in one of the 

fetuses, twin-to-twin transfusion syndrome, intra-uterine death of one of the fetuses, previous 

preterm birth under 34 weeks gestational age and primary cerclage performed in current 

pregnancy. All women, both of the treatment and placebo group, that had undergone cervical 

length measurement before 21 0/7 weeks of gestation were included in the current study. 

The outcome in the current study was preterm birth, defined as delivery before gestational 

age of 37 weeks and very preterm birth as delivery before gestational age of 32 weeks.  

 

Predictors under study 

Potential predictors were maternal age, Body Mass Index, ethnicity, education level, parity, 

history of preterm birth (after 34 weeks), smoking, alcohol use, fertility treatment, number of 

multiples, chorionicity, progesterone treatment in the original study and cervical length 

measurement. Body Mass Index was defined as maternal weight(kg)/length(m)2; maternal 

weight was measured prepregnancy or, if unknown, at pregnancy booking. Ethnicity was 

defined as Caucasian or non-Caucasian and educational level as high or low; high was 

defined as a degree in at least higher professional education, similar to a bachelor’s degree. 

Parity and previous preterm birth were categorized as nulliparity (reference), multiparity 

without previous preterm birth and multiparity with previous preterm birth. Smoking, alcohol 

use, fertility treatment (including ovulation induction, intra-uterine insemination and in vitro 
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fertilization), and progesterone treatment were defined as yes or no. For smoking and alcohol 

use only women that were smoking or using alcohol in the current pregnancy were 

considered as “yes”. Progesterone treatment was double blinded and randomized in the 

original study. 

Since cervical length was not measured at the same gestational age in all study participants 

we investigated the relation between cervical length and gestational age at cervical length 

measurement in women that had a (normal) term pregnancy using linear regression.  

Some women had a preterm delivery due to induction of labour for maternal or fetal 

indication. Since excluding inductions of labour would mean a loss of useful information, we 

chose to censor these women in our time-to-delivery analyses. Women that delivered at a 

gestational age of 37 weeks or more were also censored as reaching 37 weeks indicated 

that they had not delivered preterm. 

 

Data analysis 

Univariable associations between candidate predictors and the time-to-delivery were 

estimated with Cox proportional hazards regression analysis under the assumption of 

proportional hazards. These assumptions were investigated by testing the Schoenfeld 

residuals. Maternal age and body mass index were analysed as continuous variables. 

Linearity of their association with the outcome was assessed using cubic spline analyses.13 

All other variables were dichotomous. To correct for the allocated intervention followed by 

randomization in the original AMPHIA trial, we also included this intervention variable, i.e. 

17P, in the multivariable analysis. All potential predictors were included in the multivariable 

analyses. No preselection was made based on univariable statistics since such selection 

often results in unstable prediction models.13;14 Instead, the predictors for the final model 

were identified by a backward stepwise selection in the Cox regression model using Akaike’s 

Information Criterion.15 This results in a selection of variables with a p-value below 0.157. 

Various subjects had missing values. Data were assumed to be missing at random (MAR), a 

description is provided in Appendix 1. We therefore applied multiple imputation (ten imputed 
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datasets) to impute these missing values. The characteristics used in the imputation model 

are described in Appendix 2. To account for differences between imputed data sets, predictor 

selection was performed in each imputation set separately. For inclusion in the final 

prediction models, we used the majority method; i.e. predictors were included if selected in at 

least five out of ten imputed data sets.16 The regression coefficients and standard errors of 

these final predictors were combined from the ten data sets using Rubin’s rules to end up 

with the final prediction models17. The models were (internally) validated using bootstrapping 

techniques. In each bootstrap sample the entire modeling process was repeated. This 

yielded a shrinkage factor for the regression coefficients to adjust the final model for 

optimism and overfitting.13 To assess the performance of the model both the time-specific 

calibration and discrimination were determined. Time-dependent c-indices, which is for a 

given threshold for gestational age at delivery, i.e. 37 weeks or 32 weeks, identical to the 

area under the receiver operating characteristic curve, at 32 and 37 weeks of gestation were 

computed to assess the ability of the model to discriminate between women giving birth 

before or after 32 or 37 weeks of gestation. Calibration was assessed by comparing the 

predicted probabilities with the observed frequencies of delivery within 32 or within 37 weeks 

using the calibration plot.14 Furthermore, the following accuracy measures were assessed at 

32 and 37 weeks: sensitivity (or true positive rate), specificity, positive predictive value, 

negative predictive value, and false positive rate. Since no clear relevant cut-off value exists 

these measures were presented for different cut-off values, based on the deciles of the 

predicted probabilities. All analyses including the bootstrapping techniques were performed 

in R version 2.15.2.18  
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Results 

Out of 671 women included in the AMPHIA trial, 507 women (76%) had cervical length 

measurement prior to 21 weeks. Baseline characteristics are shown in table 1. There were 

some differences between patients that had cervical length measurement prior to 21 weeks 

and patients that had no cervical length measurement prior to 21 weeks (appendix 3). 

Preterm delivery before 37 weeks occurred in 270 women (53%) of which 66 women (13%) 

suffered very preterm delivery before 32 weeks. Of these preterm deliveries 215 (80%) were 

spontaneous and 55 (20%) were iatrogenic. Mean cervical length at randomization was 45 

mm (SD 9 mm) in women that delivered at term, for preterm and very preterm birth this was 

shorter: 44 mm (SD 8 mm, p=0.086) and 41 mm (SD 9 mm, p=0.001) respectively. Figure 2 

shows measured cervical length by gestational age for women that delivered at term or 

preterm. Furthermore linear regression showed a linear relation between CL and the 

gestational age at CL measurement. Figure 3 shows a Kaplan Meier curve of time-to-delivery 

for women with cervical length <30 mm and >=30 mm.  

Table 2 shows results of univariable and multivariable regression analyses for time-to-

delivery with predicted hazard ratios. Since the relation between CL and time-to-delivery was 

not linear and given that the relation between CL and gestational age at CL measurement 

was constant we dichotomized cervical length, irrespective of gestational age, at 30 mm 

based on the lower limit of the 90% prediction interval (Figure 2).19 The relation between 

time-to-delivery and the other continuous potential predictors showed to be linear. Lower 

educational level (HR 1.30 (95% CI 0.96-1.74)), multiparity without previous preterm birth 

(HR 0.55 (95% CI 0.40-0.74)), multiparity with previous preterm birth (HR 1.60 (95% CI 1.01-

2.52)), smoking (HR 1.50 (95% CI 1.01-2.22)), triplet pregnancy (HR 5.20 (95% CI 3.87-

6.99)), monochorionicity (HR 1.64 (95% CI 1.17-2.30)), and randomization to progesterone 

(HR 1.25 (95% CI 0.95-1.63)) were predictors for preterm birth identified in univariable 

analyses. Analysis of the Schoenfeld residuals showed that the proportional hazards 

assumption holds.  
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In the multivariable regression analyses lower educational level (HR 1.21 (95% CI 0.88-

1.65)), multiparity without previous preterm birth (HR 0.60 (95% CI 0.45-0.81)), multiparity 

with previous preterm birth (HR 1.54 (95% CI 0.97-2.45)), smoking (HR 1.25 (95% CI 0.80-

1.96)), triplet pregnancy (HR 4.11 (95% CI 2.89-5.83)), monochorionicity (HR 1.55 (95% CI 

1.10-2.18)), cervical length <30 mm (HR 1.90 (95% CI 0.74-4.85)) and randomization to 

progesterone (HR 1.23 (95% CI 0.94-1.61)) were identified as independent predictors for 

time-to-delivery. 

In a sensitivity analysis, where women with an iatrogenic preterm birth were not censored 

lower education (regression coefficient 0.174), multiparity with previous preterm birth (-

0.462), multiparity without previous preterm birth (0.022) and randomization to progesterone 

(0.221), were predictive for time to delivery.  

At internal validation, the models showed acceptable discriminative ability with a c-index of 

0.68 (0.63-0.72) for preterm delivery and 0.68 (0.62-0.75) for very preterm delivery.20,21 

Calibration was good for preterm and very preterm delivery (figure 4 and 5 respectively). 

Note that the sudden drop in the calibration line in Figure 5 was due to the smoothing 

algorithm. The mean predicted probability and the mean observed proportion were 55.9% vs. 

53.3%  for the preterm birth model and 13.0% vs. 12.8% for the very preterm birth model. 

The difference between both rates is larger for the preterm birth model than for the very 

preterm birth model due to the censoring of those that were induced and that underwent a 

caesarean section.  

Among the 10% women with the highest risk on preterm delivery, the mean preterm delivery 

rate was 84.9% and for the 10% women with the lowest risk on preterm delivery, this rate 

was 35.1%. For very preterm delivery these rates were 28.3% and 6.5% respectively.  In 

general the predicted probabilities of (very) preterm birth were lower than the observed 

proportions of (very) preterm birth, indicating that the model slightly underestimates the 

actual chance of the outcome. The accuracy measures are presented in Table 3. 



31 
 

Comment 

In this study we analyzed predictive factors and developed and (internally) validated a 

multivariable model for predicting time-to-delivery in women with a multiple pregnancy. We 

found that time-to-delivery can be predicted by a combination of CL <30 mm measured at 16 

till 20+6 weeks’ gestation, previous preterm delivery, smoking during pregnancy, triplet 

pregnancy, monochorionicity, low educational level and progesterone treatment.  

Using the Cox model we were able to obtain two baseline hazards for delivery-free survival, 

one for 32 weeks and one for 37 weeks (presented below table 2). Using these baseline 

hazards and the multivariable associations it is possible to calculate the individuals risk of 

birth at the specific gestational age of delivery of interest (i.e. 32/37 weeks). The formula to 

do so is the following: predicted risk of delivery = 1-baseline hazard^exp(linear predictor – 

mean(linear predictor)), where the baseline hazard is 0.881 for very preterm birth and 0.442 

for preterm birth, and the linear predictor is 0.187*lower education + -0.504*multiparous 

without previous preterm birth + 0.432*multiparous with previous preterm birth + 

0.225*smoking + 1.41*triplet + 0.439*monochorionic + 0.631*cervical length <30  mm + 

0.206*randomization to progesterone. The mean(linear predictor) was 0.192. For example, a 

non-smoking, high educated, multiparous women with a dichorionic twin pregnancy that had 

no previous preterm birth, no progesterone and but a cervical length < 30 mm has a risk on 

preterm birth of 1-0.442^exp(-0.504+0.631-0.192) = 0.53 and 1-0.881^exp(-0.504+0.631-

0.192) = 0.11 on very preterm birth. Note that a history of preterm birth in this model means a 

history of preterm birth between 34-37 weeks of gestation. Since women with a short cervix 

early in pregnancy have a higher chance of spontaneous preterm birth than those with the 

same length later in pregnancy5;19;23, it is important to know what values of CL are normal in 

each week of pregnancy. Two studies,  described reference values for CL in twin 

pregnancy.9;19 Fujita (n=144) showed physiological CL shortening from 47 mm (95% CI 44-

50 mm) at 13 weeks to 32 mm (95% CI 30-35 mm) at 32 weeks and mean CL at 16 weeks 

was 45 mm (95% CI 42-47 mm).19 Fox (n=309) showed mean CL of 42 mm at 16 weeks and 
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40 mm at 20 weeks (90% CI 34-50 mm and 31-49 mm respectively).9 In our study mean CL 

of women delivered at term was 45 mm at 16-21 weeks and with a sample size of 671 

multiples, a reference value of 30 mm based on 90% prediction could be identified. This 

value could be used in future studies on preventive methods for preterm delivery in women 

with a multiple pregnancy. 

This study was a secondary analysis of the AMPHIA-trial and therefore the sample size of 

the study was calculated on the primary outcome of the AMPHIA-trial, i.e. adverse perinatal 

outcome, and not on the outcome variable of this current study, i.e. time-to-delivery. The 

observation that randomization to progesterone was predictive for time-to-delivery should 

therefore be interpreted with caution as the outcome of the main study did not show a 

difference between progesterone and placebo.10 The study had a sample size of 671 which 

is, for all we know, more than other studies investigating CL in women with multiple 

pregnancies.9;19;24 Since we focused on measurements before 21 weeks’ gestation, we 

excluded 164 women originally included in the AMPHIA-trial that had a CL measurement 

after 21 weeks’ gestation, of which 35 (5%) had their CL measurement between 21 and 24 

weeks’ gestation, ending up with 76% (n=507) of the data. Limitation of our study to women 

with a measurement before 21 weeks, allows us to start an intervention early in pregnancy in 

patients identified as high risk. The women with a measurement after 21 weeks had a shorter 

mean CL and more often a CL < 30 mm, which is obviously due to shortening of the cervix 

during pregnancy.19 Furthermore, these women were more often multiparous, for which we 

have no clear explanation. Since we had to rely on previously collected information of the 

AMPHIA-trial we could have missed important predictors. However, if we compare our model 

to other studies we were able to identify the most important predictors.25;26  

A further limitation was the exclusion of patients in the AMPHIA-trial that had previous 

preterm delivery <34 weeks’ gestation. This possibly underestimates the effect of previous 

preterm birth in our model because, in general, the earlier the preterm birth, the greater the 

risk of recurrence.  
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We included patients with a triplet pregnancy in this study, which could have influenced our 

results, as triplet pregnancies substantially differ from twin pregnancies in our primary 

endpoint, i.e. time-to delivery. In a repeat analysis in which triplet pregnancies were 

excluded, the effect of CL < 30 mm seemed to increase after the exclusion of triplets, but the 

variable did not end up in the final model anymore, possibly due to limited power (data not 

shown).  Obviously, there is a need for more studies on the subject studying twins and 

triplets separately. 

Women carrying a monochorionic twin are induced preterm often to avoid complications. We 

wanted to keep these women in the model because induction of labor at a certain gestational 

age means that these women had not delivered spontaneously before. Therefore we 

censored them at the time of induction. Nevertheless monochorionicity was still a predictor 

for preterm delivery. The same censoring was performed in dichorionic twins that were 

induced preterm or that had preterm planned cesarean delivery. 

Table 2 showed that some predictors had a 95% confidence interval around the hazard ratio 

that crossed 1.0, i.e. p-value > 0.05, which might be confusing as generally these predictor-

outcome relations are assumed to be not statistically significant. However, for predictor 

selection Akaikes information criterion was used which is, in logistic regression, similar to 

selection of variables with a p-value below 0.157. Hence, the selection is less strict so that 

predictors that had no statistically significant relation with the outcome, i.e. p-value > 0.05, 

could still end up in the final multivariable model. This selection procedure was used in order 

to minimize the chance of overfitting the model to our data, which, consequently, results in 

better generalizability of the model to populations other than on which the model was 

developed. Despite our internal validation of both models, in order to investigate the 

applicability of the model in a different population, the models need to be validated in an 

external cohort of women with a twin pregnancy. 
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We showed similar to previous research25, that apart from CL shortening, the strongest 

predictor of preterm birth in women with a multiple pregnancy was history of preterm delivery. 

Other known risk factors are monochorionicity, young or old maternal age, black race, 

unmarried status, nulliparity, lower education level, later initiation of prenatal care, cigarette 

smoking, low or high gestational weight gain, maternal complications such as anaemia, 

hypertension, eclampsia, diabetes and several other medical conditions.26,27 Assisted 

conception of dichorionic twins does not result in an increased risk of preterm birth compared 

to spontaneous conceived dichorionic twins.28 In our multivariable analysis maternal age and 

smoking were not found to be predictive for time-to delivery. We did not analyse maternal 

morbidity because our model is primarily purposed for spontaneous preterm delivery.  

The AMPHIA trial showed no benefit of 17P to prevent preterm delivery in women with a 

multiple pregnancy.10 Several other studies investigated methods to prevent preterm birth in 

multiple pregnancies29-34 but at the moment no specific intervention is available. However, 

these studies were not powered to investigate subgroups based on CL, while for singleton 

pregnancies cerclage, pessaries and progesterone have shown to be useful in women with 

CL shortening or history of multiple very preterm births.6;7;35;36 It might be useful to identify a 

subgroup of women with multiple pregnancy that have an increased risk of preterm birth 

apart from a multiple pregnancy itself. This could be women with an early shortening of CL 

because CL is the only identified predictor for which medical intervention might be possible.37 

Our suggestion for further research on prevention of preterm birth in multiple pregnancies is 

to focus on women with a multiple pregnancy that have additional risk factors on preterm 

birth apart from multiple pregnancy itself. Studies on the effectiveness of progesterone, 

pessary or cerclage to prevent preterm delivery in women with multiple pregnancy at high 

risk would be useful. 
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Table 1 Baseline characteristics 

Characteristics Delivery < 

32 weeks                        

N=66 

Delivery ≥ 

32 and < 37 

weeks 

N=204 

Delivery ≥ 

37 weeks 

N=237 

Total group 

N=507 

Age patient at randomization 

(yrs) 

31.8±4.4 32.8±4.7 32.8±4.5 32.7 ± 4.6 

Body Mass Index 25.0±6.9 24.5±5.1 24.8±4.8 24.7 ± 5.2 

Non-caucasian 10 (15) 26 (13) 25 (11) 61 (12) 

Lower education 43 (65)
*
 109 (53) 117 (50) 269 (53) 

Parity and previous preterm 

birth 

    

   Nulliparous 48 (74)
*
 121 (59)

*
 117 (49) 286 (56) 

   Multiparous without previous 

preterm birth 

10 (16)
*
 69 (34)

*
 112 (47) 191 (38) 

   Multiparous with previous 

preterm birth 

7 (11)
*
 15 (7) 8 (3) 30 (6) 

Smoking during pregnancy 9 (13) 22 (11) 19 (8) 50 (10) 

Alcohol use during pregnancy 1 (0) 6 (3) 4 (2) 10 (2.0) 

Gestational age at 

randomization (wks) 

16.5±1.5 16.6±1.5 16.7±1.6 16.6 ± 1.6 

Assisted conception 28 (43) 75 (37) 95 (40) 199 (39) 

Triplet 4 (6) 12 (6) 0 (0) 16 (3.2) 

Monochorionic 13 (20)
*
 44 (22)

*
 24 (10) 81 (16) 

Cervical length, cm 4.1 ± 0.9* 4.4 ± 0.8 4.5 ± 0.9 4.4 ± 0.9 

Cervical length < 30 mm 2 (3) 5 (2) 4 (2) 11 (2) 

Randomization (Progesterone) 36 (55) 113 (55) 112 (47) 261 (51) 

Data are presented as n(%) or mean ± standard deviation 

*
 significantly different from delivery ≥ 37 weeks, p < 0.05 
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Table 2 Univariable and multivariable associations between candidate predictors and time-to-delivery
*
 

 Univariable  Multivariable   

Predictor HR (95% CI) p-value Regression 

coefficient 

HR (95% CI) p-value 

Age patient at 

randomization 

0.99 (0.96-1.02) 0.56 - -  

Body Mass Index 1.00 (0.96-1.03) 0.75 - -  

Non-caucasian 0.99 (0.65-1.51) 0.96 - -  

Lower education 1.30 (0.96-1.74) 0.06 0.187 1.21 (0.88-1.65) 0.20 

Parity and previous 

preterm birth 

     

   Nulliparous Ref Ref Ref Ref Ref 

   Multiparous 

without previous 

preterm birth 

0.55 (0.40-0.74) <0.001 -0.504 0.60 (0.45-0.81) <0.001 

   Multiparous with 

previous preterm 

birth 

1.60 (1.01-2.52) 0.044 0.432 1.54 (0.97-2.45) 0.067 

Smoking during 

pregnancy 

1.50 (1.01-2.22) 0.04 0.225 1.25 (0.80-1.96) 0.32 

Alcohol use during 

pregnancy 

1.08 (0.50-2.33) 0.84 - -  

Assisted conception 1.07 (0.81-1.41) 0.62 - -  

Triplet 5.20 (3.87-6.99) <0.001 1.41 4.11 (2.89-5.83) <0.001 

Monochorionic 1.64 (1.17-2.30) 0.004 0.439 1.55 (1.10-2.18) 0.011 

Cervical length     < 

30mm 

1. 46 (0.65-4.11) 0.21 0.641 1.90 (0.74-4.85) 0.094 
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Randomization 

(Progesterone) 

1.25 (0.95-1.63) 0.11 0.206 1.23 (0.94-1.61) 0.14 

   Average 32 weeks delivery-free survival = 0.881 

Average 37 weeks delivery-free survival = 0.442 

Amount of Shrinkage = 0.87 

 <0.001 

 Absolute numbers (%) in this table are based on the mean of 10 imputations 

 

 

 

 

 

Table 3 Accuracy measures (%) for different cut-off values of the predicted risk, separately for preterm 
and very preterm birth 

 Preterm birth Very preterm birth 
Cut-off value Sens Spec PPV NPV TPR FPR Sens Spec PPV NPV TPR FPR 

>10% NA NA NA NA NA NA 82.6 44.5 18.1 94.5 82.6 55.5 
>20% NA NA NA NA NA NA 23.2 91.6 29.0 88.9 23.2 8.4 
>30% NA NA NA NA NA NA 5.6 97.3 23.7 87.4 5.6 2.7 
>40% 88.4 30.5 59.2 69.8 88.4 69.5 2.4 97.9 14.8 87.1 2.4 2.1 
>50% 70.4 54.0 63.6 61.6 70.4 46.0 0.0 99.3 0.0 87.0 0.0 0.7 
>60% 45.9 74.6 67.4 54.8 45.9 25.4 NA NA NA NA NA NA 
>70% 26.5 91.7 78.5 52.3 26.5 8.3 NA NA NA NA NA NA 
>80% 8.7 98.9 89.7 48.7 8.7 1.1 NA NA NA NA NA NA 
>90% 5.6 99.8 97.4 48.1 5.6 0.2 NA NA NA NA NA NA 

 NA: not available due to empty cells. No predicted probabilities of preterm birth below 40% and no 

predicted probabilities of very preterm birth above 60% 

  sens: sensitivity; spec: specificity; PPV: positive predictive value; NPV: negative predictive value; TPR: 

true positive rate (or sensitivity); FPR: false positive rate 
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Figure 1 Flowchart 
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Figure 2 Cervical length by gestational age 
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Figure 3 Kaplan Meier curve Cervical length 
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Figure 4 Calibration plot for preterm birth 

 

Figure 5 Calibration plot for very preterm birth 
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Appendices 

Appendix 1: MAR table prediction time-to-delivery 

Characteristic Number of 
missings 

Complete cases 

N=382 

Women with at least 
one missing 

N=289 

p-value 

Maternal age, yrs (SD) 0 32.8 (4.5) 32.6 (4.7) 0.51 

BMI (SD) 77 24.7 (4.7) 24.8 (5.9) 0.78 

Gestational age at 
randomization, wks 
(SD) 

0 16.8 (1.5) 16.8 (1.7) 0.92 

Cervical length, mm 
(SD) 

77 43.6 (8.8) 42.9 (11.0) 0.43 

Gestational age at 
delivery, wks (SD) 

5 35.6 (3.7) 35.5 (3.8) 0.57 

Gestational age at 
cervical length 
measurement (SD) 

108 19.7 (2.9) 19.9 (2.9) 0.41 

Ethnicity 24 37 (10) 35 (13) 0.20 

Lower education 176 196 (51) 57 (50) 0.96 

Nulliparous 0 211 (55) 145 (50) 0.22 

Smoking 10 38 (10) 25 (9) 0.77 

Alcohol 16 10 (3) 3 (1) 0.28 

Drugs 5 0 (0) 1 (0) 0.88 

Assisted conception 1 155 (41) 105 (36) 0.32 

Triplet 0 11 (3) 7 (2) 0.90 

Monochorionic 0 62 (16) 52 (18) 0.62 

Randomized to 
progesterone 

0 190 (50) 146 (51) 0.90 
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Appendix 2: Imputation variables 

The imputation model included the following characteristics: 

Randomization to progesterone  

Ethnicity  

Height  

Weight 

Education  

Parity  

Chorionicity  

Triplet pregnancy  

Smoking during pregnancy 

Alcohol use 

Drug use  

Conception  

Cervical Length  

Gestational age at delivery 

Gestational age at cervical length measurement  

Gestational age at randomization  

Maternal age 

Onset of labour  
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Appendix 3: Differences between women with or without cervical length measurement < 21 weeks 

Characteristics CL-

measurement < 

21 weeks 

N=507 

No CL-

measurement 

or 

measurement 

>= 21 weeks 

N=164 

p-value 

Age patient at randomization (yrs) 32.7 ± 4.6 32.9 ± 4.5 0.56 

Body Mass Index 24.7 ± 5.2 25.2 ± 4.9 0.28 

Non-caucasian 61 (12) 14 (8) 0.20 

Lower education 269 (53) 82 (50) 0.45 

Parity and previous preterm birth    

   Nulliparous 286 (56) 70 (43) Ref 

   Multiparous without previous preterm birth 191 (38) 81 (49) 0.0035 

   Multiparous with previous preterm birth 30 (6) 13 (8) 0.11 

Smoking during pregnancy 50 (10) 14 (9) 0.65 

Alcohol use during pregnancy 10 (2.0) 3 (2) 0.94 

Gestational age at randomization (wks) 16.6 ± 1.6 17.2 ± 1.6 <0.001 

Assisted conception 199 (39) 62 (38) 0.75 

Triplet 16 (3.2) 2 (1) 0.20 

Monochorionic 81 (16) 33 (20) 0.22 

Cervical length, cm 4.4 ± 0.9 4.1 ± 1.2 <0.001 

Cervical length < 30 mm 11 (2) 21 (13) <0.001 

Randomization (Progesterone) 261 (51) 75 (46) 0.20 

Data are presented as n(%) or mean ± standard deviation 
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Abstract  

Objective  

The aim of this study was to assess whether cervical length measurement (CL) could predict 

preterm birth (PTB) in symptomatic women with a twin pregnancy. 

Methods  

We searched Medline and EMBASE to identify studies investigating the accuracy of CL 

measurement in predicting PTB in symptomatic women with a twin pregnancy. We extracted 

data to construct two-by-two tables and used bivariate meta-analysis to generate point 

estimates of sensitivity and specificity.  

Results 

Five studies (N=226) were included. Variation in definition of PTB and cut-off points for CL 

was strong. One study investigated delivery within seven days, demonstrating a sensitivity of 

1.0 (95% CI: 0.83-1.0) and a specificity of 0.31 (95% CI 0.2-0.43) for a CL cut-off at 25 mm. 

Three studies reported on predicting PTB <37 weeks at a CL cut-off 30 mm, with sROC point 

estimates of 0.76 (95% CI: 0.66-0.84) and 0.37 (95% CI: 0.21-0.56) for sensitivity and 

specificity, respectively. For preterm birth <34 weeks no pooled estimated could be estimated 

since only 2 studies with large heterogeneity were identified.   

Conclusions  

There is limited evidence on the accuracy of cervical length measurement testing the 

prediction of preterm birth in symptomatic women with a twin pregnancy, especially on the 

most important outcome, that is delivery within 7 days.  
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Introduction  

Twin pregnancies are related to a significant higher rate of perinatal morbidity and mortality 

compared to singleton pregnancies.1;2 Preterm birth is the major contributing factor to this 

problem. In the Netherlands approximately 50% of women with a multiple pregnancy deliver 

before 37 weeks of gestation, of whom 9% even prior to 32 weeks.3 In the United States, 

these rates are 60% and 12%, respectively. In comparison, among women with a singleton 

pregnancy, 6-10% delivers before 37 weeks’ gestation and 1% prior to 32 weeks.3;4 

Efforts in reducing the risk of preterm birth in twins have until now been unsuccessful.  

Excessive shortening of the cervical length in the second trimester in twin pregnancies is one 

of the best predictors of preterm delivery.5-7 Different studies showed that ultrasonographic 

cervical length is superior to digital assessment. It may safely provide precise, objective and 

reproducible measurement of cervical length.8;9 Introduction of transvaginal ultrasonographic 

measurement of the cervical length reduced the hospital stay from 18 to 10 days in singleton 

pregnancies, while the number of preterm births remained stable.10  

Several reviews show that transvaginal cervical sonography identifies women at increased 

risk of spontaneous preterm birth, although there usually is a wide variation amongst studies 

in gestational age at testing, definition of threshold of abnormality and definition of reference 

standard.11-15 These studies mainly describe the use of CL in asymptomatic women. In 

symptomatic women however, the clinical relevance is to distinguish between women who 

will truly deliver and those that will not. Correct identification of these women might be 

effective in reducing perinatal morbidity and mortality by providing needed interventions such 

as tocolysis, antenatal corticosteroid administration and transfer to a tertiary care centre in 

time. Furthermore the mechanism of preterm birth in women with a twin pregnancy is unclear 

and is likely to differ from women with a singleton pregnancy. It seems that relative over-

distension of the uterus is the most common aetiology causing PTB in twin pregnancies.16 

Given different incidence of PTB and different mechanisms leading to PTB we believe that 
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transvaginal sonographic cervical length measurement in twin pregnancy to predict PTB 

should be evaluated separately.   

The aim of this review was to access the accuracy of transvaginal sonographic CL in 

predicting preterm birth in women with a twin pregnancy and symptoms of preterm birth. We 

conducted a meta-analysis using bivariate regression analysis, accounting for correlation 

between sensitivity and specificity. 
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Methods 

Search strategy 

We searched the electronic databases of MEDLINE (US National Library of Medicine, 

Bethesda, MD, USA) and EMBASE (Elsevier, Amsterdam, the Netherlands) from inception to 

July 2012. The search strategy included MeSH or key terms related to cervical length, 

multiple pregnancy and preterm birth. We checked reference lists to identify articles not 

found by electronic searches. We identified studies that reported on cervical length for the 

prediction of preterm birth in women with a twin pregnancy and suspected preterm birth. We 

did not apply any restrictions concerning study design. 

 

Study selection 

The initially identified articles were screened by two independent reviewers (S. Liem and L. 

van de Mheen) on title and abstract to determine its appropriateness for inclusion. The 

studies should have preterm birth as their primary or secondary outcome and should be 

reporting on sonographically measured cervical length in women with a multiple pregnancy 

and threatened preterm birth. Symptoms of preterm birth were defined as the occurrence of 

uterine contractions, cervical effacement, dilatation or change in consistency. If studies could 

not be excluded based on their abstract or title a full manuscript was obtained. We did not 

apply any language restrictions. When an article was written in another language than Dutch 

or English it was translated by a colleague with expertise in this language. For each study we 

constructed a two-by-two table cross-classifying cervical length and gestational age. If 

information available from the publications was not sufficient the primary authors were 

contacted. In case of any disagreements about study inclusion, the two reviewers had a 

discussion. If consensus could not be reached a third reviewer (B. Mol) determined whether 

the study should be included.  
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Data extraction 

The two reviewers abstracted the data separately. We designed a data abstraction form on 

study characteristics, test characteristics, definition of outcome, study quality and participant 

characteristics. Methodological quality of included studies was determined by using an 

adapted version of QUADAS by both reviewers independently.17 The study had a 

representative spectrum of patients when pregnant women were consecutively selected in a 

prospective way. The description of the test was classified as adequate if the study at least 

described if the bladder was empty and whether funnelling was included or excluded in the 

cervical length. When clearly stated that the treating clinician was blinded for the outcome of 

the CL results, the study was considered blinded. If this was not clear this item was scored 

as “no”. If the study withdrawals were defined or a flow diagram was reported this item was s 

cored with “yes”. We studied two end points. First, we evaluated the predictive capacity of 

cervical length to predict preterm delivery, defined as delivery before 34 or 37 weeks. 

Second, we evaluated whether cervical length could predict delivery within 7 days from 

inclusion. 

 

Data synthesis and statistical analysis 

For each study, two-by-two classification tables were reconstructed, based on reported data 

on true and false positive and true and false negative test results. If studies reported on the 

accuracy for more than one threshold for cervical length or for more than one definition of 

preterm birth, multiple two-by-two tables were reconstructed.  

Sensitivity and specificity with 95% confidence intervals (CIs) were calculated for each study 

and for reported cut-off values. To explore heterogeneity of the results we created forest 

plots of sensitivity and specificity, and plotted their combined results in summary receiver-

operating characteristics (sROC) space. As estimates may be based on different positivity 
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thresholds (explicitly defined or implicitly present), part of the observed heterogeneity could 

reflect a shift along an underlying sROC curve. 

Pooled estimates of sensitivity and specificity were estimated simultaneously using the 

bivariate model.18 Summary ROC curves were pooled estimated from the model parameters 

and plotted with the original data points in the sROC-space.19 

If we estimated accuracy for a single combination of threshold values for cervical length and 

preterm birth, this estimate would be based on only a limited number of studies. Furthermore, 

it is not clear which is the appropriate threshold for either definition. In order to evaluate 

accuracy measures over the whole range of possible thresholds, however, we did not limit 

our analysis to a single threshold value, but estimated accuracy measures for all reported 

threshold values by assuming that the shift in accuracy (higher sensitivity and lower 

specificity) due to different thresholds is accounted for by the correlation term in the bivariate 

model. Pooled estimates were based on averages of repeated stratified bootstrap samples to 

account for multiple accuracy points reported by the same study. To avoid results being 

biased towards studies reporting on many different thresholds, we estimated each model in 

100 stratified bootstrap samples, in which only one accuracy estimate from each study was 

randomly selected (stratified by study). For each parameter the average overall estimate 

from 100 bootstrap samples is reported, all studies equally contributed to this estimate. 

Therefore three types of analysis were performed. The first type included all reported 

accuracy estimates, irrespective of threshold values for cervical length and preterm birth or 

gestational age at which cervical length was measured, and resulted in a sROC curve; the 

second type included only accuracy pooled estimates for two different cervical length 

thresholds (25 and 30 mm). For the third type we analyzed preterm birth <37 weeks and a 

CL cut off of 30 mm, we reported a sROC point estimate and 95% confidence ellipse.  
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Results 

The search revealed 195 potentially eligible abstracts of which 45 were considered relevant 

after reading title and abstract. We excluded 40 of these 45 studies for different reasons: 

reporting on asymptomatic women (N=29), digital assessment of cervical length (N=4), 

systematic review (N=5), no separate analysis for twins (N=1) and lack of original data (N=1) 

(Figure 1).  

Main characteristics of included studies are summarized in Table 1. All five identified studies 

were prospective cohort studies, with a sample size ranging from 21 to 87 women.  

Only one study reported on delivery within 7 days. The study included women with painful 

and regular uterine contractions at 24-36 weeks gestation were included, while women who 

had > 3 cm cervical dilatation, ruptured membranes or cervical cerclage were excluded. 

Delivery within 7 days, which occurred in 19 (22%) of the 87 patients, was inversely related 

to cervical length. This occurred in 80% of women with a CL between 1-5 mm, 46% of 

women with a CL between 6-10 mm, 29% with a CL between 11-15 mm, 21% of women with 

a CL between CL 16-20 mm, 7% of women with a CL between 21-25 mm, while nobody 

delivered within 7 days if the CL was >25 mm. The sensitivity and specificity for delivery 

within seven days at a CL cut-off of 25 mm were 1.0 (95% CI: 0.83-1.0) and 0.31 (95% CI 

0.2-0.43), respectively.20 

Crane et al.5 included women with singleton and twin pregnancies presenting with regular 

uterine contractions with dilatation or cervical change between 23 and 33 weeks of gestation. 

Women with advanced labor, cervical dilation > 3 cm, vaginal bleeding, placenta previa, 

ruptured membranes, cervical cerclage and a stillbirth were excluded. Twin pregnancies 

(N=26) were analysed separately for the outcome PTB < 37 and < 34 weeks and CL cut-off 

<30 mm. Sensitivity and specificity for PTB <37 weeks and CL cut-off <30 mm were 0.75 

(95% CI: 0.51-0.90) and 0.30 (95% CI: 0.11-0.60). PTB <34 weeks and CL cut-off <30 mm 

showed sensitivity and specificity of 1.0 (95% CI: 0.57-1) and 0.57 (95% CI: 0.37-0.76). 
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Gonzalez et al.21 investigated singleton and twin pregnancies presenting with regular uterine 

contractions or cervical change < 34 weeks of gestation. Women with a cervical cerclage, 

ruptured membranes, maternal pathology or fetal contra-indication to continue the pregnancy 

were excluded. Twin pregnancies (N=66) were analysed separately for PTB < 37 and CL cut-

off < 30 mm (sensitivity 0.73 (95% CI 0.61-0.83); specificity 0.33 (95% CI 0.09-0.7)), PTB < 

34 weeks and CL cut-off <30 mm (sensitivity 0.75 (95% CI 0.57-0.87); specificity 0.29 (95% 

CI 0.17-0.45)), and PTB < 34 and CL cut-off < 20 mm (sensitivity 0.46 (95% CI 0.29-0.64); 

specificity 0.68 (95% CI 0.53-0.81)).  

Vendittelli and Voluménie22 included women with a singleton or twin pregnancy and regular 

uterine contraction or cervical changes between 18 and 36 weeks of gestation. Women with 

cervical dilatation > 3 cm, ruptured membranes, cervical cerclage, vaginal bleeding, placenta 

previa, stillbirth, fetal malformation and delivery within 24 hours after admission were 

excluded. Twenty-six women with a twin pregnancy were analysed separately. Sensitivity 

and specificity for PTB < 37 weeks and CL cut-off <30 mm were 0.87 (95% CI 0.62-0.96) and 

0.46 (95% CI 0.21-0.72), respectively.  

Yoshizato et al.23 investigated women with a twin pregnancy and regular uterine contractions 

or cervical ripening. Women with a potential medical background leading to PTB, such as 

cone biopsy, uterine anomalies, maternal complication like hypertension or diabetes, history 

of miscarriage or PTB between 16-32 weeks, vaginal bleeding or twin-to-twin syndrome were 

excluded. In all cases (N=21) tocolysis was required starting at 25-33 weeks of gestation and 

continued till 35 weeks or delivery. PTB < 37 weeks and CL cut-off <25 mm showed 

sensitivity of 1.0 (95% CI: 0.76-1.0) and specificity of 0.11 (95% CI: 0.02-0.44).  

Table 2 demonstrates for each individual study the observed sensitivity and specificity with 

95% CI, positive predictive value, negative predictive value, and likelihood ratios of positive 

and negative test results. Table 1 summarizes the quality of the included studies. All studies 

had a representative spectrum of patients and an adequate description of the test procedure. 
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In one study the clinician was blinded for the CL measurement, whereas two studies reported 

on study withdrawals.  

Figure 2 shows a summary ROC plot for the observed sensitivity and specificity for the 

prediction of spontaneous preterm birth in symptomatic women with a twin pregnancy for all 

individual studies. We planned a meta-analysis for the reported accuracy estimates, 

irrespective of threshold values for cervical length and preterm birth or gestational age at 

which cervical length was measured. Primary studies showed large heterogeneity in CL cut-

offs, definitions of PTB, gestation age at testing and inclusion criteria, thus complicating 

pooling of the results in meta-analysis.   

For the subgroup analyses for women with a CL cut-off below 25 mm and 30 mm we 

explored the data from the primary studies. Only two studies reported on PTB and CL cut-

off <25 mm. Gonzalez et al.21  reported higher sensitivity and specificity at a CL cut-off of 

30 mm compared to 20 mm. Since these results are unclear we tried to contact the 

authors of primary studies. We were unable to obtain information that could clarify our 

uncertainties from the authors. Most authors did not response or replied that the data was 

no longer available. Therefore we decided not to conduct this analysis.  

Three studies specifically reported on CL cut-offs of 30 mm and PTB <37 weeks.5,21,22 Figure 

3 shows the sROC curve with 95% CIs for predicting preterm birth <37 weeks for a CL cut-off 

of 30 mm with a sensitivity of 0.76 (95% CI: 0.66 to 0.84) and specificity of 0.37 (95% CI: 

0.21 to 0.56). For preterm birth <34 weeks no pooled estimated could be estimated since we 

only identified 2 studies reporting on this cut-off showing large heterogeneity, but the 

accuracy estimates reported by the individual studies suggest that CL measurement had 

poor predictive accuracy.  
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Discussion  

After an extensive search we only identified 5 studies with relative small sample sizes that 

could be included in this review on the predictive capacity of cervical length measurement for 

preterm birth in symptomatic women with a twin pregnancy. Variation in definition of PTB, 

cut-off points for CL and gestational age was large. It is remarkable that a test used in daily 

obstetric care is evaluated in such a low number of studies. Four of these studies focused on 

preterm birth before 34 or 37 weeks. We believe that these outcomes are less relevant since 

in view of the clinical problem of symptomatic PTB, it is important to distinguish between 

symptomatic women who will deliver within short time and women who can be sent home 

safely without additional treatment.  

A meta-analysis in 1781 women with a singleton pregnancy presenting with threatened 

preterm birth showed that a CL <15 mm could predict 60% of preterm births within one 

week.24 In our opinion tests to predict PTB in symptomatic women are most relevant when 

they predict PTB within a short interval rather than delivery before 34 or 37 weeks. Correct 

identification of these women might be effective in reducing perinatal morbidity and mortality 

by providing needed interventions such as tocolysis, antenatal corticosteroid administration 

and transfer to a tertiary care center in time. Therefore studies should focus on delivery 

within 48 hours or within 7 days as most important study outcomes. We identified only one 

study that reported on twin pregnancies with symptoms of PTB and delivery within 7 days. 

This study showed sensitivity and specificity of 1.0 (95% CI: 0.83-1.00) and 0.31 (95% CI 

0.2-0.43) for delivery within seven days and a CL cut-off <25 mm.20  

We planned a subgroup analysis for women with a CL cut-off below 25 mm and 30 mm; 

therefore we explored our primary data. Gonzalez et al. reported higher sensitivity and 

specificity for a CL cut-off below 30 mm compared to 20 mm, these results seems 

contradictory. We contacted the author to obtain additional information on the individual CL 

measurements, but unfortunately we did not obtain the needed information. Since there is 
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limited evidence on CL measurement in women with a twin pregnancy and symptoms of PTB 

we decided not to completely exclude this study from further analysis. Also the other data 

from this study is in accordance with the identified primary studies.   

Three studies specifically reported on predicting PTB <37 weeks and a CL cut-off 30 mm. 

[5,21,22] The sROC point estimates for sensitivity and specificity were 0.76 (95% CI: 0.66 to 

0.84) and 0.37 (95% CI: 0.21 to 0.56)) respectively. 

For screening tests a substantially higher sensitivity is required, because with a negative test 

result (CL>30 mm) preterm birth needs to be ruled out.  

We performed a rigorous systematic review of predictive test accuracy. The extensive search 

without language restriction, the systematically assessment for quality and techniques 

recommended for meta-analysis of diagnostic and predictive tests and investigation for 

sources of heterogeneity all contributed to the strength of our review. As expected this review 

is limited by the quality of included studies. Also there was substantial heterogeneity in study 

characteristics among individual studies in which meta-analyses were performed. In addition 

to the limited predictive accuracy, there is substantial statistical uncertainty due to the small 

number and sample sizes of included studies. Furthermore the symptoms of preterm birth 

were different between the women and studies. Women with regular painful contractions and 

cervical change might be at greater risk of preterm delivery than women with regular 

contractions only. In four studies the clinician was not blinded for the CL measurement, this 

may have lead to information bias. Nevertheless we did not find important differences 

between the studies where the clinician was not blinded for the CL measurement versus the 

study were CL was unknown to the treating clinician.  

Our meta-analyses provided limited evidence to recommend the use of CL measurement to 

predict PTB in symptomatic women with a multiple pregnancy. One should realize that in 

women with a twin pregnancy midtrimester shortening of the CL is already a common 

phenomenon. Thus, one should be careful in using cut-off values for cervical length in 
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symptomatic women.  As demonstrated before and confirmed in this study, such a short 

cervix is associated with preterm delivery, but the evidence on prediction within 7 days is 

rarely assessed. Probably, cut-offs for prediction of symptomatic women should be made 

with care.   

In summary, this meta-analysis shows that sensitivity and specificity of CL measurement for 

predicting preterm birth in symptomatic women with a twin pregnancy is relatively low. In 

view of the limited evidence on the accuracy of cervical length measurement to predict 

preterm birth in symptomatic women with a twin pregnancy and in view of the poor predictive 

capacity we are unable to formulate recommendations for the routine use of CL 

measurement in symptomatic women with a multiple pregnancy to predict PTB. We believe 

that a test to predict PTB in symptomatic women with a multiple pregnancy is only clinically 

relevant when it predicts delivery within 48 hours or 7 days rather than PTB <34 or <37 

weeks. Future research on evaluating the effectiveness of CL measurement in predicting 

preterm birth in symptomatic women with a multiple pregnancy should focus on delivery 

within 48 hours or 7 days.  
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Figure 1: Flowchart 

 

Total citations indentified from initial search (n=195)

Citations excluded after removing duplicates and 

screening titles and/or abstracts (n=150)

Potential references reviewed for detailed information (n=45)

From electronic search (n=43)

From reference list (n=2)

Excluded studies (n=40)

Reason for exclusion

-Asymptomatic women (n=29)

-Cervical length digital (n=4)

-Review (n=5)

-Twins not analysed seperate (n=1)

-Missing information (n=1)

Studies included in the review (n=5)
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Table 1: Study characteristics 

Study Inclusion 

criteria 

Exclusion criteria n Gestational 

age at 

testing (wk) 

CL at 

inclusion 

CL 

cutoff 

(mm) 

Outcome Design Representative 

spectrum of 

patients 

Adequate 

description 

of test 

procedure 

Practioner 

blinded to 

measurement 

results 

Reporting 

on study 

withdrawals 

Fuchs
 
 Twins, 

regular and 

painful 

uterine 

contractions 

Cervical 

cerclage, 

ruptured 

membranes, 

dilatation >3 cm 

87 24-36 20 mm 

(1-45) 

Median 

(IQR)  

25 Delivery 

within 7 

days 

prospective 

cohort 

yes yes no yes 

Crane  Twins, 

regular 

uterine 

contraction 

with cervical 

dilatation, 

effacement 

and/or 

change in 

consistency  

Cervical 

cerclage, 

placenta previa, 

ruptured 

membranes, 

vaginal bleeding, 

dilatation > 3cm, 

stillbirth 

26 23-33 25 mm 

(14.0) 

Mean 

(SD) 

30 Preterm 

birth <34 

and <37 

wk 

prospective 

cohort 

yes yes no no  

Gonzalez 
 
 Twins, 

regular 

uterine 

contraction 

with cervical 

changes 

(effacement 

of at least 

50% or 

dilatation of 

at least 1 

finger) 

Cervical 

cerclage, 

maternal or fetal 

contraindication 

to continue 

pregnancy 

66 <34 Not 

reported 

20, 

30 

Preterm 

birth <34 

and <37 

wk 

prospective 

cohort 

yes yes no no  
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Venditelli  Twins, 

regular 

uterine 

contraction 

and/or 

cervical 

effacement 

or dilatation 

Cerclage, fetal 

anomalies, 

placenta previa, 

ruptured 

membranes, 

vaginal blood 

loss, dilatation > 

3 cm, stillbirth, 

delivery <24 

weeks after 

admission. 

26 18-36 Not 

reported 

30 Preterm 

birth <37 

wk 

prospective 

cohort 

yes yes yes yes 

Yoshizato
 
 Twins, 

regular 

uterine 

contraction 

with cervical 

dilatation, 

effacement 

and/or 

change in 

consistency  

TTTS, uterine 

anomalies, 

conisation, 

vaginal blood 

loss, PE, 

hypertension, 

diabetes, history 

of PTB 

21 16-35 22 mm 

(5.5) 

Mean 

(SD) 

25 Preterm 

birth <34 

and <37 

wk 

prospective 

cohort 

yes yes no no  
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Table 2: observed sensitivity and specificity for each study with 95% CI 

 

Study N cut-off CL cut-off PTB TP FP FN TN sens 95% CI spec 95% CI PPV NPV LR+ LR-

Fuchs 87 25 <7 days 19 47 0 21 1.0 0.83-1.0 0.31 0.31-0.43 0.29 1.0 1.5 0

Crane 26 30 34 5 9 0 12 1.0 0.57-1.0 0.57 0.37-0.76 0.36 1.0 2.3 0

Crane 26 30 37 12 7 4 3 0.75 0.51-0.90 0.30 0.11-0.60 0.63 0.43 1.1 0.83

Gonzalez 66 20 34 13 12 15 26 0.46 0.29-0.64 0.68 0.53-0.81 0.52 0.63 1.5 0.78

Gonzalez 66 30 34 21 27 7 11 0.75 0.57-0.87 0.29 0.17-0.45 0.44 0.61 1.1 0.86

Gonzalez 66 30 37 44 4 16 2 0.73 0.61-0.83 0.33 0.09-0.70 0.92 0.11 1.1 0.80

Venditelli 26 30 37 13 6 2 5 0.87 0.62-0.96 0.46 0.21-0.72 0.68 0.71 1.6 0.29

Yoshizato 21 25 37 12 8 0 1 1.0 0.76-1.0 0.11 0.02-0.55 0.60 1.0 1.1 0

 

TP= true positive  PPV= positive predictive value 

FP= false positive NPV= negative predictive value 

FN= false negative LR+= likelihood ratio positive 

TN= true negative LR-= likelihood ratio negative 
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Figure 2: summary receiver-operating characteristics plot for observed accuracy for all individual 

studies.*  

 

 

* Observed accuracy for studies reporting on different cervical length thresholds and definitions of preterm birth 

were plotted separately.   
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Figure 3: summary receiver-operating characteristics curve with 95% confidence interval for preterm birth 

<37 weeks and cervical length cut-off < 30 mm.  
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Abstract 

Objective  

To determine whether in women with a twin pregnancy, mid-trimester cervical length is 

associated with the risk of emergency caesarean section.   

Methods 

 This study was a secondary analysis of two randomised trials conducted in 57 hospitals in 

the Netherlands. We assessed the univariable association between risk indictors, including 

mid-trimester cervical length in quartiles, and emergency caesarean delivery using a logistic 

regression model. In multivariable analysis we assessed whether adjustment for other risk 

indicators altered the associations found in univariable (unadjusted) analysis. Separate 

analyses were performed for suspected foetal distress and failure to progress as indication 

for caesarean section. 

Results 

 There were 311 women with a twin pregnancy who attempted vaginal delivery after 34 

weeks of gestation. Emergency caesarean delivery was performed in 111 (36%) women, of 

which 67 (60%) were performed because of arrest of labour. There was no relation between 

mid-trimester cervical length and caesarean delivery (aOR 0.97; for CL p26-50, aOR 0.71 for 

CL p51-75 and aOR 0.93 for CL >p75 with CL ≤p25 as reference). In multivariable analysis, 

the only variables associated with emergency caesarean delivery were maternal age (OR 

1.07; 95% CI 1-1.13) BMI (aOR 3.99 (95% CI 1.07-14.9 for BMI 19-23, aOR 5.04 (95% CI 

1.34-19.03) for BMI 23-28 and aOR 3.1 (95% CI 0.65-14.78) for BMI > 28) and induction of 

labour (OR 1.9; 95% CI 1.05-3.5).  

Conclusion 

 In nulliparous women with a twin pregnancy, mid-trimester cervical length is not associated 

with emergency caesarean delivery.  
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Introduction 

In nulliparous women with a singleton pregnancy delivering at term, mid-trimester cervical 

length (CL) is associated with the risk of emergency caesarean delivery.1,2 Women with a 

long cervix at mid-trimester had an increased risk of intrapartum caesarean delivery at term 

compared to those with a short cervix (Odds Ratio (OR) 1.81; 95% CI 1.6-1.9)1,2. In 

nulliparous women, short mid-trimester cervical length is a risk factor for preterm birth (PTB). 

Women with a singleton pregnancy and a short cervix are known to have an increased risk of 

(very) preterm delivery. In general, the shorter the cervix, the greater the likelihood that PTB 

will occur, with a positive predictive value of 70% for PTB < 35 weeks in women with a CL < 

25 mm at 14-18 weeks’ gestation.3 The same holds for women with a multiple pregnancy. 

For CL as a predictor for PTB sensitivity and specificity, which depend on gestational age at 

measurement, cervical length cut-off and definition of PTB, were reported between 21-81% 

and 58-97% respectively.4,5   

The association between mid-trimester CL and the risk of emergency caesarean delivery in 

women in labour with a multiple pregnancy has never been assessed. Haest et al. and 

Grobman et al. showed an emergency caesarean rate of 19% in twin pregnancies that are 

planned for vaginal delivery. Arrest of labour was in both studies the most frequent indication 

for caesarean delivery, followed by malpresentation, foetal distress and umbilical cord 

prolapse being other reasons.6,7 There is no  benefit to routinely delivering women with a twin 

pregnancy by elective caesarean section to improve neonatal outcome.8,9,10,11  

The aim of the present study is to identify whether mid-trimester CL is a risk indicator of 

emergency caesarean delivery in multiple pregnancies. To do so, we used data from two 

large multicentre randomised clinical trials in which a possible prevention method for preterm 

birth in women with a multiple pregnancy was investigated.12,13  
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Methods 

We used data from two multicentre randomised clinical trials conducted in the Netherlands. 

In the AMPHIA trial 671 women with a multiple pregnancy were randomised to 17-

alphahydroxyprogestrone (17P, N=336) or placebo (N=335) to determine the effectiveness of 

17P in the prevention of adverse neonatal outcome in multiple pregnancies. The ProTWIN 

trial randomised 813 women with a multiple pregnancy to a cervical pessary (N=403) or no-

pessary (N=410), and evaluated the effectiveness of a cervical pessary in preventing preterm 

birth and adverse perinatal outcome. Both studies were approved by the Institutional Review 

Board of the Academic Medical Centre in Amsterdam (MEC 05-102 and MEC 09-107 

respectively). The design and outcomes of these studies have recently been reported 

elsewhere.12,13  

Exclusion criteria of the original studies were serious congenital defects or death of one or 

more 

foetuses, early signs of twin-to-twin transfusion syndrome (AMPHIA and ProTWIN), women 

with a previous spontaneous preterm birth before 34 weeks, or primary cerclage (AMPHIA), 

and women with a known placenta praevia (ProTWIN). 

For the present study, we selected nulliparous women with a twin pregnancy that started 

vaginal delivery at a gestational age ≥ 34 weeks and had their first foetus in cephalic 

position. Both children had to be alive at the start of delivery. We excluded women that had 

their CL measured after 24 weeks’ gestation or that had one or more foetuses with known 

congenital disorders, twin-to-twin transfusion syndrome (TTTS), planned caesarean section 

or multiparous women. The latter was to make the study comparable to that of Smith et al, 

that only analysed primiparous women because they are at highest risk for failure to progress 

during delivery as compared to multiparous women.  
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Outcomes 

The primary outcome was emergency caesarean delivery. We distinguished between the 

indications “failure to progress” and “suspected foetal distress” and performed additional 

separate analyses. Moreover we performed a subgroup analysis for the women that 

delivered at term (≥37 weeks’ gestation). According to the guidelines of the Dutch 

Association for obstetrics and gynaecology, failure to progress in the first stage of labour was 

defined as an active phase with an increasing dilatation of less than 1 cm/hour.14 Failure to 

progress in the second stage of labour was defined as active pushing for more than 1 hour 

for nulliparous women and ½ hour for multiparous women. It must be noted that the 

definitions for a failure to progress are applied diversely. Suspected foetal distress was 

defined as abnormal foetal heart rate during continuous cardiotocography, using the FIGO 

criteria for interpretation. When the indication for caesarean delivery was a combination of 

failure to progress and suspected foetal distress, it was considered as failure to progress 

when the woman was pushing for more than 60 minutes in the second stage of labour. The 

responsible obstetrician diagnosed the indication for caesarean section.  

Risk indicators 

Risk indicators of interest were CL at mid-trimester, maternal age, gestational age at 

delivery, chorionicity (monochorionic versus dichorionic), ethnicity (Caucasian vs. non 

Caucasian), Body Mass Index (BMI) (weight/(length)2), smoking, growth discordance (>20% 

difference in birth weight), combined birth weight, induced onset of labour and randomisation 

in the original study.   

CL was measured at randomisation in the original study or shortly after, but before the start 

of medication or placement of the pessary, by transvaginal ultrasound in sagittal view and 

with empty maternal bladder. Gestational age and chorionicity were determined at first 

trimester ultrasound scan. BMI, smoking and ethnicity were recorded at first hospital visit. 

BMI was calculated with pre-pregnancy weight or if this weight was unknown it was 
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measured at first antenatal visit. Birth weight was measured directly after delivery. 

Randomisation in the original study was categorised as progesterone, placebo, pessary or 

none (reference).  

Data analysis 

Baseline characteristics of the study population were analysed using descriptive statistics 

and were presented as mean with standard deviation (SD), or median with interquartile range 

(IQR) for continuous variables, whichever appropriate. Categorical and dichotomous 

variables were presented as numbers and proportions (%) of the whole population. Baseline 

characteristics were stratified for quartiles of CL, and differences between quartiles were 

assessed using an analysis of variance model or Kruskal-Wallis rank sum test for continuous 

variables, as appropriate, and a chi-square test for categorical and dichotomous variables. 

Several variables had missing values. These missing values lower the precision of the 

predictor-outcome associations and because these are often selectively missing, i.e. related 

to other patient characteristics, a complete case analysis is likely to yield biased results.15 To 

avoid generating biased results, we used observed patient characteristics to impute missing 

data by means of multiple imputation. Missing data were imputed (ten times) with the use of 

a logistic regression model that included the outcome under study, potential predictors and 

other maternal outcomes.  

In univariable analysis we used a logistic regression model to determine the associations 

between the risk indicators and emergent caesarean delivery. Restricted cubic spline 

analyses were used to assess linearity of the association of continuous variables (i.e. 

maternal and gestational age, BMI, and mid-trimester CL) with the outcome.  

To determine adjusted associations between risk indicators and the outcome, all risk 

indicators were included in the multivariable analyses, i.e. no preselection was made based 

on univariable statistics. As imputed data sets differ from each other, predictor selection was 

performed in each of the 10 imputation sets separately. To come to the final multivariable 
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associations, the regression coefficients and standard errors of the final predictors were 

calculated in each imputation set separately, and combined using Rubin’s rules.16  

Statistical analyses were performed using R software, Version 2.15.2.17 
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Results 

Out of 1484 patients that participated in the original studies, 311 were included in our study. 

Exclusions were because of higher order multiple pregnancy (n=36), multiparity (n=668), 

delivery < 34 weeks (n=317), CL measured after 24 weeks (n=54), elective caesarean 

delivery (n=304), intra-uterine foetal demise of at least one foetus (n=24), TTTS (n=15), 

known congenital abnormality of at least one foetus (n=93), and non-cephalic presentation of 

the first foetus (n=338). The numbers of the individual reasons for exclusion do not add up to 

100% because some women had multiple reasons for exclusion.  

Maternal age and gestational age showed a linear relation with the outcome, while BMI and 

mid-trimester CL did not and were therefore categorised in quartiles (i.e. ≤p25, p25-p50, p50-

p75, >p75, for BMI this was ≤19, 19-23, 23-28 and >28 and for mid-trimester CL this was ≤ 

39, 39-43, 43-48 and > 48 mm).  

Baseline characteristics are shown in table 1. Only maternal age was significantly related to 

CL. The relation between CL and the risk of caesarean delivery is shown in figure one. 

Emergency caesarean delivery occurred in 111 (36%) women, of which 67 (60%) were 

performed for failure to progress. Univariable analysis showed no relation between CL and 

emergency caesarean delivery for all cervical length quartiles when compared to the 

reference (CL ≤ 39 mm; Table 2). If restricted to failure to progress as indication for 

emergency caesarean delivery there was no relation between CL and caesarean delivery. 

Table 2 shows the Adjusted Odds Ratios (aOR) for predictors of caesarean delivery. After 

correction for other risk indicators mid-trimester CL was not associated with emergency 

caesarean delivery. Maternal age differed significantly between women that underwent 

emergency caesarean delivery and women that had vaginal delivery (32.7 versus 31.8 years, 

aOR 1.07 (95% CI 1-1.13) p=0.03). Other predictors for emergency caesarean delivery were 

BMI (aOR 3.99 (95% CI 1.07-14.9) for BMI 19-23, aOR 5.04 (95% CI 1.34-19.03) for BMI 23-
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28 and aOR 3.1 (95% CI 0.65-14.78) for BMI > 28 and compared to BMI ≤ 19) and induction 

of labour aOR 1.92 (95% CI 1.05-3.5).  

Separate analysis for indication of caesarean delivery showed that there was no relation 

between cervical length and failure to progress or suspected foetal distress as indication for 

caesarean delivery (appendix #1).  Among women that delivered at term (≥37 weeks’ 

gestation, n= 172 (55%)) 66 women (38%) delivered by emergent caesarean section. Also in 

this subgroup there was no a relation between CL and caesarean delivery (appendix #2). 
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Discussion 

Our aim was to determine if mid-trimester CL measurement is a predictor of caesarean 

delivery in nulliparous women with a twin pregnancy. We hypothesised that a long CL is 

associated with arrest of labour. As foetal distress can be a result of labour dystocia we also 

analysed this as a separated reason for caesarean delivery. We showed that there is no 

relation between mid-trimester CL and emergency caesarean delivery in these women. We 

reported that maternal age, BMI and induction of labour were independent predictors for 

emergency caesarean delivery in these women. 

Strengths and limitations of the study 

This study was a secondary analysis of two large multicentre randomised clinical trials on 

possible reductive methods for preterm birth in women with a multiple pregnancy. Combining 

the data of these trials, results in a database of 1484 women with a multiple pregnancy that 

allows us to perform secondary analysis on large groups that will improve the power of these 

data. Because the prevalence of caesarean delivery was higher than the primary outcome of 

the original studies (ie adverse neonatal outcome), we had enough power for the current 

analysis. However, we still had to rely on in- and exclusion criteria of the original studies. The 

original studies had a somewhat longer CL than other studies reported, as we calculated 39 

mm at 25th centile, whereas Skentou et al reported 36 mm as the median18. A possible 

explanation for this is a physiological shortening of the cervix between 16-20 weeks’ 

gestation, which was the time of our measurement, and 23 weeks when Skentou performed 

measurements. 

As mentioned before, this is the first study that analyses the relation between mid-trimester CL 

and the risk of caesarean delivery in women with a twin pregnancy. We found an emergency 

caesarean delivery rate of 36%, whereas Grobman et al and Haest et al both found a 

caesarean rate of 19%.6,7 This difference is probably caused by the exclusion of multiparous 

women in our study. However, in the Twin Birth study, that also included multiparous women, 
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30% of women that had a planned and started vaginal delivery, underwent a caesarean 

delivery.9 If we had included multiparous women the emergency caesarean rate would have 

been 158/634=25%, which is comparable to the other studies. 

The main reason for caesarean delivery in our study group was failure to progress 

(67/111=60%), which is the same as in other studies, although Grobman and Haest found 

different rates (88% and 35% respectively). The difference between these studies is caused 

by their definitions and different inclusion criteria. Other reasons for emergency caesarean 

delivery are non-reassuring foetal heart rate, malpresentation of one of the foetuses, umbilical 

cord prolapse, and maternal condition.  

In contrast to findings in singleton pregnancies, we found that mid-trimester CL is not a 

predictor for the risk of emergency caesarean delivery in women with a twin pregnancy. In 

figure one, we can see a trend that in moderate CL, the risk of a caesarean delivery is low. A 

possible explanation is that women with a short CL have a higher risk of preterm delivery and 

therefore a caesarean delivery due to non-reassuring foetal condition or malpresentation. 

The methods of our study are as much as possible the same as that of Smith et al to make 

both studies comparable. However, there are some differences: Smith et al excluded women 

with a CL < 15 mm, because these women were included in another study. We chose to 

keep these women in our study. Where Smith et al included only women at term (i.e. 37 

weeks of gestation or more), we also included women with a late preterm delivery (from 34 

weeks’ onward), as this is a quite normal term to deliver in women with a twin pregnancy. 

We think that the process of labour is a complex situation in which preterm and post term 

delivery are at the extremes, and where mechanisms related to failure to progress in labour 

are related to similar findings in post term delivery. Mid-trimester CL could be an early 

predictor of the woman’s situation in this spectrum.  

Comparison of these mechanisms in women with a singleton and multiple pregnancies are 

important to understand the different mechanisms. In women with a singleton pregnancy, 

short CL is shown to be predictive for preterm labour3 and long CL for failure to progress1, 
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while in women with a multiple pregnancy short CL is also predictive for preterm labour.4,5 In 

contrast with the findings in singletons, we could not find mid-trimester long CL to be 

predictive for failure to progress in women with a multiple pregnancy. However, Fox et al 

showed that CL at 30-32 weeks in asymptomatic women with a twin pregnancy is associated 

with caesarean delivery19. It is notable that at 30-32 weeks overall CL is much shorter than at 

mid-trimester as 38 mm is Fox’ study the highest threshold and in our study the lowest.  

Possibly women with a physiological cervical shortening during pregnancy, that not leads to 

preterm birth, have the best chance of a successful attempt of vaginal delivery. Moreover, 

the decision for caesarean delivery in women with a twin pregnancy is also influenced by 

other factors such as foetal presentation. 

We were able to identify maternal age, BMI and induction of labour as independent risk 

factors for emergency caesarean delivery. Grobman also found nulliparity (OR 4.6 (95% CI 

1.5-16.5)) and early epidural placement (OR 4.5 (95% CI 1.6-13)) being associated with 

caesarean delivery in term twins.7 Unfortunately, we were not able to assess the effect of 

epidural placement as this was not recorded consistently in both of our primary studies. We 

hypothesize that early epidural placement is not so much a causative factor, but rather 

related to poor progress of labour and delivery.   

Compared to singletons, women with a twin pregnancy have a higher risk of both elective 

and emergency caesarean delivery.20 However, the Twin Birth study showed that there is no 

major benefit of delivering all twins by elective caesarean section.9 Therefore, we think that it 

is important to make a pre-labour risk selection to identify women with a high risk of 

caesarean delivery that can benefit from elective caesarean delivery and, on the other hand, 

women with a low risk of caesarean delivery, who can safely attempt vaginal twin delivery. 

If it is possible to identify which women with twin pregnancy are at high risk of caesarean 

section, it may be possible to make an individual plan for the mode of delivery. Such a rule—

based on easily and readily available characteristics— could be helpful to clinicians because 
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it would allow for timely prognostication, which may lead to more effective decision making 

during labour. It could be used in the decision for primary caesarean section. Finally, it allows 

for more individualised counselling the pregnant women. In conclusion we can say that mid-

trimester CL is not one of the characteristics that are helpful in this risk selection, but 

nulliparity, maternal age, BMI and induction of labour are predictors for emergency 

caesarean delivery in women with a twin pregnancy.   
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Table 1 Baseline characteristics for the total study group and stratified per quartile of cervical length at 

mid-trimester 

Characteristic Total 

Study 

Group 

Cervical Length Cohort p-

value 

 

 

≤p25  

≤ 39 mm 

N=86 

 

 p25-50  

39-43 mm 

N=77 

 

p50-75  

43-48 mm 

N=76 

 

>p75  

>48 mm 

N=72 

 

Maternal Age (years) 32.1 (4.5) 31.9 (4.5) 31.1 (4.7) 32.0 (4.3) 33.6 (4.0) 0.005 

Gestational Age (weeks) 36.9 (1.4) 36.9 (1.4) 36.8 (1.5) 37.1 (1.4) 36.9 (1.4) 0.47 

Chorionicity Monochorionic 58 (19%) 18 (21%) 16 (21%) 12 (16%) 12 (17%) 0.72 

Ethnicity Caucasian 280 (90%) 77 (90%) 68 (88%) 68 (88%) 67 (93%) 0.72 

Smoking 18 (6%) 4 (5%) 6 (8%) 7 (9%) 1 (0%) 0.06 

BMI 22.7 (20.9-

25) 

22.4 (21.0-

25.1) 

23.7 (21.5-

25.1) 

22.2 (21.0-

24.2) 

22.9 (20.7-

24.8) 

0.11 

Intervention  progesterone  70 (23%) 20 (23%) 17 (22%) 16 (21%) 17 (24%) 0.21 

Pessary 95 (31%) 31 (36%) 29 (38%) 16 (21%) 19 (26%) 

Placebo 

Amphia 

66 (22%) 14 (16%) 15 (20%) 20 (27%) 17 (25%) 

None 80 (25%) 21 (25%) 16 (20%) 24 (31%) 19 (26%) 

Caesarean 

Delivery 

All  111 (36%) 33 (38%) 27 (35%) 25 (33%) 26 (37%) 0.63 

Failure to 

Progress  

67 (60%) 22 (68%) 16 (61%) 14 (54%) 15 (57%) 0.55 

Induction of Labour 202 (65%) 52 (61%) 51 (67%) 55 (72%) 43 (60%) 0.37 

Data are presented as mean ± (SD) or n (%), BMI as median (IQR) 
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Table 2 Odds ratios and adjusted odds ratios for caesarean delivery in twin pregnancy 

Characteristic Caesarean Delivery Odds Ratio (95% 

CI)
* 

Adjusted Odds 

Ratio (95% CI)
* 

p-value 

Yes  

N=111 

(36%) 

No  

N=200 

(64%) 

Cervical 

Length 

Category 

≤ 39 mm, 

reference 

33 (29%) 53 (27%) 1 1  

39-43 mm 27 (24%) 50 (25%) 0.88 (0.44-1.75) 0.97 (0.47-2.0) 0.94 

43-48 mm 25 (23%) 51 (26%) 0.80 (0.41-1.55) 0.71 (0.35-1.45) 0.34 

>48 mm 26 (24%) 46 (23%) 0.94 (0.49-1.83) 0.92 (0.45-1.89) 0.83 

Maternal Age (years) 32.7 (4.6) 31.8 (4.4) 1.05 (0.99-1.1) 1.07 (1-1.13) 0.03 

Gestational Age (weeks) 37.1 (1.4) 36.8 (1.4) 1.16 (0.98-1.37) 0.96 (0.74-1.25) 0.79 

Monochorionicity 25 (23%) 33 (16%) 1.47 (0.82-2.63) 1.64 (0.85-3.15) 0.14 

Ethnicity Caucasian 

(ref) 

98 (88%) 180 

(90%) 

1 1  

Non-

Caucasian 

13 (12%) 20 (10%) 1.25 (0.59-2.63) 1.42 (0.51-3.21) 0.4 

Smoking No (ref) 104 (94%) 190 

(95%) 

1 1  

 Yes 7 (6%) 10 (5%) 1.26 (0.47-3.39) 1.97 (0.67-5.84) 0.22 

BMI ≤ 19 (ref) 41 (4%) 28 (28%) 1 1  

 19-23 46 (41%) 80 (40%) 4.04 (1.16-14.12) 3.99 (1.07-14.9) 0.02 

 23-28 51 (46%) 73 (37%) 4.86 (1.36-17.37) 5.04 (1.34-19.03) 0.01 

 >28 11 (9%) 20 (10%) 3.61 (0.82-15.84) 3.1 (0.65-14.78) 0.1 

Birth Weight No 

Discordance 

(ref) 

93 (84%) 177 

(84%) 

1 1  
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Discordance 

>20% 

18 (16%) 33 (16%) 0.99 (0.53-1.85) 0.95 (0.47-1.93) 0.9 

Combined Birth Weight 5153 (741) 4966 

(698) 

1.04 (1-1.07) 1.03 (0.99-1.09) 0.11 

Onset of 

Labour 

Spontaneous 

(ref) 

27 (24%) 82 (41%) 1 1  

Induced 84 (76%) 118 

(59%) 

2.16 (1.29-3.63) 1.92 (1.05-3.5) 0.03 

Intervention None (ref) 30 (27%) 49 (24%) 1 1  

 Progesterone 24 (22%) 46 (23%) 0.85 (0.44-1.67) 0.98 (0.48-2) 0.95 

 Placebo 20 (18%) 47 (24%) 0.70 (0.35-1.39) 0.68(0.32-1.43) 0.31 

 Pessary 37 (33%) 58 (29%) 1.04 (0.56-1.93) 1.05 (0.53-20.4) 0.9 

Data as number (%) or mean (SD) 

*
 Mean of 10 imputation sets, calculated using Rubin’s rules

16
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Figure 1 Proportion of Caesarean Deliveries in Relation to Absolute Values 
of Cervical Length Measured  
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Appendices; 

Appendix #1: Association Cervical Length and Caesarean Section by indication of Caesarean Section 

Failure to progress vs. no CS: 

 

 

Characteristic OR (95%CI) aOR (95% CI) p-value 

Cervical Length 

Category 

≤ 39 mm, reference 1 1  

39-43 mm 0.91 (0.37-2.25)    0.79 (0.35-1.78) 0.82 

43-48 mm 0.53 (0.21-1.34)   0.64 (0.28-1.44) 0.16 

>48 mm 0.79 (0.33-1.88)    0.8 (0.36-1.74) 0.58 

Maternal Age (years) 1.05 (0.98-1.14)    1.04 (0.97-1.11) 0.17 

Gestational Age (weeks) 0.940 (0.67-1.32)    1.36 (1.1-1.67)  0.72 

Monochorionicity 1.87 (0.83-4.23) 1.46 (0.74-2.9) 0.13 

Ethnicity Caucasian (ref) 1 1  

Non-Caucasian 0.67 (0.22-2.01)    1.08 (0.41-2.83) 0.47 

Smoking No (ref) 1 1  

Yes 1.84 (0.39-8.73)   0.89 (0.24-3.32)  0.44 

BMI ≤ 19 (ref) 1 1  

19-23 2.81 (0.70-11.22)    2.8 (0.79-9.94) 0.13 

23-28 3.56 (0.92-13.79)    3.78 (1.06-13.48) 0.06 

>28 2.22 (0.45-10.98)    2.88 (0.65-12.8) 0.32 

Birth Weight No Discordance (ref)    

Discordance >20% 0.91 (0.36-2.29)    0.79 (0.36-1.74) 0.85 

Combined Birth Weight 1 (1-1)    1 (1-1) 0.001 

Onset of Labour Spontaneous (ref) 1 1  

Induced 2.02 (0.93-4.39)    2.63 (1.37-5.05) 0.08 

Intervention None (ref) 1 1  

Progesterone 1.23 (0.56-2.72)    1.14 (0.57-2.28) 0.61 

Placebo 0.37 (0.14-1) 0.42 (0.17-1.04)  0.05 

Pessary 0.77 (0.31-1.92)    0.64 (0.28-1.45) 0.58 
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Foetal distress vs no CS: 

 

*BMI ≤23 reference as there were no women with BMI < 19 in this subgroup 

Characteristic OR (95% CI) aOR (95% CI) p-value 

Cervical Length 

Category 

≤ 39 mm, reference 1 1  

39-43 mm 0.69 (0.23-2.01) 0.54 (0.16-1.83) 0.28 

43-48 mm 1.12 (0.44-2.86) 1.14 (0.43-3.02) 0.79 

>48 mm 0.70 (0.24-2.08) 0.73 (0.23-2.33) 0.59 

Maternal Age (years) 1.02 (0.94-1.1) 1.02 (0.93-1.11)    0.69 

Gestational Age (weeks) 0.99 (0.76-1.28) 1.15 (0.78-1.7)    0.48 

Monochorionicity 1.69 (0.73-3.9) 1.85 (0.73-4.69)    0.19 

Ethnicity Caucasian (ref) 1 1  

Non-Caucasian 0.44 (0.17-1.14)  0.53 (0.19-1.46)    0.22 

Smoking No (ref) 1 1  

Yes 1.13 (0.24-5.34) 1.11 (0.21-5.8)    0.9 

BMI ≤ 23 (ref)* 1 1  

23-28 1.13 (0.51-2.51) 1.32 (0.55-3.15)    0.5 

>28 0.85 (0.16-4.51) 1.15 (0.18-7.55)    0.84 

Birth Weight No Discordance (ref) 1 1  

Discordance >20% 1.45 (0.6-3.45)  1.21 (0.45-3.26)    0.7 

Combined Birth Weight 1 (1-1) 1 (1-1)   0.1 

Onset of Labour Spontaneous (ref) 1 1  

Induced 1.81 (0.83-3.95) 1.76 (0.73-4.29)    0.21 

Intervention None (ref) 1 1  

Progesterone 0.93 (0.36-2.37) 1.1 (0.4-3.03)    0.86 

Placebo 0.73 (0.26-2.08) 0.91 (0.3-2.75)    0.86 

Pessary 0.85 (0.31-2.35) 0.95 (0.33-2.73)    0.92 
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Appendix #2: Subgroup analysis of the term group (delivery ≥ 37 weeks) 

Characteristic Caesarean Delivery Odds Ratio (95% 
CI)

* 
Adjusted Odds 
Ratio (95% CI)

* 
p-value 

Yes  

N= 66 
(38%) 

No  

N= 106 
(62%) 

Cervical 
Length 
Category 

≤ p25 (ref) 19 (29%) 25 (24%) 1 1  

p25-50 14 (21%) 27 (25%) 0.68 (0.27-1.69) 0.69 (0.25-1.89) 0.46 

p50-75 16 (24%) 33 (31%) 0.64 (0.27-1.5) 0.5 (0.19-1.33) 0.16 

>p75 17 (25%) 21 (20%) 1 (0.42-2.44) 1.11 (0.41-2.98) 0.83 

Maternal Age (years) 33.1 (4.6) 31.9 (4.6) 1.06 (0.99-1.13) 1.07 (0.99-1.16 0.1 

Gestational Age (weeks) 38.1 (0.8) 37.9 (0.8) 1.36 (0.92-1.99) 1.21 (0.74-1.96) 0.44 

Monochorionicity 7 (11%) 12 (11%) 0.93 (0.35-2.5) 1.68 (0.52-5.42) 0.38 

Ethnicity Caucasian 
(ref) 

58 (88%) 98 (92%) 1 1  

Non-
Caucasian 

8 (12%) 8 (8%) 0.59 (0.21-1.66) 0.37 (0.11-1.28) 0.12 

Smoking No (ref) 61 (92%) 100 
(94%) 

1 1  

 Yes 5 (8%) 6 (6%) 1.39 (0.41-4.77) 2.62 (0.63-11.02) 0.19 

BMI ≤ p25 (ref) 21.7 20.7 1 1  

 p25-50 23.9 22.8 2.84 (0.74-10.95) 3.03 (0.64-14.03) 0.13 

 p50-75 26.0 24.5 3.78 (0.99-14.41) 4.6 (1.03-20.6) 0.03 

 >p75 41.4 41.4 3.62 (0.76-17.35) 5.06 (0.87-29.5) 0.05 

Birth Weight No 
Discordance 
(ref) 

58 (88%) 95 (90%) 1 1  

Discordance 
>20% 

8 (12%) 11 (10%) 1.19 (0.45-3.14) 0.88 (0.29-2.63) 0.82 

Combined Birth Weight 5525 (565) 5310 
(617) 

1 (1-1) 1 (1-1) 0.07 

Onset of 
Labour 

Spontaneous 
(ref) 

9 (14%) 20 (19%) 1 1  

Induced 57 (86%) 86 (81%) 1.47 (0.63-3.46) 1.23 (0.46-3.26) 0.68 

Intervention None (ref) 21 (32%) 22 (21%) 1 1  

 Progesterone 20 (30%) 30 (28%) 0.7 (0.31-1.59) 0.71 (0.28-1.76) 0.46 

 Placebo 12 (18%) 30 (28%) 0.42 (0.17-1.03) 0.38 (0.14-1.02) 0.05 

 Pessary 13 (20%) 24 (23%) 0.57 (0.23-1.4) 0.50 (0.19-1.35) 0.17 
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Abstract  

Objective 

Since women with a triplet pregnancy have a strongly increased risk of preterm delivery, 

some clinicians advise prophylactic administration of antenatal steroids for fetal lung ripening 

in women with a triplet pregnancy. However, the effect of corticosteroids is limited to a 

timeframe of 10-14 days after the first administration. The aim of this study was to assess the 

natural course of triplet pregnancies in order to allow a better anticipation for administration 

of corticosteroids. 

Methods  

We collected data on all triplet pregnancies in the Netherlands from 1999-2007 from the 

Dutch Perinatal Registration (PRN). From these data, we constructed a Kaplan Meier curve 

for time to delivery, and calculated the risk of delivery in two week intervals at different 

gestational ages. Moreover, we assessed the timeframe between admission to the hospital 

and delivery of the first child.  

Results  

We included 494 women with a triplet pregnancy. Median gestational age at delivery was 

235 days (33 4/7 week) with an interquartile range (IQR) of 217-246 days. Twenty-one 

women (4.3%) delivered between 22 and 24 weeks and 146 women (29.6%) delivered 

before 32 weeks and the absolute rate of preterm birth <37 weeks was 97.8%. At a 

gestational age of 24 weeks, the chance to deliver within the next week was 0.6%. For 26, 

28, 30 and 32 weeks these risks were 2.4%, 2.5%, 8.1% and 16.7%, respectively.  

Conclusions  

The median gestational age at which women with a triplet pregnancy deliver is 33 4/7 weeks. 

Before 32 weeks of gestation, prophylactic administration of steroids is not indicated as the 

risk to deliver within seven days  is <12%. 
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Introduction 

Triplet pregnancies are rare, but still its incidence has risen from 1,000 to over 7,000 in the 

USA between 1980 and 2005. This is due to the increased use of artificial reproductive 

techniques and increasing maternal age.1-4 Triplet pregnancies are associated with a higher 

incidence of maternal morbidity during pregnancy and labor2;5 and with more neonatal 

morbidity and mortality as compared to women with a singleton or twin pregnancy. Neonatal 

morbidity and mortality is mainly due to preterm and very preterm birth.2;6-9 It has been shown 

that the mean gestational age at delivery in women with a triplet pregnancy is approximately 

32 weeks and has been stable since the 1980’s.3;10 However, some studies show that 

gestational age at delivery has decreased from 34 to 32 weeks,4;11 thereby steadily 

increasing, the absolute rate of preterm birth from 80-90% to 96%.3;12   

Antenatal administration of corticosteroids to women with threatened preterm labor is proven 

to diminish neonatal mortality and morbidity in preterm born children by reducing respiratory 

distress syndrome and cerebral hemorrhage.13 However, to predict whether a woman with a 

triplet pregnancy will deliver (very) preterm remains a clinical challenge. In asymptomatic 

women with a triplet gestation, only short cervical length and fetal fibronectin tests have been 

demonstrated to be predictive for preterm birth < 32 weeks.14-17  Prophylactic therapies such 

as cervical cerclage, pessary placement and administration of progesterone do not seem to 

be beneficial in decreasing the amount of preterm births and its accompanying neonatal 

mortality and morbidity.18-20  Therefore, some clinicians advise prophylactic administration of 

corticosteroids to all women with a triplet pregnancy for acceleration of fetal lung ripening,9;21 

irrespective of signs and symptoms that could announce preterm delivery. However, there is 

lack of evidence to support this practice.22;23  

Accurate prediction of preterm birth in triplets would be valuable for the ideal timing of the 

administration of prophylactic steroids, since the optimal effect lies between 48 hours to 

seven days before delivery.13 We evaluated the natural course of triplet pregnancies by 
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calculating the risk of delivery in a particular time frame during gestation. Moreover, we 

analyzed the timeframe between the admission of a pregnant woman with a triplet pregnancy 

to the hospital and delivery of the first child. The aim of this study was to examine if, in triplet 

pregnancies, we could identify the optimal gestational age, in which prophylactic 

administration of steroids would be useful. 
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Patients & Methods 

In this retrospective cohort study we collected data of all triplet pregnancies in the 

Netherlands in the period of 1999-2007. The triplets pregnancies were selected  from the 

Dutch Perinatal Registration (PRN)24 by the variables “multiple births” and “size three”. The 

registry was used to select the hospitals were, after permission, additional data for each 

triplet pregnancy was collected from the medical records. The PRN collects all data 

regarding pregnancy outcome, maternal and neonatal outcome in the Netherlands starting at 

a gestational age of 22 weeks.  Data regarding gestational age at delivery, conception mode, 

maternal age, parity, ethnicity, induction of labor, mode of delivery, birth weight and neonatal 

morbidity and mortality were collected. Conception mode was registered as spontaneous or 

with use of artificial reproductive technologies (ART) including ovulation induction, intra-

uterine insemination (IUI) and in vitro fertilization (IVF), parity as nulliparous or multiparous. 

Start of labor was classified as spontaneous, induction of labor or planned cesarean delivery 

and mode of delivery as planned cesarean section, emergency cesarean section or vaginal 

delivery, including assisted vaginal delivery. Neonatal morbidity included sepsis, intra 

ventricular hemorrhage (IVH), infant respiratory distress syndrome (IRDS) and 

bronchopulmonary dysplasia (BPD). Perinatal mortality was recorded as fetal mortality (intra-

uterine fetal demise (IUFD) or demise during delivery) or neonatal mortality in the first 28 

days after delivery. As the PRN does not register reliable information concerning chorionicity 

and hospital admission time of the mother, we collected these data from individual hospital 

records or digital hospital information systems. Chorionicity was based on first trimester 

ultrasound or was determined post-delivery after histological assessment of the placenta by 

a pathologist. In cases that were recorded as monochorionic, it was not always possible to 

distinguish between a monochorionic triplet or a monochorionic twin with a singleton 

alongside which actually should be recorded as a dichorionic triplet. Therefore we analyzed 

chorionicity as trichorionic or monochorionic were the latter included any triplet that contained 

a monochorionic component. We collected time and date of maternal admission to the 
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hospital directly prior to delivery. If only the date of admission was available, but not the 

exact time, we set admission time at 12pm. 

All women with a pregnancy recorded as a triplet in the national registry were included in the 

study. Exclusions for (intra-uterine) fetal demise or congenital abnormalities were not made. 

Pregnancies registered in the PRN as a triplet from whom only information on one or two 

fetuses could be obtained, were excluded from the study, as it was not possible to distinguish 

between a triplet pregnancy or an administrative fault. Prior to exclusion, these pregnancies 

were matched with other pregnancies with missing fetuses, to be sure there was no interval 

delivery of the same mother in a different hospital, but no such cases were found.  

Primary outcomes in the study were time to delivery and the risk of delivery in a particular 

time frame of one and two weeks. Subgroup analyses were made for parity and chorionicity. 

Moreover we analyzed duration of maternal hospitalization prior to delivery of the first child, 

neonatal morbidity and mortality.  

 

Statistical analysis 

We constructed a Kaplan Meier curve for time to delivery in the whole study group, starting 

from 22 weeks onwards. We calculated the risk of delivery within one and two weeks for 

different gestational ages by distracting the number of women that delivered in a time frame 

from all women that were still pregnant at the beginning of that time frame. We calculated 

these risks for time frames of one week and two weeks, as the first is the optimal period that 

antenatal corticosteroids are assumed to work13and the second because this is the minimum 

interval that is recommended in our national guidelines between two courses of 

corticosteroids.25 The duration of hospitalization was calculated by the time between hospital 

admission prior to delivery and the birth date and time of the first child. We considered 

hospital admission to be sufficient if an interval of at least 48 hours was achieved, in patients 

with a delivery prior to 34 weeks’ gestation. For catechorial data Fishers exact test or Chi 
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square test were used and for numeric data One Way Anova or Kruskal Wallis test 

depending on the normal distribution of the variables. Statistical analysis was performed in 

Statistical Package for Social Sciences (SPSS) version 20. 
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Results 

In the study period 575 pregnancies were registered as a triplet pregnancy in the PRN, of 

which 81 could not be confirmed as a triplet and were excluded as administrative mistakes. 

Table 1 shows baseline characteristics of the 494 triplet pregnancies included in our study. 

Median gestational age at delivery was 235 days (33 4/7 week) with an interquartile range 

(IQR) of 217-246 days (31 0/7 - 35 1/7 weeks). Twenty-one women (4.3%) delivered 

between 22 and 24 weeks, 146 women delivered before 32 weeks (29.6%) and 269 women 

before 34 weeks (54.5%). Sixteen women (3.2%) delivered after 37 weeks. Table 2 shows 

the risk to deliver within one or two weeks for each week of pregnancy. At a gestational age 

of 24 weeks, the chance of delivering within the next week was 0.6%. For 26, 28, 30 and 32 

weeks these risks were 2.4%, 2.5%, 8.1% and 16.7%, respectively. Figure 1 shows a Kaplan 

Meier curve for time to delivery in women with a triplet pregnancy.  

In 16 women (3.2%), delivery of the second child was postponed after the first child was born 

with at least 24 hours, with a maximum interval of 16 days. In all these women, the second 

and third child were born within a short interval. 

Data regarding chorionicity were available for 393 (79.5%) of women. Median gestational 

age at delivery was longer for trichorionic triplets compared to triplets containing a 

monochorionic component (237 vs. 231 days respectively, p= 0.02). Multiparous women had 

a longer median gestational age compared to nulliparous women (238 vs 232 days 

respectively, p=0.02). Gestational age of delivery was independent from mode of conception  

(p=0.07). Figure 2 shows time to delivery stratified by chorionicity and parity. Table 2 shows 

the risk to delivery within one or two weeks for each combination of chorionicity and parity. 

For nulliparous women with a mono- or dichorionic triplet pregnancy, the risk to deliver within 

one week was 4.2% at 28 weeks, 11.8% at 30 weeks, 12% at 31 weeks and 22.7% at 32 

weeks of gestation.  

Time of hospital admission was available for 390 patients (78.9%). Figure 3 shows a 

flowchart that demonstrates that 52 (16.8%) of these women delivered prior to 34 weeks, 
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were admitted less than 48 hours and had a spontaneous onset of labor, indicating that they 

probably received incomplete antenatal steroid therapy. Neonatal outcomes are shown in 

table 3. Of all 494 women, 420 (85%) had three surviving children, while 25 (5.1%) lost all 

three children. Adverse neonatal outcome occurred in 428 of 1482 children (28.9%). 

Neonatal morbidity and adverse neonatal outcome were not different between women that 

had been admitted for more than 48 hours or those who were not. Neonatal death was the 

only outcome which differed significantly in these women (7.4% vs 12.9% respectively, 

p=0.04). 
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Discussion 

Prophylactic administration of steroids could lead to multiple courses of steroids in women 

when experiencing threatened preterm labor, as steroids are beneficial up to 34 weeks’ 

gestation and should preferably be administrated no longer than 7-10 days before 

delivery13;26. This might be beneficial in short term neonatal outcome, but is not proven to be 

harmless in long-term pediatric follow-up.27;28 In this retrospective study, we evaluated if, 

there is a specific timeframe in triplet pregnancy to warrant the administration of a 

prophylactic course of corticosteroids. Based on our data, we recommend not to offer 

untargeted steroids to all women with a triplet pregnancy.  

The median gestational age at delivery in women with a triplet pregnancy in this cohort was 

33 4/7 weeks. Because the median gestational age at delivery and the rate of preterm birth 

<32 weeks were significantly different for chorionicity and parity, we performed subgroup 

analysis for combinations of these parameters. Before 32 weeks, there was no time frame in 

which the risk to deliver within one week was more than 12%, both for the total group as for 

the different subgroups. Moreover, 55% of women that delivered <34 weeks were admitted 

for more than 48 hours prior to the delivery of their first child, indicating that there was 

enough time to administer steroids targeted. Among the women that were hospitalized less 

than 48 hours and delivered prior to 34 weeks only 50% had a spontaneous onset of labor. 

Consequently the remaining women had a planned delivery, either by induction of labor or 

cesarean delivery and could have received steroids during a previous hospitalization period 

or in an outpatient setting.  

As far as we know, there is no randomized controlled trial that studied the effect of 

untargeted antenatal administration of corticosteroids in women with a triplet pregnancy. 

Only one retrospective study by D’Amore et al29 compared neonatal outcome in 60 women 

with a triplet that received multiple courses of corticosteroids to the outcome of women with a 

triplet pregnancy that did not receive adequate steroid therapy and found no difference in 
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neonatal survival and morbidity rates. The only prognostic factor for neonatal survival in their 

study was gestational age at birth.29 Our findings of median gestational age at delivery in 

women with a triplet pregnancy are in accordance with other studies. Tandberg et al4 

described a mean gestational age of 32.1 (SD 3.3) weeks in 1344 women with a triplet 

pregnancy and Kawaguchi et al30 showed a median of 33 weeks (range 23-38 weeks). 

Comparable to our findings, Kawaguchi et al also demonstrated that trichorionic triplets 

delivered at a later gestational age compared to monochorionic triplets (33 vs 32 weeks 

respectively). Spencer et al31 also showed one week difference in gestational age between 

trichorionic triplets and dichorionic triplets and found a higher neonatal morbidity rate and 

lower birth weight in dichorionic triplets compared to trichorionic triplets. Apart from 

chorionicity we showed that parity is also an important predictor for time to delivery in women 

with a triplet pregnancy. 

This is one of the largest studies to pregnancy outcome in triplet pregnancies. Moreover it is 

a nationwide study and due to the accurate registration of pregnancies and deliveries by 

PRN, there is low risk of selection bias. However, this study also has some limitations. First 

the retrospective character. Especially in the earlier period of the study, it was not common to 

have a computerized administration. Therefore it was not possible to trace chorionicity and 

time of hospitalization for all women. Moreover, we wanted to know if patients were admitted 

to the hospital in time to receive a course of antenatal steroids. We assumed that women 

hospitalized for more than 48 hours prior to a delivery before 34 weeks probably had 

received steroids. However,  we were not able to assess if steroids were actually 

administrated to these women. On the other hand, it is also possible that women admitted 

less than 48 hours prior to delivery had received steroids during a recent previous period of 

hospitalization. In this case they were not admitted >48 hours prior to delivery but did receive 

adequate steroid therapy.  

For the antenatal management of women with a triplet pregnancy, it is important to realize 

that nulliparous women and those which triplet contains a monochorionic component are at 
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highest risk of preterm birth. Cervical length measurement and fFN test can be helpful to 

predict preterm birth in asymptomatic women. Fox et al17 showed that a combination of 

cervical length (CL) measurement and fetal fibronectin (fFN) tests are effective in the 

prediction of preterm delivery in asymptomatic women with a triplet pregnancy. They found a 

positive predictive value of 62% and a negative predictive value of 90% for delivery <32 

weeks in women with a positive fFN test and a CL <20 mm.17 However, in the study of Fox et 

al, the primary outcome was delivery <32 weeks17 and not delivery within seven days, while 

this is the outcome that is necessary to know in daily clinical practice if antenatal steroid 

therapy should be considered. For future research on prediction of preterm birth we therefore 

suggest to focus on short term delivery. 
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Table 1: Baseline characteristics 

 Total Group 
(n=494) 

Delivery <34 
weeks (n=269) 

Delivery 
≥34 weeks 
(n=225) 

p-value Delivery 
<32 
weeks 
(n=146) 

Delivery 
≥32 
weeks 
(n=348) 

p-
value 

Maternal Age 32.1 (4.3) 31.7 (4.5) 32.5 (4.1) 0.04 31.1 
(4.6) 

32.5 
(4.1) 

0.002 

Nulliparity 274 (55.5) 164 (60.9) 110 (48.9) 0.005 101 
(69.2) 

173 
(49.7) 

<0.001 

Spontaneous 
conception* 

114/312 
(36.5) 
 

67/167 (40.1) 47/145 
(32.4) 

0.09 28/82 
(34.1) 

86/230 
(37.4) 

0.4 

Dutch ethnicity 406 (82.2) 228 (84.8) 178 (79.1) 0.06 125 
(85.6) 

281 
(80.7) 

0.1 

Trichorionic* 202/393 
(51.4) 

101/218 (46.3) 101/175 
(57.7) 

0.01 52/117 
(44.4) 

150/276 
(54.4) 

0.04 

Admission 
>=48 hours* 

220/390 
(56.4) 

119/216 (55.1) 101/174 
(58) 

0.3 59/116 
(50.9) 

161/274 
(58.8) 

0.09 

Spontaneous 
onset of labor 

155 (31.4) 121 (45) 34 (15.1) <0.001 88 (60.2) 67 (19.3) <0.001 

Vaginal 
delivery 

124 (25.1) 85 (31.6) 39 (17.3) <0.001 60 (41.1) 64 (18.4) <0.001 

Hypertensive 
disorder 

77 (15.6) 41 (15.2) 36 (16) 0.5 14 (9.6) 63 (18.1) 0.01 

Data presented as mean (SD), number (%), or median (IQR) 

*Due to missing data denominator does not equal total study group 
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Table 2: risk to deliver in a particular timeframe 

 All Triplets 

N=494* 

TC – P0 

N=113* 

TC – P1 

N=89* 

MC – P0 

N=109* 

MC – P1 

N=82* 

Gestatio

nal Age 

(weeks) 

Risk to 

deliver 

<1 

week 

(%) 

Risk to 

deliver 

<2 

weeks 

(%) 

Risk to 

deliver 

<1 

week 

(%) 

Risk to 

deliver 

<2 

weeks 

(%) 

Risk to 

deliver 

<1 

week 

(%) 

Risk to 

deliver 

<2 

weeks 

(%) 

Risk to 

deliver 

<1 

week 

(%) 

Risk to 

deliver 

<2 

weeks 

(%) 

Risk to 

deliver 

<1 

week 

(%) 

Risk to 

deliver 

<2 

weeks 

(%) 

24 0.6 2.3 1.0 5.7 1.1 2.3 0 2.9 1.2 3.7 

25 1.7 4.1 4.8 6.7 0 1.2 2.9 4.9 0 2.5 

26 2.4 5.6 2.0 9.1 1.2 2.3 2 5 2.5 3.7 

27 3.3 5.8 7.2 9.3 1.2 2.4 3.1 7.1 1.3 5.1 

28 2.5 6.7 2.2 7.8 1.2 2.4 4.2 10.5 3.8 6.4 

29 4.2 12 5.7 9. 1 1.2 4.8 6.6 17.9 2.7 20.0 

30 8.1 14.5 3.6 12.0 3.7 6.1 11.8 22.4 17.9 32.9 

31 7 22.5 8.8 21.1 2.5 15.2 12.0 32.0 0 18.3 

32 16.7 35.3 13.7 34.2 13.0 31.2 22.7 42.4 18.3 40.0 

33 22.4 50.7 23.8 46.0 20.9 52.2 25.5 56.9 26.5 49.0 

34 36.4 75.1 29.2 68.8 39.6 75.5 42.1 78.9 30.6 88.9 

35 60.8 88.8 55.9 88.2 59.4 87.5 63.6 86.4 84 100 

36 71.4 96.4 73.3 100 69.2 92.3 62.5 87.5 100 100 

*Sum of groups does not equal total due to missing variables (n=101); TC = Trichorionic, MC = Monochorionic, P0 

= nulliparous, P1 = parous 
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Table 3: Neonatal outcome  

 Total group  Admission <48h Admission ≥48h p-value 

Per pregnancy N=494 N=170 (43.6) N=220 (56.4)  

     

Gestational age at 
delivery 

235 (IQR 217-
246) 

233 (214-245) 236 (220-246) 0.5 

Women without 
surviving children 

25 (5.1) 13 (7.6) 7 (3.2) 0.06 

One survivor 16 (3.2) 6 (3.5) 7 (3.2) 1 

Two survivors 33 (6.7) 15 (8.8) 14 (6.4) 0.4 

Three survivors 420 (85) 136 (80) 192 (87.3) 0.07 

     

Per Child N=1482 N=510 (43.6) N=660 (56.4)  

     

Birth weight (grams) 1799 (1325-2174) 1778 (1290-2181) 1795 (1329-2170) 0.7 

Admission to NICU 409 (27.6) 143 (28) 199 (30.2) 0.4 

Congenital 
abnormality 

58 (3.9) 24 (4.7) 23 (3.5) 0.3 

Neonatal morbidity* 309 (20.9) 108 (21.2) 150 (22.7) 0.6 

Low 5’ APGAR score 
(<7) 

165 (11.1) 68 (13.3) 65 (9.8) 0.06 

Intrauterine fetal 
demise 

77 (5.2) 36 (7.1) 29 (4.4) 0.5 

Neonatal death 63 (4.3) 66 (12.9) 49 (7.4) 0.04 

Adverse neonatal 
outcome** 

428 (28.9) 165 (32.4) 191 (28.9) 0.2 

Data presented as median (IQR) or number (%)  

*Includes sepsis, IRDS, BPD, IVH 

**Composite of neonatal morbidity, intra-uterine fetal demise and neonatal death 
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Figure 1: 

Kaplan-Meier curve for time to delivery in women with a triplet pregnancy 
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Figure 2: time to delivery stratified by chorionictiy and parity 
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Figure 3 flowchart that shows that 16.8% of women with a known admission time had a spontaneous 
onset of labor while they delivered prior to 34 weeks and were admitted less than 48 hours prior to the 
delivery.  
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Abstract 

Objective  

To assess in trichorionic triplet pregnancies the effectiveness of elective reduction to twins. 

Methods  

Nationwide retrospective cohort study. We compared time to delivery and perinatal mortality 

in trichorionic triplet pregnancies electively reduced to twins as compared to ongoing 

trichorionic triplets and primary dichorionic twins.  

Results 

We identified 86 women with reduced trichorionic triplet pregnancies, 44 with ongoing 

trichorionic triplets and 824 with primary twins.  Reduced triplets had a median gestational 

age at delivery of 36.1 weeks (IQR 33.3-37.5 weeks), versus 33.3 (28.1-35.2) weeks for 

ongoing triplets and 37.1 (35.3-38.1) weeks for primary twins (p<0.001). The total number of 

surviving children in the reduced group was 155 (90%) versus 114 (86%) in the ongoing 

triplet group. After reduction, 75 (87%) of women had all their fetuses surviving, compared to 

36 (82%) (RR 1.3 (95% CI (0.72-2.3))) for ongoing triplets and 770 (93%) (RR 0.91 (95% CI 

0.82-1)) for primary twins. There were six women without any surviving children (7%) after 

reduction, versus five (11.4%) (RR 0.81 (95% CI 0.47-1.4)) among women with ongoing 

triplets and 32 (3.9%) (RR 1.7 (95% CI 0.8-3.7)) in women with primary twins.  

Conclusions 

In women with a triplet pregnancy, fetal reduction increases gestational age at birth with 

three weeks as compared to ongoing triplets. However, there the impact on neonatal survival 

is limited. 
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Introduction 

Over the past three decades the incidence of triplet and higher order multiple gestations has 

increased from 37 per 100.000 births in 1980 to 153 per 100.000 births in 2009 in the USA1,2, 

mainly due to the use of assisted reproductive techniques (ART). In the USA, 35% of 

pregnancies conceived by ART result in a multiple pregnancy2,3, versus 22% in Europe4.  

Women with a triplet pregnancy are at increased risk of neonatal morbidity and mortality 

compared to women with a twin or singleton pregnancy, mainly due to an increased risk of 

preterm birth5,6. Preterm delivery prior to 37 weeks of gestation occurs in 5-9% of women 

with a singleton pregnancy, 60% of women with twins and more than 90% of those with 

triplets7-10.  

Compared to women with a twin gestation, those with triplets have a significantly increased 

risk of maternal morbidity such as gestational diabetes, hypertensive disorders, cesarean 

delivery and excessive hemorrhage3. To decrease the risks associated with triplets and high 

order multiple pregnancies, multifetal pregnancy reduction (MFPR) has been performed 

since the mid 1980’s11,12 and several approaches have been described13,14. The most 

frequently applied method is through ultrasound-guided transabdominal injection of 

potassium chloride into the fetal heart or chest cavity15. 

There is ample evidence to support pregnancy reduction in gestations involving four or more 

fetuses to the final number of two fetuses, as twin pregnancies are considered to have a 

relatively good outcome10,16. However, in the event of a triplet pregnancy there remains 

debate whether multifetal pregnancy reduction improves the obstetric outcome of triplets 

reduced to twins17. 

We studied the effectiveness of fetal reduction in women with a triplet pregnancy as 

compared to ongoing triplet pregnancies in terms of gestational age at delivery, perinatal 

death and neonatal birth weight of triplets reduced to twins.  
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Materials and Methods  

In this retrospective study we included all women with a triplet pregnancy undergoing fetal 

reduction to a twin pregnancy in the Netherlands over the period 2000 to 2010. From two 

centres data were available for  2011 as well. The procedure was performed 

transabdominally after local anesthetic by using a 20 or 22G needle and injecting potassium 

chloride intracardially or intrathoracicly. All procedures were performed between 100/7 and 

156/7 weeks’ gestation.  

Women were identified by searching the ultrasound, obstetric and fetal databases in all ten 

fetal medicine units performing multifetal pregnancy reductions.  The study was limited to 

trichorionic triplets only. Cases in which fetal reduction was performed because of a 

congenitally abnormal fetus were not included in the study.  

The course of pregnancy in women with a reduced triplet was compared to the outcome in 

women with an ongoing trichorionic triplet pregnancy and to those with a primary dichorionic 

twin pregnancy. Data regarding ongoing triplet pregnancies were collected from ultrasound 

and obstetric databases in two tertiairy (Academic Medical Centre Amsterdam and VU 

Medical Centre Amsterdam) and nine secondary hospitals (Onze Lieve Vrouwe Gasthuis 

Amsterdam, Zaans Medisch Centrum Zaandam, Spaarne Ziekenhuis Hoofddorp, Kennemer 

Gasthuis Haarlem, Rode Kruis Ziekenhuis Beverwijk, Medisch Centrum Alkmaar, Gemini 

Ziekenhuis Den Helder, Flevo Ziekenhuis Almere, Ter Gooi Ziekenhuis Blaricum). Both 

tertiary hospitals service a large geographical area in the Dutch provinces Noord-Holland and 

Flevoland, including all nine above mentioned secondary hospitals. All trichorionic triplet 

pregnancies in the period of 2000 to 2012 with at least one ultrasound performed between 

80/7 and 146/7 weeks gestation in which three living fetuses were identified and fetal reduction 

was not performed, were included in the control group of ongoing triplet pregnancies. For our 

control group, we only included women with a known date of delivery.   
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Data regarding original dichorionic twin pregnancies (primary twins) were collected from one 

tertiary (Academic Medical Centre, Amsterdam) and one secondary hospital (Onze Lieve 

Vrouwe Gasthuis, Amsterdam) using a similar selection procedure as described for the triplet 

control group, but obviously limited to women with two living fetuses at inclusion. When 

women had two or more twin pregnancies in the study period we used data of the first twin 

pregnancy only.   

Data were collected retrospectively by reviewing maternal and, where appropriate, neonatal 

and pediatric medical records. Maternal and fetal characteristics, including demographic 

data, gestational age at time of reduction (pregnancy dating was based on early ultrasound 

measurements), ultrasound findings including fetal measurements, chorionicity and 

pregnancy outcome were collected. Chorionicity was determined at first trimester ultrasound 

scan or at post-delivery histologic analysis by a pathologist. Operator and procedure 

characteristics were also collected including the number of operators and number of 

procedures per operator. 

Pregnancy outcome was based on gestational age at delivery, neonatal birth weight and 

perinatal death. All cases of fetal demise were defined as intra-uterine fetal death (IUFD).  

Perinatal death was defined as intra-uterine fetal death, demise during delivery or demise in 

the first seven days after delivery. Neonatal and pediatric information included gestational 

age at delivery, birth weight and sex.  

 

Statistical Analysis 

The outcome of the three groups (triplets reduced to twins, ongoing triplets and primary 

twins) was compared in terms of gestational age at delivery, delivery < 24 weeks, delivery < 

32 weeks, neonatal birth weight and number of perinatal deaths.  
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We constructed a Kaplan Meier curve to analyze time to delivery in each group. As 

gestational age at delivery was not normally distributed, we compared the median between 

the groups with the Kruskall-Wallis test. Neonatal birth weight was distributed normally and 

therefore we compared the mean birth weights between the groups with the One Way Anova 

test. A Chi-Square test was used to compare the number of deliveries before 24 and 32 

weeks, and the number of perinatal deaths among the three study groups. For perinatal 

mortality, we compared the absolute number of fetal deaths, the number of women that had 

at least one surviving child, the number of women that had at least one perinatal death and 

the number of women that had all their children or no children surviving. Moreover we 

compared the number of mothers that had at least two surviving children and the number 

that had at least two surviving children after 32 and 37 weeks’ gestation. Statistical analysis 

was performed using Statistical Package for Social Sciences version 20. 
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Results 

We identified 103 women with a triplet pregnancy that underwent fetal reduction to a twin 

pregnancy. We excluded 17 women for several reasons: monochorionicity (4 patients), 

unknown chorionicity (6 patients), congenital anomaly as indication for reduction (4 patients), 

ectopic pregnancy as indication for reduction (1 patient) and lost to follow up (2 patients), 

leaving 86 women that met all inclusion criteria. Among the two cases that were lost to follow 

up, one of these women had come to the Netherlands from abroad as MFPR was not legal in 

her country. We identified 44 women with an ongoing trichorionic triplet pregnancy and 824 

patients with a primary dichorionic twin pregnancy. Baseline characteristics of the three 

groups are shown in Table 1.  

Reductions were performed in nine centres by 26 different operators; one centre had no 

cases that met all inclusion criteria. The number of reductions per operator varied between 

one and nine and the number of reductions per hospital between three and 20. Mean 

gestational age at reduction was 12.2 weeks (SD 0.9).No significant differences in pregnancy 

outcome were seen between operators or for time of reduction (data not shown).  

Median gestational age at delivery was 36.1 weeks (interquartile range (IQR) 33.3-37.5 

weeks) for triplets reduced to twins, 33.3 weeks (IQR 28.1-35.2 weeks) for ongoing triplets 

and 37.1 weeks (IQR 35.3-38.1 weeks) for primary twins (p<0.001 difference between all 

groups) (Table 2).  

As shown in Figure 1, for all gestational ages, women with triplets reduced to twins had a 

longer time to delivery than women with ongoing triplets, although time to delivery was 

shorter than that for women with primary twins (p<0.001). Loss of the complete pregnancy 

prior to 24 weeks occurred in five (5.8%) pregnancies after reduction versus in five (11.4%) 

of ongoing triplets (RR 0.74 (95%CI 0.39-1.4)) and 29 (3.5%) of primary twins (RR 1.6 (95% 

CI 0.68-3.7)), Table 2. Preterm delivery before 32 weeks’ gestation occurred less in the 

reduction group compared to ongoing triplets 18 (20.9%) versus 15 (34.1%) respectively (RR 



123 
 

0.78 (95% CI 0.56-1.1)) but still more often than in primary twins 93 (11.3%) (RR 1.9 (95%CI 

1.2-3.1)), Table 2. Mean neonatal birth weight  was 2217 grams (SD 678) in the reduction 

group (10th-16th centile)9, 1700 grams (SD 607) in ongoing triplets (20th-50th centile)9, and 

2422 grams (SD 699) in primary twins  (10th-16th centile)9 (p<0.001, difference between all 

groups) , Table 2. The total number of surviving children in the reduced group was 155/172 

(90.1%) versus 114/132 (86.3%) in the ongoing triplet group and 1562/1648 (94.8%) for 

primary twins, Table 3.  

Perinatal death of at least one child occurred significantly more often in the reduction group 

11/86 (12.8%) than in the primary twin group 54/824 (6.6%) (RR 1.9 (95% CI 1.1-3.4)) 

(p=0.003), while compared to ongoing triplets there was no statistical significant difference 

8/44 (18.2%) (RR 0.86 (95% CI 0.57-1.3)).  

The number of women that had all their fetuses surviving that were intended to survive was 

75/86 (87.5%) in the reduction group versus 36/44 (81.8%) for ongoing triplets (RR 1.3 (95% 

CI 0.72-2.3)) and 770/824 (93.4%) for primary twins (RR 0.9 (95% CI 0.8-1)), Table 3. There 

were 6 (7%) women in the reduction group versus 5 (11.4%) (RR 0.81 (95% CI 0.47-1.4)) in 

the ongoing triplet group and 32 (3.9%) (RR 1.7 (95% CI 0.8-3.7)) in the primary twin group 

in whom not a single fetus survived (p=0.03). 

After reduction 75 (87.2%) women had two surviving children compared to 39 (88.6%) 

women with an ongoing triplet (RR 1 (95% CI 0.73-1.5)) and 770 (93.4%) with a primary twin 

(RR 0.91 (95% CI 0.82-1). The number of women that delivered at 32 weeks’ gestation or 

after and had two children surviving was 66/68 (97.1%) after reduction, 29/29 (100%) in 

ongoing triplets and 719/733 (98.1%) in primary twins. For deliveries at 37 weeks or after this 

was 30/31 (96.8%), 12/12 (100%) and 448/459 (97.6%) respectively. 
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Discussion 

We studied the effectiveness of reduction of one fetus in a trichorionic triplet pregnancy. 

Reduction resulted in a clinically meaningful more advanced gestation at birth as compared 

to expected management in triplets, with a median of 36 versus 33 weeks of gestation, 

although primary twins still did slightly better. The impact of fetal reduction on mortality and 

on severe preterm delivery was limited. There were six women without any surviving children 

(7%) after reduction, versus five (12.5%) for ongoing triplets (RR 0.75 (95% CI 0.41-1.36)) 

and 32 (3.9%) (RR 1.7 (95% CI 0.8-3.7)) in primary twins. 

 

Strengths and limitations of the study 

In this nationwide study, all hospitals that perform MFPR participated, thus increasing the 

external validity of our findings. Moreover, we included patients in a long timeframe which 

increased the power. The control groups were selected carefully with strict inclusion criteria 

thus mimicking the dilemma that a woman with a triplet pregnancy faces. 

The baseline characteristics of the three groups differed for mode of conception and parity, 

obviously due to the fact that this was not a randomized trial, as women choose to have 

MFPR performed or not. Possibly, patients with a multiple pregnancy resulting from ART with 

multiple embryos transferred might have less difficulties opting for MFPR.  

The results in our control group were different from the international literature. We found a 

miscarriage rate in ongoing triplets of 11.4%, while Papageorghiou reported 4.3%1. A 

possible explanation for this difference is that we started very early with inclusions and 

included women that had for example three living fetuses at 12 weeks’ gestation and a 

miscarriage at 14 weeks’ gestation. Moreover our sample size was limited as only 44 cases 

in our control group met all inclusion criteria, which is obviously a small number in 

comparison with the study group of 86 patients. This small number could have influenced our 



125 
 

data. We excluded triplets with a monochorionic pair; four in the reduction group and 43 in 

the ongoing triplet group. MFPR from triplet to twin in cases with a monochorionic pair would 

usually implicate reduction of the (healthy) singleton next to the monochorionic twin, resulting 

in a monochorionic twin pregnancy that is more prone to complications than a dichorionic, 

mainly by twin to twin transfusion syndrome (TTTS). Probably this is not the most likely 

option for both patients and obstetricians and in case parents opt for MFPR the 

monochorionic pair will be reduced resulting in an ongoing singleton pregnancy18. 

In the earlier period of our study it was not common to have a digital registration of first 

trimester ultrasound scans in the Netherlands, implicating that we could have missed data 

yielding our control groups. However, it is not likely that this would influence the data 

significantly as we based the decision for inclusion on the availability of first trimester data 

and not on pregnancy outcome.  

Our findings are partially in concordance with previously published studies 1,12,17,19-23  as we 

also found an improvement in median gestational age from 33 to 36 weeks. However, we 

found a lower risk of pregnancy loss prior to 24 weeks after reduction from triplet to twin (7% 

vs 8.2% in Papageorghious review1) and a higher risk of pregnancy loss prior to 24 weeks in 

ongoing triplet pregnancies (11.4% vs 4.3%). In contrast, Evans et al reported a decrease in 

pregnancy loss rate after MFPR in triplet pregnancy from 15% to 5% with triplets reduced to 

twins doing almost as well as non-reduced twins12. Apparently, the procedure of MFPR itself 

can cause pregnancy loss prior to 24 weeks’ gestation, and this possible risk should be 

specifically mentioned when counselling parents opting for MFPR. Since the interval between 

the reduction and the miscarriage was usually more than two weeks, it is also important to 

stress that most of the excess loss may occur several weeks after the procedure1.  

We found a reduction in delivery rate <32 weeks from 34.1% to 20.9%, which is comparable 

to Papageorghiou who found a reduction from 28.8% to 18%.  
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Neonatal mortality of infants in multiple gestation has decreased substantially over the last 

few decades6,24. Consequently, triplets have a much better chance of survival due to 

improved pre- and postnatal care. Our study shows that in more than 80% of women with a 

triplet pregnancy all fetuses survived, versus a somewhat higher rate (87%) among triplets 

reduced to twins. The three weeks prolongation of pregnancy did not result in a lower 

perinatal mortality rate in our study group. This could mean two things. Either the ones that 

were lost to follow up in both groups did not have the same mortality rate, or there is actually 

no decrease in perinatal mortality after MFPR, which is less comprehensible when 

pregnancy is prolonged by three weeks.  

Unfortunately we were unable to analyze neonatal morbidity for lack of reliable data in our 

control groups. As a surrogate we used gestational age at birth. Gestational length at birth is 

a good proxy for neonatal morbidity. Apparently, the increased gestational age among 

reduced triplets will have reduced morbidity, although the impact on short term severe 

neonatal morbidity is limited as there was little impact on the severe preterm birth rate. 

Unfortunately, we were not able to study long-term outcome of these children. 

The reductions in our study were performed by 26 different operators in nine hospitals, 

performing between one and nine reductions each. Although the total amount of reductions 

per operator is higher, experience of the operators might have played a role, but we stress 

that our data reflect clinical practice. Continuous prospective observation and report of the 

outcome of MFPR is obviously a sine qua non. 

It is well accepted that multiple pregnancies are best avoided by the use of strict criteria for 

ovulation induction and number of embryos transferred in IVF. However, these measures 

have not been implemented as thoroughly as to reduce the multiple birth epidemic25. The 

prevention of multiple gestations therefore should have priority over MFPR.  However, when 

these pregnancies occur despite adequate precautions, parents should be counselled for 

MFPR. 
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We show that fetal reduction from three to two fetuses improves the outcome of pregnancies 

in terms of gestational age and the number of women that have at least one child surviving, 

but obviously at the certainty that they will loose at least one child. A previous psychological 

study to the emotional effects of MFPR showed that all women (all of them were pregnant 

after ART) experienced MFPR as a stressful and distressing intervention, but after two years 

most of them had overcome the emotional difficulties26. Compared to parents of healthy two-

year old triplets their psychological health and relationship with their children were more 

satisfactory. Obviously, these data will be influenced by the fact that parents were 

interviewed about their own choice, thus reflecting satisfaction with expectation rather than a 

neutral choice. Moreover, in that study the ones that miscarried were not interviewed. 

We feel that the limited impact of MFPR that we found should be weighed against the 

certainty of the loss of one of the three children, which is the inevitable consequence of the 

nature of MFPR. Preference studies have indicated that parents value the loss of a 

pregnancy much heavier than the birth of a handicapped child27.However, that study was 

done in a scenario with a singleton pregnancy, which is different as the situation with a trade-

off between the health of multiple children. A parents’ preference study towards the attitude 

on and psychological consequences of MFPR is needed, because in view of the data we 

found, the challenge remains to allow women to take an informed decision on fetal reduction. 

In summary, we found that MFPR does not seem to be associated with an increased risk of 

pregnancy loss before 24 weeks’ gestation and that in women with a trichorionic triplet 

pregnancy, MFPR prolongs pregnancy. However, this does not result in a substantial 

reduction in perinatal deaths. Thus, based on the presented data we cannot conclude that 

obstetricians counseling women with a trichorionic triplet pregnancy should recommend 

MFPR to improve overall pregnancy outcome.  
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Table 1: Baseline characteristics  

 

 Reduction (86) Triplet (44) Twin (824) p-value 

Maternal age 33.5 (5.1) 32.8 (5.0) 34.6 (4.8) 0.007* 

Nulliparous 47 (56)  15 (34.1)   366/697 (52.5)  0.04* 

Spontaneous 
Conception 

11 (12.9)  17 (40.5)  495/789 (62.7)  <0.001# 

Data presented as mean (SD) or number (%) 

* difference between reduction and twins and between triplets and twins 

# difference between reduction and triplets and between reduction and twins 

  



131 
 

Table 2:  Pregnancy outcome by group 

 

 Reduction (86) Triplet (44) RR (95% 
CI) 

Twin (824) RR 

(95% 
CI) 

p-value 

Gestational  Age 
at delivery* 

36.1 

(33.3-37.5) 

33.3 

(28.1-35.2) 

 37.1 

(35.3-38.1) 

 <0.001* 

Delivery <24 
weeks 

5 (5.8) 5 (11.4) 0.74  

(0.39-1.4) 

29 (3.5) 1.6 
(0.69-
3.7) 

0.03# 

Delivery <32 
weeks 

18 (20.9) 15 (34.1) 0.78 (0.56-
1.1) 

93 (11.3) 1.9 
(1.2-3.1 

<0.001† 

       

Mean Birth Weight 2217 (768) 1700 (607)  2422 (669)  <0.001* 

Data presented as median (IQR), number (%) or mean (SD)#mean(SD) 

* difference between all groups 

# difference between triplets and twins only  

† difference between reduction and twins and between triplets and twins 

  



132 
 

 

Table 3: Perinatal mortality 

 

 

 

Reduction (86) Triplet (44) RR (95% 
CI) 

Twin (824) RR (95% 
CI) 

p-value* 

Perinatal death child 1 9 (10.5) 5 (11.4) 0.97 (0.64-
1.5) 

41 (5) 2 (1.1-
3.8) 

0.03 

Perinatal death child 2 8 (9.3) 5 (11.4) 0.92 (0.59-
1.5) 

45 (5.5) 1.7 
(0.85-
3.3) 

0.1 

Perinatal death child 3  8 (18.5)      

All Surviving 75 (87.2) 36 (81.8) 1.3 (0.72-
2.3) 

 770 (93.4) 0.91 
(0.82-1) 

0.003 

No Surviving 6 (7) 5 (11.4) 0.81 (0.47-
1.4) 

32 (3.9) 1.7 (0.8-
3.7) 

0.03 

At least one child 
surviving 

80 (93) 39 (88.6) 1.4 (0.69-
2.8) 

792 (96.1) 0.93 (0. 
81-1.1) 

0.03 

At least one child died 11 (12.8) 8 (18.2) 0.86 (0.57-
1.3) 

54 (6.6) 1.9 (1.1-
3.4) 

0.003 

At least two surviving 75 (87.2) 39 (88.6) 1 (0.73-
1.5) 

770 (93.4) 0.91 
(0.82-1) 

0.05 

At least two surviving ≥ 
32 weeks 

66 (97.1) 29 (100)  719 (98.1)  0.6 

Al least two surviving ≥ 
37 weeks 

30 (96.8) 1 (100)  448 (97.6)  0.9 

Data presented as number (%) 
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Figure 1: Kaplan Meier curve shows time to deliver per group 
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Abstract 

Objective 

To study pregnancy outcome of women with a dichorionic triamniotic triplet pregnancy that 

was reduced to a singleton pregnancy and review the literature. 

Methods 

Review of literature and new data from a nationwide retrospective cohort study. We 

compared time to delivery and perinatal mortality in dichorionic triplet pregnancies reduced to 

singletons to ongoing dichorionic triplet pregnancies and primary singleton pregnancies. 

Results 

Median gestational age at delivery was 38.7 weeks in 46 women with a reduced dichorionic 

triplet pregnancy compared to 32.8 weeks in 42 women with an ongoing dichorionic triplet 

pregnancy and 40.1 weeks in 611 women with a primary singleton pregnancy, p< 0.001 for 

all groups. Delivery <24 weeks occurred in 19.6% of women with a reduced triplet, 9.5% with 

an ongoing triplet and 0.7% of those with a singleton pregnancy, p< 0.001. There were no 

differences in perinatal survival rates between the reduced group and the ongoing triplet 

group. For the review we included five studies that reported on 7-29 cases and found similar 

findings as the present study. 

Conclusions 

MFPR in women with a dichorionic triplet pregnancy to a singleton pregnancy prolongs 

median gestational age but to a serious risk of pregnancy loss <24 weeks. Moreover, no 

improvement in perinatal survival was seen.  
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Introduction 

Due to restrictions in the number of embryo’s transferred in women undergoing artificial 

reproductive technologies (ART), the number of (higher order) multiple pregnancies has 

declined in the past years.1 However, also after a single or double embryo transfer, a triplet 

or higher order multiple pregnancy can evolve, often containing a monozygotic twin. This 

could be caused by a less stable zona pellucida after intra cytoplasmatic sperm injection 

(ICSI) or after embryo transfer in blastocyst stage.2;3 Depending on the time of splitting of the 

embryo after conception, a monozygotic twin will have either a monochorionic or a 

dichorionic placenta.4   

In the event of a triplet pregnancy, a women can decide to undergo multifetal pregnancy 

reduction (MFPR). In one of our previous studies to MFPR in women with a trichorionic triplet 

pregnancy, we showed that MFPR to a twin can prolong pregnancy with 3 weeks, but that 

the impact on neonatal survival was limited.5  In case there is a triplet pregnancy with a 

monochorionic twin and a singleton alongside, the women is exposed to the risks of both a 

triplet pregnancy, such as (very) preterm birth and selective growth restriction and those of a 

monochorionic multiple pregnancy, such as twin-to-twin transfusion syndrome (TTTS), twin 

anemia polycytemia sequence (TAPS) and selective intra uterine growth restriction.6 In 

women opting for MFPR in this situation, there is debate whether to reduce the 

monochorionic pair and keep the singleton, to reduce the singleton and keep the 

monochorionic twin or to reduce one of the monochorionic multiples and keep a dichorionic 

twin. Some small studies showed that it is safer to reduce the monochorionic twin and retain 

a singleton pregnancy.7-10 The aim of this study was to evaluate the outcome of MFPR in 

women with a dichorionic triamniotic triplet pregnancy to a singleton pregnancy by reducing 

the monochorionic pair. Additionally, we performed a review of the literature and added our 

own (new) data on this topic.
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Methods 

In this retrospective study we included all women with a dichorionic triamniotic triplet 

pregnancy undergoing fetal reduction to a singleton pregnancy in the Netherlands over the 

period 2000 to 2010. In eight centres data were available until 2013 (Academic Medical 

Centre, VU University Medical Center, Leiden University Medical Center, Maastricht 

University Medical Centre, Radboud University Medical Center, Rijnstate Hospital, University 

Medical Center Groningen). The procedure was performed transabdominally after local 

anesthetic by using a 20 or 22G needle and injecting potassium chloride intracardially or 

intrathoracicly. Women were identified by searching the ultrasound, obstetric and fetal 

databases in all ten fetal medicine units performing MFPR. No preselection was made for 

indication of reduction.  

The course of pregnancy in women with a reduced dichorionic triplet pregnancy was 

compared to women with an ongoing dichorionic triplet pregnancy as well as to women with 

a primary singleton pregnancy. Data regarding ongoing triplet pregnancies were collected 

from ultrasound and obstetric databases in two tertiairy (Academic Medical Center 

Amsterdam and VU Medical Center Amsterdam) and nine secondary hospitals (Onze Lieve 

Vrouwe Gasthuis Amsterdam, Zaans Medisch Centrum Zaandam, Spaarne Ziekenhuis 

Hoofddorp, Kennemer Gasthuis Haarlem, Rode Kruis Ziekenhuis Beverwijk, Medisch 

Centrum Alkmaar, Gemini Ziekenhuis Den Helder, Flevo Ziekenhuis Almere, Ter Gooi 

Ziekenhuis Blaricum). Both tertiary hospitals service a large geographical area in the Dutch 

provinces Noord-Holland and Flevoland, including all nine above mentioned secondary 

hospitals. All dichorionic triplet pregnancies in the period of 2000 to 2012 with at least one 

ultrasound performed between 80/7 and 146/7 weeks gestation in which three living fetuses 

were identified and fetal reduction was not performed, were included in the control group of 

ongoing triplet pregnancies. For our control group, we only included women with a known 

date of delivery.   
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The control group of primary singleton pregnancies was selected from women with a vital 

singleton pregnancy that attended antenatal care at a secondary hospital (Onze Lieve 

Vrouwe Gasthuis Amsterdam) prior to 16 weeks’ gestation without a medical reason for 

secondary antenatal care and with a known date of delivery. Some women had two or more 

singleton pregnancies in the study period that met all inclusion criteria; in that case we used 

the first pregnancy only. 

Data were collected retrospectively by reviewing maternal and, where appropriate, neonatal 

and pediatric medical records. Maternal and fetal characteristics, including demographic 

data, gestational age at time of reduction, ultrasound findings including fetal measurements, 

chorionicity and pregnancy outcome were collected. Pregnancy dating was based on early 

ultrasound measurements. Chorionicity was determined at first trimester ultrasound scan or 

at post-delivery histological analysis by a pathologist. Operator and procedure characteristics 

were also collected including the number of operators and number of procedures per 

operator. 

Pregnancy outcome was based on gestational age at delivery, neonatal birth weight and 

perinatal death. All cases of fetal demise were defined as intra-uterine fetal death (IUFD).  

Perinatal death was defined as IUFD, demise during delivery or demise in the first seven 

days after delivery. Neonatal and pediatric information included gestational age at delivery, 

birth weight and sex.  

 

Statistical Analysis 

The outcome of the three groups (triplets reduced to singletons, ongoing triplets and primary 

singletons) was compared in terms of gestational age at delivery, delivery < 24 weeks, 

delivery < 32 weeks, neonatal birth weight and number of perinatal deaths.  
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We constructed a Kaplan Meier curve to analyze time to delivery in each group. As 

gestational age at delivery and neonatal birth weight were not distributed normally, we 

compared the median between the groups with the Kruskall-Wallis test. A Chi-Square test 

was used to compare the number of deliveries before 24 and 32 weeks, and the number of 

perinatal deaths among the three study groups. For perinatal mortality, we compared the 

absolute number of fetal deaths, the number of women that had at least one surviving child, 

the number of women that had at least one perinatal death and the number of women that 

had all their children or no children surviving. Statistical analysis was performed using 

Statistical Package for Social Sciences version 20. 

To review the literature, we searched Medline (November 2014) for studies that analysed the 

outcome of fetal reduction in women with a dichorionic triplet pregnancy in which the 

monochorionic twin was reduced to obtain a singleton pregnancy. We included all studies 

that were specified for chorionicity and that reported on pregnancy outcome in terms of 

gestational age at delivery or preterm birth rates.  
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Results 

We identified 46 women with a dichorionic triplet pregnancy that underwent reduction to a 

singleton pregnancy in the study period. Reductions were performed in nine hospitals by 18 

different operators, performing between one and five reductions each. One hospital had no 

reductions of triplet to singleton in the study period. Reasons for reduction were elective (35), 

TTTS (5), congenital anomaly in one or two fetuses (3), while in three cases the reason for 

reduction could not be traced. All procedures were performed between 95/7 and 170/7 weeks’ 

gestation. Baseline characteristics are shown in table 1.  

Figure 1 shows a Kaplan Meier curve for time to delivery in all study groups. For women with 

a dichorionic reduced triplet, median gestational age at delivery was 38.7 weeks (IQR 35.2-

40.3 weeks), compared to 32.8 weeks (IQR 29.6-34.3 weeks) for women with an ongoing 

dichorionic triplet pregnancy, p <0.001 and 40.1 weeks (IQR 39.1-40.9), p=0.01, in women 

with a primary low risk singleton pregnancy (table 2). In women that had a reduced triplet 

pregnancy, nine women (19.6%) delivered before 24 weeks’ gestation compared to four 

women (9.5%) in women with an ongoing triplet pregnancy, p=0.19, RR 1.4 (95% CI 0.91-

2.2). In Women with a singleton pregnancy this occurred in four women (0.7%), p <0.001, RR 

12 (95% CI 7.5-19). For delivery <32 weeks this was 21.7% in the reduction group vs 40.5% 

in the ongoing triplet group respectively, p=0.06, RR 0.63 (95% CI 0.37-1.07) and six (1%) in 

the singleton group, p<0.001, RR 11 (95% CI 6.8-18). Thirty women (65.2%) with a reduced 

pregnancy delivered beyond a gestational age of 37 weeks. The proportion of women that 

had all infants surviving did not differ among women that had their triplet reduced to a 

singleton or women that had an ongoing triplet pregnancy (80.4 vs 71.4% respectively, 

p=0.32, RR 0.78 (95% CI 0.45-1.3)). The same holds for women that had no surviving infants 

(19.6% vs 14.3% respectively, p=0.51, RR 1.2 (95% CI 0.74-1.9)). Birth weight was different 

for all groups (table 2).  
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We identified five other studies8-12 reporting on the reduction of dichorionic triplet pregnancies 

to a singleton pregnancy by reducing the monochorionic pair. Results of these studies are 

shown in table 3.  
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Discussion 

We studied the outcome of MFPR in women with a triplet gestation that was reduced to a 

singleton gestation. We showed that reduction resulted in a significantly higher median 

gestational age at delivery compared to women with an ongoing triplet pregnancy (38.7 vs 

32.8 weeks) but also to a higher risk of delivery <24 weeks (19.6% vs 9.5% respectively), 

however, this was not statistically significant.  

If we compare our results to that of previous studies, we find a similar gestational age at 

delivery as it is reported between 36.8 and 39.1 weeks.8-12 However, the reported rates of 

delivery <24 weeks are heterogeneous between the studies, varying from 11.5%-23.1%, 

probably due to small sample sizes (n=7-29). The same holds for preterm delivery which is 

defined different in all studies, varying between delivery <32 to <37 weeks. In contrast to 

other studies we had only one women with a reduced triplet pregnancy that delivered 

between 24 and 34 weeks, this women had an elective reduction at a gestational age of 11 

6/7 weeks and had a spontaneous preterm delivery at 24 2/7 weeks’ gestation, with a 

surviving infant.  

Previous studies showed that MFPR from triplet to singleton resulted in a trend to but non-

significant higher rate of delivery <24 weeks as compared to reduction form triplet to 

twin,7;10;12 probably as a result of more non-vital feto-placental material that remains in the 

uterus. In this light it seems reasonable to perform reduction to twins in case of trichorionic 

triplets. However, in dichorionic triplets reduction to twins gives two non-favorable options: 

first to terminate the singleton and keep the monochorionic diamniotic twin with risks on 

TTTS, TAPS, selective intra-uterine growth restriction and increased risk on adverse 

neonatal outcome,13 or second to reduce one of monochorionic  twin pair by occlusion of the 

umbilical cord and keep a dichorionic twin pregnancy. In a cohort of 131 women with a 

monochorionic  twin pregnancy that underwent selective feticide of one twin, this was 

associated with a high risk (41.2%) of adverse outcome for the remaining co-twin.14   
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After spontaneous IUFD of one twin in a monochorionic pair there is the risk of IUFD or 

neurological damage to the co-twin.7;15-17 Theoretically this risk is lower after selective 

termination of one twin than in spontaneous IUFD, but evidence is limited to three small 

studies.16 In case parents prefer MFPR in a dichorionic triplet pregnancy we recommend to 

reduce to a singleton pregnancy by reducing both twins of the monochorionic pair. Although 

reduction to singleton can result in the serious complication of losing the whole pregnancy 

prior to 24 weeks’ gestation, the probability of delivering at term is very high.   

As far as we know this is the largest study on MFPR in women with a dichorionic triplet 

pregnancy to a singleton pregnancy.  However, this study has some limitations. The 

retrospective character of the study means that we could have missed information about 

women that underwent reduction. We studied all indications for reduction, whereas it would 

be rational to differentiate between elective procedures and procedures because of obstetric 

or fetal indications. However, in the present study the numbers were too small to do so. In 

the reviewed studies there was only one study8 that announced the indication for reduction, 

which was to prolong gestational age. We were not able to study long term neonatal 

outcome. In a previous systematic review to long term neonatal outcome after fetal therapy 

including MFPR in monochorionic twins no conclusions could be made because of limited 

data.16  

Restricting the number of embryos transferred in ART is the best way to prevent a high 

amount of multiple pregnancies and all its complications. However, triplets and higher order 

multiples will always arise, both after spontaneous conception and ART. Especially multiples 

with a monochorionic component can develop after natural conception, thus restrictions in 

ART will not decrease the number of monochorionic multiples that much.9 To be able to 

counsel parents more accurately about the results and complications in MFPR, we 

recommend a prospective study with long term neonatal follow up. 
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Figure 1 Time to delivery for triplets reduced to singleton, non-reduced triplet and primary singletons 
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Tabel 1 Baseline characteristics 

 

 DCTA triplet to 
singleton   n=46 

DCTA triplet ongoing 
n=42 

Primary Singleton 
n=611 

P-value 

Maternal age 33.8 (30.3-36.1) 32.5 (28.7-35.5) 36.8 (32.8-39.7) <0.001 

Nulliparity 21 (45.7%) 9 (21.4%) 398 (65.%) <0.001 

Spontaneous 

conception 

20 (43.5) 26 (61.9%) 509 (83.3%) <0.001 

Data presented as median (IQR) or number (%)  

 

Table 2 Pregnancy outcome 

 DCTA triplet to 
singleton   n=46 

DCTA triplet 
ongoing n=42 

Primary Singleton 
n=611 

P-value 

Gestational age at 
delivery 

38.7 (35.2-40.3) 32.8 (29.6-34.3) 40.1 (39.1-40.9) <0.001* 

Delivery < 24 weeks 9 (19.6%) 4 (9.5%) 4 (0.7%) <0.001** 

Delivery < 32 weeks 10 (21.7%) 17 (40.5%) 6 (1%) <0.001** 

All surviving 37 (80.4%) 30 (71.4%) 607 (99.3%) <0.001** 

No surviving 9 (19.6) 6 (14.3) 4 (0.7) <0.001** 

At least one surviving 37 (80.4%) 36 (85.7%) 607 (99.3%) <0.001** 

At least one died 9 (19.6%) 12 (28.6%) 4 (0.7%) <0.001** 

BW 1 (grams) 2980 (2531-3490) 1705 (1254-2165) 3450 (3115-3735) <0.001* 

Data presented as median (IQR) or number (%) 

* Difference between all groups 

**Difference between singletons and other groups 
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Table 3 Review of literature 

Author+ 
year 
published 

Sample 
size 

Study method Indication for 
reduction 

Gestational 
age at birth 

PTB <24 weeks/ 
miscariage 

PTB 24- 34 
weeks 

Athanasia 
2005 

7 Retrospective 
cohort 

? 36.8 (2.3) 1 (14.3%) ? 

De Catte 
2002 

13 Retrospective 
cohort 

? 39.2 (1.4) 0 ? 

Li 2013 26 Retrospective 
cohort 

 38.3 (1.4) 3 (11.5%) 2 (7.7%)* 

Skiadis 
2010 

13 Retrospective 
cohort 

Prolong 
gestational 
length 

? 3 (23.1%) 1 (7.7%) 

Chaveeva 
2013 

29 Retrospective 
cohort 

? 39.1 (30.0-
41.7) 

4 (13.8%) 2 (8%) 

New data 46 Retrospective 
cohort 

No 
preselection 

38.8 (35.5-
40.4) 

9 (19.6%) 1 (2.2%) 

Total 134    20 (14.9%) 6 (4.5%) 

Data presented as number (%), mean (SD) or median (IQR) 

*PTB<37 weeks 
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Abstract 

Objective  

The aim of this study was to analyze the pregnancy outcomes of women with a dichorionic 

twin pregnancy that is reduced to a singleton pregnancy. 

Methods 

Retrospective cohort study of 118 women with a dichorionic twin pregnancy reduced to a 

singleton pregnancy between 2000-2010. We compared the outcome of pregnancy in these 

women to that of women with a dichorionic twin pregnancy that was managed expectantly 

and women with a primary singleton pregnancy. Reductions were performed between 10 – 

236/7 weeks’ gestation by intracardiac or intrathoracic injection of potassium chloride, mostly 

for congenital anomalies.  

Results 

We studied 118 women with a twin pregnancy that was reduced to a singleton, 818 women 

with an ongoing dichorionic twin pregnancy and 611 women with a primary singleton 

pregnancy. Loss of the entire pregnancy <24 weeks and preterm delivery occurred 

significantly more in the reduction group compared to the ongoing twin group (11.9% vs 3.1% 

<24 weeks, p<0.001 and 18.6% vs 11.5% <32 weeks, respectively, p<0.001). In the 

reduction group, the percentage of women without any surviving child was significantly 

higher compared to the ongoing twin and primary singleton group (14.4%, 3.4% and 0.7%, 

respectively, p<0.001). Median gestational age was 38.9 weeks (Interquartile range (IQR) 

34.7-40.3) for reduced pregnancies, 37.1 weeks (IQR 35.3-38.1) for ongoing twin 

pregnancies and 40.1 (IQR 39.1-40.9) for primary singletons (p<0.001 for all comparisons). 

Conclusions 

Fetal reduction of a twin pregnancy significantly improves gestational age at birth and 

neonatal birth weight, however, at an increased risk of pregnancy loss and preterm delivery. 
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Introduction 

The global incidence of multiple pregnancies has raised both due to the introduction of 

artificial reproductive technologies and due to an increasing maternal age. Although the 

number of women with a twin pregnancy is currently declining, mainly due to a policy of 

single embryo transfer in in vitro fertilization (IVF), the incidence of twin pregnancies remains 

high.1;2 In the United States, multiple pregnancies account for 15-20% of all preterm births, 

consequently increasing the perinatal morbidity and mortality rates3 and accessory costs.  

Compared to women with a singleton pregnancy, women with a twin pregnancy have a 

doubled chance of carrying one fetus with a chromosomal or structural abnormality.4 Due to 

the rapid and ongoing advancements in prenatal diagnosis and screening,5;6 structural and 

chromosomal abnormalities are diagnosed more often, and at earlier gestation. 

Consequently more women are faced with the circumstances of a twin pregnancy with one 

abnormal fetus. In this situation, selective feticide of fetuses with major or lethal 

abnormalities might be considered. Other reasons for fetal reduction in women with a 

dichorionic twin pregnancy could be to reduce obstetric risks associated with a multiple 

pregnancy or electively for social indications.  

Pregnancy reduction from twin to singleton is not as commonly accepted as reduction of 

triplets and higher orders multiples. It was first described in 1978 by Alberg, who performed 

intracardiac puncture of the fetal hearth of a fetus affected by Hurler’s.7 This pregnancy went 

on as a singleton pregnancy, and ended in live birth of a healthy fetus at a gestational age of 

33 weeks. After the introduction of artificial reproductive technologies, the number of 

reductions increased, both for fetal malformations and social indications.8 However, still little 

is known about the course of these pregnancies and, consequently, the suitability of fetal 

reduction, especially in reductions performed for social indications or to improve obstetric 

outcome. The aim of the present study was to assess the course of pregnancy for women 

with a dichorionic twin that was reduced to a singleton pregnancy, and to compare this 
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course both to women with an expectantly managed twin pregnancy and to women with a 

primary singleton pregnancy.  
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Materials and Methods  

We performed a retrospective cohort study in 10 perinatal centres in the Netherlands over 

the period 2000 to 2010. These centres all prospectively record women that undergo fetal 

reduction electronically. For this study, we included women with a dichorionic twin pregnancy 

undergoing fetal reduction to a singleton pregnancy. The procedure was performed trans 

abdominally by injecting potassium chloride intracardiac or intrathoracic using a 20 Gauge or 

22 Gauge needle. All procedures were performed between 100/7 and 236/7 weeks’ gestation, 

as the latter is the maximum gestational age in the Netherlands at which a pregnancy can be 

terminated legally. The reason for reduction could be either a structural or genetic 

abnormality in one of the fetuses, the prevention of preterm birth or completely elective. 

The course of pregnancy in women with a reduced twin was compared to that of women with 

an ongoing dichorionic twin pregnancy and to women with a primary singleton pregnancy. 

Data regarding the ongoing twin pregnancies were collected from one tertiary (Academic 

Medical Center, Amsterdam) and one secondary hospital (Onze Lieve Vrouwe Gasthuis, 

Amsterdam). Women in the control group of ongoing twin pregnancies had at least one 

ultrasound showing two living fetuses performed between 80/7 and 146/7 weeks gestation in 

the period of 2000 to 2012. We only included women with a known date of delivery.  

The control group of primary singleton pregnancies was selected from women with a vital 

singleton pregnancy that attended antenatal care at a secondary hospital (Onze Lieve 

Vrouwe Gasthuis Amsterdam) prior to 16 weeks’ gestation without a medical reason for 

secondary antenatal care and a known date of delivery. Some women had two or more 

singleton pregnancies in the study period that met all inclusion criteria; in that case we used 

the first pregnancy only.   

Data were collected retrospectively by reviewing maternal and, when appropriate, neonatal 

and pediatric medical records. Maternal and fetal characteristics were studied, including 

demographic data, gestational age at time of reduction, ultrasound findings including fetal 
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measurements, chorionicity and pregnancy outcome. Pregnancy dating was based on early 

ultrasound measurements. Chorionicity was determined at a first trimester ultrasound scan or 

at post-delivery histological analysis of the placenta by a pathologist. Operator and 

procedure characteristics were also collected including number of operators and number of 

procedures per operator. 

Pregnancy outcome was based on gestational age at delivery, neonatal birth weight and 

perinatal death. All cases of fetal demise were defined as intra-uterine fetal death (IUFD). 

Perinatal death was defined as intra-uterine fetal death, demise during delivery or demise in 

the first seven days after delivery. Neonatal and paediatric information included gestational 

age at delivery, birth weight and sex.  

 

Statistical Analysis 

The outcome of the three groups (twin reduced to singleton pregnancies, ongoing twin 

pregnancies and primary singleton pregnancies) was compared in terms of gestational age 

at delivery, delivery < 24 weeks, delivery < 32 weeks, neonatal birth weight and number of 

perinatal deaths. Gestational age at delivery, neonatal birth weight and maternal age were 

not distributed normally and therefore the median was compared between groups with the 

Kruskall Wallis test. We also constructed Kaplan-Meier curves to analyse time to delivery for 

each group. The Chi-Square test was used to compare the number of deliveries before 24 

and 32 weeks, and the number of perinatal deaths among the three study groups.  

For perinatal mortality, we compared the absolute number of perinatal deaths, as well as the 

number of women that had at least one surviving child, at least one surviving child after 32 

and 37 weeks’ gestation. The number of women that had at least one perinatal death and the 

number of women that had either all their children or no children surviving were calculated.  
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We separately studied the impact of early, intermediate or late reduction, defining early 

reduction as reduction performed < 14 weeks of gestation, intermediate between 14 and 20 

weeks and late between 20 and 24 weeks. We also performed a subgroup analysis for 

indication of reduction. Statistical analysis was performed using SPSS 20. 
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Results 

In the study period, we identified 120 women who had a dichorionic twin pregnancy that was 

reduced to a singleton pregnancy. Two of these 120 women were lost to follow up, leaving 

118 women that could be included for final analysis. In the control groups, we included 818 

women with an ongoing dichorionic twin pregnancy and 611 with a primary low risk singleton 

pregnancy. Baseline characteristics of the three groups are shown in table 1. Reduction was 

performed in nine centers (one center had no patients that met all inclusion criteria) by 27 

operators. The number of reductions in this 11 year period varied from 5 to 25 per center and 

1 to 14 per operator.  

Mean gestational age at reduction was 16.7 weeks (SD 3.5 weeks) with a range of 102/7-236/7 

weeks. Indications for reduction were hereditary disease, chromosomal or structural 

abnormality in one fetus (n=103), history of immature delivery (n=2) or elective (n=11). In two 

cases we could not determine the reason for reduction. 

Figure 1 shows time to delivery in the three different groups. Up to a gestational age of 35 

weeks, women with a twin pregnancy reduced to a singleton had a higher risk to deliver than 

those with an ongoing twin pregnancy. The median gestational age of delivery after reduction 

was 38.9 weeks (Interquartile range (IQR) 34.7-40.3 weeks) compared to 37.1 (IQR 35.3-

38.1) weeks in ongoing twins (p<0.001) and 40.1 (IQR 39.1-40.9) weeks in primary 

singletons (p<0.001).  

After reduction, 14 (11.9%) women lost their entire pregnancy prior to 24 weeks of gestation. 

In ongoing twins this happened to 25 (3.1%) women (Relative Risk (RR) 3.1 (95% 

Confidence Interval (CI) 2.0-4.9)), while for primary singletons this happened to 4 (0.7%) 

women (RR 5.3 (95% CI 3.9-7.2)). Moreover, 22 (18.6%) women delivered prior to 32 weeks 

after reduction compared to 94 (11.5%) women with an ongoing twin pregnancy (RR 1.6 

(95% CI 1.1-2.5)) and 6 (1%) women with a primary singleton pregnancy (RR 5.7 (95% CI 

4.4-7.5)). 
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Median neonatal birth weight was 3125 grams (IQR 2290-3645) in the reduction group, 2578 

grams (IQR 2139-2923) in ongoing twins, and 3450 (IQR 3115-3735) in primary singletons 

(p<0.001) (Table 2).  

Table 3 shows that the number of women with all intended fetuses surviving was 101 

(85.6%) in the reduction group versus 769 (94%) for ongoing twins (RR 0.84 (95% CI 0.73-

0.97)). For primary singletons this was 607 (99.3%) (RR 0.22 (95% CI 0.09-0.54)). In the 

ongoing twin group 21 (2.6%) women had only one surviving child. There were 17 (14.4%) 

women in the reduction group versus 28 (3.4%) (RR 3.3 (95% CI 2.2-5.1)) in the ongoing 

twin group and 4 (0.7%) (RR 5.6 (95% CI 4.3-7.5)) in the primary singleton group in whom 

not a single fetus survived.  

The number of women that delivered at 32+0 weeks of gestation or after and had at least 

one child surviving was 95 (99%) after reduction, 724 (100%) in ongoing twins and 605 

(100%) in primary singletons. For deliveries at 37+0 weeks or after this was 84 (98.8%), 452 

(100%) and 585 (100%) respectively.  

Figure 2 shows the relation between gestational age at reduction and time of delivery. It 

shows that most losses occur in a few weeks after reduction. However, median gestational 

age at delivery did not differ for time of reduction, or for indication of reduction (Tables 4 and 

5).  
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Discussion 

In this study, we analysed the outcome after reduction of one fetus in women with a 

dichorionic twin pregnancy and compared this to women with an expectantly managed twin 

pregnancy and to women with a primary singleton pregnancy. Reduction resulted in two 

weeks prolongation of pregnancy (38.9 versus 37.1 weeks), but not to the level of a primary 

singleton pregnancy (40.1 weeks). Moreover reduction resulted in a higher rate of pregnancy 

loss prior to 24 weeks compared to a non-reduced twin pregnancy (11.9% vs 3.1%) and 

consequently a higher rate of perinatal deaths (14.4% vs 4.7%).  

Our findings are comparable to other publications on this subject. Evans et al reported a 7% 

miscarriage rate and 20% premature delivery rate, in a cohort of 345 women that underwent 

selective reduction for a fetal indication.4 In 52 twins electively reduced to singletons he 

reports a median gestational age of 37.2 weeks.9 Nobili et al found a median gestational age 

of 37.2 weeks and premature delivery rate of 22% in 32 twins reduced to singleton.10 Hasson 

et al (n=32) found no improvement in gestational age between reduced and non-reduced 

twins (36.5 versus 36.2 weeks respectively) and no decline in birthrates <37 and <34 

weeks.11 Antsaklis et al found a gestational age of 38 weeks in 43 twins reduced to a 

singleton, 3 miscarriages (7%) and 10 preterm births (23.3%).12 They did not find a difference 

between early and late procedures whereas Hasson et al found more complications in 

pregnancies reduced after 15 weeks gestation compared to those prior to 15 weeks 

gestation.11 This finding was supported by Yaron et al (n=82) who compared early (<14 

weeks) and late procedures and found a gestational age at birth of 38.4 vs 35.7 weeks 

respectively.8 The conclusion in this study  was to perform reductions as early as possible. In 

our study we did not find a difference in gestational age at birth between early, intermediate 

and late reductions, but the numbers are probably too small to draw definitive conclusions. 

Our study compared selective feticide to elective reduction, but could not demonstrate 

difference in pregnancy outcome between indications. However, it is possible that our groups 
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were too small for accurate analysis. Theoretically, fetal reduction for elective indications 

could be accompanied with fewer complications when compared to selective feticide, since 

the technically most easily accessible fetus can be reduced. Moreover the fetus furthest 

away from the internal cervical os can be designated for reduction  to minimize the risk of 

infection or premature rupture of membranes followed by immature delivery. In case of 

selective feticide of a structurally or chromosomally abnormal fetus, the procedure can be 

difficult depending on fetal position. Moreover, in those cases the operator may not be able 

to prevent reduction of the twin closest to the cervical os. 

This is one of the larger studies that analyzed the pregnancy outcome after reduction in 

dichorionic twin pregnancies. In this nationwide study, all hospitals performing fetal reduction 

participated, thus increasing the external validity of our findings. Moreover, we included 

patients in a long timeframe which increased the power. The control groups were selected 

carefully with strict inclusion criteria. The baseline characteristics of the three groups differed 

for mode of conception and parity, obviously due to the fact that this was not a randomized 

trial. In the earlier period of our study it was not common to have a digital registration of first 

trimester ultrasound scans in the Netherlands, indicating that we could have missed data 

yielding our control groups. However, it is not likely that this would influence the data 

significantly because we based our inclusion on the availability of first trimester data and not 

on pregnancy outcome. 

In our group of women with a primary singleton only 84% of women had a spontaneous 

conception, which is lower than in the general population. Apparently women with assisted 

reproduction are more likely to attend secondary antenatal care than women with a natural 

conception. The same holds for maternal age, which was relatively high in the primary 

singleton group. However, the median gestational age of 40.1 weeks at which this group 

delivered indicates that it is representative.  
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Evans showed that, in women with a multiple pregnancy undergoing multi fetal pregnancy 

reduction, the end number of fetuses is influenced by maternal age as women reducing to 

twins have an average age of 37 years and those reducing to singletons 42 years.  

We showed that, until 35 weeks of gestation, women that had their twin reduced to a 

singleton had a higher chance to deliver than those without reduction. Furthermore the 

median two week prolongation of pregnancy after fetal reduction did not result in a lower 

perinatal mortality rate, but was at the expense of  a 11.9% risk of pregnancy loss before 24 

weeks’ gestation. Therefore  fetal reduction of a twin to a singleton pregnancy to improve the 

obstetric outcome should not be advised. Consequently, we recommend to be very reluctant 

with reduction from twin to singleton and to keep stringent criteria such as severe, non-lethal, 

fetal abnormalities. With the steadily ongoing rise of the average age at the time of 

conception of the first child in the Western World, the chance of conceiving a multiple 

pregnancy or a chromosomally abnormal fetus13 is proportionally increasing. Subsequently, 

we could expect more women seeking our services for fetal reduction to a singleton. In 

fetuses with severe, lethal abnormalities expectant management of the twin pregnancy and 

provision of non-intervention comfort care for the affected neonate has shown to have good 

outcome for the non-affected co-twin and is also reported to be satisfactory for parents.14 

Only when a lethal abnormality is threatening the normal co-twin, for instance in case of 

development of  severe polyhydramnion, selective feticide could  be considered. Parents 

need to be counseled that undergoing fetal reduction always exposes the healthy remaining 

fetus to  a risk of serious complications possibly resulting in preterm birth.  
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Figure 1 Time to delivery for reduced twins, non-reduced twins and primary singletons 

 
 
 

 

  



164 
 

Table 2: Time to delivery by time of reduction 

 
Table 1 Baseline characteristics 

 Reduction (118) Twin (818) Singleton (611) p-value 

Maternal Age 35.7 (32.6-38.8) 35.1 (31.6-38) 36.8 (32.8-39.1) <0.001 

Nulliparity 36 (30.5%) 211 (54.7%)* 398 (65.1%) <0.001 

Spontaneous 
conception† 

67 (64.5%) 367 (57%) 509 (83.4%) <0.001 

Data presented as median (IQR) or number (%) 

*data only available for 386 patients 

† nine missing in reduction group, 175 in twin group and one in singleton group 

 

 

Table 2 Pregnancy outcome  

 Reduction (118) Twin (818) Singleton (611) p-value 

Gestational age at 
delivery (weeks) 

38.9 (34.7-40.3) 37.1 (35.3-38.1) 40.1 (39.1-40.9) <0.001* 

Delivery < 24 weeks 14 (11.9%) 25 (3.1%) 4 (0.7%) < 0.001* 

Delivery < 32 weeks 22 (18.6%) 94 (11.5%) 6 (1%) <0.001* 

     

Birth Weight 1 
(grams) 

3125 (2290-3645) 2578 (2139-2923) 3450 (3115-3735) <0.001* 

Birth Weight 2 
(grams) 

 2490 (2090-2900)   

Data presented as median (IQR) or number (%) 

*difference between all groups  
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Table 3 Perinatal death 

 Reduction (118) Twin (818) Singleton (611)  p-value 

Perinatal death 1 17 (14.4%) 40 (4.9%) 4 (0.7%) <0.001* 

Perinatal death 2  37 (4.5%)   

All Surviving 101 (85.6%) 769 (94%) 607 (99.3%) 0.001* 

No surviving 17 (14.4%) 28 (3.4%) 4 (0.7%) <0.001* 

At least one 
surviving 

101 (85.6%) 790 (96.6%) 607 (99.3%) <0.001* 

At least one died 17 (14.4%) 49 (6%) 4 (0.7%) 0.001* 

At least one 
surviving >32 weeks 

95/96 (99%) 724/724 (100%) 605/605 (100%) N.A. 

At least one 
surviving >37 weeks 

84/85 (98.8%) 452/452 (100%) 585/585 (100%) N.A. 

Data presented as number (%). N.A. = not analyzed  

*Difference between all groups 
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Table 4 Pregnancy outcome by time of reduction  

 Reduction  
< 14 weeks  
(36) 

Reduction  
14-20 weeks  
(51) 

Reduction  
20-24 weeks  
(30) 

P-value 

Gestational age at 
delivery (weeks) 

39 (38-40.4) 38.2 (32.4-40.1) 
 

38.9 (32.1-40.2) 0.31 

Delivery < 24 weeks 3 (8.3%) 8 (15.7%) 2 (6.7%) 0.37 

Delivery < 32 weeks 3 (8.3%) 11 (21.6%) 7 (23.3%) 0.19 

Data presented as median (IQR) or number (%) 

 

 

Table 5 Pregnancy outcome by indication for reduction 

 Elective (11) Congenital 
abnormality (105) 

Obstetric History (2) P-value 

Gestational age at 
delivery (weeks) 

38.6 (19.9-40.3) 39.0 (36.1-40.4) 35.8 (33.7-38.0) 0.22 

Delivery < 24 weeks 3 (27.3%) 11 (10.7%) 0 N.A. 

Delivery < 32 weeks 3 (27.3%) 19 (18.4%) 0 N.A. 

Data presented as median (IQR) or number (%). N.A.= not analyzed 
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Part III 

General discussion and summary 
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Chapter 9 

 

General Discussion and Future perspectives 
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General discussion 

 

Multiple pregnancy 

Since the introduction of artificial reproductive technologies (ART) in the ‘80’s, the incidence 

of twin pregnancies in the United States of America (USA) has risen from 1.9% in 1980 to 

3.3% in 2012.1 Moreover, the number of triplet and higher order multiple pregnancies showed 

an almost five-fold increase from 0.04% in 1980 to 0.19% in 1997, to decline thereafter to 

0.12% in 2012.1 The incidence of twin pregnancy is currently stable at 3.3% and the 

incidence of triplet pregnancy is still declining. In the Netherlands the incidence of twin 

pregnancy is stable at 1.9% since 1999 and the number of triplet pregnancies has declined 

from 73 in 1999 to 32 in 2007.2 Women with a multiple pregnancy are more prone to both 

maternal, fetal and neonatal complications as compared to women with a singleton 

pregnancy.3;4 One of the main reasons for the increased neonatal mortality and morbidity 

among infants that are part of a multiple pregnancy, is preterm birth.  

Preterm Birth  

Preterm birth is the world’s leading cause of neonatal morbidity and mortality5 and women 

with a multiple pregnancy contribute for 15-20% to all preterm births, both spontaneous and 

medically induced.6 The incidence of preterm birth in women with a twin pregnancy is 

approximately 60% and 20-25% of these preterm births are indicated for maternal or fetal 

reasons.6;7 Women with a triplet pregnancy have more than 90% chance of preterm 

delivery.6;8 Prevention of preterm birth in women with a multiple pregnancy is an urgent 

challenge in the reduction of neonatal morbidity and mortality and its accessory costs.  

The development of preterm birth is a complex combination of several factors which are 

probably not all known yet.9 Prevention of preterm birth in women with a multiple pregnancy 

could interact with one or more of these factors. At this moment prevention of all preterm 

births is not possible but there are several options:  



170 
 

1. First, primary prevention, i.e. preventing the multiple pregnancy to occur. There are 

two factors that contribute to the high amount of multiple pregnancies: delayed child 

bearing and usage of artificial reproductive technologies (ART). Delayed childbearing 

is a choice for most women, but is influenced by several factors, such as education 

and career pursuits.10 Consequences of delayed childbearing are less fecundity which 

implies more utilization of ART with a consequently higher rate of multiple 

pregnancies and while conceiving at higher age also leads to a higher risk of multiple 

pregnancy in case of natural conception. Apparently, the process of reduced ovarian 

reserve leads initially to multiple ovulation in one cycle, thus inducing multiple 

pregnancy. Once ART is needed, the challenge is to establish pregnancy, but 

preferably singleton. This can best be conducted by restrictions of the number of 

embryos transferred; by elective single embryo transfer (eSET). In some countries 

this is common practice as eSET is compulsory for a selected group of women.11 

However, in other countries implementation of eSET is restricted by legal11 or 

financial12 reasons.  

2. Once a multiple pregnancy has developed the challenge is to achieve the best 

maternal and neonatal outcome in order to minimize the risk of preterm birth. Possible 

preventive methods for preterm birth are not applicable in all women with a multiple 

pregnancy. Placement of a pessary13 and administration of progesterone14;15 in an 

unselected population had no effect on preterm birth ratios and neonatal outcome in 

large randomized controlled trials (RCT) and placement of a cervical cerclage even 

shows an increased risk on preterm birth.16  A tailored made risk assessment  is 

mandatory in which we have to realize that women with a multiple pregnancy are not 

comparable to those with a singleton.17 Mid-term cervical length (CL) measurement 

has shown to be a good predictor for preterm birth in women with a multiple 

pregnancy18-20 and fetal Fibronectin tests (fFN) only have a mild to moderate 

predictive value for preterm birth.21 In women with a multiple pregnancy and short 

cervix at a mid-term, placing an Arabin pessary can reduce neonatal morbidity and 
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mortality (OR 0.40 (95% CI 0.19-0.83))13 as well as administration of vaginal 

progesterone (RR 0.57 (95% CI 0.47-0.70)).22  However, placement of a cerclage was 

followed by an increased risk on preterm birth in women with a twin pregnancy and 

short CL (RR 2.2 (95% CI 1.2-4.0)).16 Studies analyzed the diagnostic accuracy of CL 

in women with threatened preterm labor are limited, especially for the most important 

outcome which is delivery within 7 days.23 A meta-analysis of fFN tests in women with 

threatened preterm labor showed a pooled sensitivity and specificity of 85% and 78% 

respectively for delivery within 7 days. 

3. Multifetal pregnancy reduction (MFPR) is a technique that has been used widely in 

the past decennia to reduce the risk on (very) preterm birth in women with a (higher 

order) multiple pregnancy.24-26 It has been described for the first time in 1978 by 

Alberg et al27 in a woman with a twin pregnancy discordant for Hurlers’ syndrome. 

Selective feticide was performed by intracardiac puncture of the affected twin. The 

pregnancy continued as a singleton pregnancy and resulted in a live-birth at 33 

weeks’ gestation.27 After the introduction of ART and its liberal use in the eighties and 

nineties, more higher order multiple pregnancies developed and in these women 

MFPR was applied widely.24 Also in the Netherlands MFPR in women with a triplet 

pregnancy used to be common practice, without substantial evaluation studies to the 

outcomes and risks of the procedure. Due to restrictions in the number of embryos 

transferred in Europe, the multiple pregnancy rate in women pregnant after in vitro 

fertilization (IVF) or intra cytoplasmatic sperm injection (ICSI) has declined from over 

60% in 1997 to approximately 20% in 2010.28 However, also with accurate 

implementation of eSET, triplets and higher order multiple pregnancies will always 

exist, not only after ART, but also after natural conception. Especially those 

containing a monozygotic pair which appears to occur more often after ICSI or 

embryonic transfer in blastocyst stage.29;30 In these women MFPR can be considered 

as well as in women with a twin pregnancy that is discordant for fetal anomaly.31  
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Outcomes and risk changes after MFPR 

In women with a triplet pregnancy or higher order multiple pregnancy, MFPR is often 

considered to be a reasonable option to reduce the risk of preterm delivery and to prolong 

pregnancy. In a retrospective cohort of 86 women with a trichorionic triplet (TCT) pregnancy 

that was reduced to a twin, we found that reduction to a twin pregnancy prolongs gestational 

age with a median of three weeks but that the impact of perinatal survival was limited.32 We 

showed that 87.2% of women with a reduced TCT had all their children surviving compared 

to 81.8% of those with a non-reduced TCT (RR 1.3 (95%CI 0.72-2.3)). Papageorghiou et al 

showed in a previously published systematic review a similar increase in median gestational 

age at delivery but an increased risk on miscarriage <24 weeks in women undergoing MFPR 

from a TCT pregnancy to a twin pregnancy (8.2% vs. 4.3% for reduced and non-reduced 

TCT respectively).25 This means that counseling parents with a TCT pregnancy whether to 

reduce the pregnancy or not is a challenge and the advantage of prolonging the pregnancy 

should be outweigh against the disadvantage of complications including loss of the entire 

pregnancy. With parents we can only discuss the effect of the procedure and possible risks 

and benefits of continuing the pregnancy as a triplet pregnancy or to reduce to a twin or 

singleton pregnancy. In table 1 risks and risk changes after MFPR are presented for different 

groups of women with a multiple pregnancy. If parents want to reduce a triplet pregnancy 

there are two options: reduction to a singleton or to a twin pregnancy. Chaveeva et al33  show 

that, for the choice for reduction and the final number of remaining fetus after reduction, one 

have to take into account the chorionicity of the pregnancy, as multiple pregnancies 

containing a monochorionic pair have additional risks due to the monochorionicity.33-35 

Chaveeva et al showed for MFPR in DCT and TCT pregnancy that gestational age increased 

with a lower end number of fetuses but that loss rates <24 weeks did as well and the number 

of surviving children decreased if more fetuses were reduced (Table 2).33 Kuhn-Beck et al36 

showed the same pattern with take home baby rates of 92% in women with a TCT pregnancy 

reduced to twins and 86% of a TCT pregnancy reduced to a singleton. All these studies were 

conducted in late first and early second trimester (10-16 weeks’ gestation) and we can 
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conclude that in women that decide for MFPR at this gestation, in those who have a TCT 

pregnancy it is safest to reduce to a twin and in women with a DCT pregnancy it is safest to 

reduce to a singleton pregnancy. However, some clinics perform MFPR earlier, at 6-8 weeks 

of gestation by trans vaginal aspiration of embryonic parts.37;38 Haas et al report a non-

significant loss rate between triplets that were reduced to twins (2/55 (3.6%)) and singletons 

(1/19 (5.3%)).38 Li et al report a 0% loss rate of TCT reduced to twins (n=18) by embryonic 

aspiration but an 11% (4/35) loss rate of those reduced to a singleton.37 Possible 

disadvantages of performing the procedure at this early gestational age is that spontaneous 

loss can still occur and that from 11 weeks onward it is possible to select the fetus to reduce 

based on sonographic findings such as nuchal translucency. Some operators even perform 

standard chorionic villous sampling prior to MFPR.26 In this light we suggest to wait with 

MFPR until 10-12 weeks’ gestation to be able to involve at least sonographic information in 

the choice which fetus to reduce. In women with a dichorionic twin pregnancy that had MFPR 

to a singleton pregnancy, we showed that MFPR resulted in a two weeks prolongation of 

median gestational age but to a considerable risk of 12% of losing the entire pregnancy <24 

weeks of gestation (this thesis, chapter 8, page 155). The majority of women in this cohort 

had MFPR because of discordance for fetal anomaly. The 12% miscarriage rate of the 

remaining fetus compared to 4% in non-reduced dichorionic twin pregnancies implies that we 

have to select patients that might benefit from MFPR very carefully. We should reserve 

MFPR to those who have a twin discordant for a severe, non-lethal anomaly or for an 

abnormal fetus that is threatening its co-twin such as when severe polyhydramnios develops 

in an anencephalic or aneuploid fetus. In our study we only included 11 women with a 

dichorionic twin pregnancy that had a MFPR for elective indication. Three of these women 

had a miscarriage <24 weeks (27%) but these numbers are probably too small to draw 

conclusions. Evans et al reported in a case series of 52 patients that elective reduction in 

women with a twin pregnancy is save and does not result in higher loss and preterm birth 

rates compared to ongoing twins.39  
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Psychological aspects of MFPR, ART and patients preferences 

The choice to ask for MFPR will never be easy. Psychological follow-up in three studies of a 

small group of parents that underwent MFPR showed that the decision to undergo MFPR 

had been a very stressful, emotionally painful and frightening experience.40-42 Garel et al 

described that in the first months after birth of the remaining children, 2/3 of women had 

feelings of guilt, but after one year the intensity of emotional distress diminished and after 

two years 90% of women had overcome the emotional difficulties associated with the 

MFPR.40 Two years after childbirth, women who underwent MFPR had less fatigue and 

stress, less marital difficulties, less problems in raising their children and a better relationship 

with their children compared to women that had no MFPR but delivered a triplet.40 However, 

a limitation of this study is that women that lost the entire pregnancy were not interviewed.  

The best way to prevent parents in facing the dilemma of MFPR is to prevent them getting a 

multiple pregnancy. In our cohort of women with a triplet pregnancy only 36% had a 

spontaneous conception. As mentioned before, this means that there is a challenge in 

prevention of multiple pregnancies by applying restrictions in artificial reproductive 

technologies (ART), such as implementation of eSET. However, for women that need ART to 

get pregnant, their primary goal is to get pregnant. For these women getting a twin 

pregnancy means a successful outcome of the ART procedure, whilst for doctors “making 

twins” usually is seen as a complication of the treatment.43 These women prefer a twin or 

triplet pregnancy including its accompanying risks above staying childless which is their 

worst case scenario. Consequently most women will prefer double embryo transfer (DET) 

above eSET when counselled about their IVF procedure.44 Scotland et al12  asked patients 

about their preferences to different outcome scenario’s of ART including: live birth with life-

long visual, physical or cognitive impairment, having a very preterm birth with uncertain 

outcome for the infant, experiencing a perinatal death without a subsequent pregnancy and 

not getting pregnant at all. These scenarios were weighed against the outcome of a healthy 

baby. They showed that most parents preferred a life birth, although it was very preterm or 

with life-long disability above having a perinatal death or not getting pregnant at all.12 From 
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these data the authors conclude that most women, when faced to the prospects of never 

experience live birth at all, give less weight to the potential risks for their infants and 

consequently prefer more than one embryo to be transferred to have the best chance to get 

pregnant.12 However, parents that had a higher order multiple pregnancy and had been faced 

to the dilemma of MFPR all noted that situations in which MFPR is required should be 

avoided.41 When counseling parents about MFPR we have to realize that parents may think 

different and have different preferences than doctors do. However, patient education about 

risks and complications of multiple pregnancy and preterm birth can improve the acceptability 

of eSET.44;45  

 

Organizational aspects of MFPR 

There is limited evidence whether a learning curve in MFPR exists. Only one study by Evans 

et al46 shows that the loss rate in MFPR from triplet to twin decreased from 13% to 6% in a 

time period of >10 years. At this moment no studies about the actual learning curve in MFPR 

has been published. To report something about learning curves it is only possible to make a 

parallel with other invasive procedures in pregnancy (chorionic villous sampling, 

amniocentesis) or with fetal therapy, such as laser therapy for the treatment of twin-to-twin 

transfusion syndrome (TTTS) in women with a monochorionic twin pregnancy. In both 

procedures a learning curve has been demonstrated clearly. Wijnberger et al47 showed a 

learning curve for chorionic villous sampling, which plateaued at a number of 175 

procedures. Tabor et al48 analyzed the learning curve in amniocentesis and chorionic villous 

sampling and showed an Odd’s Ratio (OR) of 2.5 for complications in operators with <1,500 

procedures compared to those with >1,500 procedures. Papanna et al49 and Peeters et al50 

showed learning curves in fetal therapy for TTTS that plateaued at 20-35 procedures, with a 

longer learning curve in operators that perform only a few procedures per year compared to 

those who had more procedures performed in the same period. Also when competence was 

achieved, the ongoing performance was better when more procedures were conducted.49;50  
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In light of these data, questions rise about the organizational aspects of MFPR in the 

Netherlands. Nowadays MFPR is performed in ten centers, while fetal therapy such as laser 

therapy in TTTS is conducted only in one center. In an 11 year timeframe, in our three study 

groups (MFPR from triplet to twin, from triplet to singleton and from twin to singleton), 

reductions were performed in ten centers by 28 different operators. The number of 

reductions varied between one and 56 per hospital (figure 1) and between one and 24 per 

operator (figure 2). We collected data about 282 reductions (including those who were 

excluded for several reasons in the original studies), which is 25 procedures per year. The 

total number of reductions in the Netherlands will be higher, as we did not collect data about 

MFPR in higher order multiple pregnancies and selective feticide performed in a part of a 

monochorionic multiple pregnancy.  However, as these cases are rare, the annual number of 

MFPR procedures will certainly not be higher than the number of laser therapies performed 

for TTTS which is approximately 60 per year in the Netherlands. We should debate whether 

it would be reasonable to centralize MFPR as well. Herewith we can allow operators to 

establish an optimal learning curve and consolidate competence once it has been achieved 

and we can allow patients to have their MFPR performed in the most experienced hands with 

the lowest possible risk on complications for the remaining fetus and herself. As we compare 

the current loss rates in the Netherlands after MFPR, they are comparable to most other 

studies25;33;51 but after 25 years of experience Evans showed loss rates that are much lower; 

3.5% for TCT to twin reduction, 7% for DCT to singleton and 2.5% for dichorionic twin to 

singleton reduction.26  

 

Future research  

Cervical length measurement 

For future research on preventive strategies for preterm birth we should realize that women 

with a multiple pregnancy are different than those with a singleton. The performances of 

screening and diagnostic tests are not the same among singletons and multiples and neither 

are the performances of the preventive methods.17 Furthermore we have to realize that the 
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risk of preterm birth is not the same among all women with a multiple pregnancy but is 

different among subgroups.20 Therefore preventive strategies have to be analyzed for 

different subgroups of women with a multiple pregnancy. Women with a short mid-term CL is 

such a subgroup. To study preventive methods in women with threatened preterm labor we 

should use delivery within 7 days as the primary outcome. As the diagnostic accuracy of CL 

is not well known in women with a multiple pregnancy and threatened preterm labor this 

should be studied more extensively, especially in combination with fFN testing.  

Multifetal pregnancy reduction 

In the Dutch studies we analyzed all cases of MFPR retrospectively. Although data were 

registered prospectively, they were not computerized for the purpose of scientific analysis. 

As this kind of data collection always includes a risk of selection bias it is necessary to obtain 

data prospectively. Moreover we should obtain data of parents that are counselled for MFPR 

but decide not to undergo this procedure both of their decision making process as their 

pregnancy outcome. From our control groups in the present studies we do not know if 

parents were actually counselled or not. With a prospective follow-up of these data we will be 

able to analyze the outcomes of MFPR and the natural course of pregnancy in those who are 

managed expectantly more precisely. As long as MFPR is not centralized, it could be 

possible to have a nationwide prospective study if we develop a web based digital 

registration form. All patients that are counselled for MFRP, irrespective if they actually 

undergo the procedure or not, should be registered here after they gave informed consent. 

This registration should at least contain information about demographic characteristics, 

obstetric history, current pregnancy characteristics, reduction and operator characteristics, 

pregnancy outcome and neonatal outcome. Moreover it would be reasonable to have a long 

term follow up of infants born after MFPR of their co-multiple. As we realize more and more 

that genomic imprinting already has started in early embryonic life,52 we should evaluate the 

long term effect on the remaining fetus in terms of neuropsychological development and 

disability in childhood. 
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Other prospects for future research in MFPR are to analyze the learning curve for MFPR 

procedures. This could be done by the learning curve-cumulative summation test (LC-

CUSUM) which has been previously used to demonstrate a learning curve in fetoscopic laser 

ablation for the treatment of TTTS.49 Moreover we have to study patients’ preferences in 

women with a triplet pregnancy about MFPR and to conduct prospective psychological follow 

up of women that have been counselled for MFPR, irrespective of undergoing the procedure 

or not.    

 

Conclusion 

In conclusion we can state that the best way to prevent complications due to a multiple 

pregnancy is to prevent the multiple pregnancy itself by restriction in ART and 

implementation of eSET, adequate education can be a tool to improve it’s acceptability 

among patients. If a multiple pregnancy develops it is important to perform mid-term cervical 

length measurement as preventive methods are available for women with a short cervix. 

MFPR for elective indications is an option in women with a triplet pregnancy or higher order 

multiple pregnancy and can prolong pregnancy but to a considerable risk of miscarriage <24 

weeks. Counseling patients about possible risks and benefits should lead to shared decision 

making about MFPR. In choosing the number of fetuses to be reduced, chorionicity is an 

important factor. Reduction of a twin pregnancy should be selected to women with a twin that 

is discordant for a severe non-lethal anomaly, whereas elective reduction to improve 

obstetric outcome is currently not applicable. 

Future research should include prospective follow-up of all women counseled for MFPR and 

main incentive for their decision and long term infant follow-up.  
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Table 1 preterm birth risk and risk changes after MFPR 

 TCTA 

triplet  

N= 44 

Reduced 

TCTA 

triplet 

to twin 

N=86 

RR 

(95% 

CI)* 

DCTA 

triplet 

N= 42 

Reduced 

DCTA 

triplet to 

singleton 

N=45 

RR 

(95% 

CI)* 

DCDA 

Twin 

N= 

818 

Reduced 

DCDA 

Twin to 

singleton 

N= 118 

RR 

(95% 

CI)* 

Primary 

singleton 

N= 611 

Gestational 

age at 

delivery 

33.3 

(28.1-

35.2) 

36.1 

(33.3-

37.5) 

 32.8 

(29.6-

34.3) 

38.8 

(35.5-

40.4) 

 37.1 

(35.3-

38.1) 

38.9 

(34.7-

40.3) 

 40.1 

(39.1-

40.9) 

Delivery 

<24 weeks 

5 

(11.4) 

5 (5.8) 0.74  

(0.39-

1.4) 

4 

(9.5%) 

8 

(18.2%) 

1.4 

(0.86-

2.2) 

25 

(3.1) 

14 

(11.9%) 

3.1 

(2-

4.9) 

4 (0.7%) 

Delivery 

<32 weeks 

15 

(34.1) 

18 

(20.9) 

0.78 

(0.56-

1.1) 

17 

(40.5%) 

9 

(20.5%) 

0.59 

(0.34-

1) 

94 

(11.5) 

22 

(18.6%) 

1.6 

(1.1-

2.5 

6 (1%) 

All children 

Surviving 

36 

(81.8) 

75 

(87.2) 

1.3 

(0.72-

2.3) 

30 

(71.4%) 

36 

(81.8%) 

RR 

0.73 

(0.41-

1.3) 

 769 

(94) 

101 

(85.6%) 

RR 

0.84 

(0.73-

0.97) 

607 

(99.3%) 

No  

children 

Surviving 

5 

(11.4) 

6 (7) 0.81 

(0.47-

1.4) 

6 

(14.3) 

8 (18.2) 1.1 

(0.69-

1.9) 

28 

(3.4) 

17 

(14.4%) 

3.3 

(2.2-

5.1) 

4 (0.7%) 

Data shown as media (interquartile range) or number (%) 

TCTA = Trichorionic Triamniotic 

DCTA = Dichorionic Triamniotic 

DCDA = Dichorionic Diamniotic 

*RR show for intervention compared to expectantly managed controlled group 
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Table 2 pregnancy outcome for MFPR in triplet pregnancy by end number of fetus and 

chorionicity
33 

 Expectantly 

managed triplet 

Triplet reduced 

to twin 

Triplet reduced 

to singleton 

Trichorionic Triplet    

Median gestational 

age (weeks) 

34 36 38 

Loss <24 weeks (%) 3.9 7.9 14.5 

≥ 1 child surviving (%) 95 92 82 

    

Dichorionic Triplet    

Median gestational 

age (weeks) 

33 34 39 

Loss <24 weeks (%) 8.1 13.3 13.8 
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Figure 1 Number of procedures per hospital 

 

 

Figure 2 Number of procedures per operator 
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Summary 

Women with a multiple pregnancy have an increased risk of preterm birth (PTB) as 

compared to women with a singleton pregnancy. Risks of PTB are 5-9% in singletons, 60% 

in twins and over 90% in triplets. Preterm birth is associated with an increased risk of 

neonatal mortality and neonatal morbidity which can lead to life-long disability. Prevention of 

PTB in women with a multiple pregnancy is urgently necessary to improve neonatal outcome 

of children that are part of a multiple pregnancy. Preventive methods for PTB in women with 

a multiple pregnancy such as pessary placement and vaginal progesterone are only 

available for women with a short cervical length (CL). Multifetal pregnancy reduction is a 

technique that has been performed since the eighties to reduce complications associated 

with preterm birth in women with a triplet or higher order multiple pregnancy. It has been 

shown to prolong gestation but to the risk of miscarriage <24 weeks.    

In this thesis the predictive value of mid-term CL measurement and the pregnancy outcomes 

of MFPR are studied. 

Chapter 1 contains a general introduction of multiple pregnancy, preterm birth, risk factors 

and possible preventive methods for preterm birth in women with a multiple pregnancy. The 

aim and outline of the thesis are described. 

In chapter 2 the predictive value of CL measurement at 16-20 weeks’ gestation was studied. 

It was already known that CL measured at 20-24 weeks of gestation is a good predictor of 

PTB in women with a multiple pregnancy. As possible preventive methods such as pessary 

placement and administration of Progesterone can be applied at 16-20 weeks’ gestation, it 

was necessary to know if CL at this gestation is a good predictor as well. A multivariable 

prediction model was developed using data collected for the AMHIA trial that evaluated the 

effectiveness of 17 Alpha Hydroxy Progesterone (17P) for the prevention of PTB in women 

with a multiple pregnancy. In a multivariable prediction model CL <30 mm, monochorionicity, 
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previous PTB, smoking during pregnancy, low educational level, triplet pregnancy and 

randomization to 17P were predictive for time to delivery. 

Chapter 3 contains a systematic review and meta-analysis of the diagnostic accuracy of CL 

measurement in women with a multiple pregnancy and threatened preterm labor. Five 

studies reporting on 226 women were included for the meta-analysis. There was a wide 

variety in cut-off points for CL and definitions of PTB. Only one study reported on the most 

important outcome measurement, which is delivery within seven days. CL ≥25 mm had a 

sensitivity of 1.0 (95% CI 0.83-1.0) and a specificity of 0.31 (95% CI 0.20-0.43) for delivery 

within seven days. Three studies reported on predicting PTB <37 weeks at a CL cut-off 30 

mm, with sROC point estimates of 0.76 (95% CI 0.66 to 0.84) and 0.37 (95% CI 0.21 to 

0.56)) for sensitivity and specificity, respectively.  

In chapter 4 the predictive value of mid-term CL measurement for emergency cesarean 

delivery in women with a twin pregnancy was evaluated. In a vaginal twin delivery there is an 

increased risk on neonatal morbidity compared to singletons especially for the second twin 

and an increased risk on (emergency) cesarean delivery. It has been shown that there is no 

benefit of delivering all twins by cesarean section. As in singletons mid-term CL has been 

shown to be predictive for emergency cesarean delivery, the aim of this study was to know if 

mid-term CL is also predictive for emergency cesarean delivery in women with a twin 

pregnancy. A multivariable model including mid-term CL was developed based on 

nulliparous women included in the AMPHIA and ProTwin trial. Mid-term CL was not 

predictive for emergency CL (adjusted Odds Ratio (aOR) 0.97 for CL p26-50, aOR 0.71 for 

CL p51-75 and aOR 0.93 for CL >p75 with CL ≤p25 as reference). The only variables 

associated with emergency caesarean delivery were maternal age (aOR 1.07; 95% CI 1-

1.13) BMI (aOR 3.99 (95% CI 1.07-14.9 for BMI 19-23, aOR 5.04 (95% CI 1.34-19.03) for 

BMI 23-28 and aOR 3.1 (95% CI 0.65-14.78) for BMI >28) and induction of labour (aOR 1.9; 

95% CI 1.05-3.5). 
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In chapter 5 the natural course of 494 consecutive triplet pregnancies was studied to 

evaluate if there is one specific timeframe with such a high risk of delivery to warrant 

prophylactic administration of corticosteroids. Median gestational age at delivery was 235 

days (33 4/7 week) with an interquartile range (IQR) of 217-246 days, 146 women (29.6%) 

delivered before 32 weeks. At a gestational age of 24 weeks, the chance to deliver within the 

next week was 0.6%. For 26, 28, 30 and 32 weeks these risks were 2.4%, 2.5%, 8.1% and 

16.7%, respectively. Nulliparity and monochorionicity were associated with a shorter time to 

delivery and a higher risk of PTB <32 weeks. We concluded that prophylactic administration 

is not applicable in women with a triplet pregnancy.  

In chapter 6, 7 and 8 the pregnancy outcome of MFPR is described. Data were collected in 

all ten hospitals that perform MFPR in the Netherlands. 

In chapter 6, the effectiveness of elective reduction from a trichorionic triplet (TCT) to a twin 

pregnancy is described. A nationwide cohort of 86 women with a TCT that was reduced to a 

twin pregnancy was described and the outcome was compared to the outcome of women 

with an ongoing TCT and women with a primary dichorionic twin pregnancy. Reduced triplets 

had a median gestational age at delivery of 36.1 weeks (inter quartile range (IQR) 33.3-37.5 

weeks), versus 33.3 (28.1-35.2) weeks for ongoing triplets and 37.1 (35.3-38.1) weeks for 

primary twins (p<0.001). Rates of PTB <24 weeks and PTB <32 weeks were not significantly 

different in the reduction group and the ongoing triplet group as well as the proportion of 

women that had all or no children surviving.  

In chapter 7, the pregnancy outcomes of 45 women with a dichorionic triplet (DCT) 

pregnancy reduced to a singleton pregnancy were described and compared to the outcome 

of women with an ongoing DCT pregnancy and to women with a primary low risk singleton 

pregnancy. Moreover a review of literature was made of this issue. In the study groups, 

median gestational ages at delivery were 38.7 weeks (IQR 35.2-40.3), 32.8 weeks (IQR 

29.6-34.3) and 40.1 weeks (IQR 39.1-40.9) for reduced DCT, ongoing DCT and primary 
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singleton pregnancies respectively, p<0.001. Reduction resulted in a non-significant 

increased risk of delivery <24 weeks, but a decreased risk of delivery <32 weeks. The 

proportion of women that had all or no children surviving was not different for women with a 

reduced DCT and an ongoing DCT pregnancy. In the literature five studies with small sample 

sizes (n=7-29) reported about MFPR from DCT to a singleton pregnancy. Mean or median 

gestational ages varied between 36.8 and 39.1 weeks and loss rates <24 weeks varied from 

0-23%.  

In chapter 8 the outcomes of MFRP from a dichorionic twin to a singleton pregnancy were 

described and compared to the outcomes of women with an ongoing dichorionic twin and 

women with a primary low risk singleton pregnancy. Most reductions (105 out of 188) were 

performed because the fetuses were discordant for fetal anomaly. Median gestational age at 

delivery was 38.9 (IQR 34.7-40.3) weeks for reduced twins compared to  37.1 (35.1-38.1) 

weeks for ongoing twins and 40.1 (39.1-40.9) weeks for primary twins, p<0.001. Risk of 

delivery <24 weeks and  <32 weeks were significantly increased in the reduction group as 

compared to the ongoing twin group. Perinatal survival was lower in the reduction group than 

in the ongoing twin group. 

Chapter 9 contains a general discussion of the results described in this thesis and future 

perspectives are described. It is stated that the best way of preventing complications 

associated with preterm birth in multiple pregnancies is to prevent the multiple pregnancy to 

occur by restrictions in ART. If a multiple pregnancy develops, it is important to perform mid-

term cervical length measurement as preventive methods are available for women with a 

short cervix. MFPR for elective indications is an option in women with a triplet pregnancy or 

higher order multiple pregnancy and can prolong pregnancy but to a considerable risk of 

miscarriage <24 weeks. In choosing the number of fetuses to be reduced, chorionicity is an 

important factor. Reduction of a twin pregnancy should be selected to women with a twin that 

is discordant for a severe non-lethal anomaly, whereas elective reduction to improve 

obstetric outcome is currently not applicable. 
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Future research should include prospective follow-up of all women counseled for MFPR and 

long term infant follow-up. 
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Samenvatting 

Vrouwen die zwanger zijn van een meerling hebben een verhoogde kans op vroeggeboorte 

in vergelijking met vrouwen die zwanger zijn van een eenling. Ongeveer 5-9% van de 

eenlingen wordt te vroeg geboren, 60% van de tweelingen en meer dan 90% van de 

drielingen. Vroeggeboorte gaat gepaard met een verhoogd risico op neonatale sterfte en 

neonatale morbiditeit wat kan leiden tot levenslange handicaps. Preventie van vroeggeboorte 

bij vrouwen met een meerlingzwangerschap is nodig om de neonatale uitkomsten van 

kinderen die onderdeel uitmaken van een meerlingzwangerschap te verbeteren. Maatregelen 

om een vroeggeboorte bij vrouwen met een meerlingzwangerschap te voorkomen zijn op dit 

moment alleen beschikbaar voor vrouwen met een verkorte cervixlengte. Dit zijn het plaatsen 

van een pessarium en toediening van Progesteron. Embryoreductie is een techniek die sinds 

de jaren tachtig wordt toegepast om de complicaties van vroeggeboorte bij 

meerlingzwangerschappen te verminderen. Beschikbare studies laten zien dat het de 

zwangerschapsduur kan verlengen maar dat het gepaard gaat met een verhoogde kans op 

een bevalling <24 weken. 

In dit proefschrift worden de voorspellende waarde van het meten van de cervixlengte bij 

vrouwen met een meerlingzwangerschap en de zwangerschapsuitkomsten van 

embryoreductie onderzocht. 

Hoofdstuk 1 bevat een algemene inleiding over meerlingzwangerschappen, vroeggeboorte, 

risicofactoren en preventieve methoden voor vroeggeboorten bij vrouwen met een 

meerlingzwangerschap. Het doel en de inhoud van het proefschrift worden hier beschreven. 

In hoofdstuk 2 wordt de voorspellende waarde van cervixlengte meting bij vrouwen met een 

meerlingzwangerschap bij een zwangerschapsduur van 16-20 weken onderzocht. Het was al 

bekend dat de cervixlengte bij een zwangerschapsduur van 20-24 weken voorspellend is 

voor het optreden van vroeggeboorte bij vrouwen met een meerlingzwangerschap. Echter 

omdat preventie methoden zoals het plaatsen van een pessarium of het toedienen van 
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Progesteron al toegepast kunnen worden bij een zwangerschapsduur van 16 weken is het 

nodig te weten of de cervixlengte bij deze zwangerschapsduur ook voorspellend is voor 

vroeggeboorte. We hebben een multivariabel predictiemodel ontwikkeld, waarbij we data 

hebben gebruikt die verzameld zijn ten behoeve van de AMPHIA studie. De AMPHIA studie 

heeft het effect van toediening van 17 Alpha Hydroxy Progesteron aan vrouwen met een 

meerlingzwangerschap onderzocht ter voorkoming van vroeggeboorte. In het multivariabele 

model waren de volgende variabelen voorspellend voor de zwangerschapsduur bij geboorte: 

cervixlengte <30 mm, monochorioniciteit, eerdere vroeggeboorte, roken, laag 

opleidingsniveau, drielingzwangerschap en randomisatie voor Progesteron.  

Hoofdstuk 3 bevat de resultaten van een systematische review en meta-analyse naar de 

diagnostische waarde van cervixlengte meting bij vrouwen met een meerlingzwangerschap 

en een dreigende vroeggeboorte. Vijf studies die gezamenlijk 226 vrouwen includeerden 

werden geïncludeerd in de meta-analyse. Er was maar één studie die de belangrijkste 

uitkomstmaat beschreef, namelijk geboorte binnen zeven dagen. Deze studie toonde aan dat 

een cervixlengte van ≥25 mm een sensitiviteit van 1 (95% betrouwbaarheidsinterval (BI) 

0.83-1.0) en een specificiteit van 0.31 (95% BI 0.20-0.43) had voor geboorte binnen zeven 

dagen. Drie studies beschreven vroeggeboorte <37 weken als uitkomstmaat bij een 

cervixlengte <30 mm en hadden een gepoolde sensitiviteit van 0.76 (95% BI 0.66-0.84) en 

specificiteit van 0.37 (95% BI 0.21-0.56).  

In hoofdstuk 4 wordt de voorspellende waarde van de cervixlengte op het krijgen van een 

secundaire sectio onderzocht bij vrouwen met een tweelingzwangerschap. Bij een bevalling 

van een tweeling is er een verhoogd risico op neonatale morbiditeit in vergelijking met een 

bevalling van een eenling, dit geldt met name voor het tweede kind van de tweeling. Ook is 

er een verhoogde kans op het krijgen van een secundaire sectio. Uit eerder onderzoek is 

gebleken dat het niet beter is om alle tweelingen per sectio geboren te laten worden. Omdat 

bij eenlingzwangerschappen bekend is dat de cervixlengte bij 20 weken zwangerschap 

voorspellend is voor het ondergaan van een secundaire sectio, wilden wij weten of dat ook 
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zo is bij vrouwen met een tweelingzwangerschap. We hebben hiervoor een multivariabel 

model gemaakt gebaseerd op data uit de AMPHIA en ProTwin studie. De cervixlengte in het 

midden van de zwangerschap was niet voorspellend voor het ondergaan van een secundaire 

sectio. Wel voorspellend waren: maternale leeftijd, BMI en inleiding van de bevalling. 

In hoofdstuk 5 worden de zwangerschapsuitkomsten van 494 vrouwen met een 

drielingzwangerschap beschreven. Onderzocht wordt of er een specifiek moment is waarop 

het risico om op korte termijn te bevallen zo hoog is dat het profylactisch toedienen van 

corticosteroïden aan deze vrouwen zinvol is. De mediane zwangerschapsduur was 235 

dagen (33 4/7 week) en 146 (29.6%) vrouwen bevielen voor 32 weken. Bij een 

zwangerschapsduur van 24 weken was de kans om binnen één week te bevallen 0.6%. Voor 

26, 28, 30 en 32 weken waren deze kansen respectievelijk 2.4%, 2.5%, 8.1% en 16.7%. 

Nullipariteit en monochorioniciteit waren geassocieerd met een kortere zwangerschapsduur 

en een hogere kans op vroeggeboorte <32 weken. We concludeerden dat het profylactisch 

toedienen van corticosteroïden aan vrouwen met een drielingzwangerschap niet zinvol is.  

In hoofdstuk  6, 7 en 8 worden de zwangerschapsuitkomsten van embryoreductie in 

Nederland beschreven. Data gebruikt voor deze studies werden in alle centra (n=10) die 

embryoreductie toepassen in Nederland verzameld. 

In hoofdstuk 6 werden de uitkomsten van embryoreductie van een drieling naar een 

tweelingzwangerschap  onderzocht. Alle reducties werden voor electieve indicaties verricht. 

Een cohort van 86 vrouwen met een trichoriale drieling die embryoreductie naar een tweeling 

ondergingen werd vergeleken met een cohort vrouwen met een doorgaande trichoriale 

drielingzwangerschap en met een cohort vrouwen met een primaire dichoriale 

tweelingzwangerschap. Vrouwen na embryoreductie hadden een mediane 

zwangerschapsduur van 36.1 weken, vrouwen met een doorgaande drielingzwangerschap 

hadden een mediane zwangerschapsduur van 33.3 weken en vrouwen met een primaire 

tweelingzwangerschap 37.1 weken (p<0.001). In dit cohort waren de percentages 
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vroeggeboorten <24 weken en <32 weken niet significant verschillend tussen vrouwen die 

embryoreductie ondergingen en vrouwen met een doorgaande drielingzwangerschap. Ook 

het aantal vrouwen waarvan alle of geen kinderen overleefden verschilde niet significant 

tussen beide groepen. 

In hoofdstuk 7 worden de zwangerschapsuitkomsten van vrouwen met een dichoriale 

triamniotische drielingzwangerschap beschreven en vergeleken met de 

zwangerschapsuitkomst van vrouwen met een doorgaande dichoriale drielingzwangerschap 

en van vrouwen met een primaire laag-risico eenlingzwangerschap. Daarnaast werd over dit 

onderwerp een review van de literatuur gemaakt. In de studiegroepen was de mediane 

zwangerschapsduur respectievelijk 38.7, 32.8 en 40.1 weken voor gereduceerde drielingen, 

doorgaande drielingen en eenlingen. Het aantal vrouwen dat alle of geen overlevende 

kinderen had was niet significant verschillend voor degenen met een gereduceerde en 

doorgaande drielingzwangerschap. In de literatuur zijn vijf kleine (n=7-29) studies 

beschreven die de uitkomsten van embryoreductie van een dichoriale drieling naar een 

eenling  hebben beschreven.  Gemiddelde of mediane zwangerschapsduur varieerde van 

36.8-39.1 weken en aantallen vroeggeboorten <24 weken van 0-23%.  

In hoofdstuk 8 worden de uitkomsten van embryoreductie van een dichoriale 

tweelingzwangerschap naar een eenlingzwangerschap beschreven en vergeleken met die 

van vrouwen met een doorgaande dichoriale tweelingzwangerschap en vrouwen met een 

primaire laag-risico eenling zwangerschap. De meeste reducties in dit cohort, 105 van de 

118, zijn verricht wegens een afwijking bij een van de twee foetussen. Mediane 

zwangerschapsduur bij de bevalling was 38.9 weken na reductie, 37.1 weken voor 

doorgaande tweelingen en 40.1 weken voor vrouwen met een primaire eenling 

zwangerschap (p<0.001). Het aantal vrouwen dat voor 24 of voor 32 weken beviel was hoger 

in de reductiegroep dan in de groep met een doorgaande tweelingzwangerschap en 

perinatale overleving was lager na reductie. 
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In hoofdstuk 9 worden de resultaten uit dit proefschrift beschouwd en worden 

aanbevelingen voor vervolgonderzoek gedaan. Conclusies en aanbevelingen zijn dat de 

beste manier om complicaties van vroeggeboorte bij een meerlingzwangerschap te 

voorkomen het voorkomen van de meerlingzwangerschap is door restricties in de toepassing 

van vruchtbaarheidsbehandelingen. Als een meerlingzwangerschap ontstaat wordt 

aangeraden om de cervixlengte te meten bij de 20 weken echo om eventuele 

preventiemethoden toe te kunnen passen. Embryoreductie is mogelijk bij vrouwen met een 

drieling of hogere meerlingzwangerschap. Dit kan de zwangerschapsduur verlengen maar 

gaat wel gepaard met een risico op het verliezen van de zwangerschap <24 weken. Bij de 

keuze van het aantal te reducerende foetussen is de chorioniciteit een belangrijke factor. 

Reductie van een tweelingzwangerschap is momenteel alleen aan te bevelen bij tweelingen 

die discordant zijn voor een ernstige foetale afwijking die niet direct levensbedreigend is. 

Verder onderzoek moet prospectief verricht worden naar de zwangerschapsuitkomsten van 

alle vrouwen met een drielingzwangerschap die gecounseld worden voor embryoreductie, 

ook als zij de procedure niet ondergaan en lange termijn uitkomsten van hun kinderen 

moeten worden onderzocht.   
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Chapter 11  

List of abbreviations, List of co-authors, Dankwoord, CV 

17P  17 Alpha Hydroxy Progesterone 

aOR  Adjusted Odds Ratio 

ART  Arteficial reproductive technologies 

BMI  Body Mass Index 

BPD  Broncho pulmonary dysplasia 

CI  Confidence interval 

CL  Cervical length 

CS  Cesarean section 

DCDA  Dichorionic diamniotic 

DCT  Dichorionic triplet 

DCTA  Dichorionic triamniotic  

DET  Double embryo transfer 

eSET  Elective single embryo transfer 

fFN  Fetal Fibronectin 

FIGO  International federation of gynecology 
and obstetrics 

FN  False negative 

FP  False positive 

FPR  False positive rate 

HR  Hazard ratio 

ICSI  Intra cytoplasmatic sperm injection 

i.e.  id est (that is) 

IQR  Inter quartile range 

IRDS  Infant respiratory distress syndrome 

IUFD  Intra uterine fetal demise 

IUI  Intra uterine insemination 

IVF  In vitro fertilization 

IVH  Intra ventricular hemorrhage 

LC-CUSUM Learning curve-cumulative summation 
test 

LR+  Positive likelihood ratio 

LR-  Negative likelihood ratio 

MAR  Missing at random 

MC  Monochorionic 

MCDA  Monochorionic diamniotic 

MCTA  Monochorionic triamniotic 

MFPR  Multifetel pregnancy reduction 

N  Number 

NA  Not analyzed/Not available 

NPV  Negative predictive value 

OR  Odds ratio 

P0  Nulliparous 

P1  Multiparous 

PPV  Positive predictive value 

PRN  Perinatale registratie Nederland  

PTB  Preterm birth 

PTD  Preterm delivery 

QUADAS Quality assessment of studies of 
diagnostic accuracy included in 
systematic reviews 

RCT  Randomized controlled trial 

Ref  Reference 

ROC  Receiver operating characteristics 

RR  Relative risk 

SD  Standard deviation 

Sens  Sensitivity 

Spec  Specificity 

SPSS  Statistical package for social science 

sROC  summary receiving operator 
characteristics 

TAPS  Twin anemia polycythemia sequence 

TC  Trichorionic 

TCT  Trichorionic triplet 

TCTA  Trichorionic triamniotic  

TN  True negative 

TP  True positive 

TPR   True positive rate 

TTTS  Twin to twin transfusion syndrome 
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