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Introduction and outline of the thesis
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Following widespread application of assisted reproductive technology modalities and the 
increased age of motherhood, the incidence of twin gestations has increased markedly. In 
The Netherlands, the number of born twins was 12.4/1000 births in the early 20th century, 
which felt to 9.9/1000 births in 1970 and increased to 17.8 twins per 1000 births at the end of 
the 20th century1. Twins are either monozygotic or dizygotic. Dizygotic (i.e. fraternal) twins 
result from the fertilization of two different eggs and are per definition dichorionic (DC). 
Chorionicity of monozygotic twins (i.e. identical twins) depends on timing of splitting of the 
fertilized egg. If splitting occurs within three days after fertilization, the monozygotic twin 
will be DC. Splitting after the third day results in monochorionic (MC) twinning. Twins have 
an increased risk of perinatal mortality and neonatal morbidity compared to singletons2. 
MC twin pregnancies, which occur in about 1 of 400 pregnancies, carry a higher risk of peri-
natal complications compared to DC twins3-6. This is mainly due to vascular anastomoses in 
the shared MC placenta, which are nearly always present and can cause significant shunt-
ing of blood between both fetal circulations. In case of haemodynamic imbalance, twin-to-
twin transfusion syndrome (TTTS) will develop in 10-15% of MC twin pregnancies, which 
has a poor outcome, if untreated. In case of single-twin death, these vascular anastomoses 
also put the MC co-twin at higher risk of perinatal mortality and morbidity than in DC twins7. 
Consequences to the surviving co-twin can be profound, including co-twin death, survival 
with cerebral impairment or preterm delivery with its sequelae7, 8.
Even after excluding antenatally diagnosed TTTS, mortality is still higher than in DC twins. 
Recently, concerns about a possible high incidence of late fetal death (i.e. ≥32 weeks of 
gestation) in MC twins has arisen. However, intrauterine death (IUD) rates after 32 weeks of 
gestation vary, resulting in various recommendations on the optimal timing of delivery9-13. 
Neonatal morbidity is also increased in MC twins, even in the absence of TTTS or IUD of the 
co-twin14. However, publications concerning MC twins are relatively small and therefore 
additional studies are needed.

The aim of this thesis is to study perinatal mortality and (long-term) morbidity in MC and DC 
twin pregnancies. The following questions are addressed in this thesis:
1. Are there any differences in perinatal outcome (mortality and/or morbidity) between MC 

and DC twin pregnancies?
2. Has current perinatal outcome improved compared to a historical cohort from the early 

1900s, when fetal surveillance and intervention options were limited?
3. Can umbilical artery Doppler findings reliably predict (adverse) outcome in MC twin 

pregnancies?
4. Are placental morphologic characteristics related to perinatal outcome of MC twin 

pregnancies?
5. Are there any differences in long-term neurodevelopmental outcome between MC and 

DC twins at the age of 2 years?
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6. What are the incidences of perinatal mortality and neonatal morbidity in a large cohort 
of monoamniotic (MA) twin pregnancies, a unique kind of twinning with a high risk of 
fetal death due to entanglement and knotting of the cords? And can we relate placental 
characteristics to adverse outcome in these pregnancies?

Outline of the thesis

In Chapter 2 the natural course of twin pregnancies was studied, using a unique database 
of twin pairs born in The Netherlands between 1907 and 1938. Chorionicity was carefully 
ascertained and documented post partum. By that time, there was no ultrasound screening 
or fetal monitoring and hardly any tools to intervene.
In Chapter 3, perinatal mortality and neonatal morbidity in a large cohort of both MC and 
DC twin pregnancies delivered at the University Medical Center Utrecht, a tertiary referral 
center, and the St. Elisabeth Hospital Tilburg, a large general teaching hospital, both in The 
Netherlands, between January 1995 and December 2004 are described.
In Chapter 4 data of all MC twin pregnancies delivered at the ten perinatal centers in The 
Netherlands between January 2000 and December 2005 are presented, with special empha-
sis to the gestational-age specific mortality and the prospective risk of fetal death after 32 
weeks of gestation.
In Chapter 5 we investigated the value of abnormal umbilical artery Doppler findings on the 
outcome in MC twin gestations in a retrospective cohort study.
In Chapter 6, placental characteristics in relation to perinatal outcome in a large cohort of 
MC twin pregnancies were studied.
In Chapter 7 neurodevelopmental outcome in 2-year-old MC and DC twins was studied. The 
incidence of cerebral palsy as well as the developmental status (tested by Griffiths Mental 
Developmental Scales) is reported.
In Chapter 8 we studied perinatal mortality and morbidity in MA twins, with special empha-
sis to the gestational-age specific mortality.
In Chapter 9 placental characteristics of MA placentas were analyzed in relation to perinatal 
outcome of these rarely occurring twin pregnancies.
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The natural course of monochorionic 

and dichorionic twin pregnancies: 
a historical cohort

Karien E.A. Hack
Jan B. Derks

Veerle L. de Visser
Sjoerd G. Elias

Gerard H.A. Visser
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Abstract

Objective: To study the natural course in monochorionic (MC) and dichorionic (DC) twin 
pregnancies in a historical cohort.
Methods: Twin pregnancies were studied in a unique database of 651 twin pairs born in the 
period 1907 to 1938. We examined the effect of chorionicity on gestational age, birth weight, 
perinatal mortality, intertwin birth weight differences, the incidence of preeclampsia and 
maternal mortality.
Results: Perinatal mortality was 27.7% for MC and 15.8% for DC twins (p < 0.001). Gesta-
tional age and birth weight were stronger predictors of perinatal mortality than chorio-
nicity. Perinatal outcome was poorer for Twin B, especially in DC twins. Delivery before 
37 weeks of gestation occurred more often in MC twin pregnancies (48.8% compared to 
33.3% in DC twin pregnancies). DC twins were on average 288 g (95% confidence interval 
201–376) heavier than MC twins. Severe birth weight discordancy occurred equally in MC 
and DC twins (18.1%). However, if present, mortality was only increased in MC twins. The 
birth weight of girls was not affected by the presence of a male co-twin.
Conclusions: In this historical cohort MC twin pregnancies had a higher perinatal mortality, 
caused by a high incidence of low birth weight mainly due to preterm delivery. Mortality 
did not differ in deliveries after 31 weeks of gestation, which is in contrast to recent data. 
Apparently, modern obstetrics is only effective in reducing mortality in DC twins.
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Introduction

Following widespread application of assisted reproductive technology modalities, the inci-
dence of twin gestations has increased markedly15. In The Netherlands, the number of born 
twins was 13.4/1000 births in the early 20th century, whereas at the end of the 20th century 
there were 18.1 twins per 1000 births1. Twins are at higher risk for preterm delivery low 
birth weight, pregnancy-induced hypertension and neonatal, postnatal and infant death 
compared to singletons2. In order to design potential strategies to reduce this high risk, 
more knowledge is needed about the natural course of twin pregnancies. Nowadays, fetal 
surveillance, medication and a high caesarean section rate may influence outcome of twin 
pregnancies. We were able to explore the natural course of twin pregnancies in a unique 
database of 651 twin pairs born in The Netherlands between 1907 and 1938. Chorionicity was 
carefully ascertained and documented post partum. By that time, there was no ultrasound 
screening or fetal monitoring and hardly any tools to intervene. We were specifically inter-
ested in differences between monochorionic (MC) and dichorionic (DC) pregnancies, since 
MC twins are generally believed to be at a higher risk as compared to DC pregnancies4-6, 16, 
due to vascular anastomoses in the placenta. A number of studies have been published 
concerning this subject, possibly leading to intensified surveillance of MC twin pregnancies, 
which currently makes comparison with DC pregnancies difficult5, 17, 18. Again, this historical 
natural course design circumvents these problems.

Material and Methods

Between 1907 and 1938 the Dutch gynecologist De Snoo and his registrar Bär recorded a 
total of 651 twin pregnancies in Utrecht, Rotterdam and surrounding areas. In a standard-
ized manner they recorded several data concerning chorionicity, perinatal mortality and 
general pregnancy characteristics. Chorionicity was classified as DC or MC according to the 
number of chorion and amnion layers in the placenta. Gestational age was calculated from 
the first day of the last menstrual period. According to the definition of perinatal mortality 
of the World Health Organization19, all fetuses smaller than 500 g (n = 21) and all fetuses 
delivered before 20 weeks of gestation (n = 31) were excluded. Macerated children (with 
a birth weight of greater than 500 g) were included in the overall perinatal mortality rate. 
However, for the calculation of perinatal mortality per gestational age, macerated infants 
with a birth weight under the 10th percentile (n = 23) were excluded since time of death could 
not be determined. We assumed that a macerated child with a birth weight above the 10th 
percentile may have died in the week of delivery. The Dutch birth weight charts used in this 
study come from an Amsterdam population from the years 1931 to 196520. Also children 
with unknown chorionicity (n = 48) were excluded, thus leaving 1179 children to be analyzed. 
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Perinatal mortality was defined as the death of an infant with a birth weight over 500 g within 
1 week of delivery, including stillbirth. Perinatal mortality rates were also calculated for 
each week of gestation. This was defined as the number of infants that died divided by total 
number of infants born that week, expressed as a percentage. Preterm delivery was defined 
as delivery before 37 weeks of gestation and very preterm delivery as delivery before 32 
weeks. Low birth weight was expressed as a birth weight of less than 1500 g. The intertwin 
difference in weight was expressed as a percentage of the weight of the heaviest twin. There 
is an ongoing controversy whether the presence of a male twin affects the birth weight of 
his female co-twin21, 22. Therefore we compared birth weight of females in unlike-sexed twin 
pairs with those of female twin pairs. Placental weight included the chorion and amnion lay-
ers of the placenta. Preeclampsia (PE) was defined as hypertension (systolic blood pressure 
greater than 160 mm Hg) in combination with albuminuria. At that time, diastolic blood pres-
sure was almost never recorded in contrast to systolic blood pressure, which was carefully 
documented. The presence of proteins in urine was determined by a cooking test (according 
to Bang), used frequently in the early 20th century to assess albuminuria. Eclampsia, as 
well as maternal death, was distinctively recorded by the treating physician. The data was 
analyzed with SPSS 12.0 (SPSS Inc., 2003). To test whether categorical variables differed 
between MC and DC twins we used a Chi-square test. Differences between continuous vari-
ables were tested according to chorionicity by means of an independent sample t-test or a 
Mann-Whitney U test, whenever appropriate. Possible confounders were corrected for with 
logistic and linear regression. Logistic regression was also used to evaluate the relation 
between birth weight (differences) and perinatal mortality. Kaplan-Meier analysis was used 
to estimate the cumulative survival. Statistical significance was based on two-sided tests 
with a cut-off level of 0.05.

Results

Baseline characteristics of the study population are shown in Table 1. The number of DC 
twin pregnancies was almost three times that of MC twin pregnancies. Nine MC twin preg-
nancies were monoamniotic (MA), of which three children died and 15 survived. MC twins 
did not substantially differ from DC twins in the age of the mother or her parity at birth or 
gender distribution. The median gestation was 1 week longer in DC twins and the mean 
birth weight was substantially higher in the DC group. DC twins were an average of 288 g 
(95% confidence interval [CI] 201–376) heavier than MC twins. Exclusion of stillbirths did 
not influence this (data not shown). Adjustment for gestational age largely attenuated this 
relation, although DC twins were still significantly heavier than MC twins (138 g, 95% CI 
132–144). The mean birth weight of females in the presence of a male co-twin was not sig-
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nificantly higher than mean birth weight of females in same-sex pairs (mean birth weight of 
2402 g in unlike-sexed twin pairs compared to 2338 g if both infants were female).

Table 1 Charactestics of Twin Pregnancies between 1970 and 1938 in The Netherlands according to Chorionicity.

MC twin pregnancies DC twin pregnancies

Number of pregnancies 164 (27.2%) 439 (72.8%)

Median age of mother in years (range)1 29 (19-43 years) 30 (17-45 years)

Median parity of mother (range) 2 (1-13 children) 3 (1-21 children)

Median gestational age in weeks (range) 37 (22-40 weeks) 38 (20-42 weeks)

Sex distribution 49.5% boys, 50.5% girls 54.4% boys, 45.6% girls

Preeclampsia2 13 (7.9%) 22 (5.0%)

Eclampsia 4 (2.4%) 8 (1.8%)

Delivery ≤ 37 weeks of gestation 78 (47.6%) 141 (32.1%)

Delivery ≤ 32 weeks of gestation 31 (18.9%) 37 (8.4%)

Mean placental weight (SD)3 877 g (263) 982 g (231)
1 One missing value in monochorionic twin pregnancies, leaving 163 monochorionic pregnancies to be analyzed and 11 missing values in dichorio-

nic pregnancies, leaving 428 pregnancies.
2 12 missing values in monochorionic pregnancies, leaving 152 monochorionic pregnancies to be analyzed and 40 missing values in dichorionic 

twin pregnancies, leaving 399 pregnancies to be analyzed.
3 In 128 monochorionic and 367 dichorionic twin pregnancies placental weight is known (108 missing values).

The incidence of stillbirths in MC twins was 2.2% compared to 1.5% in DC twins (p = 0.49). 
Overall perinatal mortality was 19.1%. Risk of perinatal death was 27.7% for MC and 15.8% 
for DC twin pregnancies (p < 0.001). Figure 1 shows the cumulative survival curve for both 
MC and DC pregnancies, starting at 20 weeks of gestation. Throughout pregnancy, perinatal 
mortality was significantly higher in MC pregnancies (Log rank test, p = 0.01).
Table 2 shows the perinatal mortality of MC and DC twins according to gestational age. 
Although perinatal mortality was higher in MC pregnancies, it is remarkable that perinatal 
death was somewhat higher in DC twins between 32 and 35 weeks of gestation. For both 
chorionicities there was still a considerable perinatal mortality in term pregnancies, 6.5% 
and 4.9% respectively.
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Table 2 Perinatal Mortality in Monochorionic and Dichorionic Twins Born Between 1907 and 1938 in The Netherlands 
according to Gestational Age.

MC twins DC twins
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20-25 9 0 9 (100%) 18 18 (100%) 9 0 9 (100%) 18 18 (100%)

26-29 12 0 12 (100%) 20 20 (100%) 17 1 (5.9%) 16 (94.1%) 34 33 (97.1%)

30-31 10 2 (20%) 6 (60%) 20 14 (70%) 11 2 (18.2%) 6 (54.5%) 22 14 (63.4%)

32-33 10 4 (40%) 1 (10%) 19 5 (26.3%) 22 6 (27.3%) 5 (22.7%) 42 13 (31%)

34-35 15 1 (6.7%) 2 (13.3%) 28 3 (10.7%) 34 6 (17.6%) 4 (11.8%) 67 13 (19.4%)

36-37 39 6 (15.4%) 4 (10.3%) 73 10 (13.7%) 87 10 (11.5%) 4 (4.6%) 174 18 (10.3%)

38-39 28 2 (7.1%) 1 (3.6%) 53 1 (1.9%) 66 6 (9.1%) 1 (1.5%) 131 7 (5.3%)

>40 41 2 (4.9%) 2 (4.9%) 81 6 (7.4%) 193 17 (8.8%) 1 (0.5%) 379 13 (3.4%)

Total 164 312 439 867
1 Number of infants born per gestational age can be lower than expected from the number of pregnancies due to exclusion of macerated infants 

with a birth weight of less than 10th percentile.

Gestational age (weeks)
454035302520
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Figure 1 Survival Plot for Monochorionic (grey) and Dichorionic (black) Twins Born between 1907 and 1938 in 
The Netherlands (Kaplan-Meier).
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Table 3 The Association of Chorionicity and Adverse Pregnancy Outcome in Twins Born between 1907 and 1938 in 
The Netherlands.

MC twins OR (95% CI) DC twins OR (95% CI)

Twin A Twin B Twin A Twin B
Number of children 157 155 432 435

Mean birth weight after exclusion 
of still births (SD)1

2219 g (638) 2170 g (624) 2490 g (665) 2461 g (655)

Overall perinatal mortality 26.4% 29.0% 1.14 (0.70-1.86)
1.20 (0.69-2.10)*

13.0% 18.6% 1.53 (1.06-2.21)
1.46 (0.99-2.15)*

Perinatal mortality after exclusion 
of macerated fetuses with birth 
weight less than 10th percentile

23.6% 25.8% 1.13 (0.67-1.89)
1.18 (0.64-2.16)*

12.0% 17.7% 1.57 (1.08-2.30)
1.50 (1.00-2.25)*

Stillbirths 3.8% 0.6% 0.16 (0.02-1.37) 1.6% 1.4% 0.85 (0.28-2.55)
1 Exclusion of 20 stillbirths, leaving 305 monochorionic twins (151 twin A and 154 twin B) and 854 dichorionic twins 

(425 Twin A and 429 Twin B).
* Adjusted for birth weight differences between Twin A and Twin B.

Pregnancy outcomes are also shown in Table 3. The risk of perinatal death was two (95% CI 
1.50–2.74) times higher in MC twin pregnancies than in DC twin pregnancies. Birth weight 
discordancy hardly explained this relation, but adjustment for gestational age and birth 
weight largely attenuated the association between chorionicity and perinatal mortality 
(odds ratio [OR] 0.95, 95% CI 0.60–1.51). Gestational age and birth weight were stronger 
predictors of perinatal mortality than chorionicity. Perinatal outcome was poorer for Twin B 
and this was significant for DC twins, also after adjustment for differences in birth weight. 
Preterm delivery (less than 37 weeks of gestation) occurred in 48.8% of MC pregnancies 
and in 33.3% of DC pregnancies (p < 0.001). The proportion of twins delivering ‘very preterm’ 
(less than 32 weeks) was also higher in MC than in DC twins (22.6% and 10.1%, respectively; 
p < 0.001). Twenty-six per cent of MC twins born before 37 weeks of gestation had a very low 
birth weight (less than 1500 g), as compared to 24.5% in DC twins (p = 0.73). A birth weight 
of less than 1500 g was strongly associated with perinatal death (91 out of 115 children; 
79%), in contrast to 146 out of 1095 children (13.3%) who died with a birth weight of 1500 g 
or more. The risk of perinatal mortality was not influenced by differences in birth weight 
between both infants. However, in the presence of severe birth weight discordancy (greater 
than 20%) perinatal mortality rates were higher for MC than for DC twins (33.3% and 15.7%, 
respectively), despite the equal occurrence of these weight differences in both chorionici-
ties (18.1%). The incidence of eclampsia in MC pregnancies was 2.4% (4 of 164) and in DC 
pregnancies 1.8% (8 of 439). Two women died as a result of the eclampsia. Thirteen out of 
164 (7.9%) women carrying MC pregnancies suffered from PE, compared to 22 out of 439 
(5.0%) women with DC pregnancies. Perinatal mortality was higher in MC twin pregnancies 
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complicated by PE than in DC twin pregnancies, 33.3% and 12.2% respectively (p = 0.07). 
Mean placental weight was lower in the presence of PE (929 g as compared to 970 g in 
women without PE), independent of chorionicity. Nine women (1.5%) died during delivery or 
in the perinatal period. Three of them had a MC pregnancy (1.8%) and six a DC pregnancy 
(1.4%). Four deaths were related to infections (encephalitis, tuberculosis and pneumonia), 
three to thrombo-embolic events and two to eclampsia.

Discussion

Our study showed a higher perinatal mortality in MC twin pregnancies than in DC twin preg-
nancies, an association that could largely be ascribed to differences in gestational age and 
birth weight, but not to birth weight discordancy. It seemed that the association between 
chorionicity and perinatal mortality was strongest in infants born before 32 weeks of gesta-
tion. Preterm delivery occurred more frequently in MC twins. The strongest determinants 
of perinatal mortality were birth weight and gestational age. Despite an equal occurrence of 
severe birth weight discordancy in MC and DC twins, such a weight discordancy was related 
to impaired outcome only in MC twins.
The limitation of this study was that time of intrauterine death could not be documented 
because there was no ultrasound. Fifty-four children were born macerated. Because of 
their uncertain gestational age at time of intrauterine demise, we could have excluded them 
from our data. However, we assumed that a macerated child with a birth weight above the 
10th percentile could have died in the week of delivery. We therefore decided to exclude only 
the 24 macerated fetuses with a birth weight under the 10th percentile when analyzing peri-
natal mortality per gestational age, which could have biased our data.
We decided not to exclude nine MA pregnancies. MA twins are at increased risk of preterm 
delivery and fetal death, primarily due to cord accidents and cord entanglement152. There-
fore outcome of MA twins could have distorted death rates of the MC group, but it appeared 
that exclusion of these pregnancies from our database did not influence the results. Another 
limitation of this study concerned gestational age, which was only based on the presumed 
first day of the last menstrual period. However, this is unlikely to have caused a bias when 
comparing MC and DC pregnancies. Our data may be extrapolated to a total twin popula-
tion since it was derived from two areas in The Netherlands and included both home and 
hospital deliveries.
Because of the historical nature of this study, we cannot compare our results with modern 
literature. Unfortunately, most of the older literature on perinatal mortality in twin preg-
nancies did not distinguish mortality according to chorionicity. In 1949 Potter and Fuller 
published a study of multiple pregnancies delivered at the Chicago Lying-in Hospital23. They 
found that mortality was slightly higher for twins with MC placentas (13.2%) than for those 
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with DC placentas (9.6%). It is an important and unsolved issue as to when pregnancy should 
be terminated in the case of MC or DC twin pregnancy. We therefore studied the relation 
between perinatal survival rates and gestational age. To our surprise there were no large 
differences in survival for MC and DC twins born after 32 weeks of gestation, with a ten-
dency even of a higher mortality in the DC ones between 32 and 35 weeks. In term pregnan-
cies, the risks of perinatal death were still considerable and identical between both groups 
(6.5% and 4.9%, respectively). Nowadays perinatal death in term DC twin pregnancies is 
relatively low (0.5% to 4.5%)5, 24-26, but death in MC twins is still increased (2.0% to 6.8%). 
So, modern surveillance and intervention seem efficient regarding DC twins, but not as 
to MC twins. Elective delivery of uncomplicated DC twin pregnancies at 36 to 37 weeks of 
gestation does not seem to improve the outcome27. However, one may consider delivering 
MC twins at around 37 weeks, giving their increased mortality thereafter and the present 
incapability to identify the ones at real risk9, 28.
There are a number of recent publications indicating that the presence of a male twin affects 
the birth weight of his female co-twin21, 22. This increase in mean birth weight of females 
in unlike-sex pairs could be explained by the transport of the sex hormones of one fetus 
to another. Androgens may influence intrauterine growth in female co-twins in unlike-sex 
twin pairs22. We did not find a tendency for birth weight in females to be influenced by the 
presence of a male co-twin. This is in agreement with two other studies29, 30.
Our data support that PE is an important cause of perinatal mortality, especially in MC 
twins. However, due to the limited number of MC twin pregnancies complicated by PE, no 
significant differences in perinatal mortality were observed.

Conclusion

In conclusion, this historical cohort shows that MC twin pregnancies appear to carry more 
risks, mainly due to a high incidence of preterm delivery and low birth weight. Nowadays, 
ultrasound screening, fetal monitoring and possible intervention options increase survival 
rates of twin pregnancies. This is especially the case in DC twins. Improvement in the out-
come of (term) MC twins has been limited and this needs further investigation.
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Abstract

Objective: To evaluate mortality and morbidity in a large cohort of twin pregnancies accord-
ing to chorionicity. We aimed to estimate the optimal time of delivery.
Methods: Twin pregnancies delivered in the University Medical Center Utrecht and the St. 
Elisabeth Hospital Tilburg (1995-2004, n = 1407), both teaching hospitals in The Netherlands, 
were studied. Pregnancy outcomes were documented according to chorio nicity. Perinatal 
mortality and morbidity in monochorionic (MC) and dichorionic (DC) twins were analysed. 
Mortality ≥32 weeks was reviewed carefully with special attention to antenatal fetal moni-
toring, autopsy and placental histopathology in order to find an explanation for adverse out-
come.
Results: Median gestational age was one week longer in DC than in MC twins and mean birth 
weight was 221 g higher. Severe birth weight discordancy (>20%) occurred more often in MC 
than in DC twins (OR 1.23, 95% CI 0.97-1.55). Perinatal mortality was 11.6% in MC and 5.0% in 
DC twin pregnancies. After 32 weeks the risk of intrauterine death was significantly higher 
in MC vs DC twins (HR 8.8, 95% CI 2.7-28.9). In most of these cases of intrauterine death no 
antenatal signs of impaired fetal condition had been present. The incidence of necrotising 
enterocolitis (NEC) was higher in MC twins, after adjustment for age and weight at birth.
Conclusions: To our best knowledge, this is the largest cohort study of twin pregnancies 
evaluating outcome according to chorionicity thus far. MC twins are at increased risk for 
fetal death (even at term), NEC and neuromorbidity. Current antenatal care is insufficient 
to predict and prevent this excess perinatal mortality and morbidity. Planned delivery at or 
even before 37 weeks of gestation seems to be justified for MC twins.
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Introduction

Perinatal mortality and morbidity is 3–7 times higher in twin pregnancies compared with 
singleton pregnancies. High mortality and morbidity rates are due to a higher incidence of 
antepartum complications, preterm birth and uteroplacental sufficiency31. Therefore, close 
fetal surveillance of twins is warranted, irrespective of chorionicity31.
Monochorionic (MC) twins are at increased risk for perinatal mortality and morbidity com-
pared with dichorionic (DC) twins due to haemodynamic imbalance caused by vascular 
anastomoses between both sides of the placenta. Monochorionicity is associated with a 
higher perinatal mortality3-5, 16 and with increased incidence of preterm birth5, 6, low birth-
weight5, 16 and prolonged stay in the neonatal intensive care unit (NICU)6. Following single-
twin death, perinatal mortality and morbidity for the surviving co-twin is higher in MC twins 
than in DC twins7. Consequences to the surviving co-twin can be profound, including co-twin 
death, survival with cerebral impairment or preterm delivery with its sequelae7, 8. Despite 
fetal surveillance and the possibility of early intervention, mortality in uncomplicated MC 
twin pregnancies cannot easily be foreseen. Even at term, unexpected fetal demise occurs9. 
This has led to the discussion as to how to manage the uncomplicated (MC) twin pregnancy 
at term9, 27, 28, 32, 33. There is a controversy in the literature about intrauterine death (IUD) 
rates after 32 weeks of gestation with subsequent varying recommendations of optimal 
time of delivery9, 10, 34. We therefore studied a large cohort of twin pregnancies to assess 
perinatal mortality and neonatal morbidity, according to chorionicity, with special emphasis 
towards adverse outcome after 32 weeks of gestation. Our aim was to identify risk fac-
tors for adverse outcome and to estimate the optimal time of delivery. To the best of our 
knowledge, this is the largest cohort of twin pregnancies that has ever been studied accord-
ing to chorionicity.

Materials and methods

The medical records of all twin pregnancies delivered at the University Medical Center 
Utrecht, a tertiary referral center, and the St. Elisabeth Hospital Tilburg, a large general 
teaching hospital, both in The Netherlands, were reviewed for the period January 1995 
until December 2004. All twin pregnancies were retrieved from the electronical database 
of both departments. During this 10-year study period, 1407 sets of twins were delivered 
in the two participating hospitals. There were no missing data. Baseline characteristics, 
neonatal and maternal outcomes were documented according to chorionicity. Chorionicity 
was determined on the basis of first-trimester ultrasound assessment of the dividing mem-
brane characteristics and/or postpartum pathological examination of placentas and inter-
twin membranes. Pregnancies referred to the University Medical Center Utrecht, before 32 
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weeks with a delivery in this hospital were included in analysis. We excluded pregnancies 
with unknown chorio nicity (n = 50), monoamnionicity (n = 18), selective fetal reduction to 
singleton pregnancies because of Down syndrome or anencephaly (n = 3), pregnancy loss 
<20 weeks (n = 14), first trimester termination for congenital malformations or early twin-
twin transfusion syndrome (TTTS) (n = 2) and major lethal chromosomal and/or congenital 
malformations (n = 15). Of the remaining 1305 twin pregnancies, 198 were MC and 1107 were 
DC. One thousand and fifty-three of 1305 pregnancies delivered after 32 weeks of gesta-
tion.
Pregnancies resulting in IUD or neonatal death (NND) were reviewed carefully with special 
attention to the adherence to the standard protocol for fetal monitoring, autopsy and pla-
cental histopathology to find an explanation for the adverse outcome. The standard proto-
col for the monitoring of twin pregnancies consisted of routine first-trimester ultrasound 
with determination of chorionicity, a detailed anomaly scan at 20 weeks of gestation for MC 
twin pregnancies and fortnightly scans for growth, amniotic fluid and Doppler assessments 
thereafter. In contrast to DC twin pregnancies in which spontaneous onset of delivery was 
awaited if the course of the pregnancy was uncomplicated, elective delivery of uncompli-
cated MC twin pregnancies was planned at around 37–38 weeks of gestation. This difference 
in management policy gradually evolved over the past 5 years based on recent literature 
about risks continuing into later pregnancy.
Perinatal mortality was defined as death of an infant >500 g within 1 week after delivery, 
including stillbirth19. Stillbirth was defined as IUD of a fetus >500 g and/or ≥20 completed 
weeks of gestation. Gestational age at time of IUD was ascertained by ultrasound and was 
accounted for in the analysis. Early neonatal mortality was defined as death of an infant dur-
ing the first 7 days of life and late neonatal death as death between 8 and 28 days after birth. 
Mortality rates were also stratified to week of gestation, that is the number of infants that 
died divided by total number of infants born that week, expressed as percentage. Admission 
to the neonatal ward (medium care, high care or intensive care) was used as indicator for 
neonatal morbidity, as well as number of admission days. Neonatal morbidity was further 
defined as the occurrence of respiratory distress syndrome (RDS), bronchopulmonary dys-
plasia, intraventricular haemorrhage (IVH), periventricular leucomalacia (PVL), necrotizing 
enterocolitis (NEC), neonatal icterus, a persistent ductus arteriosis requiring indomethacin 
therapy or surgical closure, sepsis and hypoglycaemia (defined as a random glucose <2.6 
mmol/l). Asphyxia was defined as a 5-minute Apgar score <5 combined with an umbilical 
artery pH <7.00. Small for gestational age (SGA) was defined as a birth weight below the 
10th percentile, adjusted for gestational age, sex and parity. Preterm delivery was defined 
as delivery before 37 completed weeks of gestation and very preterm delivery as delivery 
before 32 completed weeks. The diagnosis of TTTS was made antenatally by standard pre-
natal ultrasound criteria: (1) monochorionicity established by absence of a ‘twin peak’ sign 
and presence of a thin dividing membrane early in pregnancy, (2) oligohydramnios (deepest 
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vertical pocket ≤2 cm) in the twin sac of one fetus and (3) polyhydramnios (deepest vertical 
pocket ≥8 cm before 20 weeks of gestation or ≥10 cm after 20 weeks of gestation) in the twin 
sac of the other fetus. If appropriate, pregnant women were referred for laser coagulation of 
the connecting anastomoses. All cases of TTTS with delivery after 20 weeks were reported. 
Acute perinatal TTTS (an acute transfusion event during labour) was defined as a difference 
in haemoglobin (Hb) concentration of at least 5 g/dl at birth between both twins and the 
identification of unbalanced placental vascular anastomoses by the pathologist without any 
indications of chronic TTTS or other causes for such an Hb difference.
Statistical analysis was performed with the SPSS statistical package 12.0 (SPSS Inc., Chicago, 
IL, USA). Differences between categorical variables were analysed using Chi-square test. 
Differences between continuous variables were tested using independent sample t-tests 
or a Mann-Whitney U tests, where appropriate. Possible confounders were adjusted for by 
logistic and linear regressions. Logistic regression was also used to evaluate the relation 
between birth weight differences and chorionicity. Odds ratios (OR) were calculated to esti-
mate the relation of chorionicity with neonatal morbidity. Cox proportional hazard analysis 
was used to estimate the relation of chorionicity with mortality. Kaplan-Meier analysis was 
used to estimate cumulative survival. P-values of < 0.05 (two-sided) were considered to 
indicate statistically significant differences. Prior to the combined analysis, we analysed the 
data from both hospitals separately to assess a possible selection bias.

Results

Table 1 shows the characteristics of the study population according to chorionicity. MC twins 
did not substantially differ from DC twins regarding maternal age, parity or gender distri-
bution. Median gestational age was 1 week longer in DC twin pregnancies, and the mean 
birth weight was 221 g higher (95% CI 139–304). After adjustment for gestational age, birth 
weight did not differ. Severe birth weight discordancy (>20%) occurred more often in MC 
twins than in DC twins (OR 1.23, 95% CI 0.97–1.55). Perinatal mortality (≥20 weeks of gesta-
tion) was 11.6% in MC twin pregnancies and 5.0% in DC twin pregnancies (p < 0.001). The 
hazard ratio (HR) for perinatal death in MC twins compared with DC twins was 2.44 (95% CI 
1.73–3.44). The excess perinatal mortality in MC twins was mainly due to the high incidence 
of stillbirths: 7.6% in MC twins compared with 1.5% in DC twins (HR 5.21, 95% CI 3.18–8.51). 
The incidence of NND did not differ substantially between MC and DC twins. Thirty-eight MC 
twin pregnancies were complicated by TTTS, of which 9 were treated by laser occlusion of 
vascular anastomoses. Twenty-two percent (17 out of 76) of MC twins with TTTS died.
Table 2 shows the incidence of stillbirth and NND according to chorionicity and gestational 
age at delivery. At all gestational ages, perinatal mortality was higher in MC twins. The 
hazard ratio (HR) for perinatal death in MC twins compared with DC twins between 32 and 
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37 weeks was 2.71 (95% CI 0.50–14.79) and after 37 weeks was 15.79 (95% CI 3.74–66.71). 
Eighty percent of MC twins and 66% of DC twins were admitted to the neonatal nursery. The 
proportion of twins admitted to the NICU was also higher for MC twins than for DC twins 
(28.7% and 19.0%, respectively, Table 3).

Table 1 Characteristics of Twins Born in St. Elisabeth Hospital (Tilburg) and University Medical Center (Utrecht) 
between 1995 and 2004.

Twin pregnancies
MC  
(n = 198)

DC  
(n = 1107) p-values

Age (years), median (range) 31 (17-43) 32 (19-46) <0.001 

Parity, median (range)
Nulliparity, n (%)
Multiparity, n (%)

1
2
>2

0 (0-8)
100 (50.5%)
98 (49.5%)
61 (30.8%)
29 (14.6%)
8 (4.0%)

0 (0-6)
643 (58.1%)
464 (41.9%)
336 (30.4%)
99 (8.9%)
29 (2.6%)

0.001
0.008
0.008

Twin fetuses MC DC

Number of infants, n (%) 396 (15.2%) 2214 (84.8%)

Gestational age (weeks), median (range)
Nulliparity
Multiparity

35+4 (20+0 – 40+4)
34+5 (21+2 – 40+0)
36+2 (20+0 – 39+6)

36+5 (20+0 – 42+2)
36+0 (20+0 – 42+2)
37+2 (20+4 – 41+3)

<0.001

Birth weight (g), mean ± (SD)
After exclusion of stillbirths

2060 ± 788
2151 ± 705 

2282 ± 769
2309 ± 739 

<0.001
<0.001

Intertwin birth weight difference of >20%, n (%) 117 (29.5%) 584 (25.5%) 0.094

Sex distribution, n (%)
Male
Female

184 (46.5%)
212 (53.3%)

1136 (51.3%)
1078 (48.6%)

Table 2 Mortality in Monochorionic and Dichorionic Twins Born in Elisabeth Hospital (Tilburg) and University Medical 
Center Utrecht between 1995 and 2004, according to Gestational Age.

MC twins DC twins

Number 
of 
infants IUD, n (%)

 NND <8 
days, n (%)

NND 8-29 
days, n (%)

Total, 
n (%)

Number 
of 
infants IUD, n (%)

 NND <8 
days, n (%)

NND 8-29 
days, n (%) Total, n (%)

20+0-25+6 19 15 (78.9%) 4 (21%) 0 19 (100%) 92 20 (21.7%) 60 (65.2%) 3 (3.3%) 83 (90.2%)

26+0-27+6 23 3 (13%) 5 (21.7%) 1 (4.3%) 9 (39.1%) 62 1 (1.6%) 6 (9.7%) 2 (3.2%) 9 (14.5%)

28+0-29+6 20 3 (15%) 3 (15%) 1 (5.0%) 7 (35%) 87 3 (3.4%) 6 (1.2%) 2 (2.3%) 11 (12.6%)

30+0-31+6 41 3 (7.3%) 3 (7.3%) 0 6 (14.6%) 160 4 (2.5%) 2 (1.3%) 1 (0.6%) 7 (4.4%)

32+0-33+6 50 2 (4%) 0 0 2 (4%) 174 2 (1.2%) 0 1 (0.6%) 3 (1.7%)

34+0-35+6 58 0 0 0 0 354 1 (0.3%) 0 1 (0.3%) 2 (0.6%)

36+0-37+6 107 3 (2.8%) 0 0 3 (2.8%) 597 2 (0.3%) 1 (0.2%) 0 3 (0.5%)

38+0-39+6 71 1 (1.4%) 0 0 1 (1.4%) 558 0 1 (0.2%) 0 1 (0.2%)

>40+0 7 0 1 (14.3%) 0 1 (14.3%) 130 1 (0.8%) 0 0 1 (0.8%)

Total, n (%) 396 30 (7.6%) 16 (4.0%) 2 (0.5%) 48 (12.1%) 2214 34 (1.5%) 76 (3.4%) 10 (0.5%) 120 (5.4%)

IUD=intrauterine death; NND=neonatal death.
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Table 3 The Association of Chorionicity and Adverse Pregnancy Outcomes in Twins Born between 1995 and 2004 in 
Tilburg and Utrecht (The Netherlands).

MC twins  
(n=366)*

DC twins 
(n=2180)*

p-value OR 
(95% CI)

OR adjusted** 
(95% CI)

Admission NICU 105 (28.7%) 414 (19.0%) <0.001*** 1.23 (1.34-2.21) 1.78 (1.17-2.72)

Length of stay in NICU (days), 
median (range)

11 (1-81) 13 (1-147) 0.114

NND during stay in NICU 10 (9.5%) 24 (5.8%) 0.185 1.71 (0.79-3.70) 1.97 (0.87-4.47)

NND during stay in NICU, ≥32 
weeks of gestation****

1 (2.8%)
(n=36)

2 (1.9%)
(n=108)

1.00 1.51 (0.13-17.21) 3.67 (0.16-32.4)

Asphyxia 4 (1.1%) 34 (1.6%) 0.64 0.72 (0.25-2.04)

Morbidity during admission 
to NNU

167 (45.6%) 774 (35.5%) <0.001*** 1.52 (1.22-1.91) 1.31 (1.01-1.68)

RDS 47 (12.8%) 214 (9.8%) 0.09 1.35 (0.97-1.90) 1.20 (0.81-1.80)

BPD 10 (2.7%) 56 (2.6%) 0.86 1.07 (0.54-2.11) 0.99 (0.47-2.07)

IVH 20 (5.5%) 76 (3.5%) 0.07 1.60 (0.97-2.65) 127 (0.74-2.20)

PVL 3 (0.8%) 7 (0.3%) 0.16 2.57 (0.66-9.97) 2.40 (0.61-9.51)

NEC 14 (3.8%) 20 (0.9%) <0.001*** 4.30 (2.15-8.58) 4.05 (1.97-8.35)

Hyperbilirubinaemia 107 (29.2%) 474 (21.7%) 0.002*** 1.49 (1.16-1.90) 1.31 (1.00-1.72)

Persistent ductus 
arteriosis

21 (5.7%) 88 (4.0%) 0.16 1.45 (0.89-2.36) 1.27 (0.74-2.19)

Sepsis 31 (8.5%) 126 (5.8%) 0.06 1.51 (1.00-2.27) 1.29 (0.83-2.01)

Hypoglycaemia 54 (14.8%) 247 (11.3%) 0.07 1.35 (0.99-1.86) 1.36 (0.98-1.88)

Abbreviations: NICU: neonatal intensive care unit; NND: neonatal death; NNU: neonatal unit.
* After exclusion of 30 MC stillbirths and 34 DC stillbirths.
** Adjusted for gestational age, birth weight and age of mother.
*** Significant after adjusting for multiple testing with Bonferroni correction.
**** After 32 weeks of gestation : 36 MC twins and 108 DC twins were admitted to the NICU.

Overall, neonatal morbidity was considerably higher in MC twins, but after adjustment for 
gestational age and birth weight, only NEC occurred significantly more often in MC twins 
than in DC twins (OR 4.05, 95% CI 1.97–8.35, Table 3). There was a trend towards higher 
neonatal neuromorbidity (PVL and/or IVH) in MC twins compared with DC twins. There were 
two cases of cystic PVL in MC twins; one caused by TTTS during pregnancy and the other 
following IUD of the co-twin. The incidence of IVH grade III and IV was 1.4% in MC twins and 
0.8% in DC twins (p = 0.363). IUD rate in continuing pregnancies after 32 weeks of gesta-
tion was 2.1% in MC twin pregnancies and 0.3% in DC twin pregnancies (HR 8.75, 95% CI 
2.65–28.88). Again, the incidence of neonatal mortality did not differ between both groups. 
Figure 1 shows the fetal survival curve of both MC and DC twins, starting at 32 weeks of ges-
tation. From 37 weeks onwards, intrauterine survival of MC twins decreased, whereas the 
survival of DC twins remained high. Mortality rates according to chorionicity did not differ 
between both hospitals. The pregnancies in which perinatal death occurred after 32 weeks 
of gestation were studied in more detail, with the exception of two late neonatal deaths: a DC 



 C
ha

pt
er

 3

30

twin, born at 32+2 weeks who died 11 days after delivery due to a severe NEC, and a DC twin, 
born at 35+2 weeks who died 1 month after delivery due to a late onset sepsis/meningitis. 
The remaining 11 IUDs and 3 early neonatal deaths occurring after 32 weeks (7 MC and 7 
DC infants) are summarized in (Tables 4 and 5). In two of the seven perinatal deaths in MC 
pregnancies, signs of TTTS had been present antenatally (at 32 and 33 weeks, respectively, 
case 1 and 2; Table 4). One MC IUD (38 weeks, case 5) and one NND (40 weeks, case 6) were 
caused by (acute) TTTS during labour, without any signs of it antenatally. The same is likely 
to have occurred in one of the deaths in the twin pair that died antenatally or during early 
labour (37 weeks, case 4), with exsanguination of the second twin. The other death (case 3) 
remained unexplained. In three of the seven deaths in DC pregnancies, it was known that 
the infant was SGA (case 2, 3 and 5; Table 5). In two of these cases (at 37 and 38 weeks, case 
2 and 5) pulsatility indices of the umbilical arteries of both fetuses had been normal at ante-
natal Doppler ultrasound examination. Two more cases (at 35 and 40 weeks, case 6 and 7) 
were SGA at birth, although umbilical artery pulsatility indices and ultrasonographic fetal 
weight estimation had been normal. There was one perinatal death due to acute deteriora-
tion of the maternal condition (asphyxia caused by acute pulmonary oedema of the mother, 
case 1) and one death remained unexplained (case 4).

Gestational age (weeks)
424038363432

Fe
ta

l s
ur
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va

l

1,0

0,9

0,8

Figure 1 Survival Plot of Intrauterine Demise (Fetal Survival) for Monochorionic (grey) and Dichorionic (black) 
Twins Born ≥32 Weeks of Gestation (Kaplan-Meier).
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Table 4 Features of Monochorionic Twin Pregnancies with Intrauterine Demise or Neonatal Death ≥32 Weeks of 
Gestation. 

Ca
se

GA
 a

t d
el

iv
er

y 
(w

ee
ks

+d
ay

s)

Ultrasound examination Birth 
weights 
(gram) Diagnosis of death

Pathology findings / 
cause of death

Outcome of 
surviving twinGrowth Doppler UA Amniotic fluid

1 33+3 D: 30th centile
S: 60th centile

D: abnormal
S: normal

D: oligohydramnios
S: polyhydramnios

D: 1525
S: 2080

Suspicion of TTTS at 
scan. One day later 
IUD of smaller twin 
at 32+5 weeks.

Features consistent with 
donor in TTTS.

Mild hemiplegia, 
normal cognitive 
functions.

2 33+3 D: <5th centile
S: <5th centile

D: normal
S: abnormal

D: anhydramnios
S: polyhydramnios

D: 1500
S: 1520

IUD at routine scan 
(33+1 weeks).

Features consistent with 
TTTS. Unbalanced bidirec-
tional anastomoses.

Healthy.

3 37+3 D: 20th centile
S: 20th centile

D: normal
S: normal

D: normal
S: normal 

D: 2150
S: 2120

IUD at routine scan No fetal or placental cause 
identified.

Healthy.

4 37+6 D: 50th centile
D: 40th centile

D: normal
D: normal

D: normal
D: normal

D: 3840
D: 3180

Three days before 
planned induction 
IUD of both fetuses.

Intertwin weight differ-
ence of 650g. Larger twin: 
congested viscera and 
plethoric due to asphyxia. 
Smaller twin: pale due 
to asphyxia and exsan-
guination. Bidirectional 
AAA and AVA.

No survivor.

5 38+5 D: 10th centile
S: 10th centile

D: normal
S: normal 

D: normal
S: oligohydramnios

D: 2300
S: 1960

IUD of larger twin at 
routine scan.

Features consistent with 
TTTS. Birth weight differ-
ence (340 g). Macerated 
fetus, signs of heart 
failure. Possible TTTS/ 
unequal cotyledon sharing.

Healthy.

6 40+1 D: 25th centile
S: 25th centile

D: normal
S: normal

D: normal
S: normal

D: 2270
S: 3370

Emergency CS for 
fetal distress. 
Single NND of 
smaller twin.

Features consistent with 
acute TTTS (Hb-difference 
of 8 g/dL). Acute asphyxia, 
possibly caused by 
shunting during labour. 
Large VVA; small number 
of AVA.

Healthy.

Abbreviations: GA=gestational age; D = death (IUD or NND); IUD = intrauterine death; NND: neonatal death; S = survivor; 
 TTTS=twin to twin transfusion syndrome; CS=Caesarean Section; UA = umbilical artery; AAA: arterio-arterial anastomoses;  
 AVA: arteriovenous anastomoses; VVA: venovenous anastomoses.
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Table 5 Features of Dichorionic Pregnancies with Intrauterine Demise or Neonatal Death ≥32 Weeks of Gestation.

Ca
se

GA
 a

t d
el

iv
er

y 
(w

ee
ks

+d
ay

s)

Ultrasound examination Birth 
weights 
(gram)

Diagnosis of 
death

Pathology findings / 
cause of death

Outcome of 
surviving twinGrowth Doppler UA Amniotic fluid

1 36+0 D: 20th centile
S: 20th centile

D: normal
S: normal

D: normal
S: normal

D: 2060
S: 1935

Single NND of 
larger twin.

Cause of death: severe 
asphyxia (pH 6.74) due to 
preeclampsia with severe 
pulmonary oedema.

Convulsions 
treated with 
phenobarbital.
No brain damage. 

2 37+0 D: <5th centile
S: 50th centile

D: normal
S: normal 

D: normal
S: normal

D:2250
S: 2975

IUD of smaller twin 
at routine scan.

True knot in umbilical cord 
of demised twin. Autopsy 
declined. 

Healthy

3 37+2 D: <5th centile
S: 5th centile

D: no data
S: high PI 
(>3SD) and low 
MCA PI

D: oligohydramnios
S: normal

D: 915
S: 2440 

IUD at routine scan 
(33+2 weeks). 

Small placenta (<10th 
centile) with macro-infarc-
tions. Severe asymmetrical 
fetal growth restriction.

Healthy

4 38+0 D: 50th centile
S: 50th centile

D: normal
S: normal

D: oligohydramnios
S: normal

D: 1200
S: 3400

IUD at routine scan 
(32+2 weeks).

No placental cause of 
death found. Autopsy 
declined.

Healthy

5 38+4 D: <5th centile
S: 50th centile

D: normal
S: normal

D: normal
S: normal

D: 2470
S: 3150 

Single NND of 
smaller twin.

Small placenta (<10th 
centile) with signs of 
chronic fetal hypoxia/
ischemia. Cardiac and 
cerebral abnormalities due 
to chronic ischemia.

Healthy

6 39+0 D: 20th centile
S: 20th centile

D: normal
S: normal

D: normal
S: normal 

D: 955
S: 2900

IUD of smaller twin 
at routine scan 
(35+5 weeks).

Small placenta with 
one large infarction and 
autolysis of umbilical cord. 
Placental insufficiency.

Healthy

7 40+2 D: 30th centile
S: 30th centile

D: normal
S: normal

D: normal
S: normal

D: 3570
S: 3350

IUD of larger twin 
at routine scan (40 
weeks).

Small placenta with 
macro-infarctions. 
Placenta-fetus ratio 1:10. 
Fetal growth restriction.

Healthy

Abbreviations: GA=gestational age; D = death (IUD or NND); IUD = intrauterine death; NND: neonatal death; S = survivor; 
 TTTS=twin to twin transfusion syndrome; UA = umbilical artery; PI: pulsatility index; MCA: middle cerebral artery.
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Discussion

This is the largest cohort of twin pregnancies in which adverse outcome was studied accord-
ing to chorionicity. Perinatal mortality was higher in MC twin pregnancies than in DC twin 
pregnancies. This was partly consequence of a higher incidence of (very) preterm delivery, 
again confirming earlier observations5, 6, 35. However, mortality also appeared to be higher 
at all gestational ages, with an eight-fold increased intrauterine mortality rate after 32 
weeks of gestation. Thus, the poorer outcome in MC twins is not only explained by preterm 
delivery, as has been suggested6. Our data clearly show that increased risk of IUD persists 
throughout gestation and even increases with advancing gestation beyond 32 weeks. Ges-
tational age was 1 week shorter in MC twin pregnancies than in DC twin pregnancies, and 
consequently, birth weight was lower, which reconfirms earlier observations5, 16. Although 
this study is not entirely population-based, we believe our cohort forms a good represen-
tation of the general twin population in The Netherlands. The majority of the pregnancies 
under investigation were uncomplicated pregnancies treated either in a regional teaching 
hospital or in a University Medical Center. The latter hospital also acts as a tertiary referral 
center for complicated cases before 32 weeks. This subgroup is, however, small, and the 
majority of these women return to their own regional hospital if delivery had not been taken 
place before 32 weeks. In addition, analysis of the data after 32 weeks (the most impor-
tant period studied in this paper) did not show any major differences in results indicative of 
selection bias between both hospitals. In the second half of the period studied in this paper, 
elective delivery of MC twins at 37–38 weeks of gestation was introduced based on recent 
literature about risks continuing into later pregnancy. This policy was applied to 90 of the 
MC twin pregnancies in this series. This explains the rather high upper range of gestational 
age in MC twins (40 weeks, Table 1) originating from our policy in the late 1990s. Manage-
ment of uncomplicated DC twin pregnancies did not change in this study period, and spon-
taneous delivery was awaited. A recent study has reported 2.9% of unexplained IUD after 
32 weeks of gestation in MC diamniotic (DA) twin pregnancies without TTTS or intrauterine 
growth restriction (n = 139) and despite intensive fetal surveillance9, which is comparable 
with the 2% that we found. In a Portuguese study, only one intrauterine fetal death occurred 
in a group of 168 MC diamniotic twin pregnancies (uncomplicated cases as well as TTTS, 
growth discordance and/or malformations) after 32 weeks of gestation10. The latter group 
was monitored more intensively (weekly instead of biweekly and cardiotocography com-
bined with sonography instead of sonography alone)10. Infants were also delivered earlier, 
although exact comparison of the age of delivery could not be made. In another study, no 
fetal deaths occurred in 53 uncomplicated MC pregnancies, all delivered preterm between 
34 and 37 weeks of gestation34. Acosta-Rojas et al.11 described only one fetal loss in their 
Spanish series of 104 uncomplicated MC twin pregnancies. In two of the seven cases of 
perinatal death in our MC subgroup, antenatal signs of TTTS had been present (at 32 and 33 
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weeks, respectively), but in the other five, all delivered after 37 weeks, no antenatal signs of 
impaired fetal condition had been present. So it appears that third-trimester MC pregnan-
cies at risk of perinatal death are difficult to identify. This is in agreement with the paper by 
Barigye et al.9 In this study, most deaths occurred between 34 and 37 weeks of gestation, 
whereas most deaths in our study occurred >37 weeks. These differences may well be due 
to chance. Combining data from the studies by Barigye et al.9, Simões et al.10 and ourselves, 
IUD occurred in 4/144 fetuses (2.8%) at 32–34 weeks, in 7/429 (1.6%) delivered at 34–37 
weeks and in 4/329 (1.2%) born ≥37 weeks. With this calculation, we have assumed that all 
cases described by Simões et al.10 were indeed born before 37 weeks of gestation.
Previous studies have also shown that perinatal mortality in DC pregnancies (i.e. after 37 
weeks of gestation) is relatively low at term (0.5–4.5%; in our study 0.3%) and that death in 
term MC twins is higher (2.0–6.8%; in our study 3.5%)3, 24, 25. Compared with a cohort of twin 
pregnancies in the early 1900s36, when fetal surveillance and intervention options were lim-
ited, perinatal mortality at term has decreased considerably in DC pregnancies but not in 
MC twins. Apparently, modern surveillance and intervention are effective in most DC twins 
but not in MC twins.
Besides unexpected and sometimes unpredictable mortality (even at term), MC twinning is 
also associated with increased neuromorbidity. Several investigators have shown that both 
donor and recipient survivors from pregnancies complicated by TTTS are at significant risk 
for antenatally acquired cerebral lesions37-39. Single fetal demise is also a known risk factor 
for adverse neurological outcome or co-twin death7, 8. In our cohort, one case of cystic PVL 
was found after TTTS, and there were two cases of single fetal death where in one case, 
cystic PVL with mild hemiplegia was found in the survivor and in the other case, death of 
the co-twin due to exsanguination was found. However, even in the absence of either TTTS 
or single intrauterine fetal death, neuromorbidity is increased in (preterm) MC twins com-
pared with DC twins14. Multiple vascular anastomoses may indeed cause transitory car-
diovascular imbalance, severe enough to decrease brain perfusion and to cause cerebral 
lesions without resulting in an IUD or clinically evident TTTS40. We did not assess long-term 
neurological outcome, but we found a trend towards higher neonatal neuromorbidity in MC 
twins compared with DC twins. Overall, perinatal morbidity was higher in the MC twins in 
our study. However, this was largely explained by differences in age and weight at delivery. 
After adjustment for these differences, only the occurrence of NEC remained significantly 
(four times) increased in MC twins compared with DC twins. To our knowledge, this has 
not been described before. Histopathological changes that occur in NEC, such as mucosa 
oedema, haemorrhage and necrosis, are most often found in the watershed areas between 
the superior and inferior mesenteric artery, at the level of ileum and proximal colon, which 
strongly suggests ischemic injury41. It is tempting to speculate that in MC twin pregnancies, 
this ischemic injury is a consequence of episodes of hypovolaemia that may occur due to 
imbalanced vascular anastomoses in the placenta.
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Our and previous findings raise the question as to when to deliver the MC twin. The increased 
mortality (even at term), the failure to predict and prevent all cases of excess IUD by current 
antenatal care and the increased risk of (neuro-) morbidity warrant planned delivery in the 
early term period or even in the late preterm period. Our study suggests that the optimal 
time of delivery is 36 weeks of gestation. Barigye et al.9 suggested an even earlier delivery 
(34–35 weeks), given the earlier occurrence of IUDs in their study. On the basis of our study 
and that of Barigye et al.9, it seems likely that about one-third of the IUDs may be prevented 
when delivery takes place before 37 weeks. Such an early delivery is also suggested by the 
recent small population of Cordero et al.34, who found no fetal deaths in deliveries between 
34 and 37 weeks. However, such advantages of early delivery have to be weighed against 
the risks of iatrogenic prematurity. RDS, for instance, has an almost three times higher 
incidence in the late preterm period compared with the term period42. Therefore, amniocen-
tesis to determine fetal lung maturation and/or administration of corticosteroids may well 
precede such an early delivery. Earlier observational studies have suggested a more con-
servative approach, that is planned delivery at 37–39 weeks of gestation43-49. These studies 
were smaller than ours and used various endpoints (from morbidity to IUD and neonatal 
mortality). We acknowledge that there is a need for randomised data to determine the best 
strategy with respect to the delivery of MC twins. A randomised trial should also address 
(intensity of) fetal surveillance and include sufficient sample size to use IUD and neurologi-
cal injury as endpoints. Such a trial, however, will be very hard if not impossible to accom-
plish. There is currently only one small randomised trial comparing elective induction of 
labour at 37 weeks of gestation and continued expectant management in uncomplicated 
twin pregnancies. In that study, no statistical differences in outcome were found50. However, 
the study was underpowered, and no distinction was made between MC and DC twins. Cur-
rently, a randomised trial assessing the optimal time for delivery of term twins is conducted 
in South Australia32. As an alternative, IUD in MC twins might be prevented by very intensive 
monitoring, as was described by Simões et al.10 Elective delivery of uncomplicated DC twin 
pregnancies at 36–37 weeks of gestation does not seem to improve the outcome of these 
infants27.

Conclusion

In conclusion, MC twins with their single placenta and vascular anastomoses still pose 
unique problems. Compared with DC twins, they are at increased risk for perinatal death, 
NEC and neurological injury. Current antenatal surveillance is insufficient to identify the 
cases at risk for adverse outcome. This severely hampers safe management of the MC twin 
in utero. The best strategy is unclear at present. Awaiting randomised data, we and others 
recommend planned delivery at 36 weeks of gestation.
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Abstract

Objective: To study perinatal mortality rates in a large cohort of monochorionic (MC) twins 
without antenatal signs of twin-twin transfusion syndrome (TTTS).
Methods: Women who delivered a MC twin pregnancy without antenatal signs of TTTS 
between January 2000 and December 2005 in ten perinatal hospitals in The Netherlands 
were studied. Perinatal mortality was the outcome of interest. Perinatal outcome of first-
and second-born twins were compared and outcome was studied in relation to mode of 
delivery.
Results: We studied 639 MC twin pregnancies. Overall perinatal mortality was 7.5%. After 
32 weeks, the incidences of intrauterine (IUD) and neonatal death (NND) were 0.5% and 
1.0%, respectively. Only two perinatal deaths after 32 weeks of gestation occurred during 
labour. Perinatal death (IUD and NND) ≥ 37 weeks was 0.7%. The risk of perinatal mortality 
was increased in infants born by caesarean section (CS) for fetal distress or maternal com-
plications (OR 2.5, 95% CI 1.0-6.1) and in second-born twins compared to first-born twins 
(OR 1.5, 95% CI 0.9-2.7). The risk of respiratory distress syndrome was increased in planned 
CS without labour.
Conclusions: The incidence of IUD after 32 weeks of gestation in this large cohort shows 
that current obstetric management of the MC twin pregnancies is defensible and does not 
justify elective preterm delivery before 36 weeks. However, as mortality at term is increased 
threefold in MC twins compared to dichorionic twins, we suggest planned delivery between 
36 and 37 weeks of gestation. Planned CS in all MC twin pregnancies is unlikely to result in 
a significantly improved outcome.
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Introduction

Monochorionic (MC) twins are at increased risk for perinatal mortality and neonatal morbidity 
compared with dichorionic (DC) twins. This is due to the haemodynamic imbalance caused by 
placental vascular anastomoses51, 52. In case of fetal death, these vascular anastomoses put 
the surviving sibling at increased risk of co-twin death or adverse neurological outcome7, 8. 
Even after excluding antenatally diagnosed twin-twin transfusion syndrome (TTTS), mor-
tality is still higher than in DC twins13. Unfortunately, current antenatal surveillance fails to 
predict and prevent such cases53. As a consequence, there is controversy in the literature 
about when to deliver MC twins. Intrauterine death (IUD) rates after 32 weeks of gestation 
vary, leading to diverse recommendations on the optimal timing of delivery9-13, 51. The same 
holds as to the mode of delivery in relation to perinatal mortality43, 54-58. In all previous stud-
ies, the study population was relatively small. In this large multicenter study we evaluate 
perinatal mortality rates of MC twins without antenatal signs of TTTS, according to gesta-
tional age, mode of delivery and birth order.

Material and Methods

The medical records of all MC twin pregnancies delivered at ten perinatal centers in The 
Netherlands between January 2000 and December 2005 were reviewed. The study was 
approved by the institutional reviewed board of the UMC Utrecht, and local permission was 
obtained in the other centers. All cases of monochorionicity were identified from the elec-
tronical databases of each hospital. First, a selection was made of all twin pregnancies with 
identical gender, i.e. boy-boy or girl-girl twins. Subsequently, we checked the medical charts 
to assess whether the pregnancy was monochorionic. Monochorionicity was determined on 
the basis of first-trimester ultrasound assessment of the dividing membrane characteris-
tics (absence of ‘twin peak’ sign and presence of thin dividing membrane) and/or postpartum 
examination of placentas and intertwin membranes. Pregnancies that were complicated by 
a TTTS that was visible antenatally were excluded from the study. The diagnosis of TTTS 
was made by standard prenatal ultrasound criteria59. Baseline characteristics, course of 
pregnancy, mode of delivery as well as neonatal and maternal outcomes were documented. 
Part of the perinatal data were already included in previous reports39, 51, 60, 61.
Gestational age was calculated from the first day of the last menstrual period confirmed 
by first trimester ultrasound or from the day of oocyte transfer in pregnancies in case of 
assisted reproduction. All MC twin gestations were monitored according to a standard pro-
tocol, which consisted of a first trimester determination of chorionicity, a detailed anomaly 
scan at 20 weeks of gestation, and regular ultrasound assessment of growth, amniotic fluid 
volume and Doppler of the umbilical artery at least at 20, 24 and 28 weeks and fortnightly 
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thereafter. Subjects with either nonreassuring fetal findings or with maternal complica-
tions were submitted to frequent but at least twice weekly maternal-fetal evaluations that 
were performed during hospitalization or during visits at an outpatient clinic setting. In 
seven out of 10 centers, elective delivery (i.e. induction of labour or caesarean section) was 
offered around 37 weeks. In the other centers, pregnancy was only terminated in case of 
fetal and/or maternal complications.
Stillbirth was defined as IUD of a fetus >500 gram and/or ≥20 weeks of gestation19. Gesta-
tional age at time of stillbirth was ascertained by ultrasound. Stillbirths were divided in 
ante partum deaths, i.e. in fetuses in which death was known before onset of labour, and 
intrapartum fetal deaths, i.e. in fetuses that were alive at the start of labour. Early neonatal 
death (NND) was defined as death of an infant during the first seven days of life, whereas late 
NND was defined as death between eight and 28 days after birth19. Overall perinatal mortal-
ity was defined as IUD or NND (≤28 days after birth). Severe perinatal morbidity was defined 
as the occurrence of an umbilical artery pH less than 7.05 and/or a 5-minute Apgarscore <7. 
Composite major neonatal morbidity was defined as the occurrence of one or more of the 
following issues: respiratory distress syndrome (RDS), intraventricular haemorrhage (IVH), 
necrotising enterocolitis (NEC) and/or proven sepsis.
Firstly, we analysed mortality relation to gestational age. Mortality rates were also cal-
culated per week of gestation. To do so, the number of infants that died at a particular 
gestational age was divided by the total number of infants of the cohort that were alive at 
the beginning of that week. Secondly, we studied mortality in relation to mode of delivery. 
Regarding the latter, we divided the cohort in five subgroups by mode of delivery: a) both 
twins electively born by caesarean section (CS), b) both twins born by CS without labour for 
maternal (e.g. preeclampsia (PE) or HELLP syndrome) and/or fetal complications (e.g. CTG 
abnormalities and/or abnormal Doppler findings), c) both twins delivered vaginally (V-V), 
d) both twins delivered by CS (C-C) after a vaginal trial of labour (VTOL) and e) second twin 
delivered by CS after vaginal birth of the first twin (V-C). Adverse outcome (per infant) was 
analysed in relation to mode of delivery. For the latter analysis, pregnancies with ante par-
tum death of the fetus were not considered, as ante partum death of the fetus could not have 
been related to mode of delivery. These analyses were restricted to twin births occurring at 
≥25 weeks of gestation, leaving 616 monochorionic diamniotic (MCDA) twin pregnancies to 
be analysed. Thirdly, we compared perinatal outcomes of first- and second-born twins.
All statistical analyses were performed with the SPSS 12.0 statistical package. Continuous 
variables were compared by independent Student t-testing if normally distributed or other-
wise by means of Mann Whitney U testing. Categorical variables were compared by Fisher’s 
exact test. Logistic regression was performed and we report odds ratios (OR) with 95% con-
fidence interval (95% CI). Possible confounders were corrected for with logistic regression. 
Kaplan-Meier analysis was used to estimate cumulative survival. Statistical significance 
was based on two-sided tests with a cut-off level of 0.05.
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Results

During this 6-year study period, 954 sets of MC twins were delivered in these hospitals. We 
excluded monoamniotic (MA) pregnancies (n = 80), pregnancies complicated by antenatal 
signs of TTTS (n = 214), pregnancy loss <20 weeks (n = 8) and major lethal chromosomal 
and/or congenital malformations (n = 13), leaving 639 MC twin pregnancies for analysis. 
Baseline characteristics of the pregnancies are shown in Table 1. Mean maternal age was 
31 years, with slightly more nulliparous than parous women. In contrast to singletons, in 
which more boys are born, the proportion of female twins was higher than the proportion of 
male twin couples (55%, 95% CI 53-58). Median gestational age at delivery was 35+5 weeks.
Table 2 shows the incidence of stillbirth and NND according to gestational age at delivery. 
From 20 weeks of gestation onwards, the cumulative overall perinatal mortality in MC 
twins was 7.5%, whereas from 25 weeks onwards the mortality was 4.2%. The incidence of 
stillbirths and neonatal mortality was high before 32 weeks of gestation (11.3% and 13.0%, 
respectively). Between 32 and 37 weeks of gestation, the incidence of perinatal mortality 
was low: 0.6% IUDs and 1.0% NNDs. At term, two fetuses died in utero (0.5%) and one more 
child during the neonatal period (0.2%). Figure 1 shows the fetal survival curve, starting at 
32 weeks of gestation.

Table 1 Baseline Characteristics.

Twin pregnancies MC (n=639)

Age of mother (years), median (range) 3 (17-47)

Parity, median (range) 0 (0-7)

Nulliparity, n (%) 358 (56.0)

Multiparity, n (%) 284 (44.0)

1 192 (30.0)

2 60 (9.4)

>2 32 (5.0)

Twin fetuses MC (n=1278)

Gestational age (weeks), median (range) 35+5 (20+0-41+0)

Nulliparity 34+6 (20+0-41+0)

Multiparity 36+2 (20+0-40+2)

Birthweight (g), mean ± SD 2051 ± 758

After exclusion of stillbirths 2095 ± 716

Intertwin birth weight difference of >25%, n (%) 229 (17.9)

Gender distribution, n (%)

Male 572 (44.8)

Female 706 (55.2)
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Figure 1 Intrauterine Survival of Monochorionic Twins Born after 32 Weeks of Gestation.

There were 8 perinatal deaths between 32-37 weeks of gestation (1.6%, Table 2). In one preg-
nancy a double IUD occurred most likely caused by fetoplacental transfusion without signs 
of chronic TTTS, since one child was born pale and his co-twin was plethoric (twin anemia-
polycythemia sequence?). One death (single IUD at 32 weeks) remained unexplained. There 
was one intrapartum death due to group B streptococcal (GBS) sepsis. The four cases of 
NND were due to severe NEC (n = 2) and sepsis (n = 2). After 37 weeks of gestation, there 
was a double fetal death in which the first twin died due to chronic hypoxia (unknown cause) 
with exsanguination of the second twin. The term NND was caused by acute asphyxia due 
to intertwin blood transfusion during delivery (haemoglobin (Hb) difference of 12.3 g/dl). Of 
all perinatal deaths after 32 weeks of gestation only two were related to vaginal delivery 
(as described above: one due to acute asphyxia caused by interfetal transfusional problems 
during labour and one GBS-sepsis).
Almost 20% of women who delivered after 25 weeks of gestation were delivered by pri-
mary CS, of which 73 (60.8%) were performed for maternal (e.g. PE/HELLP syndrome) and/
or fetal complications (e.g. fetal heart rate abnormalities or abnormal Doppler measure-
ments). Among those who attempted a VTOL, the majority delivered both twins vaginally 
(74.4%). In 22.4% a CS was performed during labour and in 16 pregnancies the second twin 
was delivered by CS after vaginal birth of the first twin (3.2%). After correction for gesta-
tional age and birth weight, perinatal mortality was only increased in infants born by CS for 
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fetal distress or maternal complications (OR 2.5, 95% CI 1.0-6.1; Table 3). The risk of RDS 
was increased after both elective CS and CS performed for fetomaternal complications (i.e. 
planned CS without labour). Low umbilical cord blood pH and Apgarscore <7 at 5 minutes 
occurred more frequently in twins born by planned CS in case of maternal or fetal complica-
tions compared to twins either born vaginally or by emergency CS.
Table 4 shows a trend towards higher mortality in second-born twins compared to first-
born twins (OR 1.5, 95% CI 0.9-2.7). This trend was present in all gestational age groups. 
There were no significant differences in neonatal morbidity between both twins. Mean birth 
weight was 103 g higher (95% CI 24-181) in first-born twins. Second-born twins presented 
more often in breech compared with first-born twins. The incidence of low umbilical artery 
pH was higher in second-born twins. Twins born by CS after vaginal birth of their co-twin 
(V-C group) had significantly more often a pH of umbilical artery <7.05 compared to vaginally 
delivered twins (p = 0.04). Mean Hb was identical in both infants when born by CS. However, 
in first-born infants, who were delivered vaginally, Hb was significantly lower than in their 
sibling who was second born (either vaginally or by CS).

Table 2 Perinatal Mortality according to Gestational Age.

GA at delivery or 
IUD (weeks)

Number of infants 
in continuing 
pregnancies

Number of Infants 
born per period

Deaths per period

Total deaths, n (%)IUD, n (%)
Neonatal death, n (%)

<8days 8-29 days

20+0 -24+6 1278 44 24 (1.9%) 19 (1.5%) 0 43 (3.4%)

25+0 -25+6 1234 17 2 (0.8%) 1 (0.1%) 0 3 (0.2%)

26+0 -26+6 1217 20 1 (0.1%) 2 (0.2%) 2 (0.2%) 5 (0.4%)

27+0 -27+6 1197 27 3 (0.3%) 0 3 (0.3%) 6 (0.5%)

28+0 -28+6 1170 50 0 4 (0.3%) 3 (0.3%) 7 (0.6%)

29+0 -29+6 1120 58 4 (0.4%) 1 (0.1%) 3 (0.3%) 8 (0.7%)

30+0 -30+6 1062 55 1 (0.1%) 2 (0.1%) 3 (0.3%) 6 (0.6%)

31+0 -31+6 1007 75 4 (0.4%) 1 (0.1%) 1 (0.1%) 6 (0.8%)

32+0 -32+6 932 66 1 (0.1%) 1 (0.1%) 0 2 (0.2%)

33+0 -33+6 866 70 2 (0.2%) 0 0 2 (0.2%)

34+0 -34+6 796 80 0 1 (0.1%) 3 (0.4%) 4 (0.5%)

35+0 -35+6 716 118 0 0 0 0

36+0 -36+6 598 178 0 0 0 0

37+0 -37+6 420 238 2 (0.5%) 0 0 2 (0.5%)

38+0 -38+6 182 138 0 0 0 0

39+0 -39+6 44 28 0 0 0 0

>40+0 16 16 0 1 (6.3%) 0 1 (6.3%)

Total 1278 1278 44 (3.4%) 33 (2.6%) 18 (1.4%) 96 (7.5%)
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Table 3 Adverse Outcome (per Infant) in Relation to Mode of Delivery. 

Mode of delivery* n (%) Crude OR (95% CI) Adjusted OR (95% CI) §

Perinatal mortality‡ Elective CS 2 (2.1) 1.31 (0.29-5.94) 1.94 (0.40-9.52)

CS for fetomaternal complications 13 (8.9) 5.44 (2.39-12.36) 2.48 (1.01-6.11)

VTOL: V-V 13 (1.8) reference reference

VTOL: C-C 4 (1.8) 1.11 (0.35-3.46) 1.22 (0.38-3.94)

VTOL: V-C 0 not applicable not applicable

RDS Elective CS 16 (17.0) 1.54 (0.86-2.75) 3.83 (1.75-8.36)

CS for fetomaternal complications 47 (32.9) 3.70 (2.44-5.61) 1.71 (1.00-2.92)

VTOL: V-V 87 (12.0) reference reference

VTOL: C-C 35 (15.8) 1.41 (0.92-2.16) 1.42 (0.82-2.48)

VTOL: V-C 5 (16.1) 1.44 (0.54-3.85) 0.91 (0.24-3.49)

pHa <7.05 Elective CS 3 (4.5) 2.00 (0.55-7.28) 2.01 (0.55-7.39)

CS for fetomaternal complications 6 (6.3) 2.88 (1.05-7.86) 2.00 (0.68-5.88)

VTOL: V-V 4 (2.8) reference reference

VTOL: C-C 2 (8.7) 1.22 (0.39-3.84) 1.16 (0.37-3.65)

VTOL: V-C 12 (2.3) 4.06 (0.86-19.32) 3.46 (0.72-16.71)

5 minute Apgarscore < 7 Elective CS 3 (3.4) 0.71 (0.21-2.36) 0.84 (0.25-2.86)

CS for fetomaternal complications 17 (12.0) 2.75 (1.49-5.08) 1.54 (0.80-2.96)

VTOL: V-V 34 (4.7) reference reference

VTOL: C-C 13 (6.0) 1.28 (0.66-2.47) 1.22 (0.62-2.39)

VTOL: V-C 2 (6.5) 1.38 (0.32-6.04) 1.11 (0.24-5.06)

Abbreviations: CS, caesarean section; VTOL, vaginal trial of labour; V-V, both children delivered vaginally; C-C both children delivered by CS after 
VTOL; V-C, second twin born by CS after vaginal birth of its sibling.
Notes: * 47 elective caesarean section (CS) were performed, 73 CS for fetomaternal complications. After a trial of labour, in 369 pregnancies 

 both children were born vaginally (V-V), 111 CS in second stage (C-C) and in 16 cases the second twin was born by CS after vaginal 
 birth of its sibling.

 ‡ Intrapartum fetal death or neonatal death.
 § Adjusted for age and weight at birth.
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Table 4 Outcome Among First versus Second Born Twins.

Twin A Twin B p -value OR (95%CI) OR adjusted (95% CI)
Number of children 617 617
Presentation 

vertex 480 (83.0) 359 (65.3) 0.000
breech 93 (16.1) 178 (32.4) 0.000
other 5 (0.9) 13 (2.4) 0.036

Birth weight (g), mean ± SD* 2171 ± 678 2068 ± 709 0.010
Hb at birth (g/dL), mean ± SD* 16.5 ± 3.4 17.1 ± 3.5 0.044

planned CS 16.6 ± 3.2 16.5 ± 4.0 0.798
C-C 17.1 ± 4.0 17.3 ± 3.2 0.808
V-C 13.6 ± 1.4 17.1 ± 1.4 0.014
V-V 16.3 ± 3.2 17.4 ± 3.5 0.009

All GA (≥25 weeks)
Mortality 21 (3.4) 32 (5.2) 0.125 1.54 (0.86-2.74) 1.38 (0.75-2.55)§

IUD 9 (1.5) 11 (1.8) 0.661 1.12 (0.45-2.78)
NND 12 (1.9) 21 (3.4) 0.116 1.86 (0.88-3.92) 1.66 (0.77-3.60)§

Morbidity*
5-min Apgar <7 43 (7.1) 43 (7.1) 1.000 0.98 (0.63-1.53) 0.90 (0.56-1.43)§

pHa <7.05 9 (2.1) 18 (4.2) 0.117 2.01 (0.89-4.53) 1.86 (0.82-4.22)§

Composite major neonatal 
morbidity

114 (18.8) 123 (20.3) 0.515 1.09 (0.82-1.45) 0.94 (0.63-1.42)§

25-32 weeks (n=151)
Mortality 18 (11.9) 23 (15.2) 0.506 1.28 (0.65-2.53) 1.17 (0.57-2.37)‡

IUD 7 (4.7) 8 (5.2) 1.000 1.10 (0.39-3.10)
NND 11 (7.8) 15 (10.2) 0.540 1.38 (0.59-3.22) 1.28 (0.54-3.02)‡

Morbidity*
5-min Apgar <7 31 (20.9) 27 (17.9) 0.559 0.82 (0.46-1.45) 0.76 (0.43-1.37)‡

pHa <7.05 5 (5.5) 8 (7.7) 0.580 1.43 (0.45-4.55) 1.17 (0.36-3.84)‡

Composite major neonatal 
morbidity

88 (62.4) 99 (67.8) 0.386 1.23 (0.76-2.01) 1.16 (0.70-1.91)‡

32-37 weeks (n=256)
Mortality 2 (0.8) 6 (2.3) 0.175 2.57 (0.49-13.37) 2.04 (0.38-11.04)‡

IUD 1 (0.4) 2 (0.8) 0.623 2.02 (0.18-22.37)
NND 1 (0.4) 4 (1.6) 0.214 4.10 (0.46-36.90) 3.07 (0.33-28.99)‡

Morbidity*
5-min Apgar <7 9 (3.6) 9 (3.6) 1.000 0.90 (0.34-2.37) 0.86 (0.32-2.29)‡

pHa <7.05 2 (1.1) 4 (2.2) 0.447 2.04 (0.37-11.30) 2.14 (0.39-11.86)‡

Composite major neonatal 
morbidity

26 (10.2) 24 (9.5) 0.882 0.89 (0.49-1.60) 0.55 (0.28-1.06)‡

≥37 weeks (n=210)
Mortality 1 (0.5) 3 (1.5) 0.366 3.13 (0.32-30.37) 3.90 (0.38-39.88)‡

IUD 1 (0.5) 1 (0.5) 1.000 1.03 (0.06-16.56)
NND 0 2 (1.0) 0.242 not applicable

Morbidity*
5-min Apgar <7 3 (1.4) 7 (3.4) 0.217 2.44 (0.62-9.57) 2.28 (0.57-9.04)‡

pHa <7.05 2 (1.4) 6 (4.3) 0.170 3.18 (0.63-16.03) 3.27 (0.65-16.56)‡

Composite major neonatal 
morbidity

0 0 not applicable

Notes: * Only live born children.
 § Adjusted for age and weight at birth.
 ‡ Adjusted for birth weight.



 C
ha

pt
er

 4

46

Table 5 Fetal Death of Monochorionic Twins after 32 Weeks of Gestation, Review of Recent Literature.

Author, year

Delivery 32-37 weeks Delivery ≥37 weeks Total (≥32 weeks)

IUD No. of infants born IUD No. of infants born IUD No. of infants born
Cordero, 2005 0 106 0 0 0 106

Simões, 2006 1 (0.3) 314 0 18* 1 (0.3) 322

Acosta-Rojas, 2007 0 156 0 32 0 188

This study 3 (0.6) 512 2 (0.5) 420 5 (0.5) 932

Lee, 2008 1 (0.6) 170 1 (1.7) 60 2 (0.9) 230

Lewi, 2008 3 (1.3) 232 0 90 3 (0.9) 322

Hack, 2008 2 (1.3) 150 4 (2.8) 144 6 (2.1) 294

Barigye, 2005 8 (3.0) 264 0 14* 8 (2.9) 278

* According to personal communication with authors total number of infants born After 37 weeks of gestation estimated ≤5% of their total 
population.

Discussion

By our knowledge, this is the largest cohort of MC twin pregnancies without antenatal signs 
of TTTS in which outcome has been studied. Overall perinatal mortality was 7.5%. After 32 
weeks of gestation, the incidences of IUD and NND were 0.5% and 1.0%, respectively. Peri-
natal death at term (≥37 weeks) was 0.7%. There were only two intrapartum deaths in this 
cohort, both after vaginal trial of labour. The risk of mortality was highest in twins born by 
planned CS, performed because of antenatal signs of fetal or maternal complications, and 
there was a trend towards higher mortality rates in second-born twins.
A limitation of this study is that it was not population-based. The data in this study should 
thus be interpreted with care since a selection bias may have been introduced due to the 
specific nature of tertiary referral centers. The majority of the pregnancies under investi-
gation were uncomplicated pregnancies, treated in one of the participating hospitals, thirty 
percent of cases were women referred from regional hospitals. Analysis of the mortality 
data did not show any significant differences in results between referred pregnancies and 
pregnancies which had their total antenatal care in one of the participating hospitals. How-
ever, referred pregnancies more often had complications like severe birth weight discor-
dancy.
Perinatal mortality in term (i.e. ≥37 weeks of gestation) MC twins has only been studied in five 
papers and is high, ranging from 2.0 to 6.8% in older and more recent literature3, 5, 24, 51, 62. We 
report a lower incidence of perinatal mortality in term MC twins (i.e. 0.7%), but this is still 
3-fold higher than in term singletons63 and term DC twin pregnancies51 and almost 2-fold 
higher than after vaginal birth of the term fetus in breech presentation64, 65.
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Recently, the risk of IUD in ‘uncomplicated’ MC twin pregnancies has been investigated in 
seven other studies, ranging from 50-170 pregnancies (Table 5). Barigye et al.9 reported an 
incidence of 2.9% of unexplained intrauterine death after 32 weeks of gestation in MC twins 
without TTTS or intrauterine growth restriction (IUGR) (n = 139), which is comparable to the 
2.1% fetal loss that was found in a previous Dutch cohort study51. In the present study, we 
found a lower incidence of intrauterine fetal death after 32 weeks of gestation (0.5%), which 
is very similar to recent Portuguese data10 (one IUD in 168 MC diamniotic twin pregnancies, 
uncomplicated cases as well as TTTS, growth discordance and/or malformations), after 
32 weeks of gestation. The latter group was monitored more intensively (weekly instead 
of biweekly and by cardiotocography and sonography instead of by sonography alone). A 
Belgian study reported three fetal deaths in 161 MC pregnancies (0.9%)12 and a study from 
the United Kingdom reported two fetal deaths in 115 MC pregnancies (0.9%)13. Finally, in a 
recent Spanish study, there were no fetal deaths in 94 pregnancies after 32 weeks of ges-
tation11 and in a small study of 53 uncomplicated MC pregnancies, all delivered preterm 
between 34 and 37 weeks of gestation, also no IUD was found34.
The risk of intrauterine fetal death (even at term), with subsequent consequences for the 
surviving twin (possible co-twin death or brain damage)38, and the failure to predict and 
prevent all cases of excess IUD by current antenatal care, raise the question as to when to 
deliver the MC twin. Recent studies have reported varying IUD rates after 32 weeks of ges-
tation with subsequent diverse recommendations on this issue9-13, 34, 51. However, retrospec-
tive analysis of mortality rates may have introduced a study bias in these small cohorts. 
Our data and that of literature show that offering elective delivery between 36 and 37 weeks 
seems to be the most aligned consensus by preventing term mortality and avoiding the risk 
of neonatal respiratory disorders due to preterm delivery42, 66. With such a strategy, about 
1% of IUDs in pregnancies continuing ≥37 weeks might be prevented (Table 5).
Fetal death in MC twins might be prevented by intensive monitoring, as was described by 
Simões et al.10 However, despite their intensive follow-up, the incidence of IUD is similar to 
that of this study in which pregnancies were monitored forthnightly. To date, it is unknown 
how frequently MC twin pregnancies should be monitored to prevent fetal death.
It is remarkable that the incidence of fetal death after 32 weeks in this cohort was consider-
ably lower than in a previous study which we conducted in two Dutch hospitals51 (0.5% and 
2.1%, respectively). Recent publications pointing out the increased risk of (unexpected) fetal 
death in MC twins might have caused higher awareness to the management of the ‘uncom-
plicated’ MC twin, resulting in improved monitoring, earlier delivery and higher survival 
rates. It may also be a chance finding in the smaller first study.
The contribution of mode of delivery to the increased perinatal mortality in MC twins is not 
clear and there is no consensus regarding the optimal mode of delivery. Second-born twins 
are considered to be at higher risk of perinatal mortality and serious neonatal morbidity 
compared to first-born twins43, 57, 67-71. They are more likely to have intrapartum complica-
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tions due to difficulties in fetal monitoring, malpresentation and/or (acute) TTTS during 
labour. These complications may necessitate emergency caesarean delivery of the sec-
ond twin after vaginal birth of the first. Such complications could be prevented by offering 
planned CS to all (MC) twin pregnancies, as has been suggested in literature54, 55, 67. However, 
these benefits should be weighed against the risks of neonatal respiratory morbidity in 
infants delivered by elective CS (this study) and maternal complications due to CS (including 
consequences for subsequent pregnancies)72.
In most literature on mode of delivery and perinatal outcome in twins, chorionicity has not 
been taken into account. In those studies either a lower perinatal mortality in twins delivered 
by elective CS,54, 55 or an increased perinatal death risk for second-born twins delivered 
vaginally or by CS after vaginal birth of the first twin,57 or no significant differences when CS 
was compared to vaginal delivery in first-born to second-born twins were found56, 69-71. Neo-
natal morbidity (low 5-minute Apgarscore, mechanical ventilation, seizures) has been found 
to be higher in second-born twins after a trial of labour43, 67, 68. In only two previous studies 
on mode of delivery, chorionicity has been taken into account. In one study (n = 60 pregnan-
cies), higher incidences of neonatal mortality and admission to a neonatal intensive care 
unit were found in MC twins born by CS compared to vaginally delivered twins. However, in 
this study data were not stratified by gestational age58. In the other study (n = 361), the risk 
of composite adverse outcome was 1.40 (95% CI 1.06-1.83) times higher in second-born 
MC twins compared to their first-born twins67. In our large cohort, perinatal mortality was 
higher in twins born by planned CS, but this is due to the fact that the majority of these CS 
were done for fetal distress or maternal complications. Since there were only two deaths in 
our cohort related to mode of delivery with one of them not specifically related to MC twins 
(GBS-sepsis), we doubt that planned CS is the right protective approach to improve perina-
tal outcome in MC twin pregnancies.
We found a relation between mode of delivery and Hb-level after birth. It appears that after 
vaginal delivery, second-born twins had a higher Hb compared to their co-twin, which is in 
agreement with a previous study60. This suggests that interfetal transfusion occurs dur-
ing or directly after birth of the first twin. Once the umbilical cord of the first-born twin is 
clamped, the second-born twin has sole access to the entire placenta and may therefore 
receive blood through the vascular anastomoses from both parts of the placenta60, 73.
It was a remarkable finding, that there were significantly more female than male twin 
couples at all gestational ages. A female preponderance in pregnancies complicated by 
TTTS has been reported previously74, 75, but our study shows that MC twins in general are 
more often of female gender. This might be due to the increased mortality rate of male 
twins before 20 weeks (data not shown). However, it has been theorized that timing of the 
twinning event may be related to the gender differences. In monoamniotic twins, there is 
also an increased female prevalence. Hence, the later the twinning event, the higher the 
female-to-male ratio. This might be due to anomalous X-inactivation, leading to delayed 
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embryo nic maturation and subsequent fission of the germinal disc76 or leading to the fact 
that all females are mosaics and therefore prone to splitting77.

Conclusion

In summary, the observed incidence of IUD after 32 weeks of gestation in our cohort (0.5%) 
shows that current obstetric management of the MC twin is defensible and this low mortality 
rate does not justify elective preterm delivery. However, mortality at term was still 3 times 
higher in MC twins as compared to singletons and term DC twins and did occur in pregnan-
cies in which spontaneous onset of labour was awaitened (≥37 weeks). We therefore sug-
gest planned delivery between 36 and 37 weeks of gestation. Planned caesarean delivery 
in all MC twin pregnancies is unlikely to improve outcome. We acknowledge that there is a 
need for randomised data to determine the best strategy with respect to when and how to 
deliver the MC twin. A randomised trial should also address (intensity of) fetal surveillance 
and include sufficient sample size to use IUD and neurological injury as endpoints. Such a 
trial, however, will be very hard if not impossible to accomplish due to the large number of 
MC twins needed.
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Abstract

Objectives: To investigate the prognostic value of abnormal umbilical artery Doppler find-
ings on outcome in monochorionic (MC) twin pregnancies.
Methods: 85 MC twin pregnancies, with antenatal care and delivery at the University Medi-
cal Center, Utrecht, The Netherlands, between 1999 and 2004 were studied. We analysed 
the data to both the last Doppler measurement of the umbilical artery before delivery and 
the presence of any abnormal Doppler measurement during the course of pregnancy. Risks 
of mortality and total neonatal morbidity were stratified according to the Doppler findings in 
one or both fetuses at the time of each standard ultrasound assessment in order to estimate 
the risk associated with an abnormal Doppler finding at or before that specific gestational 
age.
Results: Mortality rates were similar in the normal and abnormal Doppler group. Using 
both group definitions, total neonatal morbidity was higher in the abnormal Doppler group; 
this was significant at >32 weeks’ gestation, and was due to lower birth weight and earlier 
gestational age at delivery. There was no mortality at ≥36 weeks in the abnormal Dop-
pler group, but there were four perinatal deaths in the normal Doppler group. Gestational 
age at delivery was significantly shorter when abnormal Doppler findings had been present 
(median, 36+0 weeks vs 33+4 weeks) and infants with abnormal Dopplers weighed on average 
350 g (95%CI 133 – 566 g) less than those with normal findings.
Conclusions: In MC twins, abnormal Doppler flow of the umbilical artery identifies a sub-
group at risk for preterm delivery, low birth weight and neonatal morbidity, but with a simi-
lar mortality risk compared to those with normal Dopplers. At term, mortality occurred 
only in the group with normal Doppler findings, suggesting that fetal surveillance is insuf-
ficient in uncomplicated term MC twins.
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Introduction

Perinatal mortality in monochorionic (MC) twins is three to five times higher than that in 
dichorionic (DC) twins16, 31, 52, 78. Twin-to-twin transfusion syndrome (TTTS) with circulatory 
imbalance between the anastomoses will develop in 10-15% of MC gestations and is asso-
ciated with a poor outcome if untreated52, 78. Other complications such as preterm labor, 
intrauterine growth restriction (IUGR) and lethal congenital anomalies also occur more fre-
quently in MC twins78-80. In twin pregnancies Doppler assessment of the fetal circulation has 
proved useful in diagnosing IUGR and fetal anemia81, in diagnosing and grading TTTS81, 82 and 
in predicting (adverse) outcome in the presence of TTTS83, 84.
Few studies have investigated the relationship between Doppler velocimetry and fetal out-
come in twin pregnancies85-88 and in only two of these was chorionicity taken into account14, 88. 
Gratacos et al.14, 88 found that the incidence of intermittent absent and/or reversed end-
diastolic flow was increased in pregnancies with selective IUGR. They thereby identified a 
subgroup with an elevated risk of intrauterine death (IUD) of the smaller twin and neuro-
logical damage in the larger twin, the latter even in the absence of intrauterine death of the 
co-twin.
Because of the high incidence of unexpected (term) IUD in MC twins9, 51, we investigated the 
value of abnormal umbilical artery (UA) Doppler findings on the outcome in MC twin gesta-
tions in a retrospective cohort study.

Material and Methods

We retrospectively studied parameters of antenatal surveillance and outcome of 92 women 
with a MC twin pregnancy, who had their antenatal care and delivery at the University Medi-
cal Center Utrecht, The Netherlands, between 1999 and 2004. Monoamniotic twin pregnan-
cies (n = 5), and two early terminations because of early HELLP-syndrome and trisomy 21, 
respectively, were excluded, leaving 85 pregnancies to be studied. The diagnosis of TTTS 
was made antenatally by standard prenatal ultrasound criteria59.
Parameters of antenatal surveillance (biometry and Doppler assessments of the UA) were 
retrieved from an electronic ultrasound database (MOSOS-U). All MC twin gestations were 
monitored according to a standard protocol, which consists of a first-trimester determina-
tion of chorionicity89, 90, a detailed anomaly scan at 20 weeks of gestation, and ultrasound 
assessment of growth, amniotic fluid volume and Doppler of the umbilical artery at 20, 24 
and 28 weeks and fortnightly thereafter. In case of abnormal Doppler findings fetal surveil-
lance was intensified to daily to twice weekly evaluations that were performed during hos-
pitalization or during visits at an outpatient clinic setting.
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Pulsatility index (PI) of the UA was determined by subtraction of the systolic and end-diasto-
lic frequency shift, divided by the mean maximum frequency shift of three to five reproduc-
ible waveforms. Doppler findings were considered abnormal if the mean PI calculated over 
three to five cycles was more than two standard deviations above the mean, with or without 
absent or reversed end-diastolic flow91.
Stillbirth was defined as an IUD of a fetus with a birth weight of >500 g and/or ≥20 weeks of 
gestation. Early neonatal mortality was defined as the death of an infant during the first 7 
days of life and late neonatal death (NND) when the infant died between 8 and 28 days after 
birth19. Total neonatal morbidity was defined as presence of any of the following complica-
tions: respiratory distress syndrome (RDS), bronchopulmonary dysplasia (BPD), intraven-
tricular haemorrhage (IVH), periventricular leukomalacia (PVL), necrotizing enterocolitis 
(NEC) or proven sepsis. Major neonatal morbidity was analyzed separately and was defined 
as serious complications with possible long-term damage, i.e. BPD, PVL, Grade III or IV IVH, 
NEC requiring surgery or proven sepsis.
This study was approved by the ethics review committee. Information concerning clinical 
outcome was extracted from patient files. Patients gave their consent to retrieve the data 
on their antenatal surveillance and outcome.
We analyzed the data in two ways. Firstly, we took only the last Doppler finding before 
delivery into account. All pregnancies with normal Doppler findings in both fetuses were 
compared to pregnancies with abnormal Doppler findings in one or both fetuses shortly 
before delivery. In the second analysis we assessed any abnormal Doppler finding during 
the course of pregnancy. Again, the population was divided into two groups: the first group 
consisted of all pregnancies with normal Doppler findings throughout pregnancy and the 
second included all pregnancies with at least one abnormal Doppler finding in one or both 
fetuses in the course of gestation. Risks of adverse outcome were calculated according to 
the Doppler findings at the time of each standard ultrasound assessment to estimate the 
risk at or before that specific gestational age.
All data were stored in a database and analyzed using the SPSS 12.0 statistical package. 
Continuous variables were compared using independent Student’s t-tests if normally dis-
tributed or using Mann–Whitney U-tests if not. Categorical variables were compared using 
Fisher’s exact test. Logistic regression was performed and we report odds ratios (OR) with 
95% confidence intervals (95% CI). Kaplan–Meier analysis was used to estimate the cumu-
lative survival. Possible confounders were corrected for using logistic regression. Statisti-
cal significance was based on two-sided tests with p < 0.05 considered significant.
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Results

Baseline characteristics of the pregnancies are shown in Table 1. Mean maternal age was 
31 years, with an equal distribution of nulliparous and parous women. Median gestational 
age at delivery was 34+5 weeks.
The last Doppler examination was performed at a median gestational age of 34+0 weeks 
(range: 20+0– 39+5 weeks) and a median of 3 days before delivery (range 0 –17 days). The lat-
ter did not differ between pregnancies with normal Doppler findings at the last assessment 
before delivery (128 infants) and pregnancies complicated by abnormal Doppler findings in 
one or both children (42 infants) (Table 2). In 90% of all cases this interval was ≤7 days. All 
intervals between delivery and last Doppler measurement of more than 11 days were in the 
normal Doppler group. This was due to our local protocol, which indicated a Doppler inves-
tigation once every 2 weeks.
Mortality did not substantially differ between both groups. There was a trend towards 
increased total neonatal morbidity in case of abnormal Doppler measurements (Table 2). 
Total neonatal morbidity was significantly higher in infants with abnormal Doppler findings 
at the last examination before delivery than in the normal Doppler group in infants born at 
beyond 32 weeks of gestation (OR 7.26, 95% CI 2.31–22.83; Table 2). However, the incidence 
of total neonatal morbidity was lower in the abnormal Doppler group than it was in the nor-
mal group in infants born before 32 weeks, although this difference was not significant.
Table 3 shows differences between pregnancies with normal Doppler findings and preg-
nancies complicated by at least one abnormal Doppler finding in one or both fetuses in the 
course of gestation. More than one third of the twins had abnormal Doppler findings in one 
or both fetuses during gestation. The two groups did not substantially differ in parity or in 
the proportions of nulliparous and parous women. Gestational age at delivery was signifi-
cantly lower when abnormal Doppler findings had been present (median 33+4 weeks versus 
35+6 weeks) and children weighed 297 g (95%CI 81-512 g) less on average.
Mortality rates were comparable between the two groups. The incidence of neonatal 
morbidity (both total morbidity and major morbidity) was higher in the abnormal Doppler 
group and this was significant for infants born after 32 weeks (Table 3). However, as was 
the case when only the last assessment before delivery was considered, the incidence of 
total neonatal morbidity was lower in the abnormal Doppler group than it was in the normal 
group in infants born before 32 weeks, although this difference was not significant. These 
data were comparable to those concerning the last Doppler assessment before delivery.
In the TTTS-group (n = 36) median interval between last Doppler assessment and delivery 
was 2 days (range: 0-14 days). In this group 14 of 28 infants with at least one abnormal Dop-
pler finding had adverse outcome (11 children with neonatal morbidity and 3 fetal deaths) 
compared to 7 out of 8 infants with normal Doppler findings (3 children with neonatal 
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 Figure 1 (a) Mortality, Including Stillbirths and Neonatal Deaths within 28 Days (log rank = 1.17, p = 0.28) and 
 (b) Births Affected by Neonatal Morbidity (log rank 0.53, p = 0.47) According to Doppler Findings in both Twins 

throughout Gestation.

 Both Twins with Normal Doppler Assessment;

 At Least One Twin with Abnormal Doppler Assessment.
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morbidity and four children died). These differences were not significant. Fetoscopic laser 
coagulation of the placental vascular anastomoses occurred in 6 and 0 cases, respectively.
Survival analysis showed no significant difference in mortality between twins with abnormal 
and those with normal Doppler findings (Figure 1a). The apparent lower survival in twins 
with abnormal Doppler findings can be explained by four intrauterine fetal deaths in this 

Table 1 Characteristics of Monochorionic Twin Pregnancies Delivered in University Medical Center Utrecht Between 
1999 and 2004. 

Parameter Value

Maternal (n=85)

Age (years) 31 ± 4.9

Parity 1 (0-8)

Nulliparous 41 (48.2)

Parous 44 (51.8)

GA at delivery (weeks) 34+5 (21+6 to 40+1)

Fetal (n=170)

Birth weight (g) 2042 ± 716

Stillbirth 10 (5.9)

Early neonatal death* 9 (5.3)

Late neonatal death* 1 (0.6)

Total neonatal morbidity* 38 (22.4)

Respiratory distress syndrome 20 (52.6)

Bronchopulmonary dysplasia 4 (10.5)

Intraventricular haemorrhage 6 (15.8)

Grade I-II 5 (13.2)

Grade III-IV 1 (2.6)

Periventricular leukomalacia 0 

Necrotizing enterocolitis† 7 (18.4)

Sepsis 17 (44.7)

Major neonatal morbidity*,‡ 23 (13.5)

Umbilical artery pH*,§ 7.25 (6.68-7.39)

5-min Apgar score*,€ 9 (1-10)

5-min Apgar score <7* 10 (5.9)

Twin-to-twin transfusion syndrome 38 (22.4)

laser treatment 8 (21.1)

Values are mean ± SD, median (range) or n (%). * 160 monochorionic twins at risk for neonatal complications after exclusion of 10 stillbirths. † 

Requiring laparotomy in 3 cases‡ Major neonatal morbidity: BPD, PVL, grade III-IV IVH, NEC requiring laparotomy and/or proven sepsis. § Data avail-avail-
able for 125 of the 160 life born infants. € Data available for 158 of the 160 life born infants. GA, gestational age.
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group at 21 weeks of gestation. No significant difference between the two groups was found 
when survival analysis was applied to births affected by neonatal morbidity (Figure 1b).
Table 4 shows the risks of mortality and total neonatal morbidity according to abnormal 
Doppler findings at times of standard ultrasound assessment during antenatal surveillance 
from 28 to 34 weeks. The absolute risk of mortality appeared to be increased in the pres-
ence of abnormal Doppler findings at or before the examination at 28–30 weeks, although 
this was not significant at 28 weeks and only significant at 30 weeks when adjusted for birth 
weight, and decreased later in pregnancy. Relative risks of total neonatal morbidity were 
higher in infants with abnormal Doppler findings at any time during pregnancy. After adjust-

Table 2 Characteristics of Monochorionic Twins Regarding the Last Doppler Findings before Birth (Group 1).

Characteristic

Last Doppler assessment

p-value

Odds ratio of characteristics for 
abnormal Doppler group (95% CI)

Normal in both 
fetuses (n=128)

Abnormal in one or 
both fetuses (n=42) Crude Adjusted

Time from last Doppler examination 
to delivery (days)

3 (0-17) 2 (0-14) 0.765

Maternal age (years) 30 ± 5.1 32.5 ± 4.0 0.010

Parity 1 (0-4) 1 (0-8) 0.485

Nulliparous 64 (50) 18 (42.9) 1.000

GA at delivery (weeks) 35+5 (21+6 to 40+1) 33+2 (22+1 to 38+5) 0.001

<37 weeks 88 (68.8) 36 (85.7) 0.044 2.72 (1.06-6.99) 3.06 (1.17-7.98)

<34 weeks 42 (32.8) 26 (61.9) 0.001 3.32 (1.61-6.86) 4.26 (1.98-9.17)¶

<32 weeks 30 (23.4) 14 (33.3) 0.226 1.63 (0.76-3.50) 1.86 (0.85-4.10) ¶

Birth weight (g) 2135 ± 720 1762 ± 632 0.003

<2000 g 44 (34.4) 25 (59.5) 0.006 2.81 (1.37-5.75) 1.27 (0.47-3.48)**

Stillbirth 6 (4.7) 4 (9.5) 0.265 2.14 (0.57-7.98) 2.07 (0.46-9.29)††

Neonatal mortality 8 (6.3) 2 (4.8) 1.000

Total neonatal morbidity 24 (18.8) 14 (33.3) 0.057 2.15 (0.98-4.68) 1.55 (0.66-3.64)††

<32 weeks* 18 (60) 5 (35.7) 0.197 0.34 (0.09-1.28) 0.29 (0.07-1.21)††

≥32 weeks† 6 (6.1) 9 (32.1) 0.001 7.26 (2.31-22.83) 2.22 (0.58-8.46)††

Major neonatal morbidity (%) 16 (12.5) 7 (16.7) 0.603 1.40 (0.53-3.68) 1.15 (0.41-3.20)††

<32 weeks* 12 (40) 3 (21.4) 0.314 2.44 (0.56-10.64) 2.82 (0.62-12.85)††

≥32 weeks† 4 (4.1) 4 (14.3) 0.072 3.92 (0.91-16.81) 1.30 (0.27-6.28)††

Umbilical artery pH ‡ 7.25 (6.68-7.38) 7.25 (7.09-7.39) 0.602

5-min Apgar score§ 9 (1-10) 10 (7-10) 0.704

Values are mean ± SD, median (range) or n (%). * 44 twins are born before 32 weeks of gestation, 14 twins in the ‘abnormal Doppler’ group and 30 
with normal Dopplers at the last assessment. † 126 twins are born after 32 weeks of gestation, 28 twins in the ‘abnormal Doppler’ group and 98 
with normal Dopplers at the last assessment. ‡ 125 fetuses had registered data with regard to umbilical artery pH.
§158 fetuses had registered data with regard to apgarscore, 124 with normal Dopplers in both fetuses and 34 with abnormal Dopplers in one or both 
fetuses. ¶Adjusted for maternal age. ** Adjusted for gestational age. †† Adjusted for gestational age and birth weight. GA, gestational age.
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ment for gestational age and weight at birth, risk of neonatal morbidity was still up to four 
times higher in infants with at least one abnormal Doppler assessment at or before the time 
of any given ultrasound examination.
From 36 weeks onwards four of the 48 children with normal Doppler findings died during 
the perinatal period as compared to none of 12 infants with abnormal Doppler findings. This 
included two stillbirths (double fetal loss), probably due to acute TTTS, one NND of an infant 
with severe brain damage acquired early in pregnancy due to multiple vascular anastomo-
ses in the placenta and one NND due to acute TTTS during labor.

Table 3 Characteristics of Monochorionic Twins Regarding Doppler Findings in the Course of Pregnancy (Group 2).

Characteristic

Consistently 
normal Doppler 
findings in both 
fetuses 
(n = 98)

Abnormal Doppler 
finding in one or both 
fetuses at any point 
during pregnancy 
(n = 72) p-value

Odds ratio of characteristic for abnormal 
Doppler group (95% CI)

Crude Adjusted
Maternal age (years) 30 ± 5.0 32 ± 4.6 0.009

Parity 0 (0-4) 1 (0-8) 0.656

Nulliparous 50 (51.0) 32 (44.4) 0.637

GA at delivery (weeks) 35+6 (21+6 to 40+1) 33+4 (22+1 to 39+1) 0.023

<37 weeks 66 (67.3) 58 (80.6) 0.080 2.01 (0.98-4.13) 2.22 (1.06-4.65)¶

<34 weeks 30 (30.6) 38 (52.8) 0.004 2.53 (1.35-4.76) 3.09 (1.58-6.05) ¶

<32 weeks 26 (26.5) 18 (25) 0.861 0.92 (0.46-1.85) 1.02 (0.50-2.07) ¶

Birth weight (g) 2169 ± 738 1872 ± 651 0.007

<2000 g 31 (31.6) 38 (52.8) 0.007 2.42 (1.29-4.53) 3.48 (1.42-8.53)**

Stillbirth 5 (5.1) 5 (6.9) 0.745 1.74 (0.45-6.71) 2.38 (0.50-11.2)††

Neonatal mortality 6 (6.1) 4 (5.6) 1.000

Total neonatal morbidity 17 (17.3) 21 (29.2) 0.093 1.94 (0.93-4.02) 2.01 (0.86-4.64)††

<32 weeks* 14 (53.8) 9 (50) 1.000 0.79 (0.23 – 2.65) 0.68 (0.17-2.73)††

≥32 weeks† 3 (4.2) 12 (22.2) 0.004 6.57 (1.75–24.65) 1.45 (0.29-7.44)††

Major neonatal morbidity 11 (11.2) 12 (16.7) 0.366 1.58 (0.66-3.82) 1.19 (0.46-3.11)††

<32 weeks* 9 (34.6) 6 (33.3) 1.000 1.06 (0.30-3.77) 1.41 (0.34-5.78)††

≥32 weeks† 2 (2.8) 6 (11.1) 0.073 4.38 (0.85-22.60) 1.43 (0.23-8.68)††

Umbilical artery pH‡ 7.24 (6.68-7.36) 7.25 (7.07-7.39) 0.874

5-min Apgar score§ 9 (1-10) 10 (3-10) 0.324

Values are mean ± SD, median (range) or n (%). * 44 twins are born before 32 weeks of gestation, 18 twins in the ‘abnormal Doppler’ group and 26 
with normal Dopplers during pregnancy. † 126 twins are born after 32 weeks of gestation, 54 twins in the ‘abnormal Doppler’ group and 72 with 
normal Dopplers during pregnancy. ‡ 125 fetuses had registered data with regard to umbilical artery pH, 75 twins in the normal Doppler group 
and 50 with abnormal Doppler findings during pregnancy. § 158 fetuses had registered data with regard to apgarscore, 91 with normal Dopplers in 
both fetuses and 67 with abnormal Dopplers in one or both fetuses. ¶ Adjusted for maternal age. ** Adjusted for gestational age. †† Adjusted for 
gestational age and birth weight. GA, gestational age.
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Table 4 Risks of Adverse Outcome according to the Doppler Findings until or at the Time of the Standard Ultrasound 
Examination.

Time of 
standard 
ultrasound 
examination

Doppler findings 
at or until time of 
standard ultrasound 
examination Ab

so
lu

te
 ri

sk
 o

f 
m

or
ta

lit
y n

 (%
)

Odds ratio of mortality (95% CI)

Absolute 
risk of 
total 
neonatal 
morbidity 
n (%)

Odds ratio of total neonatal 
morbidity (95% CI)

Crude model Adjusted model* Crude model Adjusted model*

28 weeks 
(n=132)

Normal in both twins 
(n = 116)

6 (5) Reference Reference 18 (16) Reference Reference

Abnormal in one or both 
twins (n = 16)

2 (13) 11.50 (3.40-38.86) 0.37 (0.05-3.09) 12 (75) 16.33 (4.74-56..34) 8.74 (1.83-41.80)

30 weeks 
(n=120)

Normal in both twins 
(n = 93)

4 (4) Reference Reference 11 (12) Reference Reference

Abnormal in one or both 
twins (n = 27)

3 (11) 2.78 (0.58-13.29) 8.72 (0.74-102.68) 14 (52) 8.03 (3.00-21.45) 3.13 (0.98-9.94)

32 weeks 
(n=110)

Normal in both twins 
(n = 78)

3 (4) Reference Reference 5 (6) Reference Reference 

Abnormal in one or both 
twins (n = 32)

2 (6) 1.67 (0.27-10.48) 17.51 (0.63-485.27) 12 (38) 8.76 (2.76-27.79) 1.19 (0.27-5.23)

34 weeks 
(n=98)

Normal in both twins 
(n = 68)

3 (4) Reference Reference 2 (3) Reference Reference

Abnormal in one or both 
twins (n = 30)

1 (3) 0.75 (0.08-7.49) 1.12 (0.10-12.83) 7 (23) 10.04 (1.95-51.86) 3.86 (0.55-27.37)

*Adjusted for gestational age and birth weight.

Discussion

Our study showed a slightly increased risk of adverse outcome in cases with at least one 
abnormal Doppler finding in one or both fetuses during the course of pregnancy. The dif-
ference in outcome between the normal and abnormal Doppler groups was due only to 
an increased (major) neonatal morbidity in infants with abnormal Doppler findings born 
beyond 32 weeks of gestation, which was itself largely due to lower birth weight and earlier 
gestational age at delivery. At term, mortality only occurred in the normal Doppler group. 
Gestational age at delivery was 2.5 weeks shorter with consequently lower birth weights 
in twin pregnancies with abnormal Doppler findings. Data were similar when only the last 
ultrasound examination before delivery was taken into account.
Our study is one of very few to determine the risk of adverse outcome according to abnormal 
Doppler findings at time of standard ultrasound during antenatal surveillance of MC twins. 
Due to the low prevalence of MC twins, this study population was relatively small, neces-
sitating a rather wide definition of neonatal morbidity. Data were collected from a tertiary 
hospital and may therefore not be applicable to a general twin population. Furthermore, 
due to the retrospective nature of this study we were only able to investigate the predictive 
value of the PI of the UA. Middle cerebral artery, umbilical vein or ductus venosus PIs were 
only measured when the PI in the UA was abnormal and therefore would have led to an 
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indication bias. Another limitation of this study was that clinicians were not blinded to the PI 
data. Abnormal pulsed Doppler velocimetry findings may therefore have led to earlier inter-
ventions, causing induced preterm delivery with subsequent higher incidence of neonatal 
complications, but with prevention of mortality. Finally, the median interval between last 
Doppler measurement and delivery was only 3 days, but the range varied with an upper limit 
of 17 days. Long intervals were only present in the normal Doppler group, which is in line 
with our protocol. Regarding our conclusion that Doppler measurements were not predic-
tive for outcome beyond 36 weeks of gestation, we therefore have to add that this holds for a 
protocol with one measurement every 2 weeks. It is uncertain if outcome might be improved 
with a higher level of surveillance.
Chorionicity has seldom been taken into account in publications concerning Doppler assess-
ments in twin pregnancies. However, several studies have been performed on Doppler find-
ings in the diagnosis and staging of TTTS83, 92, 93, a unique complication in MC twins, and also 
in predicting (adverse) outcome in the presence of this syndrome83, 84. Pulsatility index of the 
umbilical artery may be increased in both donor and recipient fetuses, probably caused by 
abnormal placental development and polyhydramnios-related compression, respectively92. 
Other investigators have emphasized the usefulness of the differences between pulsatility 
indices of UA in both fetuses. Intertwin differences in the PI from cases of TTTS were signifi-
cantly larger than those without TTTS, which may be caused by haemodynamic imbalance 
in the fetoplacental circulation between the twins93. Doppler assessment has been proven 
not only to be effective in staging pregnancies with TTTS, but also in predicting (adverse) 
outcome in the presence of this syndrome. Absent or reversed end diastolic flow in the 
donor umbilical artery and/or abnormal pulsatility of the venous system in the recipient is 
associated with poor survival of the twin with TTTS84. In our series, however, pregnancies 
complicated antenatally by TTTS were excluded.
There are only two studies on Doppler findings and adverse outcome in MC twin populations 
(with or without signs of TTTS). Gratacos et al. studied Doppler assessment specifically in 
MC pregnancies14, 88 with a study population similar to our own. They found that intermit-
tent absent and/or reversed end-diastolic flow resulted from the existence of large arterio-
arterial anastomoses. There was an increased incidence of this Doppler-phenomenon in 
pregnancies with selective IUGR, a subgroup with an elevated risk of IUD of the smaller twin 
and neurological damage in the larger twin. Although we found an increased risk of adverse 
outcome in cases with at least one abnormal Doppler finding during pregnancy, we could 
not relate our findings to intermittent flow patterns, since that was not recorded.
In all other studies on Doppler and twin pregnancies no distinction was made between MC 
and DC twins. In two of these studies the last Doppler measurement taken before delivery 
was investigated as we did85, 87, in 206 and 207 (including triplets) fetuses, respectively. 
Gestational age and birth weight were significantly lower in twins with abnormal Doppler 
assessment directly before delivery, which is in line with our results. In one study a higher 
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incidence of stillbirth occurred in the abnormal Doppler group87, which is also consistent 
with our results. In the other study no relationship was found between abnormal Doppler 
and perinatal mortality, probably due to small numbers85.
In another study perinatal mortality and neonatal intensive care requirements were com-
pared before and after the introduction of Doppler assessment into standard antenatal sur-
veillance protocol in 165 MC and DC twin pairs86. There was a decrease in perinatal mortality 
and reduction in number of infants requiring neonatal intensive care after the introduction 
of Doppler assessments. These investigators also compared outcome of twin pregnancies 
with normal and abnormal Doppler findings (between 28 and 32 weeks of gestation), and 
found that twins with abnormal Doppler were born earlier and weighed less than twins 
with normal Doppler findings . The proportion of twins admitted to neonatal intensive care 
units was also larger in twins with abnormal Doppler findings. This is in agreement with our 
results. However, a randomized controlled trial to assess the additional value of UA Doppler 
ultrasound added to standard ultrasound biometry measurements in the management of 
twin pregnancies showed no difference in fetal mortality between the Doppler and no Dop-
pler group94. As discussed before, all these studies included both MC and DC twins, without 
a distinction between the two entities.
We analyzed the incidence of mortality and total neonatal morbidity at the time of standard 
ultrasound screening. In this manner, we were able to estimate the risk of adverse outcome 
at several points in time during pregnancy. At the time of standard screening, the PI of 
the UA at that time point or prior to that moment was used to estimate the risk of adverse 
outcome. Our data showed a higher risk of mortality if at least one abnormal Doppler was 
present before 30 weeks of pregnancy (Table 4). The risk of total neonatal morbidity was 
high in fetuses with abnormal Doppler findings that were born after 32 weeks of gesta-
tion. Interestingly, no adverse outcome (mortality or major neonatal morbidity) was present 
from 36 weeks onwards in the abnormal Doppler group. On the contrary, four out of 48 
fetuses with normal Doppler findings died during the perinatal period. Apparently, normal 
Doppler findings at term do not guarantee favourable outcome in MC twins, as has been 
shown earlier by Barigye et al.9, and might wrongly reassure clinicians of fetal well-being. 
It needs to be investigated if a closer surveillance including Doppler measurement of vari-
ous vessels once or twice a week may improve outcome. Absence of mortality in the group 
with abnormal Dopplers suggests that timely intervention had occurred. To the best of our 
knowledge, there are no other studies published concerning this clinically important risk 
estimation throughout pregnancy.
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Conclusion

In summary, publications on the use of Doppler velocimetry in MC twins are limited to this 
study and those by Gratacos et al. We did not find an increased mortality in case of abnor-
mal PI of the umbilical artery, which might be due to timely intervention. However, after 32 
weeks of gestation morbidity was increased, most likely due to induced preterm delivery 
and consequently lower birth weights. At term, mortality was only present in the group with 
normal Doppler findings, suggesting that fetal surveillance is insufficient in uncomplicated 
term MC twins. Prospective studies should also include Doppler assessment of the middle 
cerebral artery, umbilical vein and/or ductus venosus to investigate the optimal method of 
antenatal surveillance.
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Abstract

Objective: To study placental characteristics in relation to perinatal outcome in 150 pairs of 
monochorionic diamniotic (MCDA) twins.
Methods: Between January 1998 and January 2007 150 pairs of MCDA twins were delivered 
in the University Medical Center Utrecht, The Netherlands. Mortality, neonatal morbidity 
and birth weight discordancy were studied in relation to type of anastomoses, type and dis-
tance between cord insertions and placental sharing.
Results: From 14 weeks onwards, there were 45 (15.0%) perinatal deaths. We found no 
clear relationship between perinatal mortality and type of anastomoses, distance between 
cord insertions and placental sharing. Perinatal mortality was significantly increased in 
the presence of velamentous cord insertion (OR 3.65, 95% CI 1.83-7.28) and occurred more 
often in twins with a small distance between both cord insertions. Data concerning neonatal 
morbidity were similar. TTTS occurred predominantly in the presence of arterio-venous (AV) 
anastomoses without compensating superficial AA-anastomoses (p = 0.005) and occurred 
more frequently in the presence of velamentous cord insertion (OR 1.79, 95% CI 0.94-3.44). 
Twins with unequal shared placentas had significantly more often severe birth weight dis-
cordancy, although only in the presence of AA-anastomoses (OR 4.09, 95% CI 1.74-9.63). 
If AA-anastomoses were absent in the unequally shared placenta, there was no relation 
between severe birth weight discordancy and unequal sharing of the placenta (OR 1.06, 95% 
CI 0.08-13.52).
Conclusions: In MCDA twins, placental characteristics determine perinatal outcome, 
occurrence of TTTS and fetal growth. Prenatal identification of these characteristics by 
ultrasound may alter counselling and intensity of pregnancy surveillance.
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Introduction

Perinatal mortality and morbidity is higher in monochorionic (MC) twin pregnancies than 
in dichorionic (DC) twin pregnancies51. The higher mortality in MC twins is attributed to 
the effects of placental morphologic characteristics. Placental vascular anastomoses, 
which are nearly always present, can cause interfetal transfusion. Twin-to-twin transfu-
sion syndrome (TTTS) results from haemodynamic imbalance between these anastomo-
ses. Several studies have shown that TTTS occurs due to the presence of unidirectional 
deep arteriovenous (AV)-anastomoses and a lack of bidirectional superficial compensatory 
arterio-arterial (AA)-anastomoses52, 95-97. TTTS will develop in 10-15% of MC gestations and 
has a poor outcome, particularly if untreated. However, intrauterine death (IUD) and neuro-
logical damage as a consequence of ischemia caused by changes in blood pressure due to 
interfetal transfusion may also occur in MC pregnancies without antenatal signs of TTTS. 
Following single-twin death, perinatal mortality and morbidity for the surviving co-twin 
is higher in MC twins than in DC twins. Consequences to the surviving co-twin are usually 
profound, including co-twin death, survival with cerebral impairment or preterm delivery 
with its sequelae. Even in the absence of single-twin death, neurological damage may be 
found14, 88.
Placental vascular anastomoses, unequal placental sharing and abnormalities in umbilical 
cord insertions (UCI) 52, 98-100 are associated with fetal growth and birth weight discordancy, 
the latter being a major contributor to unfavourable perinatal outcome in MC twins. Dis-
cordant growth has been associated with an increased risk for perinatal death in twins6.
Apart from the association with discordant growth of the MC twin, abnormal UCI is also 
related to perinatal mortality and the occurrence of TTTS99, 101.
It was our objective to evaluate placental characteristics in MC twins in relation to perinatal 
outcome, including neonatal morbidity. To the best of our knowledge, neonatal morbidity in 
MC twins has not been related to placental architecture before.

Materials and methods

Between January 1998 and January 2007 153 pairs of monochorionic diamniotic (MCDA) 
twins were delivered in the University Medical Center Utrecht, The Netherlands. Three pla-
centas were fragmentated. Placental characteristics could not be studied in these placen-
tas and therefore they were not included in this series. All other placentas were suitable 
for detailed analysis. The following anatomic variables were recorded for each placenta: 
number and type of anastomoses, type of cord insertion (central, paracentral, marginal or 
velamentous), distance between cord insertions and the relative distribution of the placen-
tal territories. Each umbilical cord was labeled at delivery to identify the twin from whom it 
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originated. Monochorionicity was confirmed after delivery by histopathological examination 
of the placenta and dividing membranes.
Gestational age was calculated from the first day of the last menstrual period confirmed 
by first trimester ultrasound or from the day of oocyte transfer in pregnancies in case of 
assisted reproduction. All MC twin gestations were monitored according to a standard pro-
tocol, which consisted of a first trimester determination of chorionicity, a detailed anomaly 
scan at 20 weeks of gestational age, and regular ultrasound assessment of growth, amnio-
tic fluid volume and Doppler of the umbilical artery at least at 20, 24 and 28 weeks and 
fortnightly thereafter. The diagnosis of TTTS was made by standard prenatal ultrasound 
criteria. Subjects with either nonreassuring fetal findings (e.g. severe birth weight discor-
dancy) or with maternal complications were submitted to frequent but at least twice weekly 
maternal-fetal evaluations that were performed during hospitalization or during visits at an 
outpatient clinic setting. Elective delivery (i.e. induction of labour or caesarean section) was 
offered around 37 weeks.
After delivery, placental injection studies were performed generally within three days after 
delivery (Figure 1). Occasionally, placentas were stored for seven days at 4° Celsius; quality 
of these placentas was still good enough to evaluate vascular anastomoses and microscopy. 
The staff was instructed to store the placentas unfixed. We did not have any (injection-) 
problems with placentas of pregnancies complicated by intrauterine death of one or both 
infants. In general, time range between death of one or both infants and delivery of these 
infants is quite short. Vessels of the chorionic plate are therefore not obliterated yet and 
injection study can be performed without loss of information. Veins and arteries of both 
cords were canulated successively with a 1-4 mm large umbilical catheter; sequence of 
injection of both placental shares is arbitrary. Veins and arteries were flushed with water 
with a 50 ml syringe to flush out the blood. Veins and arteries were canulated again, a string 
was placed around the vessel and tightened around the canula to prevent backflow and 
leakage of dye out of the vessel, and the vessels were injected with different dyes (WAK 
Chemicals); the veins were injected first with a light coloured dye (yellow or orange) and 
subsequent the arteries were injected with black or blue. In case of a venovenous (VV)-
anastomosis only one vein was canulated and in case of an AA-anastomosis only one artery 
was canulated. Since the venous or arterial system of the second twin will automatically fill 
in case of the presence of a VV-anastomosis or an AA-anastomosis respectively, there is no 
need to cannulate the venous or arterial system of this twin. In the rare case of an absent 
anastomosis of Hyrtle both arteries of the same cord were canulated. Size and number of 
anastomoses were documented. An AA-anastomosis was defined as a superficial connec-
tion between two arteries of both placental shares. A VV-anastomosis was defined as a 
superficial connection between two veins of both placental shares. An AV-anastomosis is 
a connection between an artery, which perfuses a cotyledon, and a vein (via this vein the 
artery drains towards the other twin); both vessels perforate the chorionic plate through 
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the same foramen. The differentiation between the varying anastomoses was made by 
visual inspection (see Figure 1). The placenta was weighed. After the injection study, the 
placenta was divided at the vascular equator. The percentage of placental territory was 
calculated by dividing the weight of each individual placental territory by total placental 
weight. Equal placental sharing was defined as 40-60% of placental weight attributed to 
each twin. Unequal placental sharing was defined as one twin receiving blood from >60% of 
the placenta102. UCIs were described as (para)central, marginal or velamentous. (Para)cen-
tral UCI is defined as an insertion into the disc of the placenta. Marginal UCI is defined as an 
insertion within 1 cm of the disc edge and velamentous insertion is an insertion directly into 
the membranes. The distance between both umbilical cord insertions was measured. In 
case of detailed analysis of vascular anastomoses, laser-coagulated TTTS placentas were 
excluded (n = 5), as the number of grossly identifiable anastomoses has been shown to be 
significantly reduced after laser ablation with absent anastomoses in most cases. Laser-
coagulated placentas were included in all other analyses.
Stillbirth was defined as an IUD of a fetus with a birth weight of >500 g and/or ≥20 weeks 
of gestation. Early neonatal mortality was defined as the death of an infant during the first 
7 days of life and late neonatal death (NND) when the infant died between 8 and 28 days 
after birth. Total perinatal mortality was defined as IUD or early or late NND of one or both 
infants. Major neonatal morbidity was defined as presence of any of the following complica-
tions: intraventricular haemorrhage grade III-IV (IVH), periventricular leukomalacia (PVL) 
and/or necrotising enterocolitis (NEC). Birth weight discordancy was calculated as a per-
centage of the weight of the heaviest twin. Severe birth weight discordancy was defined as 
a birth weight difference of ≥20% of the larger twin’s weight.
Statistical analysis was performed with the SPSS statistical package 12.0. Differences 
between categorical variables were analysed by Chi-square tests. Logistic regression was 
used to evaluate the relation between perinatal outcome (mortality, neonatal morbidity and 
birth weight differences) and the various placental characteristics. Possible confounders 
were adjusted for by logistic regression. P-values <0.05 (two-sided) were considered to 
indicate statistical significant differences.
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Figure 1 (A-D) Monochorionic Placentas after Injection with Dye. The Veins are Colored Yellow or Orange and the 
Arteries are Black or Blue. The White and Black Arrows Indicate AV-anastomoses. The White Arrow 
Heads Indicate VV-anastomoses and the Black Arrow Heads Indicate AA-anastomoses.



P
la

ce
nt

al
 c

ha
ra

ct
er

is
tic

s 
of

 m
on

oc
ho

ri
on

ic
 d

ia
m

ni
ot

ic
 tw

in
s

71

(A) Placenta of MC twin without TTTS, delivered at 36+6 weeks of gestation. Twin I (birth weight 2575 g) has a paracentral cord 
insertion and a placental territory of 51%, whereas twin II (birth weight 2810 g) has a paracentral cord insertion and a 
placental territory of 49%.

(B) Placenta of MC twin with selective intrauterine growth restriction (IUGR). Caesarean section at 32 weeks of gestation after 
determination of lung maturity. Twin I (birth weight 1395 g) has a velamentous cord insertion and a placental territory of 28%, 
whereas twin II (birth weight 1790 g) has a paracentral cord insertion and a placental territory of 72%.

(C) Placenta of MC twin with mild TTTS. Caesarean section at 32 weeks of gestation. Twin I (ex-recipient with birth weight of 
1645 g, haemoglobin 20.2 g/dL) has a paracentral cord insertion and a placental territory of 82%, whereas twin II (ex-donor 
with birth weight of 1230 g, haemoglobin 12.6 g/dL) has a paracentral cord insertion and a placental territory of 18%.

(D) Placenta of MC twin with TTTS. Caesarean section at 31+5 weeks for signs of anaemia in donor twin. Twin I (birth weight 1585 g, 
haemoglobin 5.4 g/dL) has a marginal cord insertion and a placental territory of 65%, whereas twin II (birth weight 1960 g, 
haemoglobin 23.8 g/dL) has a velamentous cord insertion and a placental territory of 35%.

Results

150 MC placentas were examined. Thirty pregnancies were complicated by antenatal signs 
of TTTS (20.0%), of which five were treated by laser occlusion of the placental vascular 
anastomoses; ten were treated by serial amniodrainage. The overall perinatal loss rate was 
15.0%. Three pregnancies were terminated in the first trimester for congenital malforma-
tion (n = 2) or early TTTS (n = 1). Median gestational age at delivery was 34+0 weeks (range: 
14+0 to 40+1 weeks), Table 1.

Table 1 Characteristics of Monochorionic Twin Pregnancies (Study Population).

No. of pregnancies 150

Gestational age at delivery (median, range) 34+0 weeks (14-40+1)

Birth weight (g), mean ± SD 1953 ± 800

Birth weight discordancy (%), median and range 11 (0-46)

Pregnancies with discordancy, n (%)a 41 (27.3)

Pregnancies affected by TTTS, n (%) 30 (20.0)

treated with laser surgery, n(%) 5 (16.6)

treated with serial amniodrainage, n (%) 10 (33.3)

Perinatal loss rate (per infant), n (%) 45 (15.0)

pregnancies complicated by single death, n (%) 15 (10.0)

pregnancies complicated by double death, n (%) 15 (10.0)

Major neonatal morbidityb

One infant affected, n (%) 16 (10.7)

Both infants affected, n (%) 6 (4.0)
a Discordancy is defined as a birth weight difference of ≥20% of the larger twin’s birth weight.
b Major neonatal morbidity is defined as the presence of any of the following complications: intraventricular haemorrhage grade III-IV (IVH), 

periventricular leukomalacia (PVL) and/or necrotising enterocolitis (NEC).
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Table 2 Types of Anastomoses.

Totala  

n = 145
TTTSa  

n = 25
Non-TTTS  
n = 120

AV (one direction), n (%) 26 (17.9%) 5 (20.0%) 21 (17.5%)

Absence of superficial anastomoses 1 0 1

Only AA present 16 4 12

Only VV present 2 0 2

Both AA and VV present 7 1 6

AV-VA (both directions), n (%) 112 (77.2%) 20 (80.0%) 92 (76.7%)

Absence of superficial anastomoses 16 7 9

Only AA present 81 10 71

Only VV present 1 1 0

Both AA and VV present 14 2 12

No AV-anastomoses, n (%) 7 (4.8%) 0 7 (5.8%)

Absence of superficial anastomoses 4 0 4

Only AA present 2 0 2

Only VV present 0 0 0

Both AA and VV present 1 0 1

Notes: The numbers in each cell refer to the number of placentas that had that combination of anastomoses.
a Laser-coagulated TTTS placentas were excluded, as the number of grossly identifiable anastomoses has been shown to be significantly reduced 

after laser ablation, leaving 145 placentas in analysis.

After exclusion of laser-coagulated TTTS placentas (n = 5), vascular anastomoses were 
present in 141 of 145 placentas (97.2%). The majority of the placentas had AV-anastomoses 
(138 out of 145, 95.2%), either with blood flow in both directions (81.2%) or in one direction 
(18.8%). In placentas of pregnancies complicated by TTTS AV-anastomoses were always 
present, whereas in 5.8% of non-TTTS placentas no AV-anastomoses were found (p = 0.604), 
Table 2. Further details on placental angioarchitecture in MC placentas are shown in Table 2. 
Most cord insertions were (para)-central (52%). The overall incidence of velamentous cord 
insertion was 20%. Median intercord distance was 15 cm (range: 2 to 26 cm). Table 3 shows 
the relation between placental angioarchitecture and perinatal mortality. We found no clear 
relationship between mortality and type of anastomoses, distance between cord insertions 
and placental sharing. In case AA-anastomoses were present, 7% of pregnancies were 
complicated by single death compared to 11% of pregnancies complicated by death of both 
infants (p = 0.345). In the presence of VV-anastomoses, the incidence of single and double 
fetal death was 12% and 8%, respectively (p = 0.790). In placentas without anastomoses (n = 
4) none of the infants died.
TTTS was most likely to develop in the presence of AV-anastomoses without compensating 
superficial AA-anastomoses. Forty-three percent of pregnancies with AV-anastomoses and 
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no AA-anastomoses were complicated by TTTS as compared to 14.4% in case AA-anastomo-
ses were present (p = 0.005). In 40% of pregnancies affected by TTTS single or double fetal 
loss occurred. TTTS occurred more often in the presence of velamentous cord insertion 
(OR 1.79, 95% CI 0.94-3.44). Mean birth weight was significantly lower when a velamentous 
insertion was present (1727±920 g and 2000±916 g, respectively; p = 0.04). Perinatal mortal-
ity was significantly increased in the presence of velamentous cord insertion (OR 3.65, 95% 
CI 1.83-7.28, Table 3), especially if placental territories were also unequally shared. In the 

Table 3 Placental Characteristics of Monochorionic Twins in Relation to Mortality.

Mortality of one or both infants

n (%) p-value OR (95% CI)

Vascular anastomosesa

AA Absent (n=24) 6 (25)
0.411 0.67 (0.24-1.87)

Present (n=121) 22 (18.2)

VV Absent (n=120) 23 (19.2)
1.000 1.05 (0.36-3.11)

Present (n=25) 5 (20)

Umbilical cord
a) insertion (per fetus)b

velamentous No (n=238) 25 (10.5)
<0.001 3.65 (1.83-7.28)

Yes (n=60) 18 (30.0)

marginal No (n=214) 39 (16.4)
0.146 0.54 (0.24-1.22)

Yes (n=84) 8 (10.5)

(para)central No (n=144) 26 (18.1)
0.100 0.56 (0.29-1.09)

Yes (n=154) 17 (11.0)

b) distance between both umbilical cords c

<15 cm (n=73) 16 (21.9)
0.668 1.45 (0.63-3.33)

≥15 cm (n=74) 12 (16.2)

Placental weight (quartiles)

<560 g (n=39) 19 (48.7) 16.15 (3.40-76.72)

560-714 g (n=38) 6 (15.8) 3.19 (0.60-16.96)

715-899 g (n=37) 3 (8.1) 1.50 (0.24-9.55)

≥900 g (n=36) 2 (5.6) reference

Placental sharing

equal sharing (n=96) 15 (15.6)
0.132 1.94 (0.85-4.41)

unequal sharing (n=53) 14 (26.4)

Notes: p-values apply to analyses by Chi-square test.
a Laser-coagulated TTTS placentas were excluded, as the number of grossly identifiable anastomoses has been shown to be significantly reduced 

after laser ablation, leaving 145 placentas in analysis. Two laser-coagulated TTTS pregnancies were complicated by death of one infant.
b Two missing values.
c Three missing values.
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presence of a velamentous cord insertion, individual placental territory was significantly 
smaller than placental territories with normal UCIs and there was an association between 
velamentous insertion and a higher incidence of unequally shared placentas.
Table 4 shows the relation between major neonatal morbidity (IVH, PVL and/or NEC) and 
placental characteristics. We found no clear relationship between morbidity and type of 
anastomoses, type and distance between cord insertions and placental sharing, which was 

Table 4 Placental Characteristics of Monochorionic Twins in Relation to Major Neonatal Morbidity 
(IVH, PVL and/or NEC).

one or both infants affected by major neonatal morbiditya

n (%) p-value OR (95% CI)

Vascular anastomosesb

AA Absent (n=23) 6 (26.1)
0.228 0.51 (0.17-1.49)

Present (n=105) 16 (15.2)

VV Absent (n=106) 19 (17.9)
0.764 0.72 (0.19-2.69)

Present (n=22) 3 (13.6)

Umbilical cord
a) insertion (per fetus)

velamentous No (n=223) 22 (9.9)
0.595 1.37 (0.52-3.60)

Yes (n=46) 6 (13.0)

marginal No (n=190) 23 (12.1)
0.192 0.49 (0.18-1.34)

Yes (n=79) 5 (6.3)

(para)central No (n=125) 11 (8.8)
0.549 1.39 (0.62-3.09)

Yes (n=144) 17 (11.8)

b) distance between both umbilical cordsc

<15 cm (n=64) 9 (14.1)
0.635 0.74 (0.29-1.89)

≥15 cm (n=66) 12 (18.2)

Placental weight (quartiles)

<560 g (n=26) 10 (38.5) not applicable

560-714 g (n=34) 9 (26.5) not applicable

715-899 g (n=37) 3 (8.1) reference

≥900 g (n=35) 0 not applicable

Placental sharing

equal sharing (n=90) 14 (15.6)
0.623 1.28 (0.49-3.33)

unequal sharing (n=42) 8 (19.0)

Notes: p-values apply to analyses by Chi-square test.
a Only live-born children (stillborn infants excluded).
b Laser-coagulated TTTS placentas were excluded, as the number of grossly identifiable anastomoses has been shown to be significantly reduced 

after laser ablation, leaving 145 placentas in analysis.
c Two missing values.
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comparable to the data concerning mortality in the presence of these placental character-
istics.
Twins with unequal shared placentas had significantly more often severe birth weight dis-
cordancy (Table 5). In 19.8% of cases with equal placental sharing, there was a birth weight 
discordance of ≥20% compared to 42.3% of cases with unequal shared placentas (p = 0.01). 
This relation was only demonstrated in the presence of AA-anastomoses (OR 4.09, 95% CI 

Table 5 Placental Characteristics of Monochorionic Twins in Relation to Birth Weight Discordancy ≥20% of the Larger 
Twin’s Birth Weight.

Birth weight discordancy ≥20% of the larger twin’s birth weight

n (%) p-value OR (95% CI)

Vascular anastomosesa

AA Absent (n=24) 8 (33.3)
0.467 0.72 (0.28-1.84)

Present (n=121) 32 (26.4)

VV Absent (n=120) 34 (28.3)
0.807 0.80 (0.29-2.17)

Present (n=25) 6 (24.0)

Umbilical cord
a) insertion (per fetus)

velamentous No (n=236) 59 (25.0)
0.052 1.86 (1.03-3.39)

Yes (n=60) 23 (38.3)

marginal No (n=223) 69 (32.4)
0.004 0.39 (0.20-0.75)

Yes (n=83) 13 (15.7)

(para)central No (n=143) 36 (25.2)
0.366 1.28 (0.77-2.13)

Yes (n=153) 46 (30.1)

b) distance between both umbilical cordsb

<15 cm (n=72) 24 (33.3)
0.138 1.81 (0.87-3.80)

≥15 cm (n=74) 16 (21.6)

Placental weight (quartiles)

<560 gram (n=38) 13 (34.2) 3.22 (1.01-10.27)

560-714 gram (n=38) 17 (44.7) 5.02 (1.60-15.70)

715-899 gram (n=37) 6 (16.2) 1.20 (0.33-4.35)

≥900 gram (n=36) 5 (13.9) reference

Placental sharing

equal sharing (n=96) 19 (19.8)
0.007 2.97 (1.41-6.26)

unequal sharing (n=52) 22 (42.3)

Notes: p-values apply to analyses by Chi-square test.
a Laser-coagulated TTTS placentas were excluded, as the number of grossly identifiable anastomoses has been shown to be significantly reduced 

after laser ablation, leaving 145 placentas in analysis.
b Three missing values.
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1.74-9.63). In unequally shared placentas without AA-anastomoses, there was no relation 
with severe birth weight discordancy (OR 1.06, 95% CI 0.08-13.52). Twins with severe birth 
weight discordancy were at higher risk of perinatal mortality than twins with concordant 
growth (OR 1.89, 95% CI 0.63-5.68). Mean total placental weight was 111 g (95% CI 24-197 g) 
higher in concordant twins compared to discordant twins. The risk of severe birth weight 
discordancy was significantly increased in the presence of a velamentous or marginal cord 
insertion of one of the infants.

Discussion

This is the largest cohort of MCDA twin pregnancies published to date, in which placental 
characteristics were studied in relation to perinatal outcome, including neonatal morbidity. 
Placental morphologic characteristics are a major contributor to the high perinatal 
mortality and neonatal morbidity in MC twins. In our series, we found no significant asso-
ciation between the various placental morphologic characteristics and perinatal mortality 
and neonatal morbidity, except for a higher incidence of mortality in the presence of a 
velamentous cord insertion. The occurrence of TTTS was related to the placental vascular 
anatomy and type of umbilical cord insertion. Birth weight discordancy of ≥20% occurred 
more frequently in infants with unequal shared placentas, but only if AA-anastomoses were 
present.
Data were collected from a tertiary hospital, which also acts as a referral center for compli-
cated pregnancies, and may therefore not be applicable to a general twin population. To the 
best of our knowledge, neonatal morbidity has not been related to placental architecture 
before. However, due to the relatively small numbers we had to use a rather wide definition 
of neonatal morbidity (‘composite’ major neonatal morbidity was defined as the occurrence 
of IVH, PVL and/or NEC).
Significant more cases with antenatal signs of TTTS occurred in pregnancies with AV-
anastomoses without superficial AA-anastomoses as compared to pregnancies with AV-
anastomoses and AA-anastomoses present, which is in accordance to other studies52, 95-97. 
AA-anastomoses or opposite AV-anastomoses protect against haemodynamic disequilib-
rium and hence to the development of TTTS by allowing intertwin blood flows95, 103, 104.
We found that death of both infants was more likely to occur in the presence of AA-anasto-
moses and there was a higher probability of single death in the presence of VV-anastomoses. 
Following single fetal death, blood volume can shift rapidly through the AA-anastomoses 
from the surviving twin towards its deceased co-twin, causing acute exsanguination and 
subsequent death of the second twin. In case of VV-anastomoses in pregnancies with single 
fetal demise, there is little flow between the deceased twin and the survivor due to the low 
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pressure gradient along these anastomoses, thereby preventing exsanguination of the sur-
viving twin105.
Velamentous cord insertions are rare in singleton placentas (2%), but far more common in 
DC (7%) and particularly in MC twin placentas (12%)106. We found an almost 20% incidence of 
velamentous UCI, which confirms earlier observations99, 100, 107. Velamentous cord insertion 
is thought to be related to the development of TTTS, although contradictory observations 
have been published96, 99, 101, 107. Machin99 reported that roughly 30% of twins with velamen-
tous cord insertion have TTTS, which is in line with our results. There was a trend towards a 
higher incidence of birth weight discordancy in the presence of velamentous UCI compared 
to the presence of normal placental cord insertions, which has also been found by others100. 
This can largely be explained by the higher incidence of unequal sharing of placental ter-
ritories in the presence of a velamentous cord insertion.
In agreement with Fick and co-workers102 and Lewi et al.108, we found that infants with 
un equally shared placentas were at higher risk of severe birth weight discordancy than 
infants with equally shared placental territories. However, in our study this relationship 
was only found in the presence of AA-anastomoses. These anastomoses tend to preserve 
haemodynamic equilibrium with equal distribution of nutrients and oxygen to both fetuses. 
In these cases, placental sharing determines fetal growth discordancy; the smaller part of 
the placenta belongs to the smaller fetus. In the absence of compensatory AA-anastomo-
ses, vascular anatomy (i.e. AV-anastomoses) will dominate placental sharing in its influence 
on fetal growth52, 103, 109; in this case the recipient receives most of the blood and will grow 
faster. Our data also show that a small distance between both UCIs and abnormal UCIs are 
associated with discordant growth, but this may be caused by the relation with unequal 
placental sharing of both infants102.

Conclusion

In summary, placental characteristics determine perinatal outcome, occurrence of TTTS 
and fetal growth. Nowadays, placental cord insertion, as an indicator for (adverse) perinatal 
outcome, can reliably be identified with ultrasound examination95, 110. Colour Doppler energy 
insonation of the placental vasculature may be useful by detection of AA-anastomoses in 
future practice. Prenatal identification of these characteristics may alter counselling and 
intensity of surveillance of the pregnancy.
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Abstract

Objective: To investigate long-term neurodevelopmental outcome in monochorionic (MC) 
and dichorionic (DC) twins.
Methods: This was a prospective cohort study. Cerebral palsy (CP) was studied in 100 MC 
twin pairs and 98 DC twin pairs and a subgroup of 151 twin pairs without CP was tested with 
the Griffiths Mental Developmental Scales at 22 months corrected age, all born between 
January 2005 and January 2006 in nine perinatal centers in The Netherlands.
Results: Four MC infants had CP (2.1%); two of the four CP-cases were due to complications 
specific to MC twin pregnancies (twin-to-twin transfusion syndrome (TTTS) and co-twin 
death) and the other two cases of CP were the result of cystic periventricular leukomalacia 
(PVL) after preterm birth. One sibling of a DC twin had CP (0.5%) of unknown origin. The 
majority of 2-year-old twins had normal developmental status. There were no significant 
differences between MC and DC twins. One MC infant (0.7%) had a developmental delay 
compared to 6 DC infants (4.2%; p = 0.064). Birth weight discordancy did not influence long-
term outcome, though the smaller twin had slightly lower DQ-scores than its larger co-
twin.
Conclusions: CP occurred more frequently in MC twins and was mainly due to complica-
tions specific to MC twin pregnancies (TTTS and co-twin death). There were no significant 
differences in neurodevelopmental outcome between MC and DC twins. Outcome of MC 
twins is favourable in the absence of TTTS or co-twin death.
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Introduction

Monochorionic (MC) twins are at increased risk for perinatal mortality and serious morbidity 
compared to dichorionic (DC) twins51. The risk of cerebral palsy (CP) is increased among 
twins, which is mainly attributable to common complications in twin pregnancies such as 
preterm delivery and low birth weight111. However, several studies on birth weight specific 
CP prevalence have shown that the prevalence of CP is also higher in normal birth weight 
twins and is specifically associated with monochorionicity111-113. MC twin pregnancies com-
plicated by intrauterine death of the co-twin or twin-twin transfusion syndrome (TTTS) carry 
a high risk of neurological impaired outcome due to cerebral ischaemia as a consequence 
of haemodynamic imbalance in the presence of placental vascular anastomoses7, 8, 114. How-
ever, even in the absence of either TTTS or single intrauterine fetal death, the occurrence 
of cranial ultrasound abnormalities and neuromorbidity is increased in (preterm) MC twins 
compared to DC twins38, 115-117. Cerebral injury can be secondary to haemodynamic disor-
ders during pregnancy or from postnatal injury associated with prematurity and low birth 
weight115, 116 52, 61. Although long-term outcome has been studied extensively in TTTS118-129 and 
co-twin death survivors7, 8, 130, only a few studies investigated long-term outcome in MC and 
DC twin cohorts in general38, 117. In this prospective study, we therefore investigated long-
term neurodevelopmental outcome of MC and DC twins at two years of age.

Material and Methods

All MC twin pregnancies delivered between January 2005 and January 2006 in nine peri-
natal centers in The Netherlands, all tertiary referral centers with neonatal intensive care 
units (NICUs), were recorded. During the study period, 111 MC twin pairs were born in these 
hospitals. Eleven twin pregnancies were complicated by death of both infants. Therefore, 
100 MC twin pairs with at least one survivor were eligible for this prospective follow-up 
study. Eight of the MC twins were monoamniotic. Perinatal mortality data of these twins 
are reported separately in a large cohort, collected over a longer time period (Chapter 4). 
A group of 98 DC twins was matched for gestational age at delivery, gender, birth weight, 
ethnicity of the mother and study center. A total of 198 twins were invited for follow-up at the 
(corrected) age of 22 months.
The study was approved by the institutional review board of the UMC Utrecht, and local 
permission was obtained in the other centers. Study participation by written consent was 
obtained from the parent(s). All twins were identified from the electronical databases of 
each hospital. We checked the medical charts to assess chorionicity. Chorionicity was 
determined on the basis of first-trimester ultrasound assessment and/or postpartum 
pathological examination of placentas and intertwin membranes. DC twins with unlike-sex 
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pairs were excluded. The diagnosis of TTTS was made antenatally by standard ultrasound 
criteria59, 83. Twins were considered discordant if the intertwin difference in birth weight, 
expressed as a percentage of the weight of the heaviest twin, was ≥20%.
Information on the occurrence of CP was obtained from all children. The diagnosis of CP 
was made according to standard criteria131. In case the developmental test could not be 
performed (due to lost-to-follow-up or non-participation) physical and neurological status 
was obtained from the attending paediatrician of the non-participants to be able to report 
the study population based incidence of CP. In the five cases where no follow-up data were 
available from a paediatrician, we assumed that children free of any complications related 
to CP, such as intraventricular haemorrhage (IVH) and periventricular leukomalacia (PVL), 
did not develop major neurological morbidity (i.e. CP).
The participants were tested with the Griffiths Mental Developmental Scales132 by one 
single certified observer (KH) at a (corrected) age of 22 months and growth parameters 
(weight, height and head circumference) were measured. Infants with CP were excluded, 
since some Griffiths subscales can not be reliably interpreted in case of motor disabilities. 
The Griffiths Test investigates motor and mental development and detects possible delay 
or disability. A developmental quotient (DQ) of 100 is considered as the mean score. Mild 
developmental delay was defined as a DQ score between 68 and 84 (1-2 SD below the mean) 
and severe developmental delay was defined as a DQ of more than 2 SD below average 
(DQ ≤68). Reported incidences of developmental delay (as defined above) and DQ-scores 
are based on the results of the Griffiths Test of the participating infants. The Health Status 
Classification System Preschool (HSCS-PS) questionnaire was completed by the parents 
before testing133.
Statistical analysis was performed with the SPSS 12.0 statistical package. Continuous vari-
ables were compared by independent Student t-testing if normally distributed or otherwise 
by means of Mann Whitney U testing. Categorical variables were compared by Fisher’s exact 
test. Linear regression was used to estimate mean differences of the DQ-scores accord-
ing to chorionicity and donor or recipient of a TTTS-twin. These mean differences were 
adjusted for possible confounders. Statistical significance was based on two-sided tests 
with a cut-off level of 0.05.

Results

During the study period 198 twin pairs were approached for this prospective follow-up study 
(189 MC and 189 DC long-term survivors). In forty-seven twin pairs the developmental test 
could not be performed, either due to being lost-to-follow-up (8 MC and 10 DC twin pairs) 
or parents did not approve participation (14 MC and 15 DC twin pairs). Data on follow-up of 
34 non-participating twin pairs could be obtained from their paediatricians. Eight twin pairs 
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did not have an attending paediatrician, since they were born at term and did not have any 
(developmental) problems. In five cases no follow-up data were retrieved; since none of 
these children had any major (neurological) complications during their neonatal period, we 
assumed that they did not develop CP. Characteristics of children who were tested by the 
Griffiths Test and non-participators did not substantially differ, except for a higher propor-
tion of preterm born infants in the DC non-participators group.

Cerebral Palsy (CP)
Four out of 189 long-term MC survivors (2.1%) and one out of 189 long-term DC survivors 
had CP (0.5%; OR 4.1, 95% CI 0.5-36.7). Two MC infants had CP due to complications spe-
cific to MC twin pregnancies. In one case fetal death of the smaller co-twin occurred at 26 
weeks of gestation most likely due to placental insufficiency, with subsequent very preterm 
delivery of the surviving twin. This boy had a severe IVH (grade III) with posthaemorrhagic 
ventricular dilatation and atrophy of brain tissue and developed spastic diplegia. In the other 
case, the pregnancy was complicated by TTTS (Quintero stage III) with laser coagulation of 
the connecting placental vascular anastomoses. Both infants were delivered at 37 weeks 
of gestation. The recipient showed normal development in contrast to the donor twin. The 
antenatal ultrasound of the brain showed echogenicity. The MRI after birth showed general-
ized cerebral atrophy and signs of an old haemorrhage in the periventricular area and in the 
basal ganglia. The other two MC infants with CP were born very preterm (both at 28 weeks 
of gestation with normal birth weight, two different pregnancies) and both developed spas-
tic quadriplegia as a result of cystic PVL. The cause of CP in the infant of the DC group (born 
at 31 weeks of gestation) is currently unknown, but may be genetically determined as this 
child also suffers from albinism. This child has diplegia with psychomotor retardation.

Developmental status (results Griffiths Test)
78 MC twins and 73 DC twins without CP participated in this prospective follow-up study 
and were tested with the Griffiths Mental Developmental Scales. Baseline characteristics 
of the study population are shown in Table 1. There were significantly more female sex pairs 
among the DC twins. Eight pregnancies were complicated by single fetal demise (5 MC and 
3 DC) and there were 3 neonatal deaths with survival of the sibling. A total of 147 MC and 142 
DC infants were alive at time of testing.
The majority of the tested infants showed normal development (97.6%). Five out of 289 long-
term survivors had a mild developmental delay and two infants had a severe developmental 
delay. There was a significant difference in development between boys and girls. Boys had 
lower DQ scores (mean total DQ 101 and 106, respectively; p < 0.001) and the proportion of 
mildly delayed development was higher among male infants. Infants born before 32 weeks of 
gestation and/or with a birth weight <1500 g had significantly lower DQ-scores than infants 
born after 32 weeks and/or ≥1500 g (mean total DQ 101 and 104, respectively; p = 0.05). 



 C
ha

pt
er

 7

84

There was no significant difference between infants who were small-for-gestational age 
and infants with a birth weight above the tenth percentile.
Table 2 shows the long-term outcome of twins according to chorionicity. No differences 
in height, weight and head circumference between MC and DC twins were found. One MC 
infant (0.7%) had a developmental delay compared to 6 DC infants (4.2%; p = 0.064). When 
the population was divided in infants born before 32 weeks of gestation and/or with a birth 
weight <1500 g and infants born after 32 weeks and/or a birth weight ≥1500 g also no signifi-
cant differences were present between the MC and DC twins (data not shown). Mean total 
DQ score was slightly lower in MC twins than in DC twins (mean TDQ 103 and 104, respec-
tively, p = 0.320), which was mainly due to the higher proportion of mildly delayed hearing 
and speech development in MC twins. These results were in agreement with the parental 
impression of the development of their infant(s), as assessed by the HSCS-PS questionnaire 
(Figure 1).
Developmental outcome of concordant and discordant twins are shown in Tables 3 and 4. 
There were no differences between concordant MC and DC twins, with exception of a mild 
delay in development of hearing and language in concordant MC twins. Outcome of discor-
dant twins was also comparable between MC and DC twins (Table 4). The smaller infant 
of the severely discordant twin pair had slightly lower DQ-scores compared to its larger 
sibling (mean TDQ 100 and 103, respectively; p = 0.338). This trend was found in both MC and 
DC discordant twins.
Eighteen MC pregnancies were complicated by antenatal signs of TTTS (17.6%), of which 5 
had been treated by laser coagulation of vascular anastomoses. Three pregnancies were 
complicated by death of one of the twins. There were 33 long-term survivors, of which one 
had CP (3.0%). Twenty-seven long-term survivors were tested. All of them had a normal 
development (Table 4). However, recipients had slightly lower DQ-scores compared to the 
donor twins (mean TDQ 104 and 106, respectively; p = 0.640).
In this cohort, five MC and three DC twin pregnancies were complicated by single IUD. In two 
MC cases IUD occurred after laser ablation for TTTS, one IUD was most likely due to placen-
tal insufficiency, in one case a monoamniotic twin died due to umbilical cord entanglement, 
and the other IUD remained unexplained. One DC fetal death was caused by placental insuf-
ficiency and the other two deaths remained unexplained. Only one (MC) survivor developed 
CP, all other survivors showed normal development.
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Figure 1 Health Status Classification System Preschool Children (HSCS-PS) Questionnaire Completed by Parents of 
Monochorionic (Figure 1a) and Dichorionic Twins (Figure 1b), Each With Three to Five Levels of Severity.
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Table 1 Baseline Characteristics and Perinatal Outcome of Study Population according to Chorionicity.

Parameter MC twins DC twins

No. of pregnancies studied 77* 73

Socioeconomic status
‘highest’ parent, no. (%)

low 5 (6.5) 5 (6.8)

middle 23 (29.9) 22 (30.1)

high 49 (63.6) 46 (63.0)

Ethnicity mother, no. (%)

caucasian 68 (88.3) 69 (94.5)

mediterean 7 (9.1) 1 (1.4)

asian 0 1 (1.4)

creole 0 1 (1.4)

hindustan 2 (2.6) 1 (1.4)

Fetal gender 

Female twin pairs, no. (%) 37 (48.1) 44 (60.3)

Pregnancies complicated by TTTS, no. (%) 14 (18.2)

Pregnancies complicated by co-twin death, no. (%) 5 (6.5) 3 (4.1)

Perinatal outcome
Infants born alive, no. (%) 149 143

Gestational age at delivery (wk), median and range 34+6 (25+2-39+6) 35+2 (26+6-39+3)

Birth weight of infants born alive (g), mean ± SD 2079 ± 633 2131 ± 600

SGA (birth weight<p10), no. (%) 23 (15.4) 35 (24.1)

Severe birth weight discordancy (≥20%)** 14 (18.2) 10 (13.7)

5-minute Apgarscore, median (range) 9 (4-10) 9 (5-10)

Umbilical artery pH, median (range) 7.25 (7.00-7.48) 7.25 (6.86-7.44)

Neonatal morbidity

RDS, no. (%) 25 (16.8) 16 (11.3)

IVH, no. (%) 9 (5.8) 5 (3.5)

PVL, no. (%) 0 0

NEC, no. (%) 2 (1.3) 0

Neonatal death, no. (%) 2 (1.3) 1 (0.7)

Long-term survivors, no. (%) 147 142

Notes:
 * 4 monoamniotic pregnancies.
** TTTS pregnancies excluded.
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Table 2 Outcome of Twins at 2 Years of Age in Relation to Chorionicity.

Parameter MC twins DC twins p-value
Mean difference 
(95% CI)

Adjusted 
mean difference 
(95% CI)‡

No. of long-term survivors 147 142

Age at testing
Chronological age 23+7 months 23+2 months 0.178

Corrected age 22+3 months 22+2 months 0.326

Physical exam
Height (cm), mean (SD) 86.0 ± 3.4 86.5 ± 3.7 0.239

Weight (kg), mean (SD) 12.3 ± 1.4 12.2 ± 1.3 0.831

Head circumference (cm), mean (SD) 48.6 ± 1.6 48.6 ± 1.4 0.978

Home environment
Older siblings 72 (49.0) 53 (37.3) 0.057

multilingual education 17 (11.6) 9 (6.3) 0.151

Griffiths Test
Total score1

mean DQ (SD) 103 ± 9 104 ± 11 0.320 1.20 (-1.16; 3.52) -0.20 (-2.40; 2.00)

Mild developmental delay 1 (0.7) 4 (2.8) 0.209

Severe developmental delay 0 2 (1.4) 0.242

Subscale A; locomotor 
mean DQ (SD) 93 ± 10 94 ± 13 0.493 0.94 (-1.75; 3.63) 0.41 (-2.34; 3.15)

Mild developmental delay 39 (26.5) 38 (26.8) 1.000

Severe developmental delay 0 5 (3.5) 0.028

Subscale B; personal-social
mean DQ (SD) 103 ± 10 102 ± 12 0.695 -0.51 (-3.03; 2.02) -1.82 (-4.27; 0.64)

Mild developmental delay 7 (4.8) 6 (4.2) 1.000

Severe developmental delay 0 3 (2.1) 0.120

Subscale C; hearing & language
mean DQ (SD) 99 ± 13 102 ± 14 0.060 3.02 (-0.12; 6.17) 0.76 (-2.15; 3.68)

Mild developmental delay 20 (13.8) 8 (5.6) 0.027

Severe developmental delay 1 (0.7) 5 (3.5) 0.118

Subscale D; eye-hand coordination
mean DQ (SD) 107 ± 9 106 ± 12 0.456 -0.97 (-3.51; 1.58) -1.98 (-4.48; 0.52)

Mild developmental delay 1 (0.7) 4 (2.8) 0.209

Severe developmental delay 0 2 (1.4) 0.242

Subscale E; performance
mean DQ (SD) 109 ± 14 111 ± 15 0.304 1.78 (-1.62; 5.18) 0.73 (-2.69; 4.14)

Mild developmental delay 6 (4.3) 5 (3.6) 1.000

Severe developmental delay 3 (2.1) 2 (1.5) 1.000

Notes:
1 In 11 cases incomplete testing (6 MC and 5 DC infants).
‡ Adjusted for gender, older sibling in family and multilingualism.
DQ=developmental quotient.
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Table 3 Outcome of Concordant Twins at 2 Years of Age in Relation to Chorionicity.

Parameter
Concordant MC 
twins pairs n=48 

Concordant DC 
twins pairs n=63 p-value

Mean difference 
(95% CI)

Adjusted 
mean difference 
(95% CI)‡

No. of long-term survivors 91 123

Physical exam
Height (cm), mean (SD) 86.6 ± 3.2 86.9 ± 3.6 0.557

Weight (kg), mean (SD) 12.5 ± 1.4 12.3 ± 1.2 0.428

Head circumference (cm), mean (SD) 48.9 ± 1.6 48.6 ± 1.3 0.201

Griffiths Test
Total score

mean DQ (SD)1 102 ± 8 105 ± 11 0.073 2.6 (-0.11; 5.32) 0.99 (-1.62; 3.59)

Mild developmental delay 1 (1.1) 2 (1.6) 1.000

Severe developmental delay 0 2 (1.6) 0.510

Subscale A; locomotor 
mean DQ (SD) 93 ± 10 94 ± 13 0.509 1.59 (-1.59; 4.77) 0.90 (-2.39; 4.20)

Mild developmental delay 25 (27.5) 32 (26.0) 0.876

Severe developmental delay 0 3 (2.4) 0.263

Subscale B; personal-social
mean DQ (SD) 102 ± 10 102 ± 12 0.866 0.44 (-2.56; 3.43) -1.31 (-4.29; 1.67)

Mild developmental delay 5 (5.5) 3 (2.4) 0.289

Severe developmental delay 0 3 (2.4) 0.263

Subscale C; hearing & language
mean DQ (SD) 98 ± 14 103 ± 13 0.004 5.10 (1.41; 8.80) 2.28 (-1.26; 5.83)

Mild developmental delay 15 (16.5) 6 (4.9) 0.009

Severe developmental delay 1 (1.1) 2 (2.4) 0.638

Subscale D; eye-hand coordination
mean DQ (SD) 106 ± 9 107 ± 12 0.775 1.00 (-1.94; 3.95) -0.32 (-3.27; 2.64)

Mild developmental delay 1 (1.1) 1 (0.8) 1.000

Severe developmental delay 0 2 (1.6) 0.510

Subscale E; performance
mean DQ (SD) 109 ± 13 111 ± 14 0.216 2.41 (-1.44; 6.27) 1.32 (-2.57; 5.22)

Mild developmental delay 2 (2.3) 4 (3.3) 1.000

Severe developmental delay 2 (2.3) 2 (1.7) 1.000

Notes:
DQ=developmental quotient.
‡ Adjusted for gender, older sibling in family and multilingualism.
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Table 4 Outcome of Discordant Twins at 2 Years of Age in Relation to Chorionicity.

Parameter
Discordant MC 
twins pairs n=14

Discordant DC 
twins pairs n=10 p-value

Mean difference 
(95% CI)

Adjusted 
mean difference 
(95% CI)‡

No. of long-term survivors 27 19

Physical exam
Height (cm), mean (SD) 84.3 ± 2.8 84.0 ± 3.8 0.768

Head circumference (cm), mean (SD) 47.5 ± 1.6 48.2 ± 1.8 0.181

Weight (kg), mean (SD)

Smaller twin 10.9 ± 0.9 11.0 ± 1.6 0.841

Larger twin 12.1 ± 1.0 12.2 ± 1.2 0.823

Weight discordancy (%) 11.8 ± 5.5 11.0 ± 7 0.763

Griffiths Test
Total score

mean DQ (SD) 102 ± 10 99 ± 13 0.338 -3.48 (-10.74; 3.78) -1.61 (-9.00; 5.78)

Mild developmental delay 0 2 (11.8) 0.158

Severe developmental delay 0 0 -

Subscale A; locomotor 
mean DQ (SD) 91 ± 9 89 ± 15 0.698 -1.42 (-8.71; 5.88) -2.12 (-10.42; 6.19) 

Mild developmental delay 9 (33.3) 6 (31.6) 1.000

Severe developmental delay 0 2 (10.5) 0.165

Subscale B; personal-social
mean DQ (SD) 102 ± 12 100 ± 11 0.686 0.12 (-6.84; 7.08) 3.30 (-4.02; 10.62)

Mild developmental delay 2 (7.4) 3 (15.8) 0.638

Severe developmental delay 0 0 -

Subscale C; hearing & language
mean DQ (SD) 100 ± 12 97 ± 17 0.539 -2.72 (-11.57; 6.14) -0.95 (-9.96; 8.05)

Mild developmental delay 3 (12.0) 2 (10.5) 1.000

Severe developmental delay 0 2 (10.5) 0.181

Subscale D; eye-hand coordination
mean DQ (SD) 107 ± 10 100 ± 14 0.031 -7.96 (-15.14; -0.77) -4.06 (-11.58; 3.47)

Mild developmental delay 0 3 (15.8) 0.064

Severe developmental delay 0 0 -

Subscale E; performance
mean DQ (SD) 108 ± 18 106 ± 15 0.799 -1.33 (-12.08; 9.43) -2.37 (-14.12; 9.38)

Mild developmental delay 2 (7.4) 1 (5.3) 1.000

Severe developmental delay 1 (3.7) 0 1.000

Notes:
DQ=developmental quotient.
‡ Adjusted for gender, older sibling in family and multilingualism.
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Table 5 Outcome of Donor and Recipient TTTS-twins at 2 Years of Age.

Parameter Donors Recipients p-value
Mean difference 
(95% CI)

Adjusted 
mean difference 
(95% CI)‡

Birth weight (g) 1675 ± 621 1851 ± 627 0.470

No. of long-term survivors 14 14

Physical exam
Height (cm), mean (SD) 85.2 ± 3.9 86.8 ± 3.7 0.278

Weight (kg), mean (SD) 12.0 ± 1.2 12.7 ± 1.4 0.171

Head circumference (cm), mean (SD) 48.4 ± 1.3 48.8 ± 1.2 0.450

Griffiths Test
Total score

mean DQ (SD) 106 ± 6 104 ± 9 0.640 -1.41 (-7.52; 4.70) -0.75 (-6.23; 4.74)

Mild developmental delay 0 0 -

Severe developmental delay 0 0 -

Subscale A; locomotor 
mean DQ (SD) 96 ± 9 95 ± 12 0.784 -1.10 (-9.28; 7.09) -1.17 (-9.99; 7.66)

Mild developmental delay 0 3 (21.4) 0.098

Severe developmental delay 0 0

Subscale B; personal-social
mean DQ (SD) 108 ± 8 105 ± 10 0.468 -2.54 (-9.65; 4.56) -1.80 (-8.66; 5.06)

Mild developmental delay 0 0 -

Severe developmental delay 0 0 -

Subscale C; hearing & language
mean DQ (SD) 101 ± 11 103 ± 11 0.725 1.56 (-7.42; 10.53) 2.30 (-5.21; 9.81)

Mild developmental delay 1 (7.1) 1 (7.1) 1.000

Severe developmental delay 0 0 -

Subscale D; eye-hand coordination
mean DQ (SD) 110 ± 9 108 ± 11 0.477 -2.68 (-10.31; 4.96) -2.33 (-10.14; 5.48)

Mild developmental delay 0 0 -

Severe developmental delay 0 0 -

Subscale E; performance
mean DQ (SD) 111 ± 14 107 ± 16 0.459 -4.36 (-16.29; 7.58) -3.27 (-15.48; 8.95) 

Mild developmental delay 1 (7.1) 1 (7.1) 1.000

Severe developmental delay 0 0 -

Notes:
Five TTTS pregnancies laser therapy.
DQ=developmental quotient.
‡  Adjusted for gender, older sibling in family and multilingualism.
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Discussion

Four MC infants had cerebral palsy (2.1%); two CP-cases were due to complications specific 
to MC twin pregnancies (TTTS and co-twin death, known risk factors for cerebral injury in 
the surviving MC twin) and two cases of CP as a result of cystic PVL after preterm birth. One 
DC twin had CP (0.5%) without clear cause. The majority of 2-year-old twins had a normal 
developmental status. There were no significant differences between MC and DC twins, 
apart from a slight delay in hearing and language development in MC twins. Birth weight 
discordancy did not influence long-term outcome, although there was a trend towards lower 
DQ-scores in the smaller twin than in its larger co-twin.
The response rate of this follow-up study was 76%. This raises concern about the possibility 
of a non-response bias. In order to reduce this possibility to a minimum, we obtained infor-
mation on neurological status and development from the attending paediatrician of the non-
participants. In this way, we were able to report the study population based CP incidence. 
From five twin pairs no follow-up data were retrieved. We made an assumption that these 
children did not develop CP, since they did not have any major (neurological) complications 
during their neonatal period.
With regard to the analyses based on the Griffiths test, it may be that our results are some-
what biased in favour of the DC group. That is, non-responders in the DC group were found 
to be born earlier than the responders in this group, a difference that was not found in the 
MC group, which may have led to an underestimation of developmental delay especially 
in the tested DC group. However, since we expected a worse outcome of MC twins due to 
possible cerebral damage in the presence of haemodynamic imbalance, this bias does not 
influence our conclusion that long-term outcome of MC twins is not worse than that of DC 
twins. It should be noted that neurological handicaps and mental retardation may become 
evident only several years after birth, so a new evaluation of CP and developmental delay at 
the age of five years is preferable.
It is well known that the incidence of abnormal long-term neurodevelopmental outcome in 
MC pregnancies complicated by TTTS is high. After treatment with serial amnio drainage, 
most studies on long-term outcome report a 22-26% incidence of neurological impair-
ment118-121, 123, 124. Neurodevelopmental outcome of TTTS-survivors has improved consider-
ably with the introduction of laser coagulation of the placental vascular anastomoses with 
reported incidences of 6-17%61, 125-129, 134. We found a low incidence of neurodevelopmental 
delay in our TTTS-group. Possibly, the more complex TTTS pregnancies with adverse long-
term outcome were delivered in the Leiden University Medical Center, the national referral 
center for TTTS in The Netherlands. Their data were not included in our series, and their 
follow-up data have been published separately61, 118, 129. They found a 10% incidence of ante-
natally acquired cerebral lesions in the TTTS-group and 2% in the non-TTTS group61. The 
incidence of CP was high (21%) in TTTS infants treated by serial amniodrainage or managed 
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conservatively118, whereas 7% of TTTS pregnancies treated by fetoscopic laser surgery had 
CP (7%); 7.8% had a mental developmental delay and 10.4% of the infants had a psychomo-
tor developmental delay at the age of two years. Although we found a slightly lower DQ-
score in the recipient twin, we did not find significant differences in long-term outcome 
between donor and recipient twins, which is in agreement with the data from Lopriore and 
others118, 127-129. However, we report a rather low incidence of CP among TTTS-survivors (3%) 
compared to other studies (5 to 9%)122, 123, 126, 129.
It is also well known, that the risk of neurological abnormality in the surviving twin after 
co-twin IUD is higher in MC than in DC twins. The mechanism leading to damage of the 
surviving sibling is an acute blood loss through the placental vascular anastomoses into the 
dying fetus, leading to hypovolaemia in the survivor, which in turn might cause death from 
hypovolaemic shock or cerebral ischemia due to hypoperfusion135. We found that one out of 
five surviving MC sibs had CP compared to none of the surviving DC infants. This is in agree-
ment with previous studies7, 8.
Intrauterine growth restriction (IUGR) is another important risk factor for cerebral palsy 
and impaired neurological development. Gratacos and co-workers14 found that selective 
IUGR in MC twins is associated with an elevated risk of IUD of the smaller twin and neuro-
logical damage in the larger twin (the latter not restricted to cases with IUD of the co-twin). 
However, we did not find any major differences between the smaller and the larger twin in 
the subgroup of severe birth weight discordant twins (as a reflection of selective IUGR), and 
even found the smaller twin to perform slightly worse than its larger sibling, which is in 
agreement with previous studies136, 137.
The increased risk of neurological disability in MC survivors of TTTS or co-twin fetal death 
suggests that cerebral injury in MC twins is related to the vascular anatomy of the placenta. 
Placental vascular anastomoses, which are nearly always present, can cause haemody-
namic imbalance and subsequent ischemic injury to the brain. Cranial ultrasound abnor-
malities in the neonatal period also suggest that monochorionity itself is a risk factor for 
cerebral damage39, 115, 116. Although long-term outcome has been studied extensively in TTTS 
and co-twin death survivors, only two studies have been published on long-term outcome 
in MC and DC twins in general. In a Japanese study117, infant outcome at one year of age was 
studied in 44 MC pregnancies and 164 DC pregnancies (study period 1990-1996). Adverse out-
come, including CP and mental retardation (the latter diagnosis being based on the results 
of a Japanese developmental test), occurred in 9 out of 88 MC infants (10.2%) and in 12 out 
of 328 DC infants (3.7%, p < 0.05). TTTS was considered to be responsible for most cases of 
adverse outcome in the MC group. In the same period, Adegbite and collegues38 studied 76 
MC and 78 DC twins (295 infants), born preterm between 24 and 34 weeks of gestation. They 
found a higher incidence of CP (8% and 1%, respectively) and neurologic morbidity (15% and 
3%, respectively) in MC twins compared to DC twins. The risk of impaired neurodevelop-
ment was specifically high in the presence of birth weight discordancy, TTTS and co-twin 
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death. We found considerably lower incidences of neuromorbidity without significant differ-
ences between MC and DC twins compared to the reported long-term outcome of the mid 
1990s. Current obstetric management of the MC twin, which has improved considerably 
during the past decade, has ameliorated perinatal survival and neonatal outcome. In our 
study group impaired neurodevelopmental outcome was only due to complications specific 
to MC twin pregnancies (TTTS and co-twin death) or due to preterm delivery.

Conclusion

In summary, the majority of 2-year-old twins had a normal neurodevelopmental status. 
There were no significant differences between MC and DC twins. CP occurred more fre-
quently in MC twins and was mainly due to complications specific to MC twin pregnancies 
(TTTS and co-twin death). Outcome of MC twins is favourable in the absence of TTTS or co-
twin death. More studies are needed to evaluate the effect of improved obstetric manage-
ment on the long-term neurodevelopmental status of ‘uncomplicated’ MC twins.
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Abstract

Objective: To study perinatal mortality and neonatal morbidity in a large cohort of monoamni-
otic (MA) twin pregnancies with special emphasis to the gestational-age specific mortality.
Methods: MA twin pregnancies delivered in ten perinatal centers in The Netherlands 
between January 2000 and December 2007 were included in the study.
Results: A total of 98 MA pregnancies were identified. The perinatal mortality rate (20 
weeks of gestation through 28 days of life) was 19% and after exclusion of fetuses with 
lethal anomalies 17%. After 32 weeks of gestation only two pregnancies were complicated 
by perinatal mortality (4%). The incidence of twin-to-twin transfusion syndrome (TTTS) 
was 6%. The incidence of congenital heart anomalies and cerebral injury was 4% and 5%, 
respectively.
Conclusions: The incidence of perinatal mortality in MA twins remains high and occurs 
throughout pregnancy. Intensive monitoring and early delivery seems to have reduced peri-
natal mortality after 32 weeks of gestation.
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Introduction

Monoamniotic (MA) twinning is a rare event and occurs in approximately 1% of all monozy-
gotic twin gestations. MA twins are associated with high antenatal and perinatal mortality 
rates. In the past, mortality rates ranging from 30% to 70% have been reported138-141. How-
ever, more recent publications suggest a substantially improved perinatal survival with 
mortality rates of 10% to 20%142. Although the high mortality rate is partly attributable to 
common complications in (monochorionic) twin pregnancies such as preterm delivery and 
low birth weight, the most important cause of death is entanglement and knotting of the 
umbilical cords, a specific complication in MA twins. Cord entanglement has been reported 
in up to 70% of MA twins with ≥50% of deaths attributed to this complication143. Due to the 
rare occurrence of MA twinning, only relatively small case series have been published with 
varying survival data, including diverse mortality rates after 30-32 weeks of gestation and 
varying recommendation on the need to perform early delivery144-148.
In a large series of 98 MA twin pregnancies we evaluated perinatal mortality and morbidity 
with special emphasis to the gestational-age specific mortality.

Material and methods

The medical records of all MA twin pregnancies delivered at ten perinatal centers in The 
Netherlands between January 2000 and December 2007 were identified and reviewed. The 
study was approved by the institutional review board of the UMC Utrecht, and local permis-
sion was obtained in the other centers. Monoamnionicity was determined on the basis of 
first-trimester ultrasound features of the absence of a dividing amniotic membrane with 
a single placenta and concordant gender and/or postpartum examination of placentas and 
intertwin membranes. Acardiac twins were excluded from analysis.
Gestational age was calculated from the first day of the last menstrual period and con-
firmed by first trimester ultrasound. Due to the rarity of these pregnancies, local antenatal 
management and surveillance of the MA twin pregnancies differed between the study cent-
ers. In general, all MA twin gestations were monitored by regular ultrasound assessment 
of growth, amniotic fluid volume, Doppler of the umbilical artery, and cord entanglement 
forthnightly. Subjects with either nonreassuring fetal findings or with maternal complica-
tions were submitted to frequent but at least twice weekly maternal-fetal evaluations that 
were performed during hospitalization or during visits at an outpatient clinic setting. In four 
centers, women were hospitalized between 30 and 32 weeks of gestation in order to moni-
tor fetal heart rates twice a day. In most centers, elective caesarean section was offered 
around 32-34 weeks of gestation after steroid treatment or determination of lung maturity.
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The diagnosis of twin-to-twin transfusion syndrome (TTTS) was made by prenatal ultra-
sound criteria59. Since the polyhydramnios-oligohydramnios sequence can not be detected 
in MA pregnancies, diagnosis of TTTS was based on the identification of other clinical 
manifestations of TTTS, such as polyhydramnios, discordance in bladder size and abnor-
mal Doppler flow patterns in either twin. Stillbirth was defined as intrauterine death of 
a fetus ≥20 weeks of gestation. Gestational age at time of stillbirth was ascertained by 
ultrasound. Early neonatal death (NND) was defined as death of an infant during the first 
seven days of life, whereas late NND was defined as death between eight and 28 days after 
birth. Overall perinatal mortality was defined as stillbirth or NND (≤28 days after birth). We 
recorded the presence of congenital heart malformations and severe cerebral injury on 
cranial ultrasound. Major neuromorbidity was defined as the occurrence of one of the fol-
lowing abnormalities on cerebral ultrasound: cystic periventricular leukomalacia (PVL)149, 
intraventricular haemorrhage (IVH) > grade II150, cerebral artery infarction, post hypoxic 
ischemic encephalopathy (HIE), ventriculomegaly, and/or congenital hydrocephalus.
The main objective of the analysis was to study perinatal mortality. We constructed Kaplan-
Meier curves, in which we assessed both time to delivery and time to fetal death. Mortality 
rates were calculated per week of gestation; we constructed a table in which for each ges-
tational week perinatal mortality was expressed in relation to the number of women at risk 
at the beginning of the week. All statistical analyses were performed with the SPSS 12.0 
statistical package. The data were analyzed by means of descriptive statistics and survival 
analysis.

Results

We identified 103 MA pregnancies from which five acardiac twins were excluded. Table 1 
shows the baseline characteristics of the study population. Nine pregnancies were thought 
to be monochorionic diamniotic and only recognized as MA at delivery. The monoamnioni-
city in the other 89 pregnancies was identified antenatally. The proportion of female twin 
pairs was higher (65%) than the proportion of male twin pairs (35%). Six pregnancies were 
complicated by TTTS (6%).
Six pregnancies were complicated by death of both fetuses before 20 weeks of gestation. 
In two pregnancies, mortality was caused by cord entanglement and strangulation; in the 
other four pregnancies the cause of death was unknown. Details on the fetal deaths occur-
ring ≥20 weeks of gestation, including possible cause, are presented in Table 2. There were 
22 intrauterine deaths (IUDs), of which eight double fetal deaths and six single fetal deaths. 
Three of the single fetal deaths were followed by NND of the second twin (all three due to 
cerebral artery infarction). No cerebral damage was found in the remaining co-twin death 
survivors (n=3). In the neonatal period there were 12 NNDs, ten single NNDs and one double 
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NND (Table 3). Seven deaths were caused by lethal congenital malformations. The overall 
perinatal mortality rate (20 weeks of gestation through 28 days of life) was 18.5%. After 
exclusion of lethal anomalies, overall perinatal mortality was 16.5%. Table 4 shows the inci-
dence of stillbirth and NND according to gestational age at delivery of viable twins without 
major congenital malformations. Figure 1 shows the survival curve of non-anomalous MA 
twins.
Table 5 shows the perinatal outcome of the twins. Eighty-seven of 164 live-born infants 
(53.1%) were admitted to the neonatal intensive care unit (NICU) for a median length of 6 
days (range 1-91 days). Seven infants had a congenital heart anomaly (4%); two had a coarc-
tation of the aorta, two had a ventricular septal defect (VSD), two infants had a transposition 
of the great arteries (of which one in combination with a VSD) and one infant suffered from 
tricuspid valve insufficiency. The incidence of severe neonatal cerebral abnormalities was 
4.9% (8/164).
Nine pregnancies were thought to be monochorionic diamniotic and only recognized as MA 
at delivery. Median gestational age at delivery was 36+1 weeks (range: 26+4 to 38+0weeks). 
Four of these pregnancies were delivered before 34 weeks of gestation, all with spontane-
ous onset of preterm labour. Five pregnancies were delivered after 34 weeks; three women 
had an induction of labour due to monochorionicity and two delivered after spontaneous 
onset of labour. One infant died (born at 27+5 weeks) due to NEC.

Gestational age (weeks)
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Figure 1 Survival Plot of Monoamniotic Twins without Major Congenital Malformations, from 24 Weeks of Gestation 
onwards.
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Table 1 Baseline Characteristics of 98 Monoamniotic Twin Pregnancies.

Maternal age (y), median and range 31 (21-42)

Gravidity (n), median and range 2 (1-9)

Parity (n), median and range 1 (0-7)

Female gender, n (%) 64 (65)

Prenatal diagnosis, n (%) 89 (91)

Antenatal corticosteroids, n (%) 40 (41)

Pregnancies with TTTS, n (%) 6 (6)

Major lethal congenital malformations, n (%) 7 (7)

Caesarean delivery, n (%) 57 (58)*

* Half of the vaginally born MA twins were either previable or part of a non-recognized MA twin pregnancy.

Table 2 Cause of Fetal Death in Monoamniotic Twins.

Case number
Gestational 
age at death Gender Birth weight Cause of death Co-twin

1 20 weeks M † 115 g
† 345 g

Unknown Double IUD (twin B at 23 weeks)

2 20 weeks F † 80 g
† 480 g

Unknown Double IUD (twin B at 26 weeks)

3 20 weeks F † Unknown
S 1370 g

Unknown Born at 31 weeks, normal

4 21+2 weeks M † 440 g
† 330 g

Unknown Double IUD 

5 21+4 weeks F † 133 g
† 429 g

Unknown Double IUD (twin B at 27+3 weeks, most prob-
ably due to cord entanglement)

6 21+6 weeks M † 320 g
† 320 g

Unknown (pPROM) Double IUD

7 22 weeks F IUD: 200 g
NND: 1015 g

Cord entanglement NND (day 1, born at 28+6 weeks), severe 
cerebral damage 

8 22+1 weeks F † 490 g
† 495 g

Unknown Double IUD

9 26+6 F † 905 g
† 141 g

Cord entanglement Double IUD

10 27+4 F † 830 g
S 1120 g

Recipient of TTTS Donor born at 29+6 weeks, no major neonatal 
morbidity

11 29+2 weeks F IUD: 1315 g
NND: 1250 g

True knot NND (day 2, born at 29+3 weeks) due to severe 
RDS and anemia

12 30+0 weeks M † 1320 g
S 2000 g

Feticide due to major 
congenital malformations 
with infaust prognosis

Born at 34+1 weeks, no major neonatal 
morbidity.

13 32+6 weeks F † 1935 g
† 2175 g

True knot Double IUD

14 34+4 weeks F IUD: 2345 g
NND: 2165 g 

True knot NND (13 days, born at 34+4) due to severe 
brain damage (cerebral artery infarction) and 
fulminante NEC

Abbreviations: pPROM, premature preterm rupture of membranes; TTTS, twin-to-twin transfusion syndrome; RDS, respiratory distress syn-
drome; NEC, necrotizing enterocolitis. IUD, intrauterine death; NND, neonatal death.

Notes:  S, survivor; †, IUD or NND.
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Table 3 Cause of Neonatal Death in Monoamniotic Twins.

Case number GA at delivery Time of death Gender Birth weight Cause of death Co-twin

1 24+4 weeks Directly after birth M † 500 g
† 660 g

Immaturity Double NND

2 27+5 weeks Day 20 F † 1580 g
S 520

NEC Normal, alive

3 28+4 weeks Day 3 F † 1050 g
S 800 g

Cardio-respiratory insuf-
ficiency due to perinatal 
asphyxia

PVL grade III 

4 29+5 weeks Day 28 F † 1365 g
S 998 g

Meningitis/sepsis Ventriculomegaly

5 30+0 weeks Directly after birth M † 950 g
S 1000 g

Congenital malformations 
(meningocele, omphalocele, 
hydrocephalus, extrophia 
cloacae)

Normal, alive

6 30+4 weeks Day 3 M † 625 g
S 1825 g

Sepsis Normal, alive

7 33+0 weeks Day 4 M † 2080 g
S 2036 g

Congenital heart malforma-
tion (transposition of great 
arteries)

Congenital hydrocephalus 
(duplication chromosome 
7Q32-36)

8 33+0 weeks Day 1 M † 1800 g
S 2150 g

OEIS syndrome and lung 
hypoplasia

Alive, cerebral palsy

9 34+0 weeks Day 1 F † 1300 g
S 1800 g

Congenital diaphragmatic 
herniation

Normal, alive

10 35+2 weeks Day 24 F † 2200 g
S 2030 g

Pulmonary hypertension due 
to congenital diaphragmatic 
herniation; HIE

Normal, alive

11 38+6 weeks Directly after birth F † 1900 g
S 2850 g

Congenital malformations 
(facial abnormalities, talipes 
equines, lung hypoplasia); HIE

Normal, alive

Abbreviations:  OEIS, Omphalocele-Exstrophy-Imperforate anus-Spinal defects; HIE, post hypoxic ischemic encephalopathy; NEC, necrotizing 
enterocolitis; PVL, periventricular leukomalacia. IUD, intrauterine death; NND, neonatal death.

Notes:  S, survivor; †, IUD or NND.
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Table 4 Cumulative Overall Perinatal Mortality of Monoamniotic Twins according to Pregnancies with Two Surviving 
Fetuses ≥24 Weeks of Gestation.

GA at delivery 
or IUD (weeks)

Continuing (n) IUD rate per period (n/N) NND rate per period (n/N)
Total mortality rate  
per period (n/N)

Pregnancies Fetuses Per pregnancy Per fetuses Per pregnancy Per fetuses Per pregnancy Per fetuses

24-25 80 160 0 0 1 (1.3) 2 (1.3) 1 (1.3) 2 (1.3)

26-27 78 156 2 (2.6) 3 (1.9) 1 (1.3) 1 (0.6) 2 (2.6) 3 (1.9)

28-29 75 150 1 (1.3) 1 (1.3) 3 (4.0) 3 (4.0) 3 (4.0) 4 (2.7)

30-31 63 126 0 0 1 (1.6) 1 (1.6) 1 (1.6) 1 (1.6)

32-33 55 110 1 (1.8) 2 (1.8) 0 0 1 (1.8) 2 (1.8)

34-35 28 56 1 (3.6) 1 (1.8) 1 (3.6) 1 (1.8) 1 (3.6) 2 (3.6)

≥36 12 24 0 0 0 0 0 0

Table 5 Perinatal Outcome of 98 Monoamniotic Pregnancies.

Mortality

Perinatal losses, n per total no. of infants (%) 46/196 (23)

Single death, n (%) 14 (14)

Double death, n (%) 16 (16) 

Overall perinatal mortality (≥20 weeks through 28 days after birth), n (%) 34/184 (19)

Excluding lethal anomalies 28/170 (17)

Gestational age at delivery (wk), median and range 33+2 (24+4-39+0)

No. of live-born infants 164

Birth weight (g), mean ± SD 1984 ± 1057

Neonatal morbidity

Admission to NICU, n (%) 87 (53)

Length of stay on NICU (days), median and range 6 (1-91)

Congenital heart malformations, n (%) 7 (4)

Cerebral abnormalities, n (%) 8 (5)

PVL, grade III 1 (1)

Cerebral artery infarction 4 (2)

IVH, grade IV 1 (1)

Post hypoxic ischemic encephalopathy (HIE) 1 (1)

Ventriculomegaly 1 (1)

Congenital hydrocephalus 1 (1)

Neonatal mortality 16 (10)
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Discussion

This retrospective cohort study constitutes the largest series of MA twins reported to date. 
There was a high incidence of perinatal mortality and neonatal morbidity in non-anomalous 
MA infants. The incidence of TTTS in this cohort was 6%. Congenital heart anomalies and 
severe cerebral injury occurred in 4% and 5% of MA twin infants, respectively.
In the past, perinatal mortality rate was reported to range between 30% and 70%138-141. More 
recent studies (case series and literature reviews) suggest a substantially improved peri-
natal survival with reported mortality rates of 10% to 20%144-148. The reported incidences 
of perinatal mortality vary widely due to differences in ascertainment, prenatal recogni-
tion, inclusion of fetal anomalies and individual unit practice. All published data are rela-
tively small observational studies and open to a publication bias (both negative as positive). 
The presence of fetal abnormalities contributes significantly to adverse outcome data and 
it is important to distinguish outcomes between these subgroups. In our study, perinatal 
mortality and corrected perinatal mortality rates were 19% and 17%, respectively. This was 
slightly higher than the non-anomalous perinatal mortality rate reported by Heybourne 
(12.6%)151.
In two studies from 1990 and 1991, no mortality occurred after 32 weeks of gestation146, 147. 
These authors suggested that the decreased space available for extensive movements of 
third-trimester fetuses reduced the risk of further cord entanglement and thereby fetal 
death due to cord occlusion. In contrast to these studies, we report four deaths in continuing 
pregnancies after 32 weeks (one double IUD and an IUD with neonatal death of the co-twin 
due to severe cerebral damage caused by haemodynamic problems after intrauterine death 
of the sibling; all IUDs were caused by entanglement and true knots of the umbilical cords). 
This is in agreement with most publications on this topic148, 152, 153.
Entanglement and knots of the umbilical cords are the major cause of fetal death in MA 
twins145. Cord entanglement is present in the majority of all MA twins143, and may be detected 
by prenatal ultrasound already in the first trimester145, 154, 155. It is hypothesised that initia-
tion of cord entanglement is a phenomenon of early pregnancy, when amniotic fluid volume 
in relation to the fetal mass is greater156, and that location of the cord entanglement may 
influence the risk of antepartum death157. Cord entanglement with eventually cord occlusion 
may occur acutely or in a sub acute manner. Cord entanglement may occur loosely, and then 
have the potential to tighten and cause fetal injury at any time during pregnancy148.
Congenital malformations are found in 15 to 20% of monozygotic twin pregnancies158. Acar-
diac twinning, anencephaly and congenital heart defects are typically related to MA twins. 
A proportion of these defects are acquired as a result of the altered haemodynamics in the 
recipient twin associated with TTTS. Karatza et al.159 reported a 2% incidence of congenital 
cardiac abnormalities in 89 MC twin pregnancies unaffected by TTTS. In another study of 
165 MC twin pregnancies160, the overall risk of at least one of a MC twin pair having a struc-
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tural congenital cardiac anomaly was 9%. In a small subgroup of 7 MA twins, five children 
had a congenital heart malformation (36%). VSD was the commonest lesion diagnosed. In 
our study, the incidence of congenital heart malformations was 4%. Since the incidence of 
heart anomalies and cerebral ultrasound abnormalities is high among MA twins, all MA 
infants (especially after death of the co-twin) should be examined postnatally, including a 
cerebral and cardiac ultrasound scan.
The incidence of TTTS in this cohort of MA twins was low (6%), which is in agreement with 
other reports (incidence ranging from 3% to 10%151, 161-163). In contrast, the incidence of TTTS 
in monochorionic diamniotic twins is higher (10 to 15%)164, 165. The difference in rate of TTTS 
is partly due to a different anastomotic pattern between MA placentas and monochorionic 
diamniotic placentas. Almost all MA placentas have arterio-arterial (AA) anastomoses166. 
The presence of these AA anastomoses protects against haemodynamic disequilibrium by 
allowing intertwin blood flow and hence the development of TTTS52. Moreover, in MA preg-
nancies TTTS cannot be diagnosed using the standard criteria, since it is impossible to diag-
nose the occurrence of the polyhydramnios-oligohydramnios sequence in MA pregnancies. 
Delayed or lack of identification of clinical manifestations of TTTS may also account for the 
reduced rate of TTTS in MA twins167.
Obstetric management of MA pregnancies is aimed at preventing fetal death and optimali-
sation of timing of delivery, but it remains uncertain how to achieve these outcomes142. 
Serial ultrasounds for fetal growth, amount of amniotic fluid and mapping of umbilical 
cords and entanglement as well as heart rate monitoring of viable fetuses has been well 
established. Some authors recommend hospitalisation as soon as the fetuses are viable in 
order to monitor fetal heart rates two to three times daily and afford the best opportunity 
for timely response to nonreassuring testing151, 168. Furthermore, medical amnioreduction 
has been proposed to prevent cord accidents by reducing the possibility of extensive fetal 
movements169.
Recommended timing of delivery ranges between 32 and 35 weeks of gestation144, 145, 148, after 
lung maturation has been demonstrated by amniocentesis or after a course of corticoster-
oids to enhance pulmonary maturation. Perinatal deaths may occur throughout pregnancy 
and fetal mortality cannot always been foreseen. In our series, in which the MA twins were 
monitored intensively and delivered by CS between 32 and 34 weeks of gestation, two out 
of 55 pregnancies (4%) were complicated by perinatal mortality after 32 weeks of gestation 
(both due to umbilical cord accidents). This ‘aggressive’ management of MA twin pregnan-
cies might have contributed to the overall favourable outcome. Delivery of all MA twins at 32 
weeks might have saved four infants (4% of ongoing pregnancies at that age). However, this 
should be weighed against the risks of neonatal respiratory disorders.
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Conclusion

In summary, the incidence of perinatal mortality in MA twins has decreased over the years, 
but remains high (15 to 20%) and occurs throughout pregnancy. There is no consensus 
about optimal antenatal management and timing of delivery. Intensive monitoring and early 
delivery seems to reduce perinatal mortality after 32 weeks of gestation.
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Abstract

Objective: To study placental characteristics in relation to perinatal outcome in 55 pairs of 
monochorionic monoamniotic (MA) twins.
Methods: Between January 1998 and May 2008 55 pairs of MA twins were delivered in 4 
tertiary care centers and analysed for mortality, birth weight discordancy and twin-to-twin 
transfusion syndrome (TTTS) in relation to type of anastomoses, type and distance between 
cord insertions and placental sharing. Five acardiac twins, 2 conjoined twins, 4 higher order 
multiples and one early termination of pregnancy were excluded, leaving 43 MA placentas 
for analysis. Of these 43, one placenta could not be analysed for placental vascular anasto-
moses due to severe maceration after single intrauterine demise leaving 42 placentas for 
analysis of anastomoses.
Results: Arterio-arterial (AA), venovenous (VV) and arteriovenous (AV) anastomoses were 
detected in 97%, 43% and 91% of MA placentas, respectively. Velamentous cord insertion 
was found in 4% of cases. Small distance between both umbilical cord insertions (< 5 cm) 
was present in 53% of MA placentas. Overall perinatal loss rate was 22% (19/86). We found 
no association between mortality and type of anastomoses, type and distance between cord 
insertions and placental sharing. The incidence of TTTS was low (2%) and occurred in the 
only pregnancy with absent AA-anastomoses.
Conclusions: Perinatal mortality in MA twins was not related to placental vascular anat-
omy. The almost ubiquitous presence of compensating AA anastomoses in MA placentas 
appears to prevent occurrence of TTTS.
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Introduction

Monoamniotic (MA) twinning is a rare obstetric event, which occurs in approximately 1% of 
all monozygotic twin gestations. The condition is characterized by a single amniotic cavity 
with a single placenta and two umbilical cord insertions mostly close to each other. MA 
twins are associated with high antenatal and perinatal mortality rates. Compared to older 
literature, perinatal survival has improved substantially, from 30-70%138-141 to 80-90%142. 
This high risk has partly been attributed to common complications in (monochorionic) twin 
pregnancies such as preterm delivery, low birth weight and twin-twin transfusion syn-
drome (TTTS), but the most important cause of death is entanglement and knotting of the 
umbilical cords, a complication specific to MA twins143. The incidence of TTTS is reported to 
be lower in monochorionic MA pregnancies (3% to 10%)151, 161-163 than in monochorionic diam-
niotic pregnancies (10 to 15%)164, 165. The lower incidence of TTTS in MA twins is thought to be 
due to the almost universal presence of compensating arterio-arterial (AA) anastomoses 
in MA placentas166.
The aim of our study was to investigate the placental angioarchitecture in a large series of 
MA placentas and study the association between placental characteristics and perinatal 
mortality and morbidity.

Materials and methods

Between January 1998 and May 2008 55 pairs of monochorionic MA twins were delivered in 
four different Dutch tertiary care centers, including the University Medical Center Utrecht, 
Leiden University Medical Center, Academic Medical Center and Radboud University 
Nijmegen Medical Center. The following anatomic variables were recorded for each pla-
centa: number and type of anastomoses, type (central, paracentral, marginal or velamen-
tous) and distance between cord insertions and the relative distribution of the placental 
territories.
Each umbilical cord was labeled at delivery to identify the twin from whom it originated. 
Monoamnionicity was determined on the basis of first-trimester ultrasound features of the 
absence of a dividing amniotic membrane with a single placenta and concordant gender and 
postpartum confirmed by examination of placentas and intertwin membranes.
Gestational age was calculated from the first day of the last menstrual period and con-
firmed by first trimester ultrasound. Due to the rarity of these pregnancies, local antenatal 
management and surveillance of the MA twin pregnancies differed between the study cent-
ers. In general, all MA twin gestations were monitored by regular ultrasound assessment 
of growth, amniotic fluid volume, Doppler of the umbilical artery, and cord entanglement 
forthnightly. Subjects with either nonreassuring fetal findings or with maternal complica-
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tions were submitted to frequent but at least twice weekly maternal-fetal evaluations that 
were performed during hospitalization or during visits at an outpatient clinic setting. In 
three centers, women were hospitalized between 30 and 32 weeks of gestation in order to 
monitor fetal heart rates twice a day. In all centers, elective caesarean section was offered 
around 32-34 weeks of gestation after steroid treatment or determination of lung maturity.
After delivery, placental injection studies were performed generally within three days after 
delivery (Figure 1). Occasionally, placentas were stored for seven days at 4° Celsius; quality 
of these placentas was still good enough to evaluate vascular anastomoses and microscopy. 
The staff was instructed to store the placentas unfixed. Veins and arteries of both cords 
were cannulated successively with a 1-4 mm large umbilical catheter; sequence of injec-
tion of both placental shares is arbitrary. Veins and arteries were flushed with water with 
a 50 ml syringe to flush out the blood. Veins and arteries were cannulated again, a string 
was placed around the vessel and tightened around the canula to prevent backflow and 
leakage of dye out of the vessel, and the vessels were injected with different coloured dyes 
(WAK Chemicals); the veins were injected first with a light coloured dye (yellow or orange) 
and subsequent the arteries were injected with black or blue. In case of a venovenous (VV)-
anastomosis only one vein was canulated and in case of an AA-anastomosis only one artery 
was canulated. Since the venous or arterial system of the second twin will automatically fill 
in case of the presence of a VV-anastomosis or an AA-anastomosis respectively, there is no 
need to cannulate the venous or arterial system of this twin. Size and number of anastomo-
ses were documented. An AA-anastomosis was defined as a superficial connection between 
two arteries of both placental shares. A VV-anastomosis was defined as a superficial con-
nection between two veins of both placental shares. An AV-anastomosis is a connection 
between an artery, which perfuses a cotyledon and subsequently drains via a vein towards 
the other twin; both vessels perforate the chorionic plate through the same foramen. 
The differentiation between the varying anastomoses was made by visual inspection (see 
Figure 1). The placenta was weighed. After the injection study, the placenta was divided at 
the vascular equator. The percentage of placental territory was calculated by dividing the 
weight of each individual placental territory by total placental weight. Equal placental shar-
ing was defined as 40-60% of placental weight attributed to each twin. Unequal placental 
sharing was defined as one twin receiving blood from >60% of the placenta102. Umbilical 
cord insertions were described as (para)central, marginal or velamentous. (Para)central 
UCI is defined as an insertion into the disc of the placenta, 1 cm away from the placental 
border. Marginal UCI is defined as an insertion within 1 cm of the disc edge and velamentous 
insertion is an insertion directly into the membranes. The distance between both umbilical 
cord insertions was measured.
Stillbirth was defined as an intrauterine demise (IUD) of a fetus with a birth weight of >500 g 
and/or ≥20 weeks of gestation. Early neonatal mortality was defined as the death of an 
infant during the first 7 days of life and late neonatal death when the infant died between 8 
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and 28 days after birth. Total perinatal mortality was defined as IUD or early or late neonatal 
death (NND) of one or both infants. The diagnosis of TTTS was based on prenatal ultra-
sound findings59. However, since the polyhydramnios-oligohydramnios sequence can not 
be detected in MA pregnancies, diagnosis of TTTS was based on the identification of other 
clinical manifestations of TTTS, such as polyhydramnios, discordance in bladder size and 
abnormal Doppler flow patterns in either twin. Birth weight discordance was calculated by 
dividing the difference in birth weight between both infants by the birth weight of the larger 
twin. Severe birth weight discordancy was defined as a birth weight difference of ≥20% of 
the larger twin’s weight.
Statistical analysis was performed with the SPSS statistical package 12.0. Differences 
between categorical variables were analysed by Chi-square tests. Logistic regression was 
used to evaluate the relation between perinatal outcome (mortality and birth weight differ-
ences) and the various placental characteristics. P-values <0.05 (two-sided) were consid-
ered to indicate statistical significant differences.

Figure 1 Monoamniotic Placenta with Central Cord Insertions and a Small Intercord Distance after Dye Injection 
(Arteries are Black and Veins are Yellow or Orange). Several AV-anastomoses (White Arrow; Upper Arrow 
an AV-territory from Left to Right, Lower Arrow a Territory from Right to Left) and One AA-anastomosis 
can be seen (White Star).
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Results

In the study period, 55 MA twin pairs were delivered in the study centers. We excluded five 
acardiac twin pregnancies, 2 pregnancies with conjoined twins, 4 higher order multiples 
and one pregnancy with an early termination on social indication (mental disability), leaving 
43 MA placentas for analysis. In one placenta, placental vascular anastomoses could not 
be analysed due to severe maceration after single intrauterine demise. This placenta was 
included in all other analyses. Table 1 shows the characteristics of the study population. 
Median gestational age at delivery was 33+0 weeks (range: 16+0 to 38+6 weeks). Birth weight 
of six twin pairs was severely discordant (≥20%). Four pregnancies were complicated with 
death of one of the infants and in seven pregnancies both infants died. Overall perinatal loss 
rate was 22.1% (19/86).

Table 1 Characteristics of Monoamniotic Twin Pregnancies (Study Population).

No. of pregnancies 43

Gestational age at delivery (weeks), median and range 33+0 (16+0-38+6)

Birth weight (g), mean ± SD 1702 ± 577

Birth weight discordancy (%), median and range 8 (0.5-83)

Pregnancies with discordancy, n (%)a 6 (14)

Pregnancies affected by TTTS, n (%) 1 (2)

Perinatal loss rate (per infant), n (%) 19 (22)

pregnancies complicated by single death, n (%) 5 (12)

pregnancies complicated by double death, n (%) 7 (17)
a Discordancy is defined as ≥20% of the larger twin’s birth weight.

Table 2 Placental Angioarchitecture in 43 Monoamniotic Placentas.

AA-anastomoses – n (%)a, per placenta 41 (98)

VV-anastomoses – n (%)a, per placenta 18 (43)

AV-anastomoses – n (%)a, per placenta 38 (91)

Velamentous cord insertion – n (%), per insertion 3 (4)

Marginal cord insertion – n (%), per insertion 17 (20)

(Para)-central cord insertion – n (%), per insertion 64 (76)

Distance between both umbilical cords (cm), median and rangeb 4 (0-20)

Distance between both umbilical cords < 5 cm – n (%)b 16 (53)

Unequal placental sharing – n (%)c 16 (40)

Notes:
a Vascular anastomoses could not be analysed in one placenta due to severe maceration after single intrauterine demise.
b In 13 placentas the intercord distance was not recorded.
c In 3 cases placental sharing was not recorded.
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Table 3 Placental Characteristics of Monoamniotic Twins in Relation to Mortality.

One or both children deceased

n (%) p-value OR (95% CI)

Vascular anastomoses

AA Absent (n = 1) 1 (100) 0.262 not applicable

Present (n = 41) 10 (24)

VV Absent (n = 24) 5 (21) 0.483 1.90 (0.47-7.63)

Present (n = 18) 6 (33)

Umbilical cord
a) insertion (per fetus)

velamentous No (n = 81) 18 (22) 0.542 1.75 (0.15-20.42)

Yes (n = 3) 1 (33)

marginal No (n = 67) 16 (24) 0.751 0.68 (0.17-2.68)

Yes (n = 17) 3 (18)

(para)central No (n = 20) 4 (20) 1.000 1.22 (0.36-4.23)

Yes (n = 64) 15 (23)

b) distance between both umbilical cords

<5 cm (n = 16) 5 (31) 1.000 1.14 (0.24-5.46)

≥5 cm (n = 14) 4 (29)

Placental sharing

equal sharing (n = 24) 7 (29) 0.711 0.56 (0.12-2.60)

unequal sharing (n = 16) 3 (19)

Vascular anastomoses were present in all MA placentas (100%). In nearly all placentas (98%) 
AA-anastomoses were found. There was only one placenta without AA-anastomoses. The 
majority of the placentas had AV-anastomoses (90%), either with blood flow in both direc-
tions (66%) or in one direction (34%). VV-anastomoses were found in 18 placentas (43%). 
Further details on placental angioarchitecture in MA placentas are shown in Table 2. Most 
cord insertions were (para)-central (76%), in contrast to the rare occurrence of velamen-
tous cord insertion (n = 3; 4%). Median intercord distance was 4 cm (range: 0 to 20 cm).
Table 3 shows that the relation between placental angioarchitecture and perinatal mortality. 
We found no clear relationship between mortality and type of anastomoses, type and dis-
tance between cord insertions and placental sharing. In case AA-anastomoses were present, 
7.3% of pregnancies were complicated by single death compared to 17.1% of pregnancies 
complicated by death of both infants (p = 0.364). In the presence of VV-anastomoses, the 
incidence of single and double fetal death was 5.6% and 27.8%, respectively (p = 0.242).
Only one pregnancy was complicated by severe TTTS (2%). This placenta was the only pla-
centa in which no AA-anastomosis was found. In this case, amniodrainage was performed 
five times. The infants were delivered by caesarean section at 27+5 weeks of gestation (fetal 
indication). The recipient died 19 days after birth due to a fulminate necrotizing enterocoli-
tis.
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Sixteen placentas were unequally shared (40%).The incidence of severe birth weight discor-
dancy (≥20%) was similar in the presence of both equally and unequally shared placentas 
(Table 4).

Table 4 Placental Characteristics of Monoamniotic Twins in Relation to Birth Weight Discordancy ≥20% of the Larger 
Twin’s Weight.

Birth weight discordancy ≥20% of the larger twin’s weight

n (%) p-value OR (95% CI)

Vascular anastomoses

AA Absent (n = 1) 1 (100) 0.140 not applicable

Present (n = 42) 5 (12)

VV Absent (n = 24) 4 (17) 0.678 0.59 (0.10-3.62)

Present (n = 19) 2 (11)

Umbilical cord
a) insertion (per fetus)

velamentous No (n = 79) 12 (15) 1.000 not applicable

Yes (n = 3) 0

marginal No (n = 65) 10 (15) 1.000 0.73 (0.15-3.71)

Yes (n = 17) 2 (12)

(para)central No (n = 20) 2 (10) 0.721 1.73 (0.35-8.66)

Yes (n = 62) 12 (15)

b) distance between both umbilical cords

<5 cm (n = 16) 3 (18) 0.602 3.00 (0.28-32.75)

≥5 cm (n = 14) 1 (7)

Placental sharing

equal sharing (n = 25) 3 (12) 1.000 1.05 (0.16-7.08)

unequal sharing (n = 16) 2 (13)

Discussion

This is the largest cohort of MA twin pregnancies published to date, in which placental 
characteristics were studied in relation to perinatal outcome. As shown in this study, MA 
placentas are characterized by a nearly ubiquitous presence of superficial anastomoses 
and a small intertwin cord distance. We found no significant association between the vari-
ous placental morphologic characteristics and perinatal mortality. Lack of significance was 
probably due to the relatively small numbers which is inherent to the rare occurrence of 
monoamnionicity.
The incidence of perinatal mortality in MA twin pregnancies was high (22.1%), in accordance 
with the literature142. We found in particular a high incidence of double fetal demise, which 
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is probably related to the presence of superficial anastomoses. Following single fetal death, 
blood volume can shift rapidly through the AA and/or VV-anastomoses from the surviving 
twin towards its deceased co-twin, causing acute exsanguination and subsequent death of 
the second twin.
This study also shows that the incidence of velamentous cord insertion in MA placentas is 
low (4%). In contrast, the incidence of velamentous cord insertion in monochorionic diamni-
otic twin placentas is reported to be higher (12% to 20%)99, 100, 106, 107.
In contrast to several studies in which monochorionic diamniotic infants with unequally 
shared placentas were at higher risk of severe birth weight discordancy compared to 
infants with equally shared placental territories102, 108, we did not find an increased incidence 
of severe birth weight discordancy in MA twins with unequally shared placentas.
TTTS occurred in only one of the 43 (2%) studied MA twin pregnancies, which is in agreement 
with other studies reporting a lower incidence of TTTS in MA pregnancies151, 161-163compared 
to monochorionic diamniotic (10 to 15%)164, 165 In agreement with Umur et al.166, who pre-
sented the first 25 cases of our series, we found that AA-anastomoses were nearly always 
present in MA placentas, i.e. in 41 out of 42 placentas. In our TTTS-case170, no AA-anas-
tomosis was found. The presence of an AA-anastomosis protects against haemodynamic 
disequilibrium and hence the development of TTTS52, 166. The significant higher incidence of 
AA-anastomoses in MA placentas may explain the lower incidence of TTTS in these preg-
nancies compared to monochorionic diamniotic pregnancies.

Conclusion

In conclusion, MA placentas are characterized by the almost universal presence of superfi-
cial anastomoses and a small distance between the insertions of both umbilical cords. TTTS 
is a rare complication in MA twins due to the nearly always present circulatory balancing 
AA-anastomoses. More data from MA placentas are needed to study placental characteris-
tics in relation to perinatal outcome in these obstetric risk pregnancies.





10
General discussion and summary
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This PhD-thesis contains twins and their placentas. The following questions were addressed 
in this thesis:
1. Are there any differences in perinatal outcome (mortality and/or morbidity) between MC 

and DC twin pregnancies?
2. Has current perinatal outcome improved compared to a historical cohort from the early 

1900s, when fetal surveillance and intervention options were limited?
3. Can umbilical artery Doppler findings reliably predict (adverse) outcome in MC twin 

pregnancies?
4. Are placental morphologic characteristics related to perinatal outcome of MC twin 

pregnancies?
5. Are there any differences in long-term neurodevelopmental outcome between MC and 

DC twins at the age of 2 years?
6. What are the incidences of perinatal mortality and neonatal morbidity in a large cohort 

of monoamniotic twin pregnancies, a unique kind of twinning with a high risk of fetal 
death due to entanglement and knotting of the cords? And can we relate placental char-
acteristics to adverse outcome in these pregnancies?

Monochorionic (MC) twin are at a substantially higher risk of perinatal mortality and neo-
natal morbidity compared to dichorionic (DC) twins5, 16, 31. The higher mortality in MC twins 
is attributed to the effects of placental morphologic characteristics. Vascular anastomoses 
between both sides of the placenta, which are nearly always present, can cause interfetal 
transfusion. Twin-to-twin transfusion syndrome (TTTS) results from haemodynamic imbal-
ance between these anastomoses and will develop in 10-15% of all MC twin pregnancies. 
Several studies, including our study reported in Chapter 6, have shown that TTTS occurs 
due to the presence of unidirectional deep arteriovenous (AV) anastomoses and a paucity of 
bidirectional superficial compensatory arterio-arterial (AA) anastomoses52, 95-97. The pres-
ence of AA (and/or venovenous (VV)) anastomoses, by allowing intertwin blood flow, pro-
tects against haemodynamic disequilibrium and hence the development of TTTS95, 104. In 
our series, we also found that in pregnancies complicated by intrauterine mortality of both 
infants, AA-anastomoses were more likely to be present, whereas there was a higher prob-
ability of single death in the presence of VV-anastomoses. This relation has not been shown 
before. We assume that following single fetal death, blood volume can shift rapidly through 
the AA-anastomoses from the surviving twin towards its deceased co-twin, causing acute 
exsanguination and subsequent death of the second twin. In case of VV-anastomoses in 
pregnancies with single fetal demise, there is little flow between the deceased twin and the 
survivor due to the low pressure gradient along these anastomoses105, thereby preventing 
exsanguination of the surviving twin. Velamentous cord insertion, which is found far more 
common in twin placentas than in singletons106, 107, is also associated with the occurrence of 
TTTS and perinatal mortality. It has been shown before that infants with unequally shared 
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placentas were at higher risk of severe birth weight discordancy than infants with equal 
shared placental territories102, 108. An important finding in our study was the observation that 
this association was only found in the presence of AA-anastomoses. These anastomoses 
tend to preserve haemodynamic equilibrium with equal distribution of nutrients and oxy-
gen to both fetuses. In these cases, placental sharing determines fetal growth discordancy. 
In absence of compensatory AA-anastomoses, vascular anatomy will dominate placental 
sharing in its influence on fetal growth52, 103, 109. Nowadays, placental cord insertion and AA-
anastomoses, as an indicator for (adverse) perinatal outcome, can be reliably identified dur-
ing ultrasound examination95, 110, 171. Prenatal identification of these characteristics may alter 
counselling and the intensity of surveillance in the pregnancy.
In view of the diverse complications associated with monochorionity and the increased risk 
of perinatal mortality, these pregnancies should be monitored intensively. Prenatal care of 
MC twin pregnancies demands special attention of the obstetrician, starting from the first 
trimester onwards to birth172. In twin pregnancies Doppler assessment of the fetal circu-
lation has shown its usefulness in diagnosing intrauterine growth restriction (IUGR) and 
fetal anemia81, in grading TTTS83, 92, 93 and in predicting (adverse) outcome in the presence 
of TTTS83, 84. Only a few studies have investigated the relationship between Doppler veloci-
metry and fetal outcome in twin pregnancies85-87 and in only two of these chorionicity was 
taken into account14, 88. Gratacos and collegues studied Doppler assessment specifically in 
MC pregnancies in a similar study population as ours, which is described in Chapter 5. 
They found that intermittent absent and/or reversed end-diastolic flow resulted from the 
existence of large AA-anastomoses. There was an increased incidence of this Doppler-phe-
nomenon in pregnancies with selective IUGR, a subgroup with an elevated risk of intrauter-
ine demise (IUD) of the smaller twin and neurological damage in the larger twin. Although 
we found an increased risk of adverse outcome in case of at least one abnormal Doppler 
finding during pregnancy, we could not relate our findings to intermittent flow patterns, 
since that was not recorded. However, we found similar mortality rates in the normal and 
abnormal Doppler group, which might be due to timely intervention. After 32 weeks of ges-
tation neonatal morbidity was increased, most likely due to induced preterm delivery and 
consequently lower birth weights. At term however, no adverse outcome was present in the 
abnormal Doppler group, but there were 4 perinatal deaths in the normal Doppler group, 
suggesting that fetal surveillance is insufficient in uncomplicated term MC twins.
Therefore, perinatal mortality and morbidity was studied in a large cohort of twin 198 MC and 
1107 DC pregnancies delivered at the University Medical Center Utrecht, a tertiary referral 
center, and the St. Elisabeth Hospital Tilburg, a large general teaching hospital, both in The 
Netherlands, between January 1995 and December 2004 (Chapter 3). Perinatal mortality 
was 11.6% in MC twin pregnancies and 5.0% in DC twin pregnancies. After 32 weeks, the 
risk of IUD was significantly higher in MC twins than in DC twins (hazard ratio 8.8, 95% CI 
2.7–28.9). In the MC group, the prospective risk of fetal death after 32 weeks was 2.1%. In 
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most of these cases of IUD, no antenatal signs of impaired fetal condition had been present. 
The proportion of twins admitted to the neonatal intensive care unit (NICU) was higher for 
MC twins than for DC twins (28,7 and 19.0%, respectively). Overall, neonatal morbidity was 
considerably higher in MC twins, but after adjustment for gestational age and birth weight, 
only NEC occurred significantly more often in MC twins than in DC twins (OR 4.05, 95% CI 
1.97–8.35), and there was a trend towards higher neuromorbidity in MC twins.
In order to study perinatal mortality rates in MC twin pregnancies more closely, we col-
lected the largest cohort of MC twin pregnancies to date (Chapter 4). Perinatal outcome of 
more than 600 MC twin pregnancies without antenatal signs of TTTS, delivered in the ten 
perinatal centers in The Netherlands between January 2000 and December 2005, was stud-
ied. Overall perinatal mortality was 7.5%. In this series, the prospective risk of fetal death 
after 32 weeks of gestation was 0.5%. There was one double IUD, most probably due to the 
twin-anemia-polycythemia-sequence (TAPS165). There was a double IUD in a term preg-
nancy, in which the first infant died due to chronic hypoxia of unknown etiology with acute 
exsanguination of the second twin. One pregnancy was complicated by a single IUD, which 
remained unexplained. Only two perinatal deaths after 32 weeks of gestation occurred dur-
ing labour. Perinatal death (intrauterine and neonatal death) ≥ 37 weeks was 0.7%. Compared 
to a cohort of twin pregnancies in the early 1900s, when fetal surveillance and intervention 
options were limited, perinatal mortality has decreased considerably in DC pregnancies but 
only to a lesser extend in MC twins (Chapter 2). A century ago, the incidence of perinatal 
mortality was high (19.1%). Risk of perinatal death was 27.7% for MC and 15.8% for DC twin 
pregnancies (p < 0.001). Nowadays, perinatal mortality rates are much lower (Chapter 3 and 
4), but death in MC twins is still increased. So apparently, modern surveillance and the pos-
sibility of early intervention are effective in most DC twins but far less in MC twins.
As discussed before, mortality in MC twins is still high and cannot easily be foreseen, 
despite fetal surveillance and the possibility of early intervention. This has led to the discus-
sion as to how to manage the (uncomplicated) MC twin pregnancy and the possible necessity 
of elective preterm delivery. There is a controversy in the literature about IUD rates after 
32 weeks of gestation with subsequent varying recommendations of optimal time of deliv-
ery9-13, 34. Recently, the risk of IUD in ‘uncomplicated’ MC twin pregnancies has been inves-
tigated in several studies, ranging from 50-170 pregnancies. Barigye et al.9 reported an 
incidence of 2.9% of unexplained IUD after 32 weeks of gestation in MC twins without TTTS 
or IUGR (n = 139), which is comparable to the 2.1% fetal loss that was found in Chapter 3. In 
a Portuguese study10, only one intrauterine fetal death occurred in a group of 168 MC diam-
niotic twin pregnancies (uncomplicated cases as well as TTTS, growth discordance and/or 
malformations) after 32 weeks of gestation (1.2%). The latter group was monitored more 
intensively (weekly instead of biweekly and by cardiotocography and sonography instead of 
by sonography alone). A Belgian study12 reported three fetal deaths in 161 MC pregnancies 
(0.9%) and a study from the United Kingdom13 reported two fetal deaths in 115 MC pregnan-
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cies (0.9%). Finally, in a recent Spanish study11, there were no fetal deaths in 94 pregnancies 
after 32 weeks of gestation and in a small study of 53 uncomplicated MC pregnancies34, all 
delivered preterm between 34 and 37 weeks of gestation, also no IUD was found. However, 
all published data are relatively small observational studies and open to a publication bias 
(both negative as positive). Reported findings can also be a matter of chance. In our series, 
the largest to date (Chapter 4), the prospective risk of fetal death after 32 weeks of gestation 
was 0.5%. Figure 1 shows the prospective risks after 32 weeks reported in the literature 
and in our studies.
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Figure 1 Prospective risk of fetal death in MC twins after 32 weeks of gestation

Taking all reported data into account, the estimated prospective risk of fetal death after 32 
weeks of gestation will be somewhere between 0.5% and 1.0%. This rather low incidence 
of mortality does not justify elective preterm delivery. However, perinatal mortality in term 
(i.e. ≥37 weeks of gestation) MC twins is still high, ranging from 2.0 to 6.8% in older and 
more recent literature3, 24, 25. We reported a lower incidence of perinatal mortality in term 
MC twins (i.e. 0.7%, Chapter 4), but this is still 3-fold higher than in term singletons63 and 
term DC twin pregnancies (Chapter 3) and almost 2-fold higher than after vaginal birth of 
the term fetus in breech presentation64, 65. Our data and that of literature therefore suggest 
that offering elective delivery around 37 weeks seems to be the most aligned consensus 
by preventing term mortality and avoiding the risk of neonatal respiratory disorders due 
to preterm delivery42. With such a strategy, about 1% of IUDs in pregnancies continuing 
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≥37 weeks might be prevented. Elective delivery of uncomplicated DC twin pregnancies at 
36–37 weeks of gestation does not seem to improve the outcome of these infants27.

It has been known, that the risk of cerebral palsy (CP) is increased among twins, due to 
the higher proportion of preterm delivery and low birth weight111. Monochorionicity itself 
is also associated with the risk of CP111-113. Cerebral injury can be secondary to haemody-
namic disorders during pregnancy or from postnatal injury associated with prematurity and 
low birth weight. Cranial ultrasound abnormalities in the neonatal period also suggest that 
monochorionity itself is a risk factor for cerebral damage61, 116. Long-term outcome has been 
studied extensively in TTTS118-128 and co-twin death survivors7, 8, 130, specific complications in 
MC twin pregnancies. There were only two comparative studies on long-term outcome in 
MC and DC twins in general, in which a significant higher incidence of cerebral injury and 
developmental delay was found in MC twins38, 117. However, these studies were dated from 
the mid 1990s. Current obstetric management of (MC) twins, which has improved consid-
erably during the past decade, has ameliorated perinatal survival and neonatal outcome. 
In Chapter 7, we therefore studied neurodevelopmental outcome in 198 twin pairs at the 
age of 2 years. There were 4 cases of CP in MC twins (2.1%), of which two cases were due 
to monochorionicity/TTTS related pathology. In the DC group there was one infant with CP 
(0.5%, p = 0.372). In addition, a total of 147 MC and 142 DC infants were tested with Griffiths 
Mental Developmental Scales at the age of two years. The majority of these twins had a 
normal developmental status. There were no significant differences between MC and DC 
twins. One MC infant (0.7%) had a developmental delay compared to 6 DC infants (4.2%; p = 
0.064). Birth weight discordancy did not influence long-term outcome, though the smaller 
twin had slightly lower DQ-scores than its larger co-twin. In two previous studies38, 117, both 
from the mid 1990s, the incidence of CP and/or developmental delay was significantly higher 
in MC twins than in DC twins. In our study group reported incidences of neuromorbidity 
were much lower and impaired neurodevelopmental outcome was only due to complica-
tions specific to MC twin pregnancies (TTTS and co-twin death) or due to preterm delivery. 
So, long-term neurodevelopmental outcome of MC twins is at least as good as the outcome 
of DC twins.

Monozygotic twins with both a single placenta and a single amnion (MC monoamniotic (MA) 
twins) are thought to originate between day 7 and day 14 after fertilization. MA twinning 
is a rare event, which occurs in approximately 1% of all twin gestations. They are associ-
ated with high antenatal and perinatal mortality rates, which are partly attributed to com-
mon complications in (MC) twin pregnancies such as preterm delivery and low birth weight. 
However, the most important cause of death is entanglement and knotting of the umbilical 
cords, a specific complication in MA twins140. Due to the rare occurrence of MA twinning, 
relatively small case series have been published with varying survival data, including vary-
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ing mortality rates after 30-32 weeks of gestation and varying recommendation on the need 
to perform early delivery141-145. Older literature reported mortality rates of 30% to 70%146-149. 
More recent studies suggest a substantially improved perinatal survival with reported inci-
dences of 10% to 20%150. The reported incidences of perinatal mortality vary widely due to 
differences in ascertainment, prenatal recognition, inclusion of fetal anomalies and individ-
ual unit practice. All published data are relatively small observational studies and open to a 
publication bias. In our study (Chapter 8), perinatal mortality and non-anomalous perinatal 
mortality rates were 18.5% and 16.5%, respectively, in 98 MA twin pregnancies. In contrast 
to two studies in which no fetal deaths after 32 weeks were reported146, 147, we found four 
deaths in continuing pregnancies after 32 weeks. This is in agreement with most litera-
ture148, 152, 153. Although the incidence of perinatal mortality in MA twins has decreased over 
the years, mortality remains high (15 to 20%) and occurs throughout pregnancy. Intensive 
monitoring and early delivery seems to reduce perinatal mortality after 32 weeks of gesta-
tion. It has been reported that TTTS occurs less common in MA twin pregnancies than in MC 
diamniotic pregnancies, the incidence ranging from 3.1% to 10.5%151, 161-163. This is thought 
to be due to the ever present AA-anastomoses, which protect against haemodynamic dis-
equilibrium by allowing intertwin blood flow and hence the development of TTTS52, 157. This 
has been suggested by Umur et al.166 and is confirmed by the large series of 43 MA pla-
centas described in Chapter 9. In this study only one pregnancy was complicated by TTTS 
(2.3%), a case that has been described previously170. In that placenta, no AA-anastomoses 
were found, in contrast to the presence of AA-anastomoses in all other placentas. The sig-
nificantly higher incidence of AA-anastomoses in MA placentas may explain the lower inci-
dence of TTTS in these pregnancies compared to MCDA pregnancies. Moreover, delayed or 
lack of identification of clinical manifestations of TTTS may also account for the reduced 
rate of TTTS in MA twins167. There was no significant association between the various pla-
cental morphologic characteristics and perinatal mortality.
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Summary of most important findings of this thesis

•	 In a unique historical cohort from the early 1900s, when fetal surveillance and inter-
vention options were limited, risk of perinatal death was high for both MC and DC twins 
(27.7% and 15.8%, respectively). Compared to this cohort, perinatal mortality has de-
creased considerably in DC twins but to a lesser extend in MC twins.

•	 MC twins are still at increased risk of perinatal mortality and neonatal morbidity com-
pared to DC twins, even at term. In most of these cases of IUD, no antenatal signs of 
impaired fetal condition had been present.

•	 Current antenatal surveillance sometimes fails to predict and prevent adverse outcome 
in MC twin gestations. Mortality rates were similar in the normal and abnormal Doppler 
group, most probably due to timely intervention. Total neonatal morbidity was higher in 
the abnormal Doppler group, significant after 32 weeks gestation, which was due to low-
er birth weight and earlier gestational age at delivery. No adverse outcome was present 
beyond 36 weeks in the abnormal Doppler group, but there were 4 perinatal deaths in 
the normal Doppler group, suggesting that fetal surveillance is insufficient in uncompli-
cated term MC twins.

•	 We found a relatively low incidence of fetal death after 32 weeks of gestation (0.5%) in 
the largest cohort of MC twin pregnancies to date, which does not justify elective pre-
term delivery.

•	 Four MC infants had CP (2.1%); two of the four CP-cases were due to complications 
specific to MC twin pregnancies (TTTS and co-twin death) and the other two cases of CP 
were the result of cystic PVL after preterm birth. One sibling of a DC twin had CP (0.5%) 
with unknown etiology. One MC infant (0.7%) had a developmental delay compared to 6 
DC infants (4.2%). Outcome of MC twins is favourable in the absence of TTTS or co-twin 
death.

•	 In MCDA twins, placental characteristics determine perinatal outcome, occurrence of 
TTTS and fetal growth.

•	 Aggressive management of the high risk MA twin pregnancies, i.e. intensive monitoring 
and timely delivery at 32 to 34 weeks of gestation, seems to lead to an improved peri-
natal outcome in these pregnancies. Perinatal mortality was 18.5%. After exclusion of 
lethal anomalies, overall perinatal mortality was 16.5%. After 32 weeks of gestation, the 
prospective risk of perinatal mortality was 3.6%.

•	 In contrast to the association between placental characteristics and perinatal outcome 
of MCDA twins, perinatal mortality in MA twins was not related to placental vascular 
anatomy. However, the almost ubiquitous presence of compensating AA-anastomoses 
in MA placentas appears to prevent the occurrence of TTTS.
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Conclusions and recommendations

In conclusion, MC twins are still at increased risk of perinatal mortality and neonatal 
morbidity compared to DC twins. This is mainly attributed to the unique architecture of the 
MC placenta. Unfortunately, current antenatal surveillance sometimes fails to predict and 
prevent adverse outcome in MC twin gestations. Despite fetal surveillance and the possibil-
ity of early intervention, mortality in uncomplicated MC twin pregnancies cannot easily be 
foreseen. Even at term, unexpected fetal demise occurs. The relatively low prospective risk 
of death after 32 weeks of gestation (reported in this thesis as well as the overall interpreta-
tion of published cohort series) does not justify elective preterm delivery. However, mortal-
ity at term was still 3 times higher in MC twins as compared to singletons and term DC twins 
and did occur in pregnancies in which spontaneous onset of labour was awaitened (≥37 
weeks). We therefore suggest planned delivery of the MC diamniotic twin around 37 weeks 
of gestation. Fortunately, long-term outcome of MC twins is favorable in the absence of 
TTTS or co-twin death and we found no differences in outcome between MC and DC twins.
The risk of perinatal mortality in MA twins is still high and occurs throughout pregnancy. 
Intensive monitoring and early delivery seems to reduce perinatal mortality after 32 weeks 
of gestation.
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Dit proefschrift gaat over tweelingen en hun placenta’s. Het doel van dit proefschrift was 
het beantwoorden van de volgende vragen:
•	 Is er een verschil in uitkomst tussen één- en twee-eiige tweelingen?
•	 Is de uitkomst verbeterd in vergelijking met een historisch cohort uit het begin van de 

vorige eeuw, toen foetale bewaking en de mogelijkheid tot interventie beperkt waren?
•	 Kunnen Doppler metingen van de navelstrengarterie noodlottige uitkomsten van één-

eiige tweelingen voorspellen?
•	 Wat is het meest optimale tijdstip om tweelingen geboren te laten worden?
•	 Wat is de langetermijnuitkomst van de kinderen?
•	 Wat is de relatie tussen zwangerschapsuitkomst en placentakarakteristieken?
•	 En tot slot, hoe zit het met zwangerschapsuitkomst in relatie tot de placenta bij een 

zeldzame subgroep van ééneiige tweelingen, de monoamniotische (MA) tweelingen?

De incidentie van tweelingzwangerschappen is de laatste decennia toegenomen, vooral 
door fertiliteitbevorderende behandelingen en de hogere leeftijd waarop een vrouw haar 
kinderen krijgt. In Nederland bedroeg het aantal tweelingen aan het begin van de 20e eeuw 
12.4 per 1000 geboorten. Dit daalde tot 9.9/1000 geboorten in 1970 en steeg vervolgens tot 
17.8 tweelingen per 1000 geboorten aan het eind van de 20e eeuw1. Een tweeling is één- of 
twee-eiig. Een twee-eiige tweeling ontstaat na bevruchting van twee eicellen. Alle twee-
eiige tweelingen hebben een eigen placenta (bichoriaal, BC). Eéneiige tweelingen ontstaan 
na bevruchting van één eicel, waarna splitsing in twee embryo’s plaats vindt. De chorionici-
teit van een ééneiige tweeling (ookwel ‘identieke’ tweeling) is afhankelijk van het tijdstip van 
deling van de bevruchte eicel. Als de splitsing optreedt binnen drie dagen na de bevruch-
ting, dan zal de ééneiige tweeling BC zijn. Splitsing na drie dagen leidt tot een monochoriale 
(MC) tweeling met gedeelde placenta. Als de kinderen ieder in een eigen vruchtzak zitten 
dan noemen we dit een MC biamniotische tweelingzwangerschap. Indien beide kinderen in 
één vruchtzak zitten, dan spreken we van een MC monoamniotische (MA) tweeling.

Tweelingen hebben een hoger risico op perinatale aandoeningen en sterfte (morbiditeit 
en mortaliteit) dan eenlingen en MC tweelingen hebben een hoger risico dan BC tweelin-
gen5, 16, 31. Dit verschil wordt met name veroorzaakt door de aanwezigheid van vaatverbindin-
gen in de MC placenta. Deze vaatverbindingen verbinden beide foetale circulaties, waardoor 
op ieder moment in de zwangerschap of tijdens de bevalling bloeduitwisseling tussen beide 
kinderen kan plaatsvinden. In 10-15% van de MC tweelingzwangerschappen ontstaat door 
onevenwichtige interfoetale transfusie het tweeling-transfusie-syndroom (TTS). TTS gaat 
gepaard met een hoog risico op sterfte en (neurologische) morbiditeit. Meerdere studies, 
waaronder ons onderzoek beschreven in Hoofdstuk 6, hebben aangetoond dat TTS ontstaat 
in de aanwezigheid van unidirectionele diepe arterioveneuze (AV) vaatverbindingen en een 
tekort aan compenserende oppervlakkige arterio-arteriële (AA) anastomosen52, 95-97, 173. Via 
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de AA-anastomosen kan het bloed naar beide foetussen stromen, waardoor het haemody-
namische evenwicht hersteld wordt. Deze vaatverbindingen beschermen tegen het ontstaan 
van TTS95, 104. Voorts vonden wij in onze studie, dat sterfte van beide kinderen vaker optrad 
in de aanwezigheid van AA-anastomosen, terwijl sterfte van één kind vaker gebeurde in de 
aanwezigheid van VV-anastomosen. Deze bevinding is niet eerder door anderen gerappor-
teerd. Wij nemen aan dat na het intra-uterien overlijden van het eerste kind het bloed snel 
via de grote AA-anastomosen van het levende kind naar zijn overleden co-twin stroomt, 
waardoor het tweede kind verbloedt in zijn overleden broertje of zusje en ook overlijdt. 
Door de lage druk in de VV-anastomosen zal in geval van overlijden van één van de kinderen 
in de aanwezigheid van deze vaatverbindingen weinig bloed stromen tussen overleden en 
levend kind105, waardoor verbloeding van het overlevende kind niet zal optreden. Een vela-
menteuze insertie van de navelstreng (navelstrenginsertie gepositioneerd in de vliezen van 
de placenta) komt vaker voor in tweelingplacenta’s dan in placenta’s van eenlingen106, 107 en 
is zoals ook aangetoond in Hoofdstuk 6 geassocieerd met het ontstaan van TTS en peri-
natale sterfte. In overeenstemming met eerdere publicaties, hebben wij aangetoond dat 
MC tweelingen met een ongelijke verdeling van de placenta meer risico lopen op ernstige 
verschillen in geboortegewicht tussen beide kinderen dan kinderen met gelijke verdeling 
van de placentahelften102, 108. Een belangrijke bevinding in onze studie is de observatie dat dit 
verband alleen werd gevonden in de aanwezigheid van AA-anastomosen. Deze vaatverbin-
dingen spelen een belangrijke rol in het behouden van een haemodynamisch evenwicht met 
gelijke verdeling van voedingsstoffen en zuurstof naar beide kinderen. In aanwezigheid van 
de AA-anastomosen zal daarom de grootte van het placentadeel bepalend zijn voor de groei 
van de desbetreffende foetus (met andere woorden het kleine placentadeel hoort bij het 
kleine kind). Als er geen compenserende AA-anastomosen aanwezig zijn, dan zal de mate 
van interfoetale transfusie door de vaatverbindingen de groei bepalen. Met andere woor-
den, het kind dat het meeste bloed ontvangt (de ontvanger) zal het hardst groeien52, 103, 109. 
Tegenwoordig is het mogelijk de plaats van de navelstrenginsertie en de aanwezigheid van 
AA-anastomosen vast te stellen met echografisch onderzoek95, 110, 171. Prenatale herkenning 
van deze karakteristieken kan (in de toekomst) van invloed zijn op counseling en intensiteit 
van bewaking van de MC tweelingzwangerschap.
Om meer inzicht te krijgen in de perinatale sterfte en morbiditeit in tweelingzwangerschap-
pen, hebben wij een groot cohort van 198 MC en 1107 BC tweelingzwangerschappen bestu-
deerd, geboren tussen januari 1995 en december 2004 in het Universitair Medisch Centrum 
Utrecht, een academisch centrum, en in het St. Elisabeth Ziekenhuis in Tilburg, een groot 
opleidingsziekenhuis (Hoofdstuk 3). Perinatale mortaliteit was 11.6% in MC tweelingzwan-
gerschappen en 5.0% in BC tweelingzwangerschappen. In de MC groep was het prospec-
tieve risico op intra-uteriene sterfte na 32 weken 2.1% en dit was 9 maal hoger dan in de BC 
groep (hazard ratio 8.8, 95% betrouwbaarheidsinterval (BHI) 2.7-28.9). In de meeste geval-
len van intra-uteriene sterfte waren er geen antenatale aanwijzingen voor foetale nood. Het 
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aantal kinderen dat opgenomen werd op de neonatale intensive care (NICU) was groter in de 
MC groep dan in de BC groep (respectievelijk 28.7 en 19.0%). Neonatale morbiditeit, waar-
onder neurologische complicaties (zoals hersenbloedingen en cerebrale schade), kwam 
tevens vaker voor bij MC tweelingen, maar na correctie voor factoren die samenhangen 
met het ontstaan van morbiditeit (zwangerschapsduur en geboortegewicht) bleek alleen 
necrotiserende enterocolitis (NEC) significant vaker voor te komen in de MC groep (OR 4.1, 
95% BHI 2.0–8.4). 
In verband met de diverse complicaties en het risico op perinatale sterfte moeten MC 
tweelingzwangerschappen intensief bewaakt worden. Prenatale zorg van deze zwanger-
schappen vraagt speciale aandacht van de gynaecoloog, al vanaf het eerste trimester tot 
aan de geboorte van de tweeling172. Het meten van de bloedstroom profielen van de foetale 
circulatie met behulp van Doppler is nuttig gebleken bij het vaststellen van intra-uteriene 
groeivertraging (IUGR) en foetale anemie 81, bij het stadiëren van TTS83, 92, 93 en bij het voor-
spellen van de uitkomst in de aanwezigheid van TTS83, 84. De relatie tussen Doppler-metin-
gen en uitkomst van de kinderen is slechts in enkele onderzoeken bestudeerd85-87, waarbij in 
slechts twee studies onderscheid is gemaakt naar chorioniciteit14, 88. Gratacos en collega’s 
bestudeerden Doppler-metingen in een cohort MC tweelingzwangerschappen, dat verge-
lijkbaar was met ons cohort beschreven in Hoofdstuk 5. Zij vonden dat het wisselend aan-
wezig zijn van afwezige en/of reversed einddiastolische flow wordt veroorzaakt door grote 
AA-anastomosen. Dit Doppler fenomeen kwam meer voor in zwangerschappen met selec-
tieve groeivertraging, een subgroep met een verhoogd risico op sterfte van het kleine kind 
en neurologische schade bij het grotere kind. Hoewel wij een verhoogd risico op nadelige 
uitkomsten vonden als minstens één keer een afwijkende Doppler was gemeten tijdens de 
zwangerschap, konden wij onze bevindingen niet relateren aan intermitterende flow patro-
nen, aangezien wij deze gegevens niet hadden vastgelegd. Sterfte kwam in de normale en 
abnormale Doppler-groep even vaak voor, wat kan duiden op tijdige interventie in de laatste 
groep. Na een zwangerschapsduur van 32 weken was de neonatale morbiditeit in de abnor-
male Doppler-groep verhoogd. Dit werd zeer waarschijnlijk veroorzaakt door het (vroeg)
tijdig ingrijpen in deze zwangerschappen, waardoor een vroeggeboorte werd geïnduceerd 
en de kinderen vaak een lager geboortegewicht hadden. A terme (≥37 weken) werden geen 
problemen in de abnormale Doppler-groep gezien, terwijl nog vier kinderen overleden in 
de groep met normale Dopplers. Helaas schiet de huidige antenatale bewaking dus soms 
tekort in het voorspellen en voorkomen van deze noodlottige uitkomsten. 
Vergeleken met een cohort tweelingzwangerschappen uit het begin van de 20e eeuw, toen 
foetale bewaking en mogelijkheden tot interventie beperkt waren, is de perinatale sterfte in 
tweelingzwangerschappen sterk gedaald. Dit geldt echter voornamelijk voor de BC twee-
lingen en minder voor de MC tweelingen (Hoofdstuk 2). Een eeuw geleden was de inciden-
tie van perinatale sterfte hoog (19.1%). De perinatale mortaliteit bedroeg 27.7% voor MC 
tweelingen en 15.8% voor BC tweelingen (p < 0.001). Tegenwoordig is het risico op sterfte 
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gelukkig lager (Hoofdstuk 3 en 4), maar de kans op sterfte is nog steeds verhoogd in de 
MC groep. Het lijkt dus dat de moderne bewakingstechnieken en de mogelijkheid tot tijdige 
interventie vooral effectief zijn in BC tweelingzwangerschappen, maar veel minder in MC 
tweelingzwangerschappen.
Om deze reden hebben wij de perinatale sterfte bij MC tweelingen gedetailleerder bekeken 
in het grootste cohort MC tweelingzwangerschappen tot nu toe (Hoofdstuk 4). Perinatale 
uitkomsten van meer dan 600 MC tweelingzwangerschappen zonder TTS werden bestu-
deerd. Deze tweelingen waren geboren tussen januari 2000 en december 2005 in de tien 
perinatale centra van Nederland. In dit cohort was de perinatale sterfte 7.5% en het pros-
pectieve risico op intra-uteriene sterfte na 32 weken was 0.5%. In één zwangerschap stier-
ven beide kinderen, meest waarschijnlijk ten gevolge van een nieuwe atypische vorm van 
TTS, namelijk TAPS (twin anemia polycythemia sequence165). In de a terme periode werd een 
zwangerschap gecompliceerd door sterfte van beide kinderen; het eerste kind overleed ten 
gevolge van een chronisch zuurstofgebrek (oorzaak onbekend) en het tweede kindje ver-
bloedde acuut na het overlijden van zijn co-twin. In een andere zwangerschap overleed één 
kindje; hiervan is de doodsoorzaak onverklaard gebleven. Na 32 weken traden slechts twee 
sterftes op tijdens de bevalling. De perinatale sterfte (intra-uteriene sterfte en neonatale 
sterfte) na een zwangerschapsduur van 37 weken bedroeg 0.7%.
Sterfte in MC tweelingzwangerschappen komt dus nog steeds regelmatig voor en is moe-
ilijk te voorkomen, ondanks intensieve foetale bewaking en interventie mogelijkheden. 
Dit heeft geleid tot de discussie hoe de zorg rond deze zwangerschappen geregeld moet 
worden en de eventuele noodzaak van electieve vroeggeboorte. Er zijn enkele tegenstrij-
dige publicaties verschenen over de incidentie van intra-uteriene sterfte na 32 weken met 
daaruit volgend uiteenlopende aanbevelingen over het optimale tijdstip waarop de kinderen 
geboren moeten worden9-11, 13, 34, 165. Het risico op doodgeboorte in ogenschijnlijk ongecom-
pliceerde MC zwangerschappen is onderzocht in diverse studies, waarin tussen 50 en 170 
zwangerschappen werden bestudeerd. Barigye en collega’s9 rapporteerden een incidentie 
van 2.9% onverklaarde intra-uteriene vruchtdoden (IUVD’s) na 32 weken in MC tweelingen 
zonder TTS of ernstige groeivertraging (n = 139). Dit is vergelijkbaar met de incidentie van 
IUVD’s beschreven in Hoofdstuk 3. In een Portugese studie10 werd na 32 weken slechts 
één IUVD gevonden in een groep van 168 MC biamniotische tweelingzwangerschappen 
(1.2%). Dit waren zowel ongecompliceerde zwangerschappen als zwangerschappen met 
TTS, groeivertraging en/of aangeboren afwijkingen. De antenatale bewaking in deze groep 
was zeer intensief: wekelijkse in plaats van tweewekelijkse controles en CTG gecom-
bineerd met echoscopisch onderzoek in plaats van alleen echoscopisch onderzoek. Een 
Belgische studie12 rapporteerde drie foetale sterftes in 161 MC tweelingzwangerschap-
pen (0.9%) en een studie uit het Verenigd Koninkrijk13 rapporteerde twee IUVD’s in 115 MC 
tweelingzwangerschappen (0.9%). In een recente Spaanse studie11 werden na 32 weken 
geen sterftes meer geobjectiveerd in 94 MC tweelingzwangerschappen en in een kleine 
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studie van 53 ongecompliceerde zwangerschappen werden ook geen sterftes gevonden34; 
al de tweelingen in de twee laatste onderzoeken waren geboren tussen 34 en 37 weken. 
Al deze studies zijn relatief kleine observationele onderzoeken, die gevoelig zijn voor een 
zogenaamde publicatiebias (reden voor onderzoek is sterfte in eigen ziekenhuis, waardoor 
overschatting van het probleem). De gerapporteerde bevindingen kunnen daardoor toe-
valsbevindingen zijn. In onze studie, de grootse tot nu toe (Hoofdstuk 4), is het prospectieve 
risico op intra-uteriene sterfte na 32 weken 0.5%. Figuur 1 laat het prospectieve risico na 32 
weken zien zoals gerapporteerd in de hiervoor genoemde studies en onze eigen studies. Als 
we alle beschikbare data in ogenschouw nemen, dan zal het prospectieve risico op sterfte 
na 32 weken in MC tweelingzwangerschappen naar schatting tussen 0.5% en 1.0% liggen. 
Deze relatief lage incidentie van sterfte rechtvaardigt een electieve vroeggeboorte niet. 
Echter, de a terme sterfte (i.e. ≥37 weken) in MC tweelingen is nog steeds hoog: 2.0% tot 
6.8% volgens oudere en recente literatuur3, 24-26. Wij hebben een lagere sterfte gevonden in 
a terme MC tweelingen (i.e. 0.7%, Hoofdstuk 4), maar dit percentage is nog steeds driemaal 
hoger dan in a terme eenlingen63 en BC tweelingen (Hoofdstuk 3) en bijna twee keer hoger 
dan sterfte ten gevolge van vaginale stuitbevallingen64, 65. Onze gegevens, ondersteund door 
de literatuur, lijken erop te wijzen dat het aanbieden van een electieve bevalling rond 37 
weken de beste balans biedt tussen het voorkómen van a terme sterfte en het vermijden 
van neonatale respiratoire problemen ten gevolge van een geïnduceerde vroeggeboorte42. 
Met dit beleid wordt wellicht de ongeveer 1% IUVD’s in doorgaande zwangerschappen na 
37 weken voorkomen. Een geplande bevalling van ongecompliceerde BC tweelingzwanger-
schappen daarentegen lijkt de uitkomst van de kinderen niet te verbeteren27.
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Figuur 1 Prospectief Risico op Intra-uteriene Sterfte bij MC Tweelingen na 32 Weken.
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Het is bekend dat het risico op spasticiteit (cerebral palsy, CP) verhoogd is bij tweelingen, 
voornamelijk door vroeggeboorte en lage geboortegewichten111. Monochorioniciteit op zich-
zelf is ook geassocieerd met een hogere kans op CP111-113. Cerebrale schade kan ontstaan 
ten gevolge van haemodynamische problemen tijdens de zwangerschap (zuurstof tekort 
door tijdelijk slechtere doorbloeding van de hersenen) of postnatale schade ten gevolge 
van prematuriteit en een laag geboortegewicht. Echo’s van de hersenen van pasgeboren 
wijzen erop dat monochorioniciteit ook een risicofactor voor hersenschade is61, 116. Lange-
termijnuitkomsten zijn uitgebreid bestudeerd bij TTS tweelingen118-128 en bij kinderen die het 
overlijden van de co-twin overleefd hebben7, 8, 130, beiden specifieke complicaties voor MC 
tweelingzwangerschappen. Er waren slechts twee vergelijkende studies over langetermijn-
uitkomsten bij MC en BC tweelingen. In deze studies werd een significant hogere incidentie 
van hersenschade en ontwikkelingsachterstand gevonden bij MC tweelingen38, 117. Deze stu-
dies dateerden echter van halverwege de jaren ’90. Het huidige beleid van MC tweelingen 
is het afgelopen decennium verscherpt, waardoor de perinatale overleving en neonatale 
uitkomsten sterk zijn verbeterd. In Hoofdstuk 7 beschrijven wij daarom de neurologische 
status en psychomotorische ontwikkeling van 198 tweelingen op 2-jarige leeftijd. Er waren 
4 casus van CP in de MC groep (2.1%), waarvan twee gevallen gerelateerd waren aan proble-
men die specifiek voorkomen in MC zwangerschappen (TTS, overlijden van co-twin). In de 
BC groep werd één kind met CP gevonden (0.5%, p = 0.372). Aansluitend werden 147 MC en 
142 BC kinderen op 2-jarige leeftijd getest met de ‘Griffiths Mental Developmental Scales’. 
De meerderheid van deze tweelingen ontwikkelde zich normaal. Er waren geen significante 
verschillen tussen MC en BC tweelingen. Eén MC kind had een ontwikkelingsachterstand 
(0.7%) vergeleken met 6 BC kinderen (4.2%; p = 0.064). De ontwikkeling van tweelingen met 
ernstige geboortegewichtsverschillen verliep zonder grote problemen, hoewel het kleine 
kind van deze tweeling wel lager scoorde dan zijn grotere co-twin. In de eerder genoemde 
studies van Minakami117 en Adegbite38 was de incidentie van CP en/of een ontwikkelingsach-
terstand significant hoger in de MC groep dan in de BC groep. In ons onderzoek was de inci-
dentie van deze neuromorbiditeit veel lager en werd met name gezien na zwangerschappen 
met specifieke complicaties voor MC tweelingen (TTS, overlijden van de co-twin) of vroeg-
geboorte. De langetermijnuitkomsten van MC tweelingen lijken dus minstens net zo goed 
als van BC tweelingen, mits de zwangerschap ongecompliceerd is verlopen.

Monochoriale monoamniotische (MA) tweelingen ontstaan door late splitsing van de 
bevruchte eicel, waarschijnlijk 7 tot 14 dagen na de bevruchting. Dergelijke zwangerschap-
pen komen zelden voor (1% van alle tweelingzwangerschappen), maar zijn geassocieerd 
met een hoge incidentie van sterfte. Dit wordt deels veroorzaakt door veel voorkomende 
complicaties in MC tweelingzwangerschappen, zoals vroeggeboorte en laag geboorte-
gewicht, maar de belangrijkste oorzaak van sterfte is verstrengeling en verknopen van de 
navelstrengen, een specifieke complicatie van MA tweelingen. Door de lage incidentie van 
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MA tweelingen zijn slechts een beperkt aantal kleine onderzoeken gepubliceerd over de 
uitkomst van deze zwangerschappen, met wisselende gegevens over overleving en compli-
caties en uiteen lopende aanbevelingen over het nut van tijdige interventie. Sterftecijfers in 
de oudere literatuur variëren van 30% tot 70%138-141; meer recente studies tonen een aan-
zienlijk verbeterde uitkomst (sterfte 10% to 20%)142. Wij bestudeerden de uitkomst van 98 
MA tweelingzwangerschappen (Hoofdstuk 8). De perinatale mortaliteit bedroeg 18.5% en 
na exclusie van aangeboren afwijkingen 16.5%. In tegenstelling tot twee eerdere studies146, 

147 waarin geen sterfte werd gevonden na 32 weken, overleden in ons cohort vier kinderen 
in doorgaande zwangerschappen na 32 weken (3.6%). Dit is overigens in overeenstemming 
met de meeste literatuur148, 152, 153. Hoewel de sterfte nog steeds hoog is, lijkt intensieve 
bewaking en het vroegtijdig laten bevallen van deze zwangeren, zoals doorgaand uitgevoerd 
in de bij ons onderzoek betrokken ziekenhuizen, de perinatale mortaliteit na 32 weken te 
reduceren.
Eerdere publicaties hebben aangetoond dat TTS minder vaak voorkomt bij MA tweeling-
zwangerschappen dan in MC tweelingzwangerschappen (incidentie 3% tot 11%)151, 161-163. Dit 
komt waarschijnlijk doordat AA-anastomosen in de MA placenta bijna altijd aanwezig zijn. 
Deze vaatverbindingen herstellen het haemodynamisch evenwicht en beschermen daar-
door tegen het ontstaan van TTS52, 166. Dit werd voor het eerst beschreven door Umur en 
collega’s166 en is door ons bevestigd in een grote serie van 43 MA placenta’s beschreven 
in Hoofdstuk 9. In deze studie werd slechts één zwangerschap gecompliceerd door TTS 
(2.3%); deze casus is eerder gepubliceerd170 en in de placenta bleken geen AA-anastomosen 
aanwezig in tegenstelling tot alle andere MA placenta’s.

Samenvatting van belangrijkste bevindingen van dit proefschrift:

•	 In een uniek historisch cohort van begin 20e eeuw, toen foetale bewaking en mogelijk-
heden tot interventie beperkt waren, was het risico op perinatale sterfte hoog voor zo-
wel MC als BC tweelingen (respectievelijk 27.7% en 15.8%). Vergeleken met dit cohort 
is de sterfte aanzienlijk verminderd, maar dit geldt vooral voor de BC tweelingen en 
minder voor de MC tweelingen.

•	 MC tweelingen hebben nog steeds een hoger risico op perinatale sterfte en neonatale 
morbiditeit in vergelijking met BC tweelingen, ook in de a terme periode. In de meeste 
zwangerschappen waarin intra-uteriene sterfte optrad, waren er geen antenatale teke-
nen van foetale bedreiging aanwezig (waaronder Doppler bevindingen) en trad de sterfte 
onverwacht op. 

•	 Incidenteel faalt de huidige antenatale bewaking van MC tweelingzwangerschappen dan 
ook in het voorspellen en voorkomen van noodlottige uitkomsten. 



N
ed

er
la

nd
se

 s
am

en
va

tt
in

g

135

•	 Wij vonden een relatieve lage incidentie van intra-uteriene sterfte na 32 weken (0.5%) in 
het grootste cohort MC tweelingzwangerschappen tot nu toe. Op basis van dit percen-
tage is een geïnduceerde vroeggeboorte niet gerechtvaardigd. Aangezien de a terme 
sterfte bij MC tweelingen nog steeds hoog is (0.5 tot 1%) adviseren wij deze kinderen 
rond 37 weken geboren te laten worden.

•	 De langetermijnuitkomsten van MC tweelingen bleken gunstig, mits de zwangerschap 
niet gecompliceerd werd door TTS of overlijden van de co-twin.

•	 In MC biamniotische tweelingen bepalen de karakteristieken van de placenta het ont-
staan van TTS, de groei van de kinderen en de perinatale uitkomst.

•	 ‘Agressieve’ zorg voor de hoog risico MA zwangeren, i.e. intensieve bewaking en tijdige 
geboorte van de kinderen tussen 32 en 34 weken, lijkt te leiden tot een betere uitkomst, 
met een perinatale mortaliteit van 18.5% en na exclusie van aangeboren afwijkingen 
16.5%. Na 32 weken bedroeg het prospectieve risico op sterfte 3.6%.

•	 Perinatale sterfte bij MA tweelingen was niet gerelateerd aan de placentaire anatomie. 
Echter, de altijd aanwezige compenserende AA-anastomosen in MA placenta’s lijken te 
beschermen tegen TTS.

Conclusies en aanbevelingen

MC tweelingen hebben nog steeds een hoger risico op perinatale sterfte en neonatale mor-
biditeit vergeleken met BC tweelingen. Dit wordt voornamelijk veroorzaakt door de unieke 
architectuur van de MC placenta. Helaas schiet de huidige antenatale bewaking soms tekort 
in het voorspellen en voorkomen van deze noodlottige uitkomsten. Ook in de a terme peri-
ode treedt een intra-uteriene vruchtdood soms onverwacht op. Het relatief lage risico op 
IUVD’s na 32 weken rechtvaardigt een electieve vroeggeboorte niet. Aangezien de sterfte 
bij MC tweelingen na 37 weken zwangerschap driemaal hoger is dan in a terme eenlingen 
en BC tweelingen stellen wij voor om (ongecompliceerde) MC biamniotische tweelingen 
rond 37 weken geboren te laten worden. Gelukkig zijn de langetermijnuitkomsten van MC 
tweelingen gunstig zolang de zwangerschap niet gecompliceerd werd door TTS of overlij-
den van de co-twin. Voor MA tweelingen is het risico op perinatale sterfte nog steeds hoog 
en dit risico blijft hoog gedurende de gehele zwangerschap. ‘Agressieve’ zorg voor de hoog 
risico MA zwangeren, i.e. intensieve bewaking en tijdige geboorte van de kinderen tussen 32 
en 34 weken, lijkt te leiden tot een verbetering van de overleving.
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AA arterio-arterial
AV arteriovenous
BPD bronchopulmonary dysplasia
CI confidence interval
CP cerebral palsy
CS caesarean section
DC dichorionic
DQ developmental quotient
GBS group B streptococcal
Hb haemoglobin
HR hazard ratio
IUD intrauterine death
IUGR intrauterine growth retardation
IVH intraventricular haemorrhage
MA monoamniotic
MC monochorionic
MCDA monochorionic diamniotic
NEC necrotizing enterocolitis
NICU neonatal intensive care unit
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OR odds ratio
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De auteur van dit proefschrift werd op 14 mei 1980 in haar ouderlijk huis te Nieuwegein 
geboren. Zij doorliep haar basisschool en middelbare school in Nieuwegein en behaalde in 
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onder leiding van Dr. Jan Derks en Prof. Gerard Visser onderzoek gedaan naar het natuur-
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