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Resumo 

Chamam-se gémeos às crianças nascidas de uma mesma gravidez. Podem 

resultar de um zigoto - Monozigóticos (MZ), ou de vários zigotos - Dizigóticos (DZ). Os 

gémeos DZ possuem tantas placentas e bolsas amnióticas como fetos - Dicoriónicos 

(DC). Os gémeos MZ são também DC em 18 a 30% dos casos e nos restantes têm uma 

só placenta para todos os fetos – Monocoriónicos (MC). Neste último tipo de gémeos, 

em 60-70% dos casos cada feto tem a sua bolsa amniótica – gémeos MC diamnióticos 

(DA) e em 1 a 2% dos casos existe apenas uma única bolsa – gémeos MC 

monoamnióticos (MA).  

Os partos gemelares representam na atualidade 30‰ de todos os partos em 

Portugal. A gravidez múltipla é uma gravidez de alto risco e o seu sucesso obstétrico 

depende do diagnóstico atempado das diversas complicações maternas e fetais.  

Nesta tese tentámos estabelecer um método ecográfico eficaz para identificar a  

existência de discordância de peso entre os gémeos superior a 25%. Analisar o efeito 

das variações no Índice de massa corporal nas grávidas de gémeos e avaliar os fatores 

de risco e o impacto da diabetes gestacional.  

Contudo o principal objetivo desta tese foi determinar a idade gestacional 

adequada para o parto nas gravidezes múltiplas sem complicações, a segurança da 

indução do trabalho de parto e a morbilidade materna do parto por cesariana (CS). 

A nossa experiência e as recomendações atuais sugerem efetuar o parto nos 

gémeos DC com 37-38 semanas, nos MC-DA com 36-37 e nos MC-MA com 32-34 

semanas. 

O parto vaginal induzido com protocolo idêntico ao da gravidez simples pode 

ser considerado nos gémeos DC e MC-DA, cefálico-cefálico e cefálico-não cefálico. O 

misoprostol é uma droga segura na indução de trabalho de parto em gémeos. A CS é 

recomendada para os MC-MA, quando o 1º gémeo não é cefálico, quando o 2º gémeo 

é ≥40% maior que o 1º e no útero com cirurgia prévia. Temos sempre o dever de 

informar os casais sobre o risco do parto vaginal e da CS e a via de parto deve ter em 

linha de conta a experiência em manobras obstétricas da equipa que o vai realizar. 



 

xiv 
 

Summary 

Twins occur when more than one offspring is produced in the same pregnancy. 

They can result from one or several zygotes – Monozygotic (MZ) and Dizygotic (DZ) 

twins. DZ twins are always dichorionics (DC) with as many placentas and amniotic sacs 

as the number of fetuses. MZ twins can also be dichorionic (18-30%) or have only one 

placenta – monochorionic (MC). This last kind of twins might have one amniotic sac for 

each fetus (60-70%) – MC-DA twins, or only one amniotic sac for both fetuses – MC-

MA twins (1-2%).  

In our days, twin births represent 30‰ of all births in Portugal. Twin gestation 

is a high risk pregnancy whose successful outcome depends on timely diagnosis of 

several maternal or fetal problems.  

In this thesis, we try to establish the best sonographic measurements to 

identify twin pairs with an intertwin weight discordance >25%, we analyze the benefit 

of changes in BMI to mothers carrying DC twins, and we evaluate the risk factors and 

the outcomes of twin pregnancies with gestational diabetes mellitus.  

However the main goal of this work is to determine the optimal time of delivery 

for an uncomplicated twin gestation, the safety of labor induction and the puerperal 

morbidity of cesarean (CS) delivery in twins. 

Current recommendations suggest the optimal time of delivery for DC twins is 

at 37-38 wks, at 36-37 wks for MC-DA twins and at 32-34 wks for MC-MA twins. 

A vaginal delivery could be considered for vertex-vertex twins and vertex-non 

vertex twins, when the provider’s skills and experience allow, and is safe in MC-DA 

twins. Protocol for induction of labor used in singletons is applicable in twins and 

misoprostol is safe for labor induction. A Cesarean section is recommended in MC-MA, 

non - vertex presenting twins, when the second twin is ≥40% larger than the 

presenting twin and women with a uterine scar. Patients should receive thorough 

information about the risks of vaginal and CS deliveries and the vaginal route should be 

performed by a medical team with experience in obstetric maneuvers 
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I.Introduction 

 

When I first began my fellowship at Maternidade Dr. Alfredo Da Costa (MAC), in 

1987, and for the six years that followed, twin pregnancies were handled in the High 

Risk Outpatients Clinic using the same protocol as employed in singleton pregnancies. 

This entailed evaluations every month until 36 weeks, and evaluations every two 

weeks thereafter, awaiting spontaneous delivery or scheduled cesarean at 41 weeks. 

Chorionicity was unknown in most cases. Ultrasound was performed only once every 

trimester, premature delivery occurred frequently and adverse outcomes were many. 

Several cases made a particular impression on me. A medical doctor, my age 

and living in my neighborhood, was followed at MAC throughout her whole pregnancy, 

which resulted in a stillbirth at 40 weeks of gestation and a survivor twin girl who was 

later diagnosed with cerebral palsy. An infertile patient, pregnant with triplets 

resulting from In Vitro Fertilization, delivered at 26 weeks with three neonatal deaths; 

no one had looked at her cervix during her whole pregnancy. A patient with 

spontaneous twins was hospitalized due to premature labor at 34 and delivered one 

week later: a stillbirth girl and a livebirth boy, one thousand grams heavier than his 

sister. 

Some of the unfavorable outcomes were the result of lack of experience or a 

poor interpretation of signs during the pregnancy. I ended my fellowship believing that 

a personalized consultation could substantially improve the results of this type of high 

risk pregnancy. 

In 1994, I asked for permission to start a Twin Outpatient Consultation. Most of 

the barriers I hit were bureaucratic: no suitable location, no available nurses, and 

probably not enough cases to warrant the effort. Thankfully, I was supported by Dr. 

Dória Nóbrega, the person in charge of the Obstetrics Department, and in September 

1994 I began following the first twin pregnancy, now labeled with two blue circles in 

the patient’s file. Twin pregnancies were followed in the same place as the High Risk 

Outpatients Consultation, with the same nurses. They were now, however, channeled 

to and followed by me. 
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From the start, new protocols were implemented. Patients with twin 

pregnancies were evaluated every month until the 22-week mark, every fortnight until 

32 weeks and weekly thereafter. Cardiotocography started at 32 weeks or earlier, if 

there were complaints of contractions. Ultrasound was performed every three weeks 

after 22 weeks and even more frequently in monochorionic twin pregnancies. Patients 

were carefully informed of warning signs and advised to stop working at around 20 

weeks, depending on the patient’s occupation. Digital evaluation of the cervix was 

performed every consultation, and bed rest or even hospitalization was advised in high 

risk scenarios. Patients were allowed to show up without appointement if something 

felt wrong, and were strongly advised to go to the emergency unit if any of the 

warning signs were detected. Triplets or higher order twins were hospitalized at 

around 26 to 28 weeks. 

In 1995 we performed our first evaluation, comparing 36 twin pregnancies 

followed in the Twin Consultation (study group) to 45 patients (control group) who 

only delivered at MAC. Four (10.5%) patients in the study group had had previous 

preterm deliveries with no survivor newborns. The average gestational age at delivery 

was 36 weeks and 6 days in the study group, compared with 34 weeks in the control 

group. In the study group, only four cases had a gestational age at delivery less than 35 

weeks, and only two twins from one patient with a unicorn uterus who delivered at 23 

weeks did not survive. 

After this first evaluation, we were confident our protocol was working, but 

ever since we have not stopped checking our outcomes every year, trying to 

understand the setbacks that occurred and how they could have been avoided. 

Throughout all these years, we always held the belief that more than the immediate 

obstetric results, the truly important outcome of the obstetric care was the children’s 

wellbeing, and we worked with the pediatric team to evaluate the childern’s sequels. 

Today, almost 20 years later, we have followed and delivered 2210 twin 

gestations, and hold the largest twin pregnancy database from a single care Center. 

We have given numerous oral and poster presentations, and published several articles 

on the subject of twin pregnancy. Our papers are cited in the Guidelines of the Royal 
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College of Obstetricians and Gynaecologists (2008) and in UpToDate (2014). We are 

proud to have contributed to MAC being recognized as a top care center for multiple 

gestations. 
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II.Twin pregnancy in perspective 

 

1. Definition 

Twins occur when more than one offspring is produced in the same pregnancy.  

Twins can develop from one single zygote when during the first two weeks the 

early embryo splits into two or more parts that subsequently develop separately, 

giving rise to two or more individuals. These types of twins are called monozygotic 

(MZ) twins and are phenotypically very similar. 

The second type of twins results from a mechanism of poly-ovulation, with the 

growth in the same cycle of two or more ovulatory follicles and with subsequent 

multiple fertilization. Because they were originated from different zygotes they are 

called dizygotic twins (DZ). This kind of twins always has two placentas and two 

amniotic sacs, and because of that we call them dichorionic-diamniotic twins (DC-DA). 

They are as phenotypically similar as brothers from different gestations. 

In humans, the frequency of MZ twins is relatively constant, ranging from 3.5 to 

5.0 per thousand, and corresponds to about one third of the number of DZ twins. In 

18% to 36% [1] of the cases MZ twins are also DC-DA and, from a clinical point of view, 

present the same problems as DZ twins. In 60 to 70% of the cases they have the same 

placenta and two amniotic sacs – monochorionic-diamniotic twins (MC-DA) –, and in 

less than 1% they have the same placenta and the same amniotic sac – monochorionic-

monoamniotic twins (MC-MA). Finally, a rarer kind of MZ twins, conjoined twins, is 

characterized by a connection between the bodies of the twins that can be slight or 

extensive. 
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2. Epidemiology 

 

According to Smiths et al [236] the average of the national twinning rate using 

the records of 76 countries is 13.1 per 1000, or one twin birth in 76.3 births. However 

twinning rates vary considerably around the world, with ethnicity [2]. Natural twining 

rates are high in some African countries (17 and more per thousand), low in East Asia 

and Oceania (less than 8 twins per 1000 births) and have an intermediate rate (9-16 

per 1000 births) in Europe, United States of America (USA) and India.  

The rate of monozygotic twinning is relatively constant (4 per 1000 live births), 

regardless of maternal age, race, or parity, although genetic predisposition may have 

some influence. Therefore, differences in twining rates among countries and over time 

are mostly due to variations in DZ twins.  

 

There are several factors associated to DZ twining: maternal age being the first 

one. The incidence of DZ twins increases with maternal age, up to 35-39 years, and 

declines thereafter. This increase has been related to the rise in the secretion of 

gonadotrophins with age, with maximum stimulation of follicles at ages 35-39 and 

subsequent decline in ovarian function at older ages [3]. Since the middle of the 1970s, 

the proportion of births to women in their thirties has risen steadily. In 1987, 20% of all 

births involved women aged 30 to 34, which represents 75% more than the 

comparable proportion in 1971 (11.4%). 

In the United States of America (USA), between 1980 and 2006, twin birth rates 

rose 27% for women <20 years compared with 80% for women in their 30s and 190% 

for women with more than 39 years of age. In 2006, 20% of births to women ≥45 years 

old were twins, compared with 2% of births to women 20-24 years old [7]; so maternal 

age is one of the most important reasons for the rise in DZ rates in the last decades. 

Since 1990, in the USA, the rates of twin pregnancies in women >40 years have risen 

57% for non-Hispanic white women, 38% for non-Hispanic black women and 21% for 

Hispanic women [10], as shown in Figure 1.  
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Figure 1 - Twin birth rate: based on maternal ethnicity and age. 

 Adapted from: Chauhan et al.[10] Twins: prevalence, problems, and preterm births. Am.J. Obstet Gynecol 2010; 
203:305-315 

 

Bamberg et al. [81], analyzing a cohort of 1,239 twin pregnancies delivered >24 

weeks (wks), observed that 813 (65.6%) resulted from spontaneous conception and 

426 (34.4%) from infertility treatment, finding that the mean maternal age was 

statistically significantly higher in the fertility treatment patients compared with the 

spontaneous group (32.5 ±5.1 versus 30.1 years ± 5.6, respectively; P<.001) and that 

the overall mean maternal age in the entire cohort increased over a 10-year period 

(January 1998 to October 2008) from 29.6 years to 32 years, with a statistically 

significantly higher increase observed in the fertility group, from 30.7 to 33.9 years. 

The rate of women aged >35 years was statistically significantly higher in the fertility 

than in the spontaneous group [37.6% versus (vs) 22.9%, respectively, P<0.001].  

When they evaluated the linear distribution of the entire collective, they 

identified an increase in twin deliveries from 100 per year in the beginning of the 10-

year observation period to more than 120 at the end of it, attributable to a statistically 

significant increase in infertile mothers, while the rate remained fairly constant in 

spontaneous pregnancy mothers. In the fertility group, the number of twin deliveries 

in the year 2007 was more than twice that observed in 1998 (53 vs. 22), as shown in 

Figure 2. 
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Figure 2 - Mean maternal age by mode of conception.  

Adapted from Bamberg et al. [81]. Maternal characteristics and twin gestation outcomes over 10 years: impact of 
conception methods. Fertil. Steril.2012; 98:95-101 

 

Two studies reported that twin pregnancies account for approximately 1.5% of 

spontaneous pregnancies, but account for 15% to 30% of medically assisted 

pregnancies [82, 83]. Bamberg et al. [81] found a higher value of 34.4%, which is 

comparable to the value reported by Pinborg [84].  

Pinborg et al. [84], analyzing a large Danish cohort study encompassing more 

than 10,000 twin gestations, also found a statistically significantly higher maternal age 

in twin gestations after fertility treatment. 

However, maternal age might not be the only factor of relevance. Kleinhaus et 

all [238] looked at 1,115 sets of twins, 22 of triples and 1 of quintuplets, collected from 

a cohort of 92,408 offspring born in Jerusalem between 1964 and 1976, and showed 

an association of increasing paternal age with the increase in incidence of twin 

deliveries, independently of maternal age. 

Maternal height and maternal obesity are also risk factors in twining rates [4]: a 

report [5] from a Danish population indicates that twins are more common in obese 

than non-obese women. Reddy et al. [4] reported a statistically significant trend for 

increased risk of total twining with increasing BMI (p<0.001). The odds of MZ twining 
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were not significantly related to BMI, but the odds of DZ twining were significantly 

related to the increased of BMI, as shown in Table1. 

 

Table 1 - Twinning as a function of BMI and zigosity.  

Adapted from: Reddy et al.[4] Relationship of maternal body mass index and height to twinning. Obstet Gynecol 
2005:105:593-597 

BMI(kg/m2) Total(n) 
Twin Pregnancies 

N (%) 

Crude 

OR(95%CI) 

Adjusted 

OR(95%CI)* 

MZ twins     

<20 12,924 47 (0.4%) Reference Reference 

20-24.9 27,069 100(0.4%) 1.02(0.72-1.44) 1.01(0.71-1.44) 

25-29.9 8,019 28(0.3%) 0.96(0.72-1.53) 0.91(0.56-1.47) 

≥30 3,399 14(0.4%) 1.13(0.62-2.06) 1.05(0.56-1.95) 

     

DZ twins     

<20 12,923 46(0.4%) Reference Reference 

20-24.9 27,091 122(0.5%) 1.26(0.90-1.77) 1.17(0.83-1.65) 

25-29.9 8,047 56(0.7%) 1.96(1.32-2.89) 1.51(0.99-2.29) 

*Adjusted for maternal race, age, parity and height (in cm) 

 

There has been a marked increase in obesity [6] around the world, with the 

proportion of women in the USA aged 20-39 years with BMI of 30 or more increasing 

from 9.3% in the early 1960s to 29% in 1999-2002; so overweight and obesity could be 

another reason for the rise in the spontaneous twin’s rate.  

High parity, heavier smoking and the previous use of oral contraceptives are 

others factors that increase the DZ twining. In this kind of twins it is also recognized 

that a hereditary component in the female line could explain the higher rate in some 

families over generations. 

 However, the major new factor in twining during the last decades was the 

introduction and fast increase in the use of assisted reproductive technologies (ART) 
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such as ovulation induction (OI), intra-uterine insemination (IO) and in vitro 

fertilization (IVF). 

OI is used in women with oligo or anovulation, usually using drugs such as 

clomiphene citrate or gonadotrophins, and more than the target ovulation of a single 

oocyte may result from this treatment. Superovulation (SO) is used in ovulatory 

women with age-related or unexplained sub-fertility, and can also result in a multiple 

gestation. Twins or high order pregnancies can happen with ART when multiples 

embryos are transferred to maximize the probability of pregnancy. However, there is a 

consensus [7] that the majority of twin births results from natural conception (60%), 

with OI/SO and ART treatments accounting proportionally for the remainder (OI/SO: 

range 21% to 32%; ART: range 8% to 16%). Pinborg et al. [84] notice that, in Denmark, 

one-third of twin pregnancies are now a result of IVF or ICSI treatment.  

According to our database, out of 1,599 twins followed and born at 

Maternidade Dr. Alfredo da Costa (MAC), 1,199 (75%) resulted from spontaneous 

pregnancies; 85(5.3%) from OI and 315 (19.7%) from IVF or ICSI, figure 3 

 

 

Figure 3 - Etiology of twins at Maternidade Dr. Alfredo da Costa (1994-2012) 

 

The risk of MZ twins may also be increased by assisted reproductive technology 

(ART), two fold in conventional IVF cycles [8] and 24-fold in cycles involving micro-

injection (ICSI) and extended culture of the embryos to the blastocyst stage [9]. In our 

Etiology of twins at MaternidadeDr. Alfredo da Costa  

Spontaneous 

IVF/ICSI 

Ovulation Induction 

N=1,599 
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database, we have observed that 32/472 (6.8%) MC twins resulted from infertility 

treatment (OI and FIV/ICSI). 

The number of live twin births and the ratio of twin births per thousand total 

live births have risen fairly steadily since the early 1970s. In the United States, between 

1980 and 2006, the twin rate climbed 101% [10], as seen in Figure 4. The twin’s rate 

has also increased elsewhere. In Australia [19], infants of multiple births in the 

Intensive Care Units admissions, increased from 24,6% in 1994 to 30,6% of 2005; the 

contribution from spontaneous multiple birth remained stable, whereas the 

percentage of multiple pregnancies from assisted conception increased gradually from 

4,6% in 1994 to 10.3% in 2005 (p<0.001). 

 

 

Figure 4 - Twin deliveries and birth rate: United States 1980-2006  

Adapted from: Chauhan et al.[10] Twins: prevalence, problems, and preterm births. Am.J.Obstet Gynecol 2010; 203: 
305-315 

 

In Spain, the available information [88] shows that in the last 20 years the 

number of multiple births of twins has more than doubled (75 out of every 10,000 

births in 1980 to 175 out of every 10,000 in 2004) and the number of triplets has 

increased six-fold (11 out of every 10,000 births in 1980 to 60 out of every 10,000 in 

2004). In Spain during 2003, 3,080 twin births and 286 triplet births were attributed to 

ART [89].  
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In our database 44/92(48%) of the triplets followed and delivered at MAC have 

resulted from IVF or ICSI treatment, 12/92 (13%) from IO and only 36/92 (39%) from 

natural conception. Overall, 61% of our triplets have resulted from some kind of 

infertility treatment, as shown in Figure 5. 

 

 

Figure 5 - Etiology of triplets at Maternidade Dr. Alfredo da Costa (1994-2012) 

 

Approximately 1% of infants born in the USA in 2006 were conceived with the 

use of ART [10]. From those infants, 48% were multiple birth deliveries [10]. When the 

International Committee for Monitoring Assisted Reproductive Technology analyzed 

the ART results for the year of 2002, coming from 53 countries [142], for conventional 

IVF and ICSI, the overall twin rate was 26%. Twin rates were of 32% in the USA, 25% in 

Latin America, 23% in Europe, 22% in Asia and the Middle East and 21% in Australia 

and New Zealand.  

Several factors contribute to the increased incidence of multiple gestations 

resulting from infertility treatments: competitive pressures to apply ovulation 

induction or IVF early to achieve high pregnancy rates for clinic advertising purposes; 

the economic pressure on patients restricting the number of ART cycles they can 

attempt, and pressure from infertility couples to transfer more than one embryo, to 

improve the chances of pregnancy and to obtain two or more babies with a single 

treatment.  

 

Finally, Steinman [225] reported that insulin-like growth factor present in dairy 

products may increase the chance of DZ twinning. Vegan women (who exclude dairy 

Etiology of  the triplets followed and born at 
Maternidade Dr. Alfredo da Costa  
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from their diets) are one-fifth as likely to have twins as omnivore or vegetarian 

women. He concluded that genotypes favoring elevated IGF, and diets including dairy 

products, especially if growth hormones have been given to cattle, appear to enhance 

the chances of multiple pregnancies due to ovarian stimulation.

 

 

3. Maternal problems of twin pregnancies 

A. Preterm delivery 

 

Compared with singleton pregnancies, twins are associated with an increased 

incidence of complications during gestation; preterm delivery is the most common 

[10]. The chances of having a newborn with a weight <1500 g is 10 times greater in 

twin pregnancies compared to singletons [16], and at least 50 to 60% of all twins are 

born before 37 weeks. Twins account for 15% of all preterm births in the United States 

and prematurity contributes substantially to perinatal morbidity, mortality, and to the 

costs of multiple pregnancies. Lukassen et al. [141], evaluating the cost in Euros (€) of 

135 singletons and 144 twins pregnancies after IVF, found that the mean cost per twin 

pregnancy was significant higher when compared with singleton pregnancy (p<0.001), 

causing a greater than €10,000 difference in costs, table 2. 

 

Table 2 - Cost in Euros per singleton and twin pregnancy after IVF. 

 Adapted from: Lukassen et al [141] Cost analysis of singleton versus twin pregnancies after in vitro 
fertilization.Fertil. Steril. 2004;81:1240-1246. 

 

 Singleton pregnancy Twin pregnancy Difference 

Delivery cost (€) 553 700 187 

Hospital care mother(€) 1,113 3,147 2,034 

Neonatal care including 

NICU(€) 
755 9,534 8,779 

Total(€) 2,549 13,469 10,920 

 

http://www.ncbi.nlm.nih.gov/pubmed/15136084
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In 2008, we evaluated the costs of the 155 multiples followed and born at 

Maternidade Dr Alfredo da Costa [150] throughout 2007. For each live baby the total 

costs for the twins (n=288) were €5,904; €10,046 for each triplet (n=27) and €83,717 

for each quadruplet (n=4), with most of the cost arising due to neonatal care following 

prematurity. Looking to our 144 twin pregnancies, MC twins and spontaneous 

pregnancies were the more expensive, as shown figure 6. 

 

 

 

Figure 6 - Costs for Multiple Pregnancies and their Newborn (MAC-2007) 

Adapted from: Simões e al.[150] Costs for multiple pregnancies and their newborn .11
th

 World Congress on 
Controversies in Obstetrics Gynecology and Infertility Paris-2008- Poster  

 

In 2006, Martin et al. [12] published a study noticing that among the 137,085 

twins delivered in the USA, approximately 60% were preterm (78,824 infants) and 

weighed <2500 g (82,799 infants); approximately 1 out of 10 twins was born at <32 

weeks of gestation (n = 16,597 infants) or weighted <1500 g (n = 13,983), as depicted 

in figure 7. 
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Figure 7 - Preterm Birth in 2006: Twins versus Singletons.  

Adapted from: Chauhan et al. [10] Twins: prevalence, problems, and preterm births. Am.J.Obstet Gynecol 2010; 305-
315 and Martin JA et al. [12]. Births: final data for 2006. Nati Vital Stat Rep. 2009; 57:1-102 

 

Ananth et al. [17] found that the death rate for twins was 3 times higher than 

for singletons, and that severe handicap in very low birth weight survivors of twin 

pregnancies occurred two times more frequently than in very low birth weight 

survivors of singletons pregnancies.  

However, Garg et al. [19], comparing the perinatal characteristics, neonatal 

morbidity and mortality of 10,080 infants, 7,304 preterm singletons, 2,444 twins and 

320 triplets born at 22-31 weeks of gestation, admitted to neonatal intensive care 

units in New South Wales and Australian Capital Territory, between 1994 and 2005, 

found that the major neonatal morbidities were similar between the three groups, 

while twins of 22-27 weeks’ gestation had higher mortality compared with singletons. 

Nevertheless, mortality only diverged below 24 weeks, at the very extreme of viability. 

They also found that mortality was predicted by decreasing gestational age, male 

gender and lack of antenatal steroids, whereas preterm infants following assisted 

conception (IVF, ICSI) had better survival rates in neonatal intensive care unit (NICU).  

They concluded that using a multivariable regression model, plurality was not a risk 

factor for mortality in the overall group, figure 8.  
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Figure 8 - Gestational age-specific mortality for twins, singletons and triplets. NICU.  

Adapted from: Garg et al.[19] Perinatal characteristics and outcome of preterm singleton, twin and triplet infants in 
NSW and the ACT, Australia (1994-2005). Arch. Dis. Child Fetal Neonatal Ed 2010; 95:20–24. 

 

Dickey et al. [85] reported that, for twins, maternal height was inversely 

associated with the risk of preterm births. Maternal height ≥ 176 cm was associated 

with a 14% reduction in the overall preterm birth. Conversely, maternal weight 

(especially >90 kg) and higher BMI was associated with an increased risk of preterm 

births. In particular, obese women (BMI > 30 kg/m2) were at markedly higher risk of 

having very early preterm (<28 weeks) and very preterm birth (< 32 weeks). Very 

obese women (BMI > 35 kg/m2) have a more than threefold increased risk of very early 

preterm birth, and a twofold increased risk of very preterm birth. They concluded that, 

for twin pregnancies, the risk of very preterm birth was >10% when weight was ≥90 kg 

or when BMI was ≥35 kg/m2. More importantly, the risk for twins of very early preterm 

birth, the period of highest risk for neonatal mortality and developmental disability, 

was 4.8% when weight was ≥90 kg and 6.1% when BMI was ≥35 kg/m2. 

 

Nicolaides et al. [143] claimed that in twin pregnancies, as in singletons, the risk 

of spontaneous preterm delivery before 33 weeks can be predicted from 

measurement of cervical length (CL) at 23 weeks of gestation. The risk increases 

gradually from about 2.5% at 60 mm to 12% at 25 mm and exponentially below this 
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length, to 17% at 20 mm and 80% at 8 mm, figure 9. They also noticed that 

measurement of cervical length provides sensitive prediction of spontaneous early 

preterm delivery. Thus, cervical length of 20 mm or less is found in about 8% of the 

population and this group contains about 40% of women delivering spontaneously 

before 33 weeks. The results of this study confirm other previous reports 

[144,145,146]. 

 

 

Figure 9 - Rate of spontaneous delivery before 33 weeks according to cervical length at 23 
weeks of gestation. 

 Adapted from: Nicolaides et al.[143] Prediction of preterm delivery in twins by cervical assessment at 23 weeks. 
Ultrasound Obstet Gynecol 2001;17:7-10 

 

In 2010, Conde-Agudelo et al. [147] published a meta-analysis including twenty-

one studies (16 in asymptomatic women and 5 in symptomatic women) with a total of 

3,523 women with twin pregnancies. This systematic review and meta-analysis gives 

the strongest evidence to date that transvaginal sonographic measurement of CL at 

20-24 weeks of gestation is a good predictor of spontaneous preterm birth in 

asymptomatic women with twin pregnancies. A CL <25 mm predicted spontaneous 

preterm birth at <32 and <34 weeks of gestation, whereas a CL<20 mm predicted 

preterm birth at <28 weeks of gestation. A “normal” CL, however, was less accurate in 

predicting the absence of preterm birth. In addition, transvaginal sonographic CL has 

limited accuracy in predicting spontaneous preterm birth in women with twin 

pregnancies and threatened preterm labor, and in asymptomatic women in whom the 

test was performed after 24 weeks of gestation.  
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Liem et al. [234] in a systematic review and meta-analysis published in 2013 

reported 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, the delivery within 7 days. 

 

In one evaluation we performed in 2008, we attempted to find the risk factors 

for preterm delivery in our population of twin pregnancies [48}. Twins with an elective 

termination before 36 weeks were excluded. A total of 605 twin pregnancies were 

considered. The study group consisted of 208 (34.4%) twin pregnancies with 

spontaneous delivery before 36 weeks. The remaining 397 pregnancies delivered at 36 

weeks or later, formed the control group. Twenty nine (3.8%) of the twins from the 

study group were delivered before 32 wks, and 5 (0.8%) before 28 wks. Using a 

multiple logistic regression, we found that: the presence of a malformed fetus, an 

obstetric history of preterm delivery, more than three abortions, preterm contractions, 

Intrauterine growth restriction (IUGR) of any twin, low maternal height and nulliparity, 

all constituted risk factors for preterm delivery, as shown in table 3. 

 

Table 3 - Risk factors for preterm delivery in twins. 

 Adapted from: Lima et al.[148] Risk factors of preterm delivery in twins. Acta Obstet Ginecol Port. 2008; 

Suppl 1; 481 

Risk factors p Odds Ratio 95%CI 

Fetal 

Malformations 

0.006 18.074 2.270-143.892 

Obstetric History* 0.032 4.650 1.141-18.945 

Threatened 

Preterm Labor 

<0.001 2.658 1.849-3.819 

IUGR 0.035 2.152 1.057-4.380 

*Previous Preterm delivery, IUGR and /or >3 miscarriages 
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B. Hypertensive disorders 

 

Twin gestations lead also to an increased risk of hypertensive disorders, the 

incidence varying between 13 to 37%. Krotz et al. [20] found that the range of relative 

risk of gestational hypertension, preeclampsia and eclampsia for twins, compared to 

singleton gestations was 1.2 to 2.7, 2.8 to 4.4 and 3.4 to 5.1 respectively.  Parity, 

African-American ethnicity, and young maternal age were all factors that increased the 

relative risk of developing hypertensive disease to 4.0, 1.8 and 1.5 in mothers of twin 

gestations. Factors such as: maternal smoking, income level and zygosity had a 

negligible effect on the relative risk of acquiring hypertensive disease in twin 

gestations. Mothers of twins also exhibited an earlier onset of hypertensive disease 

comparatively to singletons. 

 

Analyzing our database, we found 284 (18.2%) cases with hypertensive 

disorders, among 1561 twins. From another evaluation of the risk factors of 

hypertensive disorders in twin gestation [152], we found that 185 (18.8%) among a 

cohort of 983 twin gestations, presented hypertensive disorders. 12.6% (n=124) had 

gestational hypertension, 3.8% (n=37) had preeclampsia (PE) or HELLP syndrome, and 

2.4% had chronic hypertension. We found an association between hypertensive 

disorders and maternal age>35 years (p=0.036), obesity (p=0.019), cholestasis 

(p=0.032), gestational diabetes (p=0.004) and discrepancy ≥ 25% (p=0.041). Nulliparity 

and monochorionicity were risk factors to PE and HELLP syndrome while advanced 

maternal age, obesity and ART were risk factors for gestational hypertension. Delivery 

at 32 weeks or later was a risk factor to gestational hypertension and PE/HELLP. In the 

logistic regression model, advanced maternal age, obesity and gestational diabetes 

were independent risk factors to hypertensive disorders in twin pregnancies. 

Monochorionicity and nulliparity were independent risk factors to PE/HELLP. Finally, 

delivery with at ≥32 weeks was an independent risk factor to gestational hypertension.  
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C. Gestational diabetes 

 

Compared with singleton pregnancies, patients with twins had a two-fold 

increased risk of developing gestational diabetes (GDM) [10,15]. The incidence ranges 

between 5 to 8% and in terms of neonatal outcome, twins of gestational diabetes 

mothers had a higher rate of admission to the NICU, longer hospitalization, and higher 

risk of respiratory distress syndrome (RDS). The hyperglycemia associated with 

pregnancies of diabetic women has the potential for producing adverse outcomes by 

two mechanisms [21]. The first is by asymmetric growth enhancement, which may lead 

to large-for-gestational-age fetal growth and macrosomia, which in turn predisposes to 

intrapartum complications that may be associated with birth trauma or an increased 

risk of cesarean delivery. The second mechanism may operate through the metabolic 

effects of hyperinsulinemia, with resultant increased oxygen demand that may lead to 

fetal hypoxia and acidemia [22]. This effect of hyperglycemia has been associated with 

an increased intervention rate for non-reassuring antenatal testing, as well as an 

increased rate of fetal death and perinatal loss. In twins, the growth enhancing 

consequences of GDM are unlikely to produce intrapartum mechanical problems 

because most pregnancies are delivered before term and the individual fetal weights 

and sizes are not large. However, the potential for hypoxemia and acidemia caused by 

the metabolic effects of hyperinsulinemia may be of significance if superimposed on 

twin pregnancies associated with either intrauterine growth restriction or discordance 

resulting from placental insufficiency of vascular origin or both and may increase the 

risks for adverse outcome.  

Analyzing our database, we found 152 (9.7%) cases with diabetes among the 

1561 twin pregnancies. 

 

 

D. Intrahepatic cholestasis 

 

Intrahepatic cholestasis of pregnancy is a relatively uncommon condition in 

singletons that is associated with significant fetal risks, including preterm delivery, 
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meconium staining, neonatal respiratory distress syndrome, and intrauterine fetal 

death [30]. The incidence varies widely according to geographic location and season, 

being more common in the winter months in Chile, Finland, Sweden, and Portugal [31]. 

The incidence of cholestasis in the United States is reported to vary from 0.3% to up to 

5.6% of pregnancies in a Latina-rich population [32].  

We have found an incidence of 3.5% of cholestasis in our database. However, 

intrahepatic cholestasis of pregnancy has been reported in 20–22% of twin deliveries 

in Chile [33]. 

In addition to environmental factors and genetic predisposition, elevated 

estrogen levels are postulated to play a role, as evidenced by the observation that 

intrahepatic cholestasis of pregnancy is more common in multiple gestations. Several 

gene mutations have been implicated in intrahepatic cholestasis of pregnancy, 

particularly those controlling hepatocellular transport systems [30]. For example, the 

ABCB4 gene, which encodes multidrug resistant protein 3, is thought to be involved in 

progressive familial intrahepatic cholestasis. Hormonal influence, with rising estrogen 

and progesterone levels in the third trimester, in vitro fertilization, decreased dietary 

intake of selenium, and infection are also thought to play a role in the etiology of 

intrahepatic cholestasis of pregnancy. Although the onset of intrahepatic cholestasis of 

pregnancy is typically during the second half of pregnancy, it has been reported as 

early as the 10th week of gestation. 

Pruritis, particularly in the palms and soles, is the most common symptom. 

Dermatologic examination in patients with intrahepatic cholestasis of pregnancy, 

however, is usually normal, with the exception of excoriation marks secondary to 

pruritis [32]. Increasing increments of total bile acids are thought to correlate with 

adverse outcome. The probability of fetal complications includes spontaneous preterm 

delivery, asphyxial events, and meconium staining increase by 1% to 2% per additional 

µmole/L of serum bile acids. A bile acid level of 40 µmoles/L or higher is thought to be 

a poor prognostic indicator. However, primary dermatologic findings may be present in 

some patients with intrahepatic cholestasis of pregnancy and it is important to 

consider to differential diagnose other dermatologic conditions as PUPPP Syndrome. 

 

 



II. Twin pregnancy in perspective: Maternal problems of twin pregnancies 

26 
 

E. Pruritic urticarial papules and plaques of pregnancy (PUPPP 

Syndrome) 

 

Pruritic urticarial papules and plaques of pregnancy (PUPPP) are among the 

most common pruritic dermatoses observed in pregnant women. PUPPP appears most 

frequently in the third trimester, in primigravidas, and in multiple gestation 

pregnancies [34]. The eruption of changes occurs initially on the abdomen and extends 

over the thighs, legs, back, buttocks, arms, and breasts, Figure 10. Skin changes typical 

for PUPPP are erythematous, urticarial plaques, and papules. Rash regression is usually 

observed within six weeks postpartum. Immunologic mechanisms, hormonal 

abnormalities, and abdominal skin distension have been suggested as etiologic 

mechanisms. PUPPP is thought to be harmless for the mother and fetus and usually 

requires intervention only for symptom relief. In some cases, laboratory investigation, 

histologic examination, and immunologic study should be performed to exclude more 

serious disorders of pregnancy, such as herpes gestationis or intrahepatic cholestasis 

of pregnancy. 

 

 

 

Figure 10 - Pruritic urticarial papules and plaques of pregnancy in the abdomen (PUPP 
syndrome) 

 

F. Excess weight gain 

 

Another complication in twin gestations is excess weight gain. In 1990, the 

Institute of Medicine [60] defined optimal weight gain in twin pregnancies to be 35–45 
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pounds (15.9-20.4 kg) in a term twin pregnancy. Subsequent to these 

recommendations, a number of studies demonstrated that, similar to singleton 

pregnancies, gestational weight gain in twin pregnancies is positively associated with 

birth weight [61-63]. However optimal weight gain differs between different pre-

gestational BMI. Based on this knowledge, the Institute of Medicine revised their 

recommendations for optimal weight gain in twin pregnancies in 2009 guidelines [64], 

recommending the following BMI-specific weight gains: 

 

1. Normal-weight women (BMI 18.5–24.9 kg/m2): 17–25 kg. 

2. Overweight women (BMI 25–29.9): 14–23 kg 

3. Obese women (BMI 30 or greater): 11–19 kg.   

4. There was insufficient evidence to make recommendations for 

underweight women (BMI less than 18.5).  

 

These recommendations were made assuming a term (37– 42 weeks) delivery. 

Fox et al. [65], from the analysis of a total of 297 patients with twin pregnancies and a 

recorded pre-pregnancy weight, maternal height, and maternal weight measurements 

during pregnancy, found that using the pre-pregnancy BMI, 16 (5.4%) women were 

underweight, 201 (67.7%) women were normal weight, 51 (17.2%) women were 

overweight, and 29 (9.8%) women were obese. The mean weight gain per week was 

1.09±0.40 lbs (0.47±0.2 kg). In the entire cohort, the weight gain per week was 

significantly positively associated with the gestational age at delivery (Pearson 

correlation 0.152, P=0.009) and birth weight of the larger (Pearson correlation 0.239, 

P=0.001) and smaller twin (Pearson correlation 0.187, P=0.001). He concluded that 

women with twin pregnancies whose weight gain during pregnancy met or exceeded 

the revised 2009 guidelines had significantly improved pregnancy outcomes, including 

longer gestation, less overall preterm birth, less spontaneous preterm birth, and larger 

neonates.  

Gonzalez-Quintero et al. [66], using a cohort of 5,129 twin pregnancies in 

women with normal, overweight or obese pre-pregnancy BMI found that the rates of 

spontaneous preterm delivery at <35 weeks were higher in all BMI groups for those 

with weight gain below guidelines, and that the numbers of pregnancies with both 
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infants weighing >2500 g or >1500 g were significantly higher for women gaining 

weight at or above guidelines.  

 

Chu et al. [67], analyzing data from women who delivered live, late preterm 

(34-36 weeks) and full-term (>37 weeks) singleton and twin infants (n=205,761) found 

that gestational weight gains were higher among mothers of twins compared with 

reported weight gains among mothers of singletons, and that better birthweight 

outcomes were associated with weight gains substantially higher among twin 

pregnancies than comparable weight gains for singleton pregnancies. They also found 

that women with a lower pre-pregnancy BMI show a higher weight gain during 

pregnancy than women with a higher pre-pregnancy BMI, as shown in Figure 11. 

  

 

Figure 11 - Gestational weight gain by pre-pregnancy BMI among twins. 

 Adapted from: Chu et al [67]. Gestational weight gain among US women who deliver twins, 2001-2006. Am. J. 
Obstet Gynecol 2009;200:390.e1-390.e6. 

 

These findings support the guidelines that a woman pregnant with twins should 

gain from 35 to 45 pounds (15.9-20.4 kg). However, they also found that birthweight 

outcomes continued to rise among mothers of twins who gained from 20.4 to 29 kg, 

Figure 12.  
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Figure 12 - Normal birth weight by gestational weight gain among twins. 

 Adapted from:Chu et al [67]. Gestational weight gain among US women who deliver twins, 2001-2006. Am. J. 
Obstet Gynecol 2009;200:390.e1-390.e6.. 

 

Findings from other studies show that higher gestational weight gains increased 

the risk of total complications during pregnancy and the rates of cesarean deliveries 

[68], so they concluded that given the high risk of obesity in the USA population, the 

benefits of higher gestational weight gains need to be balanced against the increased 

risk of weight retention and excessive body weight later in life [69].  

Mochhoury et al [237] evaluated the impact of BMI before pregnancy and 

weight gain during pregnancy on the occurrence of maternal and neonatal morbidity in 

the Moroccan population, and found that the risks of moderate hypertension, 

macrossomia, dystocia and resort to CS were higher among overweight or obese 

women as well as among women pregnant of singletons whose weight gain was >16 

kg. 

We analyzed the influence of BMI in the prognosis of twin pregnancy [153]. 

From our database of 632 twin pregnancies, followed and delivered between 1994 and 

2006, we define four BMI groups: BMI >30 kg/m2 (n=55), BMI 25-29 kg /m2 (n=141), 

BMI 20-24 kg /m2 (n=351) and BMI<20 kg/m2 (n=85). No significant differences were 

found with respect to maternal age between the four groups. However, hypertensive 

disorders (23.6% and 20% vs. 14.8% and 14%) and diabetes (14.5% and 10% vs. 3.4% 
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and 4.7%) had higher incidence in obese and overweight women, compared with the 

normal and underweight group (p<0.001). Obese women had the lowest rate of 

preterm delivery (16.4% versus 31.2%, 38.2% and 41.2%, p<0.001). Underweight 

women had the lowest rate of CS (p<0.001) and obese and overweight women had the 

highest rate of scar infections (1.8% and 0.7% vs. 0.3% and 0.0%, p=0.01), as shown in 

Figure 13. 

 

Figure 13 - Pregnancy and delivery problems according to BMI (MAC) 

We performed another evaluation of the impact of maternal overweight and 

obesity in 1,191 twin pregnancies. From the total group of twin pregnancies, 29% were 

overweight or obese women and became our study sample. We found a positive 

correlation between overweight/obese and advanced maternal age (p=0.029), 

hypertensive disorders (p<0.001) and gestational diabetes (<0.001). We also found 

that the study group had a higher rate of babies that were large for the gestational age 

(p=0.014) and a higher rate of CS delivery (p=0.03). The rates of preterm delivery, small 

for gestational age (SGA) and respiratory distress syndrome (RDS) were similar to the 

rates found in our normal twin population. 

G. Other maternal problems 

 
Other complications of multiple gestations include anemia, hyperemesis 

gravidarum, and exacerbation of pregnancy-associated gastrointestinal symptoms 

such as reflux and constipation. Chronic back pain, intermittent dyspnea, postpartum 
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laxity of the abdominal wall, and umbilical hernias also occur frequently [7]. Usually 

problems increase with the number of fetuses [7], as seen in Tables 4 and 5. 

 

Table 4 - Problems in multiple pregnancy. 

 Adapted from: Practice Committee of the American Society for Reproductive Medicin. [7] Multiple gestation 
associated with infertility therapy: an American Society for Reproductive Medicine Practice Committee opinion. Fertil 

.Steril. 2012; 97:825-834 

 

 Singleton Twin Triplet Quadruplet 

Preeclampsia(%) 6 10-12 25-60 >60 

Gestational diabetes(%) 3 5-8 7 >10 

Preterm labor(%) 15 40 75 >95 

Delivery at <37 wks(%) 10 50 92 >95 

Delivery at <32 wks(%) 2 8 26 >95 

 

Table 5 - Problems in multiple pregnancy. 

Adapted from: Practice Committee of the American Society for Reproductive Medicin. [7] Multiple gestation 
associated with infertility therapy: an American Society for Reproductive Medicine Practice Committee opinion. 

Fertil. Steril. 2012; 97:825-834 

 

 Singleton Twin Triplet 

Prospective risk of fetal death (%)a 0.03 0.09 0.14 

Gestational diabetes (%) 0.06 0.31 1.38 

Neonates<2,500g (%) 6.2 53.2 93.2 

Neonates<1,500g (%) 1.2 10.5 37.5 

Average gestational age (wks) 39.1 35,3 32.2 

Average birth weight (g) 3,358 2,347 1,687 

a
Prospective risk of fetal  death between 24 and 43 weeks’gestation for singletons; at 41 wks for twins 

and at 38 wks for triplets. 

 

Placenta previa, vasa previa, abruption placenta also occur more frequently in 

multiple gestations and postpartum hemorrhage complicates approximately 12% of 

multifetal deliveries [14].  
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Smithers et al. [86], in order to compare the obstetric and perinatal outcome of 

IVF and non-IVF twins and using the Perinatal Data Collection Unit registry of Victoria-

Australia for the period (1991–1999), studied mixed-sex twins to ensure that only DZ 

twins were included in the study sample. There were 2,661 records of mixed-sex twins 

and they found that the perinatal mortality of IVF and non-IVF mixed-sex twins did not 

significantly differ. However, they noticed a global (IVF and non IVF twins) incidence of 

4% of antepartum hemorrhage, 1.4% of placenta previa, 14% of premature rupture of 

membranes (PROM) and 61.5% of CS deliver with a risk of emergent CS of 19.5%, Table 

6. 

 

Table 6 - Rates of selected obstetric and perinatal outcomes in twins. 

 Adapted from: Smithers et al.[86] High frequency of cesarean section, antepartum hemorrhage, placenta previa, 
and preterm delivery in vitro fertilization twin pregnancies. Fertil Steril 2003; 3:666-668 

Outcome IVF group 

N=514(%) 

Non IVF group 

N=2,067(%) 

Odds ratio 

(95%CI) 

P value 

Placenta 

previa 

 

11(2.1%) 

 

15(0.7%) 

 

3.08(127-7.46) 

 

0.01 

Antepartum 

hemorrhage 

 

28(5%) 

 

68(3%) 

 

1.73(1.05-2.86) 

 

0.03 

PROM 83(16%) 247(12%) 1.20(0.89-1.61) 0.23 

Elective CS 209(41%) 544(26%) 1.63(1.31-2.04) <0.001 

Emergency CS 119(23%) 321(16%) 1.28(0.99-1.66) 0.06 

Birth<37 wks 277(54%) 928(45%) 1.27(1.02-1.56) 0.03 

 

 

We compared [149] the obstetric outcome of twin pregnancies conceived by 

IVF (n=235) and ovulation induction (n=68) with those conceived spontaneously 

(n=997), and found, through univariate analysis, that patients who conceived with the 

assistance of IVF/ICSI had a significantly higher risk of being older (p=0.01), nulliparous 

(p=0.01), having hypertensive disorders (p=0.012), gestational diabetes mellitus 

(p=0.031), CS (p=0.008) and lower gestational age at birth, compared with the control 

group of spontaneous pregnancies. However, a multivariate analysis of the results 
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regarding advanced maternal age (>35 years), chorionicity and obesity showed that 

patients who conceived with the assistance of IVF/ICSI only had a statistically 

significantly higher risk of gestational diabetes, Table 7. 

 

Table 7 - Risk of obstetric complications comparing IVF twins with twins resulted from 
spontaneous conception. 

 Adapted from: Simões et al. [149] Obstetric outcome of twin pregnancies conceived by IVF and ovulation induction 
compared with those conceived spontaneously Acta Obstet Ginecol Port. 2012; 6:45-50 

 p-value Odds ratio (95%CI) 

Diabetes P=0.01 1.909(1.168-3.120) 

Hypertension P=0.938 1.011(0.669-1.329) 

Cesarean section P=0.130 1.313(0.923-1.868) 

 

 

Parents of multiples are also affected socially and psychologically. Studies 

indicate that these parents are more likely to be exhausted, depressed, or anxious 

after the birth of the babies [87]. The difficulties of raising multiples may be further 

compounded if the children are physically or mentally disabled. In addition, parents 

may have little time for one another, which can further strain the couple’s relationship. 

Parenting demands, financial demands, social isolation, and little time for one self may 

place a great deal of stress on parents of multiples. After a multiple birth, fathers may 

find it difficult to adapt to the new family context. This may be interpreted by the 

mothers as a lack of involvement. In such cases, the dialogue becomes difficult and can 

reduce marital satisfaction [89, 90, 91, and 92].  

Roca de Bes et al. [89] analyzed mothers and fathers of children between 6 

months and 4 years conceived by ART (n=123) using a sample divided into three 

groups: Parents of singletons (n =77), twins (n =37), and triplets (n=9). They found 

lower marital satisfaction in multiples families, no significant differences in depression 

but greater difficulty covering basic needs. These results suggested that not all 

psychosocial risks increase with multiple births however parents of multiples are at 

high risk of psychological illness. 
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4. Fetal problems in twin pregnancies   

 

A. Fetal anomalies 

                                                               

Fetal anomalies are more frequent in twin gestations. The prevalence of 

cardiovascular anomalies is two times higher for twins when compared with singleton 

pregnancies, especially if they are MC twins [11] or are a result of ART. Because ART 

are often used in older women, twins from infertility treatment have a higher risk of 

aneuploidy.  

Layde et al. [23], analyzing birth data from the state of Georgia (USA) between 

1969 and 1976, and comparing twins vs. singletons, found an elevated incidence of 

encephalocele in same-sex twins (p<0,05). Analyses of the incidence of congenital 

malformations other than neural tube defects found that Tetralogy of Fallot and lung 

malformations were also more frequent in same-sex twins (0.04 and 0.009). Lung 

malformation was also more frequent in all twins compared with singletons (p=0.004). 

Lower gastro-intestinal defects were diagnosed more often in both same-sex twins 

(p=0.000001) and all twins (p=0.00001) than in singletons. Genital anomalies occurred 

more often in all groups of twins than in singletons, but the difference was only 

significant for the combined group of all twins (p = 0.003). Omphalocele /gastroschisis 

was substantially more frequent in both same-sex (p=0.02) and all twins (p=0.01) than 

in singletons. Two defects were more common in singletons than in same-sex twins: 

pyloric stenosis (p=0.03) and clubfoot (p=0.04). 

 Myrianthopoulos et al. [24] found more than twofold increases of 

cardiovascular and alimentary tract malformations in twins, as well as an almost 50% 

increase in central nervous system and related skeletal defects. Smithers et al. [86] 

found a 5.3% prevalence of birth defects in a sample of 2,661 DZ twins (5.6% of IVF DZ 

twins and 5.2% of non-IVF DZ twins). This difference was not statistically significant. 

 

In some twin gestations we can have a discordant anomaly, where only one 

fetus is affected. Fetal structural anomalies affecting only one twin occur in >80% of 

instances [248,249]. However, the likelihood of an adverse outcome for the normal 
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twin is increased. As we noted in our evaluation of risk factors of preterm delivery in 

twins [148], one abnormal twin was the major risk factor for preterm delivery (OR: 

18.07; 95% CI, 2.270-143.892). Chauhan et al. [10] found that, compared to twin 

gestations with two normal fetuses, the presence of an anomalous co-twin significantly 

increased the risk of preterm birth at <32 weeks of gestation (OR:1.85; 95% CI, 1.65–

2.07). Other studies further indicated an increased risk of [12] birthweight <1500 g 

(OR: 1.88; 95% CI 1.67– 2.12), [13] smallness for gestational age (OR: 1.21; 95% CI, 

1.07–1.36), fetal death (OR: 3.75; 95% CI, 2.61–5.38), neonatal death (OR: 2.08; 95%CI 

1.47–2.94), and infant death (OR:1.97; 95% CI,1.49 –2.61). 

However, Harper et al [235] in 2013, analyzing 1,977 twin pregnancies from an 

American tertiary care center, found that the 66 twin pairs discordant for major 

anomalies were not at increased risk of preterm delivery or IUGR. Preterm delivery 

occurred in 42 (63.6%) discordant twins, compared to 1,271 (66.5%) normal twins 

(RR:1.0,; 95% CI, 0.8–1.2). When comparing de normal co-twin of the discordant pair to 

the presenting twin of the unaffected pair, IUGR was diagnosed in 15 (22.7%) normal 

co-twins, compared to 406 (21.3%) presenting twins in normal twins (RR 1.1, 95% CI 

0.7–1.7). 

 

Twin reversed arterial perfusion (TRAP) sequence is a rare complication of 

multiple pregnancies caused by defects in early embryogenesis [35], and is depicted in 

figure 14. 

 

Figure 14 - TRAP twin (MAC) 
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Acardiac twin pregnancies are a severe complication of monochorionic 

twinning that occurred in less than 1% of the cases, where the acardiac twin lacks 

cardiac function but nevertheless grows during pregnancy because it is perfused by the 

pump twin through a set of placental arterial-arterial and venous-venous anastomoses.  

The pump twin supplies the acardiac recipient twin with blood, and although the pump 

twin is usually structurally normal, congenital anomalies have been reported in 10% of 

the cases [37]. In most cases of acardia, the development of tissues in superior regions 

of the body is disrupted severely, while inferior structures develop more normally. A 

common explanation for this disruption is hypoxia-ischemia due to twin reversed 

arterial perfusion (TRAP). In this condition, arterial-arterial and venous-venous 

anastomoses in the placenta permit twin-twin transfusion and reversal of blood flow in 

the umbilical vessels and aorta of the recipient twin. The heart is absent or severely 

deficient, either by secondary atrophy or possibly a more primary, though currently 

unknown, mechanism. As a result, cranial tissues are less likely to be perfused with 

oxygenated blood than caudal tissues. A host of cranium-cerebral anomalies are 

observed in acardia, including total absence of the head and brain, rudimentary brain, 

anencephaly, holoprosencephaly, neuronal migration defects, and near-normal brain.  

 

Conjoined twins are MC twins joined by part of their anatomy and usually 

sharing one or more organs [250] (Figure 15). This is estimated to occur once every 

50,000 to 200,000 births, approximately half of which are stillborn. The overall survival 

rate for conjoined twins is approximately 25% [226,227] with female MC twins having 

a higher survival rate than males (3:1). There are several types of conjoined twins and 

their classification is based on the location of the connection between the bodies 

[228,229]. Spencer et al [228] divided conjoined twins into three major groups:  

1. Twins with a ventral union, including: cephalopagus (head): thoracopagus 

(connected at the upper portion of the thorax often sharing the heart) and 

representing 18% of all conjoined cases; omphalopagus (connected at the abdomen or 

the lower chest often sharing liver tissue) and representing 10% of all cases, and 

ischiopagus (connected by the hip). 

 2. Twins with a dorsal union, including: craniopagus (cranium) representing 6% 

of the conjoined cases, pygopagus (sacrum) and rachipagus (spine).  
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3. Twins with a lateral union, including parapagus (side twins). 

Thoraco-omphalopagus (fused from the upper to the lower chest, usually 

sharing the heart and some parts of the digestive system) represent 28% of the cases 

and are the most common [230]. 

 

 

          Figure 15 - Conjoined twins (United Kingdom) 

 

Fetus-in-fetu (Figure 16) is a rare finding of evidence of an abnormally 

developed fetus in an aberrant location within the body of another individual. The 

pathogenesis of this anomaly is controversial, with some authors proposing that these 

masses are examples of well-differentiated teratomas [36]. 

 

 

              Figure 16 - Fetus-in-fetu (India)                   

B. Discordant twin growth 

 

Discordant twin growth (the difference in the weights of the fetuses) is a 

unique problem of the multiple gestations and an independent risk factor for adverse 

perinatal outcome [25, 26]. According to the American College of Obstetricians and 
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Gynecologists (ACOG) practice bulletin on multiple gestation [27], discordant growth is 

associated with increased likelihood of anomalies, intrauterine growth restriction 

(IUGR), preterm birth, infection of one fetus, stillbirth, umbilical arterial pH <7.10, 

admission to neonatal intensive care unit, respiratory distress, and death within one 

week of birth. 

 Discordance is defined by using the larger twin as the standard of growth, and 

can be calculated using the formula: (larger estimated or actual weight – smaller 

estimated or actual weight)/larger estimate or actual weight).  While acknowledging 

the lack of consensus on the precise threshold of discordance that is linked with 

complications, ACOG considers a 15-25% difference in actual weight among twins to be 

discordant. Approximately 16% of twin gestations have discordance of at least 20% 

and discordance of>30% occurs in 5% of twin pairs [28].  

Several known factors can influence the likelihood of twins being discordant, 

which should be categorized as maternal, fetal, or placental. There is a disagreement 

on whether maternal age, parity, or the uses of ART are risk factors for discordant 

growth. Maternal problems, environmental and genetic cofactors can affect fetuses in 

a different way and predispose to a different pattern of growth [29].  Fetal risk factors 

include monochorionicity, genetic potential of each fetus, structural and chromosomal 

anomalies and different sex. Transplacental viral infection such cytomegalovirus 

infection could only affect one fetus of a twin pair. Velamentous cord insertion, low 

placental weight or unequal placental area (different percentage of placental mass 

allocated to each twin) are also risk factors to discordant growth in twins.  

 

 According to Miller et al. [28] it is possible to detect discordance by 

sonographic examination in the first trimester through measurements of crown-rump 

length (CRL), with discrepancy being identified by the difference in CRL between twin 

pairs divided by the CRL of the larger twin. Sonographic examination can also be used 

in the second and third trimesters through a comparison of abdominal circumference 

(AC) or estimated fetal weight (EFW). When the difference among the twins’ 

birthweight is 15-25% there is an increased risk of morbidity and death [27]. 
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We performed an evaluation of 934 twin pregnancies [151] in which we found 

that 9.2% were size-discordant twin pairs (≥25%)-Study group; we compared their 

outcome with a group with a size discordant less than 15% (72.8% of the all database). 

There were no differences noted among both groups with respect to maternal age, 

ART, BMI, parity and chorionicity. The incidence of maternal complications was also 

similar among groups except for severe preeclampsia, which had higher incidence in 

the study group (6.4% versus 3.3% p=0.126, OR: 1.9). The rates of preterm delivery 

before 34 weeks and of elective CS were significantly higher in the study group (35.8% 

versus 12.9% and 73.3% versus 47.1% respectively). Indications for elective CS in those 

patients included mostly severe IUGR with signs of fetal distress (58.5%) and 

malpresentation (20%).  CS rate in labor was similar for the groups. The study group, as 

expected, had a lower mean birth weight and a significantly higher incidence of SGA 

(68% versus 8%, p<0.001). Apgar scores adjusted for gestational age were lower in the 

study group and these newborn needed longer hospital stay. The study group had also 

a higher neonatal mortality rate (1.25% versus 0.18%, p=0.19, OR: 6.5). We concluded 

that discordant growth ≥ 25% adds adverse obstetric and perinatal outcome and 

challenges clinicians to balance the risks from fetal restriction, extreme prematurity 

and mode of delivery. 

 

C. Twin-twin transfusion Syndrome (TTTS) 

 

 Twin-twin transfusion Syndrome (TTTS) is a severe complication that affects 

about 10 to 15% of monochorionic pregnancies [54]. TTTS appears when a circulatory 

imbalance results from unidirectional and uncompensated blood flow from one twin –  

“the donor” –  to the other twin – “the recipient” [43]. According to Quintero et al. 

[38], TTTS is defined sonographically as the combined presence of polyhydramnios 

(maximum vertical pocket of amniotic fluid greater than 8 cm) in one sac and 

oligohydramnios (maximum vertical pocket less than 2cm) in the other sac. When the 

donor twin becomes severely hypovolemic and develops oligo-anuria, it will appear to 

be almost shrink-wrapped and ‘stuck’ up against the wall of the womb. This extreme 

sonographic sign is referred as the “stuck twin” [39]. Quintero et al. [38] introduced a 



II. Twin pregnancy in perspective: Fetal problems in twin pregnancies 

 

40 
 

staging system with prognostic value, describing the pathophysiological development 

of TTTS: 

Stage I: The bladder of the donor twin is still visible 

Stage II: The bladder of the donor twin is no longer visible (in >60 min of 

observation); this fetus is in renal failure. 

Stage III: Critically abnormal Doppler studies characterized by absent or reverse 

end-diastolic velocity in the umbilical artery, pulsatile umbilical venous flow, or reverse 

flow in the ductus venosus in either twin. 

Stage IV: Hydrops of one or both fetuses 

Stage V: Demise of one or both fetuses 

The exact pathophysiology of TTTS remains largely undetermined; it is certainly 

multifactorial and more complex than is currently recognized [41]. Multiple factors 

seem to contribute to the hemodynamic imbalance in TTTS caused by different 

patterns of vascular anastomosis and endocrine dysregulation: 

 

1. Velamentous and marginal cord insertions are significantly higher in 

TTTS placentas [41]. 

2. Higher prevalence of magistral (the same diameter of the vessels 

starting at the cord insertion) or mixed magistral / dispersal 

(decreasing in diameter, starting at the cord insertion) vascular 

distribution patterns in TTTS placentas [41]. 

3. The vascular anastomoses in the placenta can be: deep with high 

resistance and unidirectional flow – arterio-venous anastomoses (A-

V) and veno-arterial anastomoses (V-A) – or superficial with a very 

low resistance and bidirectional flow – arterio-arterial anastomoses 

(A-A) or veno-venous anastomoses (V-V). A-A anastomoses are more 

common in placentas without TTTS than in TTTS placentas [41], but it 

is possible that they must be interpreted as markers, rather than 

functional determinants. 

4. Transfers of endocrine factors seem to be also implicated in the 

pathophysiology of the syndrome. Atrial natriuretic peptide and 

brain natriuretic peptide  levels are elevated in the recipient ’ s blood 
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and amniotic fluid [44], but seem to be correlated only with the 

amount of amniotic fluid and not with the severity of cardiac 

dysfunction [44]. Endothelin-1 levels are increased two-to-three-fold 

in recipients, especially in those with hydrops [45]. The recipient’s 

reninangiotensin system is suppressed, but high levels of renin and 

angiotensin occur by transfer from the donor and increased placental 

production [46]. In the donor, renal hypoperfusion leads to oliguria 

and consequently to oligohydramnios, eventually resulting in renal 

tubular dysplasia and atrophy. The fetal reninangiotensin system is 

hyper activated and contributes to increased arterial resistance in the 

donor ’ s placental territory, thereby impairing placental function and 

contributing to the donor’s intrauterine growth restriction and 

decreased arterial diastolic umbilical flow. Other vasoactive 

mediators have been implicated in TTTS such as endothelial nitric 

oxide synthase, which is upregulated in the placental territory of 

both donors and recipients and vascular endothelial growth factor 

and vascular endothelial growth factor receptor-3, which are 

upregulated only in the recipient’s placental territory [47]. Other 

mechanisms may be implied in the pathophysiology of TTTS such as 

loss of protein, compression of vessels, in utero placental 

insufficiency and differential production of growth factors [40].  

 

TTTS remains one of the most lethal perinatal complications, with a mortality 

rate of 80 – 100 % and a 15 – 50 % risk of disability in survivors without treatment [42]. 

The optimal treatment for TTTS is selective laser photocoagulation of communicating 

vessels, which has led to improved single and dual twin survival [48]. Rossi et al.[49], in 

a systematic review and meta-analysis of neurodevelopmental outcomes after laser 

therapy for TTTS published in 2011, found that, overall, the prevalence of neurologic 

morbidity, defined as cerebral injury on imaging, cerebral palsy, blindness, and/or 

deafness, was 6.1%. Studies with particular emphasis on neonatal cerebral imaging 

have shown rates of severe cerebral lesions of 5-14% [50]. The 2011 meta-analysis also 
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showed that the prevalence of long-term neurodevelopmental impairment was 11.1%, 

with rates of cerebral palsy in the range of 4-6% [51]. 

 Vanderbilt et al. [52], in a paper published in 2012, found that for 262 

consecutive laser-treated twin-twin transfusion syndrome patients, 242 (92%) had at 

least one neonatal survival and 185 (71%) had two survivors at 30 days. Among the 

entire cohort of 427 individual survivors, 46 (10.8%) had a documented cerebral lesion 

and 18 neonates had severe lesions (4.2%). Among the 242 “high-risk survivors”, 

defined as those delivered at a gestational age <32 weeks, and those delivered later 

for whom cerebral imaging was performed because of a clinical indication, the rates for 

any cerebral lesion and severe cerebral lesion were 19% and 7.4% respectively. 

Delivery <32 weeks (OR: 4.95; P<0.001) and <28 weeks gestation (OR: 6.25; P <0.001) 

were associated with increased likelihood of any cerebral lesion, as depicted in Figure 

17. For the cerebral lesion outcomes, “any lesions” were defined as: intraventricular 

hemorrhage (IVH), cystic periventricular leukomalacia, ventriculomegaly and/or 

hydrocephalus, microcephaly, single or multiple infarctions, congenital anomalies, 

porencephalic or Dandy-Walker cysts, nonspecific echogenicity, and bilateral/multiple 

subependymal, pseudo, or choroid plexus cysts identified on neonatal imaging. 

“Severe lesions” excluded cases with only grade I-II IVH and/or nonspecific 

echogenicity.  

 

 

Figure 17 - Survivor cerebral lesion prevalence by gestational age.  

Adapted from: Vanderbilt  et al. [52] Prevalence and risk factors of cerebral lesions in neonates after laser surgery 
for twin-twin transfusion syndrome. Am. J .Obstet Gynecol 2012;207:320.e1-6. 
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Analyzing our database of 479 MC twins, we found 44 (9.2%) cases of TTTS for 

which the pregnancy progressed to 20 or more weeks. In 19 cases (43.2%) the TTTS 

syndrome was treated with laser photocoagulation. Premature delivery was a major 

complication with 15 (34%) of the cases being delivered before 28 weeks of gestation 

and 14 (32%) between 29 and 32 weeks. The average birth weight was only 

1354±625g. There were a total of 16 intra-uterine fetal deaths and 8 cases of neonatal 

death (<28 days of life). We also observed 18 cases with an Apgar score less than 7 at 

five minutes. 

 

 Displaying our database of MC twins in a graphic form with respect to 

gestational age at delivery, and considering 4 groups: 

 MC with maternal problems – hypertension, diabetes or thrombophilia 

(n=122) 

 MC with fetal problems – fetal discordance >25% or abnormal Doppler 

or major fetal malformation or IUGR (n=100) 

 MC uncomplicated (n=180) 

 MC twins with TTTS (n=44) 

We found that MC twins with TTTS had a higher risk of lower gestational age at 

delivery compared with the other groups (Figure 18). 

 

 

Figure 18 - MC twins gestational age at delivery according to complications during pregnancy 
(MAC) 
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Ischemic limb injury  

 

According to Schrey et al. [53], antenatal ischemic limb injury is a rare 

complication of TTTS, depicted in Figure 19. The incidence of vascular limb occlusion is 

reported at 0.52% (4/755) for MC twins in general and 0.51% (2/391) for those cases 

that are complicated by TTTS [53]. Vascular limb defects appear to be at least 10-fold 

more frequent in MC twins than in the general population, where a prevalence of 

0.02% has been reported [55]. 

 In a retrospective, multicenter study conducted in 10 perinatal centers in 

Germany, USA, Jordan, Argentina, Israel and Canada, Schrey [53] identified twenty 

cases of limb reduction, noticed either antenatally (on ultrasound scanning or 

fetoscopy) or at birth. The mean gestational age at the time of diagnosis of TTTS was 

21.8±2.41 weeks (16-26 weeks). No mother had a history of thrombophilia or any 

thromboembolic event. In 95% of the cases (19/20), the limb defect occurred in the 

recipient twin; in 85% of cases the defect occurred in the lower limb (17/20), of which 

71% of the defects (13/17) were on the right.  

 

 The extent of the defect seemed to be correlated with TTTS severity; most of 

the cases with severe lower limb defects occurred in stages III or IV of TTTS (7/9; 78%), 

the incidence of stage III or IV TTTS was low in cases with less extensive defects (3/8; 

37%). All three lesions noticed in the upper limb were limited to the hand, two of 

which were unilateral (stage II), the remaining one being bilateral (stage V). Various 

pathologic mechanisms have been suggested, namely: polycythemia-hyperviscosity 

syndrome [53, 55], elevated angiotensin level [55], release of thrombi after co-twin 

death [56], umbilical arterial-steal syndrome [57], vascular injury [58] and laser 

induced thrombi [59]. However, the exact pathophysiologic mechanism remains to be 

unknown.  
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Figure 19 - Laser therapy at 20 wks because of TTTS stage IV. Right lower limb injury occurred 
in a recipient twin first noted on US at 28 weeks’gestation. 

 Adapted from: Schrey et al.[53] Vascular limb occlusion in twin-twin transfusion syndrome (TTTS): case series and 
literature review. Am J Obstet Gynecol 2012; 207: 131.e1-10. 

 

Twin anemia-polycythemia sequence (TAPS) 

 

A variant of TTTS is the twin anemia-polycythemia sequence (TAPS), which is 

characterized by severe anemia in one twin and polycythemia in the other, with or 

without the characteristically associated oligo-polyhydramnios sequence [40]. TAPS 

may occur after laser surgery for TTTS – post-laser surgery form – in up to 13% of cases 

[70]. In these post–laser surgery TAPS cases, it is usually the former recipient who 

becomes anemic, whereas the former donor becomes polycythemic [70, 71]. TAPS 

may also occur in approximately 3-5% of “uncomplicated” monochorionic twin 

pregnancies – spontaneous form [72, 73].  

 

According to Lopriore et al. [74, 75], TAPS have a similar anatomic substrate as 

TTTS, based on the presence of only few minuscule arterio-venous placental vascular 

anastomoses in the absence of superficial arterio-arterial anastomoses, leading to a 

slow, chronic inter-twin blood transfusion that allows more time for hemodynamic 

compensatory mechanisms and may prevent dysregulation of hormonal systems and 

the development of TTTS [74]. TAPS may occur as a complication following incomplete 

coagulation after TTTS treatment in around 2-6% of cases [70]. 
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 TAPS can be diagnosed antenatally with predefined Doppler-ultrasound criteria 

[70,247], (Middle cerebral artery peak systolic velocity > 1.5 MoM in the donor and 

<0.8 MOM in the recipient) or postnatally with hematologic criteria (intertwin 

hemoglobin difference >8.0 g/dl and intertwine reticulocyte count ratio 

donor/recipient >1.7) in combination with placental injection studies [72]. Postnatal 

diagnosis of TAPS is based on the presence of chronic anemia (with highly increased 

reticulocyte count) in the donor and polycythemia in the recipient, in association with 

typical placental angioarchitecture after injection with colored dye [72].  

 

Lopriore et al. [75], analyzing a cohort of 19 consecutive monochorionic twins 

with TAPS with double survivors, compared with 38 control monochorionic twin pairs, 

unaffected by TAPS or TTTS, with double survivors and who were matched for 

gestational age at birth, found that the incidence of neonatal death and severe 

neonatal morbidity was similar in the TAPS group and the control group – 3% (1/38) vs. 

1% (1/76), and 24% (9/38) vs. 28% (21/76), respectively. Severe cerebral injury was 

detected in 1 infant (5%) in the TAPS group and 1 infant (2%) in the control group. They 

concluded that neonatal mortality and morbidity rates in a select population of TAPS 

neonates were similar to control neonatal rates; with neonates with TAPS showing 

mainly short-term hematologic complications that require blood transfusions at birth 

(for the anemic donor) or partial exchange transfusions (for the polycythemic 

recipient), but with no effects in other organ systems. They speculated that the low 

rate of neonatal morbidities in TAPS may be related to a milder form of hemodynamic 

alteration during fetal life, in contrast with TTTS. 

 

D. The Vanishing twin syndrome 

 
Pregnant loss is another problem of twin pregnancy. The vanishing twin 

syndrome (figure20) is defined as a first-trimester missed abortion of one of the twins 

[94]. This phenomenon has been reported since the early days of ultrasound. Hellman 

et al. [93] reported the earliest sonographic demonstration of the vanishing twin in 

1973, but with the advent of transvaginal ultrasound, many others report have 

demonstrated more clearly the disappearance of one of the sacs. The frequency of 
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singletons originating from a twin gestation ranges from 10.4% to 12.2% [94, 95]. 

Spontaneous reduction of one or more gestational sacs occurring before the 12th 

gestational week has been described in 36% of twin pregnancies [96]. Vaginal bleeding 

may be the only sign in a high percentage of women experiencing this phenomenon.  

 

 

 

               

                Figure 20 - Ultrasound of a vanishing twin pregnancy 

               

Mansour et al. [97] found, in a cohort of ICSI pregnancies, that the incidence of 

pregnancies associated with vanishing fetuses was 9% (264 out of 2,829) and that the 

miscarriage rate in the singleton pregnancies after vanishing fetuses (5%) was 

statistically significantly lower than in the singleton pregnancies from the start (20%) 

and even in the twin pregnancies, the miscarriage rate was statistically significantly 

lower in the group associated with a third vanishing fetuses (2% vs. 11%, p=0.02). They 

also found that the live-birth rate and the take-home baby rate per pregnant woman 

were statistically significantly higher in the singleton pregnancies after vanishing 

fetuses as compared with singleton pregnancies from the start (92% vs.76%, and 90% 

vs. 75%, respectively), evidenced in Table 8. 
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Table 8 - Pregnancy outcome in singleton and twin pregnancies with vanishing fetuses.  

Adapted from: Mansour et al.[97] The impact of vanishing fetuses on the outcome of ICSI pregnancies. 

Fertil Steril 2010; 94:2430-2432 

 

 

Singleton 

after 

vanishing 

fetuses 

Singletons from 

the start 

Twins after 

vanishing 

fetuses 

Twins from 

the start 

P value 

(for all 

groups) 

Nº of 

pregnant 

women 

206 1,764 58 616  

Nº of 

miscarriage, 

rate(%) 

10(5%) 352(20%) 1(2%) 70(11%) <0.001 

Gestational 

age at 

delivery 

(wks)±SD 

36.8±3.3 37±3.3 34.3±4.2 35.2±3.6 <0.001 

Live-birth 

rate/pregnant 

women (%) 

190/206(92%) 1,346/1,764(76%) 55/58(95%) 515/616(84%) <0.001 

Take-home-

baby 

rate/pregnant 

women (%) 

186/206(90%) 1,320/1,764(75%) 51/58(88%) 490/616(80%) <0.02 

Nº of live 

babies up to 1 

month after 

delivery 

186 1,320 96 947  

 

 

According to Matias et al. [98] a significant advantage of twins over singletons 

in terms of early loss rates of the entire pregnancy seems apparent in all of the 

published data [98], Figure 21. 
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Figure 21 - Spontaneous loss rates after ART. 

 Adapted from: Matias et al.[98] Early loss rates of entire pregnancies after assisted reproduction are lower in twin 
than in singleton pregnancies Fertil Steril 2007;88:1452–1454. 

 

 

However, Shebl et al. [104], comparing 46 singletons originating from a twin 

gestation with 92 singletons from a single gestation, found a higher risk for survivors of 

the vanishing twin syndrome with respect to pregnancy complications. The survivors’ 

cohort showed a lower birth weight than the control group (2876.3 ± 600.5 g vs. 

3249.6 ± 624.5 g), a higher frequency of low birth weight (26.1% vs. 12.0%) and 

smallness for gestational age (32.6% vs. 16.3%).  They concluded that such pregnancies 

needed to be carefully monitored. 

 

 Pinborg el al. [95,105] reported the same results. Analyzing IVF singletons with 

a spontaneous fetal loss, they found a significantly higher rate of small for gestational 

age (OR: 1.50, 95% CI 1.03–2.20) and term low birth weight compared with singletons 

from a single embryo (OR: 1.71, 95% CI 1.06–2.74).  

 

Luke et al. [106] suggested that fetal reduction in the first trimester, whether 

induced or spontaneous, may cause chronic inflammation and subsequent adversely 
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affect placentation, leading to inadequate development or abnormal localization of the 

placenta. That may slow growth for the remaining fetuses resulting in IUGR and 

preterm birth.  

We evaluated a small cohort of singletons originating from DC twins (n=19) and 

compared their outcomes with a control group of 955 DC twins. No statistically 

significant differences were found between both groups with respect to maternal age, 

nulliparity and spontaneous pregnancies, as shown in Table 9. 

 

Table 9 - Vanishing twin versus DC twins (MAC-2012) 

 Vanishing twins 

N=19 

DC twins 

N=955 

 

p-Value 

Maternal age (years) 31.1±6 30.7±5 0.84 

Nulliparity (%) 57.8% 57.4% 0.96 

Spontaneous pregnancies (%) 68.4% 68.6% 0.99 

 

However, with respect to pregnancy complications, we did find similar rates for 

the vanishing group compared to the DC group, Figure 22. Despite the fewer numbers 

analyzed (n=19), we agree with Shebl et al. [104] that such pregnancies need to be 

carefully monitored, as they seem to have similar rates of maternal complications than 

DC twins. 

 

 

Figure 22 - Maternal problems, Vanishing twins versus DC twins (MAC-2012) 
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E. Neurological morbidity in twin neonates 

                                                                           

Twins are associated with a variety of adverse outcomes, including delayed 

development, impaired sensorimotor function, and cerebral palsy [76]. Topp et al. 

[18] found that, moreover, 5 to 10% of all cerebral palsy cases occur in twins, which 

represents more than 4 times the observed frequency in the general population.  

 

O’Callaghan et al. [77], studying a cohort of 587 individuals with cerebral palsy 

and 1,154 with non-cerebral palsy controls, found that multiple birth (OR: 6.62, 95% CI 

4.00–10.95) was one of the most important risk factors associated with cerebral palsy, 

alongside preterm birth, intrauterine growth restriction and perinatal infection.  

 

Adegbite et al. [78] determined the incidence of neurologic morbidity in 

preterm monochorionic (MC) and dichorionic (DC) twins. To achieve this, they 

collected the perinatal, neonatal, and infant follow-up data of 76 MC and 78 DC twins 

born between 24 and 34 weeks of gestation, for a total of 295 infants. They evaluated 

the risks of neuromorbidity in the surviving infants in relation to chorionicity, 

discordant birth weight (>20%), twin-twin transfusion syndrome (TTTS), and cotwin 

death.  

MC infants had a higher incidence of cerebral palsy (8% vs. 1%, p < 0.05) and 

neurologic morbidity (15% vs. 3%, p < 0.05) than DC infants. The risk of impaired 

neurodevelopment was also higher in MC infants with discordant birth weight (42%, 

p< 0.01), TTTS (37%, p < 0.01), and cotwin death (60%, p< 0.01) compared with those 

with concordant birth weight (8%). In MC pregnancies, the cerebral palsy risk was 

higher in infants with discordant birth weight than those with chronic TTTS (19% vs. 

4%, p < 0.05). However, discordant DC infants also had higher neuromorbidity 

compared with the concordant group (5% vs. 1%, p< 0.05). In both MC and DC 

discordant infants, neurologic morbidity was independent of growth restriction. They 

concluded that neurologic morbidity in the preterm MC infants was 7-fold higher than 

in DC infants because of chronic TTTS, discordant birth weight, and cotwin death in 

uterus.  
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Pharoah et al. [79], analyzing the reply cards of the parent participants of a 

survey including parents of 572 surviving children of a co-twin fetal or infant death and 

parents of 9,380 twin pairs in which both twins survived infancy, found that when the 

co-twin suffered a fetal or infant death, the like-sex survivor was at significantly 

greater risk of cerebral palsy than an unlike-sex twin, relative risk 2.55 (95% CI 1.23 to 

5.27; p = 0.01). Among the generality of twins, like-sex compared with unlike-sex twins 

were at greater risk of cerebral palsy particularly if one twin suffers a fetal or infant 

death. 

Livinec et al [80] analyzed the data from 1,954 children for whom a medical 

questionnaire was completed at the age of 2 years and representing 83% of the 

surviving children resulting from all very preterm children (< 33 weeks) born in 1997 in 

9 regions of France. They found that the proportion of cerebral palsy was 8% in 

singletons and 9% in twins. For singletons, spontaneous preterm labor, preterm 

premature rupture of membranes (PPROM) with short latency, and prolonged PPROM 

were associated with a higher risk of cerebral palsy than was hypertension, but in 

twins no significant association was found between these pregnancy complications 

and the risk of cerebral palsy.  

                 

 

5. Timing and mode of delivery 

 

Twins have a higher risk of fetal demise throughout the pregnancy and the 

optimal gestational period may be shorter for twins than for singletons [107,108,109]. 

Minakami et al. [110] suggested, in 1996, that the estimated date of delivery 

for multifetal pregnancies be set at 37 to 38 weeks gestation, rather than the usual 40 

weeks gestation. Their study of singleton and multiple birth infants in Japan between 

1989 and 1993 showed that fetal and early neonatal death rates for fetuses and 

infants of multifetal pregnancies were lowest at 38 and 37 weeks gestation, 

respectively. 
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Kiely et al. [111], analyzing a USA cohort (1989-1991), showed that the 

perinatal mortality rates were lowest at 40 weeks gestation for singletons and at 38 

weeks gestation for twins.  

In 2001, Hartley et al. [112] published the result of a population-based 

retrospective study including 9,740 twin pairs born in Washington State during 1987 

through 1997, which sought to determine the gestational age at delivery for twins that 

was associated with the lowest perinatal mortality rate, the lowest incidence of 

respiratory distress syndrome (RDS), and the lowest rates of long (≥5 days) hospital 

stays. They used twin pairs rather than individual twins as the units of analysis, 

because they believed that the assessment of twin pregnancy outcomes must account 

for the health of both infants. They found that 526 of 9,744 twin pairs were affected by 

at least one perinatal loss, resulting in a pair rate of 54 losses (single or double) per 

1,000 pairs.  

Dividing twin pairs into two categories, those with non-discordant birth weight 

and without any malformations (n = 6,054) and those with either discordant birth 

weight, malformations or both (n = 1,053), revealed that the lowest point of perinatal 

mortality rate was 39 weeks of gestation in the non-discordant group (1.5 losses/1,000 

pairs) and 38 weeks gestation in the second group (48.0 losses/1,000). The leading four 

causes of death for twin fetuses and infants overall were: 

 

 complications of the placenta, cord, and membranes;  

 congenital anomalies; 

  short gestation unspecified low birth weight (LBW), 

  RDS.  

 

Fourteen percent of twin deaths occurred in pairs born at ≥36 weeks of 

gestation; less than a third of these deaths were attributed to congenital anomalies. 

Among the pairs born at ≥36 weeks of gestation, the mortality rate of the second twin 

was about 60% greater than the observed in the first twin. 

Analyzing only the 3,176 twin pairs delivered vaginally after spontaneous labor, 

they found that the lowest perinatal mortality rate (5.6 losses/1,000 pairs) occurred at 

37 weeks of gestation. Perinatal mortality rates were 10.5 losses/1,000 pairs and 15.2 
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losses/1,000 pairs for twins with spontaneous vaginal deliveries at 36 and 38 weeks of 

gestation, respectively, as shown in Figure 23.  

 

 

Figure 23 - Perinatal death rate, pair fetal death and neonatal death rate.  

Adaped from: Hartley et al.[112]. Perinatal mortality and neonatal morbidity rates among twin pairs at different 
gestational ages: Optimal delivery timing at 37 to 38 weeks’ gestation. Am J Obstet Gynecol 2001;184:451-458 

 

The incidence of RDS was >100 cases (single or double) per 1,000 pairs for 

twins delivered at <33 weeks of gestation and it dropped sharply for those delivered 

between 33 and 36 weeks of gestation, as depicted in Figure 24.  

 

 

Figure 24 - Pair RDS incidence according to gestational age at delivery.  

Adaped from: Hartley et al. [112] Perinatal mortality and neonatal morbidity rates among twin pairs at different 
gestational ages: Optimal delivery timing at 37 to 38 weeks’ gestation. Am J Obstet Gynecol 2001; 184:451-458 

 

Rates of long hospital stays of 127.1 cases (single or double) per 1,000 pairs 

reached a minimum for twins born at 38 weeks of gestation, as seen in Figure 25.  

Perinatal death rate – solid line 

Pair fetal death – dotted line 

Neonatal death rate – dashed 
line 

*Week with perinatal mortality 
rate significantly different from 
Nadir  

According to gestational age at 
delivery 

 

Pair RDS incidence according 
to gestational age at delivery 
among twin pairs in which 
both infants survived ≥ 28 
days 

*Week with RDS rate 
significantly different from 
Nadir  
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Figure 25 - Pair rates of long (≥5 days) hospital stays according to gestational age at delivery 
among twin pairs with hospital stay that were discharged home.  

Adaped from Hartley et al. [112] Perinatal mortality and neonatal morbidity rates among twin pairs at different 
gestational ages: Optimal delivery timing at 37 to 38 weeks’ gestation. Am J Obstet Gynecol 2001; 184:451-458 

 

Hartley et al. [112], investigating the optimal gestational age for twin delivery 

with twin pairs as the units of analysis, suggested that the optimal gestational age for 

twin delivery was 37 to 38 weeks of gestation. They justify this opinion by noting that: 

 

 the  rates of perinatal mortality, RDS, and long hospital stay were only 

slightly lower for twin pairs born at 38 weeks of gestation compared 

with those born at 37 weeks of gestation, 

  the rates at 39 weeks of gestation did not show further improvements 

relative to the rates at 38 weeks of gestation, 

 

Considering that the loss of one twin is devastating for the family and that the 

best outcome for a twin pregnancy is the delivery of 2 healthy infants, and noting that 

term twin pairs (≥36 weeks of gestation) face >5 times the risk of perinatal loss seen 

among singletons, they conclude that induction of labor at 37 to 38 weeks of gestation 

should be routinely considered in twin pregnancies. 

 

Dodd et al. [231] in a Cochrane Systematic Review reported that a policy of 

elective delivery from 37 weeks’ gestation compared with expectant approach for 

*Week with long 
hospital stay rate 
significantly different 
from Nadir. 
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women with an otherwise uncomplicated twin pregnancy was associated with 

improved infant outcome. 

 

Again, Hartley et al. [113], in 2010, analyzing a cohort of 21,569 twin pairs born 

alive at 24–42 weeks of gestation between 1980 and 2005 in Washington State, and 

considering twin pair gestational age at delivery as very preterm (24–31 weeks), later 

preterm (32–36 weeks), and term (37–42 weeks), found that the gestational age 

distribution curve showed a steady increase in twin pair preterm births from 1980 to 

2005, as seen in Figure 26.  

 

 

Figure 26 - Gestational age distribution curve. 

Adapted from Hartley et al. [113]. Increasing rates of preterm twin births coincide with improving twin pair survival. 
J. Perinat Med 2010; 38: 297–303 

 

Very preterm births remained stable at 8%, whereas later preterm births 

increased from 28% to 48% and term births decreased from 64% to 44% (p=0.0001). 

Analyzing the mode of delivery they found that pairs delivered by cesarean without 

induction increased noticeably (from 39% in 1989–1990 to 53% in 2001–2005) and had 

a high proportion of preterm births, while non-induced 1st twin vaginal deliveries 

decreased. 

 Labor inductions also increased in frequency but were associated with 

relatively few preterm births. 

24-31wks 37-42wks 32-36wks 
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Using dichotomous gestational age and comparing 2001–2005 to 1980–1985, 

they found that the RR of preterm birth was 1.54 (95% CI 1.46–1.61). Utilizing the ‘‘per 

pair-at-risk’’ approach to fetal deaths, they found the risk of fetal death was highest for 

term pairs and that the term risk had declined from 1980–1985 to 2001–2005. 

 The need for respiratory support increased through time, from 11% of twin 

pairs in 1989–1990 to 19% in 2001–2005 (p=0.0001), but the pair rates of neonatal 

mortality decreased through time, from 3.4% in 1980–1985 to 1.3% in 2001–2005 

(p=0.0001).  

The RR of neonatal death in a pair in the later years versus at the start of the 

study period was 0.38 (95% CI 0.28–0.50). They concluded that the observed decline in 

the risk of term fetal deaths may be due to obstetric interventions to prevent post-

maturity at ≥40 weeks in twins. 

 

Ananth et al. [17], carrying out a retrospective cohort study of twin live births 

and stillbirths in the United States between 1989 and 1999 (n=1,102,212), found that 

the rates of labor induction and cesarean delivery among twin live births increased by 

138% (from 5.8% to 13.8%) and 15% (from 48.3% to 55.6%) respectively, and that 

these changes were accompanied by a 43% decline in the stillbirth rate between 1989 

and 1999 (from 24.4 to 13.9 per 1,000 fetuses at risk).  

Between 1989 and 1999, having excluded newborns weighing < 500 g, the rates 

of labor induction among twins at 22-27 weeks, 28-33 weeks and ≥ 34 weeks of 

gestation increased by 95%, 131% and 127%, respectively and the CS delivery rates 

increased by 55%, 29% and 2% in the same gestational age categories as shown in 

Figure 27. 
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Figure 27 - Increase in the rates of CS and labor induction in twins.  

Adapted from: Ananth et al. [17] Trends in twin neonatal mortality rates in the United States, 1989 through 1999: 
influence of birth registration and obstetric intervention. Am. J. Obstet. Gynecol. 2004; 190:1313-1321 

 

Ananth et al. [17] found a 25% RR 0.75, 95% CI (0.72-0.79) decline in stillbirth 

rate between 1989-91 and 1997-99 and that the decline was larger at later gestational 

ages (at ≥32 and ≥34 weeks) where the largest absolute increases in labor induction 

rates were observed. They concluded that the use of CS delivery and, especially, labor 

induction for twin pregnancies has increased substantially in the USA over the last 

decade, and these changes have been associated with a large decline in the rate of 

stillbirth among twins.  

 

Morikawa et al. [114], analyzing a cohort of 3,241 and 6,581 women with MC-

DA and DC twins, respectively, who gave birth at ≥ 22 weeks of gestation, 

demonstrated that women with MC-DA twins were 2.2 times more likely to experience 

stillbirth (SB) than women with DC twins (2.5 % versus 1.2 %), Table 10. Furthermore, 

after a single intrauterine fetal death, the co-twin died in uterus or within 7 days of life 

more frequently among MC twins than among DC twins: 42.7 % (35/82) vs. 2.6 % 

(2/76); RR, 16.2; 95 % CI (4.0 – 65.1) .  
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Table 10 - Outcomes of the co-twin after single intrauterine fetal death (IUFD) according to 
placental chorionicity. 

 Adapted from: Morikawa et al.  [114]. Prospective risk of stillbirth: monochorionic diamniotic twins vs. dichorionic 
twins. J.Perinat Med. 2012; 40:245–249 

 

Co-twin outcome MC DC RR(95% CI) p-Value 

Stillbirth 29(35.4%) 2(2.6%) 13.4(3.3-54.4) <0.0001 

Early Neonatal death 

(<7days of life) 

 

6(7.3%) 

 

0(0%) 

 

12.2(1.5-101)* 

 

0.0290 

Stillbirth or Early 

neonatal death 

 

35(42.7%) 

 

2(2.6%) 

 

16.2(4.0-65.1) 

 

<0.0001 

Alive 47(57.3%) 74(97.4%) 1.29(0.90-1.85) <0.0001 

Total 82(100%) 76(100%)   

*On the assumption that one women with DC twins experienced early neonatal death 
IUFD occurred in 82 of 3241 women (2.5%) with MC twins and 76 of 6581(1.2%) women with 
DC twins 

 

In this study, the prospective risk of SB abruptly increased among women with 

DC twins at ≥38 weeks of gestation, likely because DC twins with a twin death had 

delivered later, Figure 28 and 29.  

 

 

 

Figure 28 - Perinatal mortality rate (IUFD and early neonatal death within 7 days of life) 
according to gestational week at delivery (per 1000 infants). *p<0.05 and **p<0.0001 between 

two groups. 

 Adapted from Morikawa et al.[114]. Prospective risk of stillbirth: monochorionic diamniotic twins versus 
dichorionic twins. J.Perinat Med. 2012; 40:245–249  
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Figure 29 - Prospective risk of stillbirth among women who reached a given gestational week 
(per 1000 women) 

 Adapted from Morikawa et al.[114]. Prospective risk of stillbirth: monochorionic diamniotic twins versus dichorionic 
twins. J.Perinat Med. 2012; 40:245–249 

 

In 2005, Barigye et al. [154] published a study of 151 apparently uncomplicated, 

intensively monitored MC-DA twin pregnancies. The term ‘‘uncomplicated’’ was used 

to denote pregnancies without evidence of TTTS on ultrasound that also had 

appropriate and concordant fetal growth, as well as normal growth velocity in each of 

two structurally normal twins. These pregnancies also had normal umbilical artery (end 

diastolic frequencies present), umbilical vein (no pulsations), and/or ductus venosus 

(positive a wave) Doppler waveforms in each twin. 

Uncomplicated MC-DA pregnancies were monitored according to a standard 

protocol, which comprised routine first trimester nuchal translucency assessment and 

chorionicity determination, a detailed anomaly scan and fetal echocardiography at 20 

weeks, and subsequently fortnightly scans for growth, amniotic fluid, and Doppler 

(umbilical artery, umbilical vein, and/or ductus venosus). Elective delivery was 

scheduled in otherwise uncomplicated pregnancies for the period between 36 and 37 

weeks of gestation. They excluded pregnancies complicated by twin reversed arterial 

perfusion, as well as high-order multiple, monoamniotic, and conjoined pregnancies.  

From this cohort of 151, there were ten unexpected fetal deaths in seven 

uncomplicated MC-DA pregnancies (three double deaths and four single deaths) after 

24 weeks, giving an overall incidence of 4.6% per pregnancy 95%CI (1.9%–9.9%), Figure 

30. 
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Figure 30 - Rate and prospective risk of unexpected fetal death in MCDA twins. 

 Adapted from: Barigye et al. [154] High risk of unexplained late fetal death in monochorionic twins despite 
intensive ultrasound surveillance: a cohort study. PloS Med. 2005; 2:e172. 

 

Their data suggested that even intensively monitored, apparently healthy MC-

DA pregnancies remain at substantial risk of IUFD after 24 weeks (4.6% of pregnancies 

and 3.3% of fetuses). IUFDs after 24 weeks occurred in the third trimester, and 

predominantly after 32 weeks of gestation, at which time the prospective risk of 

subsequent IUFD was 1/23 pregnancies.  

The fetal deaths in their study occurred despite strategies aimed at preventing 

them, through fortnightly ultrasound and Doppler surveillance in a tertiary fetal 

medicine unit, and elective delivery at 36–37 weeks.  

In the discussion they comment that the high rate of unexpected third 

trimester fetal death might be obviated by a range of preventative strategies: 

 The increase in the frequency of monitoring. Although growth is only 

usefully measured every 2 weeks, more frequent surveillance could 

include amniotic fluid volume and distribution, and fetal Doppler 

waveforms;  
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 Earlier delivery. They claim that neurological morbidity in MC twins can 

be mostly attributed to a hemodynamic imbalance associated with MC 

placentation (79,114), and that in modern days, delivery after 32 weeks 

is not associated with a high risk of neurodevelopmental sequelae. They 

therefore reason that elective premature delivery of uncomplicated MC 

twins at or after 32 weeks may, in fact, reduce their risk of 

neurodevelopmental injury, since single IUFD in MC twins is widely 

regarded as a risk-factor for cerebral palsy [116,117]. 

 

Both DC and MC twins are associated with a higher risk of perinatal mortality 

when compared with singletons [119]. Ong et al. [120] published a review analyzing 

the risk for the co-twin after single IUFD and reported a risk of 12% for MC twins (95% 

CI 8–19) and of 4% for DC twins (95% CI 2–7%). 

 

Hillman et al. [118] performed another systematic review and meta-analysis on 

the same subject, evaluating the rates of IUFD in the two kinds of twins (DC vs. MC), 

the rate of preterm delivery, perinatal death, abnormal cranial imaging (reported 

within 4 weeks after delivery) and neurologic morbidity in the surviving fetus. They 

included 22 articles in the systematic review and meta-analysis (6,225 pregnancies and 

343 incidences of single intrauterine fetal demise), Figure 31. 

 

 

Figure 31 - Systematic review of the prognosis of the co-twin in the event of single intrauterine 
fetal death. 

 Adapted from: Hillman et al.[118]. Co-Twin Prognosis After Single Fetal Death: A Systematic Review and Meta-
Analysis Obstet Gynecol 2011;118:928–940 
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Hillman et al. [118] found that single IUFD was a relatively rare event in a twin 

pregnancy (2-7%), and that after single IUFD MC co-twins were: at 15% (95% CI 9.1–

20.9) risk for co-twin death, had a 68% (95% CI 56.7–78.5) risk of preterm delivery, 

34% (95% CI 28.8–46.1) risk for abnormal postnatal cranial imaging and 26% (95% CI 

16.5–34.6) risk of neurodevelopmental morbidity. The analogous values for DC twins 

were: 3% (95% CI 0.4–5.7) risk for co-twin death, 54% (41.5–66.9) risk of preterm 

delivery, 16% (95% CI 7.8–23.5) risk of abnormal postnatal cranial imaging and 2% 

(95% CI 1.6–4.9) risk of neurodevelopmental morbidity, Figure 32.  

 

 

Figure 32 - Risk for the co-twin after IUFD  

Adapted from: Hillman et al. [119]. Co-Twin Prognosis After Single Fetal Death: A Systematic Review and Meta-
Analysis .Obstet Gynecol 2011; 118:928–940 

 

The odds of MC death after single twin death in the second and third trimesters 

were five-times higher when compared with DC pregnancies (OR 5.24, 95% CI 1.75–

15.7, p<0.05). They found the same results with respect to neurologic morbidity, with 

almost five-times larger odds (OR 4.81, 95% CI 1.39 –16.6, P<0.05) of a MC twin having 

neurologic morbidity, compared with a DC twin.  

The effect of gestation and single IUD on preterm delivery rates revealed that, 

at 28–33 weeks of gestation, MC twins have substantially higher odds for prematurity 

than DC twins (OR 4.96). Neurodevelopmental morbidity did appear to also be affected 
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by gestation of single IUFD. When it occurred between 28 and 33 weeks of gestation, 

MC twins had 7.57-times the chance of morbidity compared with DC twins at the same 

gestational age. If the demise occurs at more than 34 weeks, then the odds for MC 

twins appears to decrease (OR 1.48, 95% CI 0.13–17.5). 

MC and DC twins are associated with an increased risk of other obstetrics 

complications, such as preeclampsia, gestational diabetes, fetal growth restriction, or 

growth discordance, as we have discussed before. Although preterm delivery is the 

most significant problem in twin gestation, some twin pregnancies reach 38 weeks, 

and are at increased risk of fetal demise without any additional benefit from further 

intrauterine life [17,115,121].  

 

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

Standards to Improve Women’s Health 2001 on the subject of Induction of labor [122], 

reported the retrospective study of all singleton and multiple pregnancies in Japan 

[110] between 1989 and 1993 which demonstrated that the risk of perinatal death was 

increased for fetuses of multiple pregnancy compared with singletons born at 40 

weeks (1.8% vs. 0.16%). The same study showed that, in multiples, the percentage of 

perinatal deaths was 1.1-1.2% between 37 and 39 weeks of gestation, 1.8% at 40 

weeks, 2.2% at 41 weeks and 3.7% at 42 or more weeks. Other authors also reported 

the benefits of the obstetric intervention on the trends in stillbirths [17]. 

 

Wilmink et al. [135], using the Netherlands Perinatal Registry, analyzed 54,082 

live-born neonates of twin pregnancies born from January 2000 through December 

2007. They only included neonates born by an elective CS with 35 weeks or more 

weeks of gestation, they excluded neonates born by a planned CS registered with a 

maternal and/or fetal indication or born by an emergency CS.  

Analyzing a cohort of n = 2,228 neonates, the absolute risks for severe adverse 

neonatal outcome were 8.7% between 35 and 35+6, 1.7% between 36 and 36+6, and 

0.7% between 37 and 37+6 weeks, compared with 1.1% between 38 and 41+6 weeks 

of gestation ( p<0.0001).  
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For mild neonatal morbidity the absolute risks were 22.1% between 35 and 

35+6, 22.1% between 36 and 36+6, and 7.6% between 37 and 37+6 weeks, compared 

to 5.5% between 38 and 41+6 weeks of gestation (p<0.0001). 

 Admission to the NICU demonstrated risks of 4.8% between 35 and 35+6, 1.0% 

between 36 and 36+6, and 0.5% between 37 and 37+6 weeks, compared with 0.2% 

between 38 and 41+6 weeks of gestation (p<0.0001).  

Admission to any neonatal ward presented risks of 60.6% between 35 and 

35+6, 36.9% between 36 and 36+6, and 19.2% between 37 and 37+6 weeks, compared 

with 15.3% between 38 and 41+6 weeks of gestation (p<0.0001).  

Compared to neonates born between 38 and 41+6 weeks of gestation, 

neonates born between 35 and 35+6 weeks were at significantly higher risk for all 

outcomes measures and, between 36 and 36+6 weeks, at significantly higher risk for 

mild neonatal morbidity and hospitalization >5 days. However there were no 

significantly higher risks between 37 and 37+6 weeks of gestation. 

The incidence of intrauterine fetal demise between 36 and 39+6 weeks of 

gestation appears stable, at around 1.0 - 2.0 per 1,000 fetus. Thereafter this risk 

increases to 5.1 and 8.9 per 1,000 fetus at 40 and >41 weeks of gestation, respectively. 

They concluded that, in the absence of fetal or maternal indications, an elective CS 

should not be performed before 37 weeks of gestation. 

 

Zipori et al. [133] evaluated the neonatal respiratory morbidity (NRM), namely 

respiratory distress syndrome (RDS) and transient tachypnea of the newborn (TTN). 

Analyzing 711 twin pregnancies (1,422 live-born neonates) born beyond 35 weeks of 

gestation. They found that, among the 1,422 neonates, 74 (5.2%) experienced 

neonatal respiratory morbidity [RDS: 23 (1.6%) + TTN: 51 (3.6%)]. Maternal age >25 

years, delivery at an earlier gestational age, and delivery by emergency CS was closely 

associated with neonatal respiratory morbidity. Emergency cesarean section was also 

associated with an increased length of hospitalization (p=0.045) and an increased need 

for postoperative antibiotics (p=0.0065) compared with an elective cesarean birth.  

 

In conclusion, they found that the risk of NRM in twins born beyond 37 weeks 

of gestation was rather low. Including all forms of delivery, they found a negligible rate 
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of 0.27% of RDS and 1.61% of TTN, Figure 33. Based on this, they suggested 

considering elective cesarean delivery at completion of 37 weeks in twins.  

 

 

Figure 33 - Risk of neonatal respiratory morbidity (RDS and TTN) in twins born beyond 35 wks 
expressed as % of twin neonates, respiratory distress syndrome (RDS) and transient tachypnea 

of the newborn (TTN). 

 Adapted from Zipori et al. [133]. Optimizing outcome of twins by routine cesarean section beyond 37 weeks. Am J 
Perinatol. 2011;1:51–56. 

 

According to the Bulletin of the Practice Committee by the American Society for 

Reproductive Medicine published in 2012 [7], 50% of the twin pregnancies delivered 

with less than 37 weeks, such that the remaining 50% were undelivered at this 

gestational age, Table 11. 

 

Table 11 - Maternal complications comparing twins and singletons. 

 Adapted from Practice Committee of the American Society for Reproductive Medicin [7]. Multiple gestation 

associated with infertility therapy: an American Society for Reproductive Medicine Practice Committee opinion. Fertil 

Steril 2012; 97:825-834 

Maternal complications Singletons Twins 

Preeclampsia 6% 10-12% 

Gestational diabetes 3% 5-8% 

Preterm labor 15% 40% 

Delivery at <37 wks 10% 50% 
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There is no consensus regarding the optimum mode of delivery twins. When 

the presenting twin is not in vertex presentation or the mother had a previous uterine 

scar, cesarean section is usually the preferred mode of delivery. For the remaining 

twins who reach 37-38 weeks, there are three options:  

 

 Perform an elective cesarean section  

 Await spontaneous labor with the risks of IUFD 

 Induce labor as in singletons [123]  

 

RCOG reported one Randomized Control Trial [124] that examined the role of 

induction of labor with oral prostaglandins in comparison with expectant management 

with continued surveillance (consisting of daily non-stress testing, twice weekly 

ultrasound evaluation, and cervical assessment). The study was unable to detect any 

difference in perinatal mortality rates, a fact most likely caused by the small number of 

cases (17 inductions vs. 19 expectant managements). However, there was an increase 

in meconium-stained liquor in the expectant-management group (13% vs. 0%) which 

could be related to the higher gestational age at delivery for this group.  

Even spontaneous labor in twin gestations may be associated with 

dysfunctional labor or rupture of membranes without contractions, so both 

augmentation and induction of labor has received renewed interest owing to the rate 

of cesarean deliveries and the problems with the rising costs of labor management 

[125].  

Several methods of labor inductions in twins have been used over time, 

including: diluted intravenous oxytocin as in singletons, the use of a catheter balloon 

[126], prostaglandin preparations [124] and misoprostol [129,130]. 

 

Taylor et al. [127], in a paper published in 2012, compared induction of labor in 

twins with induction of labor in singletons and found that the likelihood of cesarean 

delivery did not differ between the groups (19% in twins compared with 21% in 

singletons, p=0.724) nor did the time from induction to vaginal delivery (median 

interquartile time 9.7(5.5–12.5) hours in twins compared with 10.4 (6.6-14.1) hours in 

singletons, p=0.255). Results were not different when they looked at nulliparous 
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patients only or multiparous patients only. For an adjusted analysis of risk factors for 

cesarean delivery in patients undergoing induction, twin pregnancy was not 

independently associated with cesarean delivery, so they concluded that patients with 

twin pregnancies undergoing induction of labor have a similar risk of cesarean delivery 

and a similar length of labor as patients with singleton pregnancies undergoing 

induction of labor. 

 

Hoffmann et al. [131] analyzed a Danish Population-based retrospective cohort 

of   1,175 twin pregnancies delivered with 36 weeks or more weeks of gestation. From 

these, 1,060 (90%) were DC twins and 115 (10%) were MC twins. They defined four 

groups:  

 DC with planned caesarean delivery;  

 DC with planned vaginal delivery;  

 MC with planned caesarean delivery;  

 MC with planned vaginal delivery.  

After this, they analyzed the cohort according to chorionicity and mode of 

delivery, defining a poor outcome as: five minute Apgar score ≤7, umbilical artery pH < 

7.10, admission to neonatal unit for more than three days or death.   

 

Hoffmann et al. [131] noticed that DC twins with intended vaginal delivery (n = 

689), compared with DC twins with planned CS (n = 371), had an increased risk of poor 

outcome (OR 1.47, p=0.037) after adjustment for body mass index, parity and weight 

discordance, Table 12. There was no increased risk for poor outcome in MC twins with 

intended vaginal delivery (n = 63) compared with planned CS (n=52) OR 0.87 95%CI 

(0.26–2.96). Nulliparity also increased the risk of poor outcome in DC (OR 1.5, p = 0.03) 

and in MC twins (OR 4.01, p = 0.02), as well as birthweight discordance >300 g (DC, OR 

1.50, p = 0.02; and MC, OR 6.02, p=0.002).  

For DC twins, there was a significantly higher risk of a poor outcome for the 

second-born twin compared with the first one (OR 1.64, p = 0.001), Table 13. However, 

induction of labor did not seem to worsen the outcome for vaginally delivered 

newborns, either for DC or for MC twins. 
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Table 12 - Perinatal outcome measured as umbilical pH, Apgar score, admission to NICU 
≥3days, neonatal death and all outcome pooled to poor outcome: vaginally delivered DC twins 

versus DC twins with planned CS and vaginally delivered MC twins versus MC twins with 
planned CS 

Adapted from :Hoffmann et al. [131]. Twin births: cesarean section or vaginal delivery? Acta Obstet Gynecol Scand 
2012; 91:463–469 

 
MC 

intended 

vaginal 

delivery 

(n=63)N(%) 

MC 

intended CS 

delivery 

(n=52) 

N(%) 

DC 

intended 

vaginal 

delivery 

(n=689)N(%) 

 

DC 

intended 

CS 

delivery 

(n=371) 

N(%) 

CS vs. Vaginal 

delivery for 

DC 

OR(95%CI) 

CS vs. 

Vaginal 

delivery for 

DC 

p-value 

Umbilical 

artery 

pH<7.1 

4(6.3) 0 42(6.1) 3(0.8) 
7.16 (2.20-

23.36) 
0.001 

5 min 

Apgar≤7 
5(7.9) 0 25(3.6) 4(1.1) 3.45 (1.19-10) 0.009 

Admission 

to NICU 

>3days 

7(11.1) 8(15.4) 88(12.8) 42(11.3 
1.15 (0.78-

1.7) 
0.489 

Neonatal 

death 
0 0 0 2(.5 - - 

Poor 

outcome* 
12(19%) 8(15.4) 129(18.7) 49(13,2) 

1.47(1.02-

2.13) 
0.037 

*Cases with pH<7.1,Apgar≤7 or NICU >3 days, or death for at least one of the children. 

Table 13 - Risk of pH <7.1, Apgar <7 or admission to NICU for more than 3 days in second-born 
twins compared with first-born twins.  

Adapted from: Hoffmann et al. [131].  Twin births: cesarean section or vaginal delivery? Acta Obstet Gynecol Scand 
2012; 91:463–469 

 Odds ratio (95% CI) p-Value 

Dc twins with planned 

vaginal delivery 

 

1.64(1.19-2.25) 

 

0.001 

MC twins with planned 

vaginal delivery 

 

1.45(0.54-3.90) 

 

0.454 

MC elective CS  Not applicable* 

DC elective CS 1.30(1.81-2.09) 0.278 

*The same number (7) of first and second-born MC twins had poor outcome when delivered by CS 
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Sau et al. [132] compared the outcomes of 60 sets of MC twins with 218 sets of 

DC twins and they found a similar rate of CS between both groups (56.6% vs. 53.6% 

respectively, p > 0.1). Although the number of babies with 5-minute Apgar score of less 

than 7 was significantly higher for vaginally delivered MC twins compared with DC 

twins (12 versus 3.5%, p < 0.001), the umbilical artery pH of <7.2 was similar (20 vs. 

13%, p> 0.05), as was the admission to the NICU and the neonatal mortality. However, 

for MC twins, delivery by CS was associated with increased admission to the NICU and 

neonatal mortality when compared with the vaginal delivery group. 

. 

Smith et al. [134], using the Scottish Morbidity Record linked to records from 

the Scottish Stillbirth and Infant Death Enquiry, studied the association between 

stillbirth or neonatal death and mode of delivery in 8,073 twin pairs born between 

1985 and 2001 at or after 36 weeks of gestation.  

They noticed six deaths of first twins and 30 deaths of second twins, OR for 

second twin 5.00, 95% CI (2.00–14.70). The OR for death of the second twin due to 

intrapartum anoxia was 21, 95% CI (3.4–868.5). 

 They found a fourfold increase in the risk of death for the second-born twin 

delivered vaginally, but induction of labor did not affect this risk. There was a death of 

either twin in 2 of the 1,472 (0.14%) deliveries by planned caesarean section and 34 of 

6,601 (0.52%) deliveries by other means ,p<0.05, OR for planned CS 0.26 ,95% CI (0.03–

1.03). 

In a cohort of 1,475 pregnancies, planned CS was associated with a decreased 

risk of death for the second born twin, OR 0.26, 95% CI (0.003–1.03) but they 

estimated that 264 caesarean deliveries, 95% CI: (158–808) would be required to 

prevent each death.  

They concluded that planned CS may reduce the risk of perinatal death of twins 

at term by approximately 75%, compared with attempting vaginal birth, and that this 

was principally because it reduced the risk of death of the second twin due to 

intrapartum anoxia. 

 

Gocke et al. [241] retrospectively evaluated 136 sets of vertex-non vertex twin 

deliveries. The primary delivery attempt for the second twin was breech extraction, 
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external cephalic version, or CS due to physician preference. When internal podalic 

version and breech extraction was performed as the first attempt successful vaginal 

delivery occurred in 96% of patients. Conversely, external cephalic version was 

successful in only 46% of patients. Combined delivery (vaginal first twin, CS second 

one) occurred for 39% of the patients who underwent external cephalic version first, in 

contrast with 4% combined delivery rate for those sets in which breech extraction was 

the first attempt. Patients with a successful external cephalic version also experienced 

higher rates of emergent CS due to fetal distress, prolapse of the cord and compound 

presentation. 

Bischop et al. [206], in a systematic review, reported 8 studies 

[213,214,215,216, 217,218,221,222] which compared vaginal delivery with CS for non-

cephalic presenting twins and concluded that their results do not suggested benefit of 

CS over vaginal delivery for selected twin pregnancies with the first twin and or the 

second twin in non-vertex presentation [219,220]. However, it is important to note 

that some of the studies included in the review were performed many years ago and in 

countries with little medical litigation.  

 

Conversely, in Paris in 2006, Bats et al. [223] analyzed 166 twin pairs with a 

non-vertex first twin. Among these, 105 cases (63.3%) had an attempted vaginal 

delivery, which was successful in 46 cases (43.8%). They did not find a significantly 

different low neonatal outcome and maternal morbidity for the attempted vaginal 

group, compared with the planned CS group (n=61 cases). They concluded that their 

results could be extrapolated to other centers, but that it was important to apply a 

careful protocol to decide the mode of delivery and the labor practices. 

 

In 2013, Barret et al [240] randomly assigned women between 32 weeks 0 days 

and 38 weeks 6 days of gestation with twin pregnancy and with the first twin in the 

cephalic presentation to two groups: planned CS or planned vaginal delivery with CS 

only if indicated. A total of 1,398 women were randomly assigned to planned CS 

delivery and 1,406 to planned vaginal delivery. Elective delivery was planned between 

37 weeks 5 days and 38 weeks 6 days of gestation. The primary outcome featured as a 
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unit of analysis a composite of fetal or neonatal death or serious neonatal morbidity in 

the fetus or infant. 

The rate of CS delivery was 90.7% in the planned CS delivery group and 43.8% 

in the planned vaginal delivery group. There was no significant difference in the 

composite primary outcome between both groups (2.2% versus 1.9%), OR1.16, 95% CI 

(0.77-1.74) p=0.49. They concluded that, in twin pregnancy, between 32-38 weeks 6 

days of gestation, with the first twin in a vertex presentation, planned CS delivery did 

not significantly decrease or increase the risk of fetal or neonatal death or serious 

neonatal morbidity, when compared with planned vaginal delivery. 

 

It is evident that not all twin pregnancies are candidates for vaginal delivery or 

labor induction, and the obstetrical decision for an elective cesarean section is usually 

primarily related to fetal malpresentation, with a combination other than vertex-

vertex twins. However, it is important to note that the presentation of the second twin 

changes in up to 20% of the cases following the delivery of the first twin [138]. It also 

seems that both patients and their caregivers are more reluctant to choose labor 

induction and a vaginal delivery in non-spontaneous twin gestations. This trend, 

namely cesarean section for ‘premium’ twin pregnancies, is quite reasonable given the 

impact of the history of sub-fertility on decision making during labor and delivery 

[128]. It is important to point out that no solid data exist to show a disadvantage of a 

planned cesarean birth for twins [128]. However, from a maternal viewpoint, CS has a 

higher morbidity, mortality [136] and may condition the reproductive future of the 

women, when compared with vaginal delivery.  

O’Neill et al.[233] analyzing the risk of stillbirth in a subsequent pregnancy in 

women with a previous CS estimated that CS delivery compared to vaginal delivery 

may increase the risk of stillbirth by 23%. 

Leth et al. [139] compared the risk of postpartum infections within 30 days 

after vaginal birth, emergency, or elective CS in a cohort study in Denmark, considering 

a total of 32,468 women who gave birth during the period 2001-2005. They found that 

the risk of postpartum infection seems to be nearly five-fold increased after CS 

compared with vaginal birth and concluded that this may be of concern since the 

prevalence of CS is increasing. 
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Assessment of short term complications of CS may not demonstrate the actual 

risk. A cesarean scar is known to be associated with higher incidence of placenta previa 

and morbid placental adherence. A retrospective cohort study of 399,674 women 

[140] analyzed the rate of placenta previa at second birth for women with vaginal first 

births and found a rate of 4.4 per 1000 births, compared to 8.7 per 1000 births for 

women with CS at first birth. After adjustment, CS at first birth remained associated 

with an increased risk of placenta previa, OR 1.60; 95% CI (1.44- 1.76). In the meta-

analysis of 37 previously published studies from 21 countries (140), the overall pooled 

random effects OR was 2.20, 95% CI (1.96-2.46). 

There is also an increased risk of bladder and bowel injury in the event of the 

women requiring further abdominal or vaginal surgery. Furthermore, a policy of 

planned cesarean section for twins might increase the risk of neonatal respiratory 

distress syndrome even if the pregnancy is at or near term. Chasen et al. [137] found 

that neonatal respiratory disorders were more common in twin pregnancies with 

caesarean delivery performed before labor and before 38 weeks. 

Mauldin et al. [209] compared the route of delivery for twin gestations longer 

than 35 weeks including cost in the outcomes. From a cohort of 84 vertex- non vertex 

twin pregnancies, three groups were evaluated: Group A consisting of spontaneous 

vaginal delivery of the first twin and breech extraction of the second one; Group B, 

consisting of spontaneous delivery of the first twin and external cephalic version of the 

second one; Group C, in which both twins underwent a CS. Maternal hospital charges 

were $5890, $8638 and $7814 for each group, respectively. They noted that all 

patients in Group A delivered vaginally; conversely, 11 of 19 patients in Group B were 

delivered by combined delivery. Regarding neonatal outcomes, neonates from Group 

A had significantly fewer pulmonary complications. 

 

It is important to notice that the delivery of twins is a high risk event and if we 

choose to deliver twins vaginally we need acknowledge the fact that such a procedure 

needs a dedicated obstetrical team and close observation throughout the entire 

process, as well as during labor and delivery.  We need physicians skilled in obstetric 

maneuvers such as breech delivery or breech extraction, a dedicated nursing staff, the 

availability of pediatric and anesthesia support and continuous fetal monitoring. 



 
 

  



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter III. Aims 

 

 



 
 

  



III. Aims 

 

77 
 

III.Aims 

The literature features plenty of studies on the subject of multiple gestations, 

some of them with conflicting results and conclusions. The evaluation of the results of 

the Twin Outpatient Consultation at Maternidade Dr. Alfredo da Costa was always a 

self-imposed duty. From the beginning, all cases of multiple pregnancies were 

numbered and carefully registered, first on paper, and later on a digital database. As 

our experience progressed, and our database expanded, we began publishing our 

results. 

1. The presence of an inter-twin discrepancy in an ultrasound report 

frequently leads to changes in the follow-up schemes and in the time 

and mode of delivery. However, after elective delivery justified by this 

pathology, newborns sometimes do not present any inter-twin 

discrepancy in birth weight. Even worse, large birth weight discordance 

is sometimes found at birth without previous suspicion. Unlike in 

singletons, symphysis-fundal height measurements are not effective in 

identifying growth problems in twins [251], and serial ultrasound scans 

are required instead [252]. 

At the time of the study, several sonographic measurements had been 

used since the clinical implications of this obstetrical problem first 

became obvious. Estimated fetal weight (EFW) was the preferred 

measurement for comparing twins’ growth and to predict inter-fetal 

discrepancy. Several twin pairs were delivered preterm because EFW 

suggested the presence of a severe inter-twin discordance (>25%). 

The aims of our first paper, “Abdominal circumference ratio for the 

diagnosis of inter-twin birth weight discordance”, were: 

 

a. To determine the accuracy of global sonographic measurements 

on the diagnosis of discrepant growth in twins 

b. To find the most reliable measurement to predict severe inter-

fetal discrepancy (>25%). 
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c. To establish whether EFW and abdominal circumference (AC) 

are able to diagnose twin pairs in which the smaller one is small 

for gestational age (SGA)? 

 

Presently, monitoring the fetal growth in twins is still essential in their 

surveillance, as it is clear that inter-twin discordance is a sign of fetal 

distress and could have dire consequences for both twins, especially in 

monochorionic pregnancies. Further, about 16% of twin gestations are 

complicated by an inter-twin discordance of at least 20% [28]. 

 

2. “What is the normal weight gain during a twin pregnancy” is a staple 

question posed by patients at the beginning of the follow up. The 

answer typically given was often the same for obese and underweight 

women. It is a popular belief in Portugal that pregnant women should 

eat for two, implying women with twins should eat for three! 

Fortunately, in our days, women care about their image and they do not 

accept a hipercaloric diet if they do not need it. At MAC we usually only 

prescribe a dietary intervention in underweight or obese women. 

The aims of the second paper, “Perinatal Outcome and Change in Body 

Mass Index in Mothers of Dichorionic Twins: A Longitudinal Cohort Study” 

were: 

 

a. To analyze the effect of different weight gains in mothers 

carrying DC twins who did not receive any dietary intervention 

b. To evaluate the average change in weight (%) from the pre-

gravid value by trimester using the body mass index (BMI) 

c. To determine whether mothers with an above average change in 

pre-gravid BMI showed improvements in total twin birth weight 

or in gestational age at delivery. 

 

Determining the appropriate weight gain in singleton and twin 

pregnancies remains a very important issue, given that a suitable weight 
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gain reduces: the risk of labor before 36 weeks, the risk of low birth 

weight, neonatal morbidity and the costs associated with twin 

gestations [158].  

 

3. Gestational diabetes mellitus (GDM) occurs in multiple pregnancies 

more often than it does with singletons. Older, pregravid obesity and 

increased weight gain during pregnancy are known risk factors. 

However, little information exists about the influence of the presence of 

GDM in twin pregnancy outcomes. 

The aims of the third paper, “Gestational diabetes mellitus complicating 

twin pregnancies” were: 

 

a. To identify the risk factors associated with GDM in twin 

pregnancies 

b. To determine if the outcomes of twin pregnancies with GDM 

were worse than the ones with no GDM  

 

Gestational diabetes is still an area in need of further research, as there 

is conflicting evidence about the occurrence of GDM in multiple 

gestation, as well as uncertainty as to when during pregnancy we should 

screen. 

 

4. MC pregnancies account for a significant proportion of perinatal 

morbidity and mortality in twins, with intrauterine fetal death 

constituting a major problem. MAC, as a referral Center, has a large 

database on this kind of multiples. As such, when the controversy on 

the optimal time of delivery for MC twins appeared we contributed with 

our own experience. 

The aims of the fourth paper, “Prospective Risk of Intrauterine Death of 

Monochorionic Diamniotic Twins” were: 
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a. To calculate the prospective risk of fetal death in MC twins  

b. To establish the optimal timing of delivery for this kind of twin 

pregnancies. 

 

The question of when to deliver MC-DA twins is, to this day, a source of 

controversy.  This paper was cited by at least 51 publications since it 

was published, 19 since 2012. It was the first paper to suggest that MC-

DA did not necessarily require delivery at 32 wks by cesarean section, 

and it remains relevant to today’s policies. 

 

5. A proper surveillance of multiples pregnancies decreases premature 

delivery and ensures that more twin gestations reach 37 weeks without 

delivery. Labor induction with the use of misoprostol is usually 

performed in singletons, but few reports about its use in twins existed. 

The aims of the fifth paper, “Induction of Labor with Misoprostol in 

Nulliparous Mothers of Twins” were: 

 

a. To evaluate the efficacy of labor induction in twin pregnancies 

b. To evaluate the safety of this pressure using misoprostol 

 

Determining the situations in which twins should be induced remains an 

important question today. About 50% of twin gestations reach the 37 

week mark, thus incurring the associated risks. In these situations, labor 

induction offers reduced risks for the twins without an associated 

increase in maternal risks when compared to waiting for spontaneous 

labor. 

 

6. Elective CS is the most frequent mode of delivery in twins, usually 

because of fetal malpresentation or the existence of a previous uterine 

scar. However, elective CS in twin pregnancies is now often the patient’s 

choice, a result of complacency on the part of the medical teams. One 
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of the arguments for the choice of elective CS is that CS in labor is 

recognized to have more morbidity to the women. 

The aims of the sixth paper, “Puerperal complications following elective 

caesarean sections for twin pregnancies” were: 

 

a. To estimate the maternal puerperal morbidity in elective CS in 

twins 

b. To estimate the maternal puerperal morbidity in emergency CS 

in twins. 

c. To evaluate if there are disadvantages associated with planned 

CS in twins 

 

Twin pregnancies are often a result of several infertility treatments. An 

increasing number of couples wants fewer children and, in the presence 

of a multiple pregnancy, want to deliver in the safest way. Therefore, 

knowing how to deliver twins remains a crucial subject in the profession. 
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IV.Published Studies 

In agreement with the Decreto-Lei 388/70, artigo 8º, paragraph 2, the results 

presented and discussed in this thesis were published in the following scientific peer-

reviewed journals: 

 

1. Simões T, Julio C, Cordeiro A, Cohen A, Silva A, Blickstein I, Abdominal 

circumference ratio for the diagnosis of intertwin birth weight discordance. 

J.Perinat Med 2011;39: 43–46 

 

2. Simões T, Cordeiro A, Júlio C, Reis J, Dias E, Blickstein I. Perinatal Outcome and 

Change in Body Mass Index in Mothers of Dichorionic Twins: A Longitudinal 

Cohort Study. Twin Res Hum Genet. 2007;11:219-223  

 

3. Simões T, Queirós A, Correia L, Rocha T, Dias E, Blickstein I. Gestational 

diabetes mellitus complicating twin pregnancies. J. Perinat Med. 2011; 

39:437–440. 

 

4. Simões T, Amaral N, Lerman R, Ribeiro F, Dias E, Blickstein I. Prospective Risk of 

Intrauterine Death of Monochorionic Diamniotic Twins. Am J Obstet Gynecol 

2006;195:134-139  

 

5. Simões T, Condeço P, Dias E, Ventura P, Matos C, Blickstein I. Induction of 

Labor with Misoprostol in Nulliparous Mothers of Twins. J.Perinat Med. 

2006;34:111-114  

 

6. Simões T, Aboim L, Costa A, Ambrosio A, Alves S, Blickstein I. Puerperal 

complications following elective caesarean sections for twin pregnancies. J. 
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Abstract

Objectives: We assessed the accuracy of predicting severe
twin birth weight discordance ()25%) using the estimated
fetal weights (EFW) and abdominal circumference (AC)
ratio.
Method: A cohort of twin gestations underwent ultrasound
examinations within two weeks from birth. We focused on
the accuracy of EFW and on the diagnosis of severe birth
weight discordance by the difference in EFWs and the AC
ratio.
Results: The 661 eligible twin pairs included 51 (7.7%)
severely discordant pairs. The accuracy of an EFW to predict
the actual birth weight was quite poor, with an acceptable
specificity (96.4%), but low sensitivity (28.6–40.5%), to
detect severely discordant pairs, whereas an AC ratio of 1.3
detected these discordant pairs with sensitivity and specific-
ity of 97.3–100% and 99.6–99.7%, respectively.
Conclusion: By comparing EFWs, 59.5–71.4% of discor-
dant pairs )25% are missed, whereas an AC ratio )1.3
would identify almost all cases.

Keywords: Abdominal circumference ratio; birth weight dis-
cordance; estimated fetal weight; twins; ultrasound.

Introduction

The prenatal diagnosis of growth discordant twins was
attempted since the early days of ultrasonography. For exam-
ple, in 1977 Houlton compared the biparietal diameters
(BPD) in 28 pairs and was able to detect divergent growth
in 61% of the pairs w13x. In the following three decades,
during which the clinical implications of discordant growth
of twins has been clarified w3x, fetal weight discordance

*Corresponding author:
Isaac Blickstein, MD
Department of Obstetrics and Gynecology
Kaplan Medical Center
76100 Rehovot
Israel
Tel.: q972-545-201789
Fax: q972-89411944
E-mail: blick@netvision.net.il

became an integral part of the prenatal assessment of twins.
These attempts are apparent from hundreds of studies trying
to establish the accuracy of sonographic prediction of birth
weight discordance. At present, the best estimate of discor-
dant growth comes from calculating paired estimated fetal
weights (EFWs) and deriving the discordance level by the
same way it is derived from actual birth weights w5x. At the
same time, however, it became clear that even with a rela-
tively accurate EFW (within"10% of the actual birth
weight) calculated for each fetus, the ‘‘"’’ situation may
involve significant error in estimating birth weight discor-
dance with both ‘‘diverging’’ and ‘‘converging’’ estimations.

Over the years, two more related issues became apparent
w4x. First, that lower levels of birth weight discordance prob-
ably represent an intertwin natural variation and that the level
likely to represent aberrant growth is at least 25% w8x. Sec-
ond, that as many as 40% of severely discordant twins (i.e.,
birth weight discordance )25%) do not represent significant
growth restriction because the smaller twin is not small-for-
gestational age (SGA, birth weight -10th percentile for ges-
tational age) w1, 6x. It follows that once discordant growth is
suspected, one should differentiate between the ‘‘normal’’
and the ‘‘abnormal’’ (i.e., with and without the smaller twin
being SGA) severely discordant pairs. Currently, there are no
data to show how accurate are sonographic measurements in
identifying these abnormally discordant pairs.

One way to reduce the inherent method error of estimating
intertwin discordance was to compare the abdominal circum-
ference (AC). In the mid-80s several AC differences were
suggested as adjuncts to the EFW difference to detect dis-
cordant twin growth w7, 15x. However, the absolute AC dif-
ference seems to be gestational age dependant and, therefore,
could not significantly improve the accuracy of estimating
birth weight discordance w9x. More recently, a Canadian
study w14x calculated the AC ratio in a cohort of diamniotic
twin gestations. A total of 64 pregnancies (12.7%) had
discordant birth weights )25% and an AC ratio cut-off of
0.93 yielded a sensitivity and specificity of 61% and 84%,
respectively.

In the present study, we assessed the accuracy of the AC
ratio and the EFW difference in predicting concordant twins,
and in differentiating discordant pairs in which the smaller
twin was or was not SGA.

Methods

This is a study of sonographic measurements in twins prospectively
collected between January 1, 1994 and June 30, 2008 in the tertiary
maternity center Alfredo da Costa, Lisbon, Portugal. During this
period, information about the pregnancy and delivery was prospec-
tively registered on a preset form and subsequently entered into a
computerized system. We included in the present assessment all
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Table 1 Maternal age and gestational age at last sonography and at birth.

Concordant Discordant ()25%)

AGA SGA

n (%) 610 (92.4) 14 (2.1) 37 (5.6)
Mean maternal age (years) 30.4"5.2 30.5"4.7 27.8"4.6a

Gestational age at last sonography (weeks) 34.0"2.4 34.0"1.3 32.6"2.6a

Gestational age at birth (weeks) 35.6"2.2 35.7"1.0 33.5"2.7a

Data presented as mean"standard deviation.
aSGA discordant twins vs. concordant and AGA discordant twins, P-0.05.
AGAsappropriate-for-gestational age, SGAssmall-for-gestational age.

twin gestations irrespective of chorionicity, in which paired sono-
graphic measurements were performed within two weeks before
birth and both twins were born alive at our hospital. All other pairs
were excluded. During this period, we used several ultrasound
machines, but the measurements were performed by the same stan-
dardized method and by the same operators (Portuguese authors).
EFW was calculated automatically by the sonographic machine
using the ASTRAIA software (Astraia software GmbH, Munich,
Germany) and the inbuilt formula of Hadlock (based on AC and
femur length). The AC was measured at the level of the bifurcation
of the main portal vein, taking care of depicting as round a section
as possible. Measurements of each parameter were done three times
and the average was used for calculations. In this study, twin A was
the presenting twin.

This study focused on three questions. (1) The accuracy of EFW
as compared to the actual birth weight for each of the twins. We
defined an accurate EFW as one within"10% from the actual birth
weight, and calculated the frequency of an EFW exceeding this
value. (2) The predictive values of the difference in EFWs to estab-
lish an accurate diagnosis of severe ()25%) birth weight discor-
dance. (3) The accuracy of the AC ratio (AC of larger twin/AC of
smaller twin) in predicting birth weight discordance. We evaluated
three ratios: )10% difference (ratio )1.1), )20% difference (ratio
of )1.2), )30% difference (ratio of )1.3). The primary hypothesis
was that the AC ratio might be a better predictor of severe
discordance.

Discordance level was calculated from the difference between
EFWs or birth weights divided by the EFW or birth weight of the
larger twin and expressed as a percentage. The severely discordant
pairs were further subdivided into pairs in which the smaller twin
was either SGA (SGA discordant) or not SGA wappropriate-for-ges-
tational age (AGA) discordantx. SGA status was calculated from
Portuguese twin birth weight by gestational age charts (unpublis-
hed). The study was approved by the local Institutional Review
Board.

We used the True EPISTAT Software (Math Archives, Round
Rock, TX, USA) to compare frequencies by the Fisher’s exact. We
derived odds ratio (OR) and Corenfield’s 95% confidence intervals
(CI). Continuous variables were compared by Student’s t-test, with
P-value -0.05 considered significant. Sensitivity was calculated
from the number of true positive values divided by the sum of true
positive plus and false negative values, whereas specificity was cal-
culated from the number of true negatives divided by the sum of
true negative and false positive values.

Results

The results from 661 twin pairs were eligible for the study,
comprising 610 concordant (-25%) and 51 (7.7%) severely

discordant pairs. Table 1 shows that pregnancies with con-
cordant pairs had similar characteristics compared to preg-
nancies with AGA discordant twins. In contrast, SGA
discordant pairs had a significantly lower (P-0.05) mean
maternal age, mean gestational age of last sonography, and
mean gestational age at birth compared to both concordant
and AGA discordant pairs.

Table 2 shows that the accuracy of an EFW to predict the
actual birth weight was poor for twin A with significantly
more AGA discordant twins being wrongly estimated
()10% of actual birth weight) compared to the other two
groups. These values were somewhat better for twin B with
about 50% accurate EFWs in all three groups. Whereas the
specificity was quite good to detect both groups of discordant
pairs, the sensitivity was quite low.

Table 3 shows the accuracy of the three AC ratios in pre-
dicting discordance. It appears that almost half of the con-
cordant twins have at least a 10% difference (AC ratio of
1.1). When a higher cut-off value was chosen (i.e., ratio of
1.2 and 1.3), both sensitivity and specificity reached nearly
100%.

Discussion

The prediction of intertwin birth weight discordance by
sonography has been extensively studied w5x. Discordance,
especially if severe, seems to be a trigger for looking at
growth aberration of the twins, and in particular, growth
restriction of the smaller twin. Very different predictive
results can be found among the numerous papers, but the
overall impression is that prediction of discordant growth by
comparing EFWs is not accurate for clinical use w4, 5x. This
statement is based on two observations. First, probably
because of fetal crowding in twin gestations, it seems more
difficult to obtain an accurate EFW for an individual twin
compared with singletons w12x. This observation was sup-
ported by our study (Table 2). Second, even with accurate
EFWs (i.e., within"10% from the actual birth weight) it is
inherently difficult to obtain an accurate discordance level.
The decade-old conclusion reached in the review of Cara-
vello and co-workers, is still relevant today: most popular
methods (difference in AC or EFW) for predicting discordant
growth in twin gestations have limited accuracy for discor-
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Table 2 Estimated fetal weight (EFW) difference in predicting birth weight discordance.

Concordant (ns610) Discordant ()25%)

AGA (ns14) SGA (ns37)

EFW, twin A (g) 2104"486 2168"314 1739"520
Birth weight, twin A (g) 2316"466 2824"545 1907"513
Accurate EFW (-10% error) 310/610 (50.8)a 2/14 (14.3)a,b 15/37 (40.5)b

EFW, twin B (g) 2145"483 2175"462 1529"484
Birth weight, twin B (g) 2274"470 2328"401 1565"537
Accurate EFW (-10% error) 330/610 (54.1) 6/14 (42.8) 18/37 (48.6)
Estimated discordance -25% 588 (96.4) 10 (71.4) 22 (59.4)
Estimated discordance )25% True negative, 22 True positive, 4 True positive, 15

Sensitivity (%) 28.6 40.5
Specificity (%) 96.4 96.4

Data presented as n (%) and as mean"standard deviation. Predictive values were calculated by separate comparisons of AGA and SGA
discordant to concordant twins.
aOR 0.2, 95% CI 0.04, 0.8.
bOR 0.1, 95% CI 0.01, 0.8.
AGAsappropriate-for-gestational age, SGAssmall-for-gestational age, ORsodds ratio, CIsconfidence interval.

Table 3 Abdominal circumference (AC) ratio predicting birth
weight discordance.

Concordant Discordant ()25%)
(ns610)

AGA SGA
(ns14) (ns37)

Ratio )1.1 253 9 23
Sensitivity (%) 58.5 31.8
Specificity (%) 35.7 37.8

Ratio )1.2 4 14 32
Sensitivity (%) 100 86.5
Specificity (%) 99.3 99.3

Ratio )1.3 2 14 36
Sensitivity (%) 100 97.3
Specificity (%) 99.6 99.7

Data presented as n (%). Predictive values were calculated by sep-
arate comparisons of AGA and SGA discordant to concordant twins.
AGAsappropriate-for-gestational age, SGAssmall-for-gestational
age.

dance level of at least 25% w10x. It is, therefore, necessary
to find ancillary means to improve the prediction of
discordance.

In our sample of twins a ratio of 1.3 between paired ACs
predicts severe birth weight discordance with very high sen-
sitivity and specificity values. Our cut-off AC ratio is dif-
ferent than that proposed by Klam et al. w14x, but we
obtained much higher sensitivity and specificity values com-
pared to those found by these authors. Moreover, this ratio
was as good in predicting severely discordant pairs with and
without an SGA smaller twin. Thus, although this ratio is an
excellent predictor of severe discordance, it cannot differ-
entiate between the two entities.

One limitation of our study is the low frequency of severe
discordance (7.7%). This value, however, is in accord with
the frequencies found in nearly 125,000 American twin pairs

w5x but reduces the power of the analysis. On the other hand,
our study is among the largest of its kind, and comes from
a single center, with a protocol of ultrasound assessment that
did not change over time.

Another limitation of our study, as in most other studies,
is that all methods for estimating discordance are in fact cap-
turing the situation at a stage within one to two weeks from
birth. Such methods, in fact, do not predict severe discor-
dance but rather diagnose it before birth. Attempts to predict
discordance by ultrasound measurements of fetal growth
velocity and size during the early weeks of the third trimester
were poor predictors of birth weight discordance w2, 11x.
Although Hadlock’s formula using the femur length and AC
might underestimate the true birth weight, it is expected to
do so for both twins and thus unlikely to reduce the accuracy
of estimated discordance.

The question may arise if such a diagnosis is not reached
too late, and hence there is need to assess the ability of the
AC ratio obtained in the early third trimester to predict the
subsequent development of severe discordance. It is also pos-
sible that fetuses may continue to grow in the last two weeks
before birth and therefore reduce the accuracy of predicting
discordance. However, we feel it is unlikely that a difference
generated within the last two weeks will cause severe dis-
cordance in mildly discordant twins or would mistakenly
consider one twin as SGA. Using the extremes (severe dis-
cordance and being SGA) may decrease the potential meth-
odological inaccuracy. Because we used the last sonographic
measurement, we were unable to count how many pairs were
close to but less then 25% discordance at two weeks before
birth but were discordant at birth. Thus, counting them as
false negative cases might be incorrect given the potential
for a true diagnosis had another measurement been done.

Regardless of these reservations, our data suggest that with
the current method of comparing EFWs, 60–70% of severely
discordant pairs are missed, whereas the finding of an AC
ratio )1.3 would identify almost all cases.
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We used a prospective cohort to analyze the
effect of change in BMI rather than change in

weight, in mothers carrying dichorionic twins from a
population that did not receive any dietary interven-
tion. A total of 269 mothers (150 nulliparas and 119
multiparas) were evaluated. The average change (%)
from the pre-gravid BMI was 7.2 ± 6.1, 17.4 ± 8.2,
and 28.7 ± 10.8, at 12–14, 22–25, and 30–34 weeks,
respectively, without difference between nulliparas
and multiparas. The comparison between materni-
ties below or above the average change from the
pregravid BMI failed to demonstrate an advantage
(in terms of total twin birthweight and gestational
age) of an above average change from the pregravid
BMI, even when the lower versus upper quartiles
were compared. Our observations reached different
conclusions regarding the recommended universal
dietary intervention in twin gestations. A cautious
approach is advocated towards seemingly harmless
excess weight gain, as normal weight women may
turn overweight, or even obese, by the end of preg-
nancy, and be exposed to the untoward effects of
obesity on future health and body image.

Preterm birth and low birthweight are the most signif-
icant complications of twin gestations. In the United
States, more than one of every four very low birth-
weight (VLBW) infants (< 1500 g) comes from a
multiple birth (Martin et al., 2005), and nearly one of
every five deaths within the first month of birth were
born in a multiple delivery (MacDorman et al., 2005).
Specifically, the 2002 clinical statistics from the
United States suggest that as many as 58.2% and
11.9% of twins are born preterm (< 37 weeks) and
very preterm (< 32 weeks), respectively, and as many
as 55.4 % and 10.2%, respectively, are low (< 2500g)
or very low (< 1500g) birthweight infants. (Martin 
et al., 2003) These figures suggest that more risky
groups of infants — those delivered very preterm
and/or with a VLBW — are roughly 7 to 9 times
more prevalent among twin than among singleton
gestations (Martin et al., 2003). The significant con-
tribution of twins to overall preterm and low

birthweight rates is further emphasized by the fact
that birth rates of twins are still increasing, as
opposed to the stabilized or even decreasing birth
rates of higher-order multiples (Blickstein & Keith,
2005).

Regrettably, there are no practical means to reduce
these adverse outcomes of twin pregnancies to the
comparable singleton levels. Indeed, it seems unrealis-
tic to expect that twin births would have similar
outcomes to singleton births. A more realistic
approach would be to focus on methods that may
reduce the more risky subgroup of twins, namely to
reduce the rates of very preterm and VLBW infants.
In this respect, the seminal work of Luke and her co-
workers seems to be of utmost importance. In both
retrospective and prospective cohorts, Luke and her
colleagues observed a significant increase in birth-
weight and gestational age in twins whose mother
gained enough weight during early (up to 24 weeks)
pregnancy. (Luke et al., 1991; Luke et al., 1993; Luke
& Leurgans, 1996; Luke et al., 1997; Luke, 1998;
Luke et al., 1998; Luke, Hediger et al., 2003). The
general consensus among researchers who have evalu-
ated these twin guidelines is that to qualify as
‘enough’, total weight gain should be at least 40–45
pounds (18–20 kg), with an emphasis on adequate
weight gain before 24 weeks’ gestation (Luke, Brown
et al., 1998)

In a recent prospective intervention study, Luke,
Brown et al. (2003) observed that pregnancies in
women who participated in a specialized program,
which included twice-monthly visits, dietary prescrip-
tion of 3000 to 4000 kcal per day, multimineral
supplementation, and patient education, were associ-
ated with improved pregnancy outcomes, and lower
neonatal morbidity, and consequently reduced cost
per twin compared to nonparticipants.
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Despite the potential benefit attributed to dietary
intervention as an important method of improving the
outcome of multiple births, care should be taken in
interpretation of the data that led to the recom-
mended weight gains. In particular, it should be noted
that in many instances, extrapolations of weight gain,
rather than actual weight gain measurements in each
period of gestation, were used (Luke et al., 1991;
Luke et al., 1993; Luke & Leurgans, 1996; Luke et
al., 1997; Luke, 1998; Luke et al., 1998; Luke,
Hediger et al., 2003; Luke, Brown et al., 2003; Flidel-
Rimon et al., 2005). It should also be noted that
outcomes may differ according to the method used to
estimate weight gain, by the potential confounding
effect of prepregnancy maternal weight and body
mass index (BMI; Luke, Hediger et al., 2003; Luke,
Brown et al., 2003; Flidel-Rimon et al., 2005; Flidel-
Rimon et al., 2006), as well as by the confounding
effect of unrecognized dietary intervention (Luke,
Brown et al., 2003), and chorionicity.

In order to circumvent these potential con-
founders, we used a prospective cohort to analyze the
effect of the change in BMI in mothers carrying
dichorionic twin gestations in a population that did
not receive any dietary intervention. This approach,
namely, the change in BMI rather than the change in
weight, has not been previously assessed in a prospec-
tive cohort.

Material and Methods
During the period September 1994-March 2006, we
followed and delivered 946 twin pregnancies at the
Maternidade Dr. Alfredo da Costa, Lisbon, Portugal.
This figure represents nearly 1% of all deliveries in
this hospital during the study period. During the
study, information about the pregnancy and delivery
was first registered on a preset form and then entered
into a computerized system. Because a significant pro-
portion of pregnancies were referred at an advanced
gestational age, complete data relating to maternal
height, pregravid weight, and longitudinal weight
measurements were available only for 360 mothers
who were followed throughout gestation. In order to
avoid the confounding effect of chorionicity, which
has a significant effect on fetal growth, we excluded
monochorionic twins and focused on 281 dichorionic
twin gestations.

Pregnancies were grouped by parity (nulliparas
and multiparas) and by body mass index (BMI) using
the CDC categories of underweight (BMI < 18.5),
normal (BMI 18.5–24.9), and overweight/obese (BMI
> 25; CDC website). We used the CDC categories
because they are the most frequently used values in 
the literature. BMI was calculated from the formula
weight(kg)/(height(m)2. Following a preliminary
assessment of the distribution of BMI, 13 cases of
underweight mothers were found and this very small
group was also excluded from the analysis.

The following maternal variables were considered
in the remaining 268 pregnancies: maternal pregravid
weight, maternal height, and maternal weight at each
trimester and at birth. Pregravid weight was recorded
from referral documentations; maternal height was
measured at our service; and finally, maternal weight
during each trimester and at birth was recorded from
our own measurements (1st trimester 12–14 weeks,
2nd trimester 22–25 weeks, and 3rd trimester 30–34
weeks). When two or more weight measurements
were available during a given trimester, an average
weight was calculated. All weights were rounded to
the first digit.

We derived the BMI-adjusted weight gain, which 
is defined as the change in BMI between the BMI
obtained in a given gestational expressed as a percent-
age of the pre-gravid BMI (i.e., the larger the
percentage the greater the difference in BMI from a
given pre-gravid BMI). This method of presentation of
weight gains was used because a given weight gain is
expected to have a different meaning for different pre-
gravid BMI. The BMI-adjusted weight gain was
calculated for each trimester and then correlated with
the total twin birthweight (twin A + twin B) and gesta-
tional age at birth. These outcome measures were
chosen because they are the most likely to be influ-
enced by maternal weight gain. Finally, we derived
means and quartiles of the BMI-adjusted weight gain
differences to compare the outcome variables between
patients above or below the mean, and between
patients in the upper and lower quartile. This was
done separately for multiparas and nulliparas because
parity, per se, is a powerful determinant of birth-
weight in twins. (Blickstein, 2005).

The data were evaluated using Microsoft Excel
and we used True EPISTAT Software (Math Archives,
Round Rock, TX) to perform Student’s t tests for con-
tinuous variables. We derived p values, and these were
considered significant if greater than .05. The study
was approved by the local ethics committee.

Results
A total of 269 mothers (150 nulliparas and 119 multi-
paras) carrying dichorionic twins were evaluated. The
mean maternal age was 30.5 ± 5.0 years, the mean
height was 162.1 ± 6.7 cm, the mean pregravid weight
was 63.8 ± 11.4 kg, and the mean pre-gravid BMI was
24.3 ± 4.3 kg/m2. By the end of the first trimester, at
12–14 weeks, the average change (%) in pre-gravid
BMI was 7.2 ± 6.1, and was similar in nulliparas 
and multiparas (7.5 ± 6.2 vs. 6.9 ± 5.9, respectively).
At around mid-gestation, at 22–25 weeks, the average
change (%) in pregravid BMI was 17.4 ± 8.2, and was
again similar in nulliparas and multiparas (18.5 ± 7.7
vs. 16.0 ± 8.6, respectively). In the third trimester, at
30–34 weeks, the average change (%) in pregravid
BMI was 28.7 ± 10.8, and was once again similar in
nulliparas and multiparas (30.2 ± 9.3 vs. 26.7 ± 12.3,
respectively). These average changes in BMI increased
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in a dose related fashion as pregnancy advanced
(Figure 1); in addition, changes in BMI were some-
what higher in nulliparas.

The mean gestational age at birth was 36.0 ± 1.3
weeks, and the total twin birthweight was 4868 ±
644g. Table 1 shows the comparison of these outcome
measures between maternities below or above the
average change in pregravid BMI. The analysis failed
to demonstrate an advantage of an above average
change in pregravid BMI. Even when the tails of the
distributions (i.e., lower vs. upper quartiles) were com-
pared (Table 2), no significant differences were found.

Discussion
Dietary intervention resulting in maternal weight 
gain is believed to be the only effective prophylactic
treatment which improves outcomes in multiple
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Table 1

Comparison Between Below or Above Average Change in BMI on Total Twin Birthweight and Gestational Age, by Gestational Period and Parity

Nulliparas (N = 150) Multiparas (N = 119)

Total twin birthweight (g) Gestational age (weeks) Total twin birthweight (g) Gestational age (weeks) 

Pregravid BMI
< average 4742 ± 641 35.8 ± 1.2 4968 ± 595 36.1 ± 1.2
> average 4746 ± 648 35.6 ± 1.5 5129 ± 642 36.4 ± 1.0

∆ BMI at 12–14 weeks 
< average 4807 ± 598 35.8 ± 1.4 5152 ± 568 36.3 ± 1.2
> average 4650 ± 697 35.6 ± 1.4 4861 ± 637 36.1 ± 1.1

∆ BMI at 22–25 weeks 
< average 4792 ± 624 35.8 ± 1.4 5039 ± 590 36.3 ± 1.1
> average 4691 ± 661 35.7 ± 1.4 5007 ± 649 36.1 ± 1.5

∆ BMI at 30–34 weeks
< average 4707 ± 656 35.5 ± 1.5 5028 ± 571 36.3 ± 1.1
> average 4783 ± 629 35.9 ± 1.3 5021 ± 669 36.1 ± 1.2

Note: Data are shown as mean ± SD. No significant differences were found.

Table 2
Comparison Between Lower and Upper Quartiles of the Change in BMI on Total Twin Birthweight and Gestational Age, by Gestational Period and
Parity 

Nulliparas (N = 150) Multiparas (N = 119)

Total twin birthweight (g) Gestational age (weeks) Total twin birthweight (g) Gestational age (weeks) 

Pregravid BMI
1st quartile 4813 ± 674 35.9 ± 1.2 4834 ± 612 36.2 ± 1.2
4th quartile 4827 ± 592 35.7 ± 1.4 5049 ± 580 36.3 ± 1.0

∆ BMI at 12–14 weeks 
1st quartile 4772 ± 636 35.5 ± 1.5 5153 ± 440 36.4 ± 0.8
4th quartile 4716 ± 718 35.6 ± 1.4 4908 ± 636 36.2 ± 1.2

∆ BMI at 22–25 weeks 
1st quartile 4813 ± 638 35.9 ± 1.5 5192 ± 485 36.6 ± 0.8
4th quartile 4683 ± 733 35.6 ± 1.5 5030 ± 618 36.1± 1.2

∆ BMI at 30–34 weeks
1st quartile 4713 ±677 35.6 ± 1.6 5102 ± 558 36.5 ± 0.9
4th quartile 4843 ± 675 36.2 ± 1.3 5051 ± 656 36.2 ± 1.3

Note: Data are shown as mean ± SD. No significant differences were found.

Figure 1
Change in BMI (%) by gestational period (wks) and parity.
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With these difficulties in mind, we conducted this
prospective analysis of the effect of the change in BMI
in mothers carrying dichorionic twin gestations in a
population that did not receive any dietary interven-
tion. Unlike previous studies, in this cohort we could
not find an association between weight gain, in terms
of change in BMI, and outcomes, in terms of gesta-
tional age at birth and total twin birthweight. Our
observations led to different conclusions regarding
recommended universal dietary intervention in twin
gestations and, therefore, universal recommendations
of early weight gain in twins should be confirmed by
intention-to-treat, randomized trials.

It should be remembered, however, that we
excluded from this study a small number of under-
weight mothers who might turn out to be the target
population for dietary intervention in multiple preg-
nancies. (Flidel-Rimon et al., 2006). It is thus possible
that inclusion of this group of twin mothers would
have shown different outcomes (Flidel-Rimon et al.,
2005). Additionally, it should be noted that our obser-
vations in twins may not apply to triplets, as potential
effects of weight gain in higher order multiple preg-
nancies were not considered in this study.

Finally, the cautious approach that we advocate to
the seemingly harmless recommendation of weight
gain is best appreciated by the possibility of many
normal weight women becoming overweight or even
obese by the end of pregnancy, and by the untoward
effects of obesity on future health and body image
(Flidel-Rimon et al., 2006).
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Abstract

Objective: To compare outcomes of twin pregnancies with
and without gestational diabetes mellitus (GDM).
Study design: We compared 105 twin pregnancies with
GDM (7.8% of all twin pregnancies) to 315 controls without
GDM, matched for gestational age, chorionicity and year of
birth.
Results: Pre-gravid obesity appears to predispose women to
GDM during twin pregnancy wodds ratio (OR) 3.5; 95% con-
fidence interval (CI) 1.7, 7.0x. Overweight and obese women
that subsequently developed GDM during their twin gesta-
tion were less likely to conceive spontaneously (OR 0.4;
95% CI 0.3, 0.7). Twins from the GDM group had more
respiratory distress syndrome (RDS, OR 2.2; 95% CI 1.3,
3.7) and had a three-fold, but not significantly increased per-
inatal mortality rate. Birth weight characteristics were similar
in both groups.
Conclusion: Twin pregnancies complicated by GDM might
be associated with pre-pregnancy maternal obesity and are
at increased risk of RDS and non-significant increased risk
of perinatal death.

Keywords: Gestational diabetes; obesity; respiratory distress
syndrome; twin pregnancy.

Introduction

Gestational diabetes mellitus (GDM) is a relatively common
disease. Much information on the clinical significance of
GDM in singleton pregnancies but relatively little informa-
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tion exists on the association between gestational diabetes
and multiple pregnancy w6x. It has been argued that multiple
pregnancies are prone to GDM because of larger placental
mass (hyperplacentosis), older age of expecting mothers of
multiples, increased weight gain and body mass in twin ges-
tations, and because of exaggerated response to fasting and
food w6x. Indeed, Simchen et al. w12x showed that pregnancy
in advanced maternal age after ovum donation had, among
other complications, 31% of GDM. It also appears that a
plurality-dependent frequency of GDM exists whereby GDM
was significantly more frequent in triplets compared to
(reduced) twins w14x. At the same time, however, conflicting
data exist concerning GDM and multiple pregnancies,
whereby a similar prevalence of GDM was found in twin
and singleton pregnancies, no difference was found in glu-
cose challenge and tolerance tests between twin and single-
ton pregnancies, and similar insulin requirements were found
in twin and singleton pregnancies complicated by GDM w6x.

Irrespective of the conflicting views, the increasing num-
bers of twin pregnancies and births observed in most devel-
oped countries increases the number of expecting mothers of
twins diagnosed with GDM. Moreover, the few quasi-epi-
demiological studies describing the prevalence of GDM in
twin gestations are quite old and presumably include few
multiple pregnancies resulting from iatrogenic conceptions
(i.e., after infertility treatment). Also, some bias exists which
overlooks changes in management over time. For example,
it would be interesting to know how recommendations for
excess weight gain during early stages of a multiple preg-
nancy would influence carbohydrate metabolism w9x.

It is also striking that data concerning the effect of GDM
on perinatal outcome in multiple pregnancies are very scant.
Tchobroutsky et al. w15x reported on a high-frequency of
fetal malformations in type I diabetic women with twin preg-
nancies, however, the small number of cases precluded a
final conclusion and are irrelevant for gestational diabetes.
Keller et al. w7x compared 13 twin pregnancies complicated
with GDM to matched-by-gestational-age twin pregnancies.
Within this very small sample size there was a trend of great-
er likelihoods of respiratory distress syndrome (RDS), hyper-
bilirubinemia and prolonged neonatal intensive care nursery
admission in the diabetic group. More recently, Rauh-Hain
et al. w11x compared twin to singleton pregnancies and found
that patients with twins had a two-fold increased risk of
developing GDM. In terms of neonatal outcome, twins of
gestational diabetics had a higher rate of admission to the
neonatal intensive care unit, longer hospitalization, and
higher risk of RDS.

With these difficulties in mind, we conducted a case-con-
trol study to examine the perinatal outcome related to the
co-occurrence of GDM and twin gestations.
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Table 1 Demographic data of twin gestations with GDM compared with matched for gestational age and chorionicity non-GDM controls.

GDM Non-GDM Statistics
ns105 ns315

Mean maternal age (years) 31.4"4.8 30.5"5.2 NS
G35 years 30 (28.5) 74 (23.5) NS

Nulliparas 68 (64.8) 176 (55.9) NS
Spontaneous pregnancies 70 (66.7) 241 (76.8) NS
Mean BMI (kg/cm2) 25.4"5.4 23.4"4.1 P-0.001
BMI -25 kg/cm2 and spontaneous pregnancy 37 (35.2) 172 (54.6) 0.4 (0.3, 0.7)
Cesarean section 76 (72.4) 216 (68.6) NS

Data presented as mean"SD or as n (%), statistics are shown as P-values or odds ratio (95% CI).
NSsnot significant, GDMsgestational diabetes mellitus.

Material and methods

During the period January 1, 1999 through September 30, 2010,
there were 1346 twin pregnancies followed and delivered after
24 weeks’ gestation at the Maternity Dr. Alfredo da Costa, Lisbon,
Portugal (a tertiary perinatal center that cares for the Lisbon area,
and serves as a referral center for the south of Portugal). This figure
represents approximately 2.5% of all deliveries. During this period,
information about pregnancy and delivery was registered prospec-
tively on a preset form and subsequently entered into a computer-
ized system. We excluded twin gestations that were delivered only
and were not followed at our service.

For this study, we identified twin pregnancies with the diagnosis
of GDM, established according to the Carpenter and Coustan criteria
w1x. For controls, we matched the remaining twin gestations by ges-
tational age (completed week), chorionicity, and year of delivery. A
3:1 setting was chosen to achieve an 80% power at P-0.05 to
detect a 10% inter-group difference in being small- or large- for
gestational age (SGA and LGA, )10th percentile or )90th percen-
tile, respectively). Gestational age was derived from the last men-
strual period that was confirmed by first trimester ultrasound scans
and from the day of oocyte retrieval in pregnancies after assisted
reproduction. Chorionicity was established by standard ultrasono-
graphic criteria performed by level III ultrasonographers, confirmed
by careful examination of the delivered placenta by experienced
obstetricians, and double-checked by pathologic examination of the
placentas. Cases with pre-gestational diabetes were excluded from
the analysis. Treatment was tailored according to blood glucose lev-
els and given as in singleton pregnancies w1x. No elective preterm
deliveries are done; however, indicated preterm deliveries were car-
ried out, following corticosteroid treatment, on the basis of maternal
and/or fetal conditions. In otherwise normally progressing gesta-
tions, we offered, after detailed counseling, elective deliveries at
36–37 completed weeks of gestation.

The following variables were considered in our analysis: maternal
age and parity, pre-gravid body mass index (BMI, weight in
kg/squared height in cm; BMI 25–30 was considered overweight,
BMI)30 considered obese), mode of conception (spontaneous vs.
iatrogenic), maternal complications, such as premature contractions
(-34 weeks of gestation), hypertensive disorders (pre-eclampsia,
pregnancy-induced hypertension, and chronic hypertension), pre-
term rupture of membranes (PTROM) at -34 weeks of gestation,
mode of delivery, gestational age at birth, birth weight, frequency
of being SGA and LGA (according to twin birth weight standards
w2x), birth weight discordance of 25% (intertwin birth weight dif-
ference expressed as percentage of the heavier twin), frequency of
Apgar scores -7 at 5 min, major malformations (excluding still-
births), early (-7 days of life) neonatal death, and major neonatal

morbidity (RDS diagnosed by clinical signs supported by classical
X-ray findings, sepsis, intraventricular hemorrhage, retinopathy of
prematurity, hyperbilirubinemia requiring either follow-up or pho-
totherapy). We compared continuous data by using two-tailed Stu-
dent’s t-test, and categorical data by two-tailed Fisher’s exact test.
We used SPSS version 13 (Chicago, IL, USA) and True EPISTAT
Software (Math Archives, Round Rock, TX, USA) for statistical
analyses. P-values -0.05 were considered significant. The study
has been approved by local institutional review board.

Results

The study group included 105 twin pregnancies with GDM
(7.8% of the total number twin births). Table 1 shows the
demographic data of twin gestations with GDM compared
with 315 twin pregnancies without GDM matched for ges-
tational age (mean 34.9"2.1 weeks; 12.4% at 28–32 weeks,
26.7% at 33–35 weeks, and 60.9% at G36 weeks) and cho-
rionicity (62.8% dichorionic twins).

Both groups were similar in terms of mean maternal age,
frequency of maternal age )35 years, and parity but mothers
of twins with GDM had a significantly greater pre-gravid
BMI. As shown in Table 2, the greater pre-gravid BMI was
a result of significantly more obese mothers of twins who
eventually developed GDM. Although statistically insignifi-
cant, one cannot overlook the increased prevalence of hyper-
tensive disorders and cholestasis of pregnancy among study
group patients.

We further compared the proportion of pre-gravid normal
BMI mothers who conceived spontaneously in both groups.
This analysis showed that significantly fewer pre-gravid nor-
mal BMI mothers (ns34, 35.2%) had a spontaneous twin
conception and eventually developed GDM compared with
matched controls that did not (ns172, 54.6%; OR 0.4, 95%
CI 0.3, 0.7).

Table 3 shows that twins born to mothers with GDM had
a significantly increased prevalence of respiratory distress at
birth and jaundice. These infants, however, had similar fre-
quencies of major malformations, and similar birth weight
characteristics. There was a single fetal death in the GDM
group and three fetal deaths in the controls (one case of
double death, with both twins having severe malformations),
for an uncorrected (for malformation) stillbirth rate of
4.7:1000 twins in both groups. There were four neonatal
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Table 2 Maternal complications during twin gestations with GDM compared with matched non-GDM controls.

GDM Non-GDM Statistics
ns105 ns315

BMI 25–30 kg/cm2 31 (29.5) 67 (21.3) NS
BMI)30 kg/cm2 21 (20.0) 21 (6.7) 3.5 (1.7, 7.0)
Hypertensive disorders 29 (27.6) 58 (18.4) NS
Preterm contractions 49 (46.7) 162 (51.4) NS
Cholestasis of pregnancy 9 (8.6) 11 (3.5) NS
PTROM 8 (7.6) 25 (7.9) NS

Data presented as mean"SD or as n (%); statistics are shown as P-values or odds ratio (95% CI).
NSsnot significant, GDMsgestational diabetes mellitus, PTROMspreterm rupture of membranes.

Table 3 Fetal/neonatal complications in twin gestations with GDM compared with matched non-GDM controls.

GDM Non-GDM Statistics
ns105 ns315

Mean birth weight (g) 2222"452 2218"432 NS
SGA 18 (8.6) 70 (11.1) NS
LGA 8 (3.8) 11 (1.7) NS

Discordant birth weight 25%* 8 (7.6) 33 (10.5) NS
5-min Apgar score -7 3 (1.4) 10 (1.6) NS
Major malformations 7 (3.3) 15 (2.4) NS
Respiratory distress 30 (14.3) 43 (7.0) 2.2 (1.3, 3.7)
Intraventricular hemorrhage 1 0
Sepsis 4 (1.9) 7 (1.1) NS
Retinopathy of prematurity 2 1
Jaundice 22 (10.5) 12 (1.9) 6.0 (2.7, 13.2)
Fetal death 1 (0.5) 3 (0.5) NS
Neonatal death 3 (1.4) 1 (0.2) NS
Perinatal mortality 4 (1.9) 4 (0.6) NS

*Data calculated per pregnancy.
Data presented as mean"SD or as n (%), statistics are shown as P-values or odds ratio (95% CI).
NSsnot significant, SGAssmall for gestational age, LGAslarge for gestational age, GDMsgestational diabetes mellitus.

mortalities: three in the GDM group (one infant with ence-
phaloocele, one due to sepsis in an SGA infant born to a
mother who had also pre-eclampsia, and one after PTROM
of four weeks duration, born at 30 weeks) and one mono-
chorionic twin in the non-GDM group who had congenital
arthrogriposis. The uncorrected (for malformation) neonatal
mortality rate was 14/1000 live births in the GDM group and
1.5/1000 in the controls, for an uncorrected perinatal mor-
tality rate of 19/1000 and 6/1000, respectively.

Discussion

This is, to the best of our knowledge, the largest and most
carefully matched case-control study on twin pregnancies
complicated with GDM. A higher frequency of mothers who
were obese before a twin-pregnancy required assisted repro-
duction and eventually developed GDM. This observation,
albeit not surprising, may suggest a common denominator
whereby obese women might require more frequent infertil-
ity treatment which, in turn, might result in more twin ges-
tations, some of which complicated by GDM. The European
Society of Human Reproduction and Embryology (ESHRE)
Capri Workshop Group w3x maintained that obesity can affect

reproduction through fat cell metabolism, steroids and secre-
tion of proteins such as leptin and adiponectin and through
changes induced at the level of important homeostatic factors
such as pancreatic secretion of insulin, androgen synthesis
by the ovary and sex hormone-binding globulin production
by the liver. Hence the link between this obesity-related met-
abolic condition, infertility status w3, 10x and twin pregnancy
is not surprising. It is also noteworthy that the possible asso-
ciation between the current recommendations on weight gain
during early twin pregnancies and the potential of developing
GDM has not been explored w5x. One may speculate that
some borderline overweight women may turn obese due to
increased calories intake during early twin pregnancy w4, 13x.

Although expecting mothers of twins with GDM seem to
fare as well (or as bad) as mothers without GDM, there was
a definite trend towards more hypertensive disorders and
cholestasis of pregnancy in the former group. It was some-
what unexpected that hypertensive disorders are not more
frequent in twin as they are in singleton pregnancies affected
by GDM. At this stage, and given the trend towards an
increased risk of hypertensive disorders, we cannot exclude
a type-II error. We also found an increased risk of respiratory
distress in twins born to gestational diabetics and this com-
plication was significant although the groups were a priori
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matched by gestational age. Thus, our policy to recommend
delivery at 36–37 weeks did not influence the rate of these
complications and it seems that neonatal respiratory disorders
appear to complicate twin pregnancies with GDM irrespec-
tive of gestational age.

The overall perinatal mortality rate in our cohorts suggests
a three-fold increased uncorrected perinatal mortality (bor-
derline significance) in the GDM group. However, it appears
that most mortalities were related to fatal malformations and
hence the corrected for malformation mortality rate seems to
be low and similar in both groups.

Our data do not support the observation of Klein et al. w8x
that twin pregnancies with insulin requiring gestational dia-
betes seem to have less birth discordance. However, this may
be due to the different categorization of discrepant intertwin
birth weight. Because we excluded patients with type I dia-
betes, we cannot comment on the observation of Tchobrouts-
ky et al. w15x on a high-frequency of fetal malformation, but
we could support the results of a small series evaluated by
Keller et al. w7x who reported on a trend of greater likeli-
hoods of RDS and hyperbilirubinemia among twins born to
mothers with GDM.

Because one of the most significant causes of morbidity
of multiple gestations is low birth weight, it was argued w6x
that, at least theoretically, a ‘‘hidden’’ advantage might exist
for twins born to women with GDM because the fetal
growth-promoting effect of GDM may counterbalance the
inherent growth restricting effect of the limited and over-
whelmed uterine milieu in twin gestation. Surprisingly (or
not), the data indicate no effect on birth weight parameters,
although the frequency of LGA was almost twice higher. The
best explanation for our observation is that the growth pro-
moting effect of GDM is balanced by the growth inhibiting
effect of the uterine constraints in twin gestations.

This study cannot address the role of adequate glycemic
control in changing the outcomes of the mothers and their
twins. Nor can this study address potential confounders of
birth weight characteristics such as smoking, level of exer-
cise, genetic predisposition for GDM, etc. Because our hos-
pital is a referral center, we could not exclude an undetected
bias if the women with GDM were more likely referred to
our center for management whereas those without GDM
more likely come from uncomplicated population of the Lis-
bon area.

Regardless, this study provides convincing data supporting
the view that GDM is a further complication of an already
complicated gestation.
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Objective: The purpose of this study was to calculate the prospective risk of fetal death in

monochorionic-diamniotic twins.
Study design: We evaluated 193 monochorionic diamniotic twin pregnancies that were followed
and delivered after 24 weeks. Surveillance included cardiotocography and sonography performed

at least once weekly. The prospective risk of fetal death was calculated as the total number of
deaths at the beginning of the gestational period divided by the number of continuing pregnancies
at or beyond that period.
Results: The fetal death rate was 5 of 193 pregnancies (2.6%; 95% CI, 1.1, 5.9); the prospective

risk of stillbirth per pregnancy after 32 weeks of gestation was 1.2% (95% CI, 0.3% - 4.2%).
Conclusion: Under intensive surveillance, the prospective risk of fetal death in monochorionic-
diamniotic pregnancies after 32 weeks of gestation is much lower than reported and does not

support a policy of elective preterm delivery.
� 2006 Mosby, Inc. All rights reserved.
Monochorionic twins, comprising approximately
20% of all spontaneous twins and nearly 5% of iatro-
genic twins,1 are at a substantial higher risk of perinatal
morbidity and death than their bichorionic counter-
parts.2-4 This risk is attributed to the inherent pathologic
condition that is associated with delayed zygotic split-
ting that leads to the increased prevalence of fetal and
placental malformations. However, in monochorionic-
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diamniotic pregnancies, the precise cause of the high
rate of adverse perinatal outcomes in pregnancies that
are not complicated by congenital anomalies, twin-twin
transfusion syndrome (TTTS), and/or growth restriction
is not clear.

Evidently, not all monochorionic twin pregnancies
are complicated a priori. A recent analysis of a large
cohort of 455 monochorionic twins showed that 181
(39.8%) twin pairs were considered ‘‘uncomplicated’’ (ie,
without signs of TTTS and exhibiting appropriate and
concordant growth in each of the structurally normal
twins).5 This subset of ‘‘uncomplicated’’ monochorionic
twins, however, was found to be at a considerable excess
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risk of intrauterine fetal demise (IUFD), despite being
without apparent risk except of sharing a monochori-
onic placenta. The invariable presence of intertwin vas-
cular connections in these placentas was suspected to be
involved in some form of unexpected and acute TTTS.
In that study,5 the prospective risk of such unexpected
IUFD after 32 weeks of gestation was 1 in 23 monocho-
rionic-diamniotic pregnancies (4.3%; 95% CI, 1/11-1/
63). With this risk in mind, one might question the wis-
dom of continuing the pregnancy of ‘‘uncomplicated’’
monochorionic twins after 32 weeks of gestation. In
their commentary on this study, Cleary-Goldman and
D’Alton6 focused on the important dilemma that
many practitioners are confronting increasingly often,
namely the ideal gestational age at which to deliver ap-
parently uncomplicated monochorionic twins. Whereas
the results of the study of Barigye et al5 seem to suggest
that 32 weeks of gestation may be a reasonable date for
elective preterm delivery to avoid unexpected IUFDs,
the inherent risks of prematurity at that gestational
age remain significant.6

In the absence of randomized studies, balancing the
risk of elective preterm birth versus the risk of single or
double IUFD is still challenging.6 As a result, we carried
out this retrospective cohort study to reassess the pro-
spective risk of IUFD in our monochorionic twin
population.

Material and methods

During the period September 1994 through March 2005,
there were 893 twin pregnancies that were followed and
delivered at the Maternity Dr Alfredo da Costa, Lisbon,
Portugal, which is a tertiary perinatal center that cares
for the Lisbon area and serves as a referral center for the
south of Portugal. This figure represents approximately
1% of all deliveries. During this period, information
about the pregnancy and delivery was registered pro-
spectively on a preset form and subsequently entered
into a computerized system. We excluded twin gesta-
tions that were delivered only and were not followed at
our service.

For this study, we identified monochorionic twins.
Monochorionicity was established by standard ultraso-
nographic criteria performed by level III ultrasonogra-
phers, confirmed by careful examination of the delivered
placenta by experienced obstetricians, and double-
checked by pathologic examination of the placentas.
We restricted our analysis to twin births at O24 weeks
of gestation.

Gestational age was derived from the last menstrual
period that was confirmed by first trimester ultrasound
scans and from the day of oocyte retrieval in pregnan-
cies after assisted reproduction (ie, oocyte retrieval day
minus 14). Prenatal diagnosis in the form of nuchal
translucency thickness measurements, level III detailed
anatomic scan, and genetic amniocentesis (when indi-
cated) were performed in all cases. Our surveillance
protocol in monochorionic twins included biweekly as-
sessments between 24 and 30 completed weeks of gesta-
tion and weekly assessment thereafter. The prenatal care
included nonstress testing of the 2 fetal heart rates and
biophysical profile of both twins. Longitudinal growth
assessment is performed biweekly. After 30 weeks of
gestation, we performed Doppler analyses of the umbil-
ical arteries supplemented withmeasurements of the peak
systolic velocity in the middle cerebral artery, if signs of
aberrant fetal growth were found. These measures were
implemented during the study period as they became
available in terms of equipment and experience. Subjects
with either nonreassuring fetal findings or with maternal
complications were submitted to daily to twice weekly
maternal-fetal evaluations that were performed during
hospitalization or during visits at an outpatient clinic
setting. No elective preterm deliveries are done; however,
indicated preterm deliveries were carried out on the basis
of maternal and/or fetal conditions. Prophylactic ante-
natal corticosteroids (2 intramuscular doses of 12 mg
betamethasone, 24 hours apart) were administered only if
a preterm delivery was considered. In otherwise normally
progressing gestations, we offered, after detailed counsel-
ing, elective deliveries at 36 to 37 completed weeks of
gestation without lung maturity assessment.

The analysis was made per pregnancy or per fetus,
as required. We excluded the stillborn fetuses from the
analysis of birth weights and birth weight discordance
because of the maceration that is associated with the
prolonged interval between IUFD and delivery. The
following variables were considered in our analysis:
maternal age and parity, mode of conception (sponta-
neous vs iatrogenic), maternal complications such as
premature contractions (!34 weeks of gestation), hy-
pertensive disorders (preeclampsia, pregnancy-induced
hypertension, and chronic hypertension), diabetes mel-
litus (gestational and pregestational), preterm rupture of
membranes at !34 weeks of gestation, mode of deliv-
ery, gestational age at birth, birth weight, birth weight
discordance of O25% (intertwin birth weight difference
expressed as percentage of the heavier twin), frequency
of TTTS, Apgar scores at 5 minutes (not available for
1 pair because of extreme prematurity), major malfor-
mations (excluding stillbirths), early (%7 days of life)
neonatal death, and major neonatal morbidity (res-
piratory complications, sepsis, and intraventricular
hemorrhage).

Using the same method of ‘‘fetuses-at risk’’ that was
employed by Barigye et al,5 we derived the rate of fetal
death in continuing pregnancies for each 2-week gesta-
tional period, starting at 24 weeks of gestation. This
rate was calculated as the number of IUFDs that oc-
curred within the 2 weeks after the beginning of the
week divided by the number of continuing pregnancies
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at the beginning of that week. The prospective risk of
IUFD was calculated as the total number of IUFDs at
the beginning of the gestational period divided by the
number of continuing pregnancies at or beyond that
period.5,7 Because few pregnancies continued beyond
the 2-week period at R36 weeks of gestation, the pro-
spective risk was not determined for this period. Our
pediatricians followed the surviving infant in cases
with single IUFD, and their condition was recorded in
our database. We derived the binomial distribution
95% CI for rates with standard statistical formulas.

The study has been approved by local institutional
review board.

Results

We identified 193 monochorionic diamniotic sets among
the 893 twins who were followed and delivered during

Table I Maternal and fetal/neonatal characteristics of 193
intensively monitored monochorionic diamniotic twin gesta-
tions that were delivered after 24 weeks of gestation

Characteristic Measurement

Maternal age (y) 28.2 G 4.8
Nulliparous women (n) 105 (54.4%)
Spontaneous conceptions (n) 183 (94.8%)
Pregnancy complications (n)*

Premature contractions 79 (40.9%)
Hypertensive disorders 37 (19.2%)
Premature preterm rupture of membranes 13 (6.7%)
Diabetes mellitus 14 (7.3%)

Mode of delivery (n)
Vaginal 63 (32.6%)
Cesarean birth in labor 26 (13.5%)
Elective cesarean 104 (53.9%)

Gestational age at delivery (wk) 34.8 G 2.5
!32 (n) 18 (9.3%)
32-35 (n) 89 (46.1%)
R36 (n) 86 (44.6%)

Birth weight (g)y 2156 G 534
!1500 (n)y 43 (11.3%)
1500-2499 (n)y 230 (60.4%)
O2500 (n)y 108 (28.3%)

Birth weight discordance O25% (n)y 28 (14.5%)
Major malformations (n)y 16 (4.2%)
Twin-twin transfusion syndrome (n) 15 (7.8%)
IUFD (n)

Per fetus 5 (1.3%)
Per pregnancy 5 (2.6%)

5-Minute Apgar score !7 (n) 5 (1.3%)
Early neonatal deaths (n) 7 (1.8%)
Major neonatal morbidity (n)*

Respiratory 55 (14.4%)
Sepsis 7 (1.8%)
Intraventricular hemorrhage 2 (0.5%)

* Subjects may have O1 condition.
y Data excludes stillbirths.
the study period (21.6%). None of the sets were
excluded from the analysis; the characteristics of this
monochorionic-diamniotic twin cohort are shown in
Table I. In our cohort, 107 pregnancies (approximately
55% of all cases) were delivered at !36 weeks of gesta-
tion; 39 pregnancies (36.4%) had a spontaneous preterm
labor, and in 68 cases we delivered the pregnancy
prematurely because of fetal indication (63/68; 92.6%)
or maternal indications (5/68; 7.4%). The IUFD rates
were 5 of 193 pregnancies (2.6%; 95% CI, 1.1, 5.9) and
5 of 86 fetuses (1.3%; 95% CI, 0.5, 3.0).

Major fetal malformations included 2 concordant
chromosomal anomalies (inversion of chromosome 3,
also present in the mother), 9 congenital heart anoma-
lies, 2 kidney anomalies, and 1 omphalocele. All IUFDs
occurred in the nonpresenting twin (ie, in twin B). Four
of the 5 IUFDs occurred remote from term (Table II)
and were delivered with their apparently normal co-
twin at an interval of 3 to 7 weeks. Because of severe
maceration, autopsies were unreliable in terms of anom-
aly detection; however, all these pregnancies were under
close observation because of early onset severe discor-
dant growth (O25% as estimated from the last sonog-
raphy), but without signs of TTTS. The fifth IUFD
occurred at 34 weeks of gestation in a fetus with a non-
reassuring fetal heart rate tracing in a pregnancy that
was complicated with severe preeclampsia. IUFD oc-
curred just before the planned cesarean delivery, and
the stillborn fetus weighed 1780 g (19% discordant). Be-
cause no other cause was found, this potentially avoid-
able death was presumably related to acute fetal
distress. All but 1 of the survivors are developing nor-
mally at a follow-up of at least 3 years. One survivor,
however, has cerebral palsy. This child lost its co-twin
at 25 weeks of gestation, was growing normally, was
delivered by elective cesarean 7 weeks later, and had a
5-minute Apgar score of 10. This event occurred before
we implemented antepartum level III ultrasound scans
and serial magnetic resonance imaging of the surviving
single twin. Thus, we are unable to exclude the possibil-
ity that brain lesions could have been detected before
birth in this case.

Four of the 7 early neonatal deaths were a result of
a congenital heart anomaly (including 1 pair with a
concordant cardiac anomaly): One death was the result of
a traumatic forceps delivery of a 31 weeks of gestation
(1545 g, second twin); 1 death was the result of sepsis at 33
weeks of gestation in a 1845-g infant; and one death was
the lighter twin who weighed 695 g from a pregnancy that
was complicated by TTTS and underwent spontaneous
preterm delivery at 29 weeks of gestation. The uncor-
rected perinatal (stillbirth plus early neonatal) mortality
rate of this cohort was 12 of 381 infants (3.1%) or 31.5
of 1000 live born infants. The uncorrected for anomalies
early neonatal mortality rate was 7 of 381 infants (1.8%,
18.3 of 1000 live born infants), and the corrected for
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Table II Rate and prospective risk of unexpected fetal demise in 193 intensively monitored monochorionic-diamniotic twin
gestations that were delivered after 24 weeks of gestation

Gestational
age (wk)

Continuing (n)
Deaths per
period (n)

IUFD rate per
period (n/N)

Deaths in
continuing (n) Prospective risk of IUFD (n/N)*

Pregnancies Fetuses
Per
pregnancy

Per
fetus

Per
pregnancy

Per
fetus Pregnancies Fetuses

Per
pregnancy Per fetus

24-25 193 386 2 2 2/193
(1/97)

2/386
(1/193)

5 5 5/193 (1/37),
2.6%, [1.1,5.9]

5/386 (1/77),
1.3%,
[0.5, 3.0]

26-27 193 384 1 1 1/193 1/384 5 5 5/193 (1/37),
2.6%, [1.1,5.9]

5/384 (1/77),
1.3%, [0.5, 3.0]

28-29 191 379 0 0 0/191 0/379 4 4 4/191 (1/48),
2.1%, [0.8, 5.2]

4/379
(1/95), 1.0%,
[0.4, 2.7]

30-31 183 363 1 1 1/183 1/363 4 4 4/183 (1/46)
2.2% [0.9, 5.5]

4/363
(1/91) 1.1%
[0.4, 2.8]

32-33 168 332 0 0 0/168 0/332 2 2 2/168 (1/84),
1.2%, [0.3, 4.2]

2/332
(1/166), 0.6%,
[0.1, 2.2]

34-35 140 276 1 1 1/140 1/276 1 1 1/140, 0.7%,
[0.1, 3.9]

1/276, 0.4%,
[0.06, 2.0]

R36 88 171 0 0 0/88 0/171 0 0

* 95% CI is given in brackets.
anomalies early neonatal mortality rate was 3 of 381
(0.8%, 7.9 of 1000 live born infants).

Comment

Elective pretermdelivery of presumably ‘‘uncomplicated’’
pregnancies is reserved for cases in which evidence shows
that continuing the pregnancy undoubtedly may increase
the risk for the fetus(es) and that this potential risk
outweighs the risks that are associatedwith pretermbirth.
Such a ‘‘ticking bomb’’ situation that warrants intensive
antenatal care and elective preterm delivery has been
described for monoamniotic twin pregnancies in which
cord entanglement with a potential to become danger-
ously tightened is almost invariably seen.8,9 However,
the extension of this approach to all diamniotic-mono-
chorionic twins,10 including those who are apparently
‘‘uncomplicated,’’ has been suggested only recently in
the seminal study that was conducted by Barigye et al.5

In this study, the authors reiterated the well-known asso-
ciation of monochorionicity and the risk for an unex-
pected single or double fetal death past 32 weeks of
gestation. Single fetal death is of special importance be-
cause, as opposed to dichorionic twins, intertwin agonal
transfusion results in up to a 38% risk of death and
a 46% risk of neurologic damage to the co-twin.10 The
authors concluded that the significant prospective risk
merits further studies that will examine the potential
salvage of these IUFDs by elective preterm delivery.
Our study, although inspired by that of Barigye et al,5

is different in 2 main aspects. First, their seminal study
was comprised of presumably ‘‘uncomplicated’’ cases,
whereas our study did not exclude malformations,
growth problems, and TTTS. This difference was ex-
pected to increase the prospective risk of IUFD in our
cohort. However, our results show a much lower pro-
spective risk per pregnancy and per fetus in each stratum
of gestational ages (Table II) compared with the risks
reported by Barigye et al.5 Importantly, the prospective
risk of antepartum stillbirth after 32 weeks of gestation
was 4.3% (95%CI, 1.6% - 9.1%) as compared with 1.2%
(95% CI, 0.3% - 4.2%) in our series. Thus, according to
our data, 1 case of IUFD would be prevented for every
84 monochorionic pregnancies that are delivered at 32
weeks of gestation and 1 case of IUFD for every 140
pregnancies at 34 weeks of gestation, compared with
23 and 30 pregnancies in the series of Barigye et al.5

The second main difference between our study and
that of Barigye et al5 is the more intensive antenatal sur-
veillance that is used in our service in terms of frequency
(weekly vs biweekly) and methods (cardiotocography
and sonography vs sonography alone). We acknowledge
that there are no data to support the frequency of ante-
natal testing in uncomplicated twins and that these
are scheduled empirically rather than according to evi-
dence-based recommendations. However, because all
IUFDs occurred between 1 and 2 weeks after the last
scan in the study of Barigye et al,5 it is likely that
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more frequent assessments of fetal well-being may re-
duce, at least in part, the prospective risk of IUFD. In
our cohort, nearly 55% of the pregnancies were deliv-
ered preterm as a result of our surveillance protocol;
in the majority of pregnancies, the preterm delivery
was for fetal indications. Nevertheless, it is unknown
and probably can never be known how many unantici-
pated fetal deaths have been avoided by our antenatal
surveillance protocol.

Increasing the frequency of antenatal assessments and
implementing more sophisticated surveillance methods
are undeniably more expensive. However, if the alterna-
tive to intensive antenatal assessments is elective preterm
delivery, the cost of a prolonged stay in the neonatal
intensive care unit as a result of iatrogenic prematurity
should certainly be added to the equation and conceiv-
ably would offset the costs that are involved in intensive
monitoring.

The American College of Obstetricians and Gynecol-
ogists, in its most recent practice bulletin on complicated
twin and other multiple gestations11 did not differentiate
between the risk of dichorionic and monochorionic
twins and therefore did not describe specifically the nec-
essary fetal well-being assessment of monochorionic
twins nor the possibility of elective preterm birth. How-
ever, asCleary-Goldman andD’Alton6 pointed out, some
maternal-fetal medicine centers in the United States are
conducting antenatal surveillance more frequently than
once every 2 weeks and are using cardiotocography in
addition to ultrasound and Doppler studies.

Another pertinent question is the timing of elective
preterm delivery for twins. Most clinicians would prob-
ably agree that 32 weeks of gestation is too early.
Similarly, many clinicians would agree that 37 to 38
weeks of gestation is the optimal gestational age for
twins.12 One possible concession is to offer delivery of
these apparently uncomplicated monochorionic twins
at approximately 34 to 35 weeks of gestation after
antenatal corticosteroid administration and appropriate
counseling regarding the pros and cons of expectant
management versus elective preterm delivery.6 Based on
our results and on recent observations regarding the
excess risk of respiratory complications after near term
twin delivery,13,14 we believe that our policy of offering
elective preterm birth after 36 completed weeks of gesta-
tion is a more reasonable compromise.

The differences between our study and that of
Barigye et al5 may relate to difference in the referral
populations. Although the 2 maternal-fetal medicine
services are considered tertiary and although the preva-
lence of fetal malformation in our series (4.2%; Table I)
was similar to that reported by Barigye et al5 (27/480;
5.6%), we had only approximately 8% TTTS cases
(Table I), whereas Barigye et al excluded 164 of 480
cases (34.2%) of TTTS from the analysis. Our low
TTTS prevalence is because many patients (data not
available) opted for induced late abortion rather than
continuation of pregnancy after 24 weeks of gestation.
Given the strict criteria that were used by Barigye
et al, the nearly twice higher than the accepted 15% to
20% prevalence of TTTS may suggest that a different re-
ferral policy may account for the higher intrauterine
death. Because of the long interval between fetal death
and delivery, we were unable to reproduce the patho-
logic observation that suggests that death occurred
because of some form of acute TTTS.5

Finally, IUFDs among dichorionic twins does also
exist. However, this risk is considerably higher in
monochorionic twins4,15 and highlights the special atten-
tion that is required for monochorionicity, which should
translate into more intensive antenatal assessments.
However, the prospective risk of IUFD that was found
in our study does not indicate preterm elective delivery
of monochorionic twins.
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Abstract

The efficacy and safety of oral misoprostol for labor
induction of twins is unknown. We conducted a retro-
spective case-control study to evaluate the use of oral
misoprostol in near term (G35 weeks) twin pregnancies
in nulliparas. Eligible cases were given 100 mcg oral
misoprostol, which was repeated after 6 h if labor did not
start. Either a third dose or diluted oxytocin infusion were
given in intractable cases. Diluted oxytocin infusion was
used for augmentation. Controls were nulliparas deliv-
ered at G35 weeks by elective cesarean section. The two
groups were comparable in most aspects, except for
fetal malpresentation, which was the major reason for
avoiding induction. Of the 69 patients in whom labor was
induced, 53 (76.8%) had a vaginal birth, 3 (4.3%) had a
combined twin delivery, and 13 (18.8%) had a cesarean
during labor. The mean length of stay of the neonates
was significantly shorter among study cases, without sig-
nificant difference in the frequency of delayed discharges
as an overall proxy for neonatal complications. Labor
induction with oral misoprostol could be offered to
patients in whom near term vaginal twin delivery is un-
equivocally permitted and wish to deliver by the vaginal
route.

Keywords: Cesarean section; labor induction; misopros-
tol; twins.

Introduction

Cesarean birth and labor induction for twin pregnancies
increased substantially in the United States during the
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last decade, and these changes in obstetrical practice
have been associated with a significant decline in the
rate of stillborn twins w1x. This conclusion comes from a
recent retrospective cohort study of more than a million
twin live births and stillbirths in the United States
between 1989 and 1999, showing that the rates of labor
induction and cesarean birth among twin live births
increased by 138% (from 5.8 to 13.8%) and 15% (from
48.3 to 55.6%), respectively w1x. During the same period,
there was a 43% decline in the stillbirth rate (from 24.4
to 13.9 per 1000 fetuses at risk). Importantly, the decline
in the rate of twin stillbirths was larger at later gestational
ages where the largest absolute increases in labor induc-
tion rates were observed w5x. These observations con-
firmed data from France and Australia, indicating that
decisions to minimize fetal deaths in twin pregnancies
increased preterm deliveries, and thus, lower rates of
stillbirths are achieved seemingly at the price of deliver-
ing more twin infants before term w14, 15x.

Further analysis of the American database suggests
that in 1999 more than 15,000 live born twins were reg-
istered as being delivered after labor induction w6x.
Regardless, these epidemiological studies w5, 6, 14, 15x
did not consider the method of labor induction, method-
related complications, or the frequency of failed induc-
tions. At the same time the ACOG Practice Bulletin w2x
included the multifetal pregnancy among obstetric cir-
cumstances that ‘‘are not contraindications to the
induction of labor but do necessitate special attention’’.
Regrettably, this Practice Bulletin remained silent about
the method of induction as well as the special attention
that is required, whereas a more recent Practice Bulletin
on multiple gestations w3x did not even mention the issue
of labor induction in twins.

The clinical concern about labor induction in advanced
twin gestations is based on the potential hyperstimula-
tion of an overdistended uterus. This concern is repre-
sented by a paucity of published studies related to labor
induction in twin gestations. These few and small-sized
studies suggested that oxytocin stimulation w9, 10x, intra-
uterine balloon w12x, or even prostaglandin E2 w19x were
effective and safe for cervical ripening in the process of
labor induction in twin gestations.

Over the past 15 years, data have been accumulated
regarding the safety and efficacy of misoprostol (Cytotec,
Searle), a prostaglandin E1 analogue, as a method for
cervical ripening and labor induction w4x. More recently,
stepwise oral misoprostol appears to be as effective as
vaginal misoprostol for cervical ripening with a low inci-
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dence of uterine hyperstimulation, no increase in side
effects, a high rate of patient satisfaction, and a lower
cesarean section rate w20x. The ACOG Committee Opin-
ion on labor induction with misoprostol, which published
favorable comments related to this method of induction,
also remained silent about its potential application in twin
gestations w1x.

Based on our experience with this drug in singletons,
we performed this retrospective case-control study to
evaluate the use of misoprostol in near term twin preg-
nancies.

Material and methods

During the period September 1994–December 2004, there were
825 twin pregnancies followed and delivered at our maternity
center. This figure represents 0.98% of all births. Twin pregnan-
cies that were delivered immediately upon admission were not
included in the study. During this period, information about the
pregnancy and delivery was prospectively registered on a preset
form and subsequently entered into a computerized system.
Because the purpose of this study was to evaluate the efficacy
and safety of near term labor induction in twins using oral miso-
prostol, and in order to avoid the confounding effect of parity,
we restricted this study to nulliparous women. Hence, the study
group comprised nulliparous patients delivered following oral
misoprostol induction at G35 weeks’ gestation. Because we
were interested in outcome related to the induction process and
to avoid the confounding effect of spontaneous birth, the control
group comprised nulliparous patients delivered at G35 weeks’
gestation by elective cesarean section.

Induction of labor was not done in patients with previous uter-
ine surgery, an abnormal (non-vertex) presentation of the first
twin, when the patient opted for an elective cesarean section,
or when a vaginal delivery was contraindicated. Eligible patients
for induction by misoprostol had a closed and uneffaced cervix
with intact membranes. Following a detailed informed consent
process, a comprehensive maternal and fetal assessment (dual
fetal heart rate tracing, biophysical profile, and estimated fetal
weight) to exclude cases from the induction process, oral miso-
prostol was given in a dose of 100 mg, which was repeated after
6 h if there were no contractions or cervical dilatation. If the
second dose did not induce labor, either a third dose is given
or diluted oxytocin infusion (starting with 5 and increasing up to
15 mU/min) is initiated. Cases that were successfully induced
by misoprostol alone and misoprostol and oxytocin comprised
the study group. Augmentation of labor was done, if necessary,
by diluted oxytocin infusion. We considered an induction suc-
cessful if the patient delivered by the vaginal route. Failed in-
duction was considered if intrapartum cesarean section was
performed. During labor, we rupture the membranes at a rela-
tively early stage in order to have access for direct fetal heart
rate monitoring of the presenting twin (enabling accurate dual
monitoring, performed almost invariably) and to reduce uterine
overdistension.

The following variables were considered for analysis: maternal
age, mode of conception (spontaneous or by assisted repro-
duction), maternal complications during pregnancy (premature
contractions and hypertensive disorders), maternal complica-
tions that indicate delivery near term (G36 weeks, including
semi-indications such as worsening dyspnea, sleeplessness,

severe depending edema, etc. w3x), fetal indications (such as
growth aberration or oligohydramnios in one or both gestational
sacs); fetal presentation (vertex–vertex or other), and frequency
of monochorionic twins. We evaluated the induction method by
the length of the active phase of labor (from 3 cm of dilatation
to delivery) and by the need for intrapartum cesarean delivery in
the study group. Postpartum hemorrhage and infectious mor-
bidity in both study and control groups were considered
as method complications. Neonatal outcomes included birth
weights, 5-min Apgar scores of -7, trauma, admission to and
length of stay at the neonatal intensive care unit. The overall
outcome was evaluated by the frequency of delayed discharge
of the infants as a result of neonatal complications (such as res-
piratory distress, and need for mechanical ventilation, hyperbi-
lirubinemia, and infection). Umbilical cord blood gases were not
evaluated.

The data were evaluated using the Microsoft Excel� program
(Microsoft Corporation, Redmond, Washington). We used the
True EPISTAT Software (Math Archives, Round Rock, TX) to com-
pare the induction and the elective cesarean section cases. We
performed Student’s t and chi-square tests for continuous and
categorical variables, respectively. We derived the odds ratios
and 95% confidence interval, as well as P values (considered
significant if -0.05). The local Ethical Committee approved the
study.

Results

During the study period, 69 patients (8.3% of the entire
cohort) met the inclusion criteria for labor induction with
oral misoprostol near term. The eligible control group
comprised 116 (14.1%) patients. Table 1 shows the com-
parison of maternal and fetal characteristics between the
groups. Study patients were slightly younger and com-
prised slightly more (borderline significance) spon-
taneous conceptions, but have the same frequency of
pregnancy complications, mean gestational age, similar
frequencies for the indication leading to induction of
labor, and similar frequencies of monochorionic twins.
There was a much higher frequency of vertex-vertex
combination of presentations among the study group.
Taken together, Table 1 suggests that the two groups
were comparable in most aspects, except for fetal mal-
presentation, which was the major reason for avoiding
inductions in these patients.

Of the 69 patients in whom labor was induced, 53
(76.8%) had a vaginal twin birth, 3 (4.3%) had a com-
bined twin delivery (i.e., cesarean section for the second
twin), and 13 (18.8%) had a cesarean delivery during
labor. Combined twin delivery was done because of dif-
ficult delivery of a malpresenting twin (ns1) and intra-
partum signs of fetal distress in the second twin (ns2).
The indications for cesarean section during labor were
arrest disorders of the active phase (ns10) and sus-
pected fetal distress in the remaining 3 cases.

The mean duration of labor from the beginning of the
active phase until delivery in the successful induction
cases was 225"153 min. This was achieved in 41 cases
(59.4%) with misoprostol only, and in the remaining cas-
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Table 1 Comparison between the clinical presentation of the labor induction and elective cesarean section groups. Data shown as
N (%) or as mean"SD. Statistics are shown as P values for continuous data, and by odds ratio (95% confidence interval) for
categorical data.

Labor induction Elective cesarean section Statistics

N 69 116
Maternal age (yrs) 28.5"5.4 29.3"6.6 P-0.01
Spontaneous pregnancies 49 (75.4) 63 (54.7) 2.1 (1.04,4.1)

Pregnancy complications
Preterm contractions 29 (42.0) 50 (43.1) 1.0 (0.5, 1.8)
Hypertensive disorders 13 (18.8) 32 (27.5) 0.6 (0.3, 1.3)

Gestational age (d) 256.0"6.0 254.8"7.0 Ps0.27

Indication for induction*
Semi-indications at G36 weeks 46 (66.6) 91 (78.4) 0.5 (0.3, 1.1)
Maternal 14 (20.3) 28 (24.1) 0.8 (0.4, 1.8)
Fetal 8 (11.6) 20 (17.2) 0.6 (0.2, 1.6)

Stillbirth 0 3 (1.3%)
Vertex-Vertex 56 (81.1) 28 (24.1) 13.5 (6.1, 30.5)
Monochorionic 16 (23.1) 18 (15.5) 1.6 (0.7, 3.7)

*Only major indications were considered for the analysis. Some patients may have more than one indication.

Table 2 Comparison between neonatal outcomes of the labor induction and elective cesarean section groups. Data shown as N
(%) or as mean"SD. Statistics are shown as P values for continuous data, and by odds ratio (95% confidence interval) for categorical
data.

Labor induction Elective cesarean section Statistics

Birth weight
Twin A 2551"315 2450"282 Ps0.02
Twin B 2432"320 2354"482 Ps0.1
5-min Apgar -7 0 2 (0.9%)
Length of stay (d) 4.0"2.3 5.2"3.0 P-0.01
Delayed discharge 10 (7.2%) 22 (9.5) 0.8 (0.3,1.9)

es with the addition of oxytocin induction. There were no
cases of uterine hyperstimulation or uterine rupture in the
study group. One case of postpartum hemorrhage and
one case of postpartum infection complicated the elec-
tive cesarean group. One case of failed induction was
subsequently re-operated to drain an abdominal incision
hematoma.

The comparison of fetal outcome variables is shown in
Table 2. There was a significantly higher birth weight of
the firstborn twin (but not of the second born) in the
study group. Admission to the neonatal intensive care
unit was required for one infant in each group, and this
was indicated for neonatal respiratory difficulties. The
mean length of stay of the neonates at the hospital was
significantly shorter among the study cases, although
there was no significant difference in the frequency of
delayed discharges as an overall proxy for neonatal
complications.

Discussion

Every method for labor induction should be evaluated by
its safety and efficacy. To the best of our knowledge, this
is the first study discussing the use of oral misoprostol

to induce labor in twins, and hence, there are no other
published studies to compare with. For this reason, we
limit our discussion to the use of oral misoprostol in sin-
gletons and to other methods of labor induction in twins.

Misoprostol is an inexpensive prostaglandin E1 ana-
logue administered orally or vaginally, easily stored, and
known to have few systemic side effects when compared
to placebo, vaginal or intracervical prostaglandin E2, and
oxytocin w11x. In terms of safety, it was suggested that
effective oral regimens may have an unacceptably high
incidence of complications such as uterine hyperstimu-
lation and possibly uterine rupture w4, 20x, a concern that
is not shared by recent studies comparing oral miso-
prostol to other labor induction regimens in singletons w8,
11, 13, 17x. In our present series of twin pregnancies,
labor induction with oral misoprostol appears to be safe,
for both mother and twins. This is of special importance
since we used a seemingly higher dose of misoprostol
as recommended in the literature for singleton births w1x.
Moreover, in a series of 69 labor inductions in multiparas
with twins managed in our hospital, no uterine hypersti-
mulation was encountered (data not shown).

In terms of efficacy, our results show that induction
was successful in 80% of the cases eligible for induction,
and in 60% of these cases (about 50% of all inductions),
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labor was induced with misoprostol alone. These suc-
cess rates are comparable to those reported in single-
tons w8, 17x. In addition, fetal outcomes were entirely
comparable between the labor induction and the elective
cesarean groups, and associated with an overall re-
duction of neonatal hospitalization (Table 2). Finally, in
our series of successful inductions, vaginal birth was
achieved (from the beginning of the active phase) within
225"153 min, in agreement with the results of Schiff
et al. w16x who found that twin gestations have a signif-
icantly shorter first stage of labor than do singleton ges-
tations, and in contrast to the data provided by Silver
et al. w18x who found that the active phase dilation in
twins proceeds at a slower rate than that observed in
singleton pregnancies.

Other methods exist for labor induction in twins. For
example, Manor et al. w12x evaluated the efficacy and
safety of labor induction using an intrauterine balloon
catheter in twin pregnancies. In the series of 17 cases,
vaginal delivery was achieved in 15 (88.2%) patients and
all neonates had a perfect 5-min Apgar score. Suzuki
et al. w19x induced labor in 17 twin gestations with oral
prostaglandin E2, and did not report any particular side
effects. However, most reports in the literature probably
used artificial rupture of membranes and oxytocin stim-
ulation as a method of induction w10x.

It is evident that not all twin pregnancies are candi-
dates for labor induction, and from our study it appears
that the obstetrical decision for an elective cesarean sec-
tion was primarily related to fetal malpresentation, i.e., a
combination other than vertex-vertex (Table 1). It also
seems that both patients and their caregivers are more
reluctant to choose labor induction in non-spontaneous
twin gestations (Table 1). This trend, namely, cesarean
section for ‘‘premium’’ twin pregnancies, is quite reason-
able given the impact of the history of subfertility on deci-
sion making during labor and delivery w7x. As it appears,
labor induction could be offered to patients in whom near
term vaginal twin delivery is unequivocally permitted and
to those who prefer the vaginal to the abdominal route.

Regardless of the favorable outcome associated with
labor induction in our series of nulliparas with twins, we
acknowledge the fact that such a procedure needs
a dedicated obstetrical team and close observation
throughout the induction process as well as during labor
and delivery. Obviously, larger series are needed to
exclude the possibility of rare events associated with
labor induction such as uterine rupture.
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Abstract

Objective: To estimate the maternal puerperal morbidity
in elective and emergent cesareans in twins.
Study design: We evaluated postpartum complica-
tions among patients who underwent elective cesarean
birth for twin pregnancy. This group was compared to
matched singletons and to emergent cesareans in twins.
Results: During the period September 1994–March 2006
there were 299 (47.4%) elective and 80 (12.7%) emergent
cesarean sections in twin pregnancies, for a total of 379
(60.1%) cesarean births for both twins. Controls included
299 cases of elective cesareans in singletons. The com-
parison between elective and emergent cesareans and
between elective cesareans in twins and in singletons
found no significant differences in postpartum fever, scar
infection, and postpartum hemorrhage. Venous throm-
boembolism occurred in two twin pregnancies, one in the
elective and one in the emergent cesarean group. Post-
partum hysterectomy was required in a singleton preg-
nancy following an elective cesarean birth.
Conclusion: At present, no data exist to show a disad-
vantage for a planned cesarean birth for twins.

Keywords: Cesarean; postpartum; puerperal morbidity;
singletons; twins.

Introduction

Current efforts to diminish the escalating numbers of
multiple pregnancies effectively reduced the incidence of
higher-order multiples w4, 9x. At the same time, however,
the number of twins is still increasing. The most recent
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USA data indicate that twin birth rate increased 2% in
2004, to 32.3 twins per 1000 births, another all-time rec-
ord high. The twinning rate has increased 42% since
1990 and 70% since 1980. The most recent available
national data from the USA indicate that as many as
132,219 twin births occurred in 2004 w6x. A similar trend
has been observed in the United Kingdom as well as in
other developed countries w4, 9x

As the numbers of twins increase, the mode of delivery
becomes more pertinent. The United States cesarean
birth rates increased 13% (from 51.9 to 55.0%, 95% CI
12–14) between 1989–1991 and 1997–1999 among
twins delivered at G22 weeks and weighing G500 g w2x.
Although this rate does not include the period after the
publication of the Term Breech Trial w5x, it represents an
average increase of 52, 28 and 9% among twin preg-
nancies delivered at 22–27 weeks’, 28–33 weeks’ and at
G34 weeks’ gestation, respectively. It was rightfully not-
ed that the rates increased to a greater extent at earlier
rather than at later gestational ages, but the absolute
number of cesareans was much higher at later gesta-
tional ages w2x. These figures are quite similar to the com-
monly cited rates of 50–60% abdominal births among
twins and nearly 100% among triplets w3x. In the UK, the
2001 cesarean rate for twin deliveries was 59% w8x.

At present, many of the circumstances that may have
led to a twin pregnancy are commonly used as an indi-
cation for an elective cesarean delivery of twins. It
appears that patients, as well as their attending clini-
cians, may base their decision for a cesarean in such
‘‘premium’’ pregnancies, intentionally or not, on quan-
titative arguments that are difficult to interpret and on
qualitative variables that are impossible to quantify w3x.

These considerations are contrasted with surprisingly
scant information about puerperal morbidity following a
planned compared to an emergent cesarean birth for
twins, and compared with cesareans in singletons w1,
10x. Such information might be an important argument in
the continuing discussion about the preferred mode of
delivery of twins. The purpose of this paper was to esti-
mate the maternal puerperal morbidity in elective and
emergent cesareans in twins.

Materials and methods

During the period September 1994–March 2006, there were 946
twin pregnancies followed and delivered at the Maternity
Dr. Alfredo da Costa, Lisbon, Portugal. This figure represents
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Table 1 Maternal and neonatal outcomes. Data presented as mean"SD or as n (%).

Twins Singletons

Elective cesareans Emergent cesareans Elective cesareans

n 299 80 299
Maternal age (years) 30.9"5.1 29.8"5.3 31.3"6.3
Age)35¶ 51 (17.0) 10 (12.5) 95 (31.8)
Nulliparas§ 158 (52.8) 47 (58.7) 82 (27.4)
Spontaneous pregnancies* 231 (77.2) 68 (85.0) 289 (96.6)
Gestational age (weeks) 35.9"1.4 35.8"1.6 38.6"2.4
-35 weeks 52 (17.3) 18 (22.5) 18 (6.0)
Total birth weight (g) 4799"726 4807"751 3239"750
-1500 g 14/598 (2.3) 3/160 (1.9) 10/299 (3.3)
-2500 g 346/598 (57.8) 91 (56.9) 35/299 (11.7)
¶Twins vs. singletons OR 0.4 (95% CI 0.3, 0.7).
§Twins vs. singletons OR 3.0 (95% CI 2.1, 4.2).
*Twins vs. singletons OR 0.1 (95% CI 0.05, 0.2).

nearly 1% of all deliveries. During this period, information about
the pregnancy and delivery was prospectively registered on a
preset form and subsequently entered into a computerized sys-
tem. This study focused on patients delivered by elective cesa-
rean section as compared with emergent cesareans (defined as
a decision taken during trial of labor for both twins). Thus, cases
of cesareans for the second twin only—the so-called ‘‘combined
twin delivery’’—were excluded from the analysis. In addition, we
focused on deliveries at G32 weeks, to avoid the confounding
effects of indications for very preterm cesareans. Finally, all cas-
es with premature rupture of membranes, irrespective of the a
priori planned mode of delivery, were counted as emergency
cesareans.

For a secondary comparison, we created a new dataset of a
matched cohort of singletons, comprising the successive sin-
gleton pregnancy that had a planned, elective, cesarean birth
performed at G32 weeks. Obviously, the indication for elective
cesarean deliveries in twins and singleton differed. However,
these indications are not associated with increased risk of puer-
peral morbidity that comprises the study variables listed below.
The matching process assumes that the consecutive planned
cesarean delivery in singletons within the same gestational age
limits is the best randomly selected matched control for every
case of elective cesarean in twins.

The following variables were compared: maternal age, parity,
mode of conception, gestational age at birth, and birth weight.
The study variables of interest were postpartum fever (defined
as )388C, measured twice, at 24 h postpartum or later), scar
infection (defined as evident infection occurring during hospital-
ization, requiring either of the following measures: drainage,
exploration of the scar, and antibiotic therapy), postpartum hem-
orrhage (defined as the need for blood transfusion or for active
intervention to stop bleeding), and venous thromboembolism.

Our intraoperative protocol of antibiotic therapy (2 g of cepha-
zoline, or an equivalent for allergic patients) was given following
clamping of the singleton and the second twin’s umbilical cord.
Similarly, and irrespective of plurality, all cases received the
same protocol of dilute oxytocin infusion. All cesareans were
performed by senior staff. As noted above, in our service, rup-
ture of membranes occurring in a patient scheduled for an elec-
tive cesarean changes her status to an emergent case.

The data were evaluated using the Microsoft Excel� program
(Microsoft Corporation, Redmond, Washington). Comparisons
were made between maternal variables of the three groups, but
gestational age and birth weight variables were done between
the twin groups only. We used the True epistat Software (Math
Archives, Round Rock, TX) to perform Student’s t and Fisher’s
exact tests to compare continuous and categorical variables,
respectively. We derived P-values (considered significant if
-0.05) and odds ratios (OR) and 95% confidence interval (CI)
for these comparisons. The study was approved by the local
Ethical Committee.

Results

During the study period, there were 631 women delivered
at G32 weeks, including 299 (47.4%) elective and 80
(12.7%) emergent cesarean sections in twin pregnancies,
for a total of 379 (60.1%) cesarean births for both twins.
We excluded 15 (2.4%) cases of combined twin delivery
for a total of 237 (37.5%) vaginal births for both twins.
Controls included 299 cases of elective cesareans in
singletons.

Table 1 shows the comparison between the study and
control groups. The mean maternal age in the three
groups was similar; however, mothers who had an elec-
tive cesarean in singletons were more frequently over
35 years. Nulliparas were more frequent in twins com-
pared to singletons and, as expected, there was a sig-
nificantly lower frequency of spontaneous conceptions
among twins compared to singletons. No difference was
found in the comparison of the neonatal characteristics
within the twin groups.

The comparison of the postpartum complications
(Table 2) showed no significant difference between elec-
tive and emergent cesareans in twins and between elec-
tive cesareans in twins and singletons. Despite the
insignificant differences it seems that elective cesareans
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Table 2 Puerperal complications. Data are shown as n (%), statistics are shown as OR (95% CI).

Twins Singletons Statistics

Postpartum fever
Elective 7 (2.3) 6 (2.0) 1.2 (0.3, 4.0)
Emergent 5 (6.3)
Statistics 0.3 (0.1, 1.3)

Scar infection
Elective 6 (2.0) 2 (0.7) 3.0 (0.5, 14.1)
Emergent 4 (5.0)
Statistics 0.4 (0.1, 1.7)

Postpartum hemorrhage
Elective 11 (3.7) 3 (1.0) 3.8 (0.9, 12.5)
Emergent 3 (3.8)
Statistics 1.0 (0.2, 3.6)

in twins have a lower incidence of postpartum fever and
scar infection compared to emergency cesareans in
twins or elective cesareans in singletons. Postpartum
venous thromboembolism occurred in two twin pregnan-
cies, one in the elective and one in the emergent cesa-
rean group. Of note is that postpartum hysterectomy was
required in one case of hemorrhage in a singleton preg-
nancy following an elective cesarean birth.

Discussion

A recent analysis of epidemiological data by Meyer w7x
found that 97 cesarean sections would be required to
prevent a serious morbidity or mortality in a second twin.
This number was within the range needed to prevent
uterine rupture during a trial of labor following a cesarean
(1:556) or morbidity related to vaginal breech delivery
(1:167). Meyer rightfully pointed out that the current bal-
ance of risks related to cesarean birth in twins is incom-
plete because the potential risk of cesarean birth is
practically unknown. Indeed, post-cesarean maternal
complications are relatively rare and potentially under-
reported in epidemiological datasets.

Bearing in mind the potential type II (beta) error in the
statistical analysis of data from a single center and from
a relatively short period of observation, we used a care-
fully selected matched cohort that found that the com-
plication rates among elective cesareans in twins were
similar to those in emergent cesareans in twins and in
elective cesareans in singletons. At the same time, how-
ever, a trend could be seen, whereby the frequencies of
complications were 2–4 times higher in twins than in sin-
gletons (Table 2).

Our data are unable to confirm the origin of postpartum
fever reported by Suonio and Huttunen w10x who evalu-
ated the infectious complications of 122 consecutive
cesarean twin births in Finland. These authors found that
the incidence of endometritis and wound infection were

nearly thrice and twice higher in twins compared with
singleton cesarean deliveries, respectively. The authors
identified young maternal age (-25 years) and a pro-
longed interval between PROM and delivery ()6 h) as
risk factors for puerperal endometritis among twins, but
a distinction between elective and emergent cesareans
was not clearly defined. The increased puerperal infec-
tious morbidity shown by this Finnish group was sup-
ported by Alexander et al. w1x who found a relatively high
rate of metritis (18%) among their cesarean sections per-
formed in twins. Importantly, the hypothesis proposed by
Suonio and Huttunen w10x, suggesting that the larger pla-
cental bed in twins might be more susceptible to endo-
metritis and thus leading to puerperal infectious
morbidity could not be confirmed by our much larger
data set.

We conclude that, at present, no solid data exist to
show a disadvantage of a planned cesarean birth for
twins. Having said this may not suggest that all twins
should be delivered by cesarean section, but just to
question the concerns that were raised regarding elective
cesareans in twins. However, the trend of increased feb-
rile puerperal morbidity following cesarean birth in twins
requires further confirmation.
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V.Discussion 

Portugal, just like most countries in the world, experienced a rise in twin 

pregnancy rates throughout the past few decades. Using the figures presented by the 

Portuguese Instituto Nacional de Estatistica (INE), we can observe a slow but 

continued increased in twin pregnancy rates from 1.5% in 1980 to 3% in 2009, figure 

34. 

 

Figure 34 - Twins prevalence in Portugal 1980-2011 (INE information) 

 

Because twins are, in our days, not simply a spontaneous rarity but very often 

the reward of a long journey through infertility treatments, the survival of two healthy 

babies becomes the only acceptable outcome of these high risk pregnancies. 

An early and effective diagnostic of fetal or maternal problems and the ability 

to choose the optimal timing and mode of delivery of twins constitute the best tools in 

avoiding an unpleasant outcome.  
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1. Abdominal circumference ratio for the diagnosis of intertwin birth 

weight discordance.  

 

Divergent growth in a twin pair, especially if they are MC twins, is a signal that 

both twins could be in danger: the small twin in danger of demise and the survivor 

twin in danger of neurological impairment. We evaluated the risks to the survivor twin 

[155] in 9 cases of single intrauterine demise of one fetus. Between 1994 and 1998, 

235 twin pregnancies were followed in the Multiple Pregnancy Outpatient Clinics at 

Maternidade Dr. Alfredo da Costa (MAC). Single fetal death above 13 weeks of 

gestation occurred in 9 cases (3.8%). The cause of fetal death was established in five 

cases, four of which were due to TTTS. The rate of premature delivery of the surviving 

twins was 44.4% (4/9) and the rate of mortality was 11.1% (1/9). Neonatal morbidity 

rate was 62.5% (5/9), mainly related to prematurity. Neurological morbidity rate was 

37.5% (3/8) and major neurological lesions occurred in 25% (2/8) of term newborn 

infants. TTTS was associated with the worst prognosis concerning the surviving twin, 

Table 14. 

Table 14 - Outcomes of the survivor twins. 

Adapted from: Martins et al. [155]. Morte Fetal de um gémeo – Que problemas para o gémeo sobrevivente? Acta 
Pediat Port. 2000; 4:303-310 

 

Cases Gestation
al age at 
demise 

Cause of fetal 
death 

Gestation
al age at 
delivery 

Mode 
of 

delivery 

Sex Apgar 
score 

Birth 
weight 

(g) 

Neurological 
evaluation 

1 15 Unknown 38 Vaginal M 9/10 2800 Normal 
2 15 Unknown 40 CS M 8/10 2290 Normal 
3 17 Unknown 38 Vaginal F 9/10 2450 Normal 
4 21 TTTS 38 CS F 9/10 2300 Cerebral 

palsy 
5 25 TTTS 26 Vaginal M 1/6 857 Normal 

6* 26 Unknown 36 CS M 9/10 2460 Normal 
 

7 
 

29 
 

Malformation 
 

30 
 

CS 
 

M 
 

9/10 
 

890 
Mild 

neurodevelo
pment 

impairment 
8 31 TTTS 38 CS F 9/10 3200 Cerebral 

palsy 
9 34 TTTS 34 CS F 2/7 2250 Normal 

*DC twin. All the others were MC twins 
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All our cases with neurological morbidity associated with fetal demise were MC 

twins.  

Discordance of at least 20% led to complications in about 16% of twin 

gestations [28]. Adegbite et al. [78] found a higher incidence of neurological morbidity 

in both MC and DC twins with discordant birth weight, when compared with a 

concordant group.  

Several authors have reported fewer implications of intertwin discordance if 

the small twin is not small for its gestational age [156,157]. Selective intrauterine 

growth restriction occurs in about 12% of twin pregnancies [160]. The incidence of this 

process is similar in DC and MC twin pregnancies, but the risk of neurological damage 

is greater in MC twins [161,162]. 

Gratacós et al. [163] confirm that pregnancies involving IUGR are associated 

with a high risk of intrauterine demise of the growth restricted fetus but also provided 

considerable evidence that even in the cases where the growth-restricted twin 

survived, there was a high risk of perinatal leucomalacia, especially if intermittent 

/absent or reverse end-diastolic umbilical artery flow velocity were observed. 

Ever since the clinical implications of inter-twin discordant growth have been 

clarified, several sonographic measurements have been used in an attempt to 

diagnose this complication. 

In our first study - Abdominal circumference ratio for the diagnosis of intertwin 

birth weight discordance, we assessed the accuracy of the abdominal circumference 

(AC) and the estimated fetal weights (EFW) difference in predicting discordant twin 

growth. We found that the accuracy of an EFW in predicting actual birth weight was 

rather poor, and that a ratio of 1.3 between paired AC was the most adequate 

method, predicting severe birth weight discordance with a very high sensitivity (97.3-

100%) and specificity (99.6-99.7) values.  

One of the main advantages of this is that AC measurement is easy to perform 

and does not require a very skilled sonographer. In high risk situations, it can therefore 

be repeated as often as necessary as part of routine evaluations. Additional, more 

thorough sonographic measurements by an expert can then be requested when 

discordant growth is detected. 
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2. Perinatal Outcome and Change in Body Mass Index in Mothers of 

Dichorionic Twins: A Longitudinal Cohort Study  

 

Several interventions have been attempted in order to optimize the results of 

twin pregnancies, such as specialized programs with hyper caloric dietary and 

multimineral supplementation, prescribed to reduce the rates of very preterm and 

very low birth weight infants [158]. The University of Michigan Multiples Clinic had a 

prenatal regimen that included twice-monthly prenatal visits to a registered dietitian 

and nurse practitioner team in addition to regular prenatal visits with the woman’s 

primary care physician, additional maternal education, modification of maternal 

activity, individualized dietary prescription, multimineral supplementation, and serial 

monitoring of nutritional status.  

Each program participant received a dietary assessment on entry to the 

program, based on a 24-hour dietary recall, and, if needed, recommendations were 

made to bring the diet to 3000 to 4000 kcal/day, depending on pregravid body mass 

index (BMI). 

When they evaluated the effectiveness of this specialized program [158] they 

found an improvement in pregnancy outcomes: preeclampsia [Adjusted OR 0.41 CI 

(0.23-0.75)]; PPROM [Adjusted OR 0.35 CI (0.20-0.60)]; delivery <36 wks [Adjusted OR 

0.62,CI(0.43-0.89)]; LBW [Adjusted OR 0.42 CI(0.29-0.61)]; significant longer gestations 

(+7.6 days); higher birth weights (+220g); lower neonatal morbidity [Adjusted OR 0.44 

CI(0.31-0.62)], lower length of stay (-5.3 days), and lower cost per twin (-$14,023), 

Figure 35. 
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Figure 35 - University of Michigan Nutrition Intervention Program rates of twin pregnancy 
outcomes (all differences p<0.01). 

 Adapted from: Luke et al. [158] Specialized prenatal care and maternal and infant outcomes in twin pregnancy. Am 
J Obstet Gynecol 2003; 189:934-938. 

 

In our second paper - Perinatal Outcome and Change in Body Mass Index in 

Mothers of Dichorionic Twins: A Longitudinal Cohort Study, we did not find an 

association between maternal weight gain, in terms of change in BMI, and outcomes, 

in term of gestational age at birth and total twin birth weight. We believe that the 

most important factor potentiating the improvements in clinical outcomes for the 

program at Michigan University was not the hyper caloric dietary, but rather the 

prenatal care and patients’ education on environmental and work hazards, physical 

activity and signs of preterm labor.  Of additional importance were the 

recommendations for work leave after 24 weeks of gestation (or sooner in the case of 

stressful physical or mental work, or antenatal complications) as well as the 

recommended decrease in stair climbing, strenuous lifting or carrying, and the limiting 

of recreational activities such as walking or swimming, as it is known that this kind of 

activities increases the risk of preterm labor. 
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Vintzileos et all [159] found that a lack of prenatal care among twin gestations 

was associated with a 1.24-fold increased preterm birth rate among black women and 

1.22-fold increased rate among white women, with much stronger associations 

between lack of prenatal care and births at < 32 completed weeks gestation. 

 

 

Table 15 - Association between prenatal care and twin preterm birth among white and black 
women. USA (1889-2000). 

 Adapted from: Vintzileos et al. [159] The impact of prenatal care on preterm births among twin gestations in the 
United States, 1989-2000. Am J Obstet Gynecol. 2003; 189: 818-823. 

                        Prenatal care present       Prenatal care absent 

Group 
Total twin 

births 

Twin 
preterm 

birth 
 

N (%) 

Total twin 

births 

Twin 
preterm 

birth 
 

N (%) 

Adjusted 

RR 

(95%CI) 

Adjusted 

population 

attributable 

risk (%) 

White 

women 
      

<32 wks 

gestation 
363,642 54,382(15) 3,403 1,368(40.2) 

2.65(2.07-

3.28) 
19.8 

Black 

women 
      

<32 wks 

gestation 
79,333 20,843(26.3) 2,907 1,598(55) 

2.11(1.73-

2.47) 
22.6 

Relative risks were adjusted for birth cohort (year), maternal age, gravidity, maternal education, marital 

status, smoking and alcohol use during pregnancy and antenatal high-risk conditions  

 

 

Vogel et al. [239] analyzing maternal and perinatal outcomes in twin 

pregnancies from 23 low and middle income countries found an improve in perinatal 

survival according with the number of antenatal care visits, table 16 
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Table 16 - Factors associated with adverse perinatal outcomes in twin pregnancies in 23 low- 
and middle-income countries. 

Adapted from Vogel et al [239] Maternal and Perinatal Outcomes of Twin Pregnancy in 23 Low- and Middle-Income 
Countries PLoS ONE 8(8): e70549. doi:10.1371/journal.pone.0070549 

 

Antenatal care 

visits 

Perinatal mortality 

N=461(%) 

Perinatal survival 

N=6,001(%) 
Crude OR(95%CI) 

0 52(11.3) 323(5.4) 3.28(2.36-4.55) 

1-3 184(39.9) 1,444(24.1) 2.60(2.10-3.21) 

4 or more 186(40.3) 3,789(63.1) Reference 

Missing 39(8.5) 445(7.4)  

 

 

Visits to our Multiple Pregnancy Outpatient Clinics at MAC involve discussions 

on diet (but few dietary interventions), work, intercourse, signs and symptoms of 

premature contractions, urinary complaints, vaginal discharge, anemia, preeclampsia, 

fetal movements, and alarming sights such as bleeding or PROM. In these patients we 

noticed a lower rate of spontaneous delivery < 32 weeks, with 78 cases in a cohort of 

1588 twins (4.9%). 

Our study - Perinatal Outcome and Change in Body Mass Index in Mothers of 

Dichorionic Twins: A Longitudinal Cohort Study debunked the myth of the need for 

hypercaloric diets, which are associated with a risk of excessive weight gain and future 

obesity, in order to achieve successful results in multiple gestations.  

 

 

3. Gestational Diabetes Mellitus Complicating Twin Pregnancies. 

 

Diabetes mellitus is a frequent gestational complication affecting 2-10% of 

pregnancies [164]. Luo and al. [165] conducting a retrospective cohort-based study of 

singleton and twin births (n=15,974,433) in the USA found that diabetes complicated 

3.5% of twin and 2.7% of singletons pregnancies. In our third paper- Gestational 

Diabetes Mellitus Complicating Twin Pregnancies, we found a higher rate of 
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gestational diabetes (7.8%) but our hospital is a tertiary and perinatal referral center, 

where problematic twin pregnancies are usually sent to for management.  

In a previous evaluation [166] performed in 2009, including only 81 mothers of 

twins with gestational diabetes we also found a prevalence of diabetes mellitus of 8%. 

In this first evaluation we used the remaining 902 twins of the database as the control 

group and found several other conclusions, Table 17. 

 

Table 17 - Gestational diabetes in twin pregnancies.  

Adapted from Queirós et al. [166]. Porto 2009 (Poster presentation) 

 
   GDM twins 

N=81 

No GDM twins       

N=902 
p 

Maternal age (Y) 31.4 30.2 0.045 

Nulliparity (%) 88.9 86.4 ns 

Mean BMI(kg/cm2) 25.9 23.5 <0.001 

BMI≥30 kg/cm2 (%) 18.5 6.5 <0.001 

Mean weight gain per week 0.474 0.491 ns 

ART pregnancies (%) 22.2 15.5 0.082 

MC twins (%) 

DC twins (%) 

10.3 

89.7 

7.3 

92.7 
0.075 

Deliver<32 w (%) 12.3 6.6 0.053 

 Hypertensive disorders (%) 28.8 18.6 0.04 

Cholestasis (%) 11.1 3.1 0.002 

Mean Birth weight(g) 2,188 2,268 ns 

 

 

Using a logistic regressive model we found that obesity was the major 

independent risk factor for gestational diabetes in twins. Pregnancies resulting from 

ART and MC twins also had a higher risk of GDM, Table 18. 
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Table 18 - Risk factor for GDM in twin pregnancies. 

 Adapted from Queirós et al. [166]. Porto 2009 (Poster presentation) 

 p Odds ratio CI 95% 

Obesity <0.001 3.63 1.93-6.82 

Monochorionicity 0.050 1.65 1.00-2.71 

ART 0.028 1.94 1.07-3.48 

 

 

It is likely that a larger control group (albeit no longer as good a match in terms 

of gestational age and year of delivery) could give additional power to the statistical 

results. 

 

 Luo and al. [165] observed a significant protective effect of GDM pregnancies 

against low 5-min. Apgar score and neonatal death for twins but not for singletons 

(adjusted odds ratio 0.74). Although in both our studies we did not find significant 

differences in the GDM group with respect of low Apgar score and neonatal deaths 

compared with the control group of no GDM twin pregnancies.  

 

Our paper- Gestational Diabetes Mellitus Complicating Twin Pregnancies 

shows that obesity is a risk factor for diabetes and that an increased obstetric 

surveillance and clinical management of the diabetes by a skilled endocrinologist could 

allow most of these pregnancies to reach the same gestational age at delivery as the 

twin pregnancies without GDM. However, it is worth remembering that even at the 

same gestational age newborns from GDM mothers face more respiratory distress 

syndrome (OR 2.2; 95% CI 1.3-3.7), which has recently led us to adopt a policy of 

antenatal steroids, in order to mitigate this problem. 
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4. Prospective Risk of Intrauterine Death of Monochorionic Diamniotic 

Twins. 

 

 Single IUFD is a relatively rare event in a twin pregnancy that occurs in 2 to 7% 

of the cases [118]. However, the death of a twin in MC pairs could bring devastating 

consequences to the survivor; neurodevelopmental impairment could occur in 26% of 

the cases [118]. Sebire et al. [160] noted a risk of perinatal loss in MC twins only 

slightly higher than in DC twins (4.9% vs 2.8%). Barigye et al. [154], in a well-structured 

study, observed a risk of 4.3% of fetal demise in uncomplicated MC pregnancies at 32 

weeks of gestation, and concluded that this might be obviated by a policy of elective 

preterm delivery. The publication of these results, in 2005, triggered a complete 

change in paradigm regarding the management of MC pregnancies, leading to a rise of 

elective preterm CS, both to avoid emergent CS and to obviate the risks of acute TTTS 

during labor [168]. 

More than simply propose elective preterm deliveries as a solution, Barigye’s 

results suggested CS for all MC twins. Even in our department at MAC, it proved 

difficult to maintain existing policies, with ultrasonographers advising couples that 

after 32 weeks they could not ensure the wellbeing of the two MC fetuses, and that 

elective preterm CS was the least dangerous solution. 

 

Our fourth paper - Prospective Risk of Intrauterine Death of Monochorionic 

Diamniotic Twins, published in 2006, was the first in disagreement with Barigye and 

worked as a plug to this policy. We showed that even using our entire MC twin cohort, 

rather than just the uncomplicated ones, and performing vaginal deliveries, our 

prospective risk after 32 weeks was much lower (1.2% per pregnancy) than the one 

reported by Barigye. 

 

Cleary-Goldman et al. [179] in 2005 suggested delivering MC-DA twins at 34-35 

weeks of gestation, following antenatal steroids administration and reported no 

unexplained IUFD. Just like our group, they conducted antenatal surveillance more 
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frequently than once every two weeks and used non-stress tests in addition to 

ultrasound and Doppler studies. 

Several other papers on this topic were published in the next few years. In 

2007, Acosta-Rojas et al. [169] analyzing a cohort of 127 MC twins, observed an 

incidence of intrauterine fetal death of 6.5%. However, TTTS was responsible for 5 

deaths in ten cases with this complication and IUGR accounted for 2 deaths in 9 cases 

where this condition was present. 

 

In 2008, Hack et al. [182], analyzing 1,053 of 1,305 pregnancies delivered after 

32 weeks of gestation in a tertiary referral center and a general teaching hospital, both 

in The Netherlands, found that the IUFD rate in continuing pregnancies after 32 weeks 

of gestation was 2.1% in MC twins and 0.3% in DC twins; HR 8.75, 95% CI (2.65–28.88). 

 

Lee et al. [184], analyzing 1,000 consecutive twin gestations (196 MC and 804 

DC twins) from a single tertiary care center, found a prospective risk rate of IUFD of 

1.7% after 32 weeks in the 130 uncomplicated MC pairs. They usually offered elective 

delivery at 34-35 weeks for uncomplicated MC-DC twins after corticosteroid 

administration or confirmation of fetal pulmonary maturity. 

 

In 2008, Lewi et al. [73], analyzing a cohort of 202 twin pairs, also reported 

1.2% as the prospective risk of intrauterine fetal death after 32 weeks, and 0.7% at 36 

weeks. On the other hand, Ortibus et al. [170], in 2009 and after analyzing 138 MC 

pregnancies, reported that in 4% of the cases an IUFD occurred and in 6% both twins 

died in uterus. However, looking carefully at the causes of mortality, 13 in 18 could be 

related to TTTS and the other ones to discordant growth. 

 

Domingues et al [178] in 2009, analyzing a database of 576 multiple 

pregnancies managed at Coimbra University Hospitals between 1996 and 2007, 

selected the uncomplicated ones: 111 MC and 290 DC twins delivered after 24 wks.  

Unexpected single intrauterine deaths rate was 2.7% in MC versus 2.8% in DC twins. 

The prospective risk after 32 weeks was 1.3% for MC and 0.8% for DC twins. 

 



V. Discussion 

128 
 

In 2010, Smith et al. [171], analyzing the entire cohort of 345 ongoing MC 

pregnancies at 24 weeks found that the prospective risk of IUFD from 24 weeks 

onward was 2.3% and 1.6% from 32 weeks. By comparison, at 24 weeks, they had 234 

(68%) ongoing pregnancies that were uncomplicated by TTTS or severe discordance, 

for which the risk of IUFD at 24 and 28 weeks was 1.3% and at 32 weeks was 0.5%. 

They found a total of 1 single and 2 double IUFDs in the uncomplicated group, the first 

was a single loss at 33 weeks in a patient with sudden-onset severe preeclampsia, and 

the second a double IUFD in a pair with 20% of growth discordance. They concluded 

that the number of uncomplicated pregnancies that would need to be delivered 

preterm at 32 weeks to prevent 1 IUFD was 201 corresponding to 402 fetuses.  

Although infant mortality rates for babies born between 32 and 36 weeks is low 

[172], Refuerzu et al. [232] reported an eightfold increase in the risk of respiratory 

morbidity compared with term infants, and Petrini et al. [173] have suggested that 

children born between 34 and 36 weeks were more than three times as likely as those 

born at term to be diagnosed with cerebral palsy.  

 

Smith et al. [171] suggested that we should consider prolonging pregnancy to 

36 or 37 weeks in the absence of a clinical indication for delivery in MC-DA twins. 

 

Hack et al. [180] in 2011, analyzing a cohort of 465 MC twins reported a 

prospective risk of single IUFD after 32 weeks in ongoing pregnancies of 0.2% and a 

risk of double IUFD of 0.4%. 

In the same year, Tul et al. [167] used a population-based study of 387 MC-DA 

twins followed and delivered after 24 weeks in Slovenia during the period 1997–2007 

and reported a higher risk. There were 32 fetal deaths in a total of 774 fetuses (4.1%; 

95% CI, 3.0%–5.9%) and the prospective risk of stillbirth per pregnancy after 33 weeks 

of gestation was 6.2% (95% CI, 4.2%–9.1%). In Slovenia, 3.6% of the MC-DA 

pregnancies ended during the study period without any surviving infant. At the same 

time none of the neonates born after 34 weeks died, so they concluded that MC twins 

may benefit from elective preterm birth. 
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Still in 2011, Glinianaia et al [174], analyzing a population-based study of 4,565 

twin pregnancies reported a stillbirth rate of 4.4% and 1.2% respectively in MC and DC 

twins, with a higher risk before 28 weeks and no apparent rise in later gestations. 

In another 2011 paper, Morikawa [114] analyzed a total of 3,241 MC twins and 

reported a prospective risk of IUFD of 2.5% at 22 weeks of gestation and <1 % at ≥32 

weeks. 

Sullivan et al. [175], in 2012, made one evaluation of a total of 3,799 twins, 852 

MC and 2,947 DC twins, delivered during a period of 9 years at 18 hospitals in the USA. 

When adjusted for maternal age, race, ethnicity, marriage status, and parity they 

noted a 3-fold risk of total fetal mortality in MC-DA twins when compared to DC twins 

The gestational age-specific prospective risk of perinatal mortality was not different 

between the 2 groups at >28 completed weeks of gestation. At 32 weeks, the risk of 

perinatal death in MC-DA twins was 0.14% and increased to a maximum of 0.46% at 37 

weeks (p=0.13). They also observed that in a cohort of twins who did not have 

medically indicated deliveries the risk of serious adverse perinatal events at >31 weeks 

was no different between MC-DA and DC twins. Severe adverse perinatal events were 

significantly greater in MC-DA fetuses delivered at every gestational week (until 36 

completed weeks) when compared to MC-DA fetuses delivered in subsequent weeks. 

Importantly, they noticed that neonatal care charges were significantly higher in MC-

DC twins delivered <36 wks. 

 

In 2012, The Southwest Thames Obstetric Research Collaborative (STORK) [176] 

analyzing 3,005 twin pregnancies found that the risk of stillbirth in MC twins did not 

change significantly between 26 weeks (0.18%) and 36 weeks (0.34%) with an OR of 

1.85, 95% CI (0.3-13.2). They concluded that the data did not support a policy of 

elective delivery before 36 weeks of gestation in MC twins. 

Breathnach et al [177], in 2012, after analyzing a cohort of 1,001 twin pairs, 

found 1.5% as the prospective risk of stillbirth after 34 weeks for uncomplicated MC-

DA twins, and noted that the risk of a composite measure of perinatal morbidity for 

uncomplicated MC twins fell from 41% at 34 weeks to 5% at 37 weeks (p<0.001). They 

concluded that with a strategy of close fetal surveillance, perinatal morbidity could 

allow uncomplicated MC pregnancies to continue to 37 weeks. 
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In summary (Figure 36), different authors in different countries with different 

cohorts have found slightly different values of prospective risk of IUFD in MC twins. 

However there were several kinds of data origins:  

 

1. From single tertiary referral center (as in our study and Domingues) 

2. From several tertiary referral centers (as Ortibus and Breathnach ) 

3. From population-based studies (as Glinianaia and Tul) 

 

 

 

Figure 36 - Prospective risk of single IUFD at 32 wks in MCDA twins according to several 
studies. 

 

Population-based and multicenter studies observed a higher rate of IUFD 

compared with single tertiary referral centers, such as our center. A more tailored 

surveillance including weekly assessment and the use of other tests such as non-stress 

tests in addition to ultrasound and Doppler studies could be responsible for the lower 

rate of IUFD in our population, as in other referral centers.  

 

0 

1 

2 

3 

4 

5 

6 

7 

B
ar

ig
ye

 

Si
m

õ
es

 

H
ac

k 

Le
e 

Le
w

i 

O
rt

ib
u

s 

D
o

m
in

gu
es

 

Sm
it

h
 

H
ac

k 

Tu
l 

G
lin

ia
n

ai
a 

M
o

ri
ka

w
a 

Su
lli

va
n

 

ST
O

R
K

 

B
re

at
h

n
ac

h
 

4,3 

1,2 

2,1 
1,7 

1,2 

4 

1,3 1,6 

0,2 

6,2 

4,4 

1 

0,14 0,34 

1,5 

Prospective risk of IUFD in MC-DA twins 

Prospective risk of IUFD 



V. Discussion 

131 
 

In another evaluation recently performed by our group, analyzing the full 

cohort of 438 MC-DA twins delivered after 24 weeks of gestation, we found an even 

lower rate of 0.8% for the prospective risk of IUFD after 32 weeks per pregnancy and a 

prospective risk per fetus of 0.5%. 

 

 

                  Table 19 - Fetal demise in MC-DA twins by two weeks interval. (MAC) 

                            Number of continuing                    Deaths (N) per period per 

 

Gestat. age 

 

Pregnancies 

 

Fetuses 

 

Pregnancies 

 

Fetuses 

24-25 wks 438 876 5 7 

26-27wks 433 859 2 3 

28-29 wks 425 840 1 1 

30-31 wks 406 801 1 1 

32-33 wks 378 744 0 0 

34-35 wks 316 620 3 4 

≥36 wks 215 414 0 0 

 

 

Looking at the figures, table 19, we would have to perform iatrogenic preterm 

delivery of 744 fetuses at 32 weeks of gestation in order to avoid four stillbirths. 

 

Finally in 2012, Robinson et al [183] attempted to find the ideal gestational age 

to deliver uncomplicated MC-DA twins. They compared 9 different strategies (Table 

20) for the timing of delivery in pairs with concordant grown and no other 

complications such as preeclampsia, fetal growth restriction or TTTS. All patients had 

reached 32 weeks with both twins alive. 

They used the quality-adjusted life years (QALYs) for each strategy based on the 

anticipated life expectancy. Adverse perinatal outcomes that were considered in the 

model were perinatal death, RDS, cerebral palsy, mental retardation and infant death.  
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Table 20 - Delivery strategies.  

Adapted from: Robinson et al. [183] Effectiveness of timing strategies for delivery of monochorionic diamniotic 
twins. Am J Obstet Gynecol 2012; 207:53.e1-7. 

Strategy Gestational age at scheduled delivery 

1 32 wks after steroid administration 

2 33 wks after steroid administration 

3 34 wks after steroid administration 

4 35 wks after steroid administration 

5 36 wks 

6 36 wks pending amniocentesis 

7 37 wks 

8 37 wks pending amniocentesis 

9 38 wks 

 

Figure 37 presents the ranked QALY outcomes for the different strategies. The 

differences among the 36, 37 and 38 week strategies were very small and markedly 

drop-off for the remaining strategies. Amniocentesis did not help to improve the 

outcome results. They concluded that for otherwise uncomplicated MC-DA twins a 

scheduled delivery ≥ 36 weeks gestation effectively balances the risks of prematurity 

with those of stillbirth. 

 

 

Figure 37 - Ranked QALY outcomes by different strategy.  

Adapted from: Robinson et al. [183] Effectiveness of timing strategies for delivery of monochorionic diamniotic 
twins. Am J Obstet Gynecol 2012; 207:53.e1-7. 
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Our forth paper – Prospective Risk of Intrauterine Death of Monochorionic 

Diamniotic Twins, defending the delivery at 36 – 37 wks keeps up, even our days in 

accordance to the worldwide guidelines, Table 21. 

 

Table 21 - Worldwide guidelines for the delivery of MCDA twins. 

 Adapted from: Sela et al [181]. Timing of planned delivery in uncomplicated monochorionic diamniotic twin 
pregnancies: a review of the literature. Expert Review of Obstet Gynecol. 2012; 7:483-491. 

 

Authority Nation Year published Recommendation 

Society of Obstetricians and 

Gynaecologists of Canada 

Canada 2000 No recommendation 

American College of 

Obstetricians and Gynecologists 

 

USA 

 

2004 

 

No recommendation 

Royal College of of Obstetricians 

and Gynaecologists 

 

UK 

 

2008 

 

36-37 wks 

Royal Australian and New 

Zealand College of Obstetricians 

and Gynaecologists 

New 

Zealand 

and 

Australia 

 

2011 

 

37 wks 

National Institute for Health and 

Clinical Excellence 

UK 2011 36 + 0 

Collège National des 

Gynécologues et Obstétriciens 

Français 

 

France 

 

2011 

 

>36 to 38+6 wks 

 

 

5. Induction of Labor with Misoprostol in Nulliparous Mothers of Twins. 

 

Our fifth paper-Induction of Labor with Misoprostol in Nulliparous Mothers of 

Twins, revealed our experience in labor induction in twins. We began performing labor 

induction in our twins out of a necessity; with the reduction on the rates of 

spontaneous preterm delivery resulting from a better surveillance in our Multiple 
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Pregnancies Outpatient Clinic at Maternidade Dr. Alfredo da Costa, we faced a rise in 

the number of twin pregnancies reaching 38 weeks without spontaneous labor.  

Such a high number of twins impeded the scheduling of all our patients for an 

elective CS, and also gave rise to difficulties in performing appropriate sonographic and 

Doppler evaluations for all our twins on a weekly basis. 

Often, twin gestations were complicated by hypertensive disorders, diabetes, 

cholestasis or fetal growth restriction and we were afraid to keep them waiting for 

spontaneous labor due to the risk of IUFD associated with an advanced gestational 

age, fetal or maternal problems. We therefore made use of the wide experience in 

labor induction in singletons available in the department, extrapolating our techniques 

to twins.  

We began inducing labor in twin gestations in 1994, initially just on post-term 

twin pregnancies (>37 weeks) and subsequently on twin pregnancies with less than 37 

weeks because of fetal or maternal complications. 

The method of labor induction was chosen according to Bishop’s score. Those 

with a score below 5 were given 100µg oral misoprostol (Cytotec TM, Portugal) every 6 

hours until Bishop’s score was greater than 5. For those with a score above 5 we used 

oxytocin drips, 10 IU in 1000 ml of glucose-free fluid (10 mIU/ml) in a progressive 

scheme starting with 10 ml/hour, up to a maximum of 90 ml/hour or regular 

contractions. We performed amniotomy at 3 cm dilatation. Fetal well-being was 

evaluated following induction and intrapartum via electronic fetal heart rate 

monitoring. Internal electronic monitoring of the first twin was performed after 

amniotomy. 

The first evaluation of our results was published in 1999 [185]. This study 

included 50 consecutive twin pregnancies that underwent labor induction between 

1994 and September 1998. This study group was compared with a control group of 93 

singleton pregnancies randomly chosen from the labor induction cases during the 

same period. The indications for labor induction were similar in both groups: maternal 

or fetal complications that require pregnancy termination and post-term gestations 

(>38 weeks for twins, >41 weeks for singletons). Selection criteria for labor induction in 

singletons included vertex presentation with an estimated fetal weight of less than 
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4.000 g. We excluded all patients with a previous uterine scar. All patients gave their 

informed consent.  

The following variables were compared: maternal age and parity, gestational 

age at delivery, pregnancy complications, mode of induction and delivery, duration of 

active phase of labor (from 3 cm to full cervical dilatation), inter-twin delivery interval, 

birth weights and 5 minute Apgar scores. We used the chi-squared and Mann-Whitney 

U tests for statistical analysis. A p-value of less than 0.05 was considered significant. 

We did not find statistically significant differences between the two groups with 

respect to maternal age and nulliparity. Preterm labor was significantly increased 

(p<0.05) in the twin group (43% vs. 3%). Other maternal complications were not 

significantly different (hypertensive disorders 28% vs. 17%; gestational diabetes 12% 

vs. 8%). The mean gestational age at induction of labor was 37±3 weeks for the study 

group and 40±3 weeks for the control group. Presentation combinations for the twin 

group included 68% vertex-vertex, 28% vertex-breech, and 4% vertex-transverse. The 

duration of the active phase of labor in the study group was studied in 40 patients only 

(5 patients required cesarean delivery and the data was unavailable for the other 5). 

Similarly, the duration of the active phase of labor in the control group was studied in 

69 patients only (18 patients required cesarean delivery and for the other 6 the data 

was unavailable). The mean duration was 4:28 hours and 5:25 hours in the study and 

control groups respectively (p<0.05). In 95% of the study subjects vaginal birth was 

achieved in less than 10 hours, as compared to 91% in the controls (p<0.05). The active 

phase to delivery interval was less than 3 hours in 50% of the study group as compared 

to 27% in the controls (p<0.05). Precipitate labor (active phase to delivery interval less 

than 1 hour) was almost the same in both groups (5% vs. 5.8%). The mean inter-twin 

delivery interval was 13 min (range 2-34 min). 

The mode of delivery in both groups was not significantly different. In the study 

group there were 88% vaginal births vs. 80.6% in the controls. Combined (vaginal/CS) 

twin delivery was done in 2% of the study twins. The two groups had similar perinatal 

morbidity. We recorded one 5 minute Apgar score <7 because of a prolapse of the 

cord in the second twin. As expected, the mean birth weight of twins was lower than 
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that of singletons (2587 g vs. 3273 g). In the study group there were no babies 

weighting less than 2000 g and 60% of the twins weighted more than 2500 g. All babies 

of the control group weighted more than 2500g. 

This study has provided reassuring evidence about the safety of labor induction 

in twins. In addition, it indicated that the active phase was shorter in twins following 

induction than in singletons. 

We have recently conducted another evaluation, selecting all 1040 twins 

delivered at 35 or more weeks with both twins alive. 779 were DC and 261 MC-DA. 196 

DC and 77 MC-DA twins underwent labor induction, Figure 38. 

 

 

Figure 38 - Database from the Twins Outpatient Consultation at MAC (2012) 

 

We compared labor inductions in DC and MC twins, and found that in 25.5% 

and 29.9%, respectively, the second twin was not in a vertex presentation. 

Spontaneous pregnancies were more frequent in the MC-DA twins and hypertensive 
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disorders in the DC group. We did not find statistically significant differences between 

both groups with respect to nulliparity rate, BMI, history of premature contractions, 

diabetes and discrepancy ≥25%, Table 22. 

 

Table 22 - Labor induction in DC and MC-DA twins – 

 Adapted from: Simões [186]: Should we induce twins? The 17th World Congress on Controversies in Obstetrics, 
Gynecology & InfertilityLisbon, Portugal, November 8-11, 2012 

 DC twins 

 n=196 

MC-DA twins  

n=77 

                  p-value 

             OR(95%CI) 

Age (years) 30±4.6 30±5.6 P=0.99 

 

Nulliparous 

 

116(59.2%) 

 

48(62.3%) 

P=0.6 

OR: 0.5 

95%CI (0.49-1.48) 

 

Spontaneous pregnancy 

 

143(73%) 

 

71(92.2%) 

P=0.0002 

OR: 0.23 

95%CI (0.085-0.53) 

 

BMI(kg/m2) 

 

23.8±4.3 

 

 

22.9±4.4 

 

P=0.127 

 

Premature contractions 

 

79 (40.3%) 

 

 

35 (45.5%) 

 

P=0.44 

OR: 0.81 

95%CI (0.47-1.38) 

 

Hypertensive disorders 

 

38 (19.4%) 

 

 

7 (9.1%) 

 

P=0.035 

OR:2.4 

95%CI (1.05-6,07) 

 

Diabetes 

 

19(9.7%) 

 

 

9(11%) 

 

P=0.6  

OR:0.81 

95%CI (0.35-1.96) 

 

Discrepancy ≥25% 

 

9(4.6%) 

 

 

3(3.9%) 

 

P=0.84 

OR:1.186 

95%CI (0.32-5.56) 
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MC twins had a lower mean gestational age at delivery, a higher rate of CS, a 

lower mean duration of the active phase of labor and a lower mean inter-twin interval, 

Table 23. Those results could mean that when labor is taking too long in MC twins a 

more interventionist approach is adopted by the obstetric team. 

In fourteen cases (7.1%) of the DC twins and four cases (5.2%) of the MC twins 

we needed a combined delivery (vaginal for the first twin and CS delivery for the 

second one), Table 23. This value is lower than the one reported by Alexander et al. 

[242] with 17% of combined delivery, but closer to the 4.3% reported by Persad et al. 

[243]. The primary adverse outcomes of a combined delivery are an increased risk of 

puerperal infection, an increased postoperative recuperation time and the impact on 

future pregnancies resulting from cesarean delivery [244]. 

 

Table 23 - Labor induction in DC and MC-DA twins, gestational age at delivery and mode of 
delivery 

 Adapted from Simões [186]: Should we induce twins? The 17th World Congress on Controversies in Obstetrics, 
Gynecology & Infertility, Lisbon, Portugal, November 8-11, 2012. 

 

 
DC twins 

n=196 

MC-DA twins 

n=77 

p-value 
OR(95%CI) 

Gestational age at 
delivery (wks) 

36.8±0.9 36.4±0.8 P=0.002 

Deliveries ≥ 36 wks 178 (90.8%) 71 (92.2%) 
P=0.74 

OR:0.83,95%CI (0.29-2.14) 
 

Vaginal-Vaginal 167 (85.2%) 59 (76.6%) P=0.1 

Vaginal-CS 14 (7.1%) 4 (5.2%) 
P=0.59 

OR:1.4,95%CI (0.46-5.09) 
 

CS 15 (7.7%) 14 (18.2%) 
P=0.01 

OR:0.37,95%CI(0.169-0.83) 
 

Mean duration of 
the active phase of 

labor (min) 

260 ±2.8 210 ±94 P=0.01 

Mean inter-twin 
interval (min) 

12.1±9.8 9.1±8 P=0.03 
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MC-DA twins had a lower mean birth weight of the 1st twin and a lower mean 

length of stay of the 2nd twin. We did not find statistically significant differences with 

respect to mean length of stay of the 1st twin, Apgar score<7 at 5’, fetal mortality and 

asphyxia (Table 24), which reassures us about the safety of labor induction in MC-DA 

twins. 

 

Table 24 - Labor induction in DC and MC-DA twins.  

Adapted from Simões [186]: Should we induce twins? The 17th World Congress on Controversies in Obstetrics, 
Gynecology & Infertility, Lisbon, Portugal, November 8-11, 2012. 

 

DC twins 

N=196 

MC twins 

N=77 

p-value 

OR(95%CI) 

Mean Birth weight 1st twin (g) 
2,519±325 

 

2,430±282 

 

P=0.035 

 

Mean Birth weight 2nd twin (g) 
2,454±341 

 

2,377±322 

 

P=0.08 

 

Apgar score<7 at 5’ 
   2 cases 1st twin 

   2 cases 2nd twin 

0 

1( 2nd twin) 

 

P=0.75 

 

Fetal mortality 

 

 

1 (trissomic 18 

fetus) 

 

 

1 (Major cardiac 

malformation) 

 

P=0.56 

OR:0.39,95%CI 

(0.01-15.4) 

Mild fetal asphyxia 5(1.3%) 0              P=0.18 

 

Mean length of stay 1st twin 

(days) 

2.9±1.8 2.6±1.2 P=0.1 

Mean length of stay 2nd twin 

(days) 

3±2.2 

 

2.5±0.9 

 

P=0.008 

 

 

 

Labor induction in twins proved to be safer to the mothers, with few side 

effects and with no cases of uterine rupture, Tables 25. 



V. Discussion 

140 
 

Table 25 - Labor induction in DC and MC-DA twins. 

 Adapted from: Simões [186]: Should we induce twins? The 17th World Congress on Controversies in Obstetrics, 
Gynecology & Infertility, Lisbon, Portugal, November 8-11, 2012. 

 

Maternal morbidity 

DC twins 

N=196 

MC twins 

N=77 

               p-value 

           OR(95%CI) 

Post partum 

hemorrhage(n) 

10(5.1%) 2(2.6%) P=0.39 

OR:2.01,95%CI (0.48-13.8) 

Fever(n) 4 0 - 

Uterine rupture(n) 0 0 - 

Mean maternal length of 

stay in the hospital (days) 

 

2.65±1.04 

 

 

2.53±0.73 

 

 

P=0.35 

 

 

Including both DC and MC-DC twins, we found a total of 244 (89.4%) vaginal 

deliveries with labor induction, Figure 39, which is naturally higher than the one 

achieved in our fifth paper- Induction of Labor with Misoprostol in Nulliparous 

Mothers of Twins, in which we had only analyzed nulliparous mothers of twins, but 

very similar to the 88% found in our first evaluation published in 1999 [185]. 

   

Figure 39 - Mode of delivery in induced twins.  

Adapted from Simões  [186]: Should we induce twins? The 17th World Congress on Controversies in Obstetrics, 
Gynecology & Infertility, Lisbon, Portugal, November 8-11, 2012. 

As in singletons, higher parity and a good pre-labor condition of the cervix are 

believed to be important predictors of successful induction in twins. However, Park et 

Inductions DC twins 
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 Vaginal delivery 
1st twin 

 n=181 

CS N=15 

7,7% 

Inductions MC twins 
n=77 

Vaginal delivery 
1st twin  

n=63 

CS n=14 

18,2% 

Vaginal 

deliveries 

N=244 

(89.4%) 
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al. [187] found a significantly lower mean BMI in women who had successful induced 

labor and, using a multiple logistic regression, demonstrated that only BMI provided a 

significant contribution in predicting a successful labor induction.  

Excessive weight gain during pregnancy, labor induction and high birth-weight 

of the first-born twin were, according to the literature [188], independently associated 

with an increased risk of cesarean delivery in labor in twins. Analyzing our database, 

we compared the successful vaginal delivery group (n=244) with the unsuccessful 

group (n=29), Table 26. 

Table 26 - Risk factors for unsuccessful vaginal delivery. 

 Adapted from: Simões [186]: Should we induce twins? The 17th World Congress on Controversies in Obstetrics, 
Gynecology & Infertility, Lisbon, Portugal, November 8-11, 2012. 

 

Successful 

vaginal delivery 

n=244 

Unsuccessful  

n=29 

p-value 

OR(95%CI) 

Nulliparous 140 (57.4%) 24(82.8%) 

P=0.007 

OR: 3.6 (1.37-

10.78) 

Vertex-Vertex 

presentation 
175(71.7%) 22(75.9%) 

P=0.7 

OR:1.24 (0.51-3.24) 

Premature 

contractions 

104(42.6%) 

 

10(34.5%) 

 

P=0.4 

OR:0.7(0.30-1.58) 

Mean final maternal 

weight(kg) 

 

80.2±13 

 

 

77.6±12 

 

 

P=0.59 

 

Pre-pregnancy Mean 

BMI (kg/m2) 

23.5±4.3 

 

23.6±3.9 

 

P=0.34 

 

BMI >29(kg/m2) 26(10.7%) 

 

3(10.3%) 

 

P=0.9 

OR:1.03(0.32-4.56) 

Mean birth weight 1st 

twin (g) 

2,498±320 

 

2,453±274 

 

P=0.47 
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We only found statistically significant differences with respect to a prior vaginal 

delivery, with nulliparity representing a negative predictive factor for a successful labor 

induction, Table 26. 

Induction of labor is significantly associated with CS in singleton pregnancies 

[189,190]. As such, we selected from our database the twin pairs with spontaneous 

labor, whom at the same time met the criteria for vaginal delivery: first twin in a vertex 

presentation and women with no previous uterine surgery, n=192. We then compared 

DC with MC-DA twins, Figure 40.  

 

 

Figure 40 - CS rate in spontaneous labor DC and MCDA twins  

Adapted from: Simões [186]: Should we induce twins? The 17th World Congress on Controversies in Obstetrics, 
Gynecology & Infertility, Lisbon, Portugal, November 8-11, 2012. 

 

We found a statistically significant difference in DC twins between the labor 

induced group and the spontaneous labor group with respect to CS rate, with the first 

group presenting a much lower rate, p<0.001 , OR: 4.76 (95% CI:2.56-9.19), figure 41. 
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Figure 41 - CS rate in labor induced and spontaneous labor DC and MCDA twins 

 Adapted from: Simões [186]: Should we induce twins? The 17th World Congress on Controversies in Obstetrics, 
Gynecology & Infertility, Lisbon, Portugal, November 8-11, 2012. 

Before inducing twins we should consider the patient’s desires or fears. Waiting 

mothers of twins are usually extremely anxious towards the end of their pregnancy 

and labor induction with their known medical staff in a scheduled day can provide 

much emotional relief. On the other hand, an obstetrical team which is skilled in 

vacuum, forceps, external version, breech delivery or breech extraction can more 

easily deliver the second twin and avoid the temptation of to perform a CS during 

labor for the second twin.  

The fear of induction of labor-induced fetal distress should not negate its use. 

Our fifth paper, reporting our experience in nulliparous mothers of twins (usually 

associated with the worst results) induced with misoprostol in the same doses used in 

singletons provided reassuring evidence regarding the safety of this procedure. 

 

6. Puerperal Complications Following Elective Cesarean Sections for 

Twin Pregnancies.  

 

Our sixth paper – Puerperal Complications Following Elective Cesarean 

Sections for Twin Pregnancies – analyzed the morbidity of CS in twin pregnancies. The 

incidence of CS in multiples has been rising: in The Netherlands, CS rate increased from 
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26.0% in 1993 to 36.9% in 2007 [192,135]; In the USA [189] an average annual increase 

of 5% was observed in the period between 1995 and 2008. In Sweden, between 1973 

and 1983, CS delivery for twins increased from 7.7% to 68.9% [245]. 

Because of fetal mal-presentation of the first twin, or due to a previous uterine 

scar, up to 60% of all twin pregnancies are normally delivered by CS. Over the past few 

years, a number of reports have appeared in literature defending CS for all twins [128]. 

Furthermore, as the experience in obstetric maneuvers declines, the rate of CS tends 

to grow in twin pregnancies. As such, it is crucial to evaluate complications arising from 

this increasingly common procedure. 

In 2013, analyzing our database, we performed two evaluations. In the first 

one, we attempted to find the risk factors for cesarean delivery during labor in twin 

pregnancies. 

From our database of 1837 multiple pregnancies we selected the twin 

gestations with obstetrical conditions for vaginal delivery (n=469) and excluded 

combined deliveries, Figure 42. 

 

 

 

Figure 42 - Population identification (study group).  

Adapted from:  Correia et al. [193] Risk factors for Cesarean delivery in twin pregnancies .Cesarean Delivery 
Meeting. Lisbon 19-20 April 2013 (Poster presentation) 

N=1,837 

MC-DA or DC twins 

GA≥34 wks 

No uterine scar 

1st twin in vertex presentation 

Excluded  combined deliveries 

N=469 

CS in labor 

N=82 (17.5%) 

Vaginal delivery 

N=387 (82.5%) 
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The definition of ‘CS in labor’ was used for CS performed during the active 

phase of labor. Obstetric conditions for vaginal delivery were defined as: MC-DA or DC 

twins, women with no previous uterine surgery and the first twin in a vertex 

presentation. In order to avoid confounding biases, we selected only pregnancies ≥34 

weeks of gestation.  

In 387 (82.5%) of the cases both twins had a vaginal delivery and in 82 (17.5%) 

cases there was a CS in labor. By comparing these two groups we attempted to identify 

the risk factors for CS. Analyzing the maternal characteristics, we found statistically 

significant differences with respect of nulliparity, mean BMI and BMI≥30 (kg/m2) and 

labor induction, Table 27. 

 

Table 27 - Maternal characteristics.  

Adapted  from: Correia et al. [193]  Risk factors for Cesarean delivery in twin pregnancies. Cesarean Delivery 
Meeting. Lisbon 19-20 April 2013 (Poster presentation) 

 CS in labor Vaginal delivery p-value 
OR(95%CI) 

Mean maternal 
age (years) 

30±5.4 30±4.5 1 

Nulliparity (n/%) 59(72%) 218(56%) 0.017 
OR:1.98 (1.18-3.35) 

Mean BMI(kg/m2) 22.9±3.2 23.1±4.4 0.033 
BMI≥30(kg/m2) 0 25(6.5%) 0.014 

OR:0.09 (0.005-1.43) 
ART pregnancies 17(20.7%) 79(20.4%) 1 
Mean gestational 

age(wks) 
36±2.1 36±1.9 1 

Labor induction 29(10.8%) 239(89.2%) <0.001 
0.015(0.009-0.026)  

 

 

This evaluation, as observed in the previous ones, confirmed that labor-induced 

twins have a much lower rate of CS in labor. Conversely, a non-vertex second twin and 

a birth weight above 2500g were risk factors for CS in labor, Table 28. 
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Table 28 - Fetal characteristics.  

Adapted  from Correia et al. [193] Risk factors for Cesarean delivery in twin pregnancies Cesarean Delivery Meeting. 
Lisbon 19-20 April 2013 (Poster presentation) 

 CS in labor Vaginal delivery p-value 
OR(95%CI) 

Chorionicity (MC) 27(32.9%) 103(26.6%) 0.306 
Fetal presentation 

Vertex-vertex 
Vertex-non vertex 

 
39(47.6%) 
43(52.4%) 

 
298(77%) 
89(23%) 

 
<0.001 

3.69 (2.25-6.05) 
Mean birth weight(g) 

First twin  
Second twin 

 
2,469±347 
2,466±384 

 
2,445±334 
2,380±320 

 
0.568 
0.034 

 
Second twin>2500g 

 
40(49%) 

 
136(35%) 

0.030 
1.76 (1.09-2.84) 

Apgar score<7 at 5’ 
First twin  

Second twin 

 
0 
0 

 
3(0.8%) 
4(1%) 

 
1 
1 

 

 

In conclusion: Nuliparity, [OR: 1.98 (1.18-3.35)], a second twin in a non-vertex 

presentation,[OR: 3.69 (2.25-6.05)]or with a birth weight > 2500g [OR: 1.76 (1.09-

2.84)] were identified as risk factors for CS in labor for twins. 

 

In a second evaluation we compared the elective CS with the CS in labor (n=667 

vs. 265) and looked for maternal morbidity. 

Firstly, it is important to note that the maternal characteristics reported in our 

sixth paper – Puerperal Complications Following Elective Cesarean Sections for Twin 

Pregnancies – have remained mostly stable throughout the years. However, both 

nulliparity and mean maternal age have increased, which is in agreement with the 

steady increase in maternal age at first delivery observed all over the world, Table 29. 
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Table 29 - Maternal characteristics of twin pregnancies delivered by CS. 

 Adapted from: Valdoleiros et al. [192] Maternal morbidity following CS for twins. Cesarean Delivery Meeting. 
Lisbon 19-20 April 2013 (Poster presentation) 

 
Elective CS 

N=667 

Labor CS 

N=265 

p-value 

OR(95%CI) 

Mean maternal 

age (years) 
31.2±5.1 30.2±5.7 P=0.005 

Nulliparity 367(55%) 167(63%) 
P<0.001 

OR:0.72(0.54-0.96) 

BMI≥25(kg/m2) 205(30.7%) 82(30.9%) 
P=0.95 

OR:0.990(0.729-1.35) 

ART pregnancies 151(22.6%) 48(18.1%) 
P=0.13 

OR:1.32(0.925-1.91) 

 

 

Table 30 - Problems during pregnancy and mean cervical length at 21-24 wks  

Adapted from: Valdoleiros et al. [192] Maternal morbidity following CS for twins. Cesarean delivery Meeting. Lisbon 
19-20 (Poster presentation) 

 
Elective CS 

N=667 

Labor CS 

N=265 

p-value 
OR(95%CI) 

Premature 
contractions 

229(34.3%) 179(68%) 
P<0.001 

OR:3.98(2.94-5.39) 
 

Hypertensive 
disorders 

157(23.5%) 37(14%) 
P<0.001 

OR:1.89(1.29-2.83) 

Diabetes 75(11.2%) 25(9.4%) 
P=0.43 

OR:1.22(0.76-1.99) 
Mean cervical 

length at 21-24wks 
2.8±4.6 2.6±2.0 P=0.36 

 

 

Hypertensive disorders were more prevalent in the elective CS group and 

premature contraction was, as expected, more common in the labor group (Table 30). 

However, we did not find statistically significant differences with respect to mean 

cervical length at 21-24 weeks. This confirms that a normal cervical length at this 

gestational age in twins does not have the same meaning as in singletons, and in no 
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way should be considered a guarantee of a term delivery. More subtle and continued 

degrees of cervical insufficiency may lead to early labor and delivery in twins [194]. 

 

Table 31 - Mean gestational age at delivery and neonatal outcomes  

Adapted from: Valdoleiros et al. [192] Maternal morbidity following CS for twins. Cesarean Delivery Meeting. Lisbon 
19-20 April (Poster presentation) 

 Elective CS Labor CS p-value OR(95%CI) 

Mean gestational 

age at delivery(wks) 
35.4±2.2 34.3±2.8 P<0.001 

Delivery<32wks 41(6.1%) 42(15.8%) 
P<0.001 

OR:2.87(1.82-4.55) 

Previous CS 72(10.8%) 22(8.3%) 
P=0.13 

OR:1.34(0.82-2.24) 

Fetal mal 

presentation 
231(34.6%) 109(41.3%) 

P=0.03 

OR:0.76(0.57-1.02) 

Fetal distress* 176(26.4%)* 56(21.1%) 
P=0.047 

OR:1.34(0.95-1.89) 

Birth weight(g) 2,255±530g 2,121±558g <0.001 

Apgar score <7 at 5’ 
1st and 2nd twin 

6 and 19 (1.9%) 5 and 9 (2.6%) 
P=0.15 

OR:0.70(0.37-1.4) 

*Including: Abnormal Doppler, RCIU, Discrepancy>25%, ultrasound or CTG with signs of fetal distress 

 

We found statistically significant differences with respect to fetal 

malpresentation and signs of fetal distress. This could be explained by the fact that 

twin pregnancies with fetuses with abnormal Doppler, IUGR or discrepancy >25% were 

usually scheduled for elective CS before spontaneous labor and at an early gestational 

age. Elective CS due to fetal malpresentation was normally scheduled at 36-37 weeks 

in MC-DA twins and 37-38 weeks in DC twins. Naturally, twins from labor CS have a 

lower mean gestational age at delivery and the newborns a lower birth weight. 

Finally, analyzing puerperal complications as we did in our sixth paper -

Puerperal Complications Following Elective Cesarean Sections for Twin Pregnancies,, 
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we do not find statistically significant differences with respect to mean maternal stay 

in the hospital, postpartum hemorrhage or scar infection, Table 32.  

Table 32 - Puerperal complications  

Adapted from: Valdoleiros et al. [192] Maternal morbidity following CS for twins. Cesarean Delivery Meeting. Lisbon 
19-20 April 2013 (Poster presentation) 

 Elective CS Labor CS 
p-value  

OR(95%CI) 

Mean maternal 
stay in the 

hospital(days) 
3.7±1.5 3.8±1.6 P=0.7 

Postpartum 
hemorrhage 

28(4.2%) 10(3.8%) 
P=0.39 

OR:1.1(0.54-2.44) 

Scar infection 12(1.8%) 8(3%) 
P=0.13 

OR:0.59(0.24-1.5) 

 

Our low rate of postpartum hemorrhage could be attributed to the protocol of 

preventive use of 400 mcg misoprostol rectally after any twin delivery in addition to 

the oxytocin bolus. 

However, we must note that both of our studies were limited by several factors 

1. Protocols regarding maternal stay in the hospital have changed over 

time. In the beginning of the 90’s women stayed hospitalized 7 days 

after CS and almost all the cases of scar infection were recorded. A few 

years later the protocol was changed to 5 days, and since 2004 they only 

remain hospitalized for 3 days.  

2. MAC is a referral center, so the patients come from private doctors, very 

often from other public hospitals and sometimes even from other cities. 

3. Thromboembolism occurring after birth is frequently missing from the 

records, as this complication is not attributable to the pregnancy or the 

delivery, and patients are thus referred to other specialties. 

4. Even in cases from our area of reference, our reports are dependent on 

the patients with puerperal complications coming back to our services. 

5.  We do not have nurse home services to monitor puerperal problems  
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Because of all these reasons, puerperal morbidity is probably underestimated 

in our records and long term maternal morbidity is completely unknown. 

In conclusion, and according to our experience, CS is a safe procedure both for 

the fetus and the mother, and should be equated in all situations in which a vaginal 

twin birth would be risky. 
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VI.Conclusion 

 

From the results of my investigation and the trends of current publications of 

other authors, I may state as conclusions: 

1. Elective birth of twins was associated with a significant reduction in the risk 

of serious adverse outcome for the infants [110,112,113,123,133,179,181,186,195]. 

2. The optimal time of delivery for women with an otherwise uncomplicated 

twin gestation varies depending on multiple factors, including chorionicity and 

amnionicity [196]. Current recommendations suggest that the optimal time of delivery 

for DC twins is 37-38 weeks [195,196,197,198], 36-37 weeks for MC-DA twins 

[177,178,181,183,253] and 32-34 weeks for MC-MA twins [196,197,199,200,244]. 

3. The mode of delivery recommended for DC and MC-DA twins depends on 

the presence or not of a previous uterine scar, fetal presentation, gestational age and 

the provider experience of the obstetrical team [196,197,244]. 

4. A vaginal delivery could be considered in late preterm and term pregnancies 

[210], for vertex-vertex twins and vertex-non vertex twins where the provider’s skills 

and experience allow it [196,244], and it is safe in MC-DA twins [132,185,186,195, 

196,197,199,203, 204]. The most appropriate route of delivery for preterm twins 

lighter than 1500g remains unclear [210,244], however CS delivery could result in less 

mortality when birth weight is between 500 and 749g [246]. 

5. Protocol for induction of labor used in singletons is applicable to twins 

[185,186,201], and misoprostol is safe for labor induction in twin gestations 

[129,130,185,186,195,201,202]. 

6. A Cesarean section is recommended in MC-MA, non-vertex presenting twin 

when the second twin is ≥40% larger than the presenting twin [210], and in women 

with a uterine scar. However, the French College of Gynaecologists and Obstetricians 

(CNGOF) believes there is no reason to recommend one type of delivery over another 

even in a twin pregnancy near term with the first twin in breech presentation, or in 
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women with uterine scars [197,206]. The uterine rupture rate reported in two trials of 

vaginal delivery for twins after CS varies from 0.8-1.1% [211,212]. 

7. Taking into account that there is no data showing a clear advantage of a 

planned CS for twins in terms of short term complications [128,131,133,192,205], 

patients should receive thorough information about the risks of vaginal and CS 

deliveries and the vaginal route should be performed under epidural analgesia and by 

an obstetrician with experience in obstetric maneuvers [197].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

References  

 

 

 



 

 
 

  



 

157 
 

References 

1. Bomsel-Helreich O ,Al Mufti W. The mechanism of monozygosity and double 
ovulation. Multiple Pregnancy. Epidemiology, Gestation. Perinatal outcome.  
1995;25-40.The Parthenon Publishing Group  

2. Smits J, Monden C. Twinning across the developing world. PLoS ONE 1 
September 2011;6:e25239 

3. Spellacy W.Multiple Pregnancies.  Danforth’s Obstetrics and Gynecology (7th 
Edition.) 1994;333-341.Philadelphia:Lippincott) 

4. Reddy UM, Branum AM, Klebanoff MA. Relationship of maternal body mass 
index and height to twinning .Obstet Gynecol 2005;105:593-597 

5. Basso O, Nohr EA, Christensen K, Olsen J. Risk of twinning as a function of 
maternal height and body mass index. JAMA 2004;291:1564–1566 

6. Hedley AA, Ogden CL, Johnson CL, Carroll MD, Curtin LR, Flegal KM. Prevalence 
of overweight and obesity among US children, adolescents, and adults, 1999–
2002.JAMA 2004;291:2847–2850 

7. Practice Committee of the American Society for Reproductive Medicine. 
Multiple gestation associated with infertility therapy: an American Society for 
Reproductive Medicine Practice Committee opinion. Fertil Steril 2012;97:825-834 

8. Toledo MG. Is there increased monozygotic twining after assisted reproductive 
technology? Aust NZJ Obstet Gynaecol 2005;45:360-364 

9. Skiadas CC, Missmer SA, Benson CB, Gee RE, Racowsky C. Risk factors associated 
with pregnancies containing a monochorionic pair following assisted 
reproductive technologies. Hum Reprod 2008;23:1366–1371 

10. Chauhan SP, Scardo JA, Hayes E, Abduhamad A, Berghella V. Twins: prevalence, 
problems, and preterm births. Am J Obstet Gynecol 2010;203:305-315 

11. Campbell KH,Copel JA, Ozan Bahtivar M.Congenital heart defects in twin 
gestations.Minerva Ginecol 2009;61:239-244 

12. Martin JA, Hamilton BE, Sutton PD, et al. Births: final data for 2006. Nati Vital 
Stat Rep. 2009;57:1-102 

13. Imaizumi Y. Trends of twinning rates in ten countries, 1972-1996. Acta Genet 
Med Gemellol (Roma) 1997;46:209-218 

14. Albrecht JL, Tomich PG. The maternal and neonatal outcome of triplet 
gestations. Am J Obstet Gynecol 1996;174:1551-1556 

15. Rauh-Hain JA, Rana S, Tamez H, Wang A, Cohen B, Cohen A, Brown F, Ecker JL, 
Karumanchi SA , Thadhani R. Risk for developing gestational diabetes in women 
with twin pregnancies. J Matern Fetal Neonata Med. 2009;22:293-299 

16. Santolaya J, Faro R. Twins-twice more Trouble? Clin Obstet.Gynecol. 
2012;55:296-306 

17. Ananth CV, Joseph KS, Smulian JC. Trends in twin neonatal mortality rates in the 
United States, 1989 through 1999: influence of birth registration and obstetric 
intervention. Am J Obstet Gynecol. 2004;190:1313-1321 

18. Topp M,Huusom LD,Langhoff-Roos J, Delhumeau C, Hutton JL, Dolk H, SCPE 
Collaborative Group. Multiple birth and cerebral palsy in Europe: a multicenter 
study. Acta Obstet Gynecol Scand. 2004;83:548-553 

19. Garg P, Abdel-Latif ME,Bolisetty S,BajuK B, Vicent T, Lui K. Perinatal 
characteristics and outcome of preterm singleton, twin and triplet infants in NSW 
and the ACT, Australia (1994-2005). Arch Dis Child Fetal Neonatal Ed 
2010;95:20–24 

20. Krotz S. Fajardo J. Ghandi S. Patel A. Keith LG. Hypertensive disease in twin 
pregnancies: a review .Twin Res.2002;5:8-14  



 

158 
 

21. Schwartz DB, Daoud Y, Zazula P, Goyert G, Bronsteen R,Wright D, Copes J, 
Gestational diabetes mellitus: Metabolic and blood glucose parameters in 
singleton versus twin pregnancies. Am J Obstet Gynecol.1999;181:912-914 

22. Landon MB, Gabbe SG. Fetal surveillance and timing of delivery in pregnancy 
complicated by diabetes mellitus. Obstet Gynecol Clin North Am 1996;23:109-
123 

23. Layde PM,Erickson JD,Falek A, Mccarthy BJ .Congenital Malformation in Twins. 
Am J Hum Genet 1980;32:69-78 

24. Myrianthopoulos NC. Congenital malformations in twins. Acta Genet Med 
Gemellol.1976;25:331-335 

25. Blickstein I,Mincha S, Goldman DR, Machin G, Keith I. The Northwestern twin 
chorionicity study: testing the “placental crowding “hypothesis. J Perinat Med 
2006;34:158-61 

26. Hartley RS,Hitti J,Emanuel I. Size-discordant twin pairs have higher perinatal 
mortality rates than non discordant pairs. Am JObstet Gynecol 2002;187:1173-
1178 

27. American College of Obstetricians and Gynecologists. Multiple gestation: 
complicated twin, triplet and higher order multifetal pregnancy. ACOG practice 
bulletin no. 56. Washington, DC: The College; 2004 (reaffirmed 2009) 

28. Miller J, Chauhan SP, Abuhamad AZ. Discordant twins: diagnosis, evaluation and 
management. Am J Obstet  Gynecol 2012;206:10-20 

29. Schwendemann WD, O’Brien JM, Barton JR, Milligan DA, Istwan N. Modifiable 
risk factors for growth restriction in twin pregnancies. Am J Obstet Gynecol 
2005;192:1440-1442 

30. Chao TT, Sheffield JS. Primary Dermatologic Findings with Early-Onset 
Intrahepatic Cholestasis of Pregnancy. Obstet Gynecol.2011; 117:456-458 

31. Brites D, Rodrigues CM, van-Zeller H, Brito A, Silva R. Relevance of serum bile 
acid profile in the diagnosis of intrahepatic cholestasis of pregnancy in a high 
incidence area:Portugal. Eur J Obstet Gynecol Reprod Biol 1998;80:31–38 

32. Geenes V, Williamson C. Intrahepatic cholestasis of pregnancy. World J 
Gastroenterol 2009;15:2049–2066 

33. Gonzales MC, Reyes H, Arrese M, Figueroa D, Lorca B,Andresen M, Segovia N, 
Molina C, Arce S. Intrahepatic cholestasis of pregnancy in twin pregnancies. J 
Hepatol 1989;9:84–90 

34. Elling SV, McKenna P, Powell FC. Pruritic urticarial papules and plaques of 
pregnancy in twin and triplet pregnancies. J Eur Acad Dermatol Venereol 
2000;14:378-381  

35. Siebert JR. Cyclopia, Aprosencephaly, and Acardiac Twinning: Clinical Report. 
Am. J. Med. Genet.2007; 143A:3100-3106 

36. Alpers CE, Harrison MR. Fetus-in-fetu associated with an undescended testis. Ped 
Path. 1985;4:37-46 

37. Schinzel A, Smith DW, Miller JR. Monozygotic twinning and structural defects. 
JPediatr. 1979;95:921-930 

38. Quintero RA. Twin-twin transfusion syndrome. Clin.Perinatol.2003;30:591-600 
39. Van Gemert MJ, Umur A, Tijssen JG, Ross MG. Twin-twin transfusion syndrome: 

etiology, severity and rational management. Curr Opin Obstet Gynecol. 
2001;13:193–206  

40. Lopriore E, Vandenbussche FP, Tiersma ES, de Beaufort AJ, de Leeuw JP. Twin-to-
twin transfusion syndrome: new perspectives.J Pediatr. 1995;127:675–680  

 
 



 

159 
 

41. De Paepe ME, Shapiro S, Greco D, Luks VL, Abellar RG,Luks CH, Luks FI Placental 
markers of twin-to-twin transfusion syndrome in diamniotic-monochorionic 
twins: A morphometric analysis of deep artery-to-vein anastomoses. 
Placenta.2010;31:269–276  

42. El Kateb A, Ville Y. Update on twin-to-twin transfusion syndrome. Best Pract Res 
Clin Obstet Gynecol. 2008;22:63–75  

43. Martins Y,Silva S, Matias A, Blickstein I.Cardiac morbidity in twin-twin transfusion 
syndrome. J. Perinat Med.2012;40:107-114 

44. Bajoria R, Ward S, Chatterjee R. Natriuretic peptides in the pathogenesis of 
cardiac dysfunction in the recipient fetus of twin-twin transfusion syndrome. Am 
J Obstet Gynecol. 2002;186:121–127  

45. Bajoria R, Sullivan M, Fisk NM. Endothelin concentrations in monochorionic twins 
with severe twin-twin transfusion syndrome. Hum Reprod. 1999;14:1614–1618 

46. Herberg U, Gross W, Bartmann P, Banek CS, Hecher K, Breuer J. Long-term 
cardiac follow-up of severe twin to twin transfusion syndrome after intrauterine 
laser coagulation. Heart.2006;92:95–100  

47. Fisk NM, Duncombe GJ, Sullivan MH. The basic and clinical science of twin-twin 
transfusion syndrome. Placenta.2009;30:379–390  

48. Chmait RH, Kontopoulos EV, Korst LM,Llanes A, Petisco I, Quintero RA. Stage-
based outcomes of 682 consecutive cases of twin twin transfusion syndrome 
treated with laser surgery: the USFetus experience. Am J Obstet Gynecol 
2011;204:39.e1-6. 

49. Rossi AC, Vanderbilt D, Chmait RH. Neurodevelopmental outcomes after laser 
therapy for twin-twin transfusion syndrome: a systematic review and meta-
analysis. Obstet Gynecol 2011;118:1145-1150. 

50. Lopriore E, van Wezel-Meijler G, Middeldorp JM, Sueters M, Vandenbussche FP, 
Walther FJ. Incidence, origin, and character of cerebral injury in twin-to-twin 
transfusion syndrome treated with fetoscopic laser surgery. Am J Obstet Gynecol 
2006;194:1215-1220. 

51. Sago H, Hayashi S, Saito M, et al. The outcome and prognostic factors of twin-
twin transfusion syndrome following fetoscopic laser surgery .Prenat Diagn 
2010;30:1185-1191. 

52. Vanderbilt DL, Schrager SM, Llanes A, Chmait RH. Prevalence and risk factors of 
cerebral lesions in neonates after laser surgery for twin-twin transfusion 
syndrome. Am J Obstet Gynecol 2012;207:320.e1-6. 

53. Schrey S, Huber A, Hecher K, Quintero R, Alkazaleh F, Moise KJ, Allbert JR, 
Schneider C, Palermo M, Yinon Y, Chmait RH, Windrim R, Ryan G.. Vascular limb 
occlusion in twin-twin transfusion syndrome (TTTS): case series and literature 
review. Am J Obstet Gynecol 2012;207:131.e1-10. 

54. Graef C, Ellenrieder B, Hecher K, Hackeloer BJ, Huber A, Bartmann P. Long-term 
neurodevelopmental outcome of 167 children after intrauterine laser treatment 
for severe twin-twin transfusion syndrome. Am J Obstet Gynecol 2006;194:303-
308. 

55. Fox C, Cox P, Kilby MD. Peripheral skin necrosis in the recipient of monochorionic 
twins complicated by twin-twin transfusion syndrome. Ultrasound Obstet 
Gynecol 2006;28:717-719. 

56. Margono F, Feinkind L, Minkoff HL. Foot necrosis in a surviving fetus associated 
with twin-twin transfusion syndrome and monochorionic placenta. Obstet 
Gynecol 1992;79:867-869. 

57. Hecher K, Ville Y, Nicolaides K. Umbilical artery steal syndrome and distal 
gangrene in a case of twin-twin transfusion syndrome. Obstet Gynecol 
1994;83:862-865. 

http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=EBAKFPNGEPDDBEGLNCPKDEFBEAGDAA00&Link+Set=S.sh.19%7c7%7csl_10
http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=EBAKFPNGEPDDBEGLNCPKDEFBEAGDAA00&Link+Set=S.sh.19%7c7%7csl_10


 

160 
 

58. Gilbert EF, Hogan GR, Stevenson MM, Suzuki H. Gangrene of an extremity in the 
newborn. JPediatr. 1970;45:469-472. 

59. Urig MA, Clewell WH, Elliott JP. Twin-twin transfusion syndrome. Am J Obstet 
Gynecol 1990;163:1522-1526. 

60. Institute of Medicine, National Academy of Sciences. Nutrition during 
pregnancy: part I: weight gain; part II: nutrient supplements. Washington, DC: 
National Academies Press; 1990. 

61. Lantz M, Chez RA, Rodriguez A, Porter KB. Maternal weight gain patterns and 
birth weight outcome in twin gestation. Obstet Gynecol 1996;87:551–6. 

62. Luke B, Minogue J, Witter FR, Keith LG, Johnson TR. The ideal twin pregnancy: 
patterns of weight gain, discordancy, and length of gestation. Am J Obstet 
Gynecol. 1993;169:588–597. 

63. Luke B. The evidence linking maternal nutrition and prematurity. J Perinat Med 
2005;33:500–505. 

64. Institute of Medicine. Weight gain during pregnancy: reexamining the 
guidelines. Washington, DC: The National Academies Press; 2009. 

65. Fox NS. Rebarber A. Roman AS. Klauser CK. Peress D. Saltzman DH. Weight gain 
in twin pregnancies and adverse outcomes: examining the 2009 Institute of 
Medicine guidelines. Obstet Gynecol. 2010;116:100-106. 

66. Gonzalez-Quintero VH, Kathiresan A, Tudela FJ, Rhea D, Desch,C , Istwan N. The 
Association of Gestational Weight Gain per Institute of Medicine Guidelines and 
Prepregnancy Body Mass Index on Outcomes of Twin Pregnancies Am. J. Perinat. 
2012;29:435-440 

67. Chu SY and D’Angelo DV. Gestational weight gain among US women who deliver 
twins, 2001-2006. Am J Obstet Gynecol 2009;200:390.e1-390.e6. 

68. Yeh J, Shelton JA. Association of pre-pregnancy maternal body mass and 
maternal weight gain to newborn outcomes in twin pregnancies. Acta Obstet 
Gynecol Scand 2007;86:1051-1057. 

69. Rooney BL, Schauberger CW, Mathiason MA. Impact of perinatal weight change 
on longterm obesity and obesity-related illnesses. Obstet Gynecol 
2005;106:1349-1356 

70. Robyr R, Lewi L, Salomon LJ, Yamamoto M, Bernard JP, Deorest J, Ville Y. 
Prevalence and management of late fetal complications following successful 
selective laser coagulation of chorionic plate anastomoses in twin to-twin 
transfusion syndrome. Am J Obstet Gynecol 2006;194:796-803. 

71. Van den Wijngaard JP, Lewi L, Lopriore E, Robyr R, Middeldorp JM, 
Vandenbussche FP, Devlieger R, Deprest J, Ville Y, van Gemert MJ.. Modeling 
severely discordant hematocrits and normal amniotic fluids after incomplete 
laser therapy in twin-to-twin transfusion syndrome. Placenta 2007;28:611-615. 

72. Lopriore E, Oepkes D. Fetal and neonatal haematological complications in 
monochorionic twins. Semin Fetal Neonatal Med 2008;13:231-238. 

73. Lewi L, Jani J, Blickstein I, Hubber A, Gucciardo L, Van Mieghem T, Doné E, Boes 
AS, Hecher K, Gratacós E, Lewi P, Deprest J. The outcome of monochorionic 
diamniotic twin gestations in the era of invasive fetal therapy: a prospective 
cohort study. Am J Obstet Gynecol 2008;199:514-518. 

74. Lopriore E, Middeldorp JM, Sueters M, Vandenbussche FP, Walther FJ. Twin-to-
twin transfusion syndrome: from placental anastomoses to long-term 
neurodevelopmental outcome. Curr Pediatr Rev 2005;1:191-203. 

75. Lopriore E, Slaghekke F, Oepkes D, Middeldorp JM, Vandenbussche FP, Walther 
FJ.Clinical outcome in neonates with twin anemia-polycythemia sequence. Am J 
Obstet Gynecol. 2010;203:54.e1-5. 

http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=NFDPFPBDICDDMDIHNCPKLHLBHOGFAA00&Buy+PDF=1&link_type=PPV&accession_number=00001833-201229060-00006&return_url=Titles%3dF%7cS.sh.19%7c11%7c10%26FORMAT%3dtitle%26FIELDS%3dTITLES
http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=NFDPFPBDICDDMDIHNCPKLHLBHOGFAA00&Buy+PDF=1&link_type=PPV&accession_number=00001833-201229060-00006&return_url=Titles%3dF%7cS.sh.19%7c11%7c10%26FORMAT%3dtitle%26FIELDS%3dTITLES
http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=NFDPFPBDICDDMDIHNCPKLHLBHOGFAA00&Buy+PDF=1&link_type=PPV&accession_number=00001833-201229060-00006&return_url=Titles%3dF%7cS.sh.19%7c11%7c10%26FORMAT%3dtitle%26FIELDS%3dTITLES


 

161 
 

76. Blickstein I. Cerebral palsy in multifoetal pregnancies. Dev Med Child Neurol 
2002;44:352-355. 

77. O’Callaghan ME, MacLennan AH,Gibson CS,  McMichael GL, Haan EA, Broadbent 
JL,Goldwater PN, Dekker GA, for the Australian Collaborative Cerebral Palsy 
Research Group. Epidemiologic Associations with Cerebral Palsy. Obstet 
Gynecol.2011;118:576–582 

78. Adegbite AL, Castille S, Ward S, Bajoria R. Neuromorbidity in preterm twins in 
relation to chorionicity and discordant birth weight. Am. J. Obstet Gynecol. 
2004;190:156-163 

79. Pharoah PO, Price TS, Plomin R. Cerebral palsy in twins: a national study. Arch 
Dis Child Fetal Neonatal  Ed. 2002;87:122-124 

80. Livinec F,Ancel PY,Marret S, Arnaud C, Fresson J, Pierrat V, Rozé JC, Escande B, 
Thiriez G, Larroque B,Kaminski M, for the Epipage Group. Prenatal Risk Factors 
for Cerebral Palsy in Very Preterm Singletons and Twins. Obstet Gynecol 
2005;105:1341–1347. 

81. BambergC, Fotopoulou C, Neissner P, Slowinski T, Dudenhausen J, Proquitte H, 
Buhrer C, Henrich W. Maternal characteristics and twin gestation outcomes over 
10 years:impact of conception methods Fertil.Steril. 2012;98:95-101 

82. Kozinszky Z, Zadori J, Orvos H, Katona M, Pal A, Kovacs L. Obstetric and neonatal 
risk of pregnancies after assisted reproductive technology: a matched control 
study. Acta Obstet Gynecol Scand 2003;82:850–856. 

83. Nassar AH, Usta IM, Rechdan JB, Harb TS, Adra AM, Abu-Musa AA. Pregnancy 
outcome in spontaneous twins versus twins who were conceived through in vitro 
fertilization. Am J Obstet Gynecol 2003;189:513–518. 

84. Pinborg A, Loft A, Rasmussen S, Schmidt L, Langhoff-Roos J, Greisen G, Anderson 
AN. Neonatal outcome in a Danish national cohort of 3438 IVF/ICSI and 10,362 
non-IVF/ICSI twins born between 1995 and 2000. Hum Reprod 2004;19:435–441. 

85. Dickey R, Xiong X, Gee RE, Pridjian G. Effect of maternal height and weight on 
risk of preterm birth in singleton and twin births resulting from in vitro 
fertilization: a retrospective cohort study using the Society for Assisted 
Reproductive Technology Clinic Outcome Reporting System. Fertil. Steril. 
2012;97:349-354 

86. Smithers P, Halliday J, Hale L,Talbot JMK, Breheny S, Healy D. High frequency of 
cesarean section, antepartum hemorrhage, placenta previa, and preterm 
delivery in in vitro fertilization twin pregnancies. Fertil. Steril. 2003;3:666-668 

87. Elster N. Less is more: the risks of multiple births. Fertil. Steril. 2000;74:617-623 
88. Tur R, Coroleu B, Torelló MJ, Boada  M, Veiga A, Barri PN. Prevention of multiple 

pregnancy following IVF in Spain. Reprod Biomed Online 2006;6:856–863. 
89. Roca de Bes MR, Maldonado JG, Martinez MG, Psychosocial risks associated with 

multiple births resulting from assisted reproduction: a Spanish sample .Fertil. 
Steril. 2009;92:1059-1066 

90. Pinborg A. IVF/ICSI twin pregnancies-risks and prevention. Hum Reprod Update 
2005;11:575–593. 

91. Garel M, Chavanne E, De Weeck E, Blondel B. Impact psycchologique de la 
gémellité  sur les enfants et leurs parents. J Gynécol Obstét Biol Reprod 
2002;31:40–45. 

92. Garel M, Charlemaine E, Blondel B. Conséquences psychologiques des naissances 
multiples. Gynécol. Obstét. Fertil .2006;34:1058–1063. 

93. Hellman LM, Kobayashi M, Cromb E. Ultrasonic diagnosis of embryonic 
malformations. Am J Obstet Gynecol 1973;5:615–623. 

https://ovidsp.tx.ovid.com/sp-3.8.0a/ovidweb.cgi?&S=JADJFPGPEDDDBDGHNCPKLFFBADEAAA00&Link+Set=S.sh.19%7c2%7csl_10
https://ovidsp.tx.ovid.com/sp-3.8.0a/ovidweb.cgi?&S=JADJFPGPEDDDBDGHNCPKLFFBADEAAA00&Link+Set=S.sh.19%7c2%7csl_10


 

162 
 

94. La Sala GB, Villani MT, Nicoli A, Gallinelli A, Nucera G, Blickstein I. Effect of the 
mode of assisted reproductive technology conception on obstetric outcomes for 
survivors of the vanishing twin syndrome. Fertil Steril 2006;86:247–249. 

95. Pinborg A, Lidegaard O, la Cour Freiesleben N, Andersen AN. Consequences of 
vanishing twins in IVF/ICSI pregnancies. Hum Reprod 2005;20:2821–2829. 

96. Dickey RP, Taylor SN, Lu PY, Sartor BM, Storment JM, Rye PH, Pelletier WD, 
Zender JL, Matulich EM.. Spontaneous reduction of multiple pregnancy: 
incidence and effect on outcome. Am J Obstet Gynecol 2002;186:77–83. 

97. Mansour R, Serour G, Aboulghar M, Kamal O, Al-Inany H .The impact of 
vanishing fetuses on the outcome of ICSI pregnancies. Fertil Steril 2010; 94:2430-
2432  

98. Matias A, La Sala G, Blickstein I Early loss rates of entire pregnancies after 
assisted reproduction are lower in twin than in singleton pregnancies. Fertil Steril 
2007;88:1452–1454. 

99. Tummers P, De Sutter P, Dhont M. Risk of spontaneous abortion in singleton and 
twin pregnancies after IVF/ICSI. Hum Reprod 2003;18:1720–1723 

100. Zegers-Hochschild F, Bravo M, Fernandez E, Fabers C, Balmaceda JP,Mackenna 
A.  Multiple gestation as a marker of reproductive efficacy: learning from 
assisted reproductive technologies. Reprod Biomed Online 2003;8:125–129. 

101. La Sala GB, Nucera G, Gallinelli A, Nicoli A, Villani MT, Blickstein I. Spontaneous 
embryonic loss following in-vitro fertilization: incidence and effect on outcomes. 
Am J Obstet Gynecol 2004;191:741–746. 

102. Matias A, Oliveira C, da Silva JT, Silva J, Barros A, Blickstein I. The effect of ICSI, 
maternal age, and embryonic stage on early clinical loss rate of twin versus 
singleton pregnancies. Eur J Obstet Gynecol Reprod Biol 2007;130:212–215. 

103. Lambers MJ, Mager E, Goutbeek J, McDonnell J, Homburg R, Schats R, Hompes 
PG, Lambalk CB. Factors determining early pregnancy loss in singleton and 
multiple implantations. Hum Reprod 2007;22:275-279.  

104. Shebl O, Ebner T, Sommergruber M,Sir A, Tews G. Birth weight is lower for 
survivors of the vanishing twin syndrome: a case-control study. Fertil. Steril. 
2008;90:310-314 

105. Pinborg A, Lidegaard O, la Cour Freiesleben N, Andersen AN. Vanishing twins: a 
predictor of small-for-gestational age in IVF singletons. Hum Reprod 
2007;22:2707–2714. 

106. Luke B, Brown MB, Grainger D,Stern J, Klein N, Cedars M. The effect of early fetal 
losses on twin assisted-conception pregnancy outcomes. Fertil Steril. 
2009;91:2586-2592 

107. Ghai V, Vidyasagar D. Morbidity and mortality factors in twins. Clin Perinatol 
1988;15:123-140. 

108. Kiely JL. The epidemiology of perinatal mortality in multiple births. Bull N Y Acad 
Med 1990;66:618-637. 

109. Luke B. Reducing fetal deaths in multiple births: optimal birthweights and 
gestational ages for infants of twin and triplet births. Acta Genet Med Gemellol 
(Roma) 1996;45:333-348. 

110. Minakami H, Sato I. Reestimating date of delivery in multifetal pregnancies. 
JAMA 1996;275:1432-1434. 

111. Kiely JL. What is the population-based risk of preterm birth among twins and 
other multiples? Clin Obstet Gynecol 1998;41:3-11. 

112. Hartley R, EmanuelI, MD, Hitti J. Perinatal mortality and neonatal morbidity 
rates among twin pairs at different gestational ages: Optimal delivery timing at 
37 to 38 weeks’ gestation. Am J Obstet Gynecol 2001;184:451-458 



 

163 
 

113. Hartley R,Hitti J. Increasing rates of preterm twin births coincide with improving 
twin pair survival.J. Perinat Med 2010;38:297–303  

114. Morikawa M, Yamada T ,YamadaT, Sato S2 , ChoK, Minakami H . Prospective risk 
of stillbirth: monochorionic diamniotic twins vs. dichorionic twins. J.Perinat Med. 
2012;40:245–249  

115. Pharoah PO. Twins and cerebral palsy. Acta Paediatr 2001;90:6–10. 
116. Nicolini U, Poblete A .Single intrauterine death in monochorionic twin 

pregnancies. Ultrasound Obstet Gynecol 1999;14:297–301 
117. Pharoah PO, Adi Y. Consequences of in-utero death in a twin pregnancy. Lancet 

2000;355:1597–1602. 
118. Hillman SC, Morris RK, Kilby M. Co-Twin Prognosis After Single Fetal Death: A 

Systematic Review and Meta-Analysis .Obstet Gynecol 2011;118:928–940 
119. Kleinman JC, Fowler MG, Kessel SS. Comparison of infant mortality among twins 

and singletons: United States 1960 and 1983. Am J Epidemiol 1991;133:133–
143. 

120. Ong SS, Zamora J, Khan KS, Kilby MD. Prognosis for the cotwin following single-
twin death: a systematic review. BJOG 2006;113:992–998. 

121. Price JH, Marvete M. Induction of labour in twin pregnancies. S. Afr. Med. J 
1986;70:163-164 

122. The Royal College of Obstetricians and Gynaecologists Setting Standards to 
Improve Women’s Health. Induction of Labour 2001 

123. Macer JA,Macer CL, Chan LS, Elective induction versus spontaneous labor: a 
retrospective study of complications and outcome. Am. J. Obstet Gynecol 
1991;166:1690-1697 

124. Suzuki S,Otsubo Y,Sawa R,Yoneyama Y,Araki T. Clinical trial of induction of labor 
versus expectant management in twin pregnancy. Gynecol Obstet Invest 
2000;49:24-27 

125. Bardett-Fausett M, Barth WH Jr, Yoder BA, Satin AJ. Oxytocin labor stimulation 
of twin gestations: Effective and efficient. Obstet Gynecol.1997;90:202-204. 

126. Manor M,Blickstein I Ben-Arie A, Weissman A, Hagay Z. Case series of labor 
induction in twin gestations with an intrauterine ballon catheter Gynecol Obstet 
Invest. 1999;47:244-246 

127. Taylor M, Rebarber A, Saltzman D, Klauser C, Roman A,Fox N .Induction of labor 
in twin compared with singleton pregnancies .Obstet Gynecol 2012;120:297-301 

128. Blickstein, I. Cesarean section for all twins? J. Perinat Med. 2000;28:169-174  
129. Langenegger Ej, Odendaal HJ, Grove D. Oral misoprostol versus intracervical 

dinoprostone for induction of labor. BJOG. 2005;88:242-248 

130. Wing DA, Fassett MJ, Guberman C, Tran S, Parrish A, Guinn D. A comparison of 
orally administered misoprostol to intravenous oxytocin for labor induction in 
women with favorable cervical examinations. Am J Obstet Gynecol. 
2004;190:1689-1694 

131. Hoffmann E, Oldenburg A, Rode L, Tabor A, Rasmussen S, Skibsted L. Twin births: 
cesarean section or vaginal delivery? Acta Obstet. Gynecol. Scand. 2012;91:463–
469 

132. Sau A, Chalmers S, Shennan AH, Fox G, Maxwell D. Vaginal delivery can be 
considered in monochorionic diamniotic twins. BJOG.2006;113:602–604 

133. Zipori Y, Smolkin T, Makhoul IR, Weissman A, Blazer S, Drugan A, Optimizing 
outcome of twins by routine cesarean section beyond 37 weeks. Am J Perinatol. 
2011;1:51–56. 



 

164 
 

134. Smith GC, Shah I, White IR,Pell JP, Dobbie R. Mode of delivery and the risk of 
delivery-related perinatal death among twins at term: a retrospective cohort 
study of 8073 births. BJOG. 2005;112:1139–1144. 

135. Wilmink. F, Hukkelhoven C,Mol BW,  Post J, Steegers E, Papatsonis D. Neonatal 
outcome following elective cesarean section of twin pregnancies beyond 35 
weeks of gestation .Am J Obstet Gynecol 2012;207:480-487. 

136. Lewis G, Drife J, editors. Why Mothers Die. Report on confidential enquiries into 
maternal death in the United Kingdom 1997–99. London: RCOG Press, 2001. 

137. Chasen ST, Madden A, Chervenak FA. Cesarean delivery of twins and neonatal 
respiratory disorders. Am J Obstet Gynecol 2000;183:780–781. 

138. Simpson LI, D’Alton ME. Multiple pregnancy. In: Creasy RK, editor. Management 
of Labor and Delivery. Malden, Massachusetts: Blackwell Science, 1997:395–413. 

139. Leth RA, Moller JK, Thomsen R W, Uldbjerg N, Norgaard  M. Risk of selected 
postpartum infections after cesarean section compared with vaginal birth: a five-
year cohort study of 32,468 women. Acta Obstet Gynecol Scand. 2009;88:976-
983 

140. Gurol-Urganci I, Cromwell D, Edozien LC, Smith G,  Onwere C, Mahmood T, 
Templeton A, van der Meulen J. Risk of placenta previa in second birth after first 
birth cesarean section: a population-based study and meta-analysis. BMC 
Pregnancy Childbirth.2011;11:95 

141. Lukassen HG, Schönbeck Y, Adang EM, Braat DD, Zielhuis GA, Kremer JA. 

Cost analysis of singleton versus twin pregnancies after in vitro fertilization. 

Fertil Steril. 2004;81:1240-1246. 

142. De Mouzon J, Lancaster P, Nygren KG, Sullivan E, Zegers-Hochschild F, Mansour 
R, IshiHara O, Adamson D. World collaborative report on assisted reproductive 
technology, 2002. Hum Reprod 2009;1:1-11. 

143. Skentou C, Souka AP, To MS, Liao AW, Nicolaides KH. Prediction of preterm 
delivery in twins by cervical assessment at 23 weeks. Ultrasound Obstet Gynecol 
2001;17:7-10 

144. Souka AP, Heath VCF, Flint S, Sevastoploulou I, Nicolaides KH. Cervical length at 
23 weeks in twins in predicting spontaneous preterm delivery. Obstet Gynecol 
1999;94:450–4 

145. Heath VCF, Southall TR, Souka AP, Elisseou A, Nicolaides KH. Cervical length at 
23 weeks of gestation: prediction of spontaneous preterm delivery. Ultrasound 
Obstet Gynecol 1998;12:312–317 

146. Imseis HM, Albert TA, Iams JD. Identifying twin gestations at low risk for preterm 
birth with a transvaginal ultrasonographic cervical measurement at 24–26 
weeks’ gestation. Am J Obstet Gynecol 1997;177:1149–55 

147. Conde-Agudelo A, Romero R, Hassan SS, Lami Y. Transvaginal sonographic 
cervical length for the prediction of spontaneous preterm birth in twin 
pregnancies: a systematic review and metaanalysis. Am J Obstet Gynecol 
2010;203:128.e1-12. 

148. Lima A, Francisco C, Barreto S, Nogueira B, Dias E, Simões T. Risk factors of 
preterm delivery in twins. Acta Obstet Ginecol Port. 2008; Suppl 1; 481. 

149. Simões T, Queirós A, Correia L, Dias E, Campos A. Obstetric outcome of twin 
pregnancies conceived by IVF and ovulation induction compared with those 
conceived spontaneously Acta Obstet Ginecol Port. 2012;6:45-50 

http://www.ncbi.nlm.nih.gov/pubmed?term=Lukassen%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=15136084
http://www.ncbi.nlm.nih.gov/pubmed?term=Sch%C3%B6nbeck%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15136084
http://www.ncbi.nlm.nih.gov/pubmed?term=Adang%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=15136084
http://www.ncbi.nlm.nih.gov/pubmed?term=Braat%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=15136084
http://www.ncbi.nlm.nih.gov/pubmed?term=Zielhuis%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=15136084
http://www.ncbi.nlm.nih.gov/pubmed?term=Kremer%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=15136084
http://www.ncbi.nlm.nih.gov/pubmed/15136084


 

165 
 

150. Simões T, Silva G, Lima A, Theias M. Costs for multiple pregnancies and their 
newborn. 11th World Congress on Controversies in Obstetrics Gynecology and 
Infertility Paris-France 2008. Poster 

151. Queirós A, Figueiredo A, Correia L, Dias E, Simões T. Size-discordant twin 
pair:implications on obstetric and perinatal outcome. Facts,Views & Vision in 
Obgyn, 21th European Congress of Obstetrics and Gynecology, 2010 Book of 
Abstrats:39.Oral presentation 

152. Queirós A, Figueiredo A, Simões M, Dias E, Simões T. Risk factos to hypertensive 
disorders in twin pregnancies. Seminário de Pré-Eclampsia. 2009. Poster 

153. Conde P, Lima A, Dias E, Simões T. The influence of BMI in the prognosis of twin 
pregnancy. Acta Obstet Ginecol Port. 2008; Suppl 1 

154. Barigye O, Pasquini L, Galea P, Chambers H, Chappell L, Fisk NM. High risk of 
unexplained late fetal death in monochorionic twins despite intensive ultrasound 
surveillance: a cohort study. PloS Med. 2005;2:e172. 

155. Martins P, Baleiras C, Simões T, Tomé T, Costa MT, Valido A. Morte Fetal de um 
gémeo – Que problemas para o gémeo sobrevivente? Acta Pediat Port. 
2000;4:303-310 

156. Appleton C, Pinto L,Centelho M Clode N, Cardoso C, Graça LM. Near term twin 
pregnancy: clinical relevance of weight discordance at birth. J Perinat Med. 
2007;35:62-66 

157. Blickstein I. Normal and abnormal growth of multiples. Semin Neonatol. 
2002;7:177-185 

158. Luke B, Brown MB, Misiunas R, Anderson E, Nugent C, Van de Ven C, Burpee B, 
Gogliotti S. Specialized prenatal care and maternal and infant outcomes in twin 
pregnancy. Am. J. Obstet.Gynecol.2003;189:934-938. 

159. Vintzileos A, Ananth C, Smulian J, Scorza W. The impact of prenatal care on 
preterm births among twin gestations in the United States, 1989-2000. Am J 
Obstet Gynecol. 2003;189:818-823. 

160. Sebire NJ, Snijders RJ, Hughes K, Sepulveda W, Nicolaides KH. The hidden 
mortality of monochorionic twin pregnancies. BJOG 1997; 104:1203–1207. 

161. Pharoah PO. Neurological outcome in twins. Semin Neonatol 2002;7:223–230. 

162. Bejar R, Vigliocco G, Gramajo H, Solana C, Benirschke K, Berry C, Coen R, Resnik 
R. Antenatal origin of neurologic damage in newborn infants. II. Multiple 
gestations. Am JObstet Gynecol 1990;162:1230–1236. 

163. Gratacós E, Carreras E, Becker J, Lewis L, Enriquéz G, Perapoch J, Higueras T, 
Cabero L, Deprest J. Prevalence of neurological damage in monochorionic twins 
with selective intrauterine growth restriction and intermittent absent or reversed 
end-diastolic umbilical artery flow Ultrasound Obstet Gynecol 2004;24:159–163 

164. Pennison E, Egerman R. Perinatal outcomes in gestational diabetes: a 
comparison of criteria for diagnosis. Am J Obstet Gynecol 2001;184:1118-1121 

165. Luo C, Simonet F,Wei Q, Xu H, Rey E, Fraser W. Diabetes in pregnancy may 
differentially affect neonatal outcomes for twins and singletons. Diabet Med 
2011;28:1068-1073. 

166. Queirós A, Figueiredo A, Dias E, Simões T. Diabetes gestacional na gravidez 
gemelar. Clinica do Parto II. 2009- Poster 



 

166 
 

167. Tul N, Verdenik I, Novak Z, Srsen P, Blickstein I. Prospective risk of stillbirth in 
monochorionic-diamniotic twin gestations: a population based study J. Perinat 
Med.2011;39:51–54  

168. Uotila J, Tammela O. Acute intrapartum fetoplacental transfusion in 

monochorionic twin pregnancy. Obstet Gynecol 1999;94:819–821 

169. Acosta-Rojas R. Becker J, Munoz-Abellana B,Ruiz C,Carreras E, Gratacos E .Twin 
chorionicity and the risk of adverse perinatal outcome   BJOG. 2007;96:98-102.  

170. Ortibus E, Lopriore E, Deprest J, Vandenbussche F, Walther F, Diemert A, Hecher 
K, Lague L, De Cock P, Lewi P, Lewi L. The pregnancy and long-term 
neurodevelopment outcome of monochorionic diamniotic twin gestations: a 
multicenter prospective cohort study from the first trimester onward. Am J 
Obstet Gynecol. 2009;200:494.a1-494.e8. 

171. Smith N, Wilkins-Haug L, Santolaya-Forgas J, Acker D, Economy K, Benson C, 
Robinson J. Contemporary management of monochorionic diamniotic twins: 
outcomes and delivery recommendations revisited. Am J Obstet Gynecol. 
2010;203:133.e1-6. 

172. Centers for Disease Control and Prevention. United States linked birth/infant 
death data set. National Center for Health Statistics Data Brief. 2009. 

173. Petrini J, Dias T, McCormick M, Massolo M, Green N, Escobar G. Increase risk of 
adverse neurological development for late preterm infants. J. Pediatr, 
2009;154:169-175. 

174. Glinianaia S, Obeysekera M, Sturgiss S, Bell R. Stillbirth and neonatal mortality in 
monochorionic and dichorionic twins: a population-based study. Human Reprod. 
2011;26:2549-2557. 

175. Sullivan A, Hopkins P, Weng HY, Henry E, Lo J, Varner M, Esplin M. Delivery of 
monochorionic twins in the absence of complications: analysis of neonatal 
outcomes and costs. Am J Obstet Gynecol. 2012;206:257.e1-7. 

176. Southwest Thames Obstetric Research Collaborative (STORK). Prospective risk of 
late stillbirth in monochorionic twins: a regional cohort study. Ultrasound Obstet 
Gynecol. 2012;39:500-504. 

177. Breathnach F, McAuliffe F, Geary M, Daly S, Higgins J, Dorman J, Morrison J, 
Burke G, Higgins S, Dicker P, Manning F, Carrol S, Malone F. Optimun Timing for 
Planned Delivery of Uncomplicated Monochorionic and Dichorionic Twin 
Pregnancies. Obstet Gynecol. 2012;119:50-59. 

178. Domingues P, Fonseca E, Vasco E, Moura P. Should apparently uncomplicated 
monochorionic twins be delivered electively at 32 weeks?  J. Matern-Fetal 
Neonat Med. 2009;22:1077–1080 

179. Cleary-Goldman J, D Alton ME. Uncomplicated monochorionic diamniotic twins 
and the timing of delivery. PLoS Med .2005;2 e180. 

180. Hack K,  Derks J, Elias S, Mameren F, Koopman-Esseboom C, Mol B, Lopriore E, 
Schaap A, Arabin B, Duvekot J,Go A, Wieselmann E,Eggink A, Willekes C, 
Vandenbussche F, Visser G. Perinatal mortality and mode of delivery in 
monochorionic diamniotic twin pregnancies ≥32 weeks of gestation: a 
multicentre retrospective cohort study .BJOG 2011;118:1090–1097 

181. Sela H,Flood K. Timing of planned delivery in uncomplicated monochorionic 
diamniotic twin pregnancies: a review of the literature. Expert Review of Obstet 
Gynecol. 2012;7:483-491. 

http://www.ncbi.nlm.nih.gov/pubmed/17250837


 

167 
 

182. Hack K, Derks J, Elias S, Franx A, Roos E, Voerman S, Bode C, Koopman-Esseboom 
C, Visser G. Increased perinatal mortality and morbidity in monochorionic versus 
dichorionic twin pregnancies: clinical implications of a large Dutch cohort study. 
BJOG 2008;115:58–67. 

183. Robinson BK, Miller RS, D’Alton ME, Grobman WA. Effectiveness of timing 
strategies for delivery of monochorionic diamniotic twins. Am J Obstet Gynecol 
2012;207:53.e1-7. 

184. Lee Y, Wylie B, Simpson L, DÁlton M. Twin Chorionicity and the Risk of Stillbirth. 
Obstet Gynecol 2008;111:301–308. 

185. Simões, T, Condeço, P, Caetano, P, Dias, E, Nogueira, I, Gonçalves, A, Farelo, A. 
Labor Induction in Twins. Isr J.Obstet .Gynecol 1999;10:159-161 

186. Simões T. Should we induce twins? The 17th World Congress on Controversies in 
Obstetrics, Gynecology & Infertility, Lisbon, Portugal, November 8-11, 2012. 
Invited speaker  

187. Park KH, Hong JS, Kang WS, Shin DM, Kim SN. Body mass index, Bishop score, 
and sonographic measurement of the cervical length as predictors of successful 
labor induction in twin gestations. J.Perinat Med 2009;37:519-523 

188. Park KH, Lee S, Jeong E, Ryu A, Oh K, Kim SN Bishop score and cervical length at 
33–35 weeks of gestation and the risk of intrapartum cesarean delivery of twins 
J.Perinat Med 2012;40:383-388 

189. Lee HC, Gould JB,Boscardin WJ, El-Sayed Y, Blumenfeld Y. Trends in cesarean 
delivery for twin births in the United States: 1995-2008. Obstet Gynecol. 
2011;118:1095-1101. 

190. Vrouenraets FP, Roumen FJ, Dehing CJ, van den Akker ES, Aarts MJ, Scheve EJ. 
Bishop score and risk of cesarean delivery after induction of labor in nulliparous 
women. Obstet Gynecol 2005;105:690–697. 

191. Kwee A, Elferink-Stinkens PM, Reuwer PJ, Bruinse HW. Trends in obstetric 
interventions in the Dutch obstetrical care system in the period 1993-2002. Eur J 
Obstet Gynecol Reprod Biol 2007;132:70-75 

192. Valdoleiros S, Queirós A, Marujo A, Correia L, Simões T. Maternal morbidity 
following cesarean section for twins. Reunião Científica da Sociedade Portuguesa 
de Obstetrícia e Medicina Materno-Fetal. Lisboa 19-20 Abril 2013. Poster 
presentation 

193. Correia L, Marujo A, Valdoleiros S, Silva P, Queirós A, Simões T. Risk factors for 
cesarean delivery in twin pregnancies. Reunião Científica da Sociedade . 
Portuguesa de Obstetrícia e Medicina Materno-Fetal. Lisboa 19-20 Abril 2013. 
Poster presentation 

194. Meath A, Ramsey P, Mulholland T, Rosenquist R, Lesnick T, Rain K. Comparative 
longitudinal study of cervical length and induced shortening changes among 
singleton, twin, and triplet pregnancies. Am. J. Obstet Gynecol 2005;192:1410-
1415. 

195. Dodd J, Crowther C, Haslam R, Robinson J. Elective birth at 37 weeks of gestation 
versus standard care for women with an uncomplicated twin pregnancy at term: 
the Twins Timing of Birth Randomised Trial. BJOG 2012;119:964–974. 

196. Lee YM. Delivery of twins Semin Perinatol 2012;36:195-200. Review. 

 

 



 

168 
 

197. Vayssière C, Benoist G, Blondel B,Deruele P,Favre R, Gallot D, Jabert P, Lemery D, 
Picone O, Pons JC, Puech F, Quarello E, Salomon L,Schimitz T, Senat MV, 
Sentilhes L, Simon A, Stirneman J, Vendittelli F, Winer N, Ville Y. Twin 
pregnancies:guidelines for clinical practice from the French College of 
Gynaecologists and Obstetricians (CNGOF). Eur J Obstet Gynecol Reprod 
Biol..2011;156:12-17 

198. Doss AE, Mancuso MS, Oliver SP, Jauk VC,Jenkins SM. Gestational age at delivery 
and perinatal outcomes of twin gestations. Am J Obstet Gynecol 2012;207:410 
e1-6 

199. Hack KE, Derks JB, Elias SG, Van Mameren FA,Koopman-Esseboom C,Mol BW, 
Lopriore E, Schaap AH, Arabin B, Duvekot JJ, Go AT, Wieselmann E, Eggink AJ, 
Willekes C, Vandenbussche FP, Visser GH. Perinatal mortality and mode of 
delivery in monochorionic diamniotic twin pregnancies ≥32wks of gestation: a 
multicentre retrospective cohort study. BJOG 2011;118:1090-1097 

200. Murata M, Ishil K, Kamitomo M, Murakoshi Y Takahashi Y, Sekino M, Yamamoto 
R, Kawaguchi H, Mitsuda N. Perinatal outcome and clinical features of 
monoamniotic twin gestation. J Obstet Gynaecol Res. 2013 (Epub ahead of print) 

201. Wolfe MD, de la Torre L, Moore LE, Myers O, Rayburn WE. Is the protocol for 
induction of labor in singletons applicable to twin gestations? J Reprod Med. 
2013;58:137-142 

202. Bush MC, Csaba A, Eddleman KA, Saphier CJ. Is misoprostol safe for labor 
induction in twin gestations? J Matern Fetal Neonatal Med. 2006;19:35-38 

203. Pestana I, Loureiro T, Almeida A, Rocha I, Rodrigues RM, Rodrigues T. Effect of 
mode of delivery on neonatal outcome of monochorionic diamniotic twin 
pregnancies: a retrospective cohort study. J. Reprod Med 2013;58:15-18. 

204. Quintana E, Burgos J, Equiquren N, Melchor JC, Fernandez-Liebrez L, Martinez-
Astorquiza T. Influence of chorionicity in intra-partum management of twin 
deliveries J Matern Fetal Neonat. Med. 2013;26:407-411 

205. Trojner-Bregar A, Tull N, Verdenik I, Novak Z, Blickstein I. Puerperal morbidity 
following repeat cesarean delivery in twin pregnancies. Arch Gynecol Obstet 
2013 (Epub ahead of print) 

206. Bisschop C, Vogelvang T, May A, Schuitemaker N. Mode of delivery in non-
cephalic presenting twins: a systematic review. Arch Gynecol Obstet. 
2012;286:237-247 

207. Dutch Society for Obstetrics and Gynecology (2011) Guideline Multiple Gestation 
version 2.0. 2005. Available at http://www.nvog.nl 

208. American College of Obstetricians and Gynecologists Committee on Practice 
Bulletins-Obstetrics et al. ACOG Practice Bulletin #56: multiple gestation: 
complicated twin, triplet, and high-order multifetal pregnancy. Obstet Gynecol 
2004;104:869–883 

209. Mauldin JG, Newman RB, Mauldin PD. Cost effective delivery management of the 
vertex and nonvertex twin gestation. Am J Obstet Gynecol. 1998;179:864-869. 

210. Christopher D, Robinson B, Peaceman A. An evidence-based approach to 
determining route of delivery for twin gestations Rev. Obstet Gynecol. 
2011;4:109-116 

 

 

http://www.nvog.nl/


 

169 
 

211. Varner MW, Leindecker S, Spong CY, Moawad AH, Hauth JC, Landon MB, Leveno 
KJ, Caritis SN, Harper M,Wapner RJ, Sorokin Y, Miodovnik M, Carpenter M, 
Peaceman A, O’Sulivan MJ, Sibai BM, Langer O, Thorp JM, Ramin SM, Mercer 
BM, Gabbe SG; National Institute of Child Health and Human Development 
Maternal-Fetal Medicine Units Network. The Maternal-Fetal Medicine Unit 
cesarean registry: trial of labor with a twin gestation. Am J Obstet Gynecol. 
2005;193:135-140. 

212. Ford AA, Bateman BT, Simpson LL. Vaginal birth after cesarean delivery in twin 
gestations: a large, nationwide sample of deliveries. Am J Obstet Gynecol. 
2006;195:1138-1142. 

213. Essel JK, Opai-Tetteh ET Is routine caesarean section necessary for breech-breech 
and breech-transverse twin gestations? S Afr Med J 1996;86:1196–1200 

214. Sentilhes L, Goffinet F, Talbot A, Diguet A, Verspyck E, Cabrol D, Marpeau L 
Attempted vaginal versus planned cesarean delivery in 195 breech first twin 
pregnancies. Acta Obstet Gynecol Scand. 2007;86:55–60 

215. Grisaru D, Fuchs S, Kupferminc MJ, Har-Toov J, Niv J, Lessing JB Outcome of 306 
twin deliveries according to first twin presentation and method of delivery. Am J 
Perinatol 2000;17:303–307 

216. Bu-Heija AT, Ziadeh S, Obeidat A. Mode of delivery and perinatal results of the 
breech first twin. J Obstet Gynaecol. 1998;18:47–49 

217. Bu-Heija AT, Ziadeh S, Abukteish F, Obeidat A. Retrospective study of outcome 
on vaginal and abdominal delivery in twin pregnancy in which twin 1 is 
presenting by the breech. Arch Gynecol Obstet 1998;261:71–73 

218. Blickstein I, Weissman A, Ben-Hur H Borenstein R, Insler V. Vaginal delivery of 
breech-vertex twins. J Reprod Med 1993;38:879–882 

219. Wells SR, Thorp JM Jr, Bowes WA Jr. Management of the nonvertex second twin. 
Surg Gynecol Obstet. 1991;172:383–385 

220. Gocke SE, Nageotte MP, Garite T. Management of the nonvertex second twin: 
primary cesarean section, external version, or primary breech extraction. Am J 
Obstet Gynecol. 1989;161:111–114 

221. Nassar AH, Maarouf HH, Hobeika EM, Abd Essamad HM, Usta IM.  Breech 
presenting twin A: is vaginal delivery safe? J Perinat Med. 2004;32:470–474  

222. Blickstein I, Goldman RD, Kupferminc M. Delivery of breech first twins: a 
multicenter retrospective study. Obstet Gynecol. 2000;95:37–42  

223. Bats AS, Sentilhes L, Cabrol D, Goffinet F. First breech twin pregnancy: Can we 
still accept a vaginal delivery? Comparative study of perinatal outcome with 
attempt of vaginal delivery versus planned cesarean: 166 cases. J. Gynecol 
Obstet Biol Reprod.2006;35:584-593 

224. Lisonkova S, Hutcheon J, Joseph KS. Temporal trends in neonatal outcomes 
following iatrogenic preterm delivery BMC Pregnancy and Childbirth. 2011;11:1-
9 

225. Steinman G. Mechanisms of twining: Effect of diet and heredity on the human 
twining rate. J Reprod Med. 2006; 51:405-410 

226. Spitz L, Kiely EM. Conjoined twins. JAMA 2003; 289: 1307– 1310. 

227. Kaufman MH. The embryology of conjoined twins. Childs Nerv Syst 2004; 
20:508–525. 



 

170 
 

228. Spencer R. Anatomic description of conjoined twins: a plea for standardized 
terminology. JPediatr Surg. 1996;31:941-944 

229. Beckwith J. Conjoined Twins: Developmental Malformations and Clinical 
Implications. Ped. Develop.Pathol. 2003;6:361-363 

230. Edmonds L, Layde P. Conjoined Twins in the United States, 1970-1977. 
Teratology. 1982;25:301-308 

231. Dodd JM. Crowther CA. Elective delivery from 37 weeks gestation in women with 
a twin pregnancy (Cochrane Review). The Cochrane Database of Systematic 
Reviews 2003;1 

232. Refuerzo J, Momirova V,Peaceman A, Sciscione A,Rouse D, Caritis S, Spong C, 
Varner M, Malone F, Iams J,Mercer B, Thorp J, Sorokin Y, Carpenter M,Lo J, 
Harper M. Neonatal Outcomes in twin pregnancies delivered moderately 
preterm, late preterm and term. Am. J. Perinatol. 2010;27:537-542 

233. O’Nell SM, Kearney PM, Kenny LC, Khashan AS, Henriksen TB. Caesarean 
Delivery and Subsequent Stillbirth or Miscarriage Systematic Review and Meta-
Analysis. 2013 PLoS ONE 8(1): e54588. doi:10.1371/journal.pone.0054588 Epub 
2013 

234. Lie Liem S, Van de Mheen L, Bekedam D, Pampus M, Opmeer B, Lim A, Moh B 
Cervical Length Measurement for the Prediction of Preterm Birth in Symptomatic 
Women with a Twin Pregnancy: A Systematic Review and Meta-Analysis. Obstet 
Gynecol Int. 2013;125897 doi: 10.1155/2013/125897. Epub 2013  

235. Harper L, Odibo A, Roehl K, Longman R, Macones G, Cahill A. Risk of Preterm 
Delivery and Growth Restriction in Twins Discordant for Structural Anomalies. 
Am J Obstet Gynecol 2012;206:70.e1-5 

236. Smiths J, Monden C. Twinning Across the Developing World PLoS ONE 
2011;6(9):e25239. doi: 10.1371/journal.pone.0025239. Epub 2011 

237. Mochhoury L,Razine R,Kasouati J, Kabiri M, Barkat A. Body Mass Index, 
Gestational Weight Gain, and Obstetric Complications in Moroccan Population. J 
Pregnancy. 2013;2013:379461.doi: 10.1155/2013/379461. Epub 2013  

238. Kleinhaus K, Perrin M. Friedlander OM, Calderon-Margalit R, Harlap S, Malaspina 
D. Paternal Age and Twining in the Jerusalem Perinatal Study. Eur j. Obstet 
Gynecol Reprod Biol. 2008;141:119-122 

239. Vogel J, Torloni MR, Seuc A, Betrán AP, Widmer M, Souza J, Merialdi M. 
Maternal and Perinatal Outcomes of Twin Pregnancy in 23 Low- and Middle-
Income Countries PLoS One.2013 Aug 1;8(8):e70549. doi: 10.1371/journal.pone. 
0070549. Print 2013.  

240. Barret J, Hannah M, Hutton E, Willan A, Allen A, Armson A, Gafni A, Joseph K, 
Mason D, Ohlsson A, Ross S, Sanchez J, Asztalos E. A Randomized Trial of 
Planned Cesarean or Vaginal Delivery fot Twin Pregnancy. N. Engl. J. Med. 
2013;369:1295-1305 

241. Gocke SE, Nageotte MP, Garite T, Towers CV, Dorcester W. Management of the 
Non-Vertex Second Twin: Primary Cesarean Section, External Version or Primary 
Breech Extraction. Am. J. Obstet. Gynecol. 1989;161:111-114 

242. Alexander J, Leveno K, Rouse D, Landon M, Gilbert S, Spong C, Varner M, Caritis 
S, Harper M, Wapner R, Sorokin Y, Miodovnik M, O?Sullivan M, Sibai B, Langer O, 
Gabbe S. Cesarean Delivery for the Second Twin. Obstet Gynecol. 2008;112:748-
752 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Maternal+and+Perinatal+Outcomes+of+Twin+Pregnancy+in+23+Low-+and+Middle-Income+Countries


 

171 
 

243. Persad VL, Baskett TE, O?Connel CM, Scott HM. Combined Vaginal-Cesarean 
Delivery of Twin Pregnancies. Obstet Gynecol. 2001;98:1032-1037 

244. Christopher D, Robinson B, Peaceman A. An Evidence-Based Approach to 
Determining Route of Delivery for Twin Gestations.  Rev Obstet Gynecol. 
2011;4:109-116. 

245. Rydhstrom H. Prognosis for Twins with Birth Weight Less than 1500 g: Impact of 
Cesarean Section in Relation to Fetal Presentation. Am. J. Obstet. Gynecol. 
1990;163:528-533 

246. Zhang J, Bowes WA, Grey TW, McMahon MJ. Twin Delivery and Neonatal and 
Infant Mortality: a Population-Based Study. Obstet Gynecol. 1982;59:710-711:  

247. Slaghekke F,Kist WJ,Oepkes D,Pasman SA,Middeldorp JM, Klumper FJ, Walther 
FJ, Vandenbussche FP, Loprione E. Twin Anemia-Polycythemia Sequence 
Diagnostic Criteria,Classification, Perinatal Management and Outcome. Fetal 
Diagn Ther 2010;27:181-190 

248. Gul A, Cebeci A, Aslan H, Polat I, Sozen I, Ceylan Y: Perinatal Outcomes of Twin 
Pregnancies Discordant for Major Fetal Anomalies. Fetal Diagn Ther. 
2005;20:244-248. 

249. Gratacós E, Ortiz JU, Martinez JM. A Systematic Approach to the Differential 
Diagnosis and Management of the Complications of Monochorionic Twin 
Pregnancies. Fetal Diagn Ther. 2012;32:145-155 

250. Tannuri A, Batatinha J, Velhote M, Tannuri U. Conjoined Twins – Twenty Years’ 
Experience at Reference Center in Brazil. Clinics.2013;68:371-377 

251. Egan J, Vintzileos AM,Turner G. Correlation of uterine fundal height with 
ultrasound measurements in twin gestacions. J.Matern Fetal Investig 1994;3:18-
22 

252. Lewi L,Devlieger R, De Catte L, Deprest J.Growth discordance Best Pract Res Clin 
Obstet Gynaecol.2014;28:295-303 

253. Dias T, Akolekar R. Timing of birth in multiple pregnancy. Best Pract Res Clin 
Obstet Gynaecol2014;28:319-326 

 

 

 

 

 


	4 - Prospective risk of intrauterine death of monochorionic diamniotic twins.pdf
	Prospective risk of intrauterine death of monochorionic-diamniotic twins
	Material and methods
	Results
	Comment
	References



