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Preface

Multiple pregnancy is a challenge for obstetricians. There have been many innovations in
diagnosis and management over the past few years. This book offers an immersion into
multiple pregnancy. Each chapter presents the reader with various important issues related
to the subject matter.

The first chapter, “Historical Studies of Hellin’s Law” (Johan Fellman), is about the epidemi-
ology of multiple pregnancy. The incidence is approximately 2-3%. Currently, there is a ten-
dency for women to postpone pregnancy. Therefore, we can see an increase in women of
advanced reproductive age becoming pregnant, who are more likely to have twins. The eti-
ology of this phenomenon is well demonstrated in the chapter “Twinning as an Evolved
Age-Dependent Physiological Mechanism: Evidence from Large Brazilian Samples” (Varella
Marco et al.). The incidence of twins has increased since 1980 as a result of assisted repro-
duction techniques. However, several attitudes to avoid it are being implemented, as shown
in the chapter “Judicious Fertility Treatment to Minimise the Risk of Multiple Pregnancy”
(Fiona Langdon, Roger Hart).

The early diagnosis of chorionicity is crucial for a good follow-up as presented in the chap-
ter “Early Pregnancy Ultrasound Assessment of Multiple Pregnancy” (Antasaklis Panagiotis
et al.). Once the chorionicity is defined, prenatal and follow-up can be planned. The screen-
ing of twin-to-twin transfusion syndrome (TTTS) starts at 16 weeks, with an ultrasono-
graphic follow-up every two weeks. On the other hand, dichorionic pregnancies have a
lower risk than monochorionic and therefore the follow-up could be performed every four
weeks until the third trimester.

Prenatal care of twins has several challenges due to a more intense adaptive mechanism. In
multiple pregnancies the risks of nausea, vomiting, abortion, anemia, pre-eclampsia, gesta-
tional diabetes, fetal anomalies, preterm birth, and other diseases are increased. The chapter
“Prenatal Attachment in Twin Pregnancy” (Chiara Ionio et al.) highlights medical and psy-
chological aspects during prenatal care.

Maternal morbidity and mortality are higher in multiple pregnancy when compared to sin-
gleton pregnancy. Maternal advanced age plus the morbidities associated with it increase by
approximately three times the risk of maternal mortality. This topic is addressed in the
chapter “Multiple Pregnancy in Women of Advanced Reproductive Age” (Laura Pérez Mar-
tin, Duna Trobo Marina).

Multiple pregnancy has serious complications, which are greater than in singleton pregnan-
cy. Monochorionic pregnancies present several unique complications that contribute to the
high rate of perinatal mortality. These aspects are presented in the chapter “Complications
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in Monochorionic Pregnancies” (Bruno Toneto). The pathophysiology of most of these com-
plications is related to placental angioarchitecture such as twin to twin transfusion syn-
drome (TTTS). Fetoscopic laser treatment for TTTS represents one of the best applications
for fetal surgery, showing great results. Fetoscopic laser photocoagulation has drastically
improved the survival rate of fetuses with TTTS when compared to serial amnioreduction.

The chapter “Quadruplets and Quintuplets” (Stelios Fiorentzis et al.) shows that preterm
birth occurs in nearly 100% of high-order pregnancy twins and in 50% of twins as demon-
strated in the chapter “Preterm Birth in Twins” (Marcelo Santucci et al.). Perinatal morbidity
and mortality in multiple pregnancy is very elevated when compared to singleton pregnan-
cy. The incidence of twins is only 2-3% of all pregnancies, but it is responsible for 15% of all
preterm births with less than 32 weeks. Therefore, several strategies have been proposed to
minimize this risk, such as follow-up of cervical length to prevent preterm birth, pessary,
progesterone, and tocolysis to postpone birth to use corticosteroids in fetal pulmonary ma-
turation, and magnesium sulfate use for neuroprotection.

After all the intense prenatal care, good assistance during delivery is essential, which brings
us to the final stop on this journey: the chapter “Time and Mode of Delivery in Twin Preg-
nancies” (Eduardo Santana et al.).

Throughout our 10 chapters the book contemplates the most relevant aspects of the multiple
pregnancy scenario. Authors from all over the world, who have contributed to this book,
know their subjects deeply and offer readers the best from their research experiences.

The book gives the reader a state-of-the-art update on multiple pregnancy.

I would like to thank my wife, Camila, and our children Jodo and Pedro for their support,
understanding and love during the journey to complete this mission that will help women
with multiple pregnancy all over the world.

Julio Elito Jr.

Associate Professor of the Department of Obstetrics
Federal University of Sdo Paulo (UNIFESP)

Sao Paulo, Brazil



Section 1

Epidemiology







Chapter 1

Historical Studies of Hellin’s Law

Johan Fellman
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Abstract

Theorems, proofs, laws and rules are commonly named according to the presumed dis-
coverer, but often earlier investigators have contributed substantially to the findings. One
example of this is Hellin’s law, which was named after Hellin, although he was not the
first to derive it. In research on twinning and higher multiple maternities, the law has
played a central role because it is approximately correct, despite showing discrepancies
that are difficult to explain or eliminate. However, most studies are based on empirical
rates of multiple maternities. Such studies can only serve to identify errors too large to be
characterized as random. It has been mathematically proven that Hellin’s law does not
hold as a general rule. Consequently, improvements to this law have been proposed.

Keywords: twinning rates, triplet rates, quadruplet rates, Stigler’s law, maternal age,
temporal trends

1. Introduction

During the history of research on multiple maternities, Hellin’s law has been applied as a rule
of thumb. Consequently, the law contributes to the description of the twinning models. In this
paper, we consider how Hellin’s law can be tested and used. It is of particular interest to
determine why the rates of higher multiple maternities are sometimes too high or too low
when Hellin’s law is used as a benchmark. The analysis of Fellman and Eriksson [1] of triplet
and quadruplet rates indicated that triplet rates are closer to Hellin’s law than quadruplet
rates. According to the analyses by Fellman and Eriksson [2] of the twinning rate and the
transformed triplet rate and quadruplet rate for Sweden (1751-2000), both triplet and quadru-
plet rates showed excesses after the 1960s. This is mainly caused by the influence of the
artificial reproduction technologies, particularly the use of fertility-enhancing drugs. Fellman
and Eriksson [2] introduced measures of concordance between triplet rates with Hellin's law.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) ExgIEN
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Regression analyses of twinning and triplet rates yield rather good fits with respect to Hellin’s
law, but deficiencies in the triplet rates are commonly present. According to Hellin's law,
historical data show deficiencies in triplet rates, but recent data reveal excesses, especially
among older mothers. The excesses obtained are in good agreement with other studies of
recent data. Here, we pay special attention to the use of Hellin's law in investigations of
multiple maternities.

2. Prerequisites for twinning research

In the nineteenth century, a series of statistical congresses, most notable in Brussels in 1853 and
in St. Petersburg in 1872, was important for the start of demographic research and especially
twinning research [3]. Levi [4] gave a detailed presentation of the suggestions accepted at the
congress in Brussels.

[Tlhere ought to be an annual registry of population, exhibiting the births by sex, by age of
both parents, legitimate and illegitimate, number of twins, stillborn, marriages and divorces,
by months. The deaths, by sex, by age, and by months, distinguishing among dead children,
till three years of age, the legitimate from the illegitimate. The deaths by month, with the
causes of death, and the profession of the deceased; marriages, with the age of the parties, their
condition, profession, and number of children, distinguishing the legitimate and those
acknowledged as such. Considering the extreme importance of a uniform nomenclature of
diseases equally applicable to all countries, the attention of learned men is to be called to the
question for further consideration at some future congress.

According to Brown [5], the principal discussion at the St. Petersburg congress centred around
facts relating to the movement of the population and the mode in which they should be
registered. Among the facts to be registered were in multiple maternities the sex and number
of the children, stillborn or born alive, whether legitimate or not and the age and parity of the
mother on the birth date.

Westergaard [6] has devoted a whole chapter in his history of statistics to the presentations of
the statistical congresses in the middle of the nineteenth century and their importance [1]. The
first congress was held in Brussels in 1853. Brussels was chosen as the first meeting place
because the Belgian Central Commission undertook the great preparatory work. The congress
was held under the presidency of Adolphe Quetelet. The aim of the congress being chiefly a
practical one, there was no room for lectures on special scientific problems. During congresses
after Brussels, discordance increased among the European countries, and thus, the Interna-
tional Statistical Congress came to an end.

Recently, Droesbeke [7] gave a short but detailed presentation of the planning and findings of
the Brussels congress and subsequent international statistical congresses. His text agrees the
ideas of Westergaard [6]. A commission was created in March 1841 as a first step towards the
realization of the congress. The president of the Central Commission of Statistics, Adolphe
Quetelet, played a central role in the planning process. Quetelet was held in high esteem in
London since 1833, when he had taken part in the congress of the British Association for the



Historical Studies of Hellin's Law 5
http://dx.doi.org/10.5772/intechopen.79583

Advancement of Science, at the end of which he had contributed to the creation of a section
devoted to statistics. The idea to organize a congress, the main objective of which was to lay down
a common foundation for statistical data to enable international comparisons, was presented by
Quetelet 1851. He offered to

bring together at a congress in Brussels the persons, who in various countries, are dealing
specifically with statistics, in order to give their works a common impulse, and to adopt, for the
computations, uniform grounds which will allow for comparison of observations and results.
(Bulletin of the Commission, 1853, p. 106).

Furthermore, Droesbeke describes the congress programme and stressed the content of the
congress according to Quetelet’s words:

It is to be hoped that the works which belongs to this science will now be taken on, in every
State, following the bases which have been laid down during the Congress of Brussels. It is not
any more a theoretical wish, to see the states adopt uniform bases for scientific works in order
to make the results comparable; the opportunity of implementation of the idea has been
proclaimed; the framework has been chosen and the reading of the report [...] will demonstrate
what is allowed to expect from the wisdom, maturity, perfect intelligence and good harmony
which presided over the deliberations of the Congress.

Finally, Droesbeke listed the Statistical Congresses during the nineteenth century that followed
the first one in Brussels.

Recently, Randeraad [8] directed attention to and even criticism of the international statistical
congresses in the second half of the nineteenth century. He stated that it would be overly
simplistic to assume that they were an outright success. In fact, no more congresses were held
after 1876. Furthermore, he stressed that:

More importantly, by then it was clear that the aspirations of the early congresses had been too
high. International uniformity in statistics was evidently not a goal that could be reached
overnight. Much of this failure to bring about rapid change can be explained by the difficulties
in realizing effective knowledge transfers, in other words effective communication, in an age
that was not fully prepared for truly international activities. It has been shown that the second
half of the nineteenth century was a period of numerous experiments in internationalism, but
at the same time rampant nationalism nipped many initiatives in the bud.

In most countries, the registers were deemed lacking in essential facts; those of Belgium and
Sweden were perhaps the most detailed for scientific inquiries [3]. Arosenius [9] presented a
detailed study of the emergence of the official statistics of Sweden. His presentation shows just
how difficult the development of the process is until an official statistics of modern proficiency
is born.

Already in the eighteenth century, Wargentin published demographic data for Sweden. How-
ever, he did not pay any attention to twinning and higher multiple maternities [10]. Berg [11]
published a comprehensive study of multiple maternities. He analyzed the rates of multiple
maternities in Sweden from 1776 to 1878. He also presented corresponding data for several
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European countries and analyzed the sex combinations of twin, triplet and quadruplet sets in
Sweden from 1869 to 1878. His study was published in Swedish, and thus, few scientists were
aware of this paper. Since Swedish is the native language of our group, Berg’s results have
been of great value in our studies [1, 12-14].

During the second half of the nineteenth century, Statistics Sweden published in the journal
Statistisk Tidskrift an extensive time series of demographic data. The data were given sepa-
rately for different counties of Sweden and contained the size of the population, the number of
births (live and stillborn) and twin, triplet and quadruplet sets. A list of these data was given in
Table 1 in [1], indicating that Sweden has overall the oldest continuous population statistics
worldwide. Our group has used these data in different studies [1, 15].

County (Ldn) Period Reference
Stockholm city 1749-1858 ST, 1860-62:43-47
Stockholm county 1749-1773, 1795-1858 ST, 1860-62:134-141
Uppsala 1749-1773, 1795-1859 ST, 1860-62:280-288
Sodermanland 1749-1773, 1795-1859 ST, 1860-62:317-324
Ostergdtland 1749-1773, 1795-1860 ST, 1863-65:164-171
Jonkoping 1749-1773, 1795-1862 ST, 1863-65:266-273
Kronoberg 1749-1773, 1795-1862 ST, 1863-65:274-281
Kalmar 1749-1773, 1795-1868 ST, 1870:211-220
Gotland 1759-1869 ST, 1870:27:221-231
Blekinge 1749-1773, 1795-1869 ST, 1870:232-240
Kristianstad 1749-1773, 1795-1871 ST, 1873:133-142
Malméohus 1749-1773, 1795-1871 ST, 1873:143-152
Halland 1749-1773, 1795-1871 ST, 1873:153-162
Goteborg and Bohus 1749-1773, 1795-1859 ST, 1860-62:388-400
Alvsborg 1749-1773, 1795-1874 ST, 1875:127-136
Skaraborg 1749-1773, 1795-1876 ST, 1877:156-168
Varmland 1795-1865 ST, 1877:170-176
Orebro (Narke) 1749-1773 ST, 1877:166-169
Véastmanland 1749-1773, 1795-1887 ST, 1888:159-170
Kopparberg 1749-1773, 1795-1887 ST, 1888:171-182
Gévleborg 1749-1773, 1795-1887 ST, 1888:161-172
Vasternorrland 1792-1888 ST, 1888:173-184
Jamtland 1792-1888 ST, 1888:185-196
Visterbotten 1802-1860 ST, 1863-65:50-57
Norrbotten 1802-1860 ST, 1863-65:44-49

Table 1. The Division of Sweden into 25 counties for regional data concerning population size, births and multiple
maternities, 1749-1888 (ST = Statistisk Tidskrift) [1].
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The Veit data set from Prussia (1826-1849), presented by Fellman and Eriksson [1] in Table 2,
consists of 13,360,557 maternities, including 13,208,868 single, 149,964 twin, 1689 triplet and 36
quadruplet maternities [16]. Veit analyzed the temporal trend in the twinning rate (TWR) and
noted very small variations, but during the first half of the period, the annual TWRs were
almost constantly higher than during the last half of the period (except for the year 1849). The
trend may be seen elsewhere ([1], Table 2 and Figure 1). For the total data set, Veit noted the
following rates: for twin pairs 1:89, for triplet sets 1:7910 and for quadruplet sets 1:371126. He
did not give the relations between TWR, triplet rate (TRR) and quadruplet rate (QUR), that is,

Maternities

Year All Single Twin Triplet Quadruplet
1826 519,633 513,727 5824 80 2
1827 485,165 479,724 5374 65 2
1828 493,749 488,060 5620 69 0
1829 489,604 483,796 5738 69 1
1830 491,659 486,141 5455 62 1
1831 484,889 479,281 5543 65 0
1832 476,035 470,175 5783 76 1
1833 530,954 524,525 6340 87 2
1834 549,750 542,947 6717 83 3
1835 527,148 521,156 5918 73 1
1836 544,177 537,805 6301 69 2
1837 551,450 545,084 6289 77 0
1838 560,086 553,837 6186 61 2
1839 568,487 562,065 6360 59 3
1840 580,747 574,293 6381 72 1
1841 585,085 578,738 6277 67 3
1842 616,845 610,058 6716 71 0
1843 597,912 591,420 6426 64 2
1844 616,287 609,452 6771 59 5
1845 640,214 633,123 7029 60 2
1846 619,727 613,101 6556 69 1
1847 577,007 570,766 6183 58 0
1848 570,737 564,633 6030 73 1
1849 683,210 674,961 8147 101 1
Total 13,360,557 13,208,868 149,964 1689 36

Table 2. Data from Prussia, 1826-1849, according to Veit (1855) [16].

7
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Veit (1855)
17

15

13

11

9
1825 1830 1835 1840 1845 1850

Figure 1. Temporal trends in TWR and transformed TRR and QUR per 10° for the Prussian data presented in [16]. Note
the excess among QUR.

Hellin’s law. He also presented the sex compositions within the twin, triplet and quadruplet
sets and noted a lower sex ratio (males to females) among multiple births than among single-
ton births [1].

The Wappdus data set was collected from different European countries and comprised
19,698,322 maternities, including 226,807 twin and 2623 triplet maternities [1]. Wappédus [17]
presented the rates of multiple maternities, but did not discuss the relation between the
number of twin, triplet and quadruplet maternities [1].

Bertillon [18] foresaw Hellin’s law. He considered multiple maternity data from different
countries in central Europe. In his study, he presented the number of triplet maternities per
year and per one million total maternities. He also presented the number of total maternities
per one triplet maternity and the number of twin maternities per one triplet maternity, i.e., he
considered the relation between twin and triplet rates. However, he did not relate the number
of total maternities to one twin maternity. Fellman and Eriksson [1] presented a translated
version of his table ([18], page 285) and included in columns calculations of the number of total
maternities in relation to one twin maternity and the annual mean number of maternities. They
believed that had Bertillon included the first of their columns in his table, he would have
discovered Hellin’s law [1].

Shortly after the congresses in Brussels and St. Petersburg, Neefe [19] published his classical
work. He emphasized how important the abovementioned statistical congresses were for the
standardization of the demographic registers in different countries, and he used the new
possibilities that the improved birth registers offered. Although other contemporaneous stud-
ies were published, Fellman and Eriksson [1] stressed that the history of twinning research
starts with this publication. Neefe analyzed a long series of problems connected to twinning;
these problems have been shown to be central in later studies. He considered inter alia:
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1. The rates of twin and higher multiple maternities.

2. The crude birth rates among single and multiple maternities.
3. The regional and seasonal variations in TWRs.
4. The rates of live and stillbirths among twins.

The sex composition of sets of multiple maternities.
6. The sex ratio among single and multiple maternities.

7. The effect on the number of multiple maternities of the age of the parents, the marital
status and confession of faith of mothers, the residence in urban and rural regions, and the
seasonality of the birth.

In addition, he considered weight and prematurity among multiples and mortality among multi-
ples and mothers. This list indicates clearly that Neefe introduced a thorough research programme
for twinning studies. It is noteworthy that Neefe did not comment on the relation between the
rates of multiple maternities, and consequently, he did not explicitly foretell Hellin’s law [1].

Strassmann [20] noted the findings in [16, 17] and concluded, using Veit's total data set, that there
is one twin maternity per 89" and one triplet maternity per 89” total maternities. Strassmann
related the number of multiple maternities to the number of all maternities, in contrast to Hellin
[21], who related the number of multiple maternities to the number of single maternities. How-
ever, both used the same relation, 1:89 [1]. While in the literature authors generally refer to
Hellin, they formulate the law according to Strassmann’s version. While in the literature authors
generally refer to Hellin, the law was already formulated by Strassmann in 1889. Hellin’s law has
played a central role in the history of research on multiple maternities [3].

Drejer [22] was apparently unaware of Hellin but referred to Strassmann, stating that he had
noted the relation between the rates of twin and triplet maternities. Drejer was dubious about the
regularity between the rates. He stressed that under such circumstances the rule had to hold also
for higher multiple maternities, but he could not find any clear indication of this being the case [1].

Particularly important scientific observations are often associated with a person, but historians of
science have, however, noted that often the person associated with a particular finding was not
its original discoverer. Scientific observations and results are frequently associated with people
who have high visibility and social status, and the results are named long after the discovery.
Based on his studies on the history of statistics, Stigler [23] proposed his own Stigler’s law of
eponymy. In brief, the law says: “No scientific discovery is named after its original discoverer”.
Stigler himself attributes the discovery of Stigler’s law to Merton [24], which makes the law self-
referencing. Consequently, in this study, one must bear in mind Stigler’s law [1].

4. Investigations of Hellin’s law

Hellin’s law has played a central role in the history of research on multiple maternities. The
interest in Hellin’s law is mainly the result of its being mathematically simple and approximately
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correct, but it shows discrepancies that are difficult to explain or eliminate. Statistical studies on
empirical rates of multiple maternities can never confirm the law but serve only to identify errors
too large to be characterized as random. It is of particular interest to ask why the rates of higher
orders of multiple maternities are sometimes too high and sometimes too low when Hellin’s law
is used as a benchmark [32].

Usually, the arguments for Hellin’s law are based on stochastic models for multiple fertiliza-
tions and fissions of fertilized eggs. The influence of both multiple fertilizations and fissions of
fertilized eggs has inspired scientists to associate the rates of higher multiple maternities with
both monozygotic (MZ) and dizygotic (DZ) TWRs (e.g., [25-30]). The contributions by Zeleny
[25] have resulted in the law also being known as the Hellin-Zeleny law.

Peller [31] was the first, at least indirectly, to connect Hellin’s law to interindividual variation
in mothers’ chances for multiple maternities. Later, Eriksson [12] considered recurrent twin
maternities in families on the Aland Islands (Finland) and presented a modified model (in the
paper, the law was called Fellman’s law). When Eriksson applied this law to his Aland data,
he obtained better congruence with Hellin’s law than if Peller’s version had been applied.
Fellman and Eriksson [1] reviewed papers where the genesis of Hellin’s law was traced
and where the strengths and weaknesses of the law were analyzed and improvements
suggested [32].

Hellin’s law presupposes strong correlations between TWR and TRR, but even strong correla-
tions do not prove Hellin’s law, establishing only a linear relationship. Fellman and Eriksson
[30] considered the correlation between the TWR and the square root of the TRR in Sweden.
After elimination of influential temporal factors, they found that the correlation was positive,
but not very strong. This finding indicates that, in general, Hellin’s law cannot be exact. One
application of Hellin’s law is to compare TWR and the square root of TRR, the cubic root of
QUR and so on [14, 32, 33].

In the following, we consider formulae applicable in the statistical analysis of Hellin’s law. Let
the theoretical TRR be r. One has different possibilities to study the random errors of the TRR
and particularly of the square root of the TRR. The first one is to estimate the standard
deviations (SDs) of the TRR and construct confidence intervals (ClIs) for r [32].

Let the observed TRR be 7, then SD 7 = M, and the observed standard CI of r is

n

(?—k\/ir(ln?), ?+1<\/Ln?)> 1)

where the factor k defines the confidence level. The Hellin-transformed TRR is ﬁ . The

variance of \/? is
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Fellman and Eriksson [34] proposed an alternative transformation arcsin (/7). For small
values of r, the difference between the two transformations is minute. The variance of

arcsin (ﬁ ) is

dr

(Mjmyr(ln 0 <4r(11— r)> on_ (ﬁ) ©)

The variance of arcsin (ﬁ ) is slightly larger than the variance of V7, but it is simpler and

Var( arcsin (ﬁ ) ) = (i arcsin (v/7) ) 2Var (?) =

does not depend on r. Consider the difference
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and %W = Z. This relative difference between the transformed variables is of the dimen-

sion 10*. The square root is a monotone-increasing function, and consequently, one can

construct the CI for /¥ by a square root transformation of the limits of the CI for r. Hence, for
\/1 the corresponding transformed CI is

(\/?—k

Fellman and Eriksson [34] gave a mathematical proof that Hellin’s law cannot hold in general.
If one aggregates heterogeneous data, the fluctuations are smoothed out, but according to
Hellin's law, the relation between the TWR and the TRR is not linear, and consequently, the
aggregated and disaggregated data cannot simultaneously satisfy Hellin’s law [1].

T = 1-7
. VF+k 4n> )

Jenkins [26, 35], Jenkins and Gwin [27], Bulmer [29] and later Fellman and Eriksson [30] have
tried to modify the law in order to improve it. Using linear curves is the best method for
identifying discrepancies from a presumptive model because graphs containing linear curves
are easy to interpret. There are two possibilities for checking Hellin’s law with linear curves.
One is to use graphs with TWR? as abscissa and TRR as ordinate, that is, to use the model
TRR = a + TWR?. An alternative is graphs with TWR as abscissa and v/TRR as ordinate.

Now, the model is vVTRR = a + fSTWR [1].

Jenkins and Gwin [27] considered US data for the periods 1923-1924 and 1927-1936. They
used TWR? as abscissa and TRR as ordinate. From their figure, they obtained the linear

relation TRR = 0.000013 + 0.656TWR?. The intercept indicated that the line did not pass
through the origin and the parameter estimate was markedly below the value one, indicating
a deficit in triplet sets. When Fellman and Eriksson [32] applied a regression model to the same

11
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data set, they obtained the slightly different result: TRR = 0.000039 + 0.584TWR?. The coeffi-

cient of determination is R? = 0.842, indicating a rather good fit. They obtained a deficit in
the TRR when they tested the parameter estimate against one with a one-sided ¢ test. The

SE (ﬁ) = 0.113 yielded t = —3.7, and the estimate was significantly below one [1]. As an

alternative model, Fellman and Eriksson used TWR as abscissa and vTRR as ordinate. The
estimated model was VTRR = 0.0029 + 0.679TWR and R? =0.844, SE (/3) =0.130 and

t=-2.5, and the obtained estimate is significantly below one. Both alternatives indicate
deficits in the TRR. The parameter estimates are slightly higher for the first model, but the
goodness of fit for both models is comparable. Their analyses confirm the results given in [27].

Jenkins and Gwin [27] also considered data from Finland (1878-1916). They used the data
given by Dahlberg [36]. However, Fellman and Eriksson [32] performed a check based on
Finnish official registers and confirmed their suspicion that Dahlberg’s data contained a
misprint for the maternal age group 35 to 40 years. In the analyses, they used the corrected
data and present the results in Figure 7 in [32]. When they applied the linear model to

the Finnish data, they obtained the results TRR = 0.00003 + 0.742TWR? and R* = 0.930. The
SE (E) = 0.091, t = —2.8, and the obtained estimate is significantly below one. The linear relation

between v/TRR and TWR is v/TRR = 0.0026 + 0.768TWR with R? = 0.906. The SE (E) = 0.111

and f = —2.1, and the obtained estimate is significantly below one. All of these results indicate
good fit but deficits in triplet maternities [32].

The discrepancies between the results concerning Finnish data given by Fellman and Eriksson
and Jenkins and Gwin were mainly caused by two facts; Jenkins and Gwin did not use regres-
sion models, but a geometric attempt, and they excluded in their analyses the extreme TRR for
the age group 45+ years. In addition, they did not perform any statistical tests. Fellman and
Eriksson [32] introduced measures to check both Hellin's law and Jenkins’ [35] model in formula
(6). They introduced the ratio HR = TRR/TWR? named Hellin’s ratio and assumed that it is a
measure of the agreement with respect to Hellin’s law. If HR > 1, there is an excess, but if
HR < 1, there is a deficit in the TRR. An alternative measure is based on Jenkins’ model [32]:

J=TRR = %Z TWR?n; (6)

Fellman and Eriksson [29] defined Jenkins’ ratio as JR = TRR/], where TRR is the total triplet
rate. If JR > 1, there are excesses, and if JR < 1, there are deficits in the TRRs. Hellin's ratio can
be defined for both age-specific and total rates, but Jenkins’ ratio applies only to total rates. In
addition, Eq. (6) indicates that JR can be calculated only for data grouped according to
maternal age. Based on Schwarz’s inequality, a comparison between HR for the total set of
maternities and JR yields [32].

2
(TWR)? — (%Z(TWRi)ni> iz TWR;*n;) an_]
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Equality is obtained if and only if

TWRWAE e
Vi
for all i. Consequently,
HR — TRR > TRR _ IR,
(TWR) J

The following step is a simple analysis of the data to show that the transformations may cause
excesses in the transformed TRRs and QURs. Fellman and Eriksson [29] simplified their
studies by ignoring any random effects. Assume that after the fertilization and any fissions of
the fertilized egg, the twinning rate is wy, the triplet rate is ry and the quadruplet rate is g,, and
assume that Hellin’s law holds for these rates [32]. Consequently, ry = wj and g, = wj. During
pregnancy the rates may decrease, and let the relative reductions be cy, ¢; and ¢4 for the
twinning, triplet and quadruplet rates, respectively. An obvious assumption is that c,, <c: <cq.
At birth, the observed rates are.

w=wy(l —cw), r=wi(l —c) and g = wj (1 — cq),

and the variables w, r and g do not satisfy Hellin’s law. A fundamental question is whether
excesses in the transformed rates of triplets and quadruplets are possible. Compare

w = wo(1 — cy) and the transformed rates /7 = wy+/(1 — ¢;) and /= woy/ (1 — ¢q)-
An excess for the triplet rate is obtained if /(1 —¢;) > (1 — cy),

that is, ¢; < 2¢y — €2, = 2cy.

An excess for the quadruplet rate is obtained if {/ (1 — cq)> (1 — cw),
that is, cq < 3cw — 3¢2, + ¢35, = 3cy.

These conditions are conceivable, and if the relative reductions in the triplet and quadruplet
rates are not too strong, excesses are possible. If one speculates about these results, the extreme
excesses observed for transformed quadruplet rates compared with triplet rates, would be
explained by the fact that cq < 3c,, is more likely than ¢; < 2c, [32]. Consequently, the trans-
formations should be applied with caution and used only for descriptive purposes and not for
comparisons between the levels of twinning, triplet and quadruplet rates.

5. Studies including the use of Hellin’s law

Fellman and Eriksson [1, 2, 32] presented the temporal trends in TWR, the square root of TRR
and the cubic root of QUR obtained from the Veit data [16]. Note that their figure shows



14 Multiple Pregnancy - New Challenges

stronger fluctuations in TRR than in TWR. However, the confidence bands included indicate
that the TWR and the transformed TRR show good agreement for the whole period. The
transformed QUR is too high for almost the whole period [32]. In Figure 1, we present a new
version of the TWR, the transformed TRR and QUR per 10° for the Prussian data presented in
[16]. In this figure and later, the transformed TRR and QUR per 10° are denoted by the initial
untransformed names TRR and QUR. Note that the transformed QUR shows a marked excess
compared with the TWR and the transformed TRR. This excess can be connected to the
comparisons presented above between the rates from conceptions to deliveries. Furthermore,
one can observe that all rates show slightly decreasing trends.

In this study, we investigate the temporal trends in TWR, TRR and QUR. The TRRs and QURs
are in all figures transformed according to Hellin’s law in order to show the association
between TWR, TRR and QUR. In the figures, the transformed variables are still denoted TRR
and QUR. The trends show variations during different periods and for different countries, but
for different countries, one can observe similar patterns. During the eighteenth and nineteenth
centuries, the rates are rather similar, but during the first half of the nineteenth century, there is
a deficit in the TRR. During the second half of the twentieth century, the TRR shows an excess,
and this finding is mainly caused by the influence of the artificial reproduction technologies,
particularly the use of fertility-enhancing drugs. Below, we present graphs for different coun-
tries, and similar patterns can be noted.

The temporal trends in the TWR and the transformed TRR in Finland 1751-2000 show varia-
tions during different periods. During 1750-1900 the rates are rather similar, but during the
period 1900-1970, there is a deficit in the TRR. After 1970, the TRR shows an excess, and this
finding is mainly caused by the influence of the artificial reproduction technologies, particu-
larly the use of fertility-enhancing drugs (Figure 2).
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Figure 2. Temporal trends in TWR and transformed TRR in Finland (1751-2000).
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Figure 3. Temporal trends in twinning and triplet rates in Sweden (1751-2000). During 1750-1890 the rates are rather
similar, but during the period 1900-1970, there is a deficit in the TRR. After 1970, the TRR shows an excess.

The temporal trends in the twinning and triplet trends in Sweden (1751-2000) are presented in
Figure 3. During 1750-1890 the rates are rather similar, but during the period 1900-1970, there
is a deficit in the TRR. After 1970, the TRR shows an excess.

Following [37] we present in Figure 4 the temporal trends in the twinning and triplet trends in
Portugal (1930-2011). One changing point can be found in 1950. After 1950, TRR shows an
excess.

Fellman [3] presented the temporal trends in the twinning and triplet trends in the Nether-
lands (1950-2003). The findings are given in Figure 5. An excess among TRR can be observed
after 1970. At the end of the twentieth century, there is a marked deficit in the TRR.

2 Fuster et al. (2013)
——TWR
—o—TRR
15
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Figure 4. Temporal trends in twinning and triplet trends in Portugal (1930-2011). One changing point can be found at
1950. After 1950, the TRR shows an excess [37].
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The Netherlands, 1950-2003
24
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Figure 5. Temporal trends in the twinning and triplet rates in the Netherlands (1950-2003). An excess among TRR can be
observed after 1970.

Eriksson and Fellman [33] compared the rates of twin, triplet and quadruplet maternities in
England and Wales for the period 1938-2003. In this study, we develop these findings. In
Figure 6, one observes that before 1970 the graph lines are close to another, but after 1970 the
lines rise and diverge. QUR shows the strongest increase and TWR the slightest. Furthermore,
Figure 6 indicates that during the last years, TRR and QUR show a slight decline. Our opinion
is that this change is caused by changes in fertilization policies, especially a reduction in the
number of fertilized eggs implanted. To clarify the fluctuations, trend lines of sixth degree are
included in the figure. Furthermore, Figure 6 indicates that for data sets after 1970, the TRRs
and QURs are markedly too high. It is a remarkable finding that the rates are too high rather

UK (1938-2003)
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Figure 6. Temporal trends in the twinning, triplet and quadruplet rates in the UK (1938-2003). During 1938-1970 the
rates are rather similar, but after 1970 the rates increase. QUR shows the strongest increase and TWR the slightest. In order
to clarify the fluctuations, trend lines of sixth degree are included in the figure.
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Otta et al. (2016)
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Figure 7. Temporal trends in TWR and the Hellin-transformed rate of multiple maternities (MUR). The figure indicates
that the TWR is still increasing, but the transformed MUR is decreasing [38].

than too low, but fertilization policies may result in the extreme sets of multiple maternities.
The decreases at the end of the twentieth century are ascribed to changes in the treatment
policies discussed above.

Otta et al. [38] analyzed the TWR and the MUR for Brazil data (2003-2014). They discussed the
influence of artificial reproduction technologies, particularly the use of fertility-enhancing
drugs. They included in their analyses the effect of maternal age. In this study, we look at their
data from a different point of view. In Figure 7, we present the TWR and the Hellin-
transformed rate of multiple maternities (MUR). We assume that the number of multiple
maternities is dominated by triplet maternities, and we use the square root transformation.
Figure 7 indicates that the TWR is still increasing, but that the MUR decreases. The excesses
coincided with the introduction of subfertility treatments, mainly ovulation inductions. Our
opinion is that the difference in the changes between TWR and MUR is caused by changes in
fertilization policies, especially a reduction in the number of fertilized eggs implanted. Finally,
there is common agreement that discrepancies obtained during the era of fertility treatments are
of less interest when Hellin’s law is considered because no natural stochastic model is applicable.
For the whole period 2003-2014, the TWR = 11.96 per 1000 and MUR = 357.97 per 10°. Hence,
HR = 2.50 indicates a marked excess of multiple maternities.

6. Discussion

A problem that complicates the discussion of Hellin's law is that the law is a mathematical rule
concerning theoretical rates, but all checks of the law must be based on empirically obtained
rates. In fact, one can only check whether the discrepancies are too large and cannot be explained
by random errors. Although the discrepancies are small, Hellin's law cannot be accepted as a
theoretical one. In this way, no exact proof to support the law can be obtained [32].

17
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Jenkins ([35], Figure 8) and later Fellman and Eriksson [1] presented the association between
the TWRs and the TRRs in the Prussian data [16]. They observed marked fluctuations for the
different annual data but a good agreement between the TRR and the TWR for the total data
set [32].

Our impression is that the finding already noted by Strassmann [20] was the birth of Hellin’s
law. Furthermore, Jenkins [35] stressed that Hellin's law is a first approximation. It is generally
agreed that the main argument for Hellin’s law is that the probabilities of additional ovulations
and the fissions of fertilized eggs can be explained by stochastic models. Consequently, in large
data sets, the averages could be stable and formulated by a mathematical relation (Hellin's law).
A common argument for the discrepancies is that after the conceptions, there is a long process
influenced by disturbing factors (intrauterine deaths, spontaneous abortions, etc., of one or more
fetuses). Jenkins [35] and Komai and Fukuoka [39], for instance, assumed that differential
mortality in utero of twins and triplets could be one such factor. Consequently, the final result
often shows only a weak resemblance to the outcome of a simple stochastic process associated
with the initial conceptions. Excesses of higher multiple maternities in old birth registers must be
considered paradoxical. One explanation can be the results of the comparisons between the
changes in the rates of singletons, twins and triplets during the time from conception to confine-
ment discussed above. Another probable explanation is that systematic errors in the registers
may cause biases in the data. This explanation is less plausible if the data are collected in
different countries, as is the case in data in ([32, 35], Table 1 and Figure 1).

In his study of the rates of multiple maternities for total, “white” and “colored” in US
populations (1922-1936), Strandskov [40] evaluated how well his data satisfy Hellin’s law.
Applying x? tests, he found that in none of the populations tested did the observed plural
birth frequencies agree closely with Hellin’s law [3].

Based on hospital data, Sarkar [41] studied the TWR in India and on Ceylon (Sri Lanka). His
paper is interesting because he defined the TWR as 1 : n and the triplet rate as 1 : m?, that is, he
indirectly used a modified Hellin’s law without any reference to Hellin. One finds a deficit of
triplet maternities (m > n). In addition, one observes that on Ceylon the TWR was low
(1:161.1), yielding a TWR of 6.21 per 1000. On Ceylon, the TRR followed Hellin’s law more

exactly because it was 1 : 154.4%.

Das [42] formulated Hellin’s law such that “the frequency of twin confinements bears to that of
total confinements a ratio which is equal to the ratio borne by the frequency of the triplet
confinements to that of the twin confinements”. This modified definition is in congruence with
Strassmann’s version of the law. He reviewed earlier studies concerning Hellin's law and
stressed the discrepancies presented in them [3]. Das concluded that Hellin’s law has no sound
basis and that exceptions to the rule have been the rule. In a later paper, Das [43] also
considered the relation TRR = (TWR)?. He constructed an advanced model based on the

zygosity of both twins and triplets. His mathematical analyses of these models did not support
Hellin's law [1].

Fellman and Eriksson [2] compared in Figure 3 the TWR and the transformed TRR and QUR
for Sweden (1751-2000). For the period 1871-1960, there is a deficiency in the TRR. Fellman
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and Eriksson [32] discuss this deficiency in more detail. There is almost constantly an excess in
the QUR for the whole period. After 1970, both the TRR and QUR show excesses, but this is
mainly caused by the influence of the artificial reproduction technologies, particularly the use
of fertility-enhancing drugs. For references, see [14, 32].

Above the HR is defined as HR = TRR/TWR?. Agreements between TWR and transformed
TRR can show remarkable variations. Eriksson [12] studied the TWR and the TRR in the
southwestern part of Finland. On the Aland islands, the TWR was continuously high. For the
period 1653-1949, the TWR was 19.21 per 1000, and the TRR was 375 per 10°. According to
Hellin's law, the expected TRR was 369 per 10°. For the Aland data, HR = 1.02, showing a
good agreement with Hellin’s law. In the Aboland (Turunmaa in Finnish) archipelago, close to
the Aland islands, the TWR was also high. For the period 1655-1949, the TWR was 20.90 per
1000. For the same period, the TRR was 252 per 10°. According to Hellin’s law, the expected
TRR was 437 per 10°, yielding HR = 0.58, and consequently, the Aboland archipelago data
showed a marked deficit in TRR with respect to Hellin’s law [32].

Lam and Ho [44] noted an increase in the number of multiple maternities in Hong Kong in
1981-1995. They also stressed the marked discrepancy between the observed data and Hellin’s
law. Zhang et al. [45] have observed similar increases in the rates of multiple maternities
among older mothers in the USA in 1995-1997, and they also attributed this finding to the
increased use of assisted reproductive technology. Simmons et al. [46] noted a dramatic
decrease in the proportion of triplet and higher-order births since 1998 [32].

7. Conclusion

It is generally agreed that the main argument for Hellin’s law is that the probabilities of addi-
tional ovulations and the fissions of fertilized eggs can be explained by stochastic models.
Consequently, in large data sets, the averages could be stable and formulated by a mathematical
relation (Hellin's law). A common argument for the discrepancies is that after the conceptions,
there is a long process influenced by disturbing factors (intrauterine deaths, spontaneous abor-
tions, etc., of one or more fetuses) [32]. The discussion of Hellin's law is complicated by the fact
that the law is a mathematical rule concerning theoretical rates, but all checks have to be based
on empirically obtained rates. In fact, one can only check if the discrepancies are so large that
they cannot be explained by random errors. If the discrepancies are small, an exact Hellin's law
cannot be accepted. In this way, no exact proof to support the law can be obtained [32].
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Abstract

Multiple pregnancies occur in humans and other primates, which indicate that the twin-
ning propensity is phylogenetically old. Factors such as decreased sexual dimorphism
and size, rich and diverse nutrition and paternal care are related to multiple pregnancies
in other animals. In human populations, despite its costs, twinning has a genetic basis
and in Europe, Africa, and America, it was found that it increases mothers’ fitness. Here,
we explore the hypothesis that twinning represents an evolved physiological mecha-
nism, particularly in mothers of higher age, as an ‘all-or-nothing’ last chance strategy
for reproduction just before menopause. We present decade-long, large-scale population
data about maternities from the city of Sdo Paulo and the entire country of Brazil that
indicate a considerable main effect of advanced age in promoting twinning, particularly
dizygotic (DZ) twinning, but also monozygotic (MZ) twinning and higher order materni-
ties. We also show that socioeconomic status is an important contextual factor increasing
twinning. Besides the theoretical implications, these datasets establish a Brazilian coun-
trywide twinning rate of 9.39%. and highlight an increasing historical trend. This chapter
promotes the importance of integrating proximate patterns from human and nonhuman
animals and evolutionary factors in order to reach a comprehensive view about twinning.

Keywords: twinning rates, age dependence, physiological mechanism, evolutionary
theories, population data, socioeconomic status
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1. Introduction

Multiple pregnancy, the gestation of two or more embryos at the same maternity, regularly
occurs in humans and other primates, which indicates that the twinning propensity is phyloge-
netically old within the order of primates. Despite the general pattern within the primate order
of having single infant litters, multiple births occur in a number of species. The occurrence
of twinning has been described, for instance, in chimpanzees (Pan troglodytes) [1-3], gorillas
(Gorilla gorilla) [4, 5], orangutans (Pongo pygmaeus) [6, 7], vervet monkeys (Cercopithecus aethiops
sabaeus) [8], macaques (Macaca fuscata) [9] and (Macaca thibetana) [10], capuchins (Cebus apella)
[11, 12], marmosets (Callithrix jacchus) [13, 14], and also in prosimians, such as pygmy loris
(Nycticebus pygmaeus) [15], lemurs (Lemur catta), and galagos (Galago crassicaudatus argentatus)
[16]. As the last common ancestor between prosimians and humans (and all other primates)
lived approximately 75 million year ago [17], the tendency toward twinning in primates has
deep-seated biological roots. Furthermore, the existence of higher order litter size in other
mammals [18] suggests that phylogenetically speaking, twinning is an even older propensity.

Comparative studies have identified some general factors related to increased litter size.
Carranza [18] analyzed 106 species of mammals and, controlling for body mass, he found that
increased sexual dimorphism is linked with decreased number of offspring per litter. It was
also found that higher body mass is related to reductions in litter size, but only among larger
mammals. Within primates, multiple births are limited to the smallest species [19]. Chapman
et al. [20] analyzed factors related to multiple births in 70 species of primates and found that
twinning primates tend to be small, have short gestation periods and give birth to small infants
that are weaned quickly, and mature rapidly. They also tend to be commonly insectivorous,
which they argue would allow a relatively high metabolism facilitating large litters. The
authors suggest that adopting a more diverse diet containing not only fruit, but also insects
could ensure access to nutritional resources that are not restricted seasonally or by the presence
of toxins. Finally, they determined that litter size among species with paternal care was sig-
nificantly higher than that of species with no paternal care. This is especially true for marmo-
sets which they claim have the best “package deal’ for twinning: small body size, monogamy
(or polyandry), and paternal care. Aligned with this, Stockley and Hobson [21] analyzed 427
mammalian species and found that increases in offspring production follow the evolution of
paternal care, specifically where males contribute with investments, such as food provisioning
for young. Therefore, there is an overall pattern relating to decreased sexual dimorphism and
size, rich and diverse nutrition, and higher paternal care to increase litter size in primates, and
in mammals in general, which should be taken into account when focusing on humans.

In Brazil, two cases of twins in capuchin monkeys (Sapajus libidinosus) were observed in a
free wildlife setting in Fazenda Boa Vista, south of Piaui State (Northeast, Brazil). Comparing
these cases with two other populations of capuchin monkeys in Brazil (Parque Estadual Carlos
Botelho located in Sao Paulo State and Reserva Bioldgica de Una, located in Bahia State), the one
in Fazenda Boa Vista presented the lowest offspring interval, and was attributable to more
food availability in this region (Izar, Fragaszy & Visalberghi, personal communication) [12].
Capuchin monkeys feed on fruits and invertebrates (Figure 1) and also help to care for the
offspring of others (Figure 2).
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Figure 1. On the left, a female called ‘Piacava’ carrying two female twin daughters: “Pagoca’ and ‘Pamonha’, 2009. On the
right, the female twins Pagoca and Pamonha, from the ‘Chicdo’ group. Photographed by Elisa Visalberghi.

Figure 2. Twins carried by older female sister, S. Libidinosus, 2009, from ‘Zangado’ group. Photographed by Luiz Carlos
M. Biondi.

1.1. Twin birth in the closest living relatives of humans

Chimpanzees are the closest living relatives of humans. The mean divergence estimation date
between humans and chimpanzees is 7.65 + 1.01 million years ago [17]. Therefore, from an
evolutionary perspective, the comparison of humans with chimpanzees is especially interest-
ing. Ely et al. [1] analyzed multiple births in chimpanzees using a database of 1,865 materni-
ties recorded in the security, stability, and abundance of captivity (five different colonies)
over a 76 years period from 1926 to 2002. When we compare the results from Ely et al. [1] to
the corresponding Brazilian twinning rates from the city of Sao Paulo [22], we see that mono-
zygotic (MZ) twinning rates were virtually the same comparing chimpanzees (4.3%o0) and
humans (4.42%o.). However, dizygotic (DZ) twinning rates were more than three times higher
in chimpanzees (23.6%o) than in humans (7.15%o). Similarly, higher order multiple birth rates

29



30 Multiple Pregnancy - New Challenges

were almost three times higher in chimpanzees (1.1%o) than in humans (0.36%o.). Chimpanzee
females that had given birth to twins were five times more likely to give birth to twins in a
subsequent pregnancy in comparison with those who delivered singletons. Among humans,
recurrence rates of twinning in a subsequent birth increase 2-3 times [23].

Among wild chimpanzees from 135 maternities recorded between 1965 and 1994 in the
Mahale Mountains National Park, one birth of newborn twins was observed [24]. The twins’
mother seemed overwhelmed and walked less than usual [2]. She stopped frequently to rest
after walking 10-20 m. Whereas single newborn infants seldom vocalize, the twins exhibited
a high frequency of vocalizations (5.8 per minute). During resting, both sometimes fell from
her lap and uttered loud cries. The twins’ mother had nursed her first single infant, but she
did not nurse the newborn twins in spite of their nipple-rooting behavior. The explanatory
hypothesis raised was insufficiency or absence of milk flow. After 1 week, the twins had dis-
appeared. In the Gombe Stream National Park, one birth of newborn twins occurred in 59
recorded pregnancies [25, 26]. One of the twins gained weight and survived, but the other
died when he was 10 months old. It is noted that even in captivity, 64% of the chimpanzees
born as twins die during the first year of life. The mortality rate among singletons during the
same period was only 23% [27].

At the Noichi Zoological Park, during a 1-year period, interesting observations of allopa-
renting behaviors toward a 2-year-old twin chimpanzee were made [28]. Alloparenting is
defined as care provided by individuals other than the mother. Two adult females affiliated
with the mother engaged in the same kinds of parenting behavior as the mother directed
toward a female twin (walking, infant carriage, grooming, and physical contact). The father
was mainly engaged in walking together, physical contact, and playing with the male co-
twin. Alloparenting may have contributed to the successful rearing of these twins. Three
years corresponds to the middle of infancy in the chimpanzee life cycle and the infants are
still dependent on adults for transport during travels, but 2-3-year-olds already depart from
their mother and make requests to other adults. Alloparenting in chimpanzees increases sur-
vival of the offspring, even twins, and decreases birth intervals [28]. Such results may explain
coevolution of the relatively short birth intervals among humans and origins of human allo-
parenting institutions (e.g., nursery school).

Chimpanzees wean their single offspring at an average of approximately 5 years and the
interbirth interval is about 4-5 years [29, 30]. Observations made at the Kibale National Park,
Uganda showed a significant negative association between the speed at which chimpanzee
females weaned their infants and the amount of alloparental care received [31]. The contribu-
tion of milk to infant diets, evaluated through fecal stable nitrogen isotopes, was lower when
the infants received more alloparental care. This may benefit females enabling them to invest
sooner in a subsequent offspring.

Alloparental care may have been significant in shaping human evolutionary history. Analysis
of the dataset from the standard cross-cultural sample showed that the average age at wean-
ing singletons for 58 traditional societies was 31 months [32]. Age at weaning tended to be
about 6 months lower in societies in which allomothers helped with child care, compared
with societies in which the burden of child care was on the mother alone. Alloparental care
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was also correlated with shorter birth intervals [33, 34]. It has been estimated that during their
lifetime women reduce their child-care effort by 14-29%, in comparison with other mammals,
due to the child care support they receive [35]. Menopause, which is present in humans and
to some extent in nonhuman primates [36], is considered an adaptation that enables grand-
maternal care, also contributing to a higher birth rate [37]. Sear and Mace [34] found that the
death of the mother was clearly associated with high child mortality in 45 traditional societies
they studied, especially when the mother died in the first year of the child’s life. Examining
whether the presence of kin affects child survival rates, they found that maternal grandmoth-
ers and siblings tended to improve child survival rates. Both fathers and paternal grandmoth-
ers showed somewhat more variation in their effects on child survival.

1.2. Twinning as an adapted propensity

In human populations, twinning is universal and a relevant part of cultural life, mythology,
religion, and art [38-40]. There are documents on occurrences of twinning in historical popu-
lations, such as in seventeenth to eighteenth century French Canadian immigrants [41], or
in eighteenth century Sweden [42]. Further, hereditary factors influence the propensity for
twinning [39], typically DZ twinning [43, 44], although there is also some evidence for genetic
influence on MZ twinning [45, 46]. For instance, in Brazil, one study found two genetic poly-
morphisms, TP53 Pro72Arg and MDM4 rs1563828, to be associated with twinning [47].

Twin pregnancies, especially monochorionic that are mostly MZ [39], are risky (e.g., adverse
effects include twin-twin transfusion syndrome, twin anemia polycythemia sequence, selec-
tive intrauterine growth restriction, twin reversed arterial perfusion sequence), calling for
increased medical and societal attention (e.g., [48, 49]). The chance of maternal mortality associ-
ated with multiple pregnancies is higher in comparison with singleton pregnancies. When one
fetus dies, there is an increased risk of preterm delivery, neurological sequel, and co-twin death
(Elito Jr., this volume).

Landy and Keith [50] used the expression vanishing twin syndrome (VTS) to refer to fetal resorp-
tion during the first months of gestation, thereby reducing a twin pregnancy to a singleton
pregnancy, a phenomenon originally described by Stoeckel in 1945. In the past, this occurred
without women’s knowledge, but with the use of ultrasonography fetal resorption is more
frequently diagnosed. Monitoring 228 twin pregnancies after natural conception, Marton
et al. [51] reported an incidence of vanishing twin syndrome in 18.2% of twins, although it
varies considerably, from 0 to 100% [39].

Despite all the costs and risks involved, the confluence of twinning’s widespread occur-
rence, deep phylogenesis, universality, antiquity, and genetic basis point to the possibility
of its important adaptive relevance in human evolution. Indeed, in contemporary Africa,
Europe, and America, it was found that twinning increases mothers’ fitness, that is, number
of surviving offspring (e.g., [52-55]). Sear et al. [55] analyzed a database of 3,136 births,
between 1950 and 1974, of a natural fertility population in rural Gambia, before the estab-
lishment of medical service. Fertility and mortality were also high in this population. The
twinning rate was 15.9%o (50 twin maternities). Twin mothers had higher fertility, shorter
interbirth intervals, and later age at the last reproduction than their singleton-only bearing
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counterparts [55]. Therefore, the higher fertility of twin mothers outweighs the higher mor-
tality of twins, indicating a fitness advantage of twin mothers in comparison with singleton
mothers.

In the USA, Robson and Smith [54] accessed the Utah Population Database and compared the
reproductive and survival events of 4,603 mothers who bore twins and 54,183 who bore sin-
gletons. These mothers were born between 1807 and 1899, lived at least to the age of 50 years
and married once. They found that mothers of twins presented a robust phenotype, exhib-
ited lower postmenopausal mortality, shorter average interbirth intervals, later ages at last
birth and higher lifetime fertility than their singleton-only bearing counterparts. Beiguelman
et al. [56] and Tagliani-Ribeiro et al. [47] also found that Brazilian twin mothers have a higher
number of pregnancies than controls. Thus, because longevity and fecundity are increased
in mothers of twins, the twinning propensity can offer some payoffs in terms of higher dif-
ferential evolutionary fitness.

There are many evolutionary theories about twinning; however, here we outline two key
hypotheses. The insurance ova hypothesis, proposed by Anderson [57], considers twinning as a
by-product of selection for polyovulation, a mechanism which increases release of more than
one oocyte per fertile phase of menstrual cycle due to multiple follicular development, pro-
moting fertility and counterbalancing embryo defects and high spontaneous abortion rates.
This event is associated with higher FSH concentrations induced by the decreased negative
feedback mechanism reaching pituitary, which overshoots the threshold of ovarian follicle
response in advancing maternal age [58]. In short, this hypothesis explains dizygotic twin-
ning as an insurance mechanism against spontaneous abortion caused by both genetic and
nongenetic defects. Apparently, the insurance ova hypothesis only explains higher rates of
dizygotic twinning in older mothers. Ball and Hill [59] extended this hypothesis with their
insurance oval/pre-implantation selection model. They agreed with Anderson that dizygotic twin-
ning may be a by-product of selection for multiple ovulations. As such, multiple ovulations
reduce the risk of embryo defects and conception failure. They went on to show that genetic
defects covary with twinning rates across 24/25 countries; Nigeria, which has a unique biol-
ogy when it comes to twinning, was the sole exception.

Forbes [60, 61] proposed an evolutionary explanation focused on relaxed maternal screening
to eliminate genetically abnormal embryos—the relaxed-screening hypothesis. This screening
system regulates both offspring quality and number; however, he argues that this system
seems to falter in older mothers. He explains as a manifestation of this screening system
the fact that twinning is two to four times more common at conception than at birth, hence
the vanishing twin syndrome. The relaxed-screening hypothesis proposes an evolutionary
framework in which the uterus of older mothers should become ‘less selective’ about off-
spring quality/quantity. He proposes two pathways for how this might happen. One is that
as the mother approaches menopause, low quality offspring are better than no offspring at
all. Another explanation is a maternal strategy to enhance the likelihood of carrying a normal
pregnancy to term as a mother approaches menopause. This is plausible, given the conserva-
tive nature of the screening in which some healthy offspring are normally eliminated along
with abnormal offspring. Thus, Forbes [60, 61] suggested that the maternal age increase in
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twinning rate arises not only from a greater frequency of poly-ovulation, but also from ele-
vated embryo survival, in general, regardless of its origins from one or two zygotes, because
of the relaxed screening. Therefore, even though initially not made explicit by Forbes [60],
the relaxed-screening hypothesis explains higher rates of dizygotic and monozygotic twin
births in some mothers approaching menopause. Interestingly, one MZ pair in a recent case
of doubly exchanged MZ twins was born to a mother age 45 years [62]. It has been suggested
that aging ova may lack certain sources of nutrition and energy, leading to delays in develop-
ment and errors in the programming of some cells, which in turn result in the initial splitting
of zygote that results in MZ twins [39, 62].

These two evolutionary hypotheses are not mutually exclusive as both take into account the
shifts in conditions and prospects that affect women nearing menopause, which means the
end of their reproductive career [60, 61]. The shifts in conditions that would enable twinning
near the menopause relate to women’s capacities, status, and context. During harsh ances-
tral times, women who were able to reach higher age probably successfully foraged, fought
enemies, predators, parasites and disease, managed social alliances, acquired mate(s) and
status, and survived the dangers of early childbirths [63-65]. This shows that women of a
higher age in ancestral environments have stood the test of the time and, thus, had relatively
better health and higher physical endurance, and social integration needed to successfully
cope with multiple pregnancies. Moreover, older women would already have growing off-
spring that could act as ‘helpers at the nest’, alleviating part of the burden of twin childcare
[66, 67]. The shifts in prospects that would enable twinning near the menopause related to the
last chance for having own offspring, so having two or more babies at the same pregnancy
would optimize and compensate for the later years without the possibility of new gestations.

However, considering the aforementioned risks of having a twin pregnancy, the pregnancies
of mothers of higher age (=35 years old), in general, are already associated with more chromo-
somal disease, complications, prematurity and low birth weight, and risks for abortion [68].
Thus, the fitness benefits of having twins in higher age must outweigh not only the costs of
twinning, but also the costs of later age at conception.

1.3. Aim

In this chapter, we explore the general hypothesis that twinning represents an evolved physi-
ological mechanism, particularly in mothers of higher age, as an ‘all or nothing’ last chance
strategy for reproduction before menopause. We investigate twinning rates in representative
data from Sao Paulo and the entire country of Brazil, and its distribution by age of the mother.
We present decade-long, large-scale population data about maternities from the city of Sao
Paulo and the entire country of Brazil. Moreover, by comparing the rates of dizygotic and
monozygotic twinning among mothers of higher age in a Sdo Paulo sample, we test both
aforementioned hypotheses: the insurance ova hypothesis and the relaxed-screening hypoth-
esis. If only dizygotic twinning rates increase maternal age, the insurance ova hypothesis
would receive the most support. Alternatively, if both dizygotic and monozygotic twinning
rates increase by the same amount with maternal age, the relaxed-screening hypothesis would
receive the most support. Finally, if both dizygotic and monozygotic twinning rates increase
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with maternal age, but dizygotic twinning increases more than monozygotic twinning, then
both hypotheses would receive support. However, both of these theories focus mostly on
DZ twinning, which has a very different origin than MZ twinning. Therefore, while the MZ
results may be consistent with what the theories predict, a causal interpretation in terms of
their origin may not be warranted.

2. Twinning rates in Sao Paulo city

The USP Twin Panel (Painel USP de Gémeos), based in the Institute of Psychology —University
of Sao Paulo since 2015, has investigated the live birth twinning rate from Sao Paulo city (Brazil)
using public data and additional information during the years 2003-2014 [22]. The public data
on the singleton, twin, and higher order multiple live-born births were drawn from the Health
Department database of Live Births Information System of Sao Paulo (SINASC) and included
all deliveries registered between the years 2003 and 2014, from all 140 hospitals (56 public and
84 private) of the 31 districts of the city. We contacted SINASC and upon agreement from the
Human Research Ethics Committee at the Institute of Psychology, University of Sao Paulo
(Protocol Number 1,418,827), we received a more detailed database that included infants’ sex,
identification of the mother, date and hour of the delivery, place of the delivery, and register
number. Based on these refined data, we determined the sex composition of twin maternities
using Weinberg's differential method, which is a populational equation based on the sex ratio
and the proportion of same-sex and opposite-sex twins. The validity of Weinberg’s rule has
been debated over the years. Using large samples and applying statistical assumptions may
improve its utility; see [39]. As standard in the literature, we computed maternity rates per
1,000 (%o): individual twin births were divided by two and individual higher order multiple
births were divided by three, assuming that the far majority of higher order multiple births
were triplets. Mothers’ age was recoded into eight classes (<15, 15-19, 20-24, 25-29, 30-34,
35-39, 4044 and >45 years) (for details see, [22]).

For the first time in Brazil, we could establish live-birth rates in a decade-long, large-scale
population sample encompassing 24,589 twin deliveries and 736 multiple deliveries out of
a total of 2,056,016 deliveries during the studied time period. Precisely, the average rate of
twin deliveries was 11.96%o, while the average of singletons was 987.42%, and multiple births
was 0.36%o. This was the largest study so far to calculate twinning rates in Brazil, which is in
general in agreement with results from other countries [69], for example, Spain [70].

Interestingly, we found a strong positive correlation between the period (2003-2014) and twin-
ning rate percentage and a strong negative correlation between the time period and both sin-
gleton rates and higher order multiple rates. This shows that while singletons and higher order
multiple rates are diminishing, twinning rates are increasing. The twin birth rate rose 30.8%
from 2003 to 2014, increasing from 10.19 to 13.33%o [22]. Many factors may lead to this increase,
such as increasing body mass index in women, improvement of quality of life, increase in
social support, postponement of pregnancies until higher ages, use of assisted reproduction
technologies and an increase in air pollution [22]. The pattern obtained in Sao Paulo city is
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aligned with the pattern in earlier decades in Sao Paulo [71] and with the worldwide increase
in twinning rates (e.g., [42, 72, 73]), especially over the last several decades [68].

2.1. Twinning as a function of mothers’ age in Sao Paulo

We documented a positive influence of mothers’ age on twinning rates, in particular, women
aged 25 years or more have more twins than younger women. The opposite pattern appeared
to characterize the singleton mothers. Mothers’ age was the strongest positive predictor, with
the time period also positively, although weakly, predicting the twinning rates. Together, age
of the mother and the time period explained 63% of the total variation. The model for higher
order multiple rates was also significant, explaining 25% of the total variation, and mothers’
age was its only positive predictor [22].

Furthermore, we used the Weinberg's differential method in order to estimate the average fre-
quency of MZ and DZ twinning rates. We found that the average twinning rate for the whole
period was 4.42%o for MZ and 7.15%o. for DZ twins [22]. These rates were comparably increasing
throughout the time period (2003-2014). The mothers’ age positively and significantly corre-
lated with both MZ and DZ birth rates. The model for DZ twinning rates was highly significant,
explaining 61.3% of the total variation. Mothers’ age was the strongest positive predictor, with
the time period also positively, although weakly predicting the twinning rates. The model for
MZ twinning rates was also significant, explaining 17.1% of the total variation. Mothers’” age
was the only positive predictor of the MZ twinning rates [22]. This general finding, regardless
of the zygosity, agrees with the literature both in Brazil [56, 71] and in other countries [58].

We found that women aged 45 or more had almost three times more DZ twins than mothers
aged between 40 and 44 years and seven times more DZ twins than women aged between
20 and 24 years [22] (see Figure 3). This finding agrees with the view that polyovulation
is a major cause of twinning in older ages as predicted by the insurance ova hypothesis.
Moreover, we found that women aged 45 or more had two times more MZ twins than moth-
ers aged between 40 and 44 years, and women aged between 20 and 24 years. This increase
in MZ twinning in older mothers was predicted by the relaxed-screening hypothesis. Both
hypotheses and proposed mechanisms can, thus, explain higher rates of DZ twinning in
older mothers. Thus, our data support both evolutionary hypotheses for higher twinning
near menopause, but the specific reasons behind MZ and DZ twinning at older maternal ages
most likely differ. Importantly, different countries around the world have already sparsely
but consistently found that not only DZ but also to a smaller degree MZ twinning rates were
higher in mothers closer to menopause, in the U.S.A. population [74], in a Jewish population
[75], in a Jewish and Bedouin populations [76], in rural and urban Chinese populations [77],
and also in Spanish populations [70]. This cross-cultural convergence adds support to both
evolutionary hypotheses, particularly to the relaxed-screening hypothesis [60, 61].

2.2. Variation in twinning rates in different city districts of Sao Paulo

Additionally, we closely investigated how twinning rates are distributed within various sub-
regions of the city of Sdo Paulo, the biggest metropolis of Brazil. Considering mothers” home
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Figure 3. Dizygotic (DZ) and monozygotic (MZ) twin rates per 1,000 births as a function of mother’s age; from [22].

addresses at the time of delivery, we found a large variance in the twinning rates among the
31 subregions of Sao Paulo: from 9.85 (district Itaim Paulista) to 24.32%o (district Pinheiros).
Figure 4 shows the overall rate of twins’ geographical distribution between 2003 and 2015
by the 31 subregions of the city. In Figure 4, we clearly show that in the central regions there
are more twins born than in peripheral districts. This centralized distribution does not sim-
ply reflect the places where most hospitals are available, because we accessed the mothers’
addresses and not the address of the maternity hospitals. Thus, this indicates that a real
demographic factor is driving this distribution.

There was a pronounced positive correlation between the average income of each city dis-
trict according to the 2010 Demographic census from Brazilian Institute of Geography and
Statistics (IBGE) and the average twinning rates during the period from 2003 to 2015. The
same result was found for the higher order multiple birth rates. This indicates that, in richer
regions, there is a higher chance of twin and multiple births. This new finding from the
USP Twin Panel can explain the centralized distribution of higher twinning rates shown
in Figure 4. Many factors could be interacting to produce this result. Women with higher
socioeconomic status tend to study longer and delay reproduction; thus, having offspring
in higher age increases the chance of multiple pregnancies. Also those women can afford
assisted reproduction technologies which increase the chance of multiple pregnancies.
Moreover, those women have a richer and more diverse nutritional diet which, as found for
nonhuman primates [1, 20], could increase the chance of multiple pregnancies. Colletto et al.
[78] also found increased twinning rates as a function of women’s higher socioeconomic
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Figure 4. Overall geographical distribution of twinning rates between 2003 and 2015 by the 31 districts of the city. The
darker the color, the higher the twinning rate. We used percentiles to create low, mid-low, mid-high, and high rates.

status. Further studies should attempt to disentangle the web of salient influential factors by
accessing and integrating indicators such as nutrition, education, socioeconomic status, and
assisted reproduction.

3. Twinning rates across the entire country of Brazil

Most recently, the USP Twin Panel (Painel USP de Gémeos) has expanded the investigation of
twinning rates to the entire country of Brazil between the years of 2002 and 2013. The data
were drawn from TABNET within DATASUS, an official public governmental database and
transformed into rates of maternities the same way it was done for the city of Sao Paulo
[22]. A multivariate general linear model was used to explore the effects of region, maternal
age, and time period on singleton, twin and higher order multiple birth rates. We obtained
a total of 35,051,790 maternities between 2002 and 2013, 329,006 twinning maternities and
8,005 higher order maternities. Considering all regions of Brazil, the overall average rate of
twins was 9.39%o0 and higher order births were 0.23%o. These data show that the Brazilian
countrywide twinning and multiple birth rates are lower than the twinning rates in the city
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of Sdo Paulo (11.96 and 0.36%o) [22]. These rates are slightly lower than results from devel-
oped countries (e.g., [69]). The increase in the twinning rate over the years was 14.54%,
from 8.80%o in 2002 to 10.08%o. in 2013, a modest increase compared to the 30.8% in Sao
Paulo [22]. The decade time period positively predicted, albeit weakly, twin birth rates,
explaining 3% of the variance. It also negatively predicted singleton rates, explaining 2% of
the variance, with no effect on multiple birth rates.

3.1. Twinning as a function of mothers’ age in the entire country of Brazil

Our results showed that maternal age strongly and positively predicted twin and multiple
birth rates, explaining 56 and 21% of the variances, respectively. It also negatively predicted
singleton birth rates, explaining 62% of the variance. These results are in agreement with the
results from Sao Paulo [22, 56, 71] and from other countries, such as Spain [70].

The finding that the higher maternal age predicts twin and multiple births corroborates the
evolutionary hypotheses, the insurance ova hypothesis [57, 59] and the relaxed-screening
hypothesis [60, 61], pointing to the existence of an age-dependent mechanism that leads to a
strong increase in twinning and multiple births in women near menopause.

3.2. Variation in twinning rates in different regions of Brazil

Among the five major regions of Brazil (North, Northeast, Central-West, South, and Southeast),
we found a small, but significant variation in twinning rates. Table 1 presents maternity rates
for singletons, twins, and higher order multiple births divided by Brazilian regions. In general,
the developed areas (e.g., Southeast) presented higher twinning and multiple birth rates than
developing ones (e.g., North). This is in line with the finding of the Sdo Paulo city districts.
Similarly to the possible effects of higher maternal age, higher access to assisted reproduction
technologies, and higher nutritional diversity and abundance may contribute to the higher
twinning rates in the Southeast and South developed regions, yielding regional discrepancy.

Furthermore, the ethnic composition may also play a role. In the North of Brazil, there is the
highest proportion of indigenous intermixed individuals within the population (up to 32%),
while in other regions it ranges from 11 to 16% [79]. Brazilian native Americans are closely

Mean Singleton rates (%o) Twins rates (%o) Higher order rates (%o)
Southeast 988.08 10.34 0.25
South 989.32 10.06 0.23
Central-West 990.70 9.05 0.24
Northeast 988.54 8.68 0.23
North 991.30 7.32 0.14

Table 1. Maternity rates of singleton, twin and higher order births per Brazilian regions.
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related to Asiatic populations [80] that have the lowest twin rates compared to other ethnici-
ties [39, 81]. It is thus possible that Asian ancestry may underlie the relatively lower twinning
rate in the northern region of Brazil. Future studies should further explore the influencing
factors among the regions.

4. Conclusions

The overall observed pattern of results linking increased twinning in mothers near menopause,
from both decade-long large-scale populational studies, is consistent across Sao Paulo and all of
Brazil, and agrees with the literature from Brazil [56, 71] and from other countries, for example,
the Netherlands [58], and even with reports from traditional societies with natural reproduc-
tion, such as agricultural areas of Costa Rica [72], Gambia [55], eighteenth century Sweden [42],
and seventeenth to eighteenth century French Canadian immigrants [41]. This convergence of
results supports both evolutionary hypotheses about twinning: it points to the existence of an
age-dependent evolved mechanism of twinning as an “all-or-nothing’ last chance strategy for
reproduction near menopause. The estimated twinning rate per zygosity allowed us to closely
test both the insurance ova hypothesis and the relaxed-screening hypothesis. In at least seven
different populations worldwide [22, 70, 74-77], both DZ and MZ twinning rates increased in
mothers near menopause; thus, both evolutionary theories received support, because it iden-
tifies polyovulation and relaxed screening as possible underlying mechanisms of increased
twin births in women of higher age. The appreciation that also MZ twin births cross-culturally
increases with mothers’ age is an underappreciated pattern in the literature. Again, as stated
earlier, these results require additional examination with respect to MZ twinning which has its
origins explained by biological events that do not apply to DZ twinning (e.g., zygotic division).

Additionally, our results showed that higher socioeconomic conditions are related to higher
twinning rates. This was found in both Sao Paulo and the entire country of Brazil, and cor-
roborates the literature that has already shown a link between higher socioeconomic status
and increased twinning rates in Brazil [78, 82] and other countries, for example, in Greece
[83]. This finding also agrees with the literature on nonhuman primates that shows relatively
higher twinning in captive, safer, and abundant conditions [1] and in species with more
diverse nutritional intake [20].

This chapter reflects the importance of integrating factors and patterns from studies con-
ducted on nonhuman species, particularly primates, with the findings traditionally focused
on humans. We have attempted the first step toward bringing the comparative approach into
light in order to promote deeper understanding of demographic data on twinning and higher
order maternities. The comparative approach can offer insights and increase our understand-
ing of both commonalities and specificities of the human case. Along the same lines, we have
stressed the importance of considering proximate factors, such as genetic, physiological, onto-
genetic and contextual variables, and distal factors, such as ancestral selective pressures, and
evolutionary reasoning. Both fields have a great deal to gain with a more integrated approach.
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Abstract

Pregnancies resulting from fertility treatment are associated with higher rates of multiple
pregnancy and have higher rates of pregnancy complications than spontaneously con-
ceived pregnancies. Methods exist to make fertility treatment safer and less likely to result
in multiple pregnancy and practitioners should be practicing fertility treatment with the
aim to produce a healthy, term, singleton pregnancy. Approaches to minimising the risk
of multiple pregnancy include carefully monitoring ovulation induction (OI) cycles to
produce mono-follicular ovulation. Identifying patients at risk of excessive response to
ovulation induction and treating them with low dose therapies and close monitoring is
a critical step in practicing safe Ol treatment. Performing single embryo transfer in all
but exceptional cases of in-vitro fertilisation (IVF), and never transferring more than two
embryos, is the single, most successful way to reduce the multiple pregnancy rate with
IVFE. An appreciation of the increased risk of mono-chorionic twinning with IVF is also
important. This chapter will explore ways to minimise the risk of multiple pregnancy
with a variety of fertility treatments.

Keywords: ART, multiple pregnancy, ovulation induction, single embryo transfer

1. Introduction

Assisted Reproductive Technology (ART) has, since its inception, been associated with
increased rates of multiple pregnancy as the treating doctors struggled to balance an acceptable
live birth rate with the risk of multiple pregnancy. A multiple pregnancy results in increased
rates of both maternal and neonatal morbidity compared with a singleton pregnancy. Further,
multiple pregnancy is associated with increased rates of prematurity, especially an increased
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rate of severe prematurity, low birth weight, neonatal death and longer term developmental
concerns [1]. Women with a multiple pregnancy are at risk of nearly every complication of
pregnancy in comparison to women pregnant with a singleton pregnancy. Pre-eclampsia,
gestational diabetes and operative delivery are all associated with significant increased
maternal morbidity in multiple pregnancies.

A multiple pregnancy, for patients who have suffered through months or years of infertil-
ity and treatment, can often be seen as a “double blessing” and may indeed result in a suc-
cessful outcome for many patients. For many years rates of multiple pregnancy for women
undergoing ART were accepted as a necessary part of treatment. With ongoing development
of fertility treatment, employing better processes and therapies, the success rate of ART has
improved, and thus the impetus for using methods that also run the risk of high rates of mul-
tiple pregnancy are no longer warranted or accepted. Now when determining the success of
an ART technique or an ART service provider, the rate of singleton, term, live birth should be
seen as the gold standard of measurement and the aim of successful treatment [2]. Strategies
to achieve this are now the cornerstone in research, development and guidelines in ART tech-
niques and stricter regulations and protocols are in place to implement safer methods.

This chapter will explore ways in which ART, in particular ovulation induction, super-ovulation
and intra-uterine insemination (IUI) and in-vitro fertilisation (IVF), can be delivered to ensure
low rates of multiple pregnancy and make ART and the pregnancy that results safer for mother
and baby.

2. Ovulation induction

Ovulation induction involves stimulating the ovary with the aim to induce mono-follicular-
ovulation in a sub-fertile woman who is anovulatory. A trigger injection, to mimic the mid-
cycle luteinising hormone (LH) surge, is given to initiate release of the ovum and timed
intercourse is advised.

Multiple pregnancy may occur with ovulation induction secondary to unintended over-
stimulation of the ovary and the development of more than one follicle and the release and
subsequent fertilisation of more than one oocyte. Rates of multiple pregnancy with ovarian
stimulation depend greatly on the treatment protocol used, but for all methods has been
approximated at up to 9 times the rate of natural conception in fertile women [3].

A recent 5-year review of multiple pregnancy rates in the United States revealed 22% of the
nation’s twin pregnancies were due to ovulation induction and 40% of triplet pregnancies were
as a result of ovulation induction treatment [4]. The rates of multiple pregnancy secondary to
ovulation induction are falling as better techniques and practices are introduced however, not
as quickly as is being seen with more invasive ART techniques such as IVF. Stricter controls
and more stringent regulations are being enforced in many countries towards IVF treatments
in the hope of stalling the multiple pregnancy rate, however this has not been replicated in
the field of ovulation induction, as this is often performed outside of large fertility clinics, or
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without strict tracking protocols. Hence it is believed that ovulation induction accounts for up
to 65% of the world’s higher order multiple pregnancies [5].

Ovulation induction agents are usually divided into oral and injectable agents with the his-
torical belief being that injectable agents, usually recombinant or urinary derived follicular
stimulating hormone (FSH), being associated with higher rates of both multiple pregnancy
and ovarian hyper-stimulation syndrome.

2.1. Clomiphene citrate

Clomiphene citrate was until recently the first line fertility treatment for anovulatory women
undergoing ovulation induction [6]. Clomiphene is a selective oestrogen receptor modulator
that blocks negative feedback of rising oestrogen levels at the level of the hypothalamus thereby
resulting in ongoing FSH secretion and follicular development. Clomiphene citrate has his-
torically had rates of multiple pregnancy quoted at 7%, with higher order multiple pregnancies
rates occurring in less than 1% of confirmed pregnancies. [7] Newer data however suggests that
multiple pregnancy rates with the use of clomiphene may be as high as 9% and higher order
multiple pregnancy rates closer to 2%, as often ultrasound monitoring of the stimulated cycles is
not performed [8]. Clomiphene, unlike other ovulation induction agents, does not have a higher
rate of multiple pregnancy rates with higher dosing. The anti-oestrogenic properties exhibited
by clomiphene on both the cervical mucus and endometrial lining with increased dosing have
a negative impact on the rate of conception and implantation. Hence, although ovulation rates
may increase, successful pregnancy, including multiple pregnancy, are not necessarily increased.
Thus, for clomiphene, unlike other ovulation induction agents, simply prescribing lower doses
of the agent will do little to reduce multiple pregnancy rates.

2.2. Letrozole

Letrozole is an aromatase inhibitor that is now recommended as a first line ovulation induc-
tion agent [6]. It is associated with higher rates of mono-ovulation than clomiphene and thus
lower rates of multiple pregnancy, at around 3.5% [9], but with overall similar if not higher
live birth rates [10]. It has a shorter half-life than clomiphene and, unlike clomiphene, during
treatment endogenous FSH is suppressed by rising oestrogen levels thus reducing the risk
of multiple follicles developing. Due to the benefit of increased live birth rates and a reduc-
tion in the rates of multiple pregnancy letrozole should be the oral agent for first line use
in anovulatory women undergoing ovulation induction. However, letrozole must be used
under informed consent as ovulation induction is not an approved indication for the drug.

2.3. Metformin

Metformin has, over the last few years, been increasingly used for the management of women
with PCOS, having potential benefits with regard to its metabolic consequences [11] and andro-
genic side-effects [12]. However, with respect to anovulatory infertility as a sole agent the ben-
efit of increasing the chance of a live birth is not clear, other than perhaps as an adjuvant to
clomiphene citrate in overweight women [13], or as an adjuvant to FSH ovulation induction [14].
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2.4. Follicular stimulation hormone (FSH)

Injectable agents, usually recombinant FSH, have historically been associated with higher
rates of multiple pregnancy. When first described dosing regimes in the realm of 225 IU of
FSH were used to induce ovulation in anovulatory women with multiple pregnancy rates of
around 25% [15]. As greater experience was gained using FSH and with a clear distinction
being made between dosing for the aim of mono-ovulation in ovulation induction, versus
ovarian hyper-stimulation for IVF cycles initial dosages fell dramatically. Low dose, step
up protocols are now the recommended regime with close monitoring to observe response
[16]. Unlike oral agents that are given for a limited number of days in the early follicular
phase, FSH can be given for an extended period until follicular development is seen. With this
method rates of multiple pregnancy can be as low, or lower, than with oral agents and can be
achieved with higher live birth rates. In countries with good health insurance and state fund-
ing for fertility treatments out of pocket costs to patients are comparable to oral agents and are
thus often used as a first line treatment due to their increased success rates.

In our unit, after exclusion of other potential infertility factors, we aim to induce mono-ovulation
with a low dose step up protocol. We start all women on a low dose of gonadotropin, on aver-
age 25 IU FSH, and monitor women with oestrogen levels and ultrasound tracking of develop-
ing follicles. Dosing is increased if no response is seen after 10 days, with dose increments of
12.5IU, until a threshold is reached whereby mono-follicular development occurs and the dose
is not increased further. If more than 2 follicles of 10 mm are noted the cycle is cancelled, and
in patients under 35 years consideration is given to cancelling with two follicles. Review of our
data has showed that our rate of multiple pregnancy using this method for ovulation induction
is below 4% [17]. This is with a cumulative live birth rate of close to 50% over 3 cycles and a cycle
cancellation rate of around 10%. After 3 cycles the live birth rate per cycle falls significantly as
the patients with additional reproductive pathology start to make up a greater percentage of
remaining patients. If after 3 cycles a successful pregnancy has not occurred we give consider-
ation to switching to IVF treatment. This allows a low rate of multiple pregnancy and a close to
50% rate of successful pregnancy for our patients without exposing them to the increased risk
of IVF unless it is warranted.

The hallmark of reducing rates of multiple pregnancy with ovulation induction is to closely
monitor follicular development both with hormone levels and ultrasound tracking to ensure
only a single dominant follicle, or a maximum of two, will develop and ultimately ovulate. It
would be assumed that with close monitoring a clinician could predict when a patient was at
risk of releasing more than one oocyte and could act prudently to avoid conception in such
cases. Existing guidelines surrounding risk adverse practice in regard to tracking are sparse
and not overly cautious. The American College of Obstetricians and Gynaecologists (ACOG)
guideline recommends abandoning an ovulation induction cycle if there are more than 3 fol-
licles measuring more than 15 mm [18]. Studies have shown that follicles as small as 7 mm
at time of trigger can result in successful ovulation and impact the multiple pregnancy rate,
although it is generally believed that follicles of 14 mm in size or greater will have a mature
oocyte [19]. Capping the recommended maximum number of follicles before cancellation of
the cycle at more than 3 is doing little to reduce the rate of multiple pregnancy and indeed
risks, not just a multiple pregnancy but a higher order multiple pregnancy.
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More judicious care can be taken to actively avoid multiple pregnancy by ensuring mono-
ovulation by very closely monitoring oestrogen levels and follicular development on ultra-
sound. By cancelling cycles when more than 2 follicles of greater than 10 mm are present
has been shown to actively reduce multiple pregnancy rates. Oestrogen levels above 600 pg/
mL have been associated with increased rates of multiple pregnancy [20] and higher than
2000 pg/mL with higher order multiple pregnancy. [21] Using both ultrasound follicle track-
ing and serum oestradiol measurements to carefully track cycles is imperative to minimise
multiple pregnancy.

As a general rule, younger women, women with a greater antral follicle count or higher anti-
mullerian hormone (AMH) levels are more likely to have a greater response to a lower dose of
induction agent and thus should be started at a minimum dose on the first cycle and tracked
accordingly.

All couples should be worked up prior to embarking on ovulation induction to confirm tubal
patency and adequate semen analysis, and to ensure a more invasive form of ART may not be
a better first line therapy. The group of women for who ovulation induction is most widely
used is those with anovulation secondary to poly-cystic ovarian syndrome (PCOS.) This is
often a group of patients that are of a younger age than the average infertility patient and
have a high antral follicle count and in reflection of that, often a high AMH. These women
may also benefit from the additional use of metformin during their stimulation to improve
outcomes [14]. It is critical that these women are identified as high risk for responding exces-
sively to even small doses of ovulation induction agents and should be started on very low
doses of ovulation induction agents and very carefully monitored. Being younger also means
the rate of fecundity per ovulation is high and therefore every effort should be made to aim
for mono-ovulation.

Options available when development of an excessive number of follicles is observed include
cancelling the cycle, aspirating the excess follicles or switching to an egg collection and IVF
cycle. None of these options are ideal for a patient hoping to achieve a pregnancy but need
to be discussed with the patient before embarking on treatment. Cancellation of the cycle
can be devastating to the patient from a financial and emotional cost, however a cancelled
cycle due to hyper-stimulation of the ovary gives valuable information to the practitioner
for management of the next cycle in regard to dosing and monitoring. Follicular aspiration
for either reduction in follicle number, or for transfer to an IVF cycle is difficult if it has not
been discussed as an option pre-treatment, and has ethical implications in regard to informed
consent for a patient who is now being faced with either cancellation of the cycle or conver-
sion to a more complicated and costly treatment. It is imperative that as part of the consent
process for ovulation induction the risk of multiple follicle development is discussed and the
options and recommendations when an excessive number of follicles develop are considered.

Having an absolute maximum cut off of 2 follicles, and for high risk couples one follicle, will
be a huge step forward in reducing the multiple pregnancy rates with ovulation induction.
Such an approach has been associated with multiple pregnancy rates below 5% and no higher
order multiple pregnancies [22]. This compares with rates up to 30% if no intervention is
made until follicular numbers reach more than three [23]. High risk couples, for whom more
than one follicle should be the threshold for cancellation include young women undergoing
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their first few cycles and who have an expected high fecundity per follicle, but also patients
for whom multiple pregnancy would be particularly dangerous. This includes women with
an independent risk of pre-term birth and women with underlying medical conditions mak-
ing them more susceptible to the pregnancy complications of multiple pregnancy.

3. Super ovulation and intra-uterine insemination (IUI)

Super ovulation and IUI involves stimulating the ovary with ovulation induction agents with
the aim to produce two follicles, then with ovulation trigger performing IUI to allow the
sperm to bypass the cervical environment. It is usually performed in patients with unex-
plained subfertility or mild male factor subfertility. Consequently, the purpose of the treat-
ment is to increase the chance of a successful pregnancy by increasing the number of oocytes
ovulated and the availability of sperm.

Given it is used in women that are already ovulating, prudent use of ovulation induction
agents is imperative and careful monitoring of the cycle with ultrasound and oestrogen lev-
els is important, as in ovulation induction, to prevent multiple pregnancy and higher order
multiple pregnancy. Unlike ovulation induction, where the aim is to produce a single domi-
nant follicle, super-ovulation is aimed at producing two follicles, with well controlled cycles
accepting up to three follicles, but certainly no more. The reason is in this situation there is
a potentially as yet unrecognised factor limiting conception, whereas in standard ovulation
induction treatment for the anovulatory woman, it is only the absence of ovulation that is
limiting conception, hence when that is overcome the woman should conceive. Once four
follicles are present there is no increase in the live birth rate, but a significant increase in the
multiple pregnancy and higher order multiple pregnancy rate [21].

As the aim is to produce more than one follicle the risk of multiple pregnancy is high, higher than
that is seen with IVF or ovulation induction. Overall rates of multiple pregnancy are around 14%
in well controlled cycles, involving cancellation when more than three follicles are identified
[24]. This is higher than is seen with IVF cycles, even in well controlled ovarian hyperstimula-
tion protocols. Like ovulation induction the discussion regarding switching to an IVF treatment
course, or cancellation of the cycle is required to be had with the patient prior to embarking on
treatment. Often the decision around opting for IVF, to minimise the risk of a multiple preg-
nancy, or to adopt the cheaper treatment of super ovulation and IUI, but a greater risk of a
multiple, revolve around the costs to the patient. This situation is unfortunate as the cost to the
health care system and the family, ultimately, are greater when a multiple pregnancy results.

4, In-vitro fertilisation

In vitro fertilisation resulted in the first live birth in 1978. Since that time the use of IVF tech-
nology has changed dramatically and the increased success and its widespread use to treat
all manner of subfertility issues has meant currently in Australia 1 in 25 children born are the
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result of an IVF cycle [25]. Like ovulation induction and super ovulation, IVF is associated
with increased rates of unintended multiple pregnancy, in comparison to spontaneous con-
ception, plus there is also a greater risk of an embryo splitting and resulting in monozygotic
twinning.

While the key to reducing rates of multiple pregnancy with ovulation induction and super-
ovulation and IUI lies with careful monitoring of the cycle and judicious cancellation of cycles
when multiple follicles develop, the cornerstone to reducing multiple pregnancy rates in IVF
treatment is to ensure single embryo transfer is the norm.

As IVF technology has developed and successful live birth rates have increased the need to
transfer more than one embryo has rapidly declined. There is no significant difference in the
live birth rate for women aged under 37 years undergoing a single embryo transfer (sET) com-
pared with a double embryo transfer (dET), only an increase in the multiple pregnancy rate
and subsequent increased pregnancy complication rate [26]. For women aged under 37 years
the rate of multiple pregnancy with a double embryo transfer is as high as 25% [27], compared
with less than 6% for women undergoing single embryo transfer [28].

Although implantation rate is not the gold standard by which to measure success of a fertil-
ity treatment, when compared with sET, dET has been reported to be associated with lower
implantation rates suggesting a deleterious effect on the intrauterine environment when dET
is employed [29]. This observation is further supported by the increased rates of poor preg-
nancy outcome when dET is performed but only one embryo implants. This scenario is associ-
ated with increased rates of growth restriction and preterm delivery compared with singleton
pregnancies resulting from a single embryo transfer [30]. A review of the American Society
for Assisted Reproductive Technology outcomes between 2004 and 2013, of over 180,000 IVF
cycles concluded that although the live birth rate may increase with a dET, this is substan-
tially out-weighed by the risk of multiple gestations [31]. They demonstrated that for patients
with favourable prognostic factors; including younger maternal age, transfer of a blastocyst,
and additional embryos cryopreserved, the gain in the live birth rate from sET to dET was
approximately 10-15%, however, the multiple birth rate increased from approximately 2% to
almost 50% for both fresh and frozen embryo transfer cycles.

Single embryo transfer is associated with not just a reduction in multiple pregnancy rates, but
also a reduction in overall pregnancy complication rates with little effect on the live birth rate
compared with double or higher number embryo transfer rates [32]. Double embryo transfer
rates are occasionally recommended or supported when a patient has particular barriers to
implantation success and thus have a perceived lower rate of risk to multiple pregnancy with
dET. These may include advanced maternal age, poor embryo quality or multiple previous
unsuccessful attempts at single embryo transfer.

The barrier to implementing universal single embryo transfer appears to lie in the cost of IVF
treatment to the patient. In countries or regions where state funded or supported fertility
treatment exists, the rates of single embryo transfer are far higher. The factor most influenc-
ing the likelihood a patient will undergo a single embryo transfer over a double or greater
number embryo transfer is whether or not they have health insurance, a greater influencing
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factor than that of maternal age [33]. In Australia where fertility treatment is subsidised by the
state and rates of health insurance are high, the rate of single embryo transfer is over 75% and
reflected in the multiple pregnancy rate from IVF being below 6% [34]. In comparison, in the
United States sET recorded in the same year was less than 25% [35]. This is also a reflection of
the strict regulations that exist in Australia governing IVF treatment.

Regulations and policy governing single embryo transfer also exist in many Scandinavian and
some European countries, such as Belgium, as well as Australia, with reflective low rates of
multiple pregnancy and high rates of cycle success. The transfer of more than two embryos
is banned in Australia and double embryo transfer only allowed in the setting of significant
advanced maternal age or multiple failed attempts at single embryo transfer [36]. In comparison,
other European countries like Greece, Montenegro and Lithuania have few regulations govern-
ing IVF protocols and treatment and overall data from Europe show rates of double embryo
transfer well over 50% and rates of transfer of three or more embryos as high as 12.5% [37]. The
multiple birth rate is reflected in this practice with the multiple birth rate following IVF being
18.7% in Europe compared with 5.6% in Australia and New Zealand [37]. The multiple birth rate
following IVF is even higher in the United States at 26.6% [35]. This is despite slightly higher
rates of double embryo transfer in Europe, however this is thought to reflect the high rate of fetal
reductions that occur in Europe as a management strategy for multiple pregnancy.

Despite implementing a single embryo transfer an IVF cycle may still result in a multiple
pregnancy due to monozygotic twinning. Monozygotic twins are at increased risk of sig-
nificant complications including Twin-Twin Transfusion Syndrome (TTTS) and Twin
Anaemia-Polycythaemia Sequence (TAPS), fetal anomalies and perinatal morbidity. The rate
of monozygotic twinning is increased in IVF pregnancy by 6 times compared with spontane-
ously conceived pregnancies [38], occurring at a rate of around 2.5% [39]. The reason for this is
likely multifactorial. Culture media, embryo quality, use of gonadotropins and manipulation
of the zona pellucida are all thought to play a role in the increased rates of monozygotic twin-
ning following IVF [40].

In natural conception the rate of monozygotic twinning increases with age, likely a reflection
of egg quality, however the inverse has been seen in pregnancies conceived with IVF. Women
under 35 are twice as likely to have a monochorionic twin pregnancy following IVF treat-
ment compared with women aged over 35 [41]. The mechanism for this may include the zona
pellucida experiencing increased thickening with advancing maternal age, resulting in the
embryo of an older patient being more robust to the manipulation exerted on it during IVF or
Intracytoplasmic Sperm Injection (ICSI), or during embryo biopsy. This is an important obser-
vation and further supports the argument for single embryo transfer for younger patients
with a good chance of implantation per embryo transfer. If a patient is at increased risk of
monozygotic twinning, and has a double embryo transfer the risk of a higher order multiple
pregnancy, with the added complication of a monozygotic twin pair develops.

The stress that a developing blastocyst and embryo undergoes during an IVF cycle may ration-
alise the increased rates of monozygotic twinning. Monozygotic twin pregnancies are more
likely in day 5 blastocyst transfer than day 2 or 3 cleavage stage transfer, perhaps reflective of
the strain that may be put on the embryo the day of transfer. Monozygotic twinning occurs due
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to the embryo splitting anywhere from Day 4 through to Day 8. Transfer in the middle of this
time period involves subtle changes to the pH, temperature and nutrient environment that could
explain the increased rate during blastocyst transfer. The actual mechanics of the transfer may
also play a role in making the embryo more likely to split. Blastocyst transfer is associated with
nearly a three times increased chance of embryo splitting and resultant monozygotic twinning
compared with cleavage stage transfer [42]. This finding has not lead to a change in practice due
to the significantly greater live birth rate seen overall with blastocyst transfer due to the ability to
select an embryo that has survived until day 5 of development and also result in transfer at a simi-
lar time to when the blastocyst would be reaching the uterine cavity in a natural conception [43].

The increased rate of monozygotic twinning for blastocyst transfer is not replicated, or at
least not as pronounced, when the transfer is a result of a frozen cycle, rather than a fresh
transfer [41]. An explanation for this is the freezing/thawing cycle may harden the zona pel-
lucida making the blastocyst more robust against the process of embryo transfer and reduce
the chance of splitting. A regime of ‘freeze all’ may be worthwhile to further reduce rates of
multiple pregnancy from monozygotic twinning with blastocyst transfer.

Micro-manipulation techniques of the egg and embryo such as ICSI and pre-implantation
genetic diagnosis have long been thought to play a role in increased rates of monozygotic
twinning through weakening of the zona pellucida making it prone to splitting. Like blasto-
cyst transfer, if this effect exists, it is likely associated with fresh transfers rather than frozen
transfers. Because of this it is recommended that conventional IVF be used over ICSI unless
significant male factor fertility issues exist.

Embryo quality has an association with the chance of monozygotic twinning. Poorer embryo
quality has been shown to increase the rate of monozygotic twinning [44]. An appreciation of
this is important when considering double embryo transfer due to poorer embryo quality. An
awareness that the resultant pregnancy may develop into a higher order pregnancy, such as a
dichorionic-triamniotic triplet pregnancy is crucial.

Not all multiple pregnancies that develop after single embryo transfers are monozygotic. A
review of twin pregnancies following single embryo transfer found 18% of twin pregnancies
were dizygotic [45]. The explanation for this was likely concurrent spontaneous conception
with a frozen transfer or ovulation of uncollected eggs and subsequent fertilisation with
fresh transfers. This hypothesis is supported by the fact that unexplained subfertility, with
an underlying chance of conception, and obesity, that increases chance of uncollected oocytes
due to limitations of ultrasound, was the main risk factors for dizygotic twinning in this sce-
nario. The importance of abstaining from unprotected sexual intercourse at time of transfer is
imperative when counselling couples on how to reduce the risk of multiple pregnancy.

5. Conclusion

The rate of multiple pregnancy associated with ART has fallen steadily with the implemen-
tations of better practices. As pregnancy success rates have increased the belief that more
follicles or more embryos equates to better outcomes has been disproven. Close monitoring of
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ovulation stimulation protocols, and a practice of single embryo transfer for IVF has resulted
in far lower multiple pregnancy rates and safer practices for women. An awareness of the risk
of multiple pregnancy with ART and the ways in which this can be avoided is paramount to
the future direction of ART, both for research and regulatory bodies.
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Abstract

As the frequency of multiple pregnancies is increasing, every obstetrician has to know
that the correct, accurate, and timely determination of gestational age, chorionicity, and
amnionicity has significant importance in the management of a multiple pregnancy.
Surveillance, complications, outcome, morbidity, and mortality are totally different in a
monochorionic and a dichorionic pregnancy. In this chapter, we will present the sono-
graphic figures that are visualized in the first trimester in a multiple pregnancy and help
us define the gestational age, chorionicity, and amnionicity. We will classify them into
two periods: the early first trimester, including the 10 first weeks of gestation and the
late first trimester including the period between the 10th and 14th week of gestation.
Finally, we will review some interesting, although infrequent, cases from the literature,
showing that pitfalls in the determination of both chorionicity and amnionicity exist and
highlighting the importance of being aware of their subsistence.

Keywords: multiple pregnancy, early ultrasound assessment, gestational age,
chorionicity, amnionicity

1. Introduction

It is a well-established fact that multiple pregnancies occur more commonly nowadays than a
few decades ago. The progress of reproductive technologies and in vitro fertilization has played
a major role in this increase. In fact, twins comprise about 3% of all live births in the United
States [1]. As we speak about history, the vast majority of multiple pregnancies that occurred
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in the past were diagnosed during the intrapartum period [2]. Today, as the use of ultrasound
has become a routine in daily medical practice, multiple pregnancies are diagnosed in the
initial ultrasound scan [3]. Beyond the diagnosis of early multiple pregnancy, ultrasound scan
is more than necessary to define chorionicity, amnionicity, and gestational age [4].

In this chapter, we will present the ultrasound figures that help us determine gestational age,
chorionicity, and amnionicity, focused on the 14 first weeks of gestation in multiple preg-
nancies. We will also focalize the discussion on twin pregnancies, as they comprise >98% of
multiple pregnancies and the vast majority of studies today include twin pregnancies [4].
Nonetheless, we will review some cases from the literature that show that situations can be
a little more complicated and may lead to a false diagnosis of chorionicity and amnionicity,
in order to highlight that when we manage multiple pregnancies, we have to be alert about
exceptions despite being infrequent [5].

A twin pregnancy can be either dizygotic (two-third of twin pregnancies), in which two dif-
ferent eggs are fertilized by two different sperms, and in this case, the pregnancy is always
dichorionic-diamniotic or monozygotic. A monozygotic pregnancy occurs when an egg is
fertilized by one sperm, producing one embryo, which can split any time, more commonly
between day 2 and day 13 after fertilization. Chorionicity and amnionicity are differentiated
by the timing of embryo splitting. Table 1 presents this differentiation and the frequency of
each type of a monozygotic pregnancy [3].

2. Defining gestational age

The accurate determination of gestational age is critical for pregnancy management as it
shows wherever the measurements of the fetus are in line for the estimate gestational age [4].
In addition, a correct pregnancy dating is necessary not only for the appropriate timing for
screening and diagnostic testing but also for optimal scheduling of delivery [6]. For women
with regular cycles, the date of the last menstrual period is used to estimate gestational age,
taking into account the biological variability and correct the cycle length. For IVF pregnancies,
the date of the embryo transfer has been used to define pregnancy dating. The vast majority
of authors embraced with multiple pregnancies agree that during the second trimester the
evaluation of gestational age is more accurate and it is statistically superior to the second
trimester [4]. Moreover, there is an agreement that the parameters and formulas that have
been used for dating singleton pregnancies are also accurate for dating multiple pregnancies,
since studies in this area include a combination of singleton and multiple pregnancies [7-9].

Time of embryo splitting (in days) Chorionicity Amnionicity Frequency (%)
2-3 Dichorionic Diamniotic 30
3-8 Monochorionic Diamniotic 70
8-13 Monochorionic Monoamniotic <1

Table 1. How the chorionicity and amnionicity are differentiated by the timing of the embryo splitting in monozygotic
twins (Table is modified from Simpson L, 2015 [6]).
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In the first trimester —before the 14th week of gestation—crown-rump length (CRL) is the
parameter that is used in order to estimate gestational age with 5-7 days of deviation [7-9]. If
there is a doubt about the reliability of the menstrual cycle or if the woman is administrated
late for care, a repeat scan in 3—4 weeks can be helpful to determine pregnancy dating [10].

Modest size discordance is very common in multiple pregnancies [4]. Some studies suggest that
pregnancy dating must be defined by using the mean of the fetuses [11]. However, more recent
studies agreed that if the gestational age is based on the CRL of the larger twin, the possibility of
missing a fetus that might develop intrauterine fetal growth restriction (IUGR) is decreased [12].
Salomon et al. [13] suggested that the CRL of the smallest fetus can estimate more accurately the
gestational age, if the intertwin CRL discrepancy is less than the 95th percentile, using charts from
studies. An interesting finding is that if the intertwin discordance in CRL is higher than 10%, the
possibility of pregnancy loss, aneuploidy, or congenital anomalies is increased [3, 14, 15].

In the second trimester, a combination of parameters is used to define pregnancy dating such
as abdominal circumference, femur length, and biparietal diameter [8]. Further discussion
about calculating gestational age in second trimester is beyond the scope of this chapter.

3. Defining chorionicity and amnionicity

Early and accurate definition of chorionicity and amnionicity has an undeniably determi-
nant role in the management of multiple pregnancies, since chorionicity plays a key role in
the appearance of complications: monochorionic-monoamniotic twins present the highest
mortality and morbidity. There is no doubt that the continuous surveillance and the timely
intervention can optimize the outcome of the pregnancy [4].

The determination of chorionicity and amnionicity is better to be done in the first trimester [4].
If chorionicity is defined in the first trimester, accuracy is extremely close to 100% and if the
definition is carried out in the second trimester, correct assignment decreases to 90% [16, 17].

At this point, we will classify the determination based on gestational age, separated in two
periods: the first before the 10th week of gestation and the second that includes the period from
week 10 to week 14.

3.1. Before 10 weeks of gestation

Three ultrasound findings can help in the detection of chorionicity: These are (1) the number
of observable gestational sacs, (2) the number of amniotic sacs within the chorionic cavity, and
(3) the number of yolk sacs [4].

3.1.1. Number of observable gestational sacs

The number of the gestational sacs and the number of fetal heartbeats in early multiple preg-
nancy scan are strongly related with chorionicity: each gestational sac will form a distinct pla-
centa and chorion. Therefore, visualization of a single gestational sac with two visible heart
beats indicates a monochorionic twin pregnancy, while the presentation of two distinctive
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gestational sacs implies a dichorionic pregnancy (Picture 1) [18]. The number of gestational
sacs is the parameter with the highest accuracy to define chorionicity which is extremely close
to 100% [16].

3.1.2. Number of amniotic sacs within the chorionic cavity

Identification of the number of amniotic sacs present in a single gestational sac helps define
amnionicity in a monochorionic pregnancy. Prior to the 10th week of gestation, the amnions
grow outward from the embryonic disk and at that age are not big enough to contact each
other and create the intertwin septum [4]. As a result, separate and distinct amnions indicate
a diamniotic twin pregnancy (Pictures 2a, b and 3a, b). The evaluation of the amnion should
be done diligently via transvaginal ultrasound since the intertwin membrane is extremely
thin and it may be invisible via transabdominal ultrasound. Even when the separate amni-
ons cannot be visualized via the transvaginal ultrasound, their absence can be confirmed by
demonstrating umbilical cord enlargement by using pulsed wave Doppler and identifying
two distinct heart rates [3]. In addition, the impossible visualization of the intertwin mem-
brane may be technical: if the membrane is parallel to the ultrasound beam or because the
ultrasound gain is low, the membrane may be hard to evaluate. This problem can be solved
by changing the angle of insonation and increasing gain facilitates visualization [5]. Another
way to confirm amnionicity, wherever there is any doubt about the presence of the intertwin
membrane, is to suggest a small chain of repeat scans [4].

However, is evaluation of intertwin membrane always that simple? There are two rare yet
important situations that may lead to a false diagnosis of monoamniotic twins. The first case

Picture 1. Dichorionic diamniotic pregnancy at 5 weeks of gestation. The two separate gestational sacs with one yolk sac
each are visible and a thick septum separates them.



Early Pregnancy Ultrasound Assessment of Multiple Pregnancy 67
http://dx.doi.org/10.5772/intechopen.81498

Picture 2. (a) 3D imaging of dichorionic diamniotic pregnancy at 6 weeks of gestation. (b) 3D imaging of dichorionic
diamniotic pregnancy at 6 weeks of gestation.

is when the monochorionic-diamniotic twins are complicated with twin-to-twin transfusion
syndrome (TTTS) the donor twin has severe oligohydramnios or anhydramnios, and the
intertwin membrane collapses resulting in wrapping the donor twin. The collapse of the mem-
brane can be overtaken if we evaluate extremely carefully the wrapping membrane around
the limbs of the donor twin. A possible rupture of the intertwine membrane is another case
that may lead to “pseudo-MA” twins. Rupture of the membrane may occur spontaneously,
but more often is a complication of invasive in utero procedures. Discontinuity of the mem-
brane and cord enlargement can be visualized on the ultrasound scan. Other facts helping
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Picture 3. (a) Dichorionic diamniotic pregnancy with one of the pregnancies having miscarried. The size of the empty sac
has been measured. (b) 3D imaging of DCDA pregnancy in which one of the sacs appears “empty” due to miscarriage.

in the identification of the membrane rupture are the location of the fetuses in the same side
of the warped membrane, the equal quantity of amniotic fluid in both sides of the dividing
membrane in a pregnancy, which was complicated with TTTS, and of course a previous diag-
nosis of a monochorionic-diamniotic twin pregnancy [5].
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3.1.3. Number of yolk sacs

Over the past few years, there is an uncertainty regarding the relation between the number of
yolk sacs and amnionicity. If there are two yolk sacs present in the extraembryonic coelom, the
pregnancy will be regarded as diamniotic. However, a single yolk sac cannot set the definitive
diagnosis of a monoamniotic pregnancy. This is well-established since it is known that the dif-
ferentiation of a yolk sac and an amnion occur very close to each other in time, around 6-8 days
after fertilization [5]. If a single yolk sac is detected, a repeat first trimester scan is undertaken, or
a refer to a tertiary center with advanced experience in multiple pregnancies can be helpful [3, 4].

3.2. 10th-14th week of gestation

As the pregnancy continues, the ultrasound signs that help in the determination of chorionicity
and amnionicity are changing: gestational sacs are now fused and the intertwin membrane is
formed. As a result, four other ultrasound figures set the diagnosis of chorionicity and amni-
onicity. These are: (1) sex discordance, (2) distinct placentas number, (3) intertwin membrane
characteristics and (4) chorionic peak sign—'A” sign.

3.2.1. Sex discordance

If a male and a female fetus are identified in the late first or early second trimester, a dicho-
rionic twin pregnancy is the rule. However, gender discordance is the biggest pitfall for the
diagnosis of chorionicity. Discordant fetal sex phenotype can be present in monochorionic
twins, leading to a false diagnosis of dichorionic twins.

A false diagnosis of dichorionic twins might be the result of a postzygotic sex chromosome
aneuploidy. For instance, there is a 46,XY zygote which splits, but a postzygotic anaphase
lag can cause the loss of the Y chromosome in one of the twins. The karyotype of one of the
fetuses will be 46,XY which corresponds to a normal male fetus, while the other karyotype
will be 45,XO which is a female fetus with Turner syndrome (Figure 1). If we want to take
our example a step forward, postzygotic nondisjunction after the anaphase lag can lead to
mosaicism in the monozygotic twins leading to two embryos with a variety of proportion
of 45,X0O and 46,XY cells. The phenotype of this individual will correspond to the amount of
cells having the abnormal karyotype (Figure 2) [19, 20].

A sex discordance in monozygotic twins can also be caused by a trisomic 47, XXY zygote.
A process known as trisomy rescue can lead to either the production of a normal 46,XY
male fetus (loss of X chromosome) or a normal 46,XX female fetus (loss of Y chromosome)
Hence, this mechanism causes the production of two euploids fetuses from a trisomic zygote
(Figure 3) [21]. In addition, confusion might be caused if a 46,XY zygote splits with nondis-
junction of the Y chromosome, producing a male fetus with a 47,XYY karyotype and a female
fetus with a 45,XO karyotype, Turner syndrome, and female sex phenotype (Figure 4) [22].

Beyond sex chromosome abnormalities, sex discordance may be the result of epigenetic single
gene defects in only one of the monoygotic twins, effecting testis-determining genes such as
SOX9 which inhibits the expression of SRY gene [23, 24].

69
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Figure 1. Postzygotic anaphase lag causing sex discordance due to loss of Y chromosome in one of the fetuses.
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Figure 2. Postzygotic nondisjunction leading to both fetuses with gonadal mosaicism.

Nonetheless, sex discordance may be caused by malformed genitalia unrelated to chromosomal
or genetic disorders. It is well established that a monochorionic twin pregnancy is complicated
frequently with selective growth restriction [25], and hypospadias is a known complication of
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IUGR [26, 27]. As hypospadias might lead to female sex phenotype, confusion about chorionic-
ity is expected, as the IUCR male fetus will present with female external genitalia, while the
normally developing twin will be present as a normal male fetus. Cloacal malformation in one
of the female fetuses (karyotype 46,XX) leads to phallus-like structure, causing phenotypically
male external genitalia. The outcome is again confusion of chorionicity [28].

A very rare mechanism can cause the transverse situation: a dizygotic twin pregnancy is
been diagnosed as monochorionic because of the fusion of the trophoblasts. Two distinct
blastocysts produce two distinctive trophoblasts. If these trophoblasts fuse before the
implantation, the result is the creation of a placental mass. The fused placenta will form
vascular anastomoses, and the twins can exchange blood cells. As a result, blood chimerism
of two populations of blood cells will be present in both fetuses [29, 30]. This mechanism is
present more frequently in pregnancies carried out from ART because of the disruption of
the zona pellucida and spatial proximity of multiple embryos [29, 31]. Dizygotic twins form-
ing a monochorionic placenta have significant importance because these twins are geneti-
cally and phenotypically normal and they have to be distinguished from the pathological
sex discordance [5].
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Figure 4. Nondisjunction of chromosome Y.

3.2.2. Number of distinct placentas

It is logical that the visualization of two separate placental masses confirms dichorionicity as a
single placenta identifies monochorionicity [4]. Careful ultrasound evaluation has to be done
in order to define the presence of a single placenta or two placentas in abutment.

As the pattern above, monochorionic twins may form a bipartite placenta. This sonographic
finding is visible in 3% of monochorionic twin pregnancies. As a result, two separated pla-
cental masses are present with two nearly equal-sized placental lobes, which can be totally
separated or connected by chorion laeve. Things can be more complicated when each pla-
cental mass has its own umbilical cord connection. Bipartite placenta can be distinguished
from the dichorionic placental masses by using color Doppler and identifying vascular anas-
tomoses that are present between the two lobes. Thus, this leads to the conclusion that if an
ostensibly dichorionic pregnancy is complicated with TTTS, the diagnosis of a monochorionic
pregnancy with bipartite placenta has to be considered [32-35].
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3.2.3. Intertwin membrane characteristics

The intertwin membrane of a dichorionic pregnancy comprises three layers of three mem-
branes: amnion-chorion-amnion, as the monochorionic pregnancy consists only two layers of
amnion. Therefore, intertwin membrane in a dichorionic pregnancy is thicker and more echo-
genic than the intertwin membrane in monochorionic pregnancies. Measuring the thickness
of the membrane can help us define chorionicity: a membrane thicker than 2 mm indicates
dichorionicity (positive predictive value: 95%), and if the membrane is thinner than 2 mm, the
possibility of monochorionic pregnancy is about 90% [4].

The intertwin membrane has to be carefully detected and if it cannot be visualized, a transvaginal
ultrasound scan has to be performed, to set the definitive diagnosis of monoamniotic pregnancy
[4]. When a single placental mass is visualized and chorionicity is identified as monochorionic,
evaluation of the intertwin membrane characteristics is the key to determine amnionicity. The
most significant sonographic figure that demonstrates monoamniocity is the demonstration
of cord enlargement from the placental or umbilical origin and it is identified easier via color
Doppler. Other important findings intimating monoamnionicity are the entanglement of limbs
or observation of a limb circumscribing the other, the failure to find the membrane between the
two cord insertions in the placenta [4], and the short intercord distance [5].

However, intertwin membrane thickness difference between monochorionic and dichorionic
pregnancy decreases during gestation [36]. In addition, the measurement of the thickness of
the membrane is not widely accepted since this parameter can be affected by many factors such
as the position and the quality of the probe, and as a result, it has poor reproducibility [37]. A
rare but significant pitfall may lead to a wrong determination of a monochorionic pregnancy
as dichorionic is the intrauterine synechiae in twin pregnancy with a fetus with anencephaly.
Intrauterine synechiae can mimic the thick dichorionic membrane [38]. This septum is not the
intertwin membrane and does not include the layer of chorion between the layers of amnion.

3.2.4. The chorionic peak sign—the “A” sign

The chorionic peak sign or the “A” sign supports strongly dichorionicity, with an accuracy
of 99% [5]. It shows a projecting zone of tissue which is as echogenic as the placenta; it has
a triangular shape in cross-section; and it is wider at the chorionic surface of the placenta,
extending into, and tapering to a point within, the intertwin membrane [39, 40]. The absence
of the “A” sign or the presence of “T” sign indicates monochorionicity. The “T” sign represents
the two opposing amnions “standing” at the base of the intertwin membrane [10].

The chorionic peak sign is ideally evaluated during the late first trimester or the very early
second trimester, as in second trimester, it is more difficult to be visualized and it might be
disappeared at 16-20 weeks of gestation, leading to a false negative “A” sign. As a result, the
impossible depiction of the “A” sign in late second trimester cannot exclude dichorionicity
[41, 42]. Nonetheless, a false positive “A” sign might also exist. This can be due to umbilical
cord insertion into the intertwin membrane or because of the visualization of a hematoma
presented along the insertion of the membrane. Another interesting reason that may lead to
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a false positive “A” sign is the presence of an echogenic retrograded yolk sac of the placental
junction of the intertwin membrane in a monochorionic-diamniotic twin gestation. The sono-
graphic finding that succors determinate the true “A” sign is that the true “A” has been seen
along with the whole insertion area, in contrast to the false “A” sign, which appears in only a
small region of the intertwin membrane [43, 44]. Finally, in very rare instances, the placenta-
tion may be both monochorionic and dichorionic, and each chorionicity is presented in dif-
ferent regions of the intertwin membrane. Therefore, the same intertwin membrane has parts
with two layers of amnions and parts with three layers: amnion-chorion-amnion [45-47]. This
situation shows the importance of scanning the whole insertion of the intertwin membrane in
early ultrasound assessment of multiple pregnancy.

In some cases and despite the best possible ultrasound assessment, chorionicity is impossible to
be defined. In these situations, the pregnancy has to be considered as monochorionic. Therefore,
surveillance has to be as close as in monochorionic pregnancies [45], and this is discussed below.

4. Surveillance

Surveillance in multiple pregnancies has a significant importance, as it plays the major role
in the detection of complications that are associated with a high-risk pregnancy, and it is well
known that multiple pregnancy is a classic example of a high-risk pregnancy. However, the
appropriate frequency of the ultrasound assessment in both dichorionic and monochorionic
pregnancies, which provides the best balance between cost and effectiveness, is not be estab-
lished and worldwide accepted [3].

4.1. Dichorionic pregnancies

Finberg et al. [46] suggested repeat scans every 4—6 weeks for noncomplicated dichorionic preg-
nancies. However, in current daily medical routine, surveillance is closer: follow-up ultrasound
assessments are performed every 3—4 weeks [4, 47]. But, if a complication is suspected, and more
specifically when CRL, estimated fetal weight or amniotic fluid volume are different between
the two fetuses, routine scans have to be repeated every 2 weeks, or within a week [48].

4.2. Monochorionic pregnancies

It is a well-established fact that surveillance in monochorionic pregnancies has to be closer in
relation to a dichorionic pregnancy. Finberg et al. [46] recommended ultrasound monitoring
for noncomplicated monochorionic twins every 3—4 weeks. As the pattern mentioned previ-
ously, nowadays, routine scans are performed more frequently: they are performed every
2-3 weeks, starting from the gestational age of 16 weeks. Finally, in some cases, surveillance
is even closer: a follow-up scan can be repeated every 2 weeks.

The parameters that are necessary to be evaluated in these follow-up scans are estimated fetal
weight and fetal biometry, amniotic fluid volume, and Doppler assessment of the umbilical
artery [49].
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5. Conclusion

There is no doubt that multiple pregnancies are now more frequent than a few years before,
due to the spreading of artificial reproductive technologies. Determination of gestational age,
chorionicity, and amnionicity has to be done as soon as possible and ideally in the first tri-
mester of the pregnancy, as the accuracy of the determining sonographic figures is extremely
close to 100%, in contrast to the definition in the second trimester whose accuracy is slightly
decreased. Last but not least, timely determination of both chorionicity and amnionicity can
optimize the outcome of the pregnancy, as the correct and early intervention or a refer to a
tertiary center could be really valuable.
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Abstract

Twin births are associated with several medical, healthcare, socio-emotional, psychologi-
cal and developmental consequences for families. Parents generally describe twin preg-
nancies as physically and emotionally difficult. Moreover, compared to singleton
pregnancies, twin pregnancies are reported to carry higher maternal as well as perinatal
morbidity and mortality. The aim of this chapter is to review literature on twin pregnancy
and to give a comprehensive framework about parents’ experience of expecting twins. An
important issue related to the psychological adjustment during twin pregnancies is pre-
natal attachment. During pregnancy, mothers use to think about their child-to-be, and
they start to create representation of themselves as mothers. Prenatal attachment in twin
pregnancies may differ from that in singleton ones. During a twin pregnancy, the mother-
to-be has to deal with an identification process with two children at the same time and
have to create a mental space that allow her to make representation of both children. The
monitoring of these pregnancies is important for the creation and the consolidation of
these maternal representations: ultrasound examinations revealed the fetal gender that
facilitates naming the unborn twins and thinking to them as individuals and this is
particularly important in the case of complicated twin pregnancies.

Keywords: twins, twin pregnancy, prenatal attachment, maternal-fetal relationship

1. Introduction

Currently, twin pregnancies account approximately for 3% of all live births [1]. The number of
twin pregnancies has dramatically increased over the last four decades in all of the countries
where we have information from vital statistics [2]. One of the main reasons for this recent
increase of twin pregnancies is associated to the fact that mean maternal age at childbearing
has considerably raised. The responsible factors are socio-economic contingencies and the
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increase in the female employment rate. There is evidence indicating that the incidence of twin
pregnancies is known to rise with mother’s age [3]. This pattern has been attributed both to an
increase in the level of gonadotropins with the age and to the rise of medically assisted
reproductive technologies (ART) among older women.

This extraordinary growth in twinning rates in different developed countries must be considered
as an important public health issue since twin pregnancies are generally associated with greater
risk for both infants and mothers. Twin babies are more fragile, have lower birth weight and
born preterm more often than singleton babies. In addition, many of the risks to the mother are
also risks to the child-to-be, since they can lead to premature labor, complications or, in the worst
cases, fetal death. For these reasons, twin babies are more frequently admitted to neonatal
intensive care units (NICUs) and subjected to more prolonged hospitalization with potential
negative effects both on infants and parental behavior. Other complications for the mother are
gestational diabetes, hypertension, preeclampsia and acute polyhydramnios.

Moreover, twin births can have negative effects on parents’ adjustment as well. In fact,
although it is possible to identify similarities in pregnancy and parenthood for twin and
singleton births, the experience of expecting and parenting twins seems to be very different
[4]. The responses to a multiple pregnancy and parenthood by most of the parents may be
associated with ambivalence and surprise, even if the pregnancy resulted from infertility
treatment [5], as well as with higher levels of anxiety, distress and higher risk of depression in
the postpartum period both in the case of twins conceived naturally and in the case of twins
conceived with ART [4, 6]. In addition, due to the medical risk associated, twin pregnancies
need to be closely monitored [7, 8]. On one hand, this frequent and intensive monitoring could
reassure parents, but, on the other, it constantly reminds them that their pregnancies could be
associated with serious risks for the babies and the mothers. Different researches tried to
evaluate the association between the presence of mood disorders and stress in parents and
twin pregnancies. Researchers that focused on parental experience associated to twin preg-
nancy that occurs both naturally or with ART investigated either the joint experience of
mothers and fathers [9-12] or of mothers alone [13-16]. It was observed that the risks usually
associated to twin pregnancy lead to higher level of stress [17] and seemed to increase the
incidence of depression and anxiety in parents of twins and especially in mothers [6, 9-11, 16,
18]. In addition, it was also observed that the presence of medical risk as well as psychological
suffering in mothers during twin pregnancy is generally associated to higher level of fatigue,
loss of energy, depressed mood and feelings of worthlessness and guilt [14].

Another important aspect related to the mothers’” psychological adjustment during twin preg-
nancies is related to the building process of the relationship between the mother and the child-
to-be [19]. During pregnancy, mothers use to think about their child-to-be, and they start to
create representation of themselves as mothers. During twin pregnancies, the mother-to-be has
to deal with an identification process with two children at the same time and have to create a
mental space that allow her to make representation of both children. These processes include
representations of physical and emotional characteristics of two different fetuses and of the
interactions between the mother and her future babies, as well as dreams and expectations
about both the children-to-be. For these reasons, it is possible to infer that the building process
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of this relationship between the mother and the child-to-be may differ among woman who are
expecting twins and those who are expecting singleton [19].

2. Medical issues associated to twin pregnancy and twin birth

2.1. Twin pregnancy: fertilization, intrauterine growth and associated fetal risk factors

Twin pregnancy can be the result of multiple ovulations with fertilization of any oocyte by a
sperm and in that case we have dizygotic twins (DZ) or a consequence of the fertilization of an
oocyte by a sperm with subsequent division of the single zygotes and in this case we will have
monozygotic twins (MZ). All DZ pregnancies are dichorionic (two placentas) and diamniotic
(two amniotic cavities). MZ pregnancies, in relation to the gestational age in which the division
into two embryos occurs, may be dichorionic and diamniotic (about 1/3 of the cases) if the
division takes place between the first and the third day of gestation or monochorionic (single
placenta) and diamniotic (about 2/3 of cases) if the division takes place between the fourth and
the eighth day of gestation. Finally, the division could rarely occur between the ninth and the
thirteenth day of gestation, resulting in monochorionic monoamniotic pregnancy (about 1% of
the MZ pregnancies). Overall, DZ twins represent 70% of twin pregnancies and MZ twins
represent 30% [20, 21]. From the genetic point of view, DZ twins (fraternal twins) can be
assimilated to natural brothers, while MZ twins (identical twins) have always been thought to
have the same genetic heritage. However, epigenetic alterations and environmental factors
may be responsible for different phenotypic expressions at physical, neuropsychological and
behavioral levels, in the absence of variations in the genetic sequence.

In twin pregnancies, it is essential to define if twins share or not placenta as soon as possible.
Chorionicity determination in the first trimester is almost 100% accurate [20]. The most reliable
signs to determine chorionicity are the number of gestational sacs between 7 and 10 weeks of
gestation and the presence of lambda sign (a subtle triangular strip of cortical tissue separating
the two placenta) between 11 and 14 weeks of gestation [21, 22]. The determination of
chorionicity is particularly important from a clinical and prognostic point of view, since mono-
chorionic (MC) twin pregnancies are complicated by an incidence of 10-15% of twin-to-twin
transfusion syndrome (TTTS). TTTS is a chronic midtrimester complication of MC twin pregnan-
cies that causes significantly higher perinatal mortality and morbidity rates in monochorionic
than in dichorionic twins [23]. MC twins share their placenta and their blood circulation is
connected by vascular anastomoses at the placenta surface. Placenta vascular anastomoses allow
acute or chronic inter-twin blood transfusions between the circulations of the two fetuses.
Imbalanced inter-twin blood flow can lead to a severe complication such as TTTS. In TTTS,
imbalanced blood flow from one twin (the donor) to the other twin (the recipient) results in
hypovolemia and oligohydramnios in the donor and hypervolemia and polyhydramnios in the
recipient twins with transient or persistent right ventricular hypertrophy [24].

Another important issue related to twin pregnancy concerns fetal growth. In single pregnan-
cies, progressive and linear fetal growth is observed until the 37th week of gestation, whereas
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in twin pregnancies the overlap is observed with single pregnancy only in the first two tri-
mesters. Recent data from an Italian sample compared the twin birth weight curves with those
of single birth ones, indicating differences in 3, 50 and 97° percentiles, starting from 32 weeks
of gestational age and increasing according to gestational age: at 37 weeks, twins’ weight
differs by about 9% compared to single babies” weight. Similar differences were observed for
length, whereas for the cranial circumference differences occur later, around the 36 weeks of
gestation [25]. Fetal growth depends on fetal genetic inheritance and on factors related to the
uterine-placental development environment that can impair placental circulation with fetal
hypoperfusion. The anomalies in placental circulation establish a high risk of fetal hypoxia
and reduced amount of nutrients (e.g. glucose and amino acids) essential for fetal growth. In
the case of twin pregnancies and in the absence of genetic-metabolic fetal abnormalities, a
proper maternal nutritional input is crucial for proper development. From a physiological
point of view, twin pregnancy provides, compared to single pregnancy, an estimated weight
gain of 3.5 kg higher. Although the weight is different, the feeding regime to follow is similar in
both types of pregnancy. Neonatal weight of twins also depends on their zygosis and
chorionicity. MZ twins weigh less than DZ twins and MC twins weigh less than dichorionic
twins (DC). Intrauterine growth is also negatively influenced by IVF with multiple embryo
transfer. Also during TTTS, it is common that the donor twin weighs 25% less than the other
twin. Another situation defined as selective intrauterine growth restriction (SIUGR) could lead
to a high risk of intrauterine death or extreme prematurity [24, 26].

The presence of discordant anomalies, which occur more frequently in elderly women with
twins, is another important risk factor. In fact, it is well documented that, if discordant
anomaly is noted, the likelihood of adverse outcomes both for the discordant twin and for the
normal twin is increased [27, 28]. Particularly, it was observed that the presence of discordant
anomalies is significantly associated with preterm birth, lower birth weight, IUGR and neona-
tal and infant death. Moreover, it was observed that discordant twins showed higher physio-
logical and behavioral dysregulation [29, 30].

Finally, an additional factor for fetal risk concerns the phenomenon of the “vanishing twin.”
Early prenatal ultrasound for fetal monitoring has shown that at 8 weeks of gestation the
incidence of multiple pregnancies is 3.3-4.5% that spontaneously evolves in single pregnancy in
21-30% of cases, after the reabsorption of an embryo by the placenta or of the other twin. This
event is a potential risk factor for the development of complications in the surviving fetus [31].
Data from the Danish nationwide registers have demonstrated that IVF singleton babies born
from vanished twin pregnancies had higher rates of small for gestational age (SGA) and term
low birth weight (LBW) compared with IVF singleton pregnancies [32]. Furthermore, studies
have noted an association with cerebral palsy in IVF children when the number of gestations at
delivery was less than the number of embryos transferred compared with pregnancies in which
the number of gestations at delivery was the same as the number of embryos transferred [33].

2.2. Twin delivery and perinatal risk factors

In twin pregnancies, antenatal care involves more intensive monitoring and protocols that are
usually different to those for a singleton pregnancy. Ultrasound assessment of fetal biometry,
anatomy and Doppler velocimetry is used to monthly monitor dichorionic twin pregnancies
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[7] while, since risks are significantly higher in monochorionic compared with dichorionic
pregnancy [8], antenatal assessment should be scheduled more often, usually every 15 days
or less when decided by the gynecologists, in order to prevent adverse perinatal outcomes
associated to this type of twin pregnancy.

Moreover, since twin pregnancies are associated with an increase in mortality and morbidity
rates, a careful planning of delivery and adequate neonatal care in the delivery room are needed
[21]. It has long been recognized that the timing of delivering twins constitutes a significant issue
[34]. Despite in high-risk pregnancies there is the temptation to be reassured by increasing
gestational age as the potential complications of prematurity, different studies suggest that the
offspring of a twin gestation may benefit from delivering prior to their expected date of delivery
[35, 36]. Several studies have focused on the “prospective risk of foetal death” to help determine
by which gestational age a twin pregnancy should be delivered [37]. For twins, the prospective
risk of fetal death appears to be equivalent to that of post-term singletons at about 37-38 weeks
of gestation [35, 37]. The prospective risk of fetal death for twins intersects with neonatal death at
about 39 week of gestation, showing that it may be reasonable to consider delivery of uncompli-
cated twins before 40 weeks of gestation [36]. These studies, however, did not address the impact
of chorionicity on the decision to deliver a twin pregnancy. Other research focused on this aspect,
indicating that in the case of dichorionic and diamniotic twin pregnancies, delivery should be
scheduled from 38 weeks, while in uncomplicated monochorionic twins delivery should be
scheduled from 36 weeks of gestation [22, 38].

Additionally, obstetrics and gynecologists broadly recognized that the delivery of twins con-
stitutes an area of significant risk [34]. Perinatal mortality is five times higher in twins than in
singletons [39]. In fact, the conduct of a twin delivery remains one of the most challenging
events in the daily practice of obstetrics [34]. In particular, an important issue related to twin
birth is associated with the choice of the mode of delivery. Although approximately 60% of
twins are delivered by cesarean section [40], choosing the mode of delivery, spontaneous or
cesarean, depends on multiple factors linked to both maternal and fetal characteristics [21].
Spontaneous delivery is generally used when both twins are vertex at the moment of child-
birth. However, in this case, ultrasonographic examination is a useful adjunct after delivery of
the first twin in order to establish the presentation of the second twin. In fact, after the delivery
of the first twin, up to 20% of the second baby spontaneously changes presentation [41]. This
emphasizes that, in case of a vaginal delivery in twin pregnancy, it is necessary to monitor all
the process since the situation can rapidly change from a relatively low-risk delivery to one
fraught with complications for mother and baby [34]. As regards the choice of cesarean
delivery, there are few absolute indications to planned cesarean section. It seems that cesarean
section without a trial of labor should be performed in cases of monoamniotic twins. The other
indications are not dissimilar to those of a singleton pregnancy and include placenta previa
and antenatal evidence of significant fetal compromise (e.g. severe selective IUGR) likely to
worsen during labor. In addition, Cesarean section is generally the recommended method of
delivery in twin gestations when one twin is non-vertex [42].

Twin delivery constitutes a challenge in daily obstetric practice, which becomes even more
difficult in cases with preterm birth, the main perinatal risk factors associated with twin
pregnancy [43]. Advancement of gestational age is crucial to achieve acceptable fetal growth



86 Multiple Pregnancy - New Challenges

rates and better perinatal conditions after birth [44]. Compared to term twin pregnancies,
preterm twin pregnancies increase the risk of complications such as neonatal mortality, respi-
ratory distress syndrome (RDS), sepsis, periventricular leukomalacia (PVL) and intraventricu-
lar hemorrhage (IVH). In addition, population-based studies from large databases have shown
a higher risk of cerebral palsy in twins than in singletons. Studies found different risk profiles
in relation to gestational age at birth. In particular, it was found that the presence of one or
more of the above complications is present in 30% of moderately preterm infants (born
between 32 and 33 + 6 weeks of GA), in 13% of late preterm infants (born between 34 and
36 + 6 weeks of GA) and only in 0.5% of twins born at term [21]. Therefore, all the complicated
twin pregnancies have to be managed in tertiary level perinatal centers with both skilled
gynecologists and neonatologists in this field.

Finally, another relevant aspect that needs to be taken into account is breastfeeding. Mothers of
risk infants, as some twins are, may not have the opportunity to experience breastfeeding.
Additionally, also in the case of healthy twins, breastfeeding can result a challenge for mothers.
It is documented that a mother’s feelings and attitudes on breastfeeding can considerably
influence on its initiation [45]. For mothers of twins, breastfeeding may be physically uncom-
fortable; some of them are not able to establish an adequate milk support for two babies [46].
Moreover, several mothers of twins find that their experience of breastfeeding two children is
stressful and fraught. Additionally, Mitra et al. [47] observed that those mothers who were well
prepared for the realities of breastfeeding had a more successful experience in terms of its
duration. Mothers of twins usually feel ill-prepared for breastfeed their twins and reported a
lack of information and support during pregnancy [4, 48].

3. Psychological issues associated with twin pregnancy: the building of
prenatal attachment

3.1. What is prenatal attachment?

Research on the mother-infant relationship has its origins in Bowlby’s attachment theory [49].
This theory is raised from different disciplines such as ethology, cybernetics, information
processing, developmental psychology and psychoanalysis, and it originally focused both on
the infant’s biological need for a secure early attachment to the mother and on the mother’s
response [49, 50]. Starting from Bowlby’s theory, Mary Ainsworth added to the attachment
theory the emotional component, based on the idea that the infant’s contribution to the
attachment process was more than biological and included baby’s affective evaluation of the
mother’s behaviors [51]. Starting from this theoretical framework, many researches investi-
gated mother-infant attachment during infancy [52], adolescence and adulthood [53-55],
focusing both on behavioral and emotional markers to measure attachment.

Attachment has been described as “the innate tendency of children to create privileged affec-
tive bonds with at least one adult person (the caregiver) who takes care of them from birth”
[50]. The study of how children develop this bond with their caregiver has identified two main
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types: secure and insecure [51]. The first would be those children who could use their mother
(the caregiver) as a “safe base” that allow the children to explore the environment. These
children usually cry at the time of separation, but they are capable to comfort themselves at
the time of the reunion with the mother, returning to play. On the other hand, children with
insecure attachment explore the environment less and are anxious when a stranger stays with
them in the same room, even if the caregiver is near them; moreover, they become anxious
also at the moment of separation from their caregiver and they usually cannot be consoled at
the moment of the reunion with their caregiver. On the basis of the attachment relationship
experienced, children would build a sort of primary mental “representations,” the Internal
Working Models IWMs), that will regulate their peculiar interactive patterns [56]. The IWMs
develop from the internalization of recurring interactive experiences between the children
and their caregiver and the quality of their organization depends on the quality of care
received during childhood. In the secure attachment pattern, IWMs would consist of
representing the attachment figure as available to respond positively and consistently to
requests for help and comfort, while in insecure attachment patterns, the IWMs would be
organized starting from the representation of the caregiver as not available to respond
properly at the requests of help and comfort, an attachment figure that is not attuned to the
needs of the child, that are usually distant and, sometimes, even hostile. In reality, further
studies pointed out that IWMs does not depend exclusively on the quality of the care
received, but in a more complex way on the meanings that the caregiver communicate to
the child with their behavior and conduct.

While the theory of neonatal attachment places the emphasis on the child, the theory of
prenatal attachment emphasized the type of affective investment that parents, and especially
mothers, have towards the child-to-be, an investment that begins and developed during the
different stages of pregnancy. In fact, it was observed that the very early relationship between
the mother and her babies does not start at birth [57], but it was recognized that it begins while
the child is still a fetus [58]. With the perception of the fetal movements, the pregnant woman
starts a process of psychological separation from the fetus and begins to view herself as a
“mother” [59]. In particular, the concept of prenatal attachment is defined as “the unique
relationship that develops between a woman and her fetus” [60] and “the emotional tie or bond which
normally develops between the pregnant parent and her unborn infant” [61].

Different studies on prenatal attachment investigated its intensity during different period of
gestation. Research that used a longitudinal design demonstrated a significant increase in
terms of level of prenatal attachment measures during the entire course of the pregnancy [60,
62-64]. It was observed that immediately after the beginning of pregnancy, the level of prenatal
attachment may depend on some situational factors, for example, if the woman has perceived
fetal movement or if has seen an ultrasound image of the fetus [63]. It was also found that
prenatal attachment develops in an orderly sequential way during the course of pregnancy [57,
58, 65]. In the first trimester, relatively low levels of prenatal attachment were observed, while
with the increasing of gestational age, mothers start talking to the fetus, call the child-to-be per
name [63] and, in the second and third trimesters, increase “nesting” behaviors. Also in a
recent literature review on maternal-fetal attachment, Yarcheski et al. [66] suggested that the
magnitude of this relationship is strongest during the third trimester of pregnancy.
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Moreover, in recent years, different researches started to deeply investigate prenatal attach-
ment, with particular attention to the link between the nature of this early mother-fetus
relationship and the mother’s early parenting experiences and attachment style in the postpar-
tum period [67]. In fact, pregnancy could be considered a developmental process in which
pregnant women start their transition into parenthood. This process implies different psycho-
logical changes and challenges that play an important role in the establishment of a successful
parent-child relationship. Different researches showed that prenatal attachment could play an
important role in identifying as soon as possible parents who found difficulties in developing a
close and positive parent-child interaction during infancy [68].

Other studies focused on the examination of potential risk or protective factors that could
influence prenatal attachment. It was observed that fetal movement and increased gestational
age were positively related with attachment [62, 64]. There are also pieces of evidence that
some demographic variables, such as maternal age and education, may correlate with attach-
ment [19]. Positive correlations have also been found between prenatal attachment and the
quality of marital status [58, 61, 68], as well as between prenatal attachment and perceived
social support during pregnancy. In addition, other researches identified other situational risk
factors that could modify the quality and the intensity of expression of prenatal attachment
[63] as loss or stillbirth in a previous pregnancy [69, 70], medical risk during pregnancy [71],
physical symptoms [72, 73], depression and anxiety [74] and twin pregnancies [19, 75, 76].

3.2. Prenatal attachment in twin pregnancy: a review of existing literature

Focusing on prenatal attachment in twin pregnancy, it is possible to observe that it may be
different from singleton ones [18]. In fact, during a twin pregnancy, the mother-to-be has to deal
with an identification process with two babies simultaneously and has to build a space that
allows her to make representation of both children. This process includes representations of
physical and emotional characteristics of two different fetuses and of the interactions between
the mother and her child-to-be, as well as dreams and expectations about both the babies.

Despite previous works on prenatal attachment in mother of twins observed that it may be a
risk factor for the development of a close and positive relationship between the mother and the
babies, as far as we know, only six studies explored prenatal attachment in twin pregnancies
[13, 19, 48, 75-77].

In a descriptive study of 10 women using grounded theory methodology, Van der Zalm
observed that the process of prenatal attachment depends on zygosity. In particular, in the case
of identical twin, mothers used to view their babies as a pair with similar characteristics, while
in the case of fraternal twin mothers used to think about their babies as individuals with
different characteristics [77].

A second study conducted by Colpin and colleagues aimed to evaluate the quality of prenatal
attachment in a sample of 61 mothers expecting twins at the beginning of the last trimester of
pregnancy. Higher quality of prenatal attachment was predicted by higher maternal psycho-
social well-being and by higher marital satisfaction. However, it was observed that these
variables explained only a small portion of variance of the quality of maternal attachment [48].
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A third descriptive correlational study by Damato investigated through an online survey the
level of prenatal attachment for each twin in a sample of 202 expectant mothers. It was found
that the mother experience a significant higher level of prenatal attachment for the twin that
later has been born for second. In addition, it was also observed a small but significant
correlation between prenatal attachment and both gestational age and fetal movement [75].

The same author conducted two other studies on prenatal attachment during twin pregnancy
[19, 76]. In the first study, a predictive correlational descriptive design was used to evaluate the
role played by demographic and biological factors, as well as personal resources in predicting
the level of prenatal attachment during twin pregnancy in a sample of 241 women expecting
twins. It was demonstrated that history of infertility treatment, older age and lower family
income predicted lower level of prenatal attachment, while the presence of fetal movement,
higher gestational age and higher self-esteem predicted higher level of prenatal attachment.
However, it was observed that only a small portion of variance was explained by the pre-
dictors considered in the study.

The other study by Damato investigated the influence of prenatal attachment and other
relevant perinatal variables such as method of delivery, mother’s health and depression, infant
birth weight and neonatal intensive care unit (NICU) admission, on postnatal attachment in a
sample of 139 mothers of twins. A modest but significant relationship between prenatal and
postnatal attachment was observed. Moreover, it was found that also maternal characteristics,
such as depression, and the context of the perinatal experience, such as delivery method and
the NICU admission of the babies, influence the attachment process [76].

Finally, the most recent study that investigated prenatal attachment during twin pregnancy
aimed at exploring the level of prenatal attachment in a sample of 83 expectant mothers during
dichorionic pregnancies, uncomplicated monochorionic pregnancies and monochorionic preg-
nancies complicated by twin-to-twin transfusion syndrome (TTTS). In particular, it was
showed that the increase of prenatal attachment in the last trimester of pregnancy, usually
described in singleton pregnancies [78], was observed both in dichorionic and uncomplicated
monochorionic pregnancies, while this intensification was not observed in pregnancies com-
plicated by TTTS. The fear represented by the high risk associated to TTTS pregnancies, the
uncertainty for the pregnancy outcome and the doubt for the health of the fetus seemed to
reduce prenatal attachment [13].

3.3. Risk and protective factors for prenatal attachment in twin pregnancy

Starting from the existing literature on prenatal attachment both in singleton and in twin
pregnancies and from those studies that investigate possible threat associated to twin preg-
nancies considering both medical and psychological risks factors, it is possible to suppose and
infer which further variables may play a relevant role during twin pregnancy in impairing the
building process of prenatal attachment or, on the contrary, in promoting the building of a
close positive mother-fetus relationship.

Previous studies showed that the presence of medical risk and the higher prevalence of compli-
cation during pregnancy are generally associated to psychological suffering in mothers [14]. It
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impair the process of the building of representation of the child-to-be as well as the of themselves
as mothers [79]. In twin pregnancies, antenatal care involves more intensive monitoring and
protocols that are usually different to those for a singleton pregnancy. Ultrasound assessment of
fetal biometry, anatomy and Doppler velocimetry is used to monthly monitor dichorionic twin
pregnancies [7], while, since risks are significantly higher in monochorionic compared with
dichorionic pregnancy [8], antenatal assessment should be scheduled more often in order to
prevent adverse perinatal outcomes associated to this type of twin pregnancy. This frequent
and intensive monitoring constantly remind to the mother that twin pregnancies could be
associated with serious risks for the babies and the mothers [4], such as preterm delivery, low
birth weight, IUGR, presence of discordant anomalies, increased risk of mortality and morbidity,
preeclampsia, gestational diabetes and placental abruption [80]. When pregnancy is diagnosed
as MC twin pregnancy, these could be even amplified for parents. The announcement of
monochorionicity and its specific risks influences how parents deal with pregnancy [13]. Mor-
bidity and mortality rates are higher than in DC pregnancies, and parents have to face concepts
related to different complications associated with this kind of pregnancies as twin-to-twin
transfusion syndrome (TTTS) or severe sSIUGR.

As the presence of medical complication during pregnancy, also the loss of a baby in a
previous pregnancy may have an impact on maternal well-being as well as on prenatal
attachment in the subsequent pregnancy. Fetal loss may represent the breaking of a preexisting
attachment bond [61] to someone who would eventually have contributed to the bereaved
individual’s life [70]. For mothers who experience fetal loss, the sufferance could be linked to
their experience of being pregnant and this may worry them in a subsequent pregnancy [81].
As seen before, a concerning factor for fetal risk in twin pregnancy is the phenomenon of the
“vanishing twin.” This event is not only a potential risk factor for the development of compli-
cations in the surviving fetus [31]. In fact, the possible loss of a fetus during pregnancy usually
triggers considerable negative feelings and thoughts in mothers, and this may be an obstacle
for the building process of the babies” representations.

Moreover, it was also observed that higher level of negative mood states during pregnancy
may be an obstacle for prenatal attachment. The risks usually associated to twin pregnancy
could lead to higher level of negative mood states in mothers of twins [9-11, 16, 18]. The risks
usually associated to twin pregnancy lead to higher level of stress [17] and increased the
incidence of depression and anxiety in mothers of twins during pregnancy [6, 9-11, 16, 18]. It
was observed that during twin pregnancy 33.3% of mothers-to-be suffer from major depres-
sion and experience higher level of stress and greater emotional and social fragilities. More-
over, the presence of medical risk as well as psychological suffering in mothers during twin
pregnancy is generally associated to higher level of fatigue, loss of energy and feelings of
worthlessness and guilt [14]. Worried, depressed and stressed mothers may not be able to start
to create a mental space for the representation of the child-to-be, and this could be a disadvan-
tage for the construction of mother-fetus relationship.

Despite most of the studies focused on risks factors for prenatal attachment, previous works
observed that higher level of perceived social support as well as a positive relationship with
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the partner positively influences the mother-fetus relationship building during pregnancy [82].
Inevitably, fathers of twins will be more involved than a father of a singleton both during
pregnancy and then with the babies’ care. The earlier the partner is helped to recognize this
need and is positively encouraged and supported to participate, the better. In addition, as
previously seen, during pregnancy women are generally more exposed to emotional distress
and depressive reactions related not only to the physical and hormonal changes but also to
changes in their status, especially. Previous studies on singleton pregnancies indicated that
fathers play an important role in helping mothers-to-be facing these difficulties, providing
them emotional support, protecting from excessive psychological suffering and, consequently,
promoting prenatal attachment [83].

4. Conclusions

Given the current “epidemic of multiple pregnancies” in much of the Western countries, it is
surprising that still few studies examined the psychological impact of twin pregnancy and
twin birth on parents’ experience.

This chapter underlined that twin babies are generally more fragile and more at risks of born
preterm and with lower birth than singleton babies. The medical risks associated to twin
pregnancies may influence both twins’ developmental outcomes [84] and the building of a
close and positive mother-child relationship [85]. It was also pointed out that medical risks,
usually associated to twin pregnancy, may be linked to negative effects on parents’ and
especially mothers’ experiences.

In particular, it was observed that despite it is possible to identify some similarities to singleton
pregnancy, the experience of expecting twins may be very different. Parents and in particular
mothers of twins have unique needs and have to face unique challenges. Risks usually associ-
ated to twin pregnancy may lead to higher level of stress and negative mood states in parents.
In fact, mothers of twins seem to be less psychological adjusted to their pregnancy in terms of
lower level of prenatal attachment.

In reviewing the research that investigated prenatal attachment, it was observed that the
quality of the relationship established by the mother-to-be with their fetus could be an impor-
tant diagnostic information to identify as soon as possible women who may have difficulties
during the interaction with their babies mostly because prenatal attachment is usually associ-
ated to the quality of mother-infant interaction in the postpartum period [68, 76].

Healthcare practitioners should be aware of the unique experience and challenges associated
to expecting and parenting twins, which are often underestimated by society and even by
other new mothers. In addition, it is known that perinatal period until the first 3 months
postpartum has been demonstrated to be the most vulnerable period for mothers of twin [86].
Paying attention to the issues involved in expecting and parenting twins, starting from preg-
nancy, may support mothers in their transition to motherhood. This may be accomplished by
the implementation of target peer support group prenatally and/or postnatally (both during
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hospitalization and then after discharge at home), so that women can gain from the experience
of others with a similar life event.
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Abstract

Assisted reproduction techniques (ARTs) allow women of advanced reproductive age
to become pregnant. One of the most frequent complications of ART is twin pregnancy.
Cases where both factors are present represent a specially vulnerable population for
obstetric complications and medical perinatal and post-partum consequences for both
the mother and babies. Pre-existing medical conditions are more frequent at advanced
age, and the pregnancy physiological changes and the high metabolic demand associated
with a twin pregnancy may reveal or worsen any previous disease. A careful counselling
process is very important in this population and certain obstetric interventions might
be particularly addressed to it. Single embryo transfer should be strongly enforced in
advanced age women to minimise risk for the mother and children.

Keywords: twin pregnancy, advanced maternal age, ART, obstetric complications,
reproductive counselling, oocyte donation, obstetric care

1. Introduction

Dizygotic twin pregnancies are known to increase with age of the mother. Naturally conceived
twins are thought to occur in a 0.3% rate in women under 25 years, 1.4% between 25 and 34,
3% between 34 and 39, and 4.1% in women in their 40s or over [1]. We also know that at least
50% of all twin pregnancies are conceived through ART and that this proportion is probably
higher for women in their 40s. International guidelines affirm that maternal mortality associ-
ated with multiple births is 2.5 times that for singleton births [2]. Since obstetric and obstetric-
related medical complications are amplified in the case of women of advanced reproductive
age and also in twin gestations, the combination represents a particularly vulnerable group.
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In Spain, for example, according to the 2013th ESHRE registry [3], a total of 56,704 treat-
ments were performed, 18,113 consisting in egg donation, which makes almost 32% of all
treatments. The percentage of women older than 40 years undergoing treatment and arriving
to egg aspiration was 15.7%, with a pregnancy rate of 29.9%, but a delivery rate of 9.5%.
For egg donation programmes, the percentage of women over 40 increased to 66.9%, with a
pregnancy rate of 48.4 and a delivery rate of 30.5%. This means that in 2013-2014, 4272 women
over 40 carried and delivered a baby in Spain. The proportion of double embryo transfers
was 71.5%, with 20.9% of twin deliveries in FIV/ICSI treatments and 24.6% in egg donation:
around 982 twin deliveries in women over 40 in Spain in 2013. And this only counts for the
pregnancies achieved through ART. This same registry suggests that the overall preterm birth
rate for twins was 51%.

But, which age is “too 0ld”? Can we set a threshold? Can we legislate against advanced repro-
ductive age? And, would this legislation only account for women seeking reproductive care?
If we already know all these, why is it still happening? Can we, as a society, deny maternity
to any woman? Can we afford this? What if maternity age continues to increase in the world?
Should not this evolve with society? This chapter will raise many questions that, sorry, we
would not probably able to answer.

2. Ethical issues in the reproduction clinic

2.1. Setting a threshold for treatment

In most countries, there is no legislation restricting maternal age. Some countries would not
include women of advanced age in their public reproduction schemes, but the same restric-
tions usually do not apply to the private sector. And more importantly, in many countries,
there is no restriction in the number of embryos being transferred to these women. Not only
access cannot be denied but two and three embryos can also be transferred freely.

Classically, advanced maternal age has been defined as any woman conceiving after 35 years
of age. Given the late reproductive trends, this threshold should now be reconsidered, as in
developed countries it might include a high percentage of the pregnant population. Advanced
maternal age nowadays might be considered as a woman conceiving after 40-43 years of age,
which is the approximate age in which ovary ageing may have almost completely prevented
spontaneous conception. However, although rare, spontaneous conception over 40s is pos-
sible, so is it fair to deny reproductive treatment to a woman whose same-age neighbour
might have conceived spontaneously?

In this environment, most clinics set their own thresholds (or not at all) without much gov-
ernmental support. Very few clinics would accept to perform reproductive treatment on a
woman older than 50, which represents an age in which more or less half of the female popu-
lation is menopausal. However, peri- and postnatal risk for the mother and the babies start
increasing progressively much earlier than that. But when a clear guidance does not exist,
decision making becomes somehow subjective, mainly considering our previous experiences.
Can we impose our own personal opinion over a woman'’s family desire?
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2.2. Counselling advanced reproductive age mothers

Autonomy principle involves that appropriately informed patients can decide whether they
want to undergo or refuse a diagnostic test or treatment, accepting the benefits and risks
of their decision. Following this principle, any woman seeking reproductive treatment after
the age of 35, or more appropriately, after the age of 40, should be carefully informed about
obstetrical complications and the health implication for them and the child. They should also
be informed about preventive and treatment strategies that may be put in place to avoid
them. When counselling women with pre-existing medical conditions, their head specialist
should review the case and advise for or against pregnancy. It is very important to remember
that certain medical conditions do contraindicate pregnancy, as they might lead to a life-
threatening situation.

2.3. Fertility in older mothers’ children

Although most causes of infertility are not genetic, it has been observed in a US population
study that daughters from mothers older than 40 years are more likely to remain childless
in their lifetime [4]. However, it is difficult to discern whether this is a “learnt” pattern or a
true “inherited” infertility trait. In the same population, daughters from “old” mothers were
at double risk for delivering twins than daughters from “young” mothers (OR = 2.1, 95% CI:
0.8-5.4), although this difference was not statistically significant. This may suggest that delay-
ing childbirth might be perpetuated and worsen with time in our current society.

2.4. Oocyte donation programmes

Oocyte donation restores pregnancy possibility in women of advanced reproductive age and
reduces the chances for implantation failure found among them. Most women seeking this
treatment are happily married women, well-educated and high-income, and physically and
psychologically healthy [5]. However, oocyte donation recipients experienced a higher risk
of pregnancy complications largely due to advanced maternal age, particularly hyperten-
sive disorders and diabetes, and the risk increases with age [6]. The Ethics Committee of the
American Society for Reproductive Medicine recommends women of advanced reproductive
age undergo a comprehensive medical test to ascertain fitness for pregnancy in order to pre-
vent the rise of obstetric complications during pregnancy [7]. Multiple pregnancy is known
to increase obstetrical and neonatal risks in women of all ages; therefore, it is particularly
important to avoid a twin gestation in older mothers.

3. Reproduction treatment and advanced maternal age

3.1. Low ovarian reserve

The effect of age in the ovarian reserve is unavoidable. Although menopause is considered the
end of the reproductive age in women, changes in the ovarian cycle take place many years prior
to menopause. These changes may lead to a fertility dysfunction in women that decide to get
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pregnant at an advanced age. The primary mechanism behind this process is the decrease of pri-
mordial follicle count in the ovary susceptible to developing a good-quality ovule. Classically,
follicle count during menstrual cycle has been assessed using ultrasound. In addition, numer-
ous studies have reported changes in the hormone patterns associated with reproductive
ageing, such as shortened follicular phase, elevated follicular phase oestrogen, and decreased
luteal phase progesterone [8-13]. During the last decade, anti-Miillerian hormone (AMH) has
emerged as an early biochemical marker able to predict the decrease in the ovarian reserve. Low
AMH serum levels predict an altered folliculogenesis by inhibiting the recruitment of primor-
dial follicles and its sensitivity to FSH [14]. The reduction of AMH serum levels appears to be
more strongly and more consistently correlated with age than the decrease number of antral
follicles observed in the ovary by ultrasound, inhibin B levels, or FSH levels [15, 16].

3.2. Ageing uterus

In addition to changes observed in the ovarian reserve and quality of the oocytes, the uterus
is an essential organ to achieve pregnancy. As in any other human organ, ageing also has
an effect on the uterus of fertile women. Even though it is difficult to evaluate these changes
in humans, animal studies indicate that older mice show an impaired artificially induced
decidual response, probably due to reduced progesterone secretion [17-19]. Microscopic
changes have also been confirmed, with more hyperaemia and higher vascular development
and growth of the myometrium and stroma of young hamsters in comparison with the older
ones [20]. Older mothers are also more likely to experience intrapartum complications and
the rate of caesarean delivery is higher, suggesting that myometrial function is impaired by
advanced maternal age [21]. The risk of stillbirth in mothers over the age of 40 is twice as high
as younger mothers due to foetal chromosomal abnormalities, multiple pregnancy, obesity,
pre-eclampsia, insulin-dependent diabetes, and multiple pregnancy [21, 22]. These evidences
suggest that changes in the uterus in older women may have a reflection on fertility and the
ability of maintaining a pregnancy.

3.3. Chromosomal abnormalities

Women who delay childbearing are at an increased risk of foetal chromosomal abnormalities.
This occurs as a consequence of an error in chromosomal disjunction during maternal meiosis
I or II, which has been reported as more frequent in advanced age women [23-25]. Among
them, numeric chromosomal abnormalities seem to be more frequent than structural chro-
mosomal abnormalities. Chromosomal aneuploidies related to maternal age include trisomy
21, trisomy 18, trisomy 13, triple X syndrome, and Klinefelter syndrome [26]. A recent study
highlights that trisomy 21 showed an incidence rate of 11.34 out of 1000 cases at the age of
35 years, 15.41 cases at the age of 40, and 37.04 cases at the age of 45. In addition, trisomy 18
showed an incidence rate of 1.89 out of 1000 cases at the age of 35 years, 5.14 cases at the age
of 40, and 37.04 cases at the age of 45. Nowadays, prenatal diagnostic techniques such as ultra-
sound and cell-free foetal DNA test allow professionals to make an early screening for foetal
aneuploidy. However, invasive techniques remain the gold standard for definitive diagnosis,
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with a risk of miscarriage per se of 0.35% (CI 95%: 0.07 to 0.63) following amniocentesis and
0.35% (95% CI: -0.31 to 1.00) following chorionic villus sampling [27].

3.4. Oocyte donation

The use of donor oocytes in assisted reproduction techniques (ARTs) during the last decades
has been a great advance for women whose reproductive dysfunction could not be treated
otherwise. It was initially addressed for young women with premature ovarian failure. But
this technique provides a valuable weapon to avoid age-related changes in the ovary, allow-
ing premenopausal and menopausal women to get pregnant and fulfil their reproductive
desire with acceptable success rates [28-30]. Moreover, the use of oocytes from donors has
numerous advantages, as it reduces the rate of aneuploidies and stillbirth in women of
advanced age. Case reports of successful pregnancy and delivery in a 70-year-old patient
with donated oocytes demonstrate that the uterus may be able to maintain pregnancy far
beyond the age of menopause [21]. Women are delaying childbearing; it is likely that the
percentage of women looking for donor oocytes will increase, as it has been in the last
decade.

3.5. Strategies to reduce twin pregnancies in the elderly mother

Twins occur spontaneously, and we still do not understand the causes or the conditions
under which an embryo decides to split in two. However, the vast majority of twin preg-
nancies, particularly in women of advanced reproductive age, happened as a result of
ART. Women seeking reproductive treatment usually have been trying to conceive sponta-
neously for a long period of time, and many have undergone previous unsuccessful treat-
ments. Frustration, impatience, and economic costs are probably the main reasons why
transfer of two and even three embryos is still a common practice in many countries [1]. This
practice increases the chances of achieving pregnancy per embryo-transfer but also increases
the chances of obtaining a multiple pregnancy. Multiple pregnancies have an important
impact on the mothers” and babies’ health as a consequence of medical and obstetric compli-
cations, and this carries an important economic burden for society, mainly due to preterm
delivery, long hospital stay of the premature babies, and treatment of subsequent disabilities
in the long term [31].

For obvious reasons, the main strategy to reduce the number of twin pregnancies in all
women is the widespread use of the single embryo transfer (sET) during a fertility treatment.
Our target should be to resemble the spontaneous twinning rate of embryos. Thanks to the
development of vitrification, a fast freezing technique that increases post-thawed embryo
survival rate, a single embryo can be transferred in a fresh cycle, while the rest will be trans-
ferred posteriorly in vitrified-thawed cycles without any loss of implantation potential [32].
The latest studies show the promising potential of sET to markedly reduce the risk of multiple
pregnancy without affecting pregnancy outcomes. Even though sET might increase the time
to pregnancy, minimising the risk of twin pregnancy becomes a huge advantage for public
and individual health, particularly for elderly mothers.
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4. Physiological homeostasis changes that may affect elderly
mothers’ health

During pregnancy, a series of physiological homeostatic changes take place in a woman'’s
body that activate numerous adaptive mechanisms, mainly cardiovascular, respiratory, and
hemodynamic. These changes are essential for the evolution and progress of a normal preg-
nancy. Adaptive mechanisms can be compromised as a consequence of underlying diseases,
which appear more frequently in women of advanced age.

The increase in cardiac output, extracellular volume, and arterial compliance and the
decrease in arterial blood pressure (BP) and peripheral resistance are some of the cardio-
vascular changes that occur in pregnant mothers [33]. Mean BP decreases during pregnancy
presenting its lower values in the middle of the second trimester and then it starts to increase
reaching values comparable to non-pregnant women at the end of pregnancy. In addition,
redistribution of blood flow to different organs is essential in order to cover for the higher
metabolic requirements, and so venous return and cardiac output raise dramatically [34].
There are also hormonal factors that favour these changes to appear. Oestrogens and relaxin
are both involved in the production of nitrous oxide (NO), which produces vasodilatation
during pregnancy and facilitates the distribution of blood to key organs [35, 36]. Ageing is
associated with structural changes in the vascular wall, which leads to loss of arterial elasticity
and reduced arterial compliance. Cardiovascular adaptive mechanisms could be impaired in
elderly mothers due to pre-existing hypertensive disorders or venous insufficiency; therefore,
they are at high risk of suffering from complications such as preeclampsia and placental insuf-
ficiency, increasing morbidity and mortality for both the mother and the baby.

Modifications in the respiratory system also take place during pregnancy. Pulmonary func-
tion is affected by location and orientation changes of the airway and configuration of the tho-
rax due to the presence of the gravid uterus as well as hormonal effects. The elevation of the
diaphragm decreases the lung’s vertical diameter and subsequently enlarges the transversal
and anteroposterior diameters. The displacement of the diaphragm produces a progressive
decline in expiratory reserve volume and residual volume. Progesterone, cortisol, and relaxin
produce dilatation of the airway in pregnant women reducing pulmonary resistance [37].
Ageing is associated with structural changes not only in the chest bones and diaphragm but
also in the lung tissue. The dilatation of the alveoli decreases the exchange surface increasing
the residual volume and functional residual capacity. These physiological changes added to
those typical from pregnancy can cause alterations in the ventilation-perfusion ratio in elderly
mothers.

Dilatation of the renal pelvis and ureters is characteristic during pregnancy on account of the
growth of the uterus and the effect of hormones, such as progesterone, that cause relaxation
of the smooth muscle. This predisposes women to suffer from urinary tract infections during
pregnancy. Renal function is also modified during this period with an increased blood flow
and glomerular filtration up to 60% [38]. Precisely for that reason, we should be aware of
any medical pre-existing renal dysfunction that can worsen during pregnancy. For example,
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diabetes mellitus type 2 appears more often after the fourth decade of life and affects directly
the renal function. Renal function-affected women need to be closely monitored during
pregnancy.

These are only some of the major adaptive mechanisms in a woman’s body during pregnancy,
but there are many more subtle changes that occur in this period. We should pay attention
to any minimal sign of hemodynamic decompensation especially in pregnant women of
advanced age who are more likely to suffer from diseases, previously undiagnosed, as a result
of ageing of their organs.

5. Obstetric complications in twin pregnancy related to age

There are not many studies specifically evaluating obstetric outcomes in twin pregnancies
in advanced maternal age, and most of them are retrospective. These studies usually set
the threshold for advanced maternal age at the “classic” 35 years, but in current times, this
threshold should probably be reconsidered. A recent study by Zhu et al. [39] showed that, in
twin pregnancies, advanced maternal age was associated with a higher risk of post-partum
haemorrhage, gestational diabetes, and preterm delivery. However, other studies do not
demonstrate any significantly increased risk over controls [40].

Much more attention has been paid to the obstetric complications in twins resulting from
ART. Particularly, they are at increased risk of placenta praevia, caesarean section birth, pre-
term birth, and low birth weight [41]. Again, other studies showed no significant differences
[42]. What we can be sure of is that twin pregnancies represent a huge demand for the body
and that they do come with a higher obstetrical risk. Advanced age mothers’ physical fitness
necessarily cannot be the same to compensate for this fact.

5.1. Preterm delivery

We defined preterm delivery as birth prior to 37 weeks of gestation. Preterm birth complicates
5-18% of pregnancies and is the leading cause of neonatal death and the second cause of
childhood death below the age of 5 years [43]. We should distinguish between preterm deliv-
eries medically indicated secondary to foetal or maternal complications during pregnancy,
such as preeclampsia, intrauterine growth restriction, or gestational diabetes, from those that
occur after spontaneous onset of labour. Many studies have described multiple risk factors for
preterm birth [44—47], although others propose this entity is a syndrome caused by multiple
pathologic processes [43].

Twin pregnancy has been classically described as one of the risk factors associated with pre-
term birth. Although multiple gestation accounts for only 2-3% of all births, this type of gesta-
tion constitute 17% of births before 37 weeks of gestation and 23% of birth before 32 weeks
[48]. The mechanism for preterm birth in multiple gestations may be related to the increased
uterine distension; however, some studies suggest that the increased amount of oestrogen,
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progesterone, and sex steroids compared with singleton pregnancies could play an important
role in the physiopathology of the syndrome [49, 50].

The effect of maternal age also influences the risk of preterm birth. Some studies suggest that
even after adjusting for cofounders such as hypertension, diabetes, race, and mode of concep-
tion, maternal age over 40 years is an independent risk factor for preterm delivery [47, 51].

The widespread availability of reproductive technology has increased the percentage of mul-
tiple gestations and preterm delivery as an aftermath. Therefore, it is our duty to inform
women of the risk of this type of pregnancies and enforce the use of the different strategies in
order to achieve singleton pregnancy.

5.2. Preeclampsia

As we have seen before, mean BP decreases during the first and second trimesters secondary
to the reduction of peripheral resistances and starts to increase reaching values similar to
non-pregnant women in the third trimester.

Preeclampsia (PE) is a hypertensive disorder that appears during pregnancy. PE is a major
obstetric complication that causes 15-20% of maternal mortality worldwide, especially in
developing countries [52]. It is characterised by the presence of high BP (> 140/90 mmHg) and
proteinuria (> 300 mg/dL) beyond 20 weeks of pregnancy. The finding of higher values of BP
before this stage of pregnancy is considered chronic hypertension, which can also worsen in
the second half of pregnancy, with what we call superimposed preeclampsia. The physiopa-
thology of this multisystemic disorder still remains unknown.

In the last decades, several aetiologies have been described. Some authors suggest that it
appears secondary to an abnormal vascular response of the uterine blood vessels to tropho-
blast invasion, causing platelet aggregation and endothelial dysfunction [52-54]. The increase
of BP during pregnancy can also have an effect on the foetus, developing complications such
as low birth weight, oligoamnios, and intrauterine growth restriction [54, 55]. In addition,
preeclampsia is considered severe when it affects multiple organs, finally producing pulmo-
nary oedema, renal failure, seizures, thrombocytopenia, elevation of liver enzymes, and dis-
seminated intravascular coagulation [54].

The rate of preeclampsia ranges between 2 and 7% in healthy nulliparous women [54, 56, 57].
These rates increase to 14% in twin pregnancies [58]. Preeclampsia is regarded as typical of the
first pregnancy. In spite of this, the risk of developing preeclampsia in subsequent pregnancies
raises till 18% [58].

Numerous studies proposed several risk factors to classify a specific group of women who
are at a high risk of developing preeclampsia, including nulliparity, older age, chronic hyper-
tension, and diabetes mellitus [59-61]. Other studies indicate that, after adjusting for other
cofounders, women of advanced maternal age are 1.5 times more likely to have preeclampsia
compared to those under 35 years of age [62]. Multiple pregnancy is a moderate risk factor for
the development of pre-eclampsia during pregnancy. Women with multiple pregnancy, who
have any of the other moderate risk factors for pre-eclampsia (first pregnancy, age 40 years
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or older, pregnancy interval of more than 10 years, BMI of 35 kg/m?* or more at first visit, or
family history of preeclampsia), should receive a daily aspirin dose [63].

As we have seen before, single-embryo transfer is the main technique to reduce the rate of
twin pregnancies. We should focus our effort on identifying those women with pre-existing
medical conditions who are predisposed to suffer PE and, if applying ART, enforce the impor-
tance of achieving a singleton gestation to avoid adverse perinatal outcomes.

5.3. Gestational diabetes

Gestational diabetes mellitus (GDM) is a diabetic state diagnosed for the first time in preg-
nancy. It is one of the most common metabolic disorders in pregnancy. GDM complicates
3-5% of pregnancies and it is considered a risk factor for adverse perinatal outcomes, such as
macrosomia, shoulder dystocia, cerebral palsy, and foetal death [64-66]. It is defined as basal
glucose >126 mg/dl (7.0 mmol/l), HbAlc > 6.5% (47.5 mmol/mol), or glucose levels >200 mg/dl
(11.1 mmol/l) at any time of the day or screen positive for any of the GDM tests available [67].

Diabetes predisposes pregnant women to suffer urine infections, hypertensive disorders, and
prematurity. It is well known that pregestational diabetes can cause foetal malformations,
intrauterine growth restriction, stillbirth, and congenital heart disease probably due to vas-
cular alterations in mothers. Both gestational and pregestational diabetes have effects on the
foetus secondary to hyperinsulinemia, such as macrosomia, polyhydramnios, and foetal lung
immaturity that may cause foetal neonatal distress.

Women of advanced maternal age are at a higher risk of developing GDM [68]. Twin preg-
nancies have also been related to GDM [69]. The development of GDM usually indicates a
reduced pancreatic reserve in the pregnant mother and is a marker of pre-diabetes, putting
them at a higher risk of developing diabetes mellitus type 2 in the future. It is essential to
highlight the importance of adopting healthy habits during pregnancy in order to avoid con-
sequences for the future health of both the mother and the baby.

Gestational diabetes in twins is also associated with an increased risk of hypertensive dis-
orders, macrosomia, and preterm birth, but it reduces the risk for low birth weight [70].
Furthermore, it has been suggested that gestational diabetes could potentially benefit twin
pregnancies, as low 5-min Apgar score and neonatal death are reduced in twins compared
to singletons when this maternal complication is present, maybe due to the increased birth
weight of the twin pairs [71, 72]. However, growth in the twin pair tends to be asymmetric
when GDM or glucose intolerance is present [73].

Early diagnosis and treatment are essential in order to avoid complications during pregnancy.
Nowadays, guidelines from different countries recommend the screening for gestational dia-
betes in women with risk factors such as previous history of gestational diabetes, obesity
(body mass index over 30 kg/m?), and previous delivery of a macrosomic baby [74-76]. Some
of them support the use of a universal screening test in the second trimester and also in the
first trimester in every woman over the age of 35 [77]. However, the increase in maternal
age over the last years implies offering this diagnostic test to a very high percentage of the
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pregnant population [70]. Given the importance of early treatment, all twin pregnancies, as
well as in the case of advanced maternal age, first trimester screening should be considered,
although there is no international agreement [78].

5.4. Growth abnormalities

In mothers older than 40, small and large for gestational age babies and intrauterine growth
restriction (IUGR) are increased [79, 80]. Small-for-gestational-age babies (SGA) and IUGR are
assumed to be due to placental dysfunction, whose incidence increases with age.

One study found in a very large twin cohort that advanced maternal age was indirectly associ-
ated with SGA babies. However, when SGA was present in an older mother, neonatal mortal-
ity increased compared to appropriate-for-gestational-age twins in the same age range [81],
maybe suggesting an increased severity of the syndrome in this women.

Although it may look as a contradiction, foetal macrosomia also seems to increase with age.
It has been suggested that this increased incidence in large-for-gestational-age babies might
be due to an overall increase in the body mass index with age [82] and an increased risk of
gestational diabetes. However, as we previously mentioned, the increased birth weight in
twin pregnancies associated with gestational diabetes could be beneficial for the twin pair, or
at least not as detrimental as it could be in singletons.

5.5. Post-partum haemorrhage

Most protocols worldwide recognise maternal age as an independent risk factor for >10,000 mL
blood loss during delivery and for post-partum haemorrhage, in both vaginal and caesarean
births. Mechanisms behind this increased risk are not well established. Most doctors working in
a labour ward are persuaded that uterine atony is somehow more common among older moth-
ers, although there is no evidence for that. Age is associated with certain obstetric complications,
such as hypertensive disorders, placental abnormalities, or preterm birth. On the other hand,
advanced maternal age increases the risk of induction of labour, large foetuses for gestational
age, prolonged labour, oxytocin augmentation, or caesarean delivery. All of the above are well
known risk factors of post-partum haemorrhage [83, 84]. So age may not act as a completely
independent factor for post-partum haemorrhage. Results from the WOMAN trial showed an
adjusted odds ratio of peripartum hysterectomy of 5.98 (95% CI: 3.34-10.70) for women between
30 and 39 years and of 11.73 (95% CI: 6.30-21.85) for women aged >40 [85]. This is a trend shown
to be repeated worldwide [86]. Advanced maternal age does not only increase the risk of exces-
sive bleeding but also its severity and the risk of needing aggressive treatment strategies, such
as hysterectomy.

Again, twin pergnancy is also associated with a higher risk of post-partum haemorrhage. At
the same time, twin pregnancy is often associated with other post-partum haemorrhage risk
factors, such as preeclampsia, caesarean delivery, and the use of a caesarean delivery for a
preterm delivery [87]. Delivery in this group of patients should be undertaken in tertiary
hospitals by trained staff.
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5.6. Venous thrombosis

Theincidence of deep venous thrombosis isincreased three times during pregnancy. Pulmonary
embolism may occur in 1 in every 1000 pregnancies and represents the leading non-obstetrical
cause of maternal death [88]. Both age older than 35 years and multiple pregnancy are listed
as risk factors for venous thromboembolism. If we consider that the presence of thrombophilia
is more common in women undergoing IVF and that deep venous thrombosis is also more
common in these women [89, 90], we could conclude that women of advanced maternal age
and carrying a multiple pregnancy definitely represent a high-risk group for venous thrombo-
embolism. Under any other risk factor, thromboprophylaxis should be considered carefully.

5.7. Stillbirth

Advanced maternal age has been associated with an increased incidence of stillbirth [91]. A
mechanism under this increase is placental dysfunction, which accounts for around 65% of
stillbirths, and it has been observed more frequently in mice models and humans with age.
Placentas from older mothers (35-39 and > 40 years old) are less efficient in the sense that
foetal/placenta weight ratio was lower than placentas from controls under 30 years old. They
seem to be bigger in size and display mechanisms to ameliorate function, like increased relax-
ation of myometrium arteries and increased amino acid transport, but this does not correlate
with a higher birth weight in the offspring. The hypothesis is that an increased size could
be an adaptive mechanism trying to make up for placental dysfunction [92]. It has also been
suggested that the greater contribution to stillbirth in older mothers could arise from their
increased risk of chromosomal abnormalities [80].

Twin pregnancies are also high risk for stillbirth and neonatal death, increasing thirteenfold
in monochorionic and fivefold in dichorionic pregnancies compared to singletons [93, 94].

Although this is not under the scope of this chapter, advanced paternal age has also been
associated with stillbirth and death of the child before 5 years of age [95, 96]. The risk might
be linked to a higher rate of sperm chromatin or chromosomal aberrations. Interestingly,
this association dissolves when adjusting for paternal education level, when the association
between advanced maternal age and the risk of stillbirth is independent of socioeconomic and
educational levels.

6. Delivery and post-partum care in twin pregnancies in advanced
maternal age

6.1. Delivery mode and time of delivery

Advanced maternal age is associated with a high frequency of caesarean delivery. Many fac-
tors participate in this. For instances, a more frequent prolonged labour due to worse myome-
trial function and decreased flexibility of pelvicjoints [97], increased frequency of large babies
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[98, 99], and the presence of coexisting obstetrical or medical complications associated with
poorer obstetric outcomes. However, most women over 40 have a successful vaginal delivery
even after induction of labour without an increased risk for operative vaginal delivery or
perineal trauma [100].

In dichorionic twin pregnancies, the perinatal risks are balanced with the risks associated with
iatrogenic prematurity until 37 + 0-6 weeks’ gestation and until 36 + 0-6 in monochorionic
pregnancies, with higher risks of stillbirths than neonatal deaths beyond this gestation [94].

Pre-labour caesarean delivery may be beneficial in pregnancies with the first twin in non-
cephalic presentation or when any or both the twins have a low weight, but evidence for both
statements is not strong [100].

6.2. Post-partum care

When obstetric complications such as preeclampsia or diabetes mellitus presented during
pergnancy, persistence of medical conditions such as chronic hypertension and type 2 diabe-
tes (T2DM) should be monitored after delivery. Chronic hypertension in women affected by
gestational hypertension or preeclampsia is a common event, usually developing years after
delivery [101]. Age at pregnancy might reduce this time interval, but this has not been stud-
ied before. Likewise, age does not increase the odds of post-partum eclampsia [102]. Age at
pregnancy is a risk factor for the development of T2DM when GDM is present [103]. Anyhow,
advanced maternal age is a risk factor for developing cardiovascular complications during
pregnancy and for developing severe morbidity due to cardiovascular disease [104], so strict
and long-term follow-up strategies should be put in place.

Secondary post-partum haemorrhage is increased in women affected by primary post-partum
haemorrhage and in women >35 years old, both risk factors being independently associated
with the event [105].

Maternal age at delivery >35 years has been indicated as a risk factor for venous thromboem-
bolism in the post-partum period and later in life [106]. However, its contribution is probably
small when compared to other factors, such as caesarean delivery [107].

Twin pregnancies are also associated with all the complications mentioned above. Again, this
specific population is particularly vulnerable for developing post-partum complications.

Various studies suggest that advanced maternal age at the time of delivery is associated with
a higher risk of developing stress urinary incompetence (SUI) in the post-partum period [108,
109]. Suspected aetiological mechanisms are many and they are thought to start developing
during pregnancy. Some studies suggest that vaginal delivery may worsen SUI, particularly
in elderly women, and advise a caesarean delivery in this population when SUI is already
present during pregnancy [108]. However, this protective effect is not consistent in literature,
so currently, such a recommendation is controversial [110]. Of course, pelvic floor changes
are greater in twin pregnancies, as abdominal pressure on it is irredeemably higher [111].
Anyhow, elderly mothers carrying a twin pregnancy are at higher risk of developing pel-
vic floor disorders, so preventive strategies should be enforced during pregnancy and early
investigation and proper treatment in the post-partum period.
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Advanced maternal age is considered to be a risk factor for post-partum depression [112].
This is a poorly studied condition, which can be devastating for the mothers, children, and
family. On the other hand, parents of twins frequently experience higher levels of anxiety and
depression and are at higher risk for post-partum depression and for marital decline [113, 114].
Post-partum depression has also been linked to preterm birth, so common among twins, due
to a lesser mother-infant interaction and parents’ concern for both medical and economic sub-
sequent issues [115]. Sleeping disorders 3 months post-partum are more frequent in mothers
older than 35 years old [116]. Psychosocial and physical support should be provided.

7. Long-term disabilities due to advanced maternal age

Several neurological disorders have been shown to be more frequent in children born from
elderly mothers, particularly cerebral palsy [117, 118] and autism spectrum disorders [119].
In terms of learning disabilities, one study found that developmental vulnerability decreases
with the mother’s age from 15 to 30 years, but starts to increase when the mother is older than
35, this increase being independent from the socioeconomic status [120]. Interestingly, chil-
dren born from old parents show a poorer neurocognitive performance in childhood [121].
However, environment might make up for the “biological disadvantage”, as older parents
are usually in a better financial state, are more highly educated, and usually have reached a
more stable couple/marriage situation. All this may give them certain emotional maturity and
life experience that improves child-rearing abilities. Compared to singletons, twins exhibited
higher rates of cerebral palsy and mental retardation and showed more pronounced speech
delays, motor development, and behavioural problems. However, the main explaining factor
is the higher frequency for preterm delivery that results in low and very low birth weight
children [122]. Maternal age contributes by increasing the risk for preterm delivery, but the
same way in singletons and twins.

Trisomy 21 is very well known to increase with maternal age due to meiotic non-disjunction
errors. More recently, mitochondrial dysfunction and epigenetic changes associated with
oocyte ageing can be inherited by the descendant and may predispose also to chromosome
segregation errors in grandchildren [123].

8. Conclusions

Twin pregnancy in advanced reproductive age represents a very vulnerable population for
obstetric and medical complication during and after pregnancy. Most of these pregnancies
are a result of assisted reproduction. Counselling prior to treatment is essential, particularly
to discern whether the woman is fit for pregnancy and to enforce specific preventive strate-
gies, such as single embryo transfer. Both conditions, advanced maternal age and twin preg-
nancy, are risk factors for many obstetric and medical complications. During pregnancy, early
diagnosis and treatment of the issues discussed in this chapter can reduce risks and sequelae
to the minimum.

11



112

Multiple Pregnancy - New Challenges

Conflict of interest

The authors declare no conflict of interest.

Author details

Laura Pérez Martin'™ and Duna Trobo Marina?

*Address all correspondence to: laurapmar@gmail.com

1 HM Fertility Center Puerta del Sur, Mostoles, Spain

2 Gregorio Marafién University Hospital, Madrid, Spain

References

[1]

(2]

Bateman BT, Simpson LL. Higher rate of stillbirth at the extremes of reproductive age:
A large nationwide sample of deliveries in the United States. American Journal of
Obstetrics and Gynecology. 2006;194:840-845

National Institute for Clinical Excellence. Multiple Pregnancy: Antenatal Care for Twin
and Triplet Pregnancies. Clinical Guideline 129. National Collaborating Centre for
Women’s and Children’s Health. London, UK: NICE; 2011

Calhaz-Jorge C, De Geyter C, Kupka MS, de Mouzon ], Erb K, Mocanu E, et al. The
European IVF-monitoring (EIM) Consortium for the European Society of Human
Reproduction and Embryology (ESHRE). Assisted reproductive technology in Europe,
2013: Results generated from European registers by ESHRE. Human Reproduction.
2017;32(10):1957-1973

Basso O, Weinberg CR, D’Aloisio AA, Sandler DP. Maternal age at birth and daughters’
subsequent childlessness. Human Reproduction. 2018;33(2):311-319

Bracewell-Milnes T, Saso S, Bora S, Ismail AM, Al-Memar M, Hamed AH, et al.
Investigating psychosocial attitudes, motivations and experiences of oocyte donors,

recipients and egg sharers: A systematic review. Human Reproduction Update.
2016;22(4):450-465

Sauer MV, Paulson R], Lobo RA. Oocyte donation to women of advanced reproductive
age: Pregnancy results and obstetrical outcomes in patients 45 years and older. Human
Reproduction. 1996;11(11):2540-2543

Ethics Committee of the American Society for Reproductive Medicine. Oocyte or embryo
donation to women of advanced reproductive age: An ethics committee opinion. Fertility
and Sterility. 2016;106(5):e3-e7



8]

%]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

Multiple Pregnancy in Women of Advanced Reproductive Age
http://dx.doi.org/10.5772/intechopen.81096

Klein NA, Battaglia DE, Fujimoto VY, Davis GS, Bremner W], Soules MR. Reproductive
aging: Accelerated ovarian follicular development associated with a monotropic follicle-

stimulating hormone rise in normal older women. The Journal of Clinical Endocrinology
and Metabolism. 1996;81:1038-1045

Lenton EA, Landgren BM, Sexton L, Harper R. Normal variation in the length of the
follicular phase of the menstrual cycle: Effect of chronological age. British Journal of
Obstetrics and Gynaecology. 1984;91:681-684

Reyes FI, Winters JS, Faiman C. Pituitary-ovarian relationships preceding the meno-
pause. A cross-sectional study of serum follice-stimulating hormone, luteinizing hor-
mone, prolactin, estradiol, and progesterone levels. American Journal of Obstetrics and
Gynecology. 1977;129:557-564

Santoro N, Brown JR, Adel T, Skurnick JH. Characterization of reproductive hormonal
dynamics in the perimenopause. The Journal of Clinical Endocrinology and Metabolism.
1996;81:1495-1501

Shideler SE, DeVane GW, Kalra PS, Benirschke K, Lasley BL. Ovarian-pituitary hormone
interactions during the perimenopause. Maturitas. 1989;11:331-339

Santoro N, Isaac B, Neal-Perry G, Adel T, Weingart L, Nussbaum A, et al. Impaired fol-
liculogenesis and ovulation in older reproductive aged women. The Journal of Clinical
Endocrinology and Metabolism. 2003;88(11):5502-5509

Gruijters M]J, Visser JA, Durlinger AL, Themmen AP. Anti-Mullerian hormone and its
role in ovarian function. Molecular and Cellular Endocrinology. 2003;211:85-90

Barad DH, Weghofer A, Gleicher N. Comparing anti-Mullerian hormone (AMH) and
follicle-stimulating hormone (FSH) as predictors of ovarian function. Fertility and
Sterility. 2009;91:1553-1555

Yang YS, Hur MH, Kim SY, Young K. Correlation between sonographic and endocrine
markers of ovarian aging as predictors for late menopausal transition. Menopause.
2011;18:138-145

Shapiro M, Talbert GB. The effect of maternal age on decidualization in the mouse.
Journal of Gerontology. 1974;29:145-148

Holinka CF, Finch CE. Age-related changes in the decidual response of the C57BL/6]
mouse uterus. Biology of Reproduction. 1977;16:385-393

Holinka CF, Tseng Y-C, Finch CE. Reproductive ageing in C57BL/6] mice: Plasma pro-
gesterone, viable embryos and resorption frequency throughout pregnancy. Biology of
Reproduction. 1979;20:1201-1211

Sorger T, Soderwall A. The aging uterus and the role of edema in endometrial function.
Biology of Reproduction. 1981;24:1135-1144

Nelson SM, Telfer EE, Anderson RA. The ageing ovary and uterus: New biological
insights. Human Reproduction Update. 2013;19(1):67-83

113



114 Multiple Pregnancy - New Challenges

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Fretts RC, Schmittdiel J, McLean FH, Usher RH, Goldman MB. Increased maternal age
and the risk of fetal death. The New England Journal of Medicine. 1995;333:953-957

Kwon JY, Park IY, Kwon SM, Kim CJ, Shin JC. The quadruple test for down syndrome
screening in pregnant women of advanced maternal age. Archives of Gynecology and
Obstetrics. 2012;285:629-633

Dailey T, Dale B, Cohen ], Munne S. Association between nondisjunction and maternal
age in meiosis-II human oocytes. American Journal of Human Genetics. 1996;59:176-184

Freeman SB, Allen EG, Oxford-Wright CL, Tinker SW, Druschel C, Hobbs CA, et al. The
National down Syndrome Project: Design and implementation. Public Health Reports.
2007,122:62-72

Ferguson-Smith MA, Yates JR. Maternal age specific rates for chromosome aberrations
and factors influencing them: Report of a collaborative European study on 52 965 amnio-
centeses. Prenatal Diagnosis. 1984;4:5-44

Beta J, Lesmes-Heredia C, Bedetti C, Akolebar R. Risk of miscarriage following amnio-
centesis and chorionic villus sampling: A systematic review of the literature. Minerva
Ginecologica. 2018;70:215-219

Sauer MV, Paulson R], Lobo RA. Reversing the natural decline in human fertility: An
extended clinical trial of oocyte donation to woman of advanced reproductive age.
JAMA. 1992,268:1275-1279

Pantos K, Meimeti-Damianaki T, Vaxevanoglou T, Kapetanakis E. Oocyte donation in
menopausal women aged over 40 years. Human Reproduction. 1993;8:488-491

Paulson R], Hatch IE, Lobo RA, Sauer MV. Cumulative conception and live birth rate after
oocyte donation: Implications regarding endometrial receptivity. Human Reproduction.
1997;12:835-839

Callahan T, Hall ], Ettner S, Christiansen C, Greene M, Crowley W. The economic impact
of multiple-gestation pregnancies and the contribution of assisted-reproduction tech-
niques to their incidence. The New England Journal of Medicine. 1994;331(4):244-249

Cobo A, Diaz C. Clinical application of oocyte vitrification: A systematic review and
meta-analysis of randomized controlled trials. Fertility and Sterility. 2011;96:277-285

Christianson RE. Studies on blood pressure during pregnancy. I. Influence of parity and
age. American Journal of Obstetrics and Gynecology. 1976;125:509-513

Meah VL, Cockcroft JR, Backx K, Shave R, Stohr E]. Cardiac output and related haemo-
dynamics during pregnancy: A series of meta-analyses. Heart. 2016;102(7):518-526

Sladek SM, Magness RR, Conrad KP. Nitric oxide and pregnancy. The American Journal
of Physiology. 1997;272:R441-R463

Conrad KP, Novak J. Emerging role of relaxin in renal and cardiovascular function.
American Journal of Physiology. Regulatory, Integrative and Comparative Physiology.
2004;287:R250-R261



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

Multiple Pregnancy in Women of Advanced Reproductive Age
http://dx.doi.org/10.5772/intechopen.81096

Wise RA, Polito AJ, Krishnan V. Respiratory physiologic changes in pregnancy.
Immunology and Allergy Clinics of North America. 2006;26(1):1-12

Gulmi F, Felsen D, Vaughan E. Pathophysiology of urinary tract obstruction. In:
Campbell’s Urology. 11th ed. Philadelphia: Saunders; 2002. pp. 1089-1103

Zhu C, Wang M, Niu G, Yang J, Wang Z. Obstetric outcomes of twin pregnancies at
advanced maternal age: A retrospective study. Taiwanese Journal of Obstetrics &
Gynecology. 2018;57(1):64-67

Prapas N, Kalogiannidis I, Prapas I, Xiromeritis P, Karagiannidis A, Makedos G. Twin
gestation in older women: Antepartum, intrapartum complications, and perinatal out-
comes. Archives of Gynecology and Obstetrics. 2006;273(5):293-297

Qin JB, Wang H, Sheng X, Xie Q, Gao S. Assisted reproductive technology and risk of
adverse obstetric outcomes in dichorionic twin pregnancies: A systematic review and
meta-analysis. Fertility and Sterility. 2016;105(5):1180-1192

Geisler ME, O'Mahony A, Meaney S, Waterstone JJ, O'Donoghue K. Obstetric and
perinatal outcomes of twin pregnancies conceived following IVE/ICSI treatment com-
pared with spontaneously conceived twin pregnancies. European Journal of Obstetrics,
Gynecology, and Reproductive Biology. 2014;181:78-83

Romero R, Dey SK, Fisher SJ. Preterm labor: One syndrome, many causes. Science.
2014;345(6198):760-765

Esplin MS, O'Brien E, Fraser A, Kerber RA, Clark E, Simonsen SE, et al. Estimating recur-
rence of spontaneous preterm delivery. Obstetrics and Gynecology. 2008;112(3):516-523

Kock K, Kock F, Klein K. Diabetes mellitus and the risk of preterm birth with regard
to the risk of spontaneous preterm birth. The Journal of Maternal-Fetal & Neonatal
Medicine. 2010;23(9):1004-1008

Di Renzo GC, Giardina I, Rosati A, Clerici G, Torricelli M, Petraglia F, et al. Maternal
risk factors for preterm birth: A country-based population analysis. European Journal of
Obstetrics, Gynecology, and Reproductive Biology. 2011;159(2):342-346

Fuchs F, Monet B, Ducruet T, Chaillet N, Audibert F. Effect of maternal age on the risk of
preterm birth: A large cohort study. PLoS One. 2018;13(1):e0191002

Kiely JL. What is the population-based risk of preterm birth among twins and other
multiples? Clinical Obstetrics and Gynecology. 1998;41(1):3

TambyRaja RL, Ratnam SS. Plasma steroid changes in twin pregnancies. Progress in
Clinical and Biological Research. 1981;69A:189

Muechler EK, Huang KE. Plasma estrogen and progesterone in quintuplet preg-
nancy induced with menotropins. American Journal of Obstetrics and Gynecology.
1983;147(1):105

Delbaere, Verstraelen H, Goetgeluk S, Martens G, De Backer G, Temmerman M. Pregnancy
outcome in primiparae of advanced maternal age. European Journal of Obstetrics, Gyne-
cology, and Reproductive Biology. 2007;135(1):41-46

115



116  Multiple Pregnancy - New Challenges

[52]

[53]

[54]

[55]

[56]

[57]
[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Report of the National High Blood Pressure Education Program. Working group report
on high blood pressure in pregnancy. American Journal of Obstetrics and Gynecology.
2000,183:51-522

Duley L. Pre-eclampsia and the hypertensive disorders of pregnancy. British Medical
Bulletin. 2003;67:161-176

Sibai BM. Diagnosis and management of gestational hypertension and preeclampsia.
Obstetrics and Gynecology. 2003;102:181-192

Ness RB, Roberts JM. Heterogeneous causes constituting the single syndrome of
preeclampsia: A hypothesis and its implications. American Journal of Obstetrics and
Gynecology. 1996;175(5):1365-1370

Hauth JC, Ewell MG, Levine RL, Esterlitz JR, Sibai BM, Curet LB. Pregnancy outcomes in
healthy nulliparous women who subsequently developed hypertension. Obstetrics and
Gynecology. 2000;95:24-28

Vatten L], Skjaerven R. Is pre-eclampsia more than one disease? BJOG. 2004;111:298-302

Sibai BM, Caritis S, Hauth J, Lindheimer MD, MacPherson C, Klebanoff M, et al.
Hypertensive disorders in twin versus singleton gestations. National Institute of Child
Health and Human Development Network of Maternal-Fetal Medicine Units. American
Journal of Obstetrics and Gynecology. 2000;182:938-942

Ruano R, Fontes RS, Zugaib M. Prevention of preeclampsia with low-dose aspirin - A
systematic review and meta-analysis of the main randomized controlled trials. Clinics
(Sao Paulo, Brazil). 2005;60(5):407-414

Cnossen JS, ter Riet G, Mol BW, et al. Are tests for predicting pre-eclampsia good enough
to make screening viable? A review of reviews and critical appraisal. Acta Obstetricia et
Gynecologica Scandinavica. 2009;88(7):758-765

Bartsch E, Medcalf KE, Park AL, Ray ]G, High Risk of Pre-eclampsia Identification Group.
Clinical risk factors for pre-eclampsia determined in early pregnancy: Systematic review
and meta-analysis of large cohort studies. BM]J. 2016;353:11753

Lamminpad R, Vehvildinen-Julkunen K, Gissler M, Heinonen S. Preeclampsia compli-
cated by advanced maternal age: A registry-based study on primiparous women in
Finland 1997-2008. BMC Pregnancy and Childbirth. 2012;11:12-47

National Institute for Clinical Excellence. Hypertension in Pregnancy: The Management
of Hypertensive Disorders during Pregnancy. Clinical Guideline. National Collaborating
Centre for Women'’s and Children’s Health. London, UK: NICE; 2010

Crowther CA, Hiller JE, Moss JR, McPhee AJ, Jeffries WS, Robinson JS, et al. Effect of
treatment of gestational diabetes mellitus on pregnancy outcomes. The New England
Journal of Medicine. 2005;352:2477-2486

Shand AW, Bell JC, McElduffs A, Morris ], Roberts CL. Outcomes of pregnancies in
women with pre-gestational diabetes mellitus and gestational diabetes mellitus; a



[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

Multiple Pregnancy in Women of Advanced Reproductive Age
http://dx.doi.org/10.5772/intechopen.81096

population-based study in New South Wales, Australia, 1998-2002. Diabetic Medicine.
2008;5:708-715

Mohammadbeigi A, Farhadifar F, Soufi Zadeh N, Mohammadsalehi N, Rezaiee M,
Aghaei M. Fetal macrosomia: Risk factors, maternal, and perinatal outcome. Annals of
Medical and Health Sciences Research. 2013;3(4):546-550

International Association of Diabetes and Pregnancy Study Groups. International asso-
ciation of diabetes and pregnancy study groups recommendations on the diagnosis and
classification of hyperglycemia in pregnancy. Diabetes Care. 2010;33:676-682

Makgoba M, Savvidou MD, Steer PJ. An analysis of the interrelationship between mater-
nal age, body mass index and racial origin in the development of gestational diabetes mel-
litus. BJOG : An International Journal of Obstetrics and Gynaecology. 2012;119(3):276-282

Rauh-Hain JA, Rana S, Tamez H, Wang A, Cohen B, Cohen A, et al. Risk for developing
gestational diabetes in women with twin pregnancies. The Journal of Maternal-Fetal &
Neonatal Medicine. 2009;22(4):293-299

Gonzalez Gonzalez NL, Goya M, Bellart ], Lopez J, Sancho MA, Mozas J, et al. Obstetric
and perinatal outcome in women with twin pregnancy and gestational diabetes. The
Journal of Maternal-Fetal & Neonatal Medicine. 2012;25(7):1084-1089

Luo ZC, Simonet F, Wei SQ, Xu H, Rey E, Fraser WD. Diabetes in pregnancy may
differentially affect neonatal outcomes for twins and singletons. Diabetic Medicine.
2011;28(9):1068-1073

Guillén MA, Herranz L, Barquiel B, Hillman N, Burgos MA, Pallardo LF. Influence of
gestational diabetes mellitus on neonatal weight outcome in twin pregnancies. Diabetic
Medicine. 2014;31(12):1651-1656

Tward C, Barrett ], Berger H, Kibel M, Pittini A, Halperin I, et al. Does gestational diabe-
tes affect fetal growth and pregnancy outcome in twin pregnancies? American Journal
of Obstetrics and Gynecology. 2016;214(5):653.e1-8

National Institute for Clinical Excellence. Diabetes in Pregnancy: Full Guideline. Clinical
Guideline 63. National Collaborating Centre for Women’s and Children’s Health.
London, UK: NICE; 2008

Grupo Espafiol de Diabetes y Embarazo (GEDE). Care of pregnancies complicated by dia-
betes. Clinical Practice Guidelines: 2014 update. Avances en Diabetologia. 2015;31:45-59

Committee on Practice Bulletins — Obstetrics. ACOG Practice Bulletin No. 190: Gestational
diabetes mellitus. Obstetrics and Gynecology. 2018;131(2):e49-e64

Scott DA, Loveman E, McIntyre L, Waugh N. Screening for gestational diabetes: A sys-
tematic review and economic evaluation. Health Technology Assessment. 2002;6:1-161

Caissutti C, Berghella V. Scientific evidence for different options for GDM screening and
management: Controversies and review of the literature. BioMed Research International.
2017;2017:2746471

117



118 Multiple Pregnancy - New Challenges

[79]

(80]

[81]

(82]

[83]

(84]

[85]

[86]

(87]

[88]

(89]

[90]

[91]

[92]

Zapata-Masias Y, Marqueta B, Gomez Roig MD, Gonzalez-Bosquet E. Obstetric and
perinatal outcomes in women >40years of age: Associations with fetal growth disorders.
Early Human Development. 2016;100:17-20

Lean SC, Derricott H, Jones RL, Heazell AEP. Advanced maternal age and adverse preg-
nancy outcomes: A systematic review and meta-analysis. PLoS One. 2017;12(10):e0186287

Kristensen S, Salihu HM, Keith LG, Kirby RS, Pass MA, Fowler KB. Impact of advanced
maternal age on neonatal survival of twin small-for-gestational-age subtypes. The
Journal of Obstetrics and Gynaecology Research. 2007;33(3):259-265

Weng YH, Yang CY, Chiu YW. Risk assessment of adverse birth outcomes in relation to
maternal age. PLoS One. 2014;9(12):114843

Kramer MS, Berg C, Abenhaim H, Dahhou M, Rouleau ], Mehrabadi A, et al. Incidence,
risk factors, and temporal trends in severe postpartum hemorrhage. American Journal
of Obstetrics and Gynecology. 2013;209(5):449.e1-7

Ekin A, Gezer C, Solmaz U, Taner CE, Dogan A, Ozeren M. Predictors of sever-
ity in primary postpartum hemorrhage. Archives of Gynecology and Obstetrics.
2015;292(6):1247-1254

Hugue S, Roberts I, Fawole B, Chaudhri R, Arulkumaran S, Shakur-Still H. Risk factors
for peripartum hysterectomy among women with postpartum haemorrhage: Analysis
of data from the WOMAN trial. BMC Pregnancy and Childbirth. 2018;18(1):186

Sheldon WR, Blum ], Vogel JP, Souza JP, Giilmezoglu AM, Winikoff B, et al. Postpartum
haemorrhage management, risks, and maternal outcomes: Findings from the World
Health Organization Multicountry Survey on Maternal and Newborn Health. BJOG.
2014;121(Suppl 1):5-13

Young BC, Wylie BJ. Effects of twin gestation on maternal morbidity. Seminars in
Perinatology. 2012;36(3):162-168

Gray G, Nelson-Piercy C. Thromboembolic disorders in obstetrics. Best Practice &
Research. Clinical Obstetrics & Gynaecology. 2012;26(1):53-64

Petukhova NL, Tsaturova KA, Vartanian EV, Schigoleva AV, Markin AV. Study of the
frequency of occurrence of genetic and acquired thrombophilia in infertile women prior
IVE. Gynecological Endocrinology. 2014;30(Suppl 1):32-34

Hansen AT, Kesmodel US, Juul S, Hvas AM. Increased venous thrombosis incidence in
pregnancies after in vitro fertilization. Human Reproduction. 2014;29(3):611-617

Huang L, Sauve R, Birkett N, Fergusson D, van Walraven C. Maternal age and risk of
stillbirth: A systematic review. CMA]J. 2008;178(2):165-172

Lean SC, Heazell AEP, Dilworth MR, Mills TA, Jones RL. Placental dysfunction under-
lies increased risk of fetal growth restriction and stillbirth in advanced maternal age
women. Scientific Reports. 2017;7(1):9677



[94]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

Multiple Pregnancy in Women of Advanced Reproductive Age
http://dx.doi.org/10.5772/intechopen.81096

Peter C, Wenzlaff P, Kruempelmann ], Alzen G, Bueltmann E. Perinatal morbidity
and early neonatal mortality in twin pregnancies. Open Journal of Obstetrics and
Gynecology. 2013;3:78-89

Cheong-See F, Schuit E, Arroyo-Manzano D, Khalil A, Barrett ], Joseph KS, et al.
Prospective risk of stillbirth and neonatal complications in twin pregnancies: Systematic
review and meta-analysis. BM]. 2016;354:i4353

Urhoj SK, Andersen PK, Mortensen LH, Davey Smith G, Nybo Andersen AM. Advanced
paternal age and stillbirth rate: A nationwide register-based cohort study of 944,031
pregnancies in Denmark. European Journal of Epidemiology. 2017;32(3):227-234

Nybo Andersen AM, Urhoj SK. Is advanced paternal age a health risk for the offspring?
Fertility and Sterility. 2017;107(2):312-318

Dougherty CR, Jones AD. Obstetric management and outcome related to maternal char-
acteristics. American Journal of Obstetrics and Gynecology. 1988;158(3 Pt 1):470-474

Kenny LC, Lavender T, McNamee R, O'Neill SM, Mills T, Khashan AS. Advanced
maternal age and adverse pregnancy outcome: Evidence from a large contemporary
cohort. PLoS One. 2013;8(2):e56583

Li G, Kong L, Li Z, Zhang L, Fan L, Zou L, et al. Prevalence of macrosomia and its risk
factors in China: A multicentre survey based on birth data involving 101,723 singleton
term infants. Paediatric and Perinatal Epidemiology. 2014;28(4):345-350

Ganchimeg T, Morisaki N, Vogel JP, Cecatti JG, Barrett ], Jayaratne K, et al. Mode and
timing of twin delivery and perinatal outcomes in low- and middle-income countries:
A secondary analysis of the WHO Multicountry Survey on Maternal and Newborn
Health. BJOG. 2014;121(Suppl 1):89-100

Groenhof TK]J, van Rijn BB, Franx A, Roeters van Lennep JE, Bots ML, Lely AT. Preventing
cardiovascular disease after hypertensive disorders of pregnancy: Searching for the
how and when. European Journal of Preventive Cardiology. 2017;24(16):1735-1745

Al-Safi Z, Imudia AN, Filetti LC, Hobson DT, Bahado-Singh RO, Awonuga AO. Delayed
postpartum preeclampsia and eclampsia: Demographics, clinical course, and complica-
tions. Obstetrics and Gynecology. 2011;118(5):1102-1107

Capula C, Chiefari E, Vero A, Foti DP, Brunetti A, Vero R. Prevalence and predictors
of postpartum glucose intolerance in Italian women with gestational diabetes mellitus.
Diabetes Research and Clinical Practice. 2014;105(2):223-230

Huisman CM, Zwart JJ, Roos-Hesselink JW, Duvekot JJ, van Roosmalen J. Incidence
and predictors of maternal cardiovascular mortality and severe morbidity in the
Netherlands: A prospective cohort study. PLoS One. 2013;8(2):e56494

Debost-Legrand A, Riviere O, Dossou M, Vendittelli F. Risk factors for severe second-
ary postpartum hemorrhages: A historical cohort study. Birth. 2015;42(3):235-241

119



120 Multiple Pregnancy - New Challenges

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

Waldman M, Sheiner E, Sergienko R, Shoham-Vardi I. Can we identify risk factors dur-
ing pregnancy for thrombo-embolic events during the puerperium and later in life? The
Journal of Maternal-Fetal & Neonatal Medicine. 2015;28(9):1005-1009

Tepper NK, Boulet SL, Whiteman MK, Monsour M, Marchbanks PA, Hooper WC,
et al. Postpartum venous thromboembolism: Incidence and risk factors. Obstetrics and
Gynecology. 2014;123(5):987-996

Groutz A, Helpman L, Gold R, Pauzner D, Lessing JB, Gordon D. First vaginal delivery
at an older age: Does it carry an extra risk for the development of stress urinary incon-
tinence? Neurourology and Urodynamics. 2007;26(6):779-782

Hijaz A, Sadeghi Z, Byrne L, Hou JC, Daneshgari F. Advanced maternal age as a risk factor
for stress urinary incontinence: A review of the literature. International Urogynecology
Journal. 2012;23(4):395-401

Fritel X, Ringa V, Quiboeuf E, Fauconnier A. Female urinary incontinence, from preg-
nancy to menopause: A review of epidemiological and pathophysiological findings.
Acta Obstetricia et Gynecologica Scandinavica. 2012;91(8):901-910

Kubotani JS, Araujo Janior E, Zanetti MR, Passos JP, de Jarmy Di Bella ZI, Junior JE.
Assessing the impact of twin pregnancies on the pelvic floor using 3-dimensional sono-
graphy: A pilot study. Journal of Ultrasound in Medicine. 2014;33(7):1179-1183

Youn H, Lee S, Han SW, Kim LY, Lee TS, Oh M]J, et al. Obstetric risk factors for depres-
sion during the postpartum period in South Korea: A nationwide study. Journal of
Psychosomatic Research. 2017;102:15-20

Klock SC. Psychological adjustment to twins after infertility. Best Practice & Research.
Clinical Obstetrics & Gynaecology. 2004;18(4):645-656

Wenze S, Battle CL, Tezanos KM. Raising multiples: Mental health of mothers and
fathers in early parenthood. Archives of Women's Mental Health. 2015;18(2):163-176

Gulamani SS, Premji SS, Kanji Z, Azam SI. A review of postpartum depression, preterm
birth, and culture. The Journal of Perinatal & Neonatal Nursing. 2013;27(1):52-59; quiz
60-1

Wen SY, Ko YL, Jou HJ, Chien LY. Sleep quality at 3 months postpartum considering
maternal age: A comparative study. Women and Birth. 2018. pii: 51871-5192(17)30591-7

Durkin MV, Kaveggia EG, Pendleton E, Neuhaiiser G, Opitz JM. Analysis of etio-
logic factors in cerebral palsy with severe mental retardation. I. European Journal of
Pediatrics. 1976;123(2):67-81

Schneider RE, Ng P, Zhang X, Andersen ], Buckley D, Fehlings D, et al. The association
between maternal age and cerebral palsy risk factors. Pediatric Neurology. 2018;82:25-28

Modabbernia A, Velthorst E, Reichenberg A. Environmental risk factors for autism: An
evidence-based review of systematic reviews and meta-analyses. Molecular Autism.
2017;8:13



[120]

[121]

[122]

[123]

Multiple Pregnancy in Women of Advanced Reproductive Age
http://dx.doi.org/10.5772/intechopen.81096

Falster K, Hanly M, Banks E, Lynch ], Chambers G, Brownell M, et al. Maternal age and
offspring developmental vulnerability at age five: A population-based cohort study of
Australian children. PLoS Medicine. 2018;15(4):e1002558

Saha S, Barnett AG, Foldi C, Burne TH, Eyles DW, Buka SL, et al. Advanced paternal
age is associated with impaired neurocognitive outcomes during infancy and child-
hood. PLoS Medicine. 2009;6(3):e40

Sutcliffe AG, Derom C. Follow-up of twins: Health, behaviour, speech, language out-
comes and implications for parents. Early Human Development. 2006;82(6):379-386

Ge ZJ, Schatten H, Zhang CL, Sun QY. Oocyte ageing and epigenetics. Reproduction.
2015;149(3):R103-R114

121






Section 5

Unique Complication in Multiple Pregnancy







Chapter 7

Complications in Monochorionic Pregnancies

Bruno Rodrigues Toneto

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.83390

Abstract

Monochorionic (MC) pregnancies have higher rates of fetal morbidity and mortality
when compared to dichorionic (DC) ones. Therefore, the early diagnostic of chorionicity
is of great importance. Monochorionic pregnancies have specific complications such as
twin to twin transfusion syndrome (TTTS), selective fetal growth restriction (sFGR), twin
anemia polycythemia sequence (TAPS), and twin reversed arterial perfusion sequence
(TRAPS). MC pregnancies have several unique and serious complications that contribute
to a perinatal mortality rate of 11%. The pathophysiology of most of these complications
is related to the placental angio-architecture, and it results from an unbalanced perfu-
sion between the fetuses. The screening of TTTS starts in 16 weeks with a sonographic
follow-up every 2 weeks. In the last decade, there was an improvement in the treatment
of TTTS. With the advent of the fetoscopic laser photocoagulation (FLPC), there was a
drastic increase in the survival rate of the fetuses with TTTS when compared with serial
amnioreduction. Besides that, in TRAPS, fetoscopic procedures such as cord occlusion
improve the outcome of the normal fetus. We will also discuss sFGR and its classification
and management. The aim of this chapter is to review the most important complications
in MC pregnancies.

Keywords: monochorionic, twin to twin transfusion syndrome, TTTS, twin anemia
polycythemia sequence, TAPS, selective fetal growth restriction, multiple pregnancy

1. Introduction

Multiple pregnancies are the result of one of the three possibilities: a fertilization of two or
more oocytes from different spermatozoids, a single fertilization followed by a splitting of
the zygote, or a combination of both [1]. These pregnancies have an increased risk of several
complications for both mother and fetuses, such as diabetes mellitus, hypertensive disorders
associated with pregnancy, preeclampsia, anemia, hyperemesis, hemorrhage, and cesarean
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delivery [2-5] in the maternal side and higher risk of fetal anomalies, fetal demise, neonatal
death [6], and preterm birth in the fetal side [7].

It is known that monochorionic (MC) pregnancies have higher rates of fetal morbidity and
mortality when compared to dichorionic (DC) ones [1, 8, 9]. Besides that, the MC pregnan-
cies have specific complications such as the twin to twin transfusion syndrome (TTTS), the
selective fetal growth restriction (sFGR), the twin anemia polycythemia sequence (TAPS), and
the twin reversed arterial perfusion sequence (TRAPS). Most of these complications can be
managed and treated in order to decrease the fetal morbimortality.

2. Importance of multiple pregnancy

In the last years, the rate of multiple pregnancies has raised all over the globe. In the USA, it
rose from 18.9in 1980 to 33.4 twins per 1000 births in 2016. The twin birth rates were higher in
black women, followed by non-Hispanic white women. The triplet and high-order multiple
birth rate has decreased about 48% in the last 8 years, from 193.5 in 1998 to 101.4 twins per
100.000 births in 2016 [7]. This decrease in high-order multiple pregnancies illustrates the
reproductive medicine societies’ strategies for reducing the risk of high-order pregnancies,
like single-embryo transfer and multifetal pregnancy reduction [10-12].

In England, there is also an increase in multiple births. From 1998 to 2016, the multiple maternity
rate rose from 14.4 to 15.9 twins per 1000 births. Since 1993, women aged 45 and over have con-
sistently recorded the highest multiple maternity rate. These changes in the multiple pregnancy
rates are due to the increase in ART. It is estimated that in vitro fertilization (IVF) conceptions are
11 times more likely to result in a multiple birth than natural conceptions. In 2014, 16% of IVF
pregnancies resulted in multiple birth, with nearly 19,000 IVF babies born in the UK in 2014 [13].

This trend was largely attributed to an elevated amount of dizygotic pregnancies, without
significant variations in monozygotic births over the past few decades. The dizygotic twin-
ning rate is affected by many factors such as race, previous multiple pregnancy, maternal age
and parity, lifestyle, season, use of fertility drugs and treatments, genetics, and others [14-16].

The high number of multiple births impacts directly in rate of preterm birth and low birth-
weight. Data from 2016 show that among twin pregnancies, 59.9% are born before complete
37 weeks of gestation, while in singletons, only 8% are preterm births. In singleton births,
6.4% were born with weight less than 2500 g. This percentage is 55.4 in twins and more than
95% in triplets [7].

3. Complications

The MC pregnancies have several unique and serious complications that contribute to a perina-
tal mortality rate of 11% [17, 18]. The pathophysiology of most of these complications is related
to the placental angio-architecture [19]. Placental anastomoses are described since the 1600s.
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The term “third circulation” that represents an “area of transfusion” and the potential harmful
effect of vascular connections between the fetuses was first described by Schatz in 1896 [20]. In
1965, Naeye [21] identified the effect of chronic nutritional deprivation on the size of organs in
one twin while appreciating that transfusion to the other increased the hemoglobin concentra-
tion and hematocrit, with subsequent cardiomyopathy and hypertension. Since then, several
authors have proposed diagnosis criteria and different kinds of treatments of the MC preg-
nancy problems. In this session, the main complications of the MC gestations will be discussed.

3.1. Twin to twin transfusion syndrome

One of the first suggestions of this disease in history lies in a Dutch painting from 1617 named
the Early-Deceased Children of Jacob de Graeff and Aeltge Boelens that illustrates two chil-
dren. One of them is pale and the other plethoric (Figure 1). Twin to twin transfusion syn-
drome is one of the main complications that occurs in about 10-15% of the MC pregnancies
with an overall incidence of 3 in 10,000 pregnancies [22, 23].

If left untreated, TTTS mortality rates are about 70-100%. Perinatal mortality is the result of
either miscarriage or very preterm delivery as a consequence of severe polyhydramnios and
uterine distention or fetal demise due to severe cardiovascular disturbances [24, 25].

Figure 1. The Dutch painting the Early-Deceased Children of Jacob de Graeff and Aeltge Boelens shows two male twins:
one pale and the other plethoric.
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3.1.1. Pathophysiology

The pathophysiology underlies in the placental angio-architecture which is characterized by
individual placental territory size, cord insertion location, and the quantity, size, and direction
of intertwin anastomoses which are the most important factors in the pathogenesis because
when unbalanced, they may cause hemodynamic changes that end in TTTS [26].

All MC placentas have intertwin anastomoses that are formed in the first trimester. They are
important because they allow transfer of volume, red blood cells, vasoactive substances, and
hormones. There are three type of intertwin anastomoses, and their flow may be unidirec-
tional or bidirectional. Arteriovenous (AV) anastomoses are unidirectional but they exist in
both directions (from donor to recipient or from recipient to donor). AV anastomoses end in a
shared cotyledon where the arterial villous circulation of one twin links to the venous villous
return of the other at the level of the intervillous space. Artery-to-artery (AA) and vein-to-
vein (VV) are more superficial and bidirectional anastomoses (Figure 2). The flow direction
depends on the types of connection, vessel calibers, and the pulse pressure. TTTS results from
an unbalanced chronic perfusion from donor to recipient twin across placental anastomoses.
This blood transfer is more likely in those placentas with more AV anastomoses and a lack
of superficial balancing AA or VV anastomoses or when these bidirectional anastomoses are
unusually small [26, 28].

3.1.2. Clinical manifestations of TTTS

The principal clinical feature in TTTS is hypervolemia in the recipient and hypovolemia in the
donor twin that may progress to cardiovascular impairment, hydrops, and fetal death. In the

Figure 2. Monochorionic placenta of not complicated twin pregnancy. The blue, white, and yellow arrows represent AA,
VV, and AV anastomoses, respectively. Adapted from twin research and human genetics, Zhao et al. [27].
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first trimester, diagnosis is difficult, since the amniotic fluid is usually normal in both fetuses.
Some sonographic markers such as discordance in nuchal translucency thickness (NT) and
abnormalities in ductus venosus (DV) may be early signs of TTTS, but they have a low predic-
tive value [29-31]. The sonographic manifestations usually may be noted as early as 16 weeks
of gestation, but they can appear in the third trimester as well. TTTS manifestations are rare
after 28 weeks of gestation.

In the second trimester, the oligohydramnios in the donor twin, as well as the polyhydram-
nios in the recipient twin, can easily be noted by ultrasound examination. The donor becomes
hypovolemic; therefore, renal perfusion decreases. This hypoperfusion activates the renin-
angiotensin system (RAS), producing vasoconstriction, oliguria, and oligohydramnios. As
the disease progresses, the fetus becomes anuric and gets “stuck” against the uterine walls
(Figure 3). The circulation becomes hyperdynamic with an increased vascular resistance in
the fetus and in the placenta, leading to fetal growth restriction (FGR), cerebral redistribu-
tion, and abnormal arterial Doppler assessment. The recipient twin becomes hypervolemic
and, by myocardial stretching, releases atrial natriuretic peptide (ANP) and brain natriuretic
peptide (BNP), which are also biomarkers associated with heart failure. Elevated levels of
these biomarkers and troponin are found in the amniotic fluid of the recipient, suggesting the
presence of myocardial damage [26, 32, 33]. Despite the hypervolemia, vascular resistance in
the recipient twin is increased. This hypertension is attributed to vasoactive mediators such as
endothelin and also a paradoxically high level of renin. The source of endothelin and renin is
probably partly from the placenta and partly from the donor via the vascular communications
[34, 35]. These changes in fetal hemodynamics may cause a progressive cardiomyopathy that
increases the heart size, reduces the myocardial compliance, and causes atrioventricular val-
var regurgitation and abnormal venous Doppler findings. Several studies show that in early
Quintero stages or even before the diagnostic of TTTS, the cardiac function in the recipient
twin may be impaired [36-38]. A recent study noted that in the recipient twin, left ventricular
filling pressures are elevated and systolic function is decreased before abnormalities in the

Figure 3. Two fetal abdomens. The smaller one (short arrow) is stuck in the anterior uterine wall and has no amniotic
fluid. The bigger fetus (long arrow) has polyhydramnios. Adapted from: https://radiologykey.com/complications-of-
multiple-gestations/.
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right heart become apparent. They also described an improvement after fetoscopic laser pho-
tocoagulation (FLPC) in these fetuses [38].

In the third trimester, fetal discordance in amniotic fluid and growth may occur, increas-
ing uterine distension and causing shortened cervical length and preterm birth. Also, the
mirror syndrome, a rare condition that presents itself as a sudden maternal edema, loss of
renal and cardiac function, hypertension, and fetal hydrops, may appear in women with
TTTS [26, 39, 40].

There is another rare form of TTTS described as “acute peripartum TTTS” which is defined as
the intertwin hemoglobin difference at birth >8 g/dl. Since it is a rare condition (2.5% of all the
MC pregnancies), there are a few studies and the pathogenesis remains unclear. Some stud-
ies says that in theory, acute fetal blood loss from the donor twin into the circulation of the
recipient twin may occur as a result of variations in blood pressure due to uterine contractions
or fetal positions [41].

3.1.3. Diagnostic criteria and staging

In the past, TTTS was diagnosed at the time of birth based on neonatal criteria that included
a growth discordance of 15-20% associated with discordant cord or neonatal hemoglobin
concentrations of >5 g/dl [42]. In 1992, another study showed that these criteria are present
in other conditions such as uteroplacental insufficiency, infection, and malformations and
therefore should not be used as diagnostic criteria for TTTS [43].

The screening for TTTS should begin with an early ultrasound in order to confirm the chori-
onicity. The first trimester scan should be performed to look for morphology abnormalities
and discordance in the NT measurement, abnormalities in the DV, and even crown-rump
length discordances [44]. Unlike dichorionic pregnancies, where ultrasound can be per-
formed every 4 weeks until the end of the second trimester, monochorionic pregnancies
should be examined by ultrasound every 2 weeks beginning in the 16th week. An analysis
of fetal growth, amniotic fluid deepest vertical pocket (DVP), umbilical artery pulsatility
index (UA-PI), medium cerebral artery pulsatility index (MCA-PI), and peak systolic veloc-
ity (MCA-PSV) should be obtained [45, 46]. Besides that, a fetal echocardiography should
be performed, since cardiac abnormalities are the most common defect in MC pregnancies.
The fetal growth and the MCA-PSV are important parameters in the differential diagnosis
of sFGR and TAPS, respectively. The early diagnosis is extremely important, since it allows
timely treatment with FLPC.

In 1999, Quintero et al. standardized the diagnostic criteria and classification system of TTTS
(Table 1) [47]. The diagnosis is made when a discordance in the DVP of the twins is visual-
ized. The DVP of the donor twin should be <2 cm; meanwhile the DVP of the recipient, before
20 weeks, should be >8 cm, and after 20 weeks, it should be >10 cm in the European criteria
and > 8 cm in the US criteria. The fetal bladders should also be evaluated since there might be
a discordance in the size of the fetal bladders (larger in the recipient and smaller in the donor).
It is worth reminding that weight discordance is not a diagnostic criterion for TTTS, but it also
can be noted in the ultrasound examination.
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Stage Sonographic findings

I DVP > 8 cm in the recipient” and <2 ¢cm in the donor twin
I Absent bladder filling in the donor

11 Critically abnormal Doppler studies of either fetus™

v Hydrops of either fetus

A% Intrauterine fetal demise of either fetus

“Before 20 weeks the universal cutoff is 8 cm, and between 21 and 26 weeks, the cutoff is 8 cm in the USA and 10 cm in
Europe.

"Absent-reverse diastolic flow in the umbilical artery and/or absent/reverse flow in the ductus venosus or pulsatile flow
in the umbilical vein.

Table 1. TTTS staging system. Adapted from Journal of Perinatology, Quintero et al. [44].

There are some critics about it because this staging system is not progressive (e.g., stage I can
go to stage IV without passing through stages II and III) [45], and it does not correlate well
with survival chance in twins treated with FLPC [48]. Nevertheless, these criteria are the most
used to classify TTTS.

3.1.4. Management of TTTS

The natural history of TTTS shows high rates of fetal morbidity and mortality. The perinatal
death in some series of cases is about 70-100%, depending on the stage of disease [26]. In stage
I, it is known that nearly 70% of the pregnancies remain stable or regress, but in 5% of cases
of stages I or II, there is fetal death of one or both twins without warning. Besides that, only
30% of pregnancies managed expectantly have double survivors. In the other stages, mortal-
ity increases and treatment is necessary [49]. There are several ways to manage TTTS, which
include FLPC, amnioreduction, selective reduction, and pregnancy termination.

The FLPC is the preferred option because its outcomes are better when compared to serial
amnioreduction [50, 51]. For stage I, there is no consensus regarding the use of FLPC, so the
cases should be individualized [52]. For stages II to IV, FLPC of placental anastomoses is the
primary treatment between 16 and 26 weeks of gestation. In 2004, Senat et al. have shown that
the mortality rate of fetuses treated with FLPC when compared with serial amnioreduction
is significantly lower (RR 0.71; 95% CI 0.55; 0.92). This study also showed a decreased risk of
intraventricular hemorrhage and neurological impairment in the laser group. Probably it is
because there is a higher rate of prematurity in the amnioreduction group [51]. The procedure
consists in inserting a fetoscope in the amniotic sac of the recipient, locating the donor twin
and the intertwin membrane, coagulating (with Nd:YAG or diode laser) the intertwin anas-
tomoses along the placental vascular equator, and, after that, removing amniotic fluid from
the recipient sac [26, 51].

The quality of fetoscopy images in the early 1990s, when the first FLPC for TTTS was per-
formed, was not good; therefore, the vascular anastomoses were not so easy to identify. The
so-called nonselective technique for vessel coagulation was proposed [53]. This technique
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consisted in coagulating all of the vessels that crossed the intertwin membrane. It did not
attempt to differentiate anastomotic from non-anastomotic vessels but rather to catch as many
anastomoses as possible (Figure 4). With the development of new techniques and advance in
fetoscopy technology, another approach was proposed: the selective fetoscopic laser photoco-
agulation (SFLP) [54, 55]. In this method, the vascular equator is visualized and only intertwin
anastomoses are coagulated. This technique differs from the “nonselective” FLPC because
the equator does not always coincide with the membrane; therefore, not all the vessels that
cross the intertwin membrane should be coagulated; thus, theoretically, more placental tis-
sue will be available for the donor twin after the procedure (Figure 4). In 2000, Quintero
et al. compared the SFLP with the “nonselective” FLPC and found that the selective method
yielded superior results, with survival of at least 1 infant in 83% of patients against 61% in
the “nonselective” group [56]. The order of anastomoses coagulation was also studied. Some
authors claim that the sequential method, which is a technique where the AV (donor to recipi-
ent) are coagulated before the VA, improves the survival rate of both fetuses [57-59] and the
survival rate of at least on fetus [58-60]. A recent meta-analysis showed that there may be an
improved double neonatal survival as well as a decreased donor and recipient fetal demise
with the use of the sequential technique, although all the studies are small and underpow-
ered to confirm the hypothesis [61]. Although the SFLP improved neonatal outcomes, there
is about 18% of surgical failure, defined as postoperative symptomatic patent anastomoses
(Figure 5) [62-65], which could result in several complications such as recurrent TTTS (7-9%)
[61, 65], TAPS (13-16%) [66, 67], and fetal death. This is a very delicate situation, because
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Figure 4. Types of fetoscopic laser techniques in the treatment of TTTS. The nonselective method coagulates all vessels
crossing the intertwin membrane. SFLP occlude anastomoses where they occur, sparing placental tissue of the donor.
The equatorial laser dichorionization or Solomon technique separates the fetal circulations by coagulating the vascular
equator. Adapted from Am ] Perinatol. Benoit et al. [26].
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Figure 5. Digitally modified image of placenta with recurrent TTTS with missed AV and VA anastomoses. Adapted from
Am ] Obstet Gynecol. Lewi et al. [62].

repeating the procedure is more difficult for several reasons such as the size of the uterus and
the fetuses. Furthermore, it is associated with an overall perinatal survival rate of 50% [67].

Recently, a new fetoscopic technique in which superficial coagulation of microvasculature
on the chorionic plate between ablated anastomotic sites following SFLP was described [68]
(Figure 4). Some authors compared the SFLP with this new technique in cohort studies and
showed a trend toward the latter group [69, 70]. A subsequent randomized trial by Slaghekke
et al. compared this new approach called the Solomon technique versus the SFLP and found
no difference in the overall survival rates. However, a decrease in recurrent TTTS and TAPS
after the procedure was observed in the Solomon group (4 vs. 21%) [66].

The main early complications of laser photocoagulation are unintentional septostomy in
8-12%, premature rupture of membranes (PROM) in about 1-9%, and amnion dehiscence
(membrane separation) in 5-10% of cases.

The time of delivery in cases of laser photocoagulation varies between 31 and 34 weeks and
most of them (60-80%) are not elective. The most common indication is the onset of labor fol-
lowed by nonreassuring fetal testing and PROM. The mode of delivery is usually by cesarean
section, in 57-70% of cases [26, 51, 60, 69, 70].

Unfortunately, in low-income countries, the laser therapy is not widely known and there are
no teaching facilities. One Brazilian study showed the initial experience of a single center and
found a single twin and both twins’ survival rate 1 month after birth is 87.5 and 45.8%, respec-
tively. These reported data are in line with those obtained in major centers worldwide, con-
sidering the learning curves and infrastructures [71]. In order to extend the range of the laser
therapy to all the MC pregnancies, more teaching centers should be opened, and telemedicine
should be used to aid low-income places to achieve the excellence in fetoscopy techniques.

3.1.5. Perinatal outcomes after treatment

The perinatal outcomes after the use of SFLP or Solomon technique are very satisfactory.
Baschat et al. [70] found that the double survival rates at 6 months of age were 68% in the
Solomon group and 50% in the SFLP. Ruano et al. [69] showed an overall neonatal survival
rate from 61.8% in the SFLP group to 86.5% when Solomon technique was used. This difference
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could be due to the increased experience with fetoscopic laser in general and not to the use of
the Solomon technique. In the only randomized trial, the single twin and both twins’ survival
rates after 1 month in the SFLP were 87% and 60%, while in the Solomon group these rate
were 85% and 64%, respectively [66].

The neurologic outcomes in the neonatal period following laser procedures, such as intraven-
tricular hemorrhage, periventricular leukomalacia, cerebral white matter cysts, ventricular
dilatation, and cerebral atrophy, range from 8 to 18% [51, 72, 73]. The long-term neurodevel-
opmental outcomes vary between 3 and 12% for cerebral palsy and 4 and 18% for neurode-
velopmental impairment [73]. In one study, the neurodevelopmental scores in preterm-born
children treated with laser therapy for TTTS were similar in preterm-born DC children, sug-
gesting that prematurity has the main role in the neurologic impairment in fetus treated with
laser photocoagulation [74]. Other authors have suggested risk factors for poorer neurodevel-
opmental outcomes [75, 76]. Lopriore et al. analyzed 212 pregnancies treated with fetoscopic
laser surgery and found that advanced gestational age at laser surgery, low gestational age at
birth, low birthweight, and high Quintero stage are risk factors of poor neurological develop-
ment at 2 years of age [76].

Several studies report a rapid cardiac function recovery in the recipient and in the donor twin
[36, 38, 77-80]. The coagulation of vascular anastomoses stops the volume exchange, as well
as the vasoactive mediators, allowing cardiac output, cardiac size, valvular regurgitation, and
ventricular inflow to normalize in the recipient twin in about half of the cases [38, 77]. The donor
twin shows an increase in left ventricular filling pressure and cardiac output, which can tem-
porarily cause a relative volume overload. It can worsen the cardiac function and cause ductus
venosus alterations and even hydrops; however, these changes tend to disappear by 2 to 4 weeks
after the laser procedure [79, 81, 82].

There are other types of treatment, such as septostomy. This procedure increases the risk of
severe complications like cord entanglement and disruption of the membrane. This procedure
has generally been abandoned [64, 83]. The selective reduction is another therapeutic option
that tries to improve the outcome of the surviving twin whenever there is an imminent risk of
spontaneous intrauterine death of one fetus. It can be performed either by ultrasound-guided
vascular embolization or cord clamping through fetoscopy. A maximum of 50% survival is
reached and most services have not supported this technique [68].

The fetoscopic laser coagulation is the gold standard treatment in stage II to stage IV TTTS
affected pregnancies; the SFLP and Solomon technique are the best options for lowering the
mortality and morbidity in theses fetuses. For Quintero stage I, there is not enough data that
favors laser surgery, and more powered studies should be done comparing it to other kinds
of treatment; therefore, the treatment for this stage has to be individualized.

3.2. Selective intrauterine growth restriction

Selective intrauterine growth restriction happens in 10-25% of MC gestations and it consider-
ably increases perinatal morbidity and mortality [84-86]. The diagnostic criteria for sFGR
differ among clinicians; therefore, it is hard to compare the findings of existing studies, to
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combine their results, or to establish robust evidence-based management. The pathophysiol-
ogy in sFGR in MC and DC twins seems to be different. While DC sFGR have conventionally
been managed as FGR in a singleton pregnancy, MC twin pregnancies sFGR is thought to
result mainly from an unequal placental share. In most cases the origin is in the placental ter-
ritory discrepancy (Figure 6). Vascular anastomoses between both fetuses intrinsically justify
IUGR, and one twin receives better oxygenated blood [87].

3.2.1. Diagnostic criteria and staging

Since many authors have proposed different diagnostic criteria, in 2017, the International Society
of Ultrasound in Obstetrics and Gynecology (ISUOG) published a guideline for the sFGR diag-
nostic. It is defined as a condition in which one fetus has estimated fetal weight (EFW) < 10th
centile and the intertwin EFW discordance is >25%. EFW discordance is calculated by the follow-
ing formula: (weight of larger twin — weight of smaller twin) x 100)/weight of larger twin [45].
This weight discordance was proposed by an expert consensus, mainly based on data that show
that an 18% EFW discordance reflects poorer outcomes both in DC and MC pregnancies [88].
Curiously, the charts used to monitor the fetal growth should be the same as those used in single-
ton pregnancies [45, 89], although specific multiple pregnancy charts are available [90]. However,
there is a reduction in fetal growth in twin compared with singleton pregnancy, particularly in
the third trimester. The key question for clinicians is whether this difference in growth represents
adaptation or restriction [91]. Once the diagnosis is made, a detailed anomaly scan and screening
for viral infections (cytomegalovirus, rubella, and toxoplasmosis) should be made. Amniocentesis
may also be required to exclude chromosomal abnormalities as a cause of FGR [45, 92].
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Figure 6. Macroscopic photograph demonstrates the measurement of the vascular anastomoses. There is a 2-mm
arterioarterial anastomosis (dashed arrow) and 5 AV anastomoses (arrows). A macroscopic placental surface discordance
is also visible (green dashed line: Vascular equator). Adapted from Am ] Obstet Gynecol. Lewi et al. [86].
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In order to follow up the sEGR pregnancies, as well as in singleton pregnancies, umbilical artery
Doppler waveforms and UA-PI are accessed. In pregnancies complicated with sFGR, there
are particularities in the umbilical artery Doppler probably because of the variability in the
intertwin vascular anastomoses resistance [93, 94]. Three patterns are observed in the umbilical
artery Doppler: positive end-diastolic flow, absent or reversed end-diastolic flow (AREDF), and
intermittent absent or reversed end-diastolic flow (iAREDF) [95]. The latter pattern though is to
result from the presence of transmitted waveforms from the larger into the smaller twin’s cord
due to the existence of placental large AA anastomoses (Figure 6) [93-95]. Based on these three
Doppler types, Gratacds et al. proposed a three-stage classification system of the sFGR fetuses.
In stage I, the umbilical artery in the smaller twin has a positive end-diastolic flow; in stage II,
there is an AREDF; and stage III is characterized by iAREDF (Figure 7) [95].

The stage I prognosis is better, with an overall intrauterine mortality rate of 3-4% and a 97% rate
of intact survival-free from neurological complications according to two recent meta-analyses.
The neonatal morbidity, defined as abnormal brain imaging, respiratory distress syndrome
(RDS), admission to the neonatal intensive care unit (NICU), or retinopathy of prematurity
(ROP), was reported in about 9% of newborns. The neurologic outcome in this stage seems to
be better when compared to the others as well as the gestational age at delivery [84, 93-95, 97].
Stage II sFGR has a poorer prognostic. It is reported that these fetuses tend to have a high
risk of hypoxic deterioration and consequently overall, single, and double intrauterine death
rates of 16.6%, 8.2%, and 10.4% of cases managed expectantly [97] and a 21% perinatal mortal-
ity [84]. The double survival rate in this stage is about 25% [98]. The iAREDF pattern has an
intrauterine mortality rate similar to stage II. The overall, single, and double intrauterine death
occurred in 13.2%, 7.2%, and 5.5% of cases managed expectantly although this stage is more
unpredictable than the others [86, 93, 95, 97, 98]. Some ultrasound markers can be used as
adverse predictors such as ductus venosus Z score [98], velamentous cord insertion (Figure 8)
[99, 100], and weight discordance. A recent meta-analysis found that, in MC twin pregnancies,
excluding cases affected by twin to twin transfusion syndrome, twins with birthweight dis-
cordance >25% were at higher risk of intrauterine death (OR 3.2, 95%CI, 1.5-6.7) and neonatal

Figure 7. Classification of selective fetal growth restriction in monochorionic twin pregnancy. In type I, the umbilical
artery Doppler waveform has positive end-diastolic flow, while in type II there is absent or reversed end-diastolic flow
(AREDEF). In type III there is a cyclical/intermittent pattern of AREDF. Extracted from ISUOG. https://www.isuog.org/
uploads/assets/uploaded/b4ce0129-a7e8-40a9-8543c4243fb7638f.pdf [45].
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Figure 8. Monochorionic placenta with velamentous cord insertion in the smaller twin side. AV and VA anastomoses are
seen and on big AA anastomoses. Adapted from Am ] Obstet Gynecol. Lewi et al. [96].

death (OR 4.66, 95% CI, 1.8-12.4) compared with controls [101]. Gratacés et al. [93] found a 15%
unexpected intrauterine death rate in the smaller twin on stage III sSFGR compared with 2.6%
and 0 in stages I and II, respectively. On the other hand, other authors show a better prognosis.
Rustico et al. [102] showed a 0% rate in double fetal death at stage III as well as better rates in
overall survival and lower neonatal death in the smaller twin (8% and 62%, respectively).

3.2.2. Management of sSFGR

When sFGR presents with an umbilical artery positive end-diastolic flow, the prognosis is
good, and therefore it is a consensus that the expectant management based on a weekly fetal
growth and UA-PI evaluation should be done to look for progression to more severe stages
which can occur in up to 25% of cases. For stages II and 1II, several studies compared SFLP
with cord occlusion or expectant management, but there are not powered studies to support a
gold standard treatment. In a retrospective study with 142 stage II sFGR fetuses treated with
SFLP, there was survival rate of the smaller, larger, and both twins of 38.7, 67.6, and 34.5%,
respectively. The survival rate of at least one twin was 71.8% [103]. When compared to expect-
ant management, SFLP for stage III sFGR showed a higher overall intrauterine death (14.5
vs. 36%, respectively) as well as a higher death rate in the smaller twin which is 19% for the
expectant group and 66% for the SFLP group [104]. Other prospective trial with ten pregnant
women with sFGR stages II or III and oligohydramnios treated with SFLP showed that only
three newborns of the restricted group survived and all of the newborns in the larger twin
group were well and alive at 28 days of age [105].

Cord occlusion of the smaller twin is an option for early diagnosed sFGR, when the spontane-
ous death of the restricted fetus is most likely to happen, but it is the most difficult decision for
the parents to make since they give up the life of one child to protect the other. Chalouhi et al.
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[106] found a 90% survival rate in the larger twin after cord occlusion and a 4.5% neurologic
complication rate which is much lower than the 26% rate when a spontaneous intrauterine
death occurs [107].

The sFGR treatment is not yet defined. Several factors should be evaluated together with par-
ents such as weight discordance, time of diagnosis (early vs. late), hemodynamic state of the
restricted fetus at the time of diagnosis, and the will to protect the larger twin since the adverse
outcomes are very low after a cord occlusion [94]. If FLPC or expectant management is elected,
parent counseling should be made regarding complications and outcomes to both fetus.

3.3. Twin anemia polycythemia sequence

The placental angio-architecture is responsible for most of the complications in MC pregnancies.
The intertwin vascular anastomoses have a key role in the pathogenesis of TTTS and sFGR. In
2007, a new MC pregnancy complication was described by Lopriore et al. [108] that involves a
discordance in postnatal hemoglobin and hematocrit levels, a difference in neonate reticulocyte
levels, and small AV anastomoses in the placenta after colored dye injection (Figure 9). This con-
dition was named twin anemia polycythemia sequence. TAPS happens when blood from one
twin is slowly transfused to the other by small AV anastomoses at a 5-15 ml/ 24 h rate [108].
Unlike TTTS, there is a less acute and well-compensated intertwin transfusion process leading to
a discordance in hemoglobin levels without hemodynamic or amniotic fluid alterations [110]. The
reticulocyte levels are also increased in the donor newborn and decreased in the recipient, which
differ from other acute diseases, such as acute peripartum TTTS [41]. Another characteristic of
TAPS s that after colored dye injection in MC placentas after TAPS, AA anastomoses are observed
in about 11% and all of them are small (<1 mm). In comparison, the incidence of AA anastomoses
in uncomplicated MC pregnancies and TTTS pregnancies is 80 and 25%, respectively [111, 112],
which suggests that AA anastomoses protect against TAPS and TTTS. The maternal side of the
TAPS placenta also shows an important color difference. The donor side is more white than the
recipient side that shows a plethoric aspect like the respective twin (Figure 10) [113].

Figure 9. TAPS placenta after colored dye injection (blue or green for arteries and pink or yellow for veins). The white
arrows indicate the small AV and VA anastomoses. Adapted from placenta. de Villiers et al. [109].
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Figure 10. Maternal side of the TAPS placenta showing the difference in color between the plethoric share of the recipient
(left side of the placenta) and the anemic share of the donor (right side of the placenta). Adapted from twin research and
human genetics. Tollenaar et al. [113].

TAPS may occur spontaneously or post-laser surgery. The prevalence of spontaneous TAPS is
about 1.6-5% [18, 68, 114], while post-laser TAPS occurs in 3-16% [66], depending on the tech-
nique used. The possible pathophysiology for the latter is the inability to identify all AV anas-
tomoses, therefore leaving some small AV anastomoses without coagulation. The Solomon
trial showed a significant decrease in post-laser TAPS in the placental dichorionization group,
supporting this hypothesis [66].

3.3.1. Diagnostic criteria and classification

TAPS can be diagnosed either antenatally or postnatally. Antenatal diagnosis (Table 2) is
based in MCA-PSV measurement in both fetuses showing an increased velocity in the anemic
and a decreased velocity in the polycythemic twin. The most used criteria of TAPS diagnosis
are an MCA-PSV > 1.5 MoM for the donor twin and <1.0 MoM for the recipient twin [111,
115]. Slaghekke et al. analyzed 43 twin pregnancies complicated by TAPS and found that
a MCA-PSV > 1.5 MoM correlated with anemia (hemoglobin levels >5 SD below the mean)
with a 94% sensitivity, a 74% specificity, a 76% positive predictive value, and a 94% nega-
tive predictive value. In the same study, MCA-PSV < 1.0 MoM correlated with polycythemia
(hemoglobin levels >5 SD above the mean) with a 97% sensitivity, a 96% specificity, a 93%

Antenatal criteria Postnatal criteria

Donor MCA-PSV 2 1.5 MoM Intertwin hemoglobin difference > 8 g/dl
AND AND 1 of the following

Recipient MCA-PSV < 1.0 MoM Reticulocyte count ratio > 1.7

Placenta with only small (diameter < 1 mm) vascular anastomoses

Table 2. Antenatal and postnatal diagnostic criteria for TAPS. Adapted from ultrasound Obstet Gynecol. Slaghekke et al. [111].
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positive predictive value, and a 99% negative predictive value [115]. In some TAPS cases,
other ultrasound findings have been reported. The first one is the difference in placental
thickness, and echodensity on ultrasound examination was detected [110]. Another ultra-
sound finding described in TAPS is the so-called starry sky liver [116] which is characterized
by clearly identified portal venules and diminished parenchymal echogenicity. More studies
are needed to further investigate the validity and significance of these antenatal ultrasound
findings for the diagnosis of TAPS.

The postnatal criteria (Table 2) can be used when TAPS is not diagnosed by MCA Doppler. It
is based on the finding of discordant hemoglobin levels (Hb difference > 8.0 g/dl) associated
with an increased intertwin reticulocyte count ratio > 1.7 that is pathognomonic for TAPS and
placental evidence of only small vascular anastomoses [111, 117].

The classification for TAPS was proposed by Slaghekke et al. in 2010 [111] based on the differ-
ence in hemoglobin levels postnatally (Table 3).

3.3.2. Management of TAPS

There is no optimal treatment for TAPS. Options include expectant management and early
delivery; intrauterine transfusion (IUT) in the donor, with or without partial exchange trans-
fusion (PET) in the recipient; selective feticide; and fetoscopic laser surgery.

Expectant management is made with closing ultrasound monitoring with serial MCA-PVS
evaluation and an early delivery when necessary. It leads to a 75 to 83% survival rate [111, 118].

Another kind of treatment is IUT that can be performed intravascularly or intraperitoneal.
It seems the latter may be superior to intravascular intrauterine transfusions because it is
technically easier and can be performed as early as 15 weeks [119]. Although this method is
commonly used, it is a palliative option, since it temporarily meliorates the donor anemia.
Furthermore, the raise in blood viscosity in the recipient twin can lead to embolic complica-
tions [67]. These complications can be managed by partial exchange transfusion (PET) that
decreases the viscosity of the blood of the polycythemic recipient. The perinatal survival rate
in some studies is generally good, reaching 85-100% [111, 118].

Antenatal stage ~ Doppler ultrasound

Stage I MCA-PSV donor >1.5 MoM and MCA-PSV recipient <1.0 MoM, without other
signs of fetal compromise
Stage 11 MCA-PSV donor >1.7 MoM and MCA-PSV recipient <0.8 MoM, without other
signs of fetal compromise
Stage III As stage I or II, with cardiac compromise of donor, defined as critically abnormal flow”
Stage IV Hydrops of donor
Stage V Intrauterine demise of one or both fetuses preceded by TAPS

*Critically abnormal Doppler is defined as absent or reversed end-diastolic flow in umbilical artery, pulsatile flow in the
umbilical vein, and increased pulsatility index or reversed flow in ductus venosus.

Table 3. Antenatal TAPS classification. Adapted from Ultrasound Obstet Gynecol. Slaghekke et al. [111].
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The only causal treatment for both spontaneous and post-laser TAPS is laser surgery. It
is technically more difficult because of the absence of polyhydramnios and a stuck twin,
which makes the visualization of the vascular equator more challenging as well as the size
of anastomoses, which is difficult to visualize during fetoscopy [111]. The results in small
studies are satisfactory, with a survival rate of 94-100% [111, 118, 120, 121] and an appar-
ent improvement in perinatal outcome by prolonging pregnancy and reducing respiratory
distress syndrome [117].

The TAPS management should be made after evaluation of different factors, including TAPS
stage, gestational age, and the clinician experience in the different types of treatments. In
early stages, TAPS can be managed expectantly. If gestational age is below 26-28 weeks, laser
treatment should be considered [113]. When laser treatment is not possible, IUT should be
considered. When repeated IUT is expected or in case of severe polycythemia in the recipient,
PET of the recipient can be done.

3.4. Twin reversed arterial perfusion sequence

Twin reversed arterial perfusion sequence resulting in an acardiac twin is a rare condi-
tion and occurs in 1:35,000 births or 1% of all monozygotic twins [122]. It consists in one
health twin (the “pump” twin) and one acardiac mass which is perfused by the other fetus’
heart. This acardiac twin most often has an underdeveloped head and upper body and
impressive edema also mostly of the upper body. In some cases, there might be fetal move-
ments. In rare cases, a rudimentary pulsating cardiac structure may be seen. It is though
that the VV and AA bidirectional anastomoses are responsible for the perfusion of the
acardiac fetus. One study analyzed the TRAPS placenta and found big AA anastomoses
as well as veins in direct continuity with each other. They also noted that umbilical cords
were attached, with insertion adjacent to each other [123]. The blood from the pump twin
flows through the umbilical artery to the umbilical artery of the acardiac twin and then it
flows back to the recipient twin through the umbilical vein. The returning blood bypasses
the placenta and returns to the pump twin via VV anastomoses, without passing through
the placenta. This condition may cause a hyperdynamic circulation and progressive high
output cardiac failure in the pump twin causing fetal death in about half of cases if not
treated [122, 124, 125].

The diagnostic is made by turning on the color Doppler and showing the inverse direction of
blood flow in the aorta of the acardiac twin [92] (Figure 11). TRAPS is usually diagnosed in
the 11-13 weeks scan or even in the early endovaginal ultrasound [126-128]. Given the fact
that 50% of pump twin dies if expectant management is made and that in 33% of the TRAPS
pregnancies diagnosed at the first trimester the healthy twin dies before 18 weeks [123, 129],
several intrauterine interventions have been tested in order to improve the perinatal out-
comes. The overall survival of the treatment methods is similar among several studies and
varies between 71 and 86% [130-134]. The methods used to manage TRAPS are cord ligation;
monopolar, bipolar, or laser cord coagulation; and fetoscopic laser coagulation of placental
anastomoses. However, intrafetal techniques such as intrafetal laser ablation and intrafetal
radiofrequency ablation (RFA) are preferred because, when compared to cord occlusion
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Figure 11. Upper image: Acardiac twin with retrograde flow in the umbilical cord. Lower image: Normal recipient twin.
Adapted from ultrasound Obstet Gynecol. Pagani et al. [124].

techniques, they are associated with a lower technical failure rate (13 vs. 35%), lower rate
of preterm birth or rupture of membranes before 32 weeks (23 vs. 58%), and higher rate of
clinical success (77 vs. 50%) [135].

There are some doubts about the optimal time to do the treatment. Performing any pro-
cedure before the obliteration of the coelomic cavity increases the risk of talipes and mis-
carriage [136]; therefore, most of the authors perform the intervention between 13 and
16 weeks [124]. In one study in which the median gestational age at intervention (intrafetal
laser ablation) was 13.2 weeks, there was a 41% mortality rate in the first 72 h after the
procedure; therefore, surgery before 13 weeks of gestation should be avoided [136]. Some
studies showed that expectant management could be offered in special cases. Jelin et al. [125]
found a 100% survival when the acardiac twin had less than 50% of the pump twin’s weight.
Other studies suggested that discordance between crown-rump length of the pump twin
and upper pole-rump length of the TRAP twin could be potential predictors of pregnancy
outcome [137].

The optimal approach should be an early diagnosis and a proper parental counseling and an
intrafetal intervention, by laser or RFA in 13-16 weeks. The expectant management could be
considered if the TRAP twin is smaller (about half the size) than the pump twin.
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4. Conclusion

Monochorionic pregnancies are at a great risk of complications such as preterm birth, fetal and
neonatal death, and neurological injury. The early sonographic screening is extremely impor-
tant to diagnose some of the most important complications which can lead to death of one or
both siblings. It should begin in the first trimester, where the confirmation of chorionicity should
be done and the search for potential predictors of adverse outcomes such as NT discordance
should be accessed. Some complications such as TRAPS can be diagnosed and managed in this
period. Beginning in the 16th week, a biweekly detailed ultrasound examination is extremely
important since it can detect early stages of TTTS, sFGR, and TAPS. Most of these complications
can be treated in the mid-trimester improving the survival rate of one or both fetuses.

The fetoscopic approach is the main method to manage MC twin complications and should
be available in specialized fetal medicine centers with trained staff to perform the laser sur-
gery. Several laser techniques have been tested in the last years and the improvement in the
outcomes is clear. Although the results are satisfactory, the complication rates, such as PROM
and unintentional septostomy, are still relatively high as well as the both twins’ survival rate.

Future directions in the management of TTTS are likely to involve refinements in the predic-
tion of the disease, clarification of the optimum frequency of surveillance, technique of laser
therapy, prediction of adverse outcome after treatment, and development of other vascular
ablative techniques.

Although the treatment efficacy is rapidly improving in big centers, in most parts of the
world, there is a lack of specialized centers and trained personnel. In order to achieve an
optimal management in MC pregnancy complications, it is important to improve the early
screening and diagnosis and the referral system, mainly in low-income countries.

Conflict of interest

There are no conflicts of interest in this chapter.

Author details

Bruno Rodrigues Toneto
Address all correspondence to: brunotoneto@yahoo.com.br

Federal University of Sdo Paulo, Sdo Paulo, Brazil

References

[1] Gary Cunningham F. Multifetal pregnancy. In: Williams Obstetrics. 24th ed. McGraw-
Hill Education; 2014. pp. 891-924

143



144 Multiple Pregnancy - New Challenges

(2]

[7]

(8]

(10]

[11]

[12]

[13]

(14]

Schwartz DB, Daoud Y, Zazula P, Goyert G, Bronsteen R, Wright D. Gestational diabetes
mellitus: Metabolic and blood glucose parameters in singleton versus twin pregnancies.
American Journal of Obstetrics and Gynecology. 1999;181(4):912-914

Bailit JL. Hyperemesis gravidarum: Epidemiologic findings from a large cohort. American
Journal of Obstetrics and Gynecology. 2005;193(3 Pt 1):811-814. DOI: 10.1016/j.ajog.
2005.02.132

Conde-Agudelo A, Belizan JM, Lindmark G. Maternal morbidity and mortality associ-
ated with multiple gestations. Obstetrics and Gynecology. 2000;95(6 Pt 1):899-904

Sibai BM, Hauth ], Caritis S, Lindheimer MD, MacPherson C, Klebanoff M. Hypertensive
disorders in twin versus singleton gestations. National Institute of Child Health and
Human Development network of maternal-Fetal medicine units. American Journal of
Obstetrics and Gynecology. 2000;182(4):938-942

Scher Al Petterson B, Blair E, Ellenberg JH, Grether JK, Haan E. The risk of mortality
or cerebral palsy in twins: A collaborative population-based study. Pediatric Research.
2002;52:671-681. DOI: 10.1203/00006450-200211000-00011

Martin JA, Hamilton BE, Osterman M], Driscoll AK, Drake P. Births: Final data for 2016.
National Vital Statistics Reports. 2018;67(1):1-55

McPherson JA, Odibo AO, Shanks AL, Roehl KA, Macones GA, Cahill AG. Impact
of chorionicity on risk and timing of intrauterine fetal demise in twin pregnancies.
American Journal of Obstetrics and Gynecology. 2012;207(3):190.e1-6. DOI: 10.1016/j.
ajog.2012.07.031

Lee YM, Wylie BJ, Simpson LL, D’ Alton ME. Twin Chorionicity and the risk of stillbirth.
Obstetrics and Gynecology. 2008;111(2, Part 1):301-308. DOI: 10.1097/A0G.0b013e318
160d65d

Committee on ethics. Committee opinion No. 719. Obstetrics & Gynecology. 2017;
130(3):e158-e163. Available from: http://www.ncbinlm.nih.gov/pubmed/28832490 [Accessed:
2018-10-06]

Blondel B, Kaminski M. Trends in the occurrence, determinants, and consequences of
multiple births. Seminars in Perinatology. 2002;26(4):239-249

Haines N. Birth characteristics in England and Wales - Office for National Statistics
[Internet]. 2017. Available from: https://www.ons.gov.uk/peoplepopulationandcom-
munity/birthsdeathsandmarriages/livebirths/bulletins/birthcharacteristicsinenglandan-
dwales/2016 [Accessed: 2018-10-06]

Kulkarni AD, Kissin DM, Adashi EY. Fertility treatments and multiple births in the
United States. The New England Journal of Medicine. 2014;370(11):1069-1071. DOL:
10.1056/NEJMc1400242

Bortolus R, Parazzini F, Chatenoud L, Benzi G, Bianchi MM, Marini A. The epidemiol-
ogy of multiple births. Human Reproduction Update;5(2):179-187



[15]

[16]

(17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Complications in Monochorionic Pregnancies
http://dx.doi.org/10.5772/intechopen.83390

Multiple gestation pregnancy. The ESHRE Capri workshop group. Human Reproduction.
2000;15(8):1856-1864

Gan J-P, Wu Z-H, Tu Z-M, Zheng J. The comparison of twinning rates between urban
and rural areas in China. Twin Research and Human Genetics. 2007;10(4):633-637. DOI:
10.1375/twin.10.4.633

Hack KE, Derks JB, Elias SG, et al. Increased perinatal mortality and morbidity in mono-
chorionic versus dichorionic twin pregnancies: Clinical implications of a large Dutch
cohort study. BJOG. 2008;115:58-67. DOI: 10.1111/j.1471-0528.2007.01556.x

Lewi L, Jani ], Blickstein I, et al. The outcome of monochorionic diamniotic twin gesta-
tions in the era of invasive fetal therapy: A prospective cohort study. American Journal
of Obstetrics and Gynecology. 2008;199:514-518. DOI: 10.1016/j.ajog.2008.03.050

Denbow ML, Cox P, Taylor M. Placental angioarchitecture in monochorionic twin preg-
nancies: Relationship to fetal growth, fetofetal transfusion syndrome, and pregnancy
outcome. American Journal of Obstetrics and Gynecology. 2000;182:417-426

Glennon CL, Shemer SA, Palma-Dias R, Umstad MP. The history of treatment of twin-
to-twin transfusion syndrome. Twin Research and Human Genetics. 2016;19(3):168-174.
DOI: 10.1017/thg.2016.27

Naeye RL. Organ abnormalities in a human parabiotic syndrome. The American Journal
of Pathology. 1965;46(5):829-842

Danskin FH, Neilson JP. Twin-to-twin transfusion syndrome: What are appropriate
diagnostic criteria? American Journal of Obstetrics and Gynecology. 1989;161:365-369

Blickstein I. Monochorionicity in perspective. Ultrasound in Obstetrics & Gynecology.
2006;27(3):235-238. DOI: 10.1002/u0g.2730

WAPM Consensus Group on Twin-to-Twin Transfusion, Baschat A, Chmait RH, Deprest
J, Gratacds E, Hecher K. Twin-to-twin transfusion syndrome (TTTS). Journal of Perinatal
Medicine. 2011;39(2):107-112. DOI: 10.1515/JPM.2010.147

Berghella V, Kaufmann M. Natural history of twin-twin transfusion syndrome. The
Journal of Reproductive Medicine. 2001;46(5):480-484

BenoitRM, Baschat AA. Twin-to-twin transfusion syndrome: Prenatal diagnosis and treat-
ment. American Journal of Perinatology. 2014;31(7):583-594. DOI: 10.1055/s-0034-1372428

Zhao D, Lipa M, Wielgos M, Cohen D, Middeldorp JM, Oepkes D, et al. Comparison
between monochorionic and dichorionic placentas with special attention to vascular
anastomoses and placental share. Twin Research and Human Genetics. 2016;19(3):
191-196. DOI: 10.1055/s-0029-1215430

De Paepe ME, Shapiro S, Greco D, Luks VL, Abellar RG, Luks CH, et al. Placental mark-
ers of twin-to-twin transfusion syndrome in diamniotic-monochorionic twins: A mor-
phometric analysis of deep artery-to-vein anastomoses. Placenta. 2010;31(4):269-276.
DOI: 10.1016/j.placenta.2009.12.024

145



146  Multiple Pregnancy - New Challenges

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Matias A, Montenegro N, Loureiro T, Cunha M, Duarte S, Freitas D, et al. Screening for
twin-twin transfusion syndrome at 11-14 weeks of pregnancy: The key role of ductus
venosus blood flow assessment. Ultrasound in Obstetrics & Gynecology. 2010;35(2):
142-148. DOI: 10.1002/u0g.7533

Memmo A, Dias T, Mahsud-Dornan S, Papageorghiou AT, Bhide A, Thilaganathan B.
Prediction of selective fetal growth restriction and twin-to-twin transfusion syndrome
in monochorionic twins. BJOG. 2012;119:417-421

Maiz N, Staboulidou I, Leal AM, Minekawa R, Nicolaides KH. Ductus venosus Doppler
at 11 to 13 weeks of gestation in the prediction of outcome in twin pregnancies. Obstetrics
and Gynecology. 2009;113:860-865

Van Mieghem T, Doné E, Gucciardo L, Klaritsch P, Allegaert K, Van Bree R, et al. Amniotic
fluid markers of fetal cardiac dysfunction in twin-to-twin transfusion syndrome.
American Journal of Obstetrics and Gynecology. 2010;202(1):48.e1-48.e7. DOI: 10.1002/
u0g.7533

Habli M, Cnota ], Michelfelder E, Salisbury S, Schnell B, Polzin W, et al. The relation-
ship between amniotic fluid levels of brain-type natriuretic peptide and recipient car-
diomyopathy in twin—twin transfusion syndrome. American Journal of Obstetrics and
Gynecology. 2010;203(4):404.e1-404.e7. DOI: 10.1016/j.ajog.2010.06.070

Mahieu-Caputo D, Meulemans A, Martinovic J, Gubler M-C, Delezoide A-L, Muller
F, et al. Paradoxic activation of the renin-angiotensin system in twin-twin transfusion
syndrome: An explanation for cardiovascular disturbances in the recipient. Pediatric
Research. 2005;58(4):685-688. DOI: 10.1203/01.PDR.0000180558.03164.E8

Galea P, Barigye O, Wee L, Jain V, Sullivan M, Fisk NM. The placenta contributes to
activation of the renin angiotensin system in twin—twin transfusion syndrome. Placenta.
2008;29(8):734-742. DOI: 10.1016/j.placenta.2008.04.010

Manning N, Archer N. Cardiac manifestations of twin-to-twin transfusion syndrome.
Twin Research and Human Genetics. 2016,19(3):246-254. DOI: 10.1017/thg.2016.20

Habli M, Michelfelder E, Cnota J, Wall D, Polzin W, Lewis D, et al. Prevalence and
progression of recipient-twin cardiomyopathy in early-stage twin-twin transfusion syn-
drome. Ultrasound in Obstetrics & Gynecology. 2012;39(1):63-68. DOI: 10.1016/j.ajog.
2018.05.008

Wohlmuth C, Boudreaux D, Moise K], Johnson A, Papanna R, Bebbington M, et al.
Cardiac pathophysiology in twin-twin transfusion syndrome: New insights into its
evolution. Ultrasound in Obstetrics & Gynecology. 2018;51(3):341-348. DOI: 10.1002/
uog.17480

Braun T, Brauer M, Fuchs I, et al. Mirror syndrome: A systematic review of fetal asso-
ciated conditions, maternal presentation and perinatal outcome. Fetal Diagnosis and
Therapy. 2010,27(4):191-203. DOI: 10.1159/000305096



[40]

[41]

[42]

[43]

[44]

[45]

(46]

[47]

(48]

[49]

[50]

[51]

Complications in Monochorionic Pregnancies
http://dx.doi.org/10.5772/intechopen.83390

Ortiz LFL, Elito Janior ], Araujo Junior E, Peixoto AB, Sass N, Moron AF. Mirror syndrome
in Monochorionic twin pregnancy with Acardiac Fetus. Case Reports in Obstetrics and
Gynecology. 2018;2018:1302041. DOI: 10.1155/2018/1302041

Lopriore E, Holtkamp N, Sueters M, Middeldorp JM, Walther FJ, Oepkes D. Acute
peripartum twin-twin transfusion syndrome: Incidence, risk factors, placental charac-
teristics and neonatal outcome. The Journal of Obstetrics and Gynaecology Research.
2014;40(1):18-24. DOI: 10.1111/jog.1211

Rausen AR, Seki M, Strauss L. Twin transfusion syndrome. A review of 19 cases studied
at one institution. The Journal of Pediatrics. 1965;66:613-628

Wenstrom KD, Tessen JA, Zlatnik FJ, Sipes SL. Frequency, distribution, and theoretical
mechanisms of hematologic and weight discordance in monochorionic twins. Obstetrics
and Gynecology. 1992;80(2):257-261

Mackie FL, Hall MJ, Morris RK, Kilby MD. Early prognostic factors of outcomes in
monochorionic twin pregnancy: Systematic review and meta-analysis. American Journal
of Obstetrics and Gynecology. 2018;219(5):436-446. DOI: 10.1016/j.ajog.2018.05.00

ISUOG Practice Guidelines: Role of Ultrasound in Twin Pregnancy. 2015 [Internet];
Available from: https://www.isuog.org/uploads/assets/uploaded/b4ce0129-a7e8-40a9-
8543c4243tb7638f.pdf [Accessed: 2018-10-07]

Sueters M, Middeldorp JM, Lopriore E, Oepkes D, Kanhai HHH, Vandenbussche FPHA.
Timely diagnosis of twin-to-twin transfusion syndrome in monochorionic twin preg-
nancies by biweekly sonography combined with patient instruction to report onset of
symptoms. Ultrasound in Obstetrics & Gynecology. 2006;28(5):659-664. DOI: 10.1002/
uog.15821

Quintero RA, Morales WJ, Allen MH, Bornick PW, Johnson PK, Kruger M. Staging of
twin-twin transfusion syndrome. Journal of Perinatology. 1999;19(8 Pt 1):550-555

Rossi A, D’Addario V. The efficacy of Quintero staging system to assess severity of
twin-twin transfusion syndrome treated with laser therapy: A systematic review with
meta-analysis. American Journal of Perinatology. 2009;26(07):537-544. DOI: 10.1055/
s-0029-1215430

O’Donoghue K, Cartwright E, Galea P, Fisk NM. Stage I twin-twin transfusion syndrome:
Rates of progression and regression in relation to outcome. Ultrasound in Obstetrics &
Gynecology. 2007;30(7):958-964. DOI: 10.1016/j.ajog.2018.05.008

Hecher K, Diehl W, Zikulnig L, Vetter M, Hackel6er BJ. Endoscopic laser coagulation
of placental anastomoses in 200 pregnancies with severe mid-trimester twin-to-twin
transfusion syndrome. European Journal of Obstetrics, Gynecology, and Reproductive
Biology. 2000;92(1):135-139

Senat M-V, Deprest ], Boulvain M, Paupe A, Winer N, Ville Y. Endoscopic laser surgery
versus serial Amnioreduction for severe twin-to-twin transfusion syndrome. The New
England Journal of Medicine. 2004;351(2):136-144. DOI: 10.1016/j.ajog.2018.05.008

147



148 Multiple Pregnancy - New Challenges

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

Khalil A, Cooper E, Townsend R, Thilaganathan B. Evolution of stage 1 twin-to-twin
transfusion syndrome (TTTS): Systematic review and meta-analysis. Twin Research and
Human Genetics. 2016;19(3):207-216. DOI: 10.1016/.ajog.2018.05.008

De Lia JE, Cruikshank DP, Keye WR. Fetoscopic neodymium: YAG laser occlusion of
placental vessels in severe twin-twin transfusion syndrome. Obstetrics and Gynecology.
1990;75(6):1046-1053

Quintero RA, Morales W], Mendoza G, Allen M, Kalter CS, Giannina G, et al. Selective
photocoagulation of placental vessels in twin-twin transfusion syndrome: Evolution of
a surgical technique. Obstetrical & Gynecological Survey. 1998;53(12 Suppl):597-5103

Thilaganathan B, Gloeb D], Sairam S, Tekay A. Sono-endoscopic delineation of the
placental vascular equator prior to selective fetoscopic laser ablation in twin-to-twin
transfusion syndrome. Ultrasound in Obstetrics & Gynecology. 2000;16(3):226-229. DOL:
10.1046/j.1469-0705.2000.00272.x

Quintero RA, Comas C, Bornick PW, Allen MH, Kruger M. Selective versus non-selec-
tive laser photocoagulation of placental vessels in twin-to-twin transfusion syndrome.
Ultrasound in Obstetrics & Gynecology. 2000;16(3):230-236. DOI: 10.1046/j.1469-0705.
2000.00265.x

Chmait RH, Khan A, Benirschke K, Miller D, Korst LM, Goodwin TM. Perinatal sur-
vival following preferential sequential selective laser surgery for twin-twin transfusion
syndrome. The Journal of Maternal-Fetal & Neonatal Medicine. 2010;23(1):10-16. DOI:
10.3109/14767050903128618

Nakata M, Murakoshi T, Sago H, Ishii K, Takahashi Y, Hayashi S, et al. Modified sequen-
tial laser photocoagulation of placental communicating vessels for twin-twin transfu-
sion syndrome to prevent fetal demise of the donor twin. The Journal of Obstetrics and
Gynaecology Research. 2009;35(4):640-647. DOI: 10.1111/j.1447-0756.2009.01034.x

Quintero RA, Ishii K, Chmait RH, Bornick PW, Allen MH, Kontopoulos EV. Sequential
selective laser photocoagulation of communicating vessels in twin-twin transfusion
syndrome. Journal of Maternal-Fetal and Neonatal Medicine. 2007;20(10):763-768. DOI:
10.1080/14767050701591827

Murata S, Takano M, Kagawa Y, Sumie M, Nakata M. The experience of modified
sequential selective laser photocoagulation of communicating vessels technique for
twin-twin transfusion syndrome. Journal of Maternal-Fetal and Neonatal Medicine.
2018;31(9):1137-1141. DOI: 10.1080/14767058.2017.1311309

Akkermans J, Peeters SH, Klumper FJ, Middeldorp JM, Lopriore E, Oepkes D. Is the
sequential laser technique for twin-to-twin transfusion syndrome truly superior to
the standard selective technique? A meta-analysis. Fetal Diagnosis and Therapy. 2014;
37(4):251-258. DOI: 10.1159/000365212

Stirnemann JJ, Nasr B, Quarello E, Ortqvist L, Nassar M, Bernard J-P, et al. A defini-
tion of selectivity in laser coagulation of chorionic plate anastomoses in twin-to-twin



[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

Complications in Monochorionic Pregnancies
http://dx.doi.org/10.5772/intechopen.83390

transfusion syndrome and its relationship to perinatal outcome. American Journal of
Obstetrics and Gynecology. 2008;198(1):62.e1-62.e6. DOI: 10.1016/j.ajog.2007.06.009

Chalouhi GE, Essaoui M, Stirnemann J, Quibel T, Deloison B, Salomon L, et al. Laser
therapy for twin-to-twin transfusion syndrome (TTTS). Prenatal Diagnosis. 2011;31(7):
637-646. DOI: 10.1002/pd.2803

Chalouhi GE, Stirnemann JJ, Salomon L], Essaoui M, Quibel T, Ville Y. Specific com-
plications of monochorionic twin pregnancies: Twin-twin transfusion syndrome and
twin reversed arterial perfusion sequence. Seminars in Fetal & Neonatal Medicine.
2010;15(6):349-356. DOI: 10.1016/j.siny.2010.09.003

Lewi L, Jani J, Cannie M, Robyr R, Ville Y, Hecher K, et al. Intertwin anastomoses in
monochorionic placentas after fetoscopic laser coagulation for twin-to-twin transfu-
sion syndrome: Is there more than meets the eye? American Journal of Obstetrics and
Gynecology. 2006;194(3):790-795. DOL: 10.1016/j.ajog.2013.05.034

Slaghekke F, Lopriore E, Lewi L, Middeldorp JM, Van Zwet EW, Weingertner AS, et al.
Fetoscopic laser coagulation of the vascular equator versus selective coagulation for
twin-to-twin transfusion syndrome: An open-label randomised controlled trial. Lancet.
2014;383(9935):2144-2151. DOI: 10.1016/j.ajog.2007.06.009

Robyr R, Lewi L, Salomon L], Yamamoto M, Bernard J-P, Deprest ], et al. Prevalence and
management of late fetal complications following successful selective laser coagulation
of chorionic plate anastomoses in twin-to-twin transfusion syndrome. American Journal
of Obstetrics and Gynecology. 2006;194(3):796-803. DOI: 10.1016/j.ajog.2005.08.069

Lopriore E, Slaghekke F, Middeldorp JM, Klumper FJ, Oepkes D, Vandenbussche
FP. Residual anastomoses in twin-to-twin transfusion syndrome treated with selective
fetoscopic laser surgery: Localization, size, and consequences. American Journal of
Obstetrics and Gynecology. 2009;201(1):66.e1-4. DOI: 10.1016/j.ajog.2009.01.010

Ruano R, Rodo C, Peiro JL, Shamshirsaz AA, Haeri S, Nomura ML, et al. Fetoscopic laser
ablation of placental anastomoses in twin-twin transfusion syndrome using ‘Solomon
technique’. Ultrasound in Obstetrics & Gynecology. 2013;(4):42. n/a-n/a. DOI: 10.1002/
uo0g.12492

Baschat AA, Barber ], Pedersen N, Turan OM, Harman CR. Outcome after fetoscopic
selective laser ablation of placental anastomoses vs equatorial laser dichorionization for
the treatment of twin-to-twin transfusion syndrome. American Journal of Obstetrics and
Gynecology. 2013;209(3):234.e1-8. DOI: 10.1016/j.ajog.2013.05.034

Barbosa MM, Martins Santana EF, Milani VHJF, Elito Junior ], Araujo Janior E, Moron
AF, et al. Fetoscopic laser photocoagulation for twin-to-twin transfusion syndrome treat-
ment: Initial experience in tertiary reference Center in Brazil. Obstetrics & Gynecology
Science. 2018;61(4):461-467

Van Klink J]MM, Koopman HM, Rijken M, Middeldorp JM, Oepkes D, Lopriore E. Long-
term neurodevelopmental outcome in survivors of twin-to-twin transfusion syndrome.
Twin Research and Human Genetics. 2016,19(3):255-261. DOI: 10.1017/thg.2016.26

149



150 Multiple Pregnancy - New Challenges

(73]

[74]

(73]

[76]

[77]

(78]

[79]

[80]

[81]

(82]

Lopriore E, van Wezel-Meijler G, Middeldorp JM, Sueters M, Vandenbussche FP, Walther FJ.
Incidence, origin, and character of cerebral injury in twin-to-twin transfusion syndrome
treated with fetoscopic laser surgery. American Journal of Obstetrics and Gynecology.
2006;194(5):1215-1220. DOI: 10.1016/j.ajog.2005.12.003

Lenclen R, Ciarlo G, Paupe A, Bussieres L, Ville Y. Neurodevelopmental outcome at 2
years in children born preterm treated by amnioreduction or fetoscopic laser surgery
for twin-to-twin transfusion syndrome: Comparison with dichorionic twins. American
Journal of Obstetrics and Gynecology. 2009;201(3):291.e1-291.e5. DOI: 10.1016/j.ajog.
2009.05.036

Salomon L], Rtqvist L, Aegerter P, Bussieres L, Staracci S, Stirnemann JJ, et al. Long-term
developmental follow-up of infants who participated in a randomized clinical trial of
amniocentesis vslaser photocoagulation for the treatment of twin-to-twin transfusion syn-
drome. American Journal of Obstetrics and Gynecology. 2010;203(5):444.e1-444.e7. DOL: 10.
1016/j.ajog.2010.08.054

Lopriore E, Ortibus E, Acosta-Rojas R, Le Cessie S, Middeldorp JM, Oepkes D, et al. Risk
factors for neurodevelopment impairment in twin-twin transfusion syndrome treated
with fetoscopic laser surgery. Obstetrics and Gynecology. 2009;113(2 Pt 1):361-366. DOL:
10.1097/A0G.0b013e318195873e

Van Mieghem T, Lewi L, Gucciardo L, Dekoninck P, Van Schoubroeck D, Devlieger R,
et al. The fetal heart in twin-to-twin transfusion syndrome. International Journal of
Pediatrics. 2010;2010:8 pages. DOI: 10.1016/j.ajog.2010.08.054

Baschat AA, Gungor S, Glosemeyer P, Huber A, Hecher K. Changes in umbilical venous
volume flow after fetoscopic laser occlusion of placental vascular anastomoses in
twin-to-twin transfusion syndrome. American Journal of Obstetrics and Gynecology.
2010;203(5):479.e1-6. DOI: 10.1016/j.ajog.2009.11.013

Van Mieghem T, Klaritsch P, Doné E, Gucciardo L, Lewi P, Verhaeghe ], et al. Assessment
of fetal cardiac function before and after therapy for twin-to-twin transfusion syn-
drome. American Journal of Obstetrics and Gynecology. 2009;200(4):400.e1-400.e7. DOLI:
10.1016/j.ajog.2009.01.051

Van Mieghem T, Martin AM, Weber R, Barrea C, Windrim R, Hornberger LK, et al. Fetal
cardiac function in recipient twins undergoing fetoscopic laser ablation of placental
anastomoses for stage IV twin-twin transfusion syndrome. Ultrasound in Obstetrics &
Gynecology. 2013;42(1):64-69. DOI: 10.1002/uog.12454

Gratacds E, Van Schoubroeck D, Carreras E, Devlieger R, Roma E, Cabero L, et al.
Transient hydropic signs in the donor fetus after fetoscopic laser coagulation in severe
twin-twin transfusion syndrome: Incidence and clinical relevance. Ultrasound in
Obstetrics & Gynecology. 2002;19(5):449-453. DOI: 10.1046/j.1469-0705.2002.00642.x

Gray PH, Ward C, Chan F-Y. Cardiac outcomes of hydrops as a result of twin-twin trans-
fusion syndrome treated with laser surgery. Journal of Paediatrics and Child Health.
2009;45(1-2):48-52. DOI: 10.1046/;.1469-0705.2002.00642.x



[83]

(84]

85]

(86]

[87]

(88]

(89]

[90]

[91]

[92]

[93]

Complications in Monochorionic Pregnancies
http://dx.doi.org/10.5772/intechopen.83390

Saade GR, Belfort MA, Berry DL, Bui T-H, Montgomery LD, Johnson A, et al. Amniotic
septostomy for the treatment of twin oligohydramnios-polyhydramnios sequence. Fetal
Diagnosis and Therapy. 1998;13(2):86-93. DOI: 10.1046/j.1469-0705.2002.00642.x

Buca D, Pagani G, Rizzo G, Familiari A, Flacco ME, Manzoli L, et al. Outcome of mono-
chorionic twin pregnancy with selective intrauterine growth restriction according to
umbilical artery Doppler flow pattern of smaller twin: Systematic review and meta-
analysis. Ultrasound in Obstetrics & Gynecology. 2017;50(5):559-568. DOI: 10.1046/
j-1469-0705.2002.00642.x

LewiL, Van Schoubroeck D, Gratacos E, Witters I, Timmerman D, Deprest J. Monochorionic
diamniotic twins: Complications and management options. Current Opinion in Obstetrics
& Gynecology. 2003;15(2):177-194. DOI: 10.1046/j.1469-0705.2002.00642.x

Gratacds E, Carreras E, Becker ], Lewi L, Enriquez G, Perapoch J, et al. Prevalence of
neurological damage in monochorionic twins with selective intrauterine growth restric-
tion and intermittent absent or reversed end-diastolic umbilical artery flow. Ultrasound
in Obstetrics & Gynecology. 2004;24(2):159-163. DOI: 10.1046/j.1469-0705.2002.00642.x

Lewi L, Cannie M, Blickstein I, Jani ], Huber A, Hecher K, et al. Placental sharing, birth-
weight discordance, and vascular anastomoses in monochorionic diamniotic twin pla-
centas. American Journal of Obstetrics and Gynecology. 2007;197(6):587.e1-587.e8. DOLI:
10.1046/j.1469-0705.2002.00642.x

Breathnach FM, McAuliffe FM, Geary M, Daly S, Higgins JR, Dornan J, et al. Definition
of intertwin birth weight discordance. Obstetrics and Gynecology. 2011;118(1):94-103.
DOI: 10.1046/j.1469-0705.2002.00642.x

Khalil A, Beune I, Hecher K, Wynia K, Ganzevoort W, Reed K et al. Consensus definition and
essential reporting parameters of selective fetal growth restriction in twin pregnancy: A
Delphi procedure. Ultrasound in Obstetrics & Gynecology. 2018. DOI: 10.1002/u0g.19013

Araujo Junior E, Ruano R, Javadian P, Martins WP, Elito J Jr, Pires CR, et al. Reference
charts for fetal biometric parameters in twin pregnancies according to chorionicity.
Prenatal Diagnosis. 2014;34(4):382-388

Stirrup OT, Khalil A, D’ Antonio F, Thilaganathan B. Fetal growth reference ranges in twin
pregnancy: Analysis of the Southwest Thames obstetric research collaborative (STORK)
multiple pregnancy cohort. Ultrasound in Obstetrics & Gynecology. 2015;45(3):301-307.
DOI: 10.1002/uog.14640

Sueters M, Oepkes D. Diagnosis of twin-to-twin transfusion syndrome, selective fetal
growth restriction, twin anemia-polycythaemia sequence, and twin reversed arte-
rial perfusion sequence. Best practice and research. Best Practice & Research. Clinical
Obstetrics & Gynaecology. 2014;28:215-226

Gratacds E, Lewi L, Mufioz B, Acosta-Rojas R, Hernandez-Andrade E, Martinez JM, et al.
A classification system for selective intrauterine growth restriction in monochorionic

pregnancies according to umbilical artery Doppler flow in the smaller twin. Ultrasound
in Obstetrics & Gynecology. 2007;30(1):28-34

151



152

Multiple Pregnancy - New Challenges

[94]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

Wee LY, Taylor MJ, Vanderheyden T, Talbert D, Fisk NM. Transmitted arterio-arterial
anastomosis waveforms causing cyclically intermittent absent/reversed end-diastolic
umbilical artery flow in monochorionic twins. Placenta. 2003,24(7):772-778

Gratacos E, Lewi L, Carreras E, Becker ], Higueras T, Deprest ], et al. Incidence and
characteristics of umbilical artery intermittent absent and/or reversed end-diastolic
flow in complicated and uncomplicated monochorionic twin pregnancies. Ultrasound
in Obstetrics & Gynecology. 2004;23:456-460. DOI: 10.1002/uog.1013

LewiL, Gucciardo L, Huber A, Jani ], Van Mieghem T, Doné E, et al. Clinical outcome and
placental characteristics of monochorionic diamniotic twin pairs with early- and late-
onset discordant growth. American Journal of Obstetrics and Gynecology. 2008;199(5):
1-7. DOLI: 10.1002/u0g.18966

Townsend R, D’ Antonio F, Sileo FG, Kumbay H, Thilaganathan B, Khalil A. Perinatal out-
come of monochorionic twin pregnancies complicated by selective fetal growth restric-
tion according to management: A systematic review and meta-analysis. Ultrasound in
Obstetrics & Gynecology. 2018. DOI: 10.1002/uog.20114

Monaghan C, Kalafat E, Binder ], Thilaganathan B, Khalil A. Prediction of adverse
pregnancy outcome in monochorionic- diamniotic twin pregnancies complicated by
selective fetal growth restriction. Ultrasound in Obstetrics & Gynecology. 2018. DOL:
10.1002/uog.19078

Couck I, Mourad Tawfic N, Deprest ], De Catte L, Devlieger R, Lewi L. Does site of
cord insertion increase risk of adverse outcome, twin-to-twin transfusion syndrome
and discordant growth in monochorionic twin pregnancy? Ultrasound in Obstetrics &
Gynecology. 2018;52(3):385-389. DOI: 10.1002/u0.18926

Kalafat E, Thilaganathan B, Papageorghiou A, Bhide A, Khalil A. Significance of pla-
cental cord insertion site in twin pregnancy. Ultrasound in Obstetrics & Gynecology.
2018;52(3):378-384. DOI: 10.1002/uog.18914

D’Antonio F, Odibo AO, Prefumo F, Khalil A, Buca D, Flacco ME, et al. Weight discor-
dance and perinatal mortality in twin pregnancy: Systematic review and meta-analysis.
Ultrasound in Obstetrics & Gynecology. 2018;52(1):11-23. DOI: 10.1002/uog.18966

Rustico MA, Consonni D, Lanna M, Faiola S, Schena V, Scelsa B, et al. Selective intrauter-
ine growth restriction in monochorionic twins: Changing patterns in umbilical artery
Doppler flow and outcomes. Ultrasound in Obstetrics & Gynecology. 2017;49(3):387-393.
DOI: 10.1002/u0g.15933

Peeva G, Bower S, Orosz L, Chaveeva P, Akolekar R, Nicolaides KH. Endoscopic placen-
tal laser coagulation in monochorionic diamniotic twins with type Il selective fetal growth
restriction. Fetal Diagnosis and Therapy. 2015;38(2):86-93. DOI: 10.1002/u0g.15933

Gratacés E, Antolin E, Lewi L, Martinez JM, Hernandez-Andrade E, Acosta-Rojas R, et al.
Monochorionic twins with selective intrauterine growth restriction and intermittent



[105]

[106]

[107]

Complications in Monochorionic Pregnancies
http://dx.doi.org/10.5772/intechopen.83390

absent or reversed end-diastolic flow (type I1I): Feasibility and perinatal outcome of feto-
scopic placental laser coagulation. Ultrasound in Obstetrics & Gynecology. 2008;31(6):
669-675. DOI: 10.1002/uo0g.15933

Ishii K, Nakata M, Wada S, Murakoshi T, Sago H. Feasibility and preliminary outcomes
of fetoscopic laser photocoagulation for monochorionic twin gestation with selective
intrauterine growth restriction accompanied by severe oligohydramnios. The Journal of
Obstetrics and Gynaecology Research. 2015;41(11):1732-1737. DOI: 10.1002/u0g.15933

Chalouhi GE, Marangoni MA, Quibel T, Deloison B, Benzina N, Essaoui M, et al. Active
management of selective intrauterine growth restriction with abnormal Doppler in
monochorionic diamniotic twin pregnancies diagnosed in the second trimester of preg-
nancy. Prenatal Diagnosis. 2013;33(2):109-115. DOI: 10.1002/u0g.15933

Hillman SC, Morris RK, Kilby MD. Co-twin prognosis after single fetal death: A sys-
tematic review and meta-analysis. Obstetrics and Gynecology. 2011;118(4):928-940.
DOI: 10.1002/u0g.15933

[108] Lopriore E, van den Wijngaard JPHM, Middeldorp JM, Oepkes D, Walther FJ,

[109]

[110]

[111]

[112]

[113]

[114]

van Gemert M]J, et al. Assessment of feto-fetal transfusion flow through placental
arterio-venous anastomoses in a unique case of twin-to-twin transfusion syndrome.
Placenta. 2007;28(2-3):209-211. DOI: 10.1016/j.placenta.2006.03.006

De Villiers SF, Slaghekke F, Middeldorp JM, Walther FJ, Oepkes D, Lopriore E. Placental
characteristics in monochorionic twins with spontaneous versus post-laser twin ane-
mia-polycythemia sequence. Placenta. 2013;34(5):456-459. DOI: 10.1016/j.placenta.2013.
02.005

Lopriore E, Deprest ], Slaghekke F, Oepkes D, Middeldorp JM, Vandenbussche FPHA,
et al. Placental characteristics in monochorionic twins with and without twin anemia—
Polycythemia sequence. Obstetrics and Gynecology. 2008;112(4):753-758. DOI: 10.1097/
AOG.0b013e318187e1ff

Slaghekke F, Kist W], Oepkes D, Pasman SA, Middeldorp JM, Klumper FJ, et al.
Twin anemia-polycythemia sequence: Diagnostic criteria, classification, perinatal
management and outcome. Fetal Diagnosis and Therapy. 2010;27(4):181-190. DOI:
10.1159/000304512

Zhao DP, de Villiers SF, Slaghekke F, Walther FJ, Middeldorp JM, Oepkes D, et al.
Prevalence, size, number and localization of vascular anastomoses in monochorionic
placentas. Placenta. 2013;34(7):589-593. DOI: 10.1159/000304512

Tollenaar LSA, Slaghekke F, Middeldorp JM, Klumper FJ, Haak MC, Oepkes D, et al.
Twin anemia polycythemia sequence: Current views on pathogenesis, diagnostic
criteria, perinatal management, and outcome. Twin Research and Human Genetics.
2016;19(3):222-233. DOI: 10.1017/thg.2016.18

Yokouchi T, Murakoshi T, Mishima T, Yano H, Ohashi M, Suzuki T, et al. Incidence of
spontaneous twin anemia-polycythemia sequence in monochorionic-diamniotic twin

153



154  Multiple Pregnancy - New Challenges

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

pregnancies: Single-center prospective study. The Journal of Obstetrics and Gynae-
cology Research. 2015;41(6):857-860. DOI: 110.1111/jog.12641

Slaghekke F, Pasman S, Veujoz M, Middeldorp JM, Lewi L, Devlieger R, et al. Middle
cerebral artery peak systolic velocity to predict fetal hemoglobin levels in twin anemia-
polycythemia sequence. Ultrasound in Obstetrics & Gynecology. 2015;46(4):432-436.
DOI: 10.1002/u0g.14925

Soundararajan LP, Howe DT. Starry sky liver in twin anemia-polycythemia sequence.
Ultrasound in Obstetrics & Gynecology. 2014;43(5):597-599. DOI: 10.1002/u0g.13276

Lopriore E, Slaghekke F, Oepkes D, Middeldorp JM, Vandenbussche FPHA, Walther
FJ. Hematological characteristics in neonates with twin anemia-polycythemia sequence
(TAPS). Prenatal Diagnosis. 2010;30(3):251-255. DOI: 10.1002/pd.2453

Slaghekke F, Favre R, Peeters SHP, Middeldorp JM, Weingertner AS, van Zwet EW,
et al. Laser surgery as a management option for twin anemia-polycythemia sequence.
Ultrasound in Obstetrics & Gynecology. 2014;44(3):304-310. DOI: 10.1002/uog.6334

Herway C, Johnson A, Moise K, Moise KJ. Fetal intraperitoneal transfusion for iatro-
genic twin anemia-polycythemia sequence after laser therapy. Ultrasound in Obstetrics
& Gynecology. 2009;33(5):592-594. DOI: 10.1002/u0g.6334

Groussolles M, Sartor A, Connan L, Vayssire C. Evolution of middle cerebral artery
peak systolic velocity after a successful laser procedure for iatrogenic twin anemia-
polycythemia sequence. Ultrasound in Obstetrics & Gynecology. 2012;39(3):354-356.
DOI: 10.1002/u0g.6334

Ishii K, Hayashi S, Mabuchi A, Taguchi T, Yamamoto R, Murata M, et al. Therapy by
laser equatorial placental dichorionization for early-onset spontaneous twin anemia-
polycythemia sequence. Fetal Diagnosis and Therapy. 2013;35(1):65-68. DOI: 10.1002/
uog.6334

Moore TR, Gale S, Benirschke K. Perinatal outcome of forty-nine pregnancies com-
plicated by acardiac twinning. American Journal of Obstetrics and Gynecology. 1990;
163:907-912

Steffensen TS, Gilbert-Barness E, Spellacy W, Quintero RA. Placental pathology in
trap sequence: Clinical and pathogenetic implications. Fetal and Pediatric Pathology.
2008;27(1):13-29. DOI: 10.1002/uo0g.6334

Pagani G, D’ Antonio F, Khalil A, Papageorghiou A, Bhide A, Thilaganathan B. Intrafetal
laser treatment for twin reversed arterial perfusion sequence: Cohort study and meta-
analysis. Ultrasound in Obstetrics & Gynecology. 2013;42(1):6-14. DOI: 10.1002/uog.12495

Jelin E, Hirose S, Rand L, Curran P, Feldstein V, Guevara-Gallardo S, et al. Perinatal
outcome of conservative management versus fetal intervention for twin reversed

arterial perfusion sequence with a small acardiac twin. Fetal Diagnosis and Therapy.
2010;27(3):138-141. DOI: 10.1159/000295176



[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

Complications in Monochorionic Pregnancies
http://dx.doi.org/10.5772/intechopen.83390

Zucchini S, Borghesani F, Soffriti G, Chirico C, Vultaggio E, Di Donato P. Transvaginal
ultrasound diagnosis of twin reversed arterial perfusion syndrome at 9 weeks’ gestation.
Ultrasound in Obstetrics & Gynecology. 1993;3(3):209-211. DOI: 10.1046/j.1469-0705.
1993.03030209.x

Schwirzler P, Ville Y, Moscosco G, Tennstedt C, Bollmann R, Chaoui R. Diagnosis of
twin reversed arterial perfusion sequence in the first trimester by transvaginal color
Doppler ultrasound. Ultrasound in Obstetrics & Gynecology. 1999;13(2):143-146. DOI:
10.1046/j.1469-0705.1999.13020143.x

Coulam CB, Wright G. First trimester diagnosis of acardiac twins. Early Pregnancy. 2000;
4(4):261-270

Lewi L, Valencia C, Gonzalez E, Deprest J, Nicolaides KH. The outcome of twin
reversed arterial perfusion sequence diagnosed in the first trimester. American Journal
of Obstetrics and Gynecology. 2010;203(3):213.e1-213.e4. DOI: 10.1002/uog.12495

Lee H, Wagner A], Sy E, Ball R, Feldstein VA, Goldstein RB, et al. Efficacy of radio-
frequency ablation for twin-reversed arterial perfusion sequence. American Journal of
Obstetrics and Gynecology. 2007;196(5):1-4. DOI: 10.1016/j.ajog.2006.11.039

Hecher K, Lewi L, Gratacos E, Huber A, Ville Y, Deprest J. Twin reversed arterial per-
fusion: Fetoscopic laser coagulation of placental anastomoses or the umbilical cord.
Ultrasound in Obstetrics & Gynecology. 2006,28(5):688-691. DOI: 10.1002/uog.3816

Sugibayashi R, Ozawa K, Sumie M, Wada S, Ito Y, Sago H. Forty cases of twin reversed
arterial perfusion sequence treated with radio frequency ablation using the multistep
coagulation method: A single-center experience. Prenatal Diagnosis. 2016;36(5):437-443.
DOI: 10.1002/pd.4800

Cabassa P, Fichera A, Prefumo F, Taddei F, Gandolfi S, Maroldi R, et al. The use of
radiofrequency in the treatment of twin reversed arterial perfusion sequence: A case
series and review of the literature. European Journal of Obstetrics, Gynecology, and
Reproductive Biology. 2013;166(2):127-132. DOLI: 10.1016/j.ejogrb.2012.10.009

Lee H, Bebbington M, Crombleholme TM. The north American fetal therapy network
registry data on outcomes of radiofrequency ablation for twin-reversed arterial perfu-
sion sequence. Fetal Diagnosis and Therapy. 2013;33(4):224-229. DOI: 10.1159/000343223

Tan TYT, Sepulveda W. Acardiac twin: A systematic review of minimally invasive treat-
ment modalities. Ultrasound in Obstetrics & Gynecology. 2003;22(4):409-419

Nicolaides K, Brizot Mde L, Patel F, Snijders R. Comparison of chorionic villus sam-
pling and amniocentesis for fetal karyotyping at 10-13 weeks’ gestation. Lancet. 1994;
344(8920):435-439

Roethlisberger M, Strizek B, Gottschalk I, Mallmann MR, Geipel A, Gembruch U, et al.
First-trimester intervention in twin reversed arterial perfusion sequence: Does size mat-
ter? Ultrasound in Obstetrics & Gynecology. 2017;50(1):40-44

155






Section 6

Preterm Birth







Chapter 8

Quadruplets and Quintuplets

Stelios Fiorentzis, Styliani Salta, Michail Pargianas,
Artemis Pontikaki, Dimitrios P. Koutsoulis,
Christodoulos Akrivis, Dimitrios Akrivis and
loannis Kosmas

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.80338

Abstract

A high-order pregnancy is always a challenge not only for the couple but also for the
obstetrician, the pediatricians, the midwives, and the whole stuff of an obstetric clinic. The
breakthroughs of infertility treatments have made more couples to postpone the birth of
their children until they feel professionally and financially safe, many times after the age
of 40. The advanced age of the mother puts extra pressure to the clinician for immediate
success, leading to a rise of high-order pregnancies until the introduction of regulations
and laws in many countries. The cost of a quadruplet and quintuplet pregnancy can
be unbearable, not only financially but also psychologically. The management of such a
pregnancy is also challenging since its beginning and to the end. Modern techniques and
methods can also be difficult to be implemented on a quadruplet of quintuplet pregnancy
because of the fear of losing four or five embryos at once. At the same time, the limited
number of cases makes it almost impossible for studies to be made and guidelines to be
established for most of the cases.

Keywords: quadruplet, quintuplet, high-order, management

1. Introduction

“High-order pregnancy” is defined by the presence of three or more fetuses. Before the
introduction and widespread of modern fertility methods, a high-order pregnancy was rare
and unique. The first recording of quadruplets, the Smiths, was in 1750 [1]. In 2009, Samson
described again the Gehri quadruplets, born in 1880, the first to have survived to adulthood.
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In 1896, the Lyon quintuplets died within 15 days from birth while the Dionne quintuplets
born in 1934 were the first to survive through infancy [2]. Nowadays, even with the galloping
improvement in perinatal care, a high-order pregnancy still represents a challenge where
outcome is not always favorable.

Dionys Hellin still since 1895 was trying to predict the occurrence of multiples in nature [3].
The “Hellin-Zeleny’s rule” (after the publication of Zeleny’s work in 1921 [4]) was a simple
way to predict the occurrence of multiple births. Among others, Peller in 1946 [5] and Allen in
1960 [6] proposed new versions or improvements of this rule with various imitations [7, 8]. The
incidence of multiple births has changed over time, presenting a decline until the late 1970s and
an increase thereafter [9]. It is estimated that in the United States in 1980 there were 37 triplets
or higher order births per 100,000 births, rising up to 1935 per 100,000 births in 1998 [10, 11].
Quadruplet and quintuplet or higher births raised from 229 and 40 in 1989 to 627 and 79,
respectively, in 1998. Since 1999, a decline is observed, and in 2016, there were 1014 per 100,000
triplets or higher order births, 217 quadruplet and 31 quintuplet and other higher order births
[12]. In France, the increase of triplets or high-order pregnancies reached 310% and in England
and Wales 430% [13]. There is a difficulty to estimate accurately how many of these high-order
pregnancies are a result of natural conception, estimates put this number around 20% [14].

Modern fertility treatments are the most important reason for the increase in multifetal preg-
nancies. Medical societies around the world have recognized the problem and have published
guidelines in order to minimize the frequency of high-order pregnancies resulting from fertil-
ity treatment. The economic side of the matter is also of great importance. In 1996, there was
a report concluding that the cost per woman who delivered singletons or twins was approxi-
mately $39,000, while the cost per woman who delivered triplets or quadruplets was up to
$340,000 [15]. In 2006, the annual cost of each preterm neonate in the USA was estimated
around $51,600 [16]. Since 90% of high-order pregnancies are born prematurely, considering
that the average gestational age at delivery for quadruplets is 29.5 weeks and for quintuplets
29 weeks [17], it is easy to understand the impact of multifetal pregnancies to a tight health sys-
tem budget. Aside the financial cost to the health system, a high-order pregnancy can wreck
any family financial planning. The average costs per child is about $233,680 in the USA (for a
child born in 2015, data published by the U.S. Department of Agriculture), without the college
education. The birth of four, five, or more children can make the cost for the family unbearable.

Together with the progress in infertility treatment, a lot of progress is made in prenatal and
neonatal care. Ultrasound has changed maternity care with the early diagnosis of fetal condi-
tions. New techniques, such as fetal reduction, have made possible a favorable outcome from a
pregnancy with normally poor outcome. Nevertheless, a high-order pregnancy still remains a
challenge for both the clinician and the mother, not only during pregnancy but also after birth.

2. Pathophysiology of high-order pregnancy

A multiple gestation can either occur by a single fertilized ovum splitting (monozygotic),
or by the fertilization of more than one ova at the same time (multizygotic), or even by the
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combination of the above. For monozygotic pregnancies, the timing of the fertilized ovum
splitting dictates the pregnancy chorionicity. When the splitting occurs soon after the fertiliza-
tion, it results in a diamniotic-dichorionic pregnancy. A diamniotic-monochorionic pregnancy
occurs when the fertilized egg splits between the third and the eighth day after fertilization
and a monoamniotic-monochorionic when the splitting occurs between the ninth and twelfth
day. Conjoined twins are formed when the twinning process occurs after the formation of
the yolk sac. A high-order pregnancy can harbor any of the above listed combinations [18].
Fetuses that result from the splitting of the same fertilized ovum are called monozygotic and
the babies have the same genetic profile, physical characteristics, and sex, while fetuses that
result from the fertilization of more eggs have different genetic background and can be of
different sex.

A multiple pregnancy can occur as a consequence of a single ovum fertilization. Liu in 2010
[19] reported a case of a monozygotic quadruplet pregnancy as a result of IVF, although the
pregnancy ended in the ninth week of gestation due to chromosomal abnormalities. Nnadi
in 2013 [20] described a case of monozygotic quadruplet pregnancy conceived naturally that
ended in an elective cesarean section of a set of monochorionic tetra-amniotic quadruplets
at 37 weeks of gestation. Neubecker in 1962 [21] and Rau in 1940 [22] reported two cases of
monozygotic quintuplet pregnancies, indicating the possibility of a quadruplet and quintu-
plet pregnancy arising from a single ovum.

The term superfecundation is used to denote the fertilization of a second or more ova within
hours or days after a first fertilization, which can result in a multiple pregnancy. The two fer-
tilizations can be either due to differed sexual intercourses or as a consequence to sexual inter-
course in a context of in vitro fertilization and embryo transfer. Peigné in 2011 [23] reported
a case of a multiple pregnancy as a result of intercourse 1 day after the oocyte pick-up, while
Milki in 2001 [24] reported a case of multifetal pregnancy occurring after sexual intercourse
5 days prior to oocyte retrieval. Superfecundation raises the issue of paternity among sepa-
rately fertilized ova. Wenk et al. in 1992 [25] reviewed a parentage test database of 39,000
records of parents involved in paternity suits and reported the percentage of heteropaternal
superfecundation among dizygotic twins to be as high as 2.4%. In contrast to superfecunda-
tion, the term superfetation is used to describe a multiple pregnancy resulting after ovula-
tion, and fertilization occurs during an established pregnancy. Superfetation has not yet been
proven possible in humans, although it exists in animals [26].

3. Predisposing factors for a high-order pregnancy

There have been described several factors related to increased incidence of multiple preg-
nancy, in particular twin pregnancy. Factors predisposing to a multiple pregnancy differ
between monozygotic and multizygotic pregnancies in nature. The difficulty to determine
any predisposing factors for quadruplet and higher order pregnancies lies in the limited
series of patients and the lack of available data. Therefore, many factors associated with twin
pregnancies are also considered to have a possible influence on the incidence of high-order
pregnancies.
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Before the introduction of modern infertility treatments, the prevalence of monozygotic twin-
ning was relatively constant among different origins, oscillating between 3 and 5 per 1000
live births [27]. On the other hand, the prevalence of dizygotic twinning differs concerning
race, maternal age, and family history of twinning. Black women have the highest rate of
dizygotic twins followed by Asian women and finally white women. Moreover, women with
a family history for dizygotic twinning, such as a previous dizygotic pregnancy or being part
of or related to a set of dizygotic twins, have greater probability to conceive dizygotic twins
compared to women with no family history [14].

Since the early 1970s, maternal age was considered an important factor that could influence
the conception of a multiple pregnancy, with a reported fourfold increase of dizygotic twin-
ning rate between the ages of 15 and 37 [28]. Maternal age does not seem to affect monozy-
gotic multiple pregnancy rates, as shown in multiple studies [29]. Women between the ages
of 35 and 41 are more likely to have a multiple gestation. The increment in multifetal pregnan-
cies is probably related to higher basal FSH levels for women over the age of 35 compared
to younger women. Higher levels of FSH can be associated with the maturation of multiple
follicles in natural cycles and consequently the occurrence of a multiple pregnancy [30].

There is evidence that a woman’s somatometric parameters are associated with a multiple
pregnancy. Women with a BMI over 30 are more likely to conceive more than one babies
compared to women with normal BMI [31-34]. Noteworthy, a higher BMI increases the prob-
ability of multizygotic pregnancies but not monozygotic ones. Women'’s height has been asso-
ciated with multiple pregnancies, even though its impact is less important than weight [34].
Women who are taller than 173 cm seem to have higher probability for dizygotic twinning
compared to women shorter than 165 cm [31, 33].

Some lifestyle choices have also been proposed as predisposing factors for multiple preg-
nancy. Multivitamins and folic acid supplementation have been associated with an increased
incidence of multiple gestation, even though the results were not statistically significant [35].
In order to confirm that the use of folic acid increases the rates of multiple pregnancies (up to
40%), more trials have to be performed [36]. Coffee consumption, smoking, and alcohol have
also been evaluated for their possible positive correlation with multiple pregnancy without
fertility treatments [37]. This observation is surprising, since smoking and alcohol are known
to have negative effects on the fetus and the pregnancy outcome. Kapidaki in 1995 [38] showed
that for each cup of coffee per day there was an increase in the odds for multifetal pregnancy.
Parazzini in 1996 [37], on the other hand, found no relation between multiple pregnancy and
the extent of coffee drinking. In the same study, however, they found that women who were
drinking >15 alcohol units per week and those who were smoking >10 cigarettes per day
were more likely to conceive a multifetal pregnancy. In any case, more studies are necessary
in order to have results that are more reliable.

The use of contraceptive pill and the time after its discontinuation are associated with multiple
pregnancy. The theory behind this affirmation is an increase in the secretion of gonadotropins
shortly after the cessation of the pill that could result in multiple pregnancies. Many stud-
ies, since the 1970s [39-42], have denoted an increase in twin pregnancies after the cessation
of oral contraceptive pills. A study by Campbell in 1987 [43], however, found no statistical
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significance between the cessation of oral contraceptives and the incidence of monozygotic
or dizygotic twinning. In the same study, no significance was found between the time after
cessation of contraceptives and the occurrence of twin pregnancy. As far as high-order preg-
nancies are concerned, there are no available data due to the limited number of cases.

Wen et al. in a study in 2004 [44] observed that women with high-order pregnancies were
tended to be white (78.8% for twins, 89.4% for triplets, and 94.8% for quadruplets and more) and
older (67.6% of mothers of triplets, 64.6% of quadruplets, and 46.3% of twins were older than
30 years). Moreover, they were more likely to be married (72% for twins, 90.6% for triplets, and
97.4% for quadruplets and more) and of higher education. Mothers of triplets, quadruplets,
and more were less likely to have smoked during pregnancy and more likely to have received
prenatal care earlier (93.6 and 94.6% for triplets and quadruplets in first trimester compared to
the 85.4% for twin pregnancies). Finally, they were more likely to be women undergoing their
first pregnancy (34.1% for twins, 51.2% for triplets, and 52.7% for quadruplets and higher). In
a study by Luke and Brown in 2008 [45], which included the U.S. births from 1995 to 2000, the
same demographic characteristics are evident among mothers of quadruplets, white, older
women of higher education and at lower parity, married, and non-smokers.

Nowadays, the most important predisposing factor for multiple pregnancy is modern fer-
tility techniques. Induction of ovulation, the transfer of more than one embryos, IVF, ICSI,
assisted hatching, or even the culture media have all been associated with increased incidence
of a multiple gestation [14]. Some of the above have been strongly associated with multiple
pregnancy, and regulations have been established in many countries either by law or official
guidelines in order to reduce the incidence and any eventual complications of a multiple preg-
nancy (for instance, there is a limitation of the number of embryos allowed to be transferred).
Many studies exist in literature, including case reports, for quadruplet/quintuplet pregnan-
cies after single/double blastocyst transfer. Quadruplet pregnancies have been reported after
the transfer of only one [46] or two embryos [47-49], with variable chorionicity. There are also
case reports of quintuplets originated from one fertilized egg (the Dionne quintuplets) and
two [50, 51] or three blastocysts [52].

4. Diagnosis of a multifetal pregnancy

Early diagnosis of a multiple pregnancy is crucial for achieving the best outcome and for pre-
venting as many complications as possible, either maternal or fetal [53]. The preferred method
to diagnose a multifetal gestation is by ultrasonography. This method is accurate enough to
reveal a multiple pregnancy by the fourth week of gestation, although the number of yolk or
gestational sacs can be misleading as early in pregnancy [54].

The term “vanishing fetus” or “natural fetal reduction” is used to describe the loss, through mis-
carriage, of one or more fetuses during a multiple gestation. This phenomenon can be observed
up to the 16th week of pregnancy, and it can be either asymptomatic or it can present with bleed-
ing, pain, or abdominal cramps. Before the introduction of ultrasound, a vanishing fetus could
only be diagnosed after delivery [55]. Dickey et al. estimated that the prevalence of a vanishing
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fetus before the 12th week of a quadruplet pregnancy could be as high as 65% with great vari-
ability among different researchers [56]. They also showed that the probability of a spontaneous
absorption in a multiple pregnancy was directly related to the initial number of gestational sacs
and to maternal age (p <0.001 and p <0.01, respectively). In the same study, they concluded that
the average duration of reduced twin pregnancies with initially four sacs was 11 days shorter
when compared to the duration of unreduced twin pregnancies (254 days—243 days, p <0.001).
In addition, the birth weight of naturally reduced twins was lower compared to the weight of
unreduced twins (2024 + 668 g compared to 2453 + 575 gr, p < 0.003).

Ultrasonography plays an important role in the diagnosis of chorionicity and placentation of
a pregnancy. Determining chorionicity is crucial, since twin and triplet pregnancies with at
least one monochorionic pair have greater perinatal morbidity and mortality [57, 58]. Perinatal
mortality in quadruplets tends to be five times higher when a monochorionic set is present com-
pared to quadra-chorionic [57]. Adeghite et al. in 2007 [59] compared the differences in neonatal
complications between quadra-chorionic quadramniotic and trichorionic newborns. There was
statistically significant higher incidence for almost all complications considered within the
trichorionic group. This group also had statistically significant higher rates in neonatal death
when compared to the quadra-chorionic group. Furthermore, trichorionic infants were born
much earlier and weighed less compared to the quadra-chorionic ones: 28 vs. 32 weeks and 69%
<1000 g vs. 13% <1000 g (p < 0.001), respectively. There was no difference between the groups in
regard to the mode of delivery. Some data suggest that the use of modern infertility treatment
methods is associated with monozygotic twinning, although the data for some of these methods
are conflicting [60]. Since 75% of monozygotic twins are also monochorionic [61], women who
have undergone such treatments and have a multifetal gestation must be suspected for mono-
chorionicity. Chow et al. in 2001 in a study of 464 multiple gestations showed that in multiple
gestations arising from artificial reproduction treatments, there is a correlation between the
number of fetuses and the rates of monochorionic pairs [62]. Monochorionic pairs were present
in only 2.1% of twin pregnancies, while in quadruplet and quintuplet pregnancies the rates
were as high as 25% (p < 0.05). Chow et al. finally confirmed the observation made in earlier
studies that a monochorionic pair is more likely to be found in a naturally conceived gestation.

Early ultrasound evaluation can identify placentation correctly in over 90% of multiple gesta-
tions, and in case this is not possible, the gestation should be treated as monochorionic [17].
The data regarding the incidence of placenta previa in a multiple gestation are conflicting.
Some of them suggest that placenta previa is up to 40% more common in twin pregnancies
[63], probably due to limited space in the endometrial cavity [64], whereas others argue that
the incidence of placenta previa is not correlated with the number of embryos [65].

5. Complications and management of quadruplet/quintuplet
pregnancies

Women with quadruplets and higher-order pregnancies are at increased risk for obstet-
ric complications compared to women with twin pregnancies. Moreover, a dose-response
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relationship can be found for certain complications of the pregnancy. Wen et al. [44] in 2004
compared the outcomes in women with twins, triplets, quadruplets, and high-order pregnan-
cies from 1995 to 1997. They concluded that women with triplets and more were in greater
risk for pregnancy associated hypertension, eclampsia, anemia, diabetes mellitus, placental
abruption, premature rupture of the membranes, and cesarean delivery, even after the adjust-
ment for important confounding factors. Wen also compared the maternal health outcomes.
Women with triplets, quadruplets, and higher order are predisposed to develop pregnancy-
associated hypertension and diabetes mellitus (7.68% for twins, 10.32% for triplets, and 11.57%
for quadruplets and higher order for hypertension, while for diabetes mellitus the rates were
3.34% for twins, 5.97% for triplets, and 6.75% for quadruplets and higher order). Twins were
less frequently delivered by cesarean section (51.21% compared to 86.78 and 84.87% for trip-
lets and quadruplets or higher, respectively) and had less chances for a premature rupture
of the membranes (6.66% for twins, 11.17% for triplets, and 10.65 for quadruplets and more).
The rise in rates for cesarean delivery as the number of fetuses increases could also explain
the low rates of induction of labor and use of forceps and vacuum among triplets and quadru-
plets compared to twin pregnancies. The study by Luke and Brown in 2008 [45] also came to
the same results that quadruplet pregnancies have greater chances for pregnancy-associated
complications when compared to twin pregnancies. In the study by Luke and Brown, the
p-value was <0.0001 for diabetes mellitus, incompetent cervix, induction of labor, stimulation
of labor, tocolysis, cesarean delivery, premature rupture of the membranes, infant death of
>1 baby, birth at <29 weeks of pregnancy, and <0.05 for pregnancy-associated hypertension
and eclampsia.

Multiple pregnancies present increased spontaneous loss rates, and these rates increase in
parallel with the increase of the number of the fetuses. The authors estimate that a quadruplet
pregnancy has a 25% chance for a spontaneous loss, while a quintuplet has three times more,
up to 75%. This rise is more obvious when these rates are compared with the ones for a twin
and a triplet pregnancy (8 and 15 respectively) [66].

Preterm labor has been proven the most common maternal complication in high-order
pregnancies [67], and it is directly associated with the increased perinatal morbidity and
mortality observed in these pregnancies, while the rates of pregnancy complications seem
to be raised alongside the increase of the number of fetuses [14]. More than 90% of high-
order pregnancies are born prematurely, with the approximate gestational age at delivery
for quadruplets to be estimated around 29.5 weeks, while for quintuplets this point is up to
29 weeks of gestation [17]. In USA, in 2016, the 93% of quadruplets (217 cases) and the 100%
of quintuplets and higher order pregnancies (31 cases) have been born before the 34th week
of gestation [12].

In order to prolong the pregnancy, several methods have been used. Bed rest, either hospi-
talization or home rest, is a method still widely used. Although some researchers considered
bed rest the most important mode of treatment and it was used to be advised to all patients
[53], Crowther in 2001 [68] for a Cochrane review synthesized seven controlled trials includ-
ing twin and triplet gestations. Bed rest has been proven ineffective to reduce preterm labor,
while on the same time it was psychologically distressing.
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Another method widely used for reduction of preterm labor in high-order pregnancies was
prophylactic cervical cerclage. In the 1970s, it was suggested that prophylactic cervical cer-
clage could be beneficial in the prevention of preterm labor for multiple pregnancies [69].
More than 40 years after that, prophylactic placement of cervical cerclage—transabdominal
or transvaginal —is considered of undetermined value [70] or of no significance regardless of
the indication [71]. Straus in 2002 compared a group of quadruplet and quintuplet pregnan-
cies with cerclage and one without and found that the birth weight was higher in the cerclage
group (p < 0.001). Despite the higher birth weight in the cerclage group, it was also evident
that the perinatal morbidity and mortality were higher (69 vs. 32% for the non-cerclage group
for morbidity and 10.26 vs. 5.55% for mortality), although the results due to the small number
of cases were of no statistical significance. Strauss concluded that in order to see if prophylac-
tic placement of cervical cerclage has anything to offer to multiple pregnancies, randomized
controlled studies have to be made, something difficult due to the limited number of multiple
pregnancies.

Tocolysis is also another method for the prevention or delay of preterm labor. Several research-
ers and clinicians used several different medicines, as prophylactic treatment. Prophylactic
tocolysis is not recommended since the data show no effect on risk reduction for preterm
birth and further studies are needed [72]. Prolonged use of these medicines is also not recom-
mended since tocolysis does not seem to have a significant result to extend the pregnancy for
more than 7 days [73].

Cervical pessary is another widely used strategy to prevent preterm labor. Research has been
made for singleton and twin pregnancies, with conflicting results [74]. For multiple pregnan-
cies, Liem et al. [75] in a randomized controlled trial, cervical pessaries were not effective in
preventing preterm birth, but showed some success for cases with a cervical length of less
than the 25th percentile, but further research is needed with more patients. The researchers
also noted the low cost of a pessary and the fact that it was well tolerated by the women in the
trial, making it a choice to consider in developing countries.

Another strategy used to prolong a multiple pregnancy is the use of progesterone, with vaginal
distribution to be preferred than the intramuscular one in terms of fewer maternal side effects
[76]. Although for singleton pregnancies, progesterone is considered an effective choice, for
multiple pregnancies there is insufficient evidence for the recommendation of its use, with or
without a short cervical length, despite the use of 17-alpha-hydroxy-progesteronecaproate by
some experts in women with multiple pregnancy and prior spontaneous preterm birth [77].

It is estimated that about 25-30% of preterm labor is the result of preterm premature rup-
ture of the membranes [78]. Luke and Brown in 2008 [65] published a study in which they
compared risk rates for maternal and neonatal complications among high-order pregnan-
cies. According to their results, quadruplet pregnancies are more likely to be diagnosed with
preterm premature rupture of the membranes (10.64% compared to 9.61% for triplets and
6.17% for twin pregnancies, p < 0.001). In another retrospective cohort study of more than
290,000 live births, premature rupture of the membranes complicated 19.6% for quadruplet
and 100% for higher order (>4) pregnancies compared to 19.3% for triplets, 11.2% for twins,



Quadruplets and Quintuplets
http://dx.doi.org/10.5772/intechopen.80338

and 3.1% for singletons [79]. In the same study, the proportion of preterm birth attributable to
premature rupture of the membranes for extremely preterm gestational ages (before 28 weeks
of pregnancy) was 50% for quadruplets and 100% for higher order pregnancies compared to
26.9, 34.6, and 26.5% for triplets, twins, and singletons, respectively (p < 0.001). On the other
hand, premature rupture of the membranes for late preterm gestational ages (34-37 weeks of
gestation) contributed to 10% of quadruplets, 12.2% of triplets, 11% of twins, 10.2% of single-
tons, while no high-order pregnancies could reach that gestational age (p <0.001). Finally, for
quadruplets and high-order pregnancies, Caucasian race was a common aggravating factor,
and premature rupture of the membranes in multifetal gestations increased with gestational
plurality and occurred at earlier gestational age.

Hypertensive disorders of pregnancy are more common among multiple pregnancies, in
particular quadruplet pregnancies have a reported incidence of pregnancy-associated hyper-
tension up to 40% with earlier and more severe onset [80]. Day in 2005 [81] showed that the
rate of mild and severe preeclampsia is similar for triplets and quadruplets, with the exclu-
sion of women who delivered before 28 weeks. The rates for development of any pregnancy-
associated hypertensive disorder were 19.6% for quadruplets, 20% for triplet pregnancies,
12.7% for twins, and 6.5% for singleton pregnancies. The same study showed that the rates for
severe pregnancy-associated hypertensive disorders were 1.1, 3.1, 1.6, and 0.5% for quadru-
plet, triplet, twin, and singleton pregnancies, respectively. When comparing quadruplet with
singleton pregnancies, quadruplets were strongly associated with severe pregnancy hyper-
tension disorders (p < 0.01). The studies by Wen in 2004 [64] and Luke and Brown in 2008 [65]
also showed that women with quadruplets are more likely to develop pregnancy-associated
hypertension compared to twins. Since placenta plays an important role in preeclampsia [82],
the increased mass of the placenta in multifetal pregnancies is probably associated with the
occurrence of preeclampsia. Preeclampsia is often atypical, with hypertension not always
present, but with abnormal laboratory values. Hardardottir in 1996 [83] reported that in a
series of three cases delivered for preeclampsia among eight quadruplet pregnancies, only
one developed hypertension, none proteinuria, one had edema, and two had elevated uric
acid >5 mg/dl. In the same study, the mean age for women with quadruplets and preeclamp-
sia was 34 years and without preeclampsia was 28.6 years, with no statistical significance.
Despite the progress in understanding the pathogenesis of preeclampsia, little progress has
been made in terms of treatment [84].

Molar pregnancy coexisting with live fetuses is a rare condition, with cases resulting to the
delivery of a live fetus to be even scarcer. There are reports of quadruplet pregnancies with
coexisting mole with different management and outcomes. The outcome does not usually
include viable fetuses [85]. No guidelines for the management of a multiple pregnancy coex-
isting with a complete hydatidiform mole and live fetuses occur. Therapeutic abortion is
always an option to consider, since the chances for delivering a live fetus are very low and
the maternal risks are very high [86]. Tariq in 2014 [87] published a case report of a molar
pregnancy diagnosed at 22 weeks where continuation of the pregnancy with close surveil-
lance was decided. The mother was under close monitoring and went into preterm labor at
33 weeks. Three viable fetuses were delivered.
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Gestational diabetes can be expected to be more common among women with multifetal
pregnancy. It has been shown that women with twins have higher rate of gestational diabetes
than women with singleton pregnancies [88] and women with triplets tend to have higher
rates than twins [89]. Wen in 2004 [64] showed a direct relationship between the number of
fetuses and the rates of gestational diabetes. Luke and Brown [65] in 2008 confirmed these
results by comparing twin and quadruplet pregnancies (p-value < 0.0001). The rarity of qua-
druplet and quintuplet pregnancies makes further research necessary in order to confirm that
the rise in gestational diabetes rates continues among quadruplet and quintuplet pregnancies.

Women carrying multiples are at increased risk for urinary tract infection, with the rates for
multiple pregnancies to be up to 4.6% compared to 3.7% for singleton pregnancies [90], pos-
sibly because of the larger size of the uterus or the levels of progesterone in the maternal
circulation.

Nutrition and weight gain are of great importance in a multifetal pregnancy. Unfortunately,
there are no recommendations available for quadruplet and quintuplet pregnancies. What is
expected, is that weight gain might be faster than with triplets and twins, and although there
are recommendations for singletons, twins and triplets, that has not yet been possible for
higher-order pregnancies [91]. Multivitamin supplements such as folic acid, calcium, and vita-
mins are recommended, due to the high nutrient needs of the mother and the fetuses. Anemia
and iron deficiency are the most common pregnancy-related complications [92, 93] and are
associated with a series of maternal and neonatal complications, such as preterm delivery
[94], low birth weight [95], birth asphyxia [92], and iron deficiency in high-risk infants [96].
Anemia and iron deficiency are more prevalent among women with a multifetal pregnancy
compared to women carrying singletons, so nutriments and supplements containing iron are
highly recommended [93]. Vitamin D and calcium through supplements, essential fatty acids
through fresh or canned oil-rich fish, and additional energy and macronutrients are advised
but there no studies estimating the exact daily requirements [91].

The positive effect of corticosteroid administration in singleton pregnancies is well established.
In multifetal gestations however, the datas are still limited. There have been reports suggesting
that betamethasone administration in quadruplet births is associated with increased uterine
contractions, preterm labor with cervical change, and preterm labor requiring tocolysis [97].
Despite that, a single course of corticosteroids is recommended for all multifetal pregnant
women at risk of preterm delivery between 24 and 0/7 weeks and 33 and 6/7 weeks of gesta-
tion. In addition, a single repeat dose should be administered to women less than 34 weeks of
gestation, at risk of preterm delivery within 7 days, and whose prior dose of corticosteroids
was administered more than 14 days before [98].

Quadruplets and quintuplets have higher neonatal and perinatal mortality compared to trip-
lets. Skrablin et al. in 2000 [99] published a study of 51 quadruplet and quintuplet pregnancies
compared to 156 triplet pregnancies. They found no significant difference when compared
the two groups for stillborns and neonatal mortality >28 weeks. On the other hand, they
observed a statistically significant difference when they compared neonatal deaths (p = 0.02),
the “Discharged Alive” (76.3% for triplets, 54.9% for quadruplets and quintuplets, p = 0.003),
early neonatal mortality for >1000 g (p = 0.04), and perinatal mortality for >24 and >28 weeks of
pregnancy (both p =0.005). Mortality and morbidity seem to be related with preterm delivery,
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and high-order infants have comparable rates compared to singletons and twins of the same
gestational age [70, 100]. In a retrospective study by Hernandez in 2009 [101], 26% of multiple
pregnancies had at least one death (including triplets). In particular, 54% of quadruplet and
100% of quintuplet pregnancies had at least one death, while the average weight at birth
was 750 g for dead quadruplets and 1341 g for surviving quadruplets (p < 0.0007). Chibber
in 2003 [102] in a study including 100 triplet, 27 quadruplets, and 10 quintuplet pregnancies
showed that low birth weight is crucial for perinatal mortality and morbidity, with low birth
weight complicating most of the 34 neonatal deaths in the quadruplet and quintuplet groups.
Multiples are at increased risk of growth problems compared to singletons, with the degree
of intrauterine growth restriction to increase as the number of fetuses increase. In the USA,
in 2016, 77.1% of quadruplets were below 1500 g and 96.2% below 2500 g. When considering
quintuplets and more, these rates rise up to 80.7 and 100%, respectively. The limited space
in uterus and the limited nutrient supply might be responsible for low birth weight [103].
Unfortunately, there are no specific data for quadruplets and quintuplets.

A low Apgar score at birth is a common concern for neonatologists when a high-order preg-
nancy ends. Chibber in 2003 [102] highlighted the differences between triplet and higher
pregnancies when the Apgar scores of the first and fifth minute were compared. The mean
first-minute Apgar score for triplets was 7.8, while for quadruplets and quintuplets was only
6.2 (p <0.01). When compared the five-minute Apgar score, this was 8.8 for triplets and 7.2
for quadruplets and quintuplets (p < 0.05). Skrablin et al. in 2000 [99] also observed statisti-
cal significances in their study, with the mean first-minute Apgar score for triplets to be 6.4
and for quadruplets-quintuplets 4.9 (p = 0.003) and the five-minute Apgar score to be 7.6 for
triplets and 6 for quadruplets and quintuplets (p = 0.01).

There are also some rare complications which have been reported in high-order pregnancies,
but due to the limited number of cases, no guidelines are available. Fetofetal transfusion has
been reported in quadruplet pregnancies [104-106] as well as quadruplet pregnancies with
conjoined twins [107, 108]. Another complication that has been described in a quadruplet
pregnancy was the rupture of an unscarred uterus, raising the debate of the ideal delivery
time for a high-order pregnancy [109]. High-order pregnancies have significant higher rates
of peripartum hysterectomy compared to singleton pregnancies [110], although the data from
quadruplet and quintuplet pregnancies are limited.

6. Multifetal pregnancy reduction

High-order pregnancies hold a significant risk of miscarriage as well as neonatal and maternal
morbidity and mortality. Fetal reduction, since its introduction in 1988 by Evans and his asso-
ciates [111], has shown encouraging results in regard to the outcome of a multiple pregnancy
[66]. Antsaklis et al. in 2004 [112] in a series of 313 multiple pregnancies showed that fetal
reduction can reduce the risk of pregnancy loss and severe prematurity in quadruplets and
higher order pregnancies and result, in most cases, in at least one live neonate. In particular,
he compared the two largest groups, that is triplets and quadruplets reduced to twins, as for
miscarriage (8.25 vs. 8.96%), preterm delivery defined as <33 weeks (11.18 vs. 19.67%), and
total fetal loss rate (15.41 vs. 14.93%). Altogether, the reduction of a high-order pregnancy
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with more than four fetuses to twins holds the best outcome. When the median gestational
age at delivery was compared, this was higher for >4 fetuses reduced to twins rather than
triplets (36 vs. 31 weeks respectively) and for quadruplets reduced to singletons rather than
twins (38 vs. 36 weeks respectively). Evans in 2014 [66] showed a 25% decrement of fetal loss
when quadruplet pregnancies were reduced to either twins or singletons. In the same line,
when quintuplets were reduced to twins, the risk of fetal loss was decreased by 50%.

Fetal reduction can be done either transabdominally or transvaginally. When the transab-
dominal approach is used, the proposed time frame is between the 10th and 16th week of ges-
tation, although the optimal timing is often arbitrary (Davis in 2014 [113] cited four different
time frames suggested by four different researchers). Fetal reduction using the transvaginal
approach can be performed earlier in the pregnancy when the placenta and the embryo are
smaller. There is some skepticism concerning the transvaginal approach and the possibility of
introducing vaginal bacteria [114]. Therefore, each center follows the practice they are more
experienced in, since it has been shown to affect significantly pregnancy outcomes in terms of
fetal loss and prematurity. Evans et al. in 2001 [115] studied the evolution of pregnancy out-
comes across time: before 1991, from 1991 to 1994, and after 1994. Loss rates decreased from
13.2 t0 9.7 to 6.4%, respectively. More specifically, loss rates for quadruplets reduced to twins
were 13% before 1994 and only 6.6% thereafter, although it is difficult to identify whether
experience, better ultrasonography techniques, or both played the most important role.

Fetal reduction is usually done by directly injecting KCL as a cardiotoxic agent, although
aspiration of the embryonic parts has also been used [116]. Another reduction method used
is thermocoagulation [117], either bipolar cord coagulation or radiofrequency ablation with
similar results [118, 119]. Ligation of the cord as well as suture and compression of the cord
on the uterine wall have also been used for fetal reduction [120].

First trimester reduction is a relatively simple and safe procedure with good results [121].
Nevertheless, many authors propose to perform fetal reduction in the second trimester after
prenatal screening and possible detection of fetal abnormalities. Geva et al. in 2000 [122] pub-
lished a series of 38 multifetal reduction procedures in the second trimester compared to 70
fetal reduction procedures in the first trimester. He included four quadruplet gestations in the
first group and 18 in the second. The mean gestational age for quadruplets reduced to twins in
the second trimester was higher compared to quadruplets reduced to twins in the first trimes-
ter (36.7 £ 1.2 vs. 33.6 + 3.9 weeks respectively, p = 0.01). Accordingly, the mean birth weight of
quadruplets reduced to twins in the second trimester was higher compared to the mean birth
weight of quadruplets reduced to twins in the first trimester (2111 + 3089 g vs. 1762 + 503 g
respectively) (statistically significant). When all pregnancy complications were compared, no
statistically significant difference was found between the two groups, except for premature
labor (p = 0.046). The authors concluded that when the second trimester is chosen for reduc-
tion, detection of fetal abnormalities and selection of an affected fetus can improve the outcome
to similar results as for a first trimester reduction. This observation motivated several authors
to propose the 15th-16th week of pregnancy as the optimal moment for fetal reduction [113].

Fetal reduction has shown to be a valuable option for high-order pregnancies (>4) [123,
124]. Antsaklis et al. in 1999 [125] compared the outcomes of reduced twins (from quadru-
plets and triplets) to unreduced twins. There was no difference in regard to perinatal or
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obstetric complications. When he compared the outcomes of reduced twins between the
10th and 11th week of gestation from triplet or quadruplet pregnancies, there were still no
significant differences between the two groups. Wang in 2007 [126] studied 37 multifetal
pregnancies reduced between the 12th + 1 and 25th week of gestation. He concluded that
the incidence of preeclampsia is decreased after reduction. Boulot in 1993 [124], from a
series of 61 multifetal pregnancies, concluded that the rate of miscarriage is lower when
the aim of the reduction is twins rather than singletons. However, he found that the mis-
carriage rate was significantly lower when one fetus was reduced compared to 2 fetuses
(6 vs. 24% respectively, p <0.05). In another study by Timor-Tritsch in 2004 [127], the total
pregnancy loss (at less than 24 weeks) for reduced quadruplets was at 1.8% (2.4% for the
transabdominal route and 0% for the transvaginal route, p = 0.56). In the same study, the
total pregnancy loss (at less than 24 weeks) for reduced quintuplets was at 14.3% (15.4% for
the transabdominal route and 12.5% for the transvaginal route, p = 0.65). Multiple studies
have concluded that the birth weight, gestational age at delivery, and perinatal mortality
rate were directly correlated with the final number of fetuses [112, 128, 129]. Reductions of
more than one fetus can be done in one session; however, when 5 or more fetuses need to
be reduced to a singleton, two sessions seem to have better results than one, with 1 week
interval between the sessions [66].

Another point to consider when counseling a couple about fetal reduction is the possibility
of one of the remaining fetuses to develop intrauterine growth restriction. There is evidence
that fetal reduction is not associated with an increased risk of intrauterine growth restric-
tion, unless it is performed on a high-order pregnancy [130]. Depp et al. in 1996 [131] have
shown that when quadruplet and higher order pregnancies were reduced to twins the inci-
dence of one or more IUGR among fetuses was greater compared to non-reduced twins.
The frequency of discordance was directly linked to the pre-reduction fetal number. The
frequency in the non-reduced twin cohort was at 16.3%, and the rate of discordance for
quadruplets reduced to twins was at 26.1%,while for higher order reductions reduced to
twins was at 34.2%.

When discussing with a couple about the risks of multifetal pregnancy and the option for
fetal reduction, the psychological strain needs to be addressed and properly managed. The
first reaction of a couple when a multiple pregnancy is diagnosed is generally favorable,
although parents need to be counseled about the risks of a multifetal pregnancy. A proposed
fetal reduction can cause anxiety to the couple, but eventually the majority of patients accept
to abort some fetuses in order to preserve the lives of the others [132]. Specifically, when qua-
druplets or more fetuses are involved, couples are more inclined to go through a reduction
procedure [133], and in some cases, they consider reduction as mandatory [121], although
ethical issues may always be a concern.

7. Delivery of a quadruplet or quintuplet pregnancy

The delivery of high-order pregnancies is challenging for the mother, the obstetricians, and
pediatricians. Malpresentations are common, while the babies often require intensive care
and special treatment, considering that more than 90% of high-order pregnancies are born
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prematurely. Average gestational age at delivery is estimated around 29.5 weeks for quadru-
plets and 29 weeks for quintuplets [17], although term delivery has also been reported, mostly
as case reports [20, 134, 135]. The rates of preterm birth in the USA at <37 weeks of gestation
are estimated at 96.77% for quadruplets and 100% for quintuplets and more. When it comes
at <34 weeks, the estimated rates are at 93.09% for quadruplets and 100% for quintuplets [12].

Cord prolapse, hemorrhage, and abruption of the placenta are undesirable possible com-
plications for any vaginal delivery, but in a high-order pregnancy where the mother and
the fetuses are more vulnerable are even more undesirable. While there are many reviews
about the mode of delivery for twin and triplet gestations, this is not possible for quadruplet
and quintuplet pregnancies. For quadruplet pregnancies, vaginal delivery has been reported
[136]. Cesarean section is preferred if the obstetrician is not confident enough with vaginal
delivery maneuvers [137], while on the same time when an elective cesarean is selected, it
allows the optimal preparation and logistic conditions [138]. The time of the elective delivery
is also to be considered, with Elliot reporting choosing the 34 + 0 weeks for quadruplets [17].
Finally, further research is needed in order to safely determine whether cesarean or vaginal
delivery can affect the Apgar score of the newborns [139].

The most challenging cases of quadruplet and quintuplet pregnancies are the cases where
preterm labor of at least one fetus has occurred and delayed interval delivery is considered an
option in order to improve the chances of survival for the remaining fetuses. Such cases with
at least one newborn surviving have been published, both for quadruplet [140, 141] and for
quintuplet pregnancies [142]. For twin and triplet gestations, some authors consider delayed
internal delivery a viable option [143, 144], while for quadruplet and quintuplet pregnancies,
there are still not enough data.

8. Conclusion

In cases of a quadruplet, quintuplet, or any high-order pregnancy, early diagnosis is crucial
for the further management and treatment. The international literature concerning pregnan-
cies with more than three fetuses is still limited, and it is not going to be any better in the
future. The prevalence of high-order pregnancies after the rise until 1996 is tending to nor-
malize, making—again—unique and rare such cases. The lack of cases and the diversity of
these cases make it difficult to manage the complications, which will probably arise during a
high-order pregnancy. New treatments used for singleton or twin pregnancy complications
cannot always be considered as options for treating a high-order pregnancy, especially when
no data are available. Beside the scientific interest for these cases and the challenge they pose
to anyone dealing with them, it is always important to remember that the couple suffers the
greater burden. The psychology of the couple should never be underestimated. Even by the
beginning of the pregnancy, the possibility of a result not favorable is always in mind, so
additional support is necessary. Fetal reduction is a method that improves the outcome of
these pregnancies and could be offered as an option when there is experience with the proce-
dure and no other limitations are present (e.g. religious).
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Abstract

Multiple pregnancy differs from singleton pregnancy in several aspects, including
increased risk of preeclampsia, fetal malformation, maternal morbidity, and mortal-
ity. However, certainly, prematurity is a fundamental concern when twin gestation is
approached, due to the frequency of this disease and also to the severity of preterm
birth, which unfortunately can also occur near to the fetal viability limit. Labor in twin
pregnancy generally occurs before singleton pregnancy. Nevertheless, another factor can
contribute to raise even more preterm birth rates in this already high-risk gestation: the
short cervix. Although only 1-2% of twin pregnancy present short cervix at transvaginal
ultrasound, this association increases the chance of unfavorable outcome for the new-
born, frequently causing death of one or both twins. So, many strategies were proposed
to minimize this catastrophic situation: follow-up of cervical length to prevent preterm
birth, pessary use, progesterone, tocolysis to postpone birth in 48 hours to 7 days in
order to use corticosteroids in fetal pulmonary maturation, and magnesium sulfate use
to neuroprotection.

Keywords: twin pregnancy, multiple pregnancy, preterm birth, cervical pessary,
progesterone, tocolysis, corticosteroids, magnesium sulfate, neuroprotection

1. Introduction

Preterm birth is defined as delivery before 37 weeks of gestation, starting with fetal viability,
which is around 23-25 weeks. It is known that prematurity is a great villain among pregnancy
diseases due to its extremely high cost. Currently, the technological resources necessary to
offer life support to preterm babies in neonatal ICUs cause expenditures of around 2500-5000
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American dollars per day of hospitalization. Some preterm babies close to the limit of viability
(23-25 weeks) can be hospitalized 100 days, that is, a single preterm baby can cause costs of
250,000-500,000 American dollars to the health system; considering that 10% of deliveries are
preterm, we can comprehend that we are dealing with excessively high Figures [1].

Preterm birth may cause a great impact in the life of the affected. Severe complications can be
mentioned: death, cerebral palsy, intraventricular hemorrhage (IVH), sepsis, retinopathy of
prematurity, behavioral deficits (attention deficit hyperactivity disorder — ADHD) or learning
deficits, respiratory distress syndrome (RDS), increase need for mechanical ventilation/CPAP,
pulmonary dysplasia, and necrotizing enterocolitis [2].

Twin pregnancy is responsible for 2% of all pregnancies, but 15% of extreme preterm birth
(<32 weeks) occurs in twins. Therefore, measures for preterm delivery prevention are of vital
importance in health systems management worldwide [3].

Twin pregnancy for itself is a condition associated with prematurity due to uterine over dis-
tension, and usually twins are born before the 37th week of pregnancy. The average time of
twin pregnancy in a group not selected by the cervix was 35.83 + 8.7 weeks, and in 50% of the
newborns, delivery was prior to 37 weeks [4].

However, twin pregnancy does not occur frequently in the population in general; it accounts
for approximately 1-2% of the deliveries. With the couples decision to postpone pregnancy,
which has happened in the last 20 years, giving priority to women’s presence in the labor
market, the necessity of recurring to assisted reproduction techniques has increased, and the
twin pregnancy rates, in their turn, have been increasing [5].

It is important to notice that the association of risk factors may be of extreme importance in
multiple pregnancy: smoking, infections, vaginal discharge and association with Mullerian
malformations, cervix amputation surgeries, the presence of the previous preterm delivery,
or identification of short cervix may be catastrophic if associated with twin pregnancy [6].
Hence, in twin pregnancy anamnesis and physical examination have a more important role
in detecting risk patients, and more rigorous observation of the uterine cervix may be consid-
ered in cases of duplicated risk factors.

In essence, if during prenatal examinations in the period between the 18th and 24th weeks
the presence of short cervix is identified, the patient will receive the indication of the use of
vaginal progesterone [7], and cervical pessary will be indicated that besides presenting a low
index of collateral effects, promotes an important benefit in extending twin pregnancy and,
mainly, significantly improving the condition of delivery of the newborn to the cares of the
neonatal ICU in situations of preterm birth. The group of preterm birth treated only with
progesterone is generally more severe than preterm birth in association with pessary and
progesterone; in our present series of cases, we obtained a mean gain of 34 days in singleton
pregnancy, and in twins probably similar gain is obtained, as our data will show below.

We can attempt to modify its incidence prior to the occurrence of any modification to the
maternal organism. This prevention is called primary prevention. It is known that smoking is
an important cause of preterm birth. So, tobacco should be avoided even before pregnancy,
although stopping smoking in due time is also a recommended practice [8].
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Another example of primary prevention is the preeclampsia, which causes placental insuffi-
ciency and frequently culminates in preterm delivery (spontaneous or iatrogenic). Today, we
know that the acetylsalicylic acid (ASA) can modify placentation if started in the 12th week of
pregnancy and dramatically reduces the incidence of premature preeclampsia, thus reducing
prematurity caused by this process [9].

It is known that the previous spontaneous preterm birth (SPB) is one of the main risk fac-
tors for a second spontaneous preterm delivery, and any interventions which are developed
or studied with the intention of interfering in this event, modifying its natural course and
increasing the final gestation time, will be characterized as primary prevention.

Furthermore, we can prevent prematurity after the beginning of the first signs of maternal
modification; however, still prior to preterm birth labor being installed, it is called secondary
prevention.

In twin gestation, one of the first signs of maternal modification, which may culminate in
preterm delivery, is premature cervical shortening. Therefore, interference in the process of
cervix modification can be considered secondary prevention of prematurity. Currently, some
aspects in cervix evaluation may increase its risk in case of being detected in concomitance
with short cervix (<25 mm) [10], as the presence of funneling and the presence of intra-amni-
otic sludge [11].

Thus, interventions which interfere in these aspects of cervix modification, are characterized as
secondary prevention. It may be stated that the example of progesterone, which modifies the
endocervical glandular echo (EGE) and the speed of cervix diminishing; the cervical pessary,
which modifies the uterocervical angle (UCA), may reduce funneling and sustain the uterus
upon the perineal striated muscles; cervical cerclage in cases of isthmus-cervical incompetence
to maintain uterine cervix closed; or, furthermore, the use of antibiotics in the treatment of
intra-amniotic “sludge,” which may interfere in cervix inflammation and modify its shortening.

The tertiary prevention of preterm birth consists of interventions when labor has already
started and tocolysis, i.e. inhibition of premature labor by drugs, is a good example of it, and
normally is preconized between 23-24 and 34 weeks of gestation.

So far, there is no evidence that tocolysis is able to indefinitely extend gestation; however, the
therapy is efficient to delay delivery between 48 hours and 7 days, time enough for carrying
out and for the effectiveness of corticosteroid application. These drugs, in their term, have
the function of effectively acting in fetal pulmonary maturation, reducing the perinatal respi-
ratory complications and also intestinal ones (necrotizing enterocolitis), and of the central
nervous system, as, for instance, intraventricular hemorrhage.

Some recent studies reveal that the use of corticoid in gestations with high risk of preterm
delivery is of great importance; however, its repetition in multiple doses is not advisable. Its
usage is to be restricted to no more than two courses, and the second one is to be carried out
only if the fetus effectively and irrevocably is going to be born prematurely.

Repetitive corticoid cycles are banned as evidence in tests with animals and studies in human
beings have revealed that neuronal migration and neuronal apoptosis are modified in fetuses
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exposed to high doses of this drug. Recent studies have revealed that even perinatal mortality
increases (RR 1.12) in pregnant women using this medication, single cycle, for protection
against complications caused by prematurity [12].

Also is considered another form of tertiary prevention of preterm birth the use of magnesium
sulfate for fetal neuroprotection during labor or previous to delivery, in gestations below 32th
week, administered between 12 and 24 hours prior to delivery.

2. Prevention of preterm birth

According to the WHO, preterm birth is today the main cause of death in the first 5 years of
life in the world. Thus, prevention of prematurity is of extreme importance to minimize the
morbidity/mortality perinatal and the high costs involved with this disease.

Primary prevention begins with a good detection index of the problem. The previous preterm
birth is undoubtedly a significant predictor of prematurity, and this is also valid for twin
pregnancies [6]. The more premature the previous delivery was, the higher the risk of recur-
rence. In addition, other factors can contribute to increase preterm birth rates in multiple
pregnancies, as race, schooling, smoking, and short cervix.

Some studies showed higher prematurity rates in black, younger, and low-schooling level
pregnant women [13]. Smoking and primiparity seem to be related to shorter gestational age
at birth too in twin pregnancy [8].

In secondary prevention of preterm birth, cervix evaluation is an important strategy, once
uterine overdistension in multiple pregnancy can perhaps contribute to higher rates of short
cervix and, therefore, higher rates of prematurity. So, many efforts were made to improve
the prediction and prevention of preterm birth in twin pregnancy, in order to enhance the
newborn prognosis, and cervix evaluation is one of them [14].

Transvaginal ultrasound for uterine cervix evaluation is currently the main tracking method
for this severe disease [15], and second trimester ultrasound, between 18 and 24 weeks, is
considered the best period to make the cervical transvaginal ultrasound.

A retrospective cohort study in twin pregnancy concludes that cervical shortening between 18
and 25 weeks of gestation was a good predictor of SPB [16].

In twins, the association of preterm birth frequently caused by uterine overdistension is
largely aggravated by the presence of short cervix, and this association is more evidenced
because of high indexes of preterm birth incompatible with extrauterine life.

It is true that a small performance improvement in this association of problems may com-
pletely change the prognostics of the newborn. Therefore, the recommendation of carrying
out transvaginal ultrasound of the uterine cervix is of vital importance for diminishing pre-
term delivery in twin gestation.

In twin pregnancy, with the previous spontaneous preterm birth or late miscarriage but with
atypical history of cervical insufficiency, strict follow-up of the uterine cervix is necessary
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from the 16th week of gestation, with transvaginal sonographic evaluation weekly, until the
24th week. If short cervical length (<25 mm) is detected, a mechanical treatment (cerclage or
cervical pessary) should be performed until 48 hours after diagnosis [7].

In the uterine cervix analysis, the evaluation of the cervical length <25 mm is considered the
main predictor of preterm birth risk [10]. Also, other factors can be considered as preterm
birth predictors, for instance, the presence of funneling signal [17], the presence of intra-
amniotic sludge [11], the absence of endocervical glandular echo (EGE) [18], and the presence
of uterocervical angle >105° [19], as well as progressive diminishing of the cervix of more than
2 mm/week [15], must be considered also in twin pregnancy (Video https://mts.intechopen.
com/download/index/process/279/authkey/236271ca370424655923c0bb7a7179a0).

2.1. Fetal fibronectin (fFN)

The fEN test consists of detection of this cervicovaginal glycoprotein, collected between 24
and 34 weeks and 6 days. In normal conditions, fFN should not be present at high concen-
trations (cutoff is 50 ng/mL) after 20 weeks, and the objective of this test is to predict spon-
taneous preterm birth within 7:10 days [20]. False-positive results can occur in the sample
contaminated with blood and within 24 hours after intercourse or cervical examination (as
transvaginal ultrasound or vaginal examination), and it should not be performed in cases of
premature rupture of membranes and cervical dilatation <3 cm

The American College of Obstetricians and Gynecologists (ACOG) [7] does not recommend
its use in asymptomatic women with multiple pregnancy as routine, and some reviews have
failed finding enough evidence to support fFN screening [21], once perinatal outcome was
not affected by this intervention, although lower incidence of preterm birth before 37 weeks
was reached.

However, in symptomatic women, this test can be useful to decide the best moment to admin-
ister antenatal corticosteroids in order to promote fetal pulmonary maturation. Published
studies in multiple gestation that evaluated fEN test and cervical changes presented high
sensitivity and high negative predictive value in predicting preterm birth [22, 23]. Probably,
the association of these factors can enhance the approach of twin pregnancies and should be
seriously considered in prevention of prematurity.

2.2. Progesterone

The use of progesterone is the main prophylaxis for preterm birth in singleton pregnancies;
however, in twin pregnancies its performance does not seem to be that good. Currently,
the most recent study with the highest series of cases—a meta-analysis of individual
data—concludes that the utilization of progesterone for twin pregnancies presents favor-
able evidence when used in twins with short cervix (<25 mm) as it presents a high num-
ber of cases by case studies and different clinical tests participated in this meta-analysis.
However, a more detailed case-by-case study shows that 70% of the sample was taken
from one clinical study only [24] favorable to utilization and another five studies with
lower casuistry (30% of the sample) evidence that the medication does not present benefits
in twin pregnancy [25].
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A randomized clinical trial published in 2015 [4] with casuistry of about 200 twin pregnan-
cies, not selected by cervix, compared the use of progesterone and expectant management in
twin pregnancies and did not find differences between the groups. In another multicenter trial
(STOPPIT), 500 twin pregnancies, not selected by cervix also, were randomized, and their peri-
natal outcomes were statistically not different for none of the evaluated perinatal outcomes [26].

Therefore, according to this author’s opinion, we can affirm up to the present moment that
isolated progesterone is not efficient in the prevention of preterm birth in not selected twin
pregnancies; however, in association with short cervix, it can be considered.

2.3. Cerclage

Prophylactic cervical cerclage in multiple pregnancies is controversial, since the systematic
review of randomized trials was not convincing in proving its efficacy in reducing perinatal
death and neonatal morbidity. Even ultrasound-indicated cerclage (i.e., in short cervix) does
not seem to show benefit in twin gestations. However, care must be taken in this analysis,
once there are few trials and the number of patients included was not so impressive [27].
On the other hand, one author suggested improvement in perinatal outcome when cervical
cerclage is indicated in asymptomatic twin pregnant women that present cervical dilatation
(physical examination-indicated cerclage) at 16-24 weeks [28].

ACOG does not recommend cerclage in the incidental short cervix [7], but there is some
evidence of benefit of this procedure when short cervix occurs in suspicious but not typi-
cal history of cervical insufficiency. The diagnosis can be performed by weekly transvaginal
ultrasound since the 16th week. So, cerclage could be performed after shortening of the cervix
in these cases, except in exposed membranes, chorioamnionitis, sepsis, and when there is no
cervical length measurable [16].

2.4. Cervical pessary

Therefore, the Federal University of Sdo Paulo (UNIFESP) has opted for treating the selected
cases of preterm birth risk by short cervix, associated to the above-stated risk factors or previ-
ous preterm delivery. The standard treatment would be naturally micronized progesterone in
the dosage of 200 mg/day, vaginally, or the combination of this therapy associated to cervical
pessary AM-Ingamed. As of 2014, all the cases have been treated with pessary plus progester-
one in the Department of Screening of Preterm Delivery of the UNIFESP.

This conduct was based on the studies of ProTwin and PECEP-Twins, which identified that
twins with short cervix could benefit from the usage of the cervical pessary [29, 30].

Since January 2014 we have obtained 30 cases of dichorionic twin gestations with short cervix
(25 mm). The gestational age of diagnosis varied between 18 and 27 weeks and 6 days (mean
age of 24 weeks and 3 days + 2.8 weeks). The mean cervical length of these gestations at the
time of the pessary placement was 14.9 + 6.8 mm, which reveals an extremely high risk.

In our series of cases, the mean gestational age of delivery was 34.59 + 2.72 weeks, and in a
group of 32 cases of dichorionic twin gestation, not selected by cervix, the mean delivery time
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was 35.83 + 8.7 weeks. It shall be pointed out that between the time of delivery of the group
with cervical pessary and the group not selected by cervix there was a small difference of
1.24 weeks—despite a big difference among the groups regarding the risk due to the cervix—
with statistically no significant difference between the groups (P = 0.11). The mean interval of
permanence with cervical pessary was 10.18 + 3.6 weeks.

The result was 79% of the preterm deliveries below 37 weeks, 42% of premature newborns
below 34 weeks, 17% below 32 weeks, and 4% below 28 weeks; in comparison, the study pub-
lished by Fox et al. (2016) with similar case studies (cervix 11.9 + 4.5 mm with 25.9 + 2.1 weeks)
obtained 44.4% of prematurity below 34 weeks and 28.6% below 32 weeks in patients treated
with vaginal progesterone, only [31]. In the group of twins not selected by cervix, preterm birth
below 37 weeks is obtained in 50% of the cases, preterm birth below 34 weeks in 19%, below
32 weeks in 9%, and no preterm delivery was registered below 28 weeks, as shown in Table 1.

It is important to notice that before 32 weeks (very high risk for adverse neonatal outcome) the
group treated by pessary plus progesterone had a better performance if compared to the group
treated only by progesterone, regarding cervical length in this group which was 3.0 mm lower.

A recent randomized clinical trial from Egypt (El-refaie’s study), compared to the use of pro-
gesterone versus expectant management in twin pregnancies with short cervix. The number of
SPB was considerably lower in progesterone group below 34 and 32 weeks, respectively, 53%
(expectant) versus 35% (progesterone) and 30% (expectant) versus 12% (progesterone group);
the mean cervical length was very similar between groups, close to 22 mm [32].

These data from El-refaie’s trial are similar to data of twin pregnancy from UNIFESP. In this
study pessary plus progesterone group (mean cervical length 14.3 + 7.1 mm) presents a better
performance when compared to El-refaie controls (with short cervix) and also to progester-
one group (with short cervix) below 37, 34, 32, and 28 weeks. It is importantly emphasized
that UNIFESP controls are not selected by cervix and its performance is better because this
group presents lower risk when compared with all other groups. Another important issue is
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Table 1. Comparison of cervical length, mean gestational age of delivery, and percentage of deliveries according to the
gestational age between different groups of treatment: pessary plus progesterone in short cervix twin pregnancy, only
progesterone in short cervix twin pregnancy, no selected by cervix, and no treated twin pregnancy.
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regarding the mean of cervical length which is lower in UNIFESP pessary plus progesterone
group than El-refaie’s groups, which cause higher risk to SPB to pessary group; so but the
performance is better for pessary, despite high risk mentioned (Figure 1).

Considering the birthweight of twins not selected by cervix (n = 32), the mean weight of the
biggest twin was 2.492 + 643 g, and of the smallest twin, it was 2.195 + 665 g; in comparison,
in the twin group with short cervix treated by pessary plus progesterone (n = 24), the weight
of the biggest one was 2.148 + 434 g (p = 0.028), and of the smallest twin, it was 2.037 +425 g
(p = 0.327), presenting a statistically significant difference between the groups for the biggest
newborn, but no statistic difference for the smallest one. This result allows the conclusion that
for the most vulnerable newborn (smallest one), the use of the cervical pessary was sufficient
to modify the statistic difference expected, by cervical length difference, and in accordance
with the difference registered between taller twins.

Furthermore, the use of the cervical pessary did not influence the weight difference between
the fetuses. For the group not selected by cervix, the mean difference was 12 + 6%; for the
group of twins with short cervix, the difference was 11 + 2% (p = 0.375).

This small difference demonstrates clear similarity between treated high-risk cases and cases
of habitual twin pregnancy without involvement or diagnosis of complication factors in the
prenatal routine (Table 2).

This study is according to a prospective, multicenter, randomized clinical trial conducted
in Spain (PECEP-Twin). The primary outcome was SPB before 34 weeks of gestation.
Neonatal morbidity and mortality were also evaluated. Cervical length was measured in
2287 women.

Controls El-refaie = mean cenacal length 22,05 mm £ 1.42 mm 100
Progesterone El-refabe = mean cervical length 22,03 2 1,39 mm

Controls UNIFESP = no cervical evaluation

Pessary UNIFESP = mean cervical length 14,3 2 7, 1mm

75
53
a2 50
35 BN
30
25
19 17
12 g :
2
B el o
< 37 weeks < 34 weeks < 32 weeks < 28 weeks
B Controls El-refaie {n= 108) B Progesterone El-refaie (n = 116)
Pessary UMIFESP [ n = 25) B Controls UNIFESP ( n = 32)

Figure 1. Comparison of percentage of SPB per gestational age between twin pregnancy from El-refaie’s trial with short
cervix (expectant and progesterone group) and UNIFESP twin pregnancy treated by pessary plus progesterone for short
cervix and UNIFESP controls without selection by cervix.
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Table 2. Comparison of birthweight and discordance of weight between groups with short cervix/treated by pessary
plus progesterone twin pregnancy versus not selected/not treated twin pregnancy.

Figure 2. Comparison between the Arabin cervical pessary (blue) and the AM-Ingamed cervical pessary (yellow): They
are similar regarding design, size, and texture. The dimensions (largest lower diameter x smallest upper diameter
x height) of the most frequently used Arabin pessary are 70 x 32 x 25 mm, and of the Ingamed cervical pessary the
dimensions are 70 x 30 x 25 mm.

Pregnant women (n = 137) with a sonographic cervical length (<25 mm) were randomly
selected to receive an Arabin cervical pessary (Figure 2) or expectant management (1:1 ratio).
SPB < 34 weeks of pregnancy was significantly less frequent in the pessary group than in
the expectant group (16.2% vs. 39.4%); relative risk, 0.41. No significant differences were
observed in composite neonatal morbidity outcome (5.9% vs. 9.1%); relative risk, 0.64. No
serious adverse effects associated with the use of a cervical pessary were observed or neonatal
mortality (none) between the groups.

So, the insertion of a cervical pessary was associated with a significant reduction in the SPB
rate. They propose the use of a cervical pessary for preventing preterm birth in twin pregnan-
cies with short cervix [30], corroborating our data.

3. Tocolysis in multiple gestation

When an acute preterm labor is detected, it is possible to use tocolytic drugs to reduce uter-
ine activity, and this is considered part of tertiary prevention. However, the diagnosis of
preterm labor is not always simple, being generally defined as painful and regular contrac-
tions leading to cervical changes after the 20th week and before the 37th week of pregnancy.
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The main goal of tocolysis is not to prevent preterm delivery, once the effectiveness for it is
not proven [33]. However, tocolytic drugs can postpone delivery in 48 hours to 7 days, which
is essential to manage antenatal corticosteroids to accelerate fetal pulmonary maturation and
to transfer the patients to a tertiary care center when necessary [34, 35].

Tocolytic drugs should be administered when there is a clear benefit to the newborn, once
the majority of these drugs has side effects to the mother and, sometimes, also to the fetus.
So, it can be used from viability (23-24 weeks of pregnancy) until the 34th week, as most
guideline recommendations propose. In special cases, they can also be used before viability,
for example, in patients after an intra-abdominal surgery, when the cause of preterm labor is
self-limited [34, 36, 37].

Contraindications for tocolytics include lethal fetal anomaly, preterm premature rupture of
membranes, chorioamnionitis, severe preeclampsia and eclampsia, maternal hemorrhage
with hemodynamic instability, suspected placental abruption, intrauterine fetal demise, and
compromised fetal status [34].

Nowadays, the main drugs used in tocolysis are beta-agonists (as terbutaline), calcium chan-
nel blockers (as nifedipine), cyclooxygenase inhibitors (as indomethacin), and oxytocin recep-
tor antagonist (as atosiban), as exposed in Table 3.

The ACOG recommends as first-line treatment in acute preterm labor in multiple pregnancy
calcium channel blockers and cyclooxygenase inhibitors due to fewer side effects of these
drugs [7]. In UNIFESP, the preference is for calcium channel blockers and oxytocin receptor
antagonists.

3.1. Calcium channel blockers

The main drug of this class used in preterm birth inhibition is nifedipine, and many dosing
regimens were proposed. Among tocolytics, nifedipine was the only drug that seems to statis-
tically reduce neonatal morbidity and to increase gestational age at birth [38, 39].

In addition to being inexpensive, nifedipine is also administered orally and has less adverse
maternal effects when compared to beta-agonists. When present, hypotension, flush, and
headaches usually are not severe [37, 39].

The recommendation in UNIFESP is an initial dose of 10 mg orally every 20 minutes (maxi-
mum of 30 mg in 1 hour) until inhibition is reached, followed by 20 mg orally every 8 hours
for up to 48 hours [40].

3.2. Oxytocin receptor antagonists

Atosiban is an oxytocin receptor antagonist and presents minimum side effects to both mother
and fetus in inhibition of preterm labor. This is a positive aspect, since it leads to a better
acceptance and compliance to treatment [39].

Meanwhile, this medication has a high cost and is administered intravenously. In the United
States, atosiban is not available, because the US Food and Drug Administration (FDA) refused
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Table 3. Principal drugs used nowadays in tocolysis, with recommended regimen dose and important characteristics
of them.

to approve it as a tocolytic due to the results of one trial, which questioned safety of this drug
in pregnancies before 28 weeks. Perhaps, these findings can be explained by the concentration
of oxytocin receptors that increases as more advanced the pregnancy is [41].

In UNIFESP, as in Europe, this tocolytic class is considered an interesting choice, and its
administration begins with a bolus of 6.75 mg followed by a 300 mcg/min infusion for 3 hours
and then 100 mcg/min for up to 45 hours [40].
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3.3. Beta-agonists

The beta2-agonists cause relaxation of the myometrium, and the most studied drugs of this toco-
lytic class were terbutaline and ritodrine, which is no more commercialized in the United States.

Although efficient in postpone preterm labor, terbutaline is also known by many side effects
to the mother (as tachycardia, tremor, palpitations, dyspnea, hyperglycemia and pulmonary
edema) and to the fetus (tachycardia and neonatal hypoglycemia) [41, 42]. So, if possible, in
multiple pregnancy, beta-agonists should be avoided to inhibit preterm labor.

In UNIFESP, when necessary, for example, in the absence of calcium channel blockers and atosi-
ban, terbutaline is used by continuous intravenous infusion. The starting dose is 2.5-5 mcg/min,
increasing 2.5-5 mcg/min every 20-30 minutes until inhibition has been reached (maximum
dose is 25 mcg/min), and maintain this dose for 12 hours. Then, the infusion can be decreased
2.5-5 mcg/min every 20-30 minutes, and the minimum dose of terbutaline is maintained for
more 12 hours [40].

3.4. Cyclooxygenase inhibitors

Indomethacin is considered a first-line drug for acute preterm labor in multiple pregnancy
by the ACOG [7], once it is known its efficacy in postpone delivery by at least 48 hours after
initiated the treatment.

However, it is important to be aware of adverse effects related to indomethacin. During treat-
ment period, the mother is at higher risk of gastritis, esophageal reflux, and platelet dysfunc-
tion. And, the major risk is the premature constriction of the ductus arteriosus of the fetus and
oligohydramnios due to reduction of fetal renal blood flow [43, 44].

If necessary, indomethacin can be administered for a maximum period of 48 hours and
should be avoided after 32 weeks of gestation; when these complications are more common,
it is important to notice that before 32 weeks the risk decreases, but is not zero [37, 41].

Loading dose recommended is 100 mg per rectum and then 25 mg orally every 6 hours up to
48 hours [40].

3.5. Prophylactic tocolysis

There is no evidence of benefit in using prophylactic and long-term tocolytic drugs to avoid
preterm birth in multifetal pregnancy. Besides, the prolonged use of these medications leads
to increase maternal side effects, including death [7].

4. Corticosteroids

Antenatal glucocorticoid treatment with corticosteroids is routinely used in women at risk
of preterm delivery under 34 weeks of gestation [45]. Corticosteroids promote fetal lung
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development between the 24th and 34th week of gestation [46] and reduce mortality of the
preterm infant after delivery [47]. An important consequence of lung immaturity in preterm
birth is the respiratory distress syndrome (RDS), and it is the great responsibility for the early
neonatal mortality and the high cost of neonatal intensive care [47]. Preterm babies present
higher risk of neurological impairment [48], which is the reason why the strategies for reduc-
tion of the risk of neonatal RDS and IVH in preterm delivery have received considerable
attention [49].

A single course of corticosteroids reduces the risk of RDS from 40 to 21% in babies born before
32 weeks of gestation [46]. In recent publication (2017) of Cochrane Reviews, it was observed
that treatment with antenatal corticosteroids was associated with an overall average reduc-
tion in IVH of 45%, average reduction in RDS of 34%, moderate to severe RDS was reduced
to 41% compared with no exposure to antenatal corticosteroids, with less need for neonatal
respiratory support, with a reduction in the need for mechanical ventilation/CPAP, fewer
infants receiving corticosteroids needed surfactant, and was associated with a reduction in
the incidence of necrotizing enterocolitis, as shown in Table 4 [2].

However, an experimental study in Wistar rats in UNIFESP [50] evidenced that the groups
presented different numbers of apoptotic neurons in the hippocampus, more precisely on the
region named cornu ammonis 1 (CA1l) and dentate gyrus (DG) after a single course of cortico-
steroids. The number of apoptotic neurons in the DG region was increased after corticosteroid
use (by directly receptor activation), which caused, probably, the decrease in cell death in the
CA1, as a compensatory reaction.

The increased apoptosis in DG and reduced cell death in the CA1 region can indicate the exis-
tence of an indirect compensatory pattern (statistically significant difference). A new balance
was obtained in different areas of the hippocampus. There is no evidence in literature that
the decrease in the number of apoptotic cells in CA1 is due to direct action of betamethasone,
but the results suggest that this minor mortality is a compensation of a previous lesion in DG
[50]. It is possible that inconclusive data referred to neurodevelopmental latency after corti-
costeroids (RR 0.64) described in Cochrane Review (Table 4), can be justified by abnormal
neuronal apoptosis in the hippocampus.

Another important finding was described in a multicenter, cluster-randomized trial, within
six countries (Argentina, Zambia, India, Kenya, Pakistan, and Guatemala) to standard care or
an multifaceted intervention with teaching pregnant women how and when to use corticoste-
roids, including facilitation of the antenatal corticosteroid use with distribution of a kit with
drug, material, and knowledge for application. The primary outcome was 28-day neonatal
mortality among infants less than the 5th percentile for birthweight.

Fifty control clusters with 50,743 livebirths (2258 less than 5th percentile for birthweight
[4%]) and 51 intervention clusters with 47,394 livebirths (2520 less than 5th percentile [5%])
completed follow-up. About 45% (1052/2327) of women in intervention clusters who deliv-
ered less-than-5th-percentile infants received antenatal corticosteroids compared with 10%
(215/2062) in control clusters (p < 0-0001).

199



200 Multiple Pregnancy - New Challenges
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Table 4. Correlation between complications of SPB and use of corticosteroids (Cochrane Review, 2017 [2]).

Among the less-than-5th-percentile infants, 28-day neonatal mortality was 225 per 1000 live-
births for the intervention group and 232 per 1000 livebirths for the control group (relative
risk [RR] 0-96, 95% CI 0-87-1-06, p = 0-65), and suspected maternal infection was reported
in 236/2361 (10%) women in the intervention group and 133/2094 (6%) in the control group
(odds ratio [OR] 1-67, 1-33-2-09, p < 0-0001).

Among the whole population, 28-day neonatal mortality was 27-4 per 1000 livebirths for the
intervention group and 23-9 per 1000 livebirths for the control group (RR 1-12, 1-02-1-22,
p =0:0127), and suspected maternal infection was reported in 1207/48219 (3%) women in the
intervention group and 867/51523 (2%) in the control group (OR 1-45, 1-33-1-58, p < 0-0001).
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Despite the increased use of antenatal corticosteroids in low-birthweight infants in the inter-
vention groups, neonatal mortality did not decrease in this group and increased in the popu-
lation overall. For every 1000 women exposed to this strategy, an excess of 3-5 neonatal deaths
occurred, and the risk of maternal infection seems to have been increased [12].

4.1. When and how to use corticosteroids for lung maturation

The treatment consists in betamethasone administration intramuscularly two 12 mg doses
24 hours apart or dexamethasone intramuscularly four 6 mg doses every 12 hours.

A single course of corticosteroids must be considered in twin pregnancy between 24th and
33rd week that have high risk of preterm delivery within 7 days, including for those with
ruptured membranes and if the first course was administered previously more than 14 days.
It also may be considered for pregnant women starting at 23 0/7 weeks of gestation who are at
risk of preterm delivery within 7 days, based on a family’s decision regarding resuscitation. A
rescue course of corticosteroids can be considered before 7 days from the first dose if there is
some clinical indication for that [51].

A new recommendation from the ACOG suggests that in pregnancy during the 34-37th
week, the use of corticosteroids could be beneficial, even during this late period of pregnancy,
regardless of the number of fetuses [7, 52].

Administration of corticosteroids can be considered in twin pregnancy between the 34th and
37th week which are in risk of preterm birth within 7 days and which have not received the
previous course of betamethasone [52].

Unfortunately, according to the WHO, in Brazil only 30% of preterm birth received antenatal
corticosteroids to lung maturation between 2010 and 2011 [53], whereas several pregnancies
received unnecessary corticosteroids, without real indication for that [54].

5. Neuroprotection: the use of magnesium sulfate

In 1995, it was suggested that magnesium sulfate was a neuroprotector, decreasing the preva-
lence of cerebral palsy in very-low-birthweight newborns [55]. Since then, several studies
have been conducted to elucidate this aspect.

Despite clinical trials have failed proving reduction of infant death, the use of antenatal mag-
nesium sulfate for neuroprotection statistically diminished the risk of cerebral palsy in the
survivors [56, 57]. Therefore, its use is recommended in cases of high risk of imminent preterm
birth, in single and multiple pregnancies, in gestations <32nd week, and after viability [7, 34].

Many mechanisms were proposed to explain the neuroprotective effect of magnesium sulfate,
but the exact one is actually unknown. Other questions about magnesium sulfate that are
not yet clarified are best dose regimen, treatment duration, and risks or benefits of retreat-
ment. An interesting point that were recently approached is that the exposure to magnesium
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proximal to delivery (<12 hours) seems to be related to more significant reduction of cerebral
palsy when compared to the last infusion of this drug more than 12 hours before delivery [58].

In UNIFESP, this drug is administered intravenously, with a loading dose of 4 g in 20 min-
utes, followed by 1 g/h for up to 24 hours or until delivery [40]. Monitoring these pregnant
women (by continuous evaluation of patellar reflex, respiratory frequency, urine output) is
essential to prevent magnesium toxicity. Myasthenia gravis and myocardial compromise are
contraindications for the use of magnesium sulfate, and adjusted dose should be used in
patients with renal insufficiency [59].

6. Conclusion

The evaluation of the clinical history of the previous preterm birth and the presence of short
cervix (<25 mm) are the best predictors of preterm delivery in twin pregnancy. Transvaginal
ultrasonography for evaluation of the uterine cervix between the 18th and 24th week should
be indicated for its cost-effectiveness.

The use of isolated vaginal progesterone in multiple pregnancies with short cervix presents
evidence that justifies its use; however, this evidence is to be confirmed by other clinical tests
due to the potential bias of the most recent meta-analysis.

Most guidelines do not recommend the use of prophylactic cerclage in patients with short
cervix; however, in selected cases of extreme severity, it can be considered.

The use of a cervical pessary does not present solid evidence; however, some studies point
out, although with a low level of evidence, that it may be beneficial.

As the low index of complications and the absence of highly efficient intervention in twins
justify the utilization of the association of progesterone and cervical pessary, for this author it
seems to be better than observing the evolution of the clinical condition.

The use of corticosteroids, between 24th—25th and 34th week, must be indicated in pregnancy
in the imminence of delivery or with a high risk of preterm birth and must be avoided in preg-
nancy with intermediate or low risk, as there are studies which point out undesired effects of
this treatment in the short and medium term.

Tocolytics is to be used under the 34th week in order to gain time for carrying out corticoste-
roids. The first-option drugs in twin pregnancy are the calcium channel blockers.

The use of magnesium sulfate in deliveries under the 32nd week is recommended by the main
scientific societies, for the purpose of neuroprotection in twin pregnancy.
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Abstract

There are many suitable recommendations for twin gestation term in the literature.
In many protocols, resolution is recommended for dichorionic pregnancies around
38 weeks, at 36 weeks for monochorionic (devoid of complications) and at 32-34 weeks
in cases of single amniotic chamber. The main risk associated with vaginal delivery is
connected to the possibility of anoxia of the second twin. However, a cesarean delivery
performed by non-cephalic presentation of the second twin is associated with increased
maternal morbidity without improved neonatal outcome. The most important factors in
the decision of the delivery mode include the presentation of the fetus, gestational age,
and weight or the weight difference between the fetuses.

Keywords: twin pregnancy, delivery, labor

1. Introduction

It is known that multiple pregnancy presents morbidity and mortality rates about 3-7 times
greater than single pregnancies, and these are often determined in delivery care [1].

Among the difficulties in twin birth, we highlight: prematurity, non-cephalic presentations,
dystocia, funicular prolapse, placental abruption, increased operative incidence, postpartum
hemorrhages, perinatal anoxia and tocotraumatism [2].

In this chapter we will review the main aspects related to the time and mode of delivery in
multiple pregnancies and issues related to fetal weight assessment.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgIN
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2. Risk of fetal death in the third trimester for twin pregnancies

Multiple pregnancies have high rates of mortality and morbidity when compared to single
pregnancies. This is mainly due to prematurity, complications close to delivery, and placental
insufficiency [1].

In fact, this risk is related to chorionicity. The monochorionic (MC) pregnancies present a higher
incidence of perinatal mortality, higher admission in neonatal intensive care unit and low birth
weight [3]. It is possible that the single placental mass shared between pairs originates from an
imbalance in placental anastomoses, may be overloaded in the third trimester [4].

A large Dutch cohort with 1407 multiple pregnancies showed that after 32 weeks’ gestation,
mortality was 11.6% in MC and 5% in dichorionic (DC) [5]. The risk of uterine death was
significantly higher in MC than in DC (hazard ratio 8.8, 95% CI 2.7-28.9), and in most cases
no change in fetal status was observed. The authors concluded that fetal vitality control was
not sufficient to prevent adverse events and delivery should be planned up to the 37th week
for MC.

A study with 94,170 multiple deliveries showed that the risk of fetal death increased signifi-
cantly between 37 and 38 weeks of gestation in twin pregnancies. This risk was higher between
34 and 37 weeks of gestation in triplet pregnancies. The risk of child death after delivery
gradually declined as pregnancies neared full term. This group recommended increased fetal
surveillance after 34 weeks of gestation in multiple pregnancies [6].

3. Time of delivery in dichorionic pregnancies

The American College of Obstetricians and Gynecologists (ACOG) suggests that delivery be
performed between 38 + 0 and 38 + 6 weeks in uncomplicated twin dichorionic pregnancies [7].
Depending on complications such as fetal growth restriction, termination of pregnancy is recom-
mended before 38 weeks.

In 2016, a systematic review included 32 studies (29,685 dichorionic, 5486 monochorionic
pregnancies) and showed that in dichorionic pregnancies beyond 34 weeks (15 studies, 17,830
pregnancies), the weekly risk of stillbirths due to expectant management and the risk of neo-
natal death were balanced at the 37th week of gestation. When delivery was delayed for 1
week (up to 38 weeks) led to an additional 8.8 perinatal deaths per 1000 pregnancies [8].

4. Time of delivery in monochorionic pregnancies

The same review showed that monochorionic pregnancies beyond 34 weeks (13 studies, 2149
pregnancies), had a tendency for an increase in stillbirths compared to neonatal deaths after
36 weeks, with an additional 2.5 per 1000 perinatal deaths, which was not significant [8].
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Just like DC gestations, there are no high-quality studies to respond with great certainty the
right time for terminate monochorionic pregnancies. Most specialists in large reference cen-
ters recommend delivery of monochorionic/diamniotic twins between 36 + 0 and 36 + 6 weeks.
This may be the point of balance between the already reduced risk of prematurity and the risk
of fetal death [9].

There is still a lot of divergence between medical societies for the correct time of delivery.
ACOG suggests delivery of monochorionic twins between 34 + 0 to 37 + 6 weeks of gestation
[7] and the North American Fetal Therapy Network suggests delivery at 36 + 0 to 37 + 6 weeks
of gestation [9]. However, others delegate delivery at 32 weeks of gestation [10]. It is clear that
in cases of Twin-Twin Transfusion Syndrome, most of deliveries are performed earlier and
this depends on the degree of complication that is present.

On the other hand, in monoamniotic pregnancies, most specialized centers in the world rec-
ommend delivery between 32 and 34 weeks. This fact is justified by the high rate of perinatal
mortality in the third trimester (30-70%) and has as main motive the umbilical cords entangle-
ment in the same amniotic chamber [4, 11, 12].

5. Delivery mode: vaginal delivery vs. cesarean section

The mode of delivery in twin pregnancy depends on multiple factors and is very controversial
in the literature. The most important factors to be considered on deciding the delivery mode
are the fetus presentation, especially the first twin, fetal weight, weight difference between the
fetuses, gestational weight and maternal clinical conditions. Women'’s parity is also a condi-
tion with high influence in mode of delivery in a twin pregnancy, as nulliparous usually
result in less success when attempting a vaginal delivery [13].

The decision on either performing an elective cesarean delivery must consider the best neona-
tal and maternal outcomes, to reduce neonatal morbidity and mortality, maternal complica-
tions and preserving the women’s reproductive future. The biggest risk in a vaginal delivery
is for the second twin, as complications can occur after the delivery of the first twin, including
placental abruption, cord prolapse and long delivery intervals [14].

It is important to consider that conditions that would indicate a cesarean section in singleton
pregnancies should also be applied in multiple pregnancies.

5.1. Fetus presentation

Determining fetal presentation is fundamental in the decision of the mode of delivery. The
presentation of twin pairs in a term twin pregnancy is 40% of the times cephalic/cephalic,
35-40% cephalic/non-cephalic and only 20% with the first twin non-cephalic [15]. It is a gen-
eral consensus that, when both fetuses are in cephalic presentation, a vaginal delivery should
be attempted [13-15]. However, it is important to notice that the second twin change its pre-
sentation in about 20% of the time, after the first one is born [15].

213



214 Multiple Pregnancy - New Challenges

When the second twin is in a non-cephalic presentation, vaginal delivery is controversial.
Some studies say that neonatal morbidity is higher for the second twin in those cases and an
elective cesarean section should be planned [16, 17]. However, both a systematic review and
meta-analysis [14] and a recent published prospective cohort study [18] support that cesarean
deliveries neither add neonatal morbidity nor mortality. Therefore, a vaginal delivery is a
safe option. In those cases, the second twin can either be delivered by breech extraction or an
external cephalic version can be attempted [19].

Finally, when the first twin is non-cephalic, the safest delivery mode is the cesarean sec-
tion. A randomized multicenter trial, The Breech Trial, showed that a planned cesarean
delivery decreases significantly perinatal mortality and neonatal serious morbidity, when
compared with a planned vaginal delivery in pregnancies with a non-cephalic presenting
twin [20].

5.2. Fetal weight estimation in twin pregnancies

Twin pregnancies are more likely to show deviations in fetal growth curve. Conditions such as
prematurity, intrauterine growth restriction and fetal malformations are common in multiple
gestations, raising the risk of mortality and perinatal morbidity to 3-7 times when compared
to single pregnancies [21]. Prematurity is present in approximately 55% of twin pregnancies,
with adverse consequences even in short and long term [22].

When comparing the weights of fetuses from twin pregnancies to those of single pregnancies,
it is observed that fetuses of twin pregnancies have a lower weight than fetuses of single
pregnancies, especially from the end of the second trimester. It is known that this variation
between the weights starts at around 28 weeks and at 38 weeks the 50th percentile for a twin
pregnancy corresponds to the 10th percentile for a single pregnancy [23], but this difference
does not seem to increase neonatal mortality. Therefore, it is argued that the lower weight
of twin fetuses, when compared to that of single pregnancies, may be physiological of this
condition.

Accuracy in the estimation of fetal weight is of paramount importance for the proper follow-
up of prenatal care and ultrasonography study has been the main tool for this evaluation.

Currently fetal weight estimation by ultrasonography is most commonly performed by
the formula of Hadlock et al. [24], which uses two-dimensional measures of cephalic pole,
abdominal circumference and femur length. However, studies have shown that formulas
using two-dimensional parameters can generate variations of up to 15% in relation to the real
weight of the fetus [25].

New methods have been sought to improve the accuracy of fetal weight estimation such as
three-dimensional ultrasonography. In the early 2000s, Lee et al. [26] introduced a new sono-
graphic parameter, the fraction limb volume. This parameter is based on evaluation of 50% of
bone diaphysis length (arm and thigh).

This method has the advantage of reducing the time spent to perform the test, maintaining a
good accuracy for the estimation fetal weight.
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In general, the accuracy of estimation weight in twin pregnancies is worse than single preg-
nancies. Biometric measurement of these fetuses in the third trimester is greatly impaired
due to the technical difficulty of examination. When using 33 formulas to assess the accuracy
of estimation weight by two-dimensional ultrasonography, 25 of these formulas present a
weight variation of less than 10% for single pregnancies, but only 3 of these formulas present
the same result for twin pregnancies [27].

An ongoing study that has been developed in multiple pregnancy unit of Federal University of
Sao Paulo has shown that the use of fraction limb volume in twin pregnancies can improve the
accuracy of estimation weight in these pregnancies, as well as reduce the time of the examination.

Although evaluation of fetal body volume through the use of magnetic resonance imaging
is still considered an expensive method, there is good accuracy in fetal weight estimation,
besides being a good predictor in the diagnoses of small fetuses for gestational age when
compared to two-dimensional ultrasonography [28].

Estimating weight in twin pregnancies remains a challenge. New research needs to be con-
ducted in search for new methods in order to improve accuracy.

Fetal weight should not be considered when both fetuses are cephalic. In those cases, regard-
less the fetal weight, a vaginal delivery can be attempted. However, in cephalic/non-cephalic
twin pregnancies, the influence of weight on mode of delivery is controversial. Most stud-
ies showed worst perinatal outcomes for vaginal deliveries when the second twin was non-
cephalic and under 1500 g [29, 30].

Weight difference is related to worst neonatal outcomes, regardless the delivery mode [31],
and also to unsuccessful attempt of labor [32]. Furthermore, a weight difference above 40%
has been associated with higher neonatal mortality rates in vaginal deliveries, regardless fetal
presentation, in a retrospective study in 2005 [33].

5.3. Previous C-section

A previous cesarean delivery is considered a risk factor for an emergency C-section after
attempting a vaginal delivery in twin pregnancies [34]. Regardless, a caution trial of labor can
be a safe option in those patients, when the first twin is cephalic [35].

On the other hand, patients with two or more previous cesarean sections should not attempt
a vaginal delivery due to higher risk of uterine rupture.

5.4. Preterm pairs

There is limited existing evidence to determine the safest mode of delivery for extremely
preterm twins. Therefore, it is important to consider the fetal presentation and weight when
deciding the delivery mode, regardless gestational age.

A recently published meta-analysis showed no significant difference in neonatal death and severe
brain injury by mode of delivery for cephalic/non-cephalic twins with a gestational age under
28 weeks [36]. This study found higher rates of maternal complications in growth-discordant twins.
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5.5. Maternal conditions

Higher rates of maternal morbidities are found in multiple gestations, compared to singletons.
There is a higher risk of pre-eclampsia, diabetes and post-partum complications, as uterine
atony and postpartum hemorrhage. Regardless, maternal conditions are rarely an indication
of a cesarean section. An elective cesarean delivery can be performed after maternal request,
after exposing the risks of the procedure, as longer maternal hospital stay, increased risk of
the newborn going to the ICU due to respiratory problems and increased risks for subsequent
pregnancies, as placenta previa and uterine rupture [37]. In those cases, the surgery should be
planned to the appropriate gestational age, considering chorionicity and amnionicity.

6. Exceptional situations

Although the data about triplet pregnancies are still limited, and the monoamniotic and diam-
niotic triplets should be delivered between 32 + 0 and 32 + 6 weeks [38], most studies and
guidelines suggest delivery time at no later than 36 weeks, even in uncomplicated triamniotic
triplets [6, 39, 40]. The preferred delivery route is the cesarean section because vaginal delivery
is associated with an increased risk of adverse outcomes if compared with the cesarean [41, 42].

In conjoined twins, the data available is based in small case report studies and expert opinion,
but what is suggested is the delivery time and mode of the viable ones must be near term
cesarean section after confirming lung maturity. In selected cases an EXIT procedure can be
performed in order to stabilize the fetuses with cardiac union to examine and close the vessel
communication safely [43].

7. Twin-to-twin delivery time intervals

Another controversial subject about delivery in twins is the time interval between fetuses in
vaginal delivery.

New guidelines such as the American College of Obstetricians and Gynecologists do not rec-
ommend an upper limit to the time interval between fetuses, if the fetal heart rate is reassur-
ing, as some studies also suggests [44—47]. However, there are studies that provide evidence
of an association, but not necessarily causality, between longer twin-to-twin time interval
and poor second twin outcome, such as lower apgar grades and decreasing pH in umbilical
arterial blood gas [48-50]. This lack of strong evidence leaves space for different approach and
expectant management [51].

A very specific approach can be performed in the case of a dichorionic twin pregnancy with
spontaneous preterm delivery <24 weeks and never above 28 weeks, which is called delayed
interval delivery when the second twin do not have an indication for labor such as infection
among other complications. Several techniques and interventions are described but the evi-
dence is not strong, but the main goal is to provide a better outcome for the second twin, and
success rates of these particular cases are good according to a systematic review of 2016 [52].
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8. Associated risks: vaginal and cesarean delivery

During the last few years, a lot of studies were performed trying to elucidate the question
about the best delivery route for twins, according to the associated risks and benefits of
planned cesarean section or planned attempt vaginal delivery.

The twin birth study, showed that planned cesarean section was not superior to planned vagi-
nal delivery regarding maternal risk or neonatal mortality or morbidity [53], and ever since
some society guidelines suggest attempt to vaginal delivery to diamniotic twin pregnancies if
the first twin is in cephalic presentation [54].

The concern about the risks includes the possibility of combined delivery, which involves an
unplanned cesarean after attempt of vaginal delivery and is associated with higher second
twin morbidity [14] and may be an increased risk of neonatal and/or maternal infection prob-
ably because the exposure to labor and rupture of membranes are higher than in a planned
cesarean delivery.

Cesarean delivery can expose mothers to short-term risks such as endometritis, wound com-
plications, surgical injuries, hemorrhage [55], although maternal outcomes past 3 month and
long-term risks, including abnormal placentation, are similar both ways cesarean an vaginal
planned delivery [56, 57].

Newborns delivered by planned cesarean present a higher risk in developing allergic disor-
ders [58-60].

9. Adverse neonatal outcome

The twin birth study did not found statistically significant difference in morbidity and fetal
or neonatal mortality between planned cesarean or planned vaginal delivery [14, 53], and a
2-year follow up after delivery found no difference in neurodevelopment and death in both
groups [61].

A retrospective study with 1070 twin pregnancies attempted trial of labor between 2003 and
2015 showed that in planned cesarean, the first twin has a lower blood pH and base excess
than in vaginal delivery, but the study was unpowered for neonatal outcome assessment [13].

10. Conclusion

The time of delivery in twin pregnancies is around 38 weeks for dichorionic pairs, 36 weeks
for monochorionic and 32 weeks for monoamniotic. When both fetuses are on cephalic pre-
sentation at delivery, the vaginal route is preferable regardless of weight. Being the first twin
in non-cephalic presentation, cesarean section is the best choice. When the first twin is in
cephalic presentation and the second non-cephalic, cesarean section is indicated if the fetus
weight is less than 1,500g. However, vaginal delivery is possible if the fetus” weight is above
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1,500g. In those cases, the second twin can either be delivered by breech extraction or an
external cephalic version can be attempted.
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