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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 sSFGR 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
1I Absent bladder filling in the donor

I Critically abnormal Doppler studies of either fetus™

v Hydrops of either fetus

\% 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

131



132

Multiple Pregnancy - New Challenges

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

Nonselective laser

(] onor membrane

{_J Nonselective laser

"}D Selective laser

- Equatorial laser

Artery

Placental anastomoses:
A-V and V-A arterio-venous .
V-V veno-venous Equatorial dichorionization laser

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 J 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



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

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].

e b.

3.6 mm AV w-\
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e WEAMERE

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 sFGR 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 (iIAREDF) [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, Gratacos 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 IIl 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%ClI, 1.5-6.7) and neonatal

-

LA AR

A

A

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
(AREDF). 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]. Gratacos et al. [93] found a 15%
unexpected intrauterine death rate in the smaller twin on stage III sFGR 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 IlI, 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.

137



138 Multiple Pregnancy - New Challenges

[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 > 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 II 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].



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

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 Sao Paulo, Sao 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]

(3]

[4]

[10]

[11]

[12]

[13]

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]J, 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/A0OG.0b013e318
160d65d

Committee on ethics. Committee opinion No. 719. Obstetrics & Gynecology. 2017;
130(3):e158-€163. Available from: http://www.ncbi.nlm.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. DOI:
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 J, 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, Gratacos 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. DOLI: 10.1002/uo0g.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/
uog.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 Jtnior J, 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 F], 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 W], 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, Hackeloer B]. 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/j.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 DJ, 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. DOI:
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 ], 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. DOI: 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/
uog.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 J, Araujo Junior 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]

[75]

[76]

[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. DOI: 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. DOI:
10.1097/A0G.0b013e318195873¢

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 J, 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. DOI:
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. DOLI: 10.1002/uog.12454

Gratacos 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/j.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 ]. 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

Gratacos 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. DOI:
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

Gratacos 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]

[95]

[96]

[97]

[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. DOI: 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. DOI:
10.1002/u10g.19078

Couck I, Mourad Tawfic N, Deprest J, 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/u0g.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/u0g.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

Gratacos 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]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

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

absent or reversed end-diastolic flow (type III): Feasibility and perinatal outcome of feto-
scopic placental laser coagulation. Ultrasound in Obstetrics & Gynecology. 2008;31(6):
669-675. DOI: 10.1002/u0g.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/uog.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

Lopriore E, van den Wijngaard JPHM, Middeldorp JM, Oepkes D, Walther FJ,
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. DOLI: 10.1097/
AOG.0b013e318187elff

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 F], 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/uog.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/u0g.6334

Herway C, Johnson A, Moise K, Moise K]J. 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/uo0g.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/
u0g.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/u0g.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 ], 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]J, 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/u0g.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. DOI: 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



ntechOpen

ntechOpen



