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General introduction

Introduction

Parents are often surprised, when two fetuses are spotted on ultrasound and a twin pregnancy
is diagnosed. Feelings of happiness and anxiety are awakened at the same time. Twin pregnan-
cies differ from “normal” singleton pregnancies in several ways. Maternal and fetal risks are
increased, and therefore, antenatal care is intensified and should be provided by an obstetri-
cian. Very special attention must be paid to patients pregnant with monochorionic twins. They
are at risk of several complications, such as intrauterine fetal death (IUFD), intrauterine growth
restriction (IUGR), discordant fetal anomalies, e.g. twin reversed arterial perfusion (TRAP)
sequence, and, most severe, twin-to-twin transfusion syndrome (TTTS). TTTS is a condition in
perinatal medicine that is complicated by high perinatal mortality and morbidity rates. An im-
portant tool used for monitoring monochorionic twin pregnancies is ultrasound examination.

The first description of TTTS may be found in the book of Genesis®. Although the twins Esau and
Jacob, sons of Isaac and Rebecca, showed physical dissimilarity in adult life, suggesting dizy-
gotic twins, Esau was born red and has therefore been labeled as the earliest example of TTTS.
Placental examination after the birth of Esau and Jacob was not reported, so we will never know
for sure. More recently, in 1617, a painting was made in the Netherlands: “De Wikkelkinderen”
(The Swaddled Children)2. Two babies, obviously twins, with different facial coloring (red and
white) are portrayed. The striking difference in color may be explained by monochorionicity and
acute or chronic blood transfusion in the presence of a monochorionic placenta. This twin pair
possibly died on the day that they were born. In the 19* century, the first scientific paper on
TTTS was published by Friedrich Schatz, a German gynaecologist®. He was the first to study the
twinning process and to speculate on the relationship between vascular anastomoses and the
development of TTTS. Since 1964, more than 1000 studies on “twin-twin transfusion syndrome”
have been published. This increased attention has resulted in expanded knowledge about TTTS.
However, multiple aspects of TTTS are still unclear.

This chapter will focus on ultrasound examination in monochorionic twin pregnancies (Part 1)
and TTTS (Part 2).
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Ultrasound examination in monochorionic twin pregnancies

Twinning

Zygosity

Twins are not rare. The incidence of spontaneous twinning in the Netherlands is approximately
1%, of which are 70% fraternal or dizygotic and 30% identical or monozygotic twins*. Dizygotic
twins develop from two separate fertilized eggs. This type of twinning seems to be related
to increased follicle-stimulating hormone concentrations in the mother. These amounts are
influenced by geography, season, ethnic origin, increasing parity, and are higher in tall, heavy
and older mothers®. The rate of dizygotic twinning has increased with the increase of induced
ovulation and in vitro fertilization. Monozygotic twinning entails one zygote (fertilized egg)
splitting into two separate individuals. It is not clear why monozygotic twinning occurs. The
rate of monozygotic twinning has been fairly constant around the world (0.35% of pregnan-
cies)®. After various forms of infertility treatment and in vitro fertilization, though, the rate
of monozygotic twinning was found to be increased more than two to six times over the

background rate in the general population’3.

Chorionicity

The terms “chorion” and “placenta” essentially have the same meaning. Dizygotic twins almost
invariably have separate placentas and separate membranes (dichorionic diamniotic twins). Al-
though both placentas can be fused and appear as one'***, placental circulations are separated
and each fetus is supplied by its own placenta. Placentation in monozygotic twins depends on
the timing of separation. In 25 to 30% of all monozygotic twins, fission of the conceptus occurs
between day 0 and day 3 and results in dichorionic diamniotic twins. In 70 to 75%, fission takes
place between day 4 and day 7, which results in a single placenta with two separate amnions
(monochorionic diamniotic twins). Monozygotic twins with both a single placenta and a single
amnion (monochorionic monoamniotic twins) are thought to originate between day 7 and day
14 (<1%). In some of these monochorionic monoamniotic pregnancies, twins are conjoined.
Except for rare cases'®", all monochorionic pregnancies are monozygotic®. However, in view of
the possibility of heterokaryotypic monochorionic twins (of which the exact incidence remains
largely unknown), it was recently reported that dual amniocentesis was superior to chorionic
villous sampling in monochorionic twin pregnancies?®.

Chorionicity, rather than zygosity, determines the outcome of twin pregnancies. Therefore,
chorionicity should define the way twin pregnancies should be managed. The detection of a
monochorionic placenta implies the identification of a high-risk pregnancy, as monochorionic
twins are far more prone to complications than dichorionic twins. Frequent monitoring may

improve the outcome, and therefore, chorionicity of every twin pregnancy must be determined
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early and properly. The use of ultrasound examination has shown to be very reliable for this

purpose.

Dichorionic versus monochorionic twins

First-trimester ultrasound examination

As outlined above, the identification of the chorionicity of twin pregnancies is of utmost impor-
tance for optimal antenatal care. Today, this can be done reliably by performing a first-trimester
ultrasound examination. With a 100% sensitivity and 99% specificity rate, a highly accurate
distinction between monochorionic and dichorionic placentation can be made before the 14
week of pregnancy®®?. To assess chorionicity, the intertwin membrane should be imaged at its
insertion site to the placental mass. There, the presence or absence of a lambda (A)-, “Y”- or
twin peak sign should be visibly checked. When a wedge-shaped junction is observed (Figure
1), the interpretation should be the extension of chorionic tissue into the base of the intertwin
membrane and therefore dichorionic. A T-shaped junction (Figure 2) should be interpreted
as the fusion of two amniotic membranes without chorionic tissue and therefore considered
monochorionic diamniotic. The observation of two separate placentas alone is not sufficient to
diagnose dichorionicity?’. Monochorionic placentas can, albeit rarely, be bilobate and falsely
be labeled as dichorionic?2. In the same way, the presence of a single placental mass alone
does not prove monochorionicity. In 50% of dichorionic twin pregnancies, the two placentas
are fused and appear as one'“*,

Before 10 weeks of gestation, ultrasound examination can differentiate between monocho-
rionic and dichorionic twin pregnancies with a high degree of accuracy. The differentiation
between monochorionic diamniotic and monochorionic monoamniotic pregnancies, however,
can be difficult to make before 8 weeks of gestation, as the amniotic membrane is not yet

clearly visible?#.

Figure 1 Lambda (N)-, “Y”- or twin peak sign Figure 2 “T” sign
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Second- and third-trimester ultrasound examination

After 14 weeks of gestation, the accuracy of chorionicity assessment decreases. After 20 weeks,
the lambda sign disappears in 7% of dichorionic pregnancies?. Other sonographic signs are not
conclusive and therefore cannot be considered reliable indicators of chorionicity. The assess-
ment of fetal gender only helps if discordance is observed and consequently, monochorionicity
can be ruled out. Moreover, although the traditional medical doctrine states that sex-discordant
twins are exclusively dizygotic (and therefore dichorionic), multiple cases of sex-discordant or
dizygotic monochorionic twins have recently been reported, especially after assisted reproduc-
tive technology®®?’3°. The thickness of the intertwin membrane can be measured, but is associ-
ated with high intra- and interobserver variability®. Also, it does not distinguish sufficiently
between the two types of twins. Although monochorionic diamniotic twins are highly unlikely
to have an intertwin membrane thickness of more than 1.5 mm, the intertwin membrane thick-
ness of dichorionic twins does not always exceed 1.5 mm. So prenatally, dichorionic twins can
erroneously be classified as monochorionic diamniotic twins

Monochorionic monoamniotic twins

Less than 1% of monozygotic twins have a single amnion, which means that two fetuses share
the same amniotic sac. On ultrasound, no intertwin membrane is seen and the umbilical cords
are almost always entangled. Occasionally, TTTS has been described to occur in monochorionic
monoamniotic twin pregnancies®**. The risk of double IUFD is 10 to 25%3%%. Fetal sonographic
surveillance should consist of ultrasound examination, at least every two weeks as in other
monochorionic twins. Whether acute double IUFD from cord entanglement is in any way pre-
ventable is currently unclear®,

The importance of a first-trimester scan in each twin pregnancy with clear identification and
documentation of the absence or presence of a lambda (A)-, “Y” or twin peak sign at the
intertwin membrane junction cannot be emphasized enough. With today’s wide availability
of sonography, the failure to determine chorionicity adequately should be considered to be
substandard care.

Complications

All twin pregnancies are at increased risk for obstetrical complications compared to single-
tons. The reason to keep underlining the significance of defining chorionicity in twin pairs,
originates from the knowledge that some complications exclusively depend on chorionicity.
In virtually all monochorionic twin placentas, vascular connections between the two twins
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(placental anastomoses) are present!#“-?, whereas these almost never occur in dichorionic
placentas®“4, These anastomoses are an important cause of the high mortality and morbidity
rates in monochorionic twins.

The perinatal mortality rate in monochorionic diamniotic twins is nearly twice as high as in
dichorionic twins (2.8 versus 1.6%) and four times higher compared to singletons (2.8 versus
0.7%). However, the problem is even worse and underestimated by perinatal statistics, as the
highest fetal loss rate is before viability, the so-called “hidden mortality”, with monochorionic
diamniotic twins having a sixfold higher fetal loss (12%) before 24 weeks compared to dicho-
rionic twins and singletons (2%)%.

Complications of monochorionic twin gestation are single IUFD, IUGR, discordant fetal
anomalies, e.g. TRAP sequence, and, most severe, TTTS. The vascular connections of monocho-
rionic twin fetuses, that are the cause of their high risk profile, have been labeled as “liaisons
dangereuses”“s.

Intrauterine fetal death

Death of one twin in utero complicates 2.4% of twin pregnancies?’. In uncomplicated mono-
chorionic twins, the incidence of single IUFD has been reported to be slightly increased (2.6 to
4.6%)“®*°. In contrast to dichorionic twins, the vascular intertwin connections in monochorionic
twins put the surviving twin at substantial risks. In a recent review, the occurrence of IUFD in
monochorionic twin pregnancies carried a risk of co-twin demise and neurological abnormality
of 12% and 18%, respectively, compared to 4% and 1% in dichorionic pregnancies®. Counseling
parents in the event of single IUFD can only be done adequately when chorionicity is clear.

Intrauterine growth restriction

The proportion of pregnancies with a birth weight discordance of more than 25% is similar
in monochorionic (11%) and dichorionic (12%) twin pregnancies®. However, monochorionic
twins have a fourfold risk of both being born with a birth weight below the fifth percentile
compared to dichorionic twins (7.5% versus 1.7%)%. The risk of at least one fetus with a birth
weight below the tenth percentile is 53% and 37% for monochorionic and dichorionic twins,
respectively. Fetal biometry should be performed regularly to detect possible growth restric-
tion in twins. In case of IUGR, sonography can be extended with the use of Doppler waveform
assessment of the umbilical arteries (UA) and middle cerebral artery (MCA) to examine placen-
tal perfusion and detect fetal brain sparing. Doppler investigation of the ductus venosus (DV)
should be performed for evaluation of cardiac function. Also, the amount of amniotic fluid
needs to be assessed. It should be clear that IUGR in monochorionic pregnancies compared to
dichorionic pregnancies is associated with increased risk for the normally grown twin in cases
of demise of the growth-restricted co-twin.
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Congenital anomalies

Congenital anomalies are more common in twins. Unfortunately, most studies have not re-
lated the incidence of congenital anomalies to zygosity or chorionicity. However, it seems
that malformations occur per fetus as often in dizygotic twins as in singletons (2 to 3%)°'.
In monozygotic twins, however, the incidence is suggested to be much higher, around 10%.
Therefore, a detailed 20-week (or possibly earlier) anomaly scan should be performed in all
monozygotic twin pregnancies. Most commonly diagnosed abnormalities include malformations
such as neural tube defects, brain defects, facial clefts, cloacal and abdominal wall anomalies,
and cardiac defects®2. Although monozygotic twins are called “identical”, discordance for the
structural anomaly occurs in approximately 90% of monozygotic twins in which an anomaly is
detected®*“. Two types of malformations unique to monozygotic twins are the TRAP sequence
(or acardiac twin) and the conjoined twins that occur in 1 in 35000 and 1 in 100000 births,
respectively.

Twin-to-twin transfusion syndrome

TTTS complicates about 10 to 15% of monochorionic twin pregnancies®**®. This represents
around 1% of all twin pregnancies, and accounts for 17% of perinatal mortality®¢, nearly 12%
of neonatal deaths and 8.4% of infant deaths in twins“. TTTS is caused by imbalanced shunt-
ing of blood through the vascular anastomoses on the monochorionic placenta and does not
occur in dichorionic twins. Exceptions to the rule are a few cases described in the literature of
dichorionic diamniotic fused placentas with vascular anastomoses and TTTS*#4, TTTS is diag-
nosed sonographically by the detection of an oligo/polyhydramnios sequence. Left untreated,
mortality rates of severe TTTS exceed 80%°-%? and the risk of handicaps in survivors is 15 to
50%°3.
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Twin-to-twin transfusion syndrome

Several forms of TTTS have been described: acute perimortem, acute perinatal, TRAP sequence,
and chronic TTTS®.

Acute perimortem TTTS may occur after IUFD of one twin and is due to acute exsanguina-
tion from the surviving co-twin into the low-pressure circulation of the demised twin through
the placental anastomoses, eventually causing co-twin death or severe hypoxic-ischemic dam-
agesosse7,

Acute perinatal TTTS has been described to occur occasionally during delivery®5°. Acute
fetal distress during labor can result in a sudden drop in arterial pressure, precipitating acute
transfusion between the twins, manifestating in a difference in hemoglobin concentration at
birth between the donor (pale) and the recipient (plethoric).

The TRAP sequence, also named acardiac twinning, is the most extreme form of TTTS and
occurs in 1in 35000 pregnancies’™. It occurs when a large arterioarterial (AA) and venovenous
(VV) anastomosis are present. The donor, or pump twin, pumps blood into its own circulation
as well as directly into the, usually single, UA of the acardiac fetus that is severely mal-
formed without a functional heart. The donor twin may die in utero due to high output cardiac
failure.

The most common type of TTTS is the chronic form, complicating 10 to 15% of monocho-
rionic twin pregnancies*>®>. Chronic TTTS usually emerges in the second trimester, although
first-trimester’*” and early third-trimester’* cases have been described. Hypovolemia, oliguria
and oligohydramnios develop in the donor twin. The recipient twin suffers from hypervolemia,
polyuria and polyhydramnios, which may lead to circulatory volume overload, cardiac failure
and, eventually, hydrops. The diagnosis is made sonographically by the detection of an oligo/
polyhydramnios sequence’. This form of TTTS may lead to maternal discomfort and may cause
clinical symptoms, such as premature rupture of membranes or contractions due to massive
polyhydramnios.

Research studies in preparation of this thesis have been performed in pregnancies compli-
cated by the chronic form of TTTS.

Pathophysiology

The pathophysiology of TTTS is usually explained on an angioarchitectural basis. Virtually all
monochorionic placentas contain vascular anastomoses*“*-“2, whereas these almost never occur
in dichorionic placentas**#. Thus, intertwin transfusion is the norm in monochorionic pregnan-
cies and a normal physiological phenomenon as long as blood flow between the fetuses is
balanced. During the first half of pregnancy a random reduction in placental anastomoses takes
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place, which is a progressive and unpredictable process, that may lead to unbalanced flow and
subsequent development of TTTS?.

Vascular anastomoses can be present as early as from 28 days after fertilization®”’. Three
types of anastomoses exist: AA, VV and arteriovenous (AV). The first two types are superficial,
bidirectional anastomoses lying on the surface of the chorionic plate, directly connecting cho-
rionic vessels of the same type of both fetal circulations. AA and VV anastomoses mediate bidi-
rectional flow, depending on the intertwin difference in blood pressure, and can compensate for
the intertwin shift of blood in a rapid manner. The latter type of anastomoses is referred to as
“deep”, unidirectional anastomoses consisting of a chorionic artery from one twin that dips to
an underlying, shared cotyledon with its venous (well-oxygenated) drainage to the other twin.
Flow is facilitated in only one direction. If the blood shift through these AV anastomoses from
one fetus to the other is unbalanced and insufficiently compensated by oppositely directed
blood flow through superficial or other deep anastomoses, TTTS can develop.

From postnatal injection studies, it was shown that at least one unidirectional AV anasomosis
is an anatomical prerequisite for the development of TTTS#¢787°, Placentas with TTTS have been
shown to contain significantly fewer superficial anastomoses than those without TTTS“°. Others
found that only the incidence of AA anastomoses was lower in monochorionic placentas with
TTTS compared to monochorionic placentas without TTTS“. AA anastomoses are believed to be
protective against the occurrence of TTTS*278%0, Denbow et al.®! confirmed the ex vivo studies by
demonstrating in vivo that TTTS is associated with a paucity of superficial anastomoses.

The presence of vascular anastomoses is necessary for the development of TTTS. The transfer of
blood, however, fails to explain the development of TTTS completely. A supposed multifactorial
origin of TTTS is supported by the fact that most TTTS cases do not show significant intertwin
hemoglobin differences®. Moreover, erythropoietin levels are not increased in donors® and iron
metabolism in both donors and recipients is not disturbed®:. Thus, other mechanisms are likely
to be involved as well.

Fetal hormones may play a role in the development of TTTS. In recipients, plasma endothelin-
1 levels are significantly raised compared to donor twins, potentionally leading to vasoconstric-
tion and hypertension®®¥. Neonatally, hypertension has been documented in recipients®~°.
Also, significantly increased levels of fetal atrial natriuric peptide and brain natriuretic peptide
have been found in recipients® '3, The release of these cardiac hormones is induced by cardiac
overload and stimulates fetal urine production, consequently increasing polyhydramnios and
thus aggravating TTTS. In donors, the response to hypovolemia and decreased renal perfusion
is the upregulation of the fetal renin-angiotensin system. In recipients, the renin-angiotensin
system is downregulated. Renin-angiotensin aims at restoring euvolemia in the donor, how-
ever, the vasoconstrictive effect may diminish renal perfusion and amniotic fluid of the donor
even further. Moreover, transfer of angiotensin II from donor to recipient may induce fetal
hypertension and increased afterload in the recipient. This is not expected to occur in donors,
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due to their hypovolemic situation®®*’, The concentration of vasopressin, an antidiuretic and
vasoconstrictive hormone, has also been shown to be increased in donors®.

Until recently, the velamentous insertion of the umbilical cord was considered another po-
tential cause of TTTS. Velamentous cord insertion has been reported to occur more often in
monochorionic pregnancies affected by TTTS®*%°, Tt was thought that, due to its abnormal
insertion, the cord may be easily compressed, especially by the expanding sac with polyhy-
dramnios of the recipient. This may result in decreased umbilical venous blood flow to the
one twin (donor). Blood flow to the other twin (recipient) through the vascular anastomoses
would then be increased, leading to the development of TTTS. However, recent studies have
reported on a similar incidence of velamentous cord insertion in monochorionic twins with and
without TTTS?%22, Therefore, velamentous cord insertion does not seem to be critical for the
development of TTTS.

It is also considered that the development of TTTS is associated with a primary maldevelop-
ment of the placenta of the donor'®. Increased peripheral resistance in the placental circula-
tion of the donor twin would promote the shunting of blood to the recipient, subsequently
causing TTTS.

Diagnosis

Formerly, TTTS diagnosis was based on neonatal criteria: growth discordance of >20% associ-
ated with discordant fetal or neonatal hemoglobin concentration of >5 g/dl. A birth weight
difference, however, is as frequently seen in monochorionic as in dichorionic twins!®. Hemo-
globin discordance of >5 g/dl is only present in 25% of TTTS cases® and hemoglobin of donor
twins is not necessarily lower than in recipients®1%, Therefore, neither growth discordance nor
hemoglobin difference can be considered mandatory features of TTTS'".

Nowadays, TTTS is diagnosed prenatally by ultrasound examination and diagnosis is based on
the combination of polyuric polyhydramnios in the recipient’s sac and oliguric oligohydramnios
in the donor’s sac'®%, Quintero et al.'*® developed a staging system to determine the severity
of this oligo/polyhydramnios sequence in the second trimester. Quintero Stage 1 is defined as
an oligo/polyhydramnios sequence with the deepest vertical pocket (DVP) of amniotic fluid of
the donor and recipient being <2 cm and >8 cm, respectively. The possible development into
more progressive stages includes nonvisualization of bladder filling in the donor (Stage 2),
critically abnormal Doppler studies including absent/reversed end-diastolic flow (AREDF) in the
UA, reversed flow in the DV, or pulsatile umbilical venous flow (Stage 3), hydrops (Stage 4),
and fetal demise of either twin (Stage 5) (Table 1).

Several studies have shown that disease severity at presentation is one of the determinants
of fetal outcome!**-113, Progression to a higher stage is associated with a poorer prognosis'‘.
Therefore, early diagnosis of TTTS is very important. The best way to achieve this has not yet
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Table 1 Staging of twin-to-twin transfusion syndrome by Quintero et al.}*

Stage Oligo/polyhydramnios*  Absent bladder filling (ritically abnormal Hydrops Intrauterine
in donor Doppler studies** fetal demise

1 + - - - -

2 + + - - -

3 + + + - -

4 + + + + -

5 + + + + +

*Polyhydramnios: deepest vertical pocket (DVP) > 8cm, oligohydramnios: DVP < 2cm.
**Absent/reversed end-diastolic flow in the umbilical artery, reversed flow in the ductus venosus or pulsatile flow
in the umbilical vein.

been established. In most institutions, a policy of at least biweekly ultrasound examination is

Used75'107'115.

Prediction

Several studies have focused on the identification of sonographic markers early in pregnancy
that could forecast the development of TTTS (Table 2).

Sebire et al.'*® found that pregnancies with increased nuchal translucency in the first
trimester are at increased risk of developing TTTS (positive likelihood ratio of 3.5). Increased
nuchal translucency is related to chromosomal defects, cardiac malformations, and a great
variety of genetic syndromes. The pathophysiology of increased nuchal translucency thick-
ness includes cardiac dysfunction, venous dysfunction in the head and neck, alteration in the
extracellular matrix, lymphatic vessel hypoplasia, anemia, hypoproteinemia, and congenital
infection*-'8, In monochorionic twins, it is suggested that the recipients’ hypervolemia
causes heart failure with subsequent accumulation of fluid behind the neck in the first
trimester, subsequently followed by the development of TTTS in the second trimester of
pregnancy®6.

Matias et al.***'2° proposed a role for the combination of increased nuchal translucency and
abnormal DV flow patterns in anticipating TTTS. The association of increased nuchal trans-
lucency and abnormal flow in the DV in monochorionic twins is suggested to be an early
manifestation of hemodynamic imbalance between the donor and the recipient twin.

Table 2 Early sonographic predictors of twin-to-twin transfusion syndrome in monochorionic twin pregnancies

Sensitivity Specificity 0dds ratio
Nuchal translucency thickness >95th percentile!*® 28% 90% 3.4
Abnormal ductus venosus A-wave!!#12 100% 96-100% -
Folding of the intertwin membrane!® 91% 78% 38.3

Absence of arterioarterial anastomosis®"?! 76-92% 71-74% 8.6-27.5
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Another suggested TTTS predictor is folding of the intertwin membrane in the early second
trimester!®, This sonographic marker is thought to occur due to oligohydramnios in the sac
of the donor, and is also associated with an increased risk of future TTTS (positive likelihood
ratio of 4.2).

The absence of sonographically detectable AA anastomoses has been found to be more com-
mon in pregnancies with TTTS®. Detection of an AA anastomosis was associated with reduction
in risk of developing TTTS (negative likelihood ratio of 9)'?'. Moreover, in those few pregnancies
that developed TTTS in the presence of an AA anastomosis, chances of double fetal survival
were substantially increased'?. AA anastomoses are to be recognized from a bidirectional spec-
tral Doppler pattern, first described by Erskine et al.*?® and later by others'?%'?>_ The sensitivity
of visualizing an AA anastomosis sonographically is 75 to 85% with a specificity of 97 to
100%32?*. The detection rate is higher with anterior placentas and large diameter AA anasto-
moses. Visualizing an AA anastomosis is possible from as early as 11 weeks onwards, however
at 20 weeks only 64% of AA anastomoses are generally diagnosed®. Therefore, the major limita-
tion of prenatal detection of an AA anastomosis in early pregnancy is the uncertainty whether
it is really absent or that it is simply not yet detected.

Unfortunately, the use of these TTTS predictors is insufficient in predicting reliably which
pregnancies will develop TTTS eventually and which pregnancies will not. Therefore, frequent
ultrasound examinations during gestation remain always recommended in monochorionic twin
pregnancies. However, detection of one or more of these markers should alert obstetricians and
should be a reason for intensifying sonographic surveillance.

Ultrasound examination

TTTS should be distinguished from monochorionic twins with severe growth discordance. The
growth-restricted twin may mimic the donor presenting with oligohydramnios, a small bladder
and abnormal flow in the UA. The lack of polyhydramnios in the other sac, however, rules out
the diagnosis of TTTS*.

The finding of polyhydramnios without visualization of an intertwin membrane may lead to
the false diagnosis of a monoamniotic twin pregnancy. Although TTTS can occur in monoam-
niotic pregnacies®®3*, it is more likely that, in cases of polyhydramnios with supposed absence
of the interwin membrane, the donor twin has anhydramnios with its amniotic membrane
tightly wrapped around its body. This is called the “stuck” twin phenomenon (Figure 3). In
most cases, the donor is fixed to the uterine wall. A variant of this classic stuck twin occurs
when the donor twin with severe oligohydramnios is enveloped by dividing membranes and
connected to the uterine wall by a laminar stalk of these membranes, the so-called “cocoon-
sign”*?” or intrauterine sling??®. It may appear “unstuck” and free floating in the recipient’s
sac with polyhydramnios, and can therefore be misdiagnosed as being surrounded by a normal
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Figure 3 “Stuck” twin at 18+1 weeks of gestation

amount of amniotic fluid. Other fetal causes of stuck twins, not associated with TTTS, have
been cytomegalovirus infection??®, glomerulocystic disease®*°, Russell-Silver syndrome'*, and
agenesis of the DV*%2,

Doppler studies

Since 1985, several papers on Doppler studies in TTTS have been published. Most of these
were only case reports or small series and TTTS diagnosis was often based on neonatal criteria.
In some papers, there was no comment on the presence or absence of TTTS at all. Results
were conflicting, probably as a consequence of differences in criteria for TTTS and differences
between gestational age of the study groups. In 1995, Hecher et al.***3* were the first to
publish a detailed study on arterial and venous Doppler in TTTS diagnosed by the presence
of polyhydramnios and a stuck twin in mid-gestation. One of the important findings was the
AREDF in the UA of donors. It was concluded that alterations in the donor’s circulation were
consistent with decreased venous return due to hypovolemia and increased cardiac afterload
due to increased placental resistance rather than with anemia and hypoxemia. Reversed flow in
the DV during atrial contraction and pulsatile umbilical venous flow were found more often in
recipients compared to donors. Tricuspid regurgitation (TR) was only diagnosed in recipients.
They stated that the recipient’s circulation showed the characteristics of congestive heart
failure due to hypervolemia. Since then, several other important studies on fetal Doppler
measurements in TTTS before and after laser treatment have been published.

Doppler in TTTS

In donors complicated by TTTS, EDF in the UA has been reported to be absent or reversed in
14 to 47%*%7, Pathologic Doppler findings in the UA of donors do not necessarily only reflect
high placental resistance and unequal placental sharing but might also be attributed to fetal
hypotension due to hypovolemia, which may be corrected by laser therapy. Pulsatile umbilical
venous flow has been shown to be present in 4% of donors®’. Absent or reversed flow during
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atrial contraction in the DV has been reported to be present in 2 to 16% of donor twins!3>137,
Less than 2% of donors have been diagnosed with TR before laser treatment36137,

In recipients complicated by TTTS, EDF in the UA has been reported to be absent or reversed
in 1 to 6%!**37, AREDF in the UA of recipients may be due to placental compression caused by
massive polyhydramnios. Pulsatile umbilical venous flow has been shown to be present in 28%
of recipients?¥. Absent or reversed flow during atrial contraction in the DV has been reported
to be present in 28 to 37% of recipient twins!***¥, Thirty-four to 36% of recipients have been
diagnosed with TR before laser treatment!3¢37,

Intertwin differences in umbilical vein (UV) flow have also been reported. UV flow has been
found to be remarkably lower in donors compared to recipients before laser therapy!*¢*%. The
UV flow ratio before laser treatment between recipient and donor was found to be 3.3%.

AREDF in the UA of the donor and reversed flow in the DV of the recipient have been identi-
fied as risk factors for the demise of these twins after laser treatment!?2137:13%,

Doppler after fetoscopic laser coagulation

Laser coagulation of placental anastomoses is targeted at interrupting fetal intertwin transfu-
sion. The supposed hypo- and hypervolemic state of donor and recipient, respectively, should
be restored to a euvolemic state. Several studies have been performed to investigate fetal
adaptation to the new hemodynamic situation after fetoscopic laser therapy.

In donors, positive EDF in the UA has been shown to reappear in 30 to 53% within a few
days after fetoscopic laser treatment!*>*¥”. The UA pulsatility index (PI) has been reported to
decrease significantly after laser therapy®>%¢, These findings are compatible with a change
in the hemodynamic situation and an increase in the blood volume and blood pressure of the
donor after laser therapy.

UV flow in donors has been shown to increase significantly after treatment and the difference
with recipients has been noted to become non-significant®®*!®. This indicates an increased
venous return in donor fetuses after treatment, suggestive of a cessation of the unbalanced
blood flow exchange between monochorionic twins after fetoscopic laser therapy. This supposed
increase in preload may put donor fetuses at risk for transient heart failure. Pulsatile UV flow
has been reported to be found in 5% of donors*¥. It has also been shown that 6 to 41% of
donor twins show absence or reversal of blood flow during atrial contraction in the DV after
laser therapy. DV pulsatility index for veins (PIV) has been shown to increase significantly***%.
TR has been found in 6 to 38% of donors***!*. Moreover, Gratacos et al.**® reported that 25% of
donor fetuses showed hydropic signs within a few days after laser treatment. In all except one
fetus, hydrops was mild or moderate and transient, and none of these donors died in utero. This
phenomenon had no demonstrable impact on neonatal survival or increased risk of neurological
damage, and was supposed to reflect the transient hypervolemic state of the donor after laser
therapy'. Zikulnig et al.** also reported skin edema in donor fetuses after laser therapy.
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In recipients, reappearance of forward flow during atrial contraction has been recorded in
24 to 80% and significantly decreased DV PIV has been found after fetoscopic laser treatment,
indicative of fetal cardiac function improvement®*>*3, Pulsatile UV flow and TR have been
shown to be still present in 22% and 34% of recipients, respectively®’.

Echocardiography

Discordant hemodynamics may result in cardiac dysfunction. Prenatal cardiac failure has been
reported to occur in 55 to 100% of recipient twins**% and can be transient, progressive or
persistent beyond the neonatal period. The cardiac involvement of recipient twins may be of
varying severity. However, a predominance of hemodynamic alterations affecting the right side
of the fetal heart with eventually right ventricular outflow tract obstruction (RVOTO) has been
described®?41-%49_ Cardiac changes further include cardiomegaly, ventricular hypertrophy, and
tricuspid and mitral valve regurgitation***2. Donors show no or little cardiac pathology in the
absence of structural heart abnormalities®?142143150.153 T the only study on congenital heart
disease after laser therapy so far, 55% of recipients showed signs of congestive heart failure
before laser therapy. Congenital heart disease was recorded in almost 14% of surviving recipi-
ents. No correlation was found between findings before laser therapy and the development of
structural heart disease after birth, as the incidence of postnatal congenital heart disease in
fetuses with and without abnormal cardiac findings before laser coagulation were comparable
(p=0.66)1“,

Whereas the exact cause of cardiac dysfunction observed in TTTS is uncertain, at least three
etiologic factors may play a role. Firstly, primary cardiac pathology (e.g. congenital cardiomy-
opathy) has been suggested as a cause. This has been described to occur due to hypercon-
tractility during fetal life** and in fetuses of insulin dependent diabetic mothers®>. In TTTS,
however, a hemodynamic component is more likely to play a role than a primary heart defect.
Secondly, increased preload has been linked to the increased incidence of cardiac failure.
The placental vascular anastomoses lead to blood volume overload and high cardiac output,
which has been acknowledged to be compensated by right ventricular hypertrophy®28615¢, This
hypothesis incorporates prenatal echocardiographic features of ventricular hypertrophy, tri-
cuspid requrgitation and pulsatile venous flow. Furthermore, cardiac hormones like atrial and
brain natriuretic peptides are released due to hypervolemia and levels of these hormones are
increased in recipients®. Thirdly, the alternate hypothesis proposes that cardiac dysfunction is
the result of raised afterload due to increased systemic resistance in utero®. High resistance to
UA flow in the monochorionic placenta could lead to increased arterial pressure in the systemic
circulation of the recipient twin, high pressure in the ductus arteriosus, and obstructed outflow
to the right ventricle resulting in the development of congestive heart failure (as shown by
TR) as well as chronically diminished flow through the pulmonary valve leading to RVOTO™’.
This theory is supported by the finding of neonatal hypertension in the recipient® and might



Ultrasound examination in twin-to-twin transfusion syndrome | 31

explain the predominance of abnormalities involving the right ventricle. High pressure in the
circulation may also be mediated by vasoconstrictive substances such as endothelin-1% or

renin-angiotensin?’.

Therapy and outcome

Conservative treatment in severe TTTS is associated with survival rates of less than 20%°7-¢,
although more recently an overall survival rate of 37% was reported®®. As delivery is not an
option before 25 weeks of gestation, the focus of most studies has been on different types of
treatment in pregnancy during the period before viability is reached.

Since 1980, several methods to treat TTTS have been described. Maternal medical treatment
with digoxin to treat cardiac failure in the recipient’*%°, administration of indomethacin to
reduce polyhydramnios'®, and drawing blood from the hypervolemic recipient®? have not been
proven to be effective enough to be incorporated in current treatment options. Another type
of treatment is septostomy. By intentionally perforating the intertwin membrane, the amniotic
fluid in the donor’s and recipient’s sac should become evenly distributed!®. Perinatal survival
was shown to be comparable to serial amniodrainage and it is a less invasive method. In a
mathematic model for chronic TTTS, however, septostomy is not expected to have significant
therapeutic efficacy’®. A treatment option in TTTS cases in which one of the fetuses is al-
ready irreversibly damaged or likely to die, is selective feticide. Occlusion of the umbilical cord
through ligation or bipolar coagulation allows the other twin to survive with, presumably, pro-
tection from neurological complications associated with co-twin death in the presence of patent
anastomoses'®. This option obviously is associated with a maximum of 50% of fetal survival.

The most commonly used treatment options for TTTS in the last decade have been amnio-

drainage and fetoscopic laser coagulation of the communicating placental vessels.

Amniodrainage

Since 1985, serial amnioreduction has been performed as a symptomatic treatment for poly-
hydramnios in the recipient’s sac'¢’'%. In order to relieve symptoms caused by the massive
polyhydramnios and to allow prolongation of pregnancy by reducing the risk of preterm labor
and premature rupture of membranes, excessive amniotic fluid is repeatedly removed by am-
niocentesis. Uteroplacental perfusion likely improves as the intrauterine pressure is reduced,
which is shown by amelioration in uterine blood flow!*® and normalization of UA flow?°. In a
study performed by Hecher et al.*?, a single amniodrainage was sufficient to cure TTTS in 20%
of the cases, probably because a new equilibrium developed. Also, prolonged intervals between
reductions due to less reaccumulation of amniotic fluid have been described®®¢’. Furthermore,
the increased transfusion from the donor to the recipient that is enhanced by compression



o ‘ Chapter 1

of the placenta through polyhydramnios, will be decreased if intra-amniotic pressure drops
after amnioreduction. For whatever reason, amnioreduction appears to prolong pregnancy and
improve overall perinatal survival rate to 51 to 68%“%7*173, An important drawback is that
the risk of neurological damage is 15 to 26%°3%158172.173 Rodeck et al.'’* recently suggested that
radical amnioreduction performed after 24 weeks of gestation might cause a shift of blood from
the fetus to the placenta, which could explain some of the severe neurological outcomes. Serial
amnioreduction is widely available and easily performed by most obstetricians. Procedure-
related complications (5 to 15% per amnioreduction***72) include fetal death within 48 hours,
miscarriage, rupture of membranes, premature labor, infection, and abruptio placentae’> 5375,

Fetoscopic laser coagulation of the vascular anastomoses

In 1990, fetoscopic laser coagulation of the vascular anastomoses on the placental surface as
a causal treatment for TTTS was introduced by De Lia'’ and is always combined with a single
amniodrainage at the end of the procedure. Initially, all placental vessels, both anastomotic
and non-anastomotic, crossing the intertwin septum were ablated?’”:*’8, This non-selective ap-
proach resulted in high procedure-related fetal loss, particularly of the donor, as a result of
devitalization of normal cotyledons'’®. Since 1996, a technique of selective coagulation of
all anastomoses visualized along the vascular equator has been used’*%7%-'82_ The aim is to
separate the monochorionic placenta into two distinct fetoplacental circulations, sparing the
normal cotyledons. Perinatal survival increases to 57 to 70%!>1%-18 The risk of long-term
neurological damage in survivors is 6 to 17%#5%¢. Complications of fetoscopic laser therapy in
the first week after the operation include miscarriage (12%), premature rupture of membranes
(7%), placental abruption (1.7%), single IUFD (13 to 33%) and double IUFD (3 to 22%)*®*1°,
Late complications are preterm premature rupture of membranes before 32 weeks (17%), recur-
rence of TTTS (14%), isolated marked discordant hemoglobin levels (13%), and double IUFD
(1%)*°. Maternal complications have been described only rarely. It is suggested that, due to
the relatively low caseload, laser operations should be performed by fetal specialists trained
in endoscopy and placental vascular anatomy only, otherwise the procedure may do more harm
than good™.

The only randomized controlled trial to date reported significantly higher perinatal survival
rates and improved neurological outcome in TTTS survivors after fetoscopic laser surgery com-
pared to serial amnioreduction®. The overall survival in the laser group compared to the
amnioreduction group was 57% versus 41%. At the age of six months, major neurological
sequelae were found in 19% of the amnioreduction group versus 7% in the laser group. Since
this study, fetoscopic laser therapy is considered the treatment of first choice for TTTS by many
obstetricians. Some consider a stage-based treatment of chronic TTTS, with amnioreduction
in pregnancies with amniotic fluid imbalance only and fetoscopic laser surgery in pregnancies
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with fetuses with cardiovascular dysfunction, a more appropriate approach'?. The study by
Senat et al.'** showed, however, that laser therapy was beneficial for fetuses in all Quintero
stages and concluded that the choice of treatment should not be influenced by staging. This
was confirmed by recent studies of Huber et al.**? and Middeldorp et al.'® that also showed laser
therapy to be a more effective therapeutic option in the early stages of severe TTTS.

The most recent studies report two survivors in 36 to 58% of treated pregnancies!!*18-18 of
whom 6 to 17% are neurologically impaired*®-8, It is suggested that results of laser treatment
may not be improving due to limitations such as donor placental insufficiency, pre-existing
stretch effects on membranous integrity and cervical competence. Also, technical limitations of
laser treatment may be a factor. Persistence, recurrence or even reversal of TTTS may occur due
to incomplete ablation or recanalization of anastomoses!®®**1%_ Tt was shown that more than
half of monochorionic placentas contain additional deep anastomoses that are not visible by
endoscopy®®’**8. Although it was recently published that deep-hidden anastomoses are unlikely
to occur with clinical consequences'®®, they have been suggested to be involved in lesser

degrees of intertwin transfusion®®.

Neonatal outcome after laser therapy

Prematurity is a well recognized risk factor for adverse neonatal outcome in twins as well as in
singletons®*2%, The median age of babies born after laser therapy is 31 to 34 weeks!!3182-184

which consequently has a major impact on their neonatal morbidity rates.

Cardiovascular complications

Congenital heart disease occurs more frequently in monochorionic twins complicated by TTTS
(5.4 to 13.7%), especially in recipients®®>462%1 than in the general population (0.56%)%. In
a recent study that reported on the incidence of congenital heart disease in monochorionic
twins after laser therapy (median age at follow up 21.5 months), it was concluded that 87%
of survivors had a normal cardiac ultrasound examination. Congenital heart disease occurred
in 11.2% of surviving twins and in 13.7% of recipients. Donors showed atrial septal defects
in 7.9% of cases. RVOTO developed only in recipients (7.8%). RVOTO may be serious enough
to warrant valvotomy in infancy®*. In our clinic, the incidence of congenital heart disease
in TTTS survivors treated with laser therapy was 5.4%. In recipients, it was 7.9%. RVOTO only
occurred in recipients and the incidence was 4%?2°.

The hostile 7in utero environment in TTTS may also result in fetal vascular remodeling causing
increased vascular stiffness and raised cardiac afterload in the surviving donor, which has been
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associated with adult onset of cardiovascular disease such as hypertension and ischemic heart

disease?03:204,

Neurological complications

Neurological complications are due partly to antenatally acquired lesions and partly to prema-
turity. Both donor and recipient twins are at risk. In the literature, only a few studies have
been published on long-term neurodevelopmental outcome after laser coagulation of placental
anastomoses for TTTS. The incidence of major neurological complications in these studies was
6 to 11%'>®_ In our clinic, the incidence of neurodevelopmental impairment in TTTS survivors
after laser treatment was 17%, including cerebral palsy (7%), mental developmental delay
(8%), psychomotor developmental delay (10%), and deafness (1%)?*%8.

Other complications

Up to 30% of donors have been reported to be complicated by renal failure and/or renal tu-
bular dysgenesis due to chronic volume depletion and renal hypoperfusion in uterg?50:150:153.205,
Complete recovery of adequate renal function is usually reported?’®. Despite severe alteration
of renal function before fetoscopic laser treatment (anuria/polyuria) no long-term impairment
of renal function could be detected after laser therapy (median age at evaluation 3 years and
1 month)?. In our clinic, one donor twin presented after birth with transient renal failure.
Chronic renal failure was diagnosed in none of the survivors.

Ischemic limb injury has been anecdotically described in recipient twins and may be due to
polycythemia-hyperviscosity syndrome?’. In our clinic, we had one survivor (recipient) whose
right hand and forearm were suspected prenatally to be necrotic, which was confirmed after
birth.

Conclusion

Most twin pregnancies have an uneventful course, although twins are at greater risk than single-
tons. Therefore, prenatal care should particularly focus on complications that are known to
happen more often in twin pregnancies. A useful tool for monitoring is ultrasound examination.
As monochorionicity is the prerequisite for TTTS and other complications, early demonstration
of chorionicity is vital. If monochorionic twinning has been diagnosed, close sonographic
surveillance is highly relevant.

For several reasons, TTTS currently presents a great therapeutic challenge in fetal medicine.
TTTS affects two babies, both of whom are structurally normal. If left untreated, they are at
great risk to die in utero or survive with handicaps. The basis of TTTS is in the placenta and can
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be effectively treated with fetoscopic laser coagulation of the vascular anastomoses. However,
with currently used therapeutic methods, perinatal mortality and morbidity rates remain high.
The outcome is better if TTTS is treated in the early stages and before fetal damage has oc-
curred. Therefore, increasing attention should be paid to early diagnosis of TTTS.

The aims of this thesis were to evaluate the use of ultrasound and Doppler in prenatal
management of monochorionic twin pregnancies and to study the effects of TTTS and fetoscopic
laser therapy on fetal hemodynamics.

Outline of the thesis

Leiden University Medical Center (LUMC) is a tertiary medical center in the Netherlands and
serves as the national referral center for fetal therapy. Since August 2000, monochorionic
twin pregnancies complicated by TTTS have been treated with fetoscopic laser coagulation of
placental anastomoses. Since then, several studies on monochorionic twins with and without
TTTS were started. TULIPS, Twins and ULtrasound In Pregnancy Studies, was one of these
projects. The aims of this study were: 1) to evaluate serial ultrasound examinations combined
with patient instructions in achieving timely detection of TTTS in a cohort of monochorionic
diamniotic twin pregnancies, and 2) to study the effects of TTTS and fetoscopic laser therapy

on fetal hemodynamics of monochorionic twins.

The studies of this thesis, described in detail in the following chapters, are summarized
below.

In chapter 2 we report on the occurrence of bipartite monochorionic twin placentas.

In chapter 3 we present a case of TTTS at 11 weeks of gestation.

In chapter 4 we describe the value of serial ultrasound examinations together with patient
instructions to report the onset of symptoms in achieving timely detection of TTTS in a cohort

of monochorionic diamniotic twin pregnancies, and we evaluate sonographic TTTS predictors.

Chapter 5 investigates fetal hemodynamics in monochorionic twins with TTTS before and after
fetoscopic laser therapy, focusing on the renal and cerebral blood flow.

In chapter 6 we study the influence of fetoscopic laser therapy on fetal cardiac size in mono-
chorionic twins complicated by TTTS.
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Chapter 7 compares the cardiac output between monochorionic twins complicated by TTTS and
treated with laser coagulation of the placental vessels (donors and recipients), a control group
of monochorionic twins without TTTS, and a control group of singletons.

Chapter 8 contains the general discussion concerning all studies of the thesis.

Recommendations for clinical practice are provided in chapter 9.

Chapter 10 summarizes the results of the presented studies.



Ultrasound examination in twin-to-twin transfusion syndrome

References

1. The history of Isaac and his sons. In: Genesis; vv.19-36.

2. Berger HM, de Waard F, Molenaar Y. A case of twin-to-twin transfusion in 1617. Lancet 2000; 356:
847-848.

3. Schatz F. Eine besondere Art von einseitiger Poliyhydramnie mit anderseitiger Oligohydramnie bei
eineiigen Zwillingen. Arch Gynaekol 1882; 19: 329-369.

4. NVOG - Richtlijn 13 - Meerlingen (2005).

5. Campbell DM, Campbell AJ, MacGillivray I. Maternal characteristics of women having twin pregnan-
cies. J Biosoc Sci 1974; 6: 463-470.

6. Redline RW. Nonidentical twins with a single placenta--disproving dogma in perinatal pathology. N
Engl J Med 2003; 349: 111-114.

7. Derom C, Vlietinck R, Derom R, Van den BH, Thiery M. Increased monozygotic twinning rate after
ovulation induction. Lancet 1987; 1: 1236-1238.

8. Sills ES, Moomjy M, Zaninovic N, Veeck LL, McGee M, Palermo GD, Rosenwaks Z. Human zona pel-
lucida micromanipulation and monozygotic twinning frequency after IVF. Hum Reprod 2000; 15:
890-895.

9. Behr B, Fisch JD, Racowsky C, Miller K, Pool TB, Milki AA. Blastocyst-ET and monozygotic twinning.
J Assist Reprod Genet 2000; 17: 349-351.

10. Schachter M, Raziel A, Friedler S, Strassburger D, Bern 0, Ron-EL R. Monozygotic twinning after
assisted reproductive techniques: a phenomenon independent of micromanipulation. Hum Reprod
2001; 16: 1264-1269.

11. da Costa ALA, Abdelmassih S, de Oliveira FG, Abdelmassih V, Abdelmassih R, Nagy ZP, Balmaceda JP.
Monozygotic twins and transfer at the blastocyst stage after ICSI. Hum Reprod 2001; 16: 333-336.

12.  Milki AA, Jun SH, Hinckley MD, Behr B, Giudice LC, Westphal LM. Incidence of monozygotic twinning
with blastocyst transfer compared to cleavage-stage transfer. Fertil Steril 2003; 79: 503-506.

13. Blickstein I. Estimation of iatrogenic monozygotic twinning rate following assisted reproduction:
Pitfalls and caveats. Am J Obstet Gynecol 2005; 192: 365-368.

14. Robertson EG, Neer KJ. Placental injection studies in twin gestation. Am J Obstet Gynecol 1983;
147:170-174.

15. Loos RJ, Derom C, Derom R, Vlietinck R. Birthweight in liveborn twins: the influence of the umbilical
cord insertion and fusion of placentas. BJOG 2001; 108: 943-948.

16. Miura K, Niikawa N. Do monochorionic dizygotic twins increase after pregnancy by assisted reproduc-
tive technology? J Hum Genet 2005; 50: 1-6.

17. Souter VL, Kapur RP, Nyholt DR, Skogerboe K, Myerson D, Ton CC, Opheim KE, Easterling TR, Shields
LE, Montgomery GW, Glass IA. A report of dizygous monochorionic twins. N Engl J Med 2003; 349:
154-158.

18. Lewi L, Blickstein I, Van Schoubroeck D, Gloning KP, Casteels M, Brandenburg H, Fryns JP, Deprest J.
Diagnosis and management of heterokaryotypic monochorionic twins. Am J Med Genet A 2006; 140:
272-275.

19. Carroll SG, Soothill PW, Abdel-Fattah SA, Porter H, Montague I, Kyle PM. Prediction of chorionicity
in twin pregnancies at 10-14 weeks of gestation. BJOG 2002; 109: 182-186.

20. Stenhouse E, Hardwick C, Maharaj S, Webb J, Kelly T, Mackenzie FM. Chorionicity determination in
twin pregnancies: how accurate are we? Ultrasound Obstet Gynecol 2002; 19: 350-352.

21. Machin GA. Why is it important to diagnose chorionicity and how do we do it? Best Pract Res Clin
Obstet Gynaecol 2004; 18: 515-530.

22. Kim K, Lage JM. Bipartite diamnionic monochorionic twin placenta with superficial vascular anasto-
moses: report of a case. Hum Pathol 1991; 22:501-503.

23. Altshuler G, Hyde S. Placental pathology casebook. A bidiscoid, monochorionic placenta. J Perinatol
1993; 13: 492-493.

24. Hill LM, Chenevey P, Hecker J, Martin JG. Sonographic determination of first trimester twin chorion-
icity and amnionicity. J Clin Ultrasound 1996; 24: 305-308.

25. Bromley B, Benacerraf B. Using the number of yolk sacs to determine amnionicity in early first

trimester monochorionic twins. J Ultrasound Med 1995; 14: 415-419.

37



& ‘ Chapter 1

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Sepulveda W, Sebire NJ, Hughes K, Kalogeropoulos A, Nicolaides KH. Evolution of the lambda or
twin-chorionic peak sign in dichorionic twin pregnancies. Obstet Gynecol 1997; 89: 439-441.
Quintero RA, Mueller OT, Martinez JM, Arroyo J, Gilbert-Barness E, Hilbelink D, Papenhausen P, Sut-
cliffe M. Twin-twin transfusion syndrome in a dizygotic monochorionic-diamniotic twin pregnancy. J
Matern Fetal Neonatal Med 2003; 14: 279-281.

Williams CA, Wallace MR, Drury KC, Kipersztok S, Edwards RK, Williams RS, Haller MJ, Schatz DA, Sil-
verstein JH, Gray BA, Zori RT. Blood lymphocyte chimerism associated with IVF and monochorionic
dizygous twinning: case report. Hum Reprod 2004; 19: 2816-2821.

Ginsberg NA, Ginsberg S, Rechitsky S, Verlinsky Y. Fusion as the etiology of chimerism in monocho-
rionic dizygotic twins. Fetal Diagn Ther 2005; 20: 20-22.

Yoon G, Beischel LS, Johnson JP, Jones MC. Dizygotic twin pregnancy conceived with assisted repro-
ductive technology associated with chromosomal anomaly, imprinting disorder, and monochorionic
placentation. J Pediatr 2005; 146: 565-567.

Stagiannis KD, Sepulveda W, Southwell D, Price DA, Fisk NM. Ultrasonographic measurement of the
dividing membrane in twin pregnancy during the second and third trimesters: a reproducibility
study. Am J Obstet Gynecol 1995; 173: 1546-1550.

Suzuki S, Kaneko K, Shin S, Araki T. Incidence of intrauterine complications in monoamniotic twin
gestation. Arch Gynecol Obstet 2001; 265: 57-59.

Heyborne KD, Porreco RP, Garite TJ, Phair K, Abril D. Improved perinatal survival of monoamniotic
twins with intensive inpatient monitoring.Am J Obstet Gynecol 2005; 192: 96-101.

Gallot D, Saulnier JP, Savary D, Laurichesse-Delmas H, Lemery D. Ultrasonographic signs of twin-twin
transfusion syndrome in a monoamniotic twin pregnancy. Ultrasound Obstet Gynecol 2005; 25: 308-
309.

Schaap AH, van den Wijngaard JP, Nikkels PG, van den Broek AJ, Snieders I, van Gemert MJ.
Significance of donor anuria differs between monoamniotic and diamniotic twin-twin transfusion
syndrome. Placenta 2006; [Epub ahead of print].

Allen VM, Windrim R, Barrett J, Ohlsson A. Management of monoamniotic twin pregnancies: a case
series and systematic review of the literature. BJOG 2001; 108: 931-936.

Roque H, Gillen-Goldstein J, Funai E, Young BK, Lockwood CJ. Perinatal outcomes in monoamniotic
gestations. J Matern Fetal Neonatal Med 2003; 13: 414-421.

DeFalco LM, Sciscione AC, Megerian G, Tolosa J, Macones G, 0'Shea A, Pollock MA. Inpatient versus
outpatient management of monoamniotic twins and outcomes. Am J Perinatol 2006; 23: 205-211.
Pasquini L, Wimalasundera RC, Fichera A, Barigye O, Chappell L, Fisk NM. High perinatal survival
in monoamniotic twins managed by prophylactic sulindac, intensive ultrasound surveillance, and
Cesarean delivery at 32 weeks’ gestation. Ultrasound Obstet Gynecol 2006; 28: 681-687.

Bajoria R, Wigglesworth J, Fisk NM. Angioarchitecture of monochorionic placentas in relation to the
twin-twin transfusion syndrome. Am J Obstet Gynecol 1995; 172: 856-863.

Machin G, Still K, Lalani T. Correlations of placental vascular anatomy and clinical outcomes in 69
monochorionic twin pregnancies. Am J Med Genet 1996; 61: 229-236.

Denbow ML, Cox P, Taylor M, Hammal DM, Fisk NM. Placental angioarchitecture in monochorionic
twin pregnancies: relationship to fetal growth, fetofetal transfusion syndrome, and pregnancy out-
come. Am J Obstet Gynecol 2000; 182: 417-426.

Lage JM, Vanmarter L3, Mikhail E. Vascular anastomoses in fused, dichorionic twin placentas result-
ing in twin transfusion syndrome. Placenta 1989; 10: 55-59.

Foschini MP, Gabrielli L, Dorji T, Kos M, Lazzarotto T, Lanari M, Landini MP. Vascular anastomoses in
dichorionic diamniotic-fused placentas. Int J Gynecol Pathol 2003; 22: 359-361.

Sebire NJ, Snijders RJ, Hughes K, Sepulveda W, Nicolaides KH. The hidden mortality of monochori-
onic twin pregnancies. Bjog 1997; 104: 1203-1207.

Ville Y. Monochorionic twin pregnancies: ‘les liaisons dangereuses’. Ultrasound Obstet Gynecol 1997;
10: 82-85.

Pharoah PO, Adi Y. Consequences of in-utero death in a twin pregnancy. Lancet 2000; 355: 1597-
1602.

Simoes T, Amaral N, Lerman R, Ribeiro F, Dias E, Blickstein I. Prospective risk of intrauterine death
of monochorionic-diamniotic twins. Am J Obstet Gynecol 2006; 195: 134-139.



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

Ultrasound examination in twin-to-twin transfusion syndrome

Barigye O, Pasquini L, Galea P, Chambers H, Chappell L, Fisk NM. High risk of unexpected late fetal
death in monochorionic twins despite intensive ultrasound surveillance: a cohort study. PLoS Med
2005; 2: el72.

Ong SS, Zamora J, Khan KS, Kilby MD. Prognosis for the co-twin following single-twin death: a
systematic review. BJOG 2006; 113: 992-998.

Myrianthopoulos NC. Congenital malformations in twins: epidemiologic survey. Birth Defects Orig
Artic Ser 1975; 11: 1-39.

Karatza AA, Wolfenden JL, Taylor MJ, Wee L, Fisk NM, Gardiner HM. Influence of twin-twin transfu-
sion syndrome on fetal cardiovascular structure and function: prospective case-control study of 136
monochorionic twin pregnancies. Heart 2002; 88: 271-277.

Bryan E, Little J, Burn J. Congenital anomalies in twins. Baillieres Clin Obstet Gynaecol 1987; 1:
697-721.

Burn J, Corney G. Congenital heart defects and twinning. Acta Genet Med Gemellol (Roma ) 1984;
33:61-69.

Lutfi S, Allen VM, Fahey J, 0’Connell CM, Vincer MJ. Twin-twin transfusion syndrome: a population-
based study. Obstet Gynecol 2004; 104: 1289-1297.

Steinberg LH, Hurley VA, Desmedt E, Beischer NA. Acute polyhydramnios in twin pregnancies. Aust
N Z J Obstet Gynaecol 1990; 30: 196-200.

Weir PE, Ratten GJ, Beischer NA. Acute polyhydramnios--a complication of monozygous twin preg-
nancy. BJOG 1979; 86: 849-853.

Patten RM, Mack LA, Harvey D, Cyr DR, Pretorius DH. Disparity of amniotic fluid volume and fetal
size: problem of the stuck twin--US studies. Radiology 1989; 172: 153-157.

Gonsoulin W, Moise KJ, Jr., Kirshon B, Cotton DB, Wheeler JM, Carpenter RJ, Jr. Outcome of twin-
twin transfusion diagnosed before 28 weeks of gestation. Obstet Gynecol 1990; 75: 214-216.

Urig MA, Clewell WH, Elliott JP. Twin-twin transfusion syndrome. Am J Obstet Gynecol 1990; 163:
1522-1526.

Saunders NJ, Snijders RJ, Nicolaides KH. Therapeutic amniocentesis in twin-twin transfusion syn-
drome appearing in the second trimester of pregnancy. Am J Obstet Gynecol 1992; 166: 820-824.
Berghella V, Kaufmann M. Natural history of twin-twin transfusion syndrome. J Reprod Med 2001; 46:
480-484.

Yamamoto M, Ville Y. Recent findings on laser treatment of twin-to-twin transfusion syndrome. Curr
Opin Obstet Gynecol 2006; 18: 87-92.

Lopriore E, Vandenbussche FP, Tiersma ES, de Beaufort AJ, de Leeuw JP. Twin-to-twin transfusion
syndrome: new perspectives. J Pediatr 1995; 127: 675-680.

Fusi L, McParland P, Fisk N, Nicolini U, Wigglesworth J. Acute twin-twin transfusion: a possible
mechanism for brain-damaged survivors after intrauterine death of a monochorionic twin. Obstet
Gynecol 1991; 78: 517-520.

Liu S, Benirschke K, Scioscia AL, Mannino FL. Intrauterine death in multiple gestation. Acta Genet
Med Gemellol (Roma ) 1992; 41: 5-26.

Bajoria R, Wee LY, Anwar S, Ward S. Outcome of twin pregnancies complicated by single intrauterine
death in relation to vascular anatomy of the monochorionic placenta. Hum Reprod 1999; 14: 2124-
2130.

Galea P, Scott JM, Goel KM. Feto-fetal transfusion syndrome.Arch Dis Child 1982; 57:781-783.
Sherer DM, Sinkin RA, Metlay LA, Woods JR, Jr. Acute intrapartum twin-twin transfusion. A case
report. J Reprod Med 1992; 37: 184-186.

James WH. A note on the epidemiology of acardiac monsters. Teratology 1977; 16: 211-216.
Sharma S, Gray S, Guzman ER, Rosenberg JC, Shen-Schwarz S. Detection of twin-twin transfusion
syndrome by first trimester ultrasonography. J Ultrasound Med 1995; 14: 635-637.

Su RM, Yu CH, Chang CH, Yang HB, Chang FM. Prenatal diagnosis of twin-twin transfusion syndrome
complicated with hydrops fetalis at 14 weeks of gestation. Int J Gynaecol Obstet 2001; 73: 151-
154.

Berg C, Baschat AA, Geipel A, Germer U, Smrcek J, Krapp M, Gembruch U. First Trimester Twin-to-
Twin Transfusion Syndrome in a Trichorionic Quadruplet Pregnancy - A Diagnostic Challenge. Fetal
Diagn Ther 2002; 17:357-361.

39



P2 ‘ Chapter 1

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Middeldorp M, Lopriore E, Sueters M, Klumper FJ, Vandenbussche FP, Oepkes D. TTTS after 26 weeks
gestation: is there a role for fetoscopic laser surgery? BJOG 2007; in press.

Huber A, Hecher K. How can we diagnose and manage twin-twin transfusion syndrome? Best Pract
Res Clin Obstet Gynaecol 2004; 18: 543-556.

Sebire NJ, Talbert D, Fisk NM. Twin-to-twin transfusion syndrome results from dynamic asymmetrical
reduction in placental anastomoses: a hypothesis. Placenta 2001; 22: 383-391.

Galea P, Jain V, Fisk NM. Insights into the pathophysiology of twin-twin transfusion syndrome.
Prenat Diagn 2005; 25: 777-785.

Diehl W, Hecher K, Zikulnig L, Vetter M, Hackeloer BJ. Placental vascular anastomoses visualized
during fetoscopic laser surgery in severe mid-trimester twin-twin transfusion syndrome. Placenta
2001; 22: 876-881.

Bermudez C, Becerra CH, Bornick PW, Allen MH, Arroyo J, Quintero RA. Placental types and twin-twin
transfusion syndrome. Am J Obstet Gynecol 2002; 187: 489-494.

Umur A, van Gemert MJ, Nikkels PG, Ross MG. Monochorionic twins and twin-twin transfusion syn-
drome: the protective role of arterio-arterial anastomoses. Placenta 2002; 23: 201-209.

Denbow ML, Cox P, Talbert D, Fisk NM. Colour Doppler energy insonation of placental vasculature in
monochorionic twins: absent arterio-arterial anastomoses in association with twin-to-twin transfu-
sion syndrome. BJOG 1998; 105: 760-765.

Denbow M, Fogliani R, Kyle P, Letsky E, Nicolini U, Fisk N. Haematological indices at fetal blood
sampling in monochorionic pregnancies complicated by feto-fetal transfusion syndrome. Prenat Di-
agn 1998; 18: 941-946.

Bajoria R, Ward S, Sooranna SR. Erythropoietin in monochorionic twin pregnancies in relation to
twin--twin transfusion syndrome. Hum Reprod 2001; 16: 574-580.

Bajoria R, Lazda EJ, Ward S, Sooranna SR. Iron metabolism in monochorionic twin pregnancies in
relation to twin--twin transfusion syndrome. Hum Reprod 2001; 16: 567-573.

Bajoria R, Sullivan M, Fisk NM. Endothelin concentrations in monochorionic twins with severe twin-
twin transfusion syndrome. Hum Reprod 1999; 14: 1614-1618.

Bajoria R, Ward S, Chatterjee R. Natriuretic peptides in the pathogenesis of cardiac dysfunction in
the recipient fetus of twin-twin transfusion syndrome. Am J Obstet Gynecol 2002; 186: 121-127.
Bajoria R, Ward S, Chatterjee R. Brain natriuretic peptide and endothelin-1 in the pathogenesis
of polyhydramnios-oligohydramnios in monochorionic twins. Am J Obstet Gynecol 2003; 189: 189-
194.

Tolosa JE, Zoppini C, Ludomirsky A, Bhutani S, Weil R, Huhta JC. Fetal hypertension and cardiac
hypertrophy in the discordant twin syndrome. Am J Obstet Gynecol 1993; 292 (abstract).

Lopriore E, Nagel HT, Vandenbussche FP, Walther FJ. Long-term neurodevelopmental outcome in
twin-to-twin transfusion syndrome. Am J Obstet Gynecol 2003; 189: 1314-1319.

Mahieu-Caputo D, Salomon LI, Le Bidois J, Fermont L, Brunhes A, Jouvet P, Dumez Y, Dommergues
M. Fetal hypertension: an insight into the pathogenesis of the twin-twin transfusion syndrome.
Prenat Diagn 2003; 23: 640-645.

Nageotte MP, Hurwitz SR, Kaupke CJ, Vaziri ND, Pandian MR. Atriopeptin in the twin transfusion
syndrome. Obstet Gynecol 1989; 73: 867-870.

Bajoria R, Ward S, Sooranna SR. Atrial natriuretic peptide mediated polyuria: pathogenesis of poly-
hydramnios in the recipient twin of twin-twin transfusion syndrome. Placenta 2001; 22: 716-724.
Wieacker P, Wilhelm C, Prompeler H, Petersen KG, Schillinger H, Breckwoldt M. Pathophysiology of
polyhydramnios in twin transfusion syndrome. Fetal Diagn Ther 1992; 7: 87-92.

Mahieu-Caputo D, Dommergues M, Delezoide AL, Lacoste M, Cai Y, Narcy F, Jolly D, Gonzales M,
Dumez Y, Gubler MC. Twin-to-twin transfusion syndrome. Role of the fetal renin-angiotensin system.
Am J Pathol 2000; 156: 629-636.

Kilby MD, Platt C, Whittle MJ, Oxley J, Lindop GB. Renin gene expression in fetal kidneys of pregnan-
cies complicated by twin-twin transfusion syndrome. Pediatr Dev Pathol 2001; 4: 175-179.
Mahieu-Caputo D, Muller F, Joly D, Gubler MC, Lebidois J, Fermont L, Dumez Y, Dommergues M.
Pathogenesis of twin-twin transfusion syndrome: the renin-angiotensin system hypothesis. Fetal
Diagn Ther 2001; 16: 241-244.

Mahieu-Caputo D, Meulemans A, Martinovic J, Gubler MC, Delezoide AL, Muller F, Madelenat P, Fisk
NM, Dommergues M. Paradoxic activation of the renin-angiotensin system in twin-twin transfusion



98.

99.

100.

101.

102.

103.

104.

105.

106.

107.
108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Ultrasound examination in twin-to-twin transfusion syndrome

syndrome: an explanation for cardiovascular disturbances in the recipient. Pediatr Res 2005; 58:
685-688.

Bajoria R, Ward S, Sooranna SR. Influence of vasopressin in the pathogenesis of oligohydramnios-
polyhydramnios in monochorionic twins. Eur J Obstet Gynecol Reprod Biol 2004; 113: 49-55.

Fries MH, Goldstein RB, Kilpatrick SJ, Golbus MS, Callen PW, Filly RA. The role of velamentous cord
insertion in the etiology of twin-twin transfusion syndrome. Obstet Gynecol 1993; 81:569-574.
Machin GA. Velamentous cord insertion in monochorionic twin gestation. An added risk factor. J
Reprod Med 1997; 42: 785-789.

Jain V, Fisk NM. The twin-twin transfusion syndrome. Clin Obstet Gynecol 2004; 47: 181-202.
Lopriore E, Sueters M, Middeldorp JM, Oepkes D, Walther FJ, Vandenbussche FP. Velamentous cord
insertion and unequal placental territories in monochorionic twins with and without twin-to-twin-
transfusion syndrome. Am J Obstet Gynecol 2007; 196: 159-5.

Bruner JP, Anderson TL, Rosemond RL. Placental pathophysiology of the twin oligohydramnios-
polyhydramnios sequence and the twin-twin transfusion syndrome. Placenta 1998; 19: 81-86.
Danskin FH, Neilson JP. Twin-to-twin transfusion syndrome: what are appropriate diagnostic crite-
ria? Am J Obstet Gynecol 1989; 161: 365-369.

Fisk NM, Borrell A, Hubinont C, Tannirandorn Y, Nicolini U, Rodeck CH. Fetofetal transfusion syn-
drome: do the neonatal criteria apply in utero? Arch Dis Child 1990; 65: 657-661.

Saunders NJ, Snijders RJ, Nicolaides KH. Twin-twin transfusion syndrome during the 2nd trimester is
associated with small intertwin hemoglobin differences. Fetal Diagn Ther 1991; 6: 34-36.

Wee LY, Fisk NM. The twin-twin transfusion syndrome. Semin Neonatol 2002; 7: 187-202.

Wittmann BK, Baldwin VJ, Nichol B. Antenatal diagnosis of twin transfusion syndrome by ultrasound.
Obstet Gynecol 1981; 58: 123-127.

Brennan JN, Diwan RV, Rosen MG, Bellon EM. Fetofetal transfusion syndrome: prenatal ultrasono-
graphic diagnosis. Radiology 1982; 143: 535-536.

Quintero RA, Morales WJ, Allen MH, Bornick PW, Johnson PK, Kruger M. Staging of twin-twin transfu-
sion syndrome. J Perinatol 1999; 19: 550-555.

Duncombe GJ, Dickinson JE, Evans SF. Perinatal characteristics and outcomes of pregnancies com-
plicated by twin-twin transfusion syndrome. Obstet Gynecol 2003; 101: 1190-1196.

Quintero RA, Dickinson JE, Morales WJ, Bornick PW, Bermudez C, Cincotta R, Chan FY, Allen MH.
Stage-based treatment of twin-twin transfusion syndrome. Am J Obstet Gynecol 2003; 188: 1333-
1340.

Senat MV, Deprest J, Boulvain M, Paupe A, Winer N, Ville Y. Endoscopic laser surgery versus serial
amnioreduction for severe twin-to-twin transfusion syndrome. N Engl J Med 2004; 351: 136-144.
Taylor MJ, Govender L, Jolly M, Wee L, Fisk NM. Validation of the Quintero staging system for twin-
twin transfusion syndrome. Obstet Gynecol 2002; 100: 1257-1265.

Lewi L, Van Schoubroeck D, Gratacos E, Witters I, Timmerman D, Deprest J. Monochorionic diamni-
otic twins: complications and management options. Curr Opin Obstet Gynecol 2003; 15: 177-194.
Sebire NJ, Souka A, Skentou H, Geerts L, Nicolaides KH. Early prediction of severe twin-to-twin
transfusion syndrome. Hum Reprod 2000; 15: 2008-2010.

Nicolaides K, Sebire N, Snijders R. Pathophysiology of increased nuchal transkucency. In: The 11-14-
week scan: The diagnosis of fetal abnormalities. Editor: The Parthenon Publishing Group Inc,1999;
pp. 95-115.

Haak MC, van Vugt JM. Pathophysiology of increased nuchal translucency: a review of the literature.
Hum Reprod Update 2003; 9: 175-184.

Matias A, Montenegro N, Areias JC. Anticipating twin-twin transfusion syndrome in monochorionic
twin pregnancy. Is there a role for nuchal translucency and ductus venosus blood flow evaluation at
11-14 weeks? Twin Res 2000; 3: 65-70.

Matias A, Ramalho C, Montenegro N. Search for hemodynamic compromise at 11-14 weeks in mono-
chorionic twin pregnancy: is abnormal flow in the ductus venosus predictive of twin-twin transfusion
syndrome? J Matern Fetal Neonatal Med 2005; 18: 79-86.

Taylor MJ, Denbow ML, Tanawattanacharoen S, Gannon C, Cox PM, Fisk NM. Doppler detection of ar-
terio-arterial anastomoses in monochorionic twins: feasibility and clinical application. Hum Reprod
2000; 15: 1632-1636.

41



S ‘ Chapter 1

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Taylor MJ, Denbow ML, Duncan KR, Overton TG, Fisk NM. Antenatal factors at diagnosis that predict
outcome in twin-twin transfusion syndrome. Am J Obstet Gynecol 2000; 183: 1023-1028.

Erskine RL, Ritchie JW, Murnaghan GA. Antenatal diagnosis of placental anastomosis in a twin
pregnancy using Doppler ultrasound. BJOG 1986; 93: 955-959.

Hecher K, Jauniaux E, Campbell S, Deane C, Nicolaides K. Artery-to-artery anastomosis in monocho-
rionic twins. Am J Obstet Gynecol 1994; 171: 570-572.

Joern H, Klein B, Schmid-Schoenbein H, Rath W. Antenatal visualization of vascular anastomoses in
monochorionic twins using color Doppler sonography: the protective function of these anastomoses
and the phenomenon of interference beating. Ultrasound Obstet Gynecol 1999; 14: 422-425.

Lees CC, Schwarzler P, Ville Y, Campbell S. Stuck twin syndrome without signs of twin-to-twin
transfusion. Ultrasound Obstet Gynecol 1998; 12: 211-214.

Quintero RA, Chmait RH. The cocoon sign: a potential sonographic pitfall in the diagnosis of twin
- twin transfusion syndrome. Ultrasound Obstet Gynecol 2004; 23: 38-41.

al Kouatly HB, Skupski DW. Intrauterine sling: a complication of the stuck twin syndrome. Ultrasound
Obstet Gynecol 1999; 14: 419-421.

Baker ER, Eberhardt H, Brown ZA. “Stuck twin” syndrome associated with congenital cytomegalovi-
rus infection. Am J Perinatol 1993; 10: 81-83.

Watson WJ, Munson DP, Ohrt DW, Carlson G, Rhodes RB. Polyhydramnios-oligohydramnios in a twin
pregnancy complicated by fetal glomerulocystic kidney disease. Am J Perinatol 1995; 12: 379-381.
Sagot P, David A, Talmant C, Pascal O, Winer N, Boog G. Russell-Silver syndrome: an explanation for
discordant growth in monozygotic twins. Fetal Diagn Ther 1996; 11: 72-78.

Shih JC, Shyu MK, Hsieh MH, Yang JH, Huang SF, Lin GJ, Hsieh FJ. Agenesis of the ductus venosus
in a case of monochorionic twins which mimics twin-twin transfusion syndrome. Prenat Diagn 1996;
16:243-246.

Hecher K, Ville Y, Nicolaides KH. Fetal arterial Doppler studies in twin-twin transfusion syndrome. J
Ultrasound Med 1995; 14: 101-108.

Hecher K, Ville Y, Snijders R, Nicolaides K. Doppler studies of the fetal circulation in twin-twin
transfusion syndrome. Ultrasound Obstet Gynecol 1995; 5: 318-324.

Zikulnig L, Hecher K, Bregenzer T, Baz E, Hackeloer BJ. Prognostic factors in severe twin-twin
transfusion syndrome treated by endoscopic laser surgery. Ultrasound Obstet Gynecol 1999; 14:
380-387.

Gratacos E, Van Schoubroeck D, Carreras E, Devlieger R, Roma E, Cabero L, Deprest J. Impact of laser
coagulation in severe twin-twin transfusion syndrome on fetal Doppler indices and venous blood
flow volume. Ultrasound Obstet Gynecol 2002; 20: 125-130.

Martinez JM, Bermudez C, Becerra C, Lopez J, Morales WJ, Quintero RA. The role of Doppler stud-
ies in predicting individual intrauterine fetal demise after laser therapy for twin-twin transfusion
syndrome. Ultrasound Obstet Gynecol 2003; 22: 246-251.

Ishii K, Chmait RH, Martinez JM, Nakata M, Quintero RA. Ultrasound assessment of venous blood
flow before and after laser therapy: approach to understanding the pathophysiology of twin-twin
transfusion syndrome. Ultrasound Obstet Gynecol 2004; 24: 164-168.

Ville Y, Hecher K, Gagnon A, Sebire N, Hyett J, Nicolaides K. Endoscopic laser coagulation in the
management of severe twin-to-twin transfusion syndrome. BJOG 1998; 105: 446-453.

Gratacos E, Van Schoubroeck D, Carreras E, Devlieger R, Roma E, Cabero L, Deprest J. Transient
hydropic signs in the donor fetus after fetoscopic laser coagulation in severe twin-twin transfusion
syndrome: incidence and clinical relevance. Ultrasound Obstet Gynecol 2002; 19: 449-453.

Zosmer N, Bajoria R, Weiner E, Righy M, Vaughan J, Fisk NM. Clinical and echographic features of in
utero cardiac dysfunction in the recipient twin in twin-twin transfusion syndrome. Br Heart J 1994;
72:74-79.

Fesslova V, Villa L, Nava S, Mosca F, Nicolini U. Fetal and neonatal echocardiographic findings in
twin-twin transfusion syndrome. Am J Obstet Gynecol 1998; 179: 1056-1062.

Simpson LL, Marx GR, Elkadry EA, D’Alton ME. Cardiac dysfunction in twin-twin transfusion syndrome:
a prospective, longitudinal study. Obstet Gynecol 1998; 92: 557-562.

Marton T, Hajdu J, Papp C, Patkos P, Hruby E, Papp Z. Pulmonary stenosis and reactive right ventricu-
lar hypertrophy in the recipient fetus as a consequence of twin-to-twin transfusion. Prenat Diagn
2001; 21: 452-456.



145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.
157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

Ultrasound examination in twin-to-twin transfusion syndrome

Barrea C, Alkazaleh F, Ryan G, McCrindle BW, Roberts A, Bigras JL, Barrett J, Seaward GP, Smallhorn
JF, Hornberger LK. Prenatal cardiovascular manifestations in the twin-to-twin transfusion syndrome
recipients and the impact of therapeutic amnioreduction. Am J Obstet Gynecol 2005; 192: 892-902.
Herberg U, Gross W, Bartmann P, Banek CS, Hecher K, Breuer J. Long-term cardiac follow-up of severe
twin-to-twin transfusion syndrome after intrauterine laser coagulation. Heart 2006; 92: 95-100.
Murakoshi T, Yamamori K, Tojo Y, Naruse H, Seguchi M, Torii Y, Maeda K. Pulmonary stenosis in recipi-
ent twins in twin-to-twin transfusion syndrome: report on 3 cases and review of literature. Croat Med
J 2000; 252-256.

Lougheed J, Sinclair BG, Fung Kee FK, Bigras JL, Ryan G, Smallhorn JF, Hornberger LK. Acquired right
ventricular outflow tract obstruction in the recipient twin in twin-twin transfusion syndrome. J Am
Coll Cardiol 2001; 38: 1533-1538.

Nizard J, Bonnet D, Fermont L, Ville Y. Acquired right heart outflow tract anomaly without systemic
hypertension in recipient twins in twin-twin transfusion syndrome. Ultrasound Obstet Gynecol 2001;
18:669-672.

Cincotta R, Oldham J, Sampson A. Antepartum and postpartum complications of twin-twin transfu-
sion. Aust N Z J Obstet Gynaecol 1996; 36: 303-308.

Lachapelle MF, Leduc L, Cote JM, Grignon A, Fouron JC. Potential value of fetal echocardiography
in the differential diagnosis of twin pregnancy with presence of polyhydramnios-oligohydramnios
syndrome. Am J Obstet Gynecol 1997; 177: 388-394.

Hyodo HM, Unno N, Masuda H, Watanabe T, Kozuma S, Taketani Y. Myocardial hypertrophy of the
recipient twins in twin-to-twin transfusion syndrome and cerebral palsy. Int J Gynaecol Obstet 2003;
80: 29-34.

Reisner DP, Mahony BS, Petty CN, Nyberg DA, Porter TF, Zingheim RW, Williams MA, Luthy DA. Stuck
twin syndrome: outcome in thirty-seven consecutive cases. Am J Obstet Gynecol 1993; 169: 991-
995.

Ferrans VJ. Morphology of the heart in hypertrophy. Hosp Pract (Off Ed) 1983; 18: 67-78.

Rizzo G, Arduini D, Romanini C. Accelerated cardiac growth and abnormal cardiac flow in fetuses of
type I diabetic mothers. Obstet Gynecol 1992; 80: 369-376.

Rychik J. Fetal cardiovascular physiology. Pediatr Cardiol 2004; 25: 201-209.

Rizzo G, Arduini D, Romanini C. Doppler echocardiographic assessment of fetal cardiac function.
Ultrasound Obstet Gynecol 1992; 2: 434-445.

van Gemert MJ, Umur A, Tijssen JG, Ross MG. Twin-twin transfusion syndrome: etiology, severity and
rational management. Curr Opin Obstet Gynecol 2001; 13: 193-206.

De Lia J, Emery MG, Sheafor SA, Jennison TA. Twin transfusion syndrome: successful in utero treat-
ment with digoxin. Int J Gynaecol Obstet 1985; 23: 197-201.

Arabin B, Laurini RN, van Eyck J, Nicolaides KH. Treatment of twin-twin transfusion syndrome by
laser and digoxin. Biophysical and angiographic evaluation. Fetal Diagn Ther 1998; 13: 141-146.
Jones M, Sbarra AJ, Dilillo L, Cetrulo CL, D’Alton ME. Indomethacin in severe twin-to-twin transfu-
sion syndrome. Am J Perinatol 1993; 10: 24-26.

Bellotti M, Rognoni G, de Gasperi C, Panteghini M, Berlanda N, Ferrazzi E, Buscaglia M. Controlled
fetal blood-letting of the recipient twin as a new method for the treatment of severe twin-twin
transfusion syndrome: preliminary results. Ultrasound Obstet Gynecol 2001; 18: 666-668.

Saade GR, Belfort MA, Berry DL, Bui TH, Montgomery LD, Johnson A, 0'Day M, Olson GL, Lindholm H,
Garoff L, Moise KJ, Jr. Amniotic septostomy for the treatment of twin oligohydramnios-polyhydram-
nios sequence. Fetal Diagn Ther 1998; 13: 86-93.

Moise KJ, Jr., Dorman K, Lamvu G, Saade GR, Fisk NM, Dickinson JE, Wilson RD, Gagnon A, Belfort
MA, 0'Shaughnessy RO, Chitkara U, Hassan SS, Johnson A, Sciscione A, Skupski D. A randomized
trial of amnioreduction versus septostomy in the treatment of twin-twin transfusion syndrome. Am
J Obstet Gynecol 2005; 193:701-707.

Umur A, van Gemert MJ, Ross MG. Fetal urine and amniotic fluid in monochorionic twins with twin-
twin transfusion syndrome: simulations of therapy. Am J Obstet Gynecol 2001; 185: 996-1003.
Taylor MJ, Shalev E, Tanawattanacharoen S, Jolly M, Kumar S, Weiner E, Cox PM, Fisk NM. Ultrasound-
guided umbilical cord occlusion using bipolar diathermy for Stage III/IV twin-twin transfusion
syndrome. Prenat Diagn 2002; 22: 70-76.

43



R ‘ Chapter 1

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

Schneider KT, Vetter K, Huch R, Huch A. Acute polyhydramnios complicating twin pregnancies. Acta
Genet Med Gemellol (Roma ) 1985; 34: 179-184.

Montan S, Jorgensen C, Sjoberg NO. Amniocentesis in treatment of acute polyhydramniosis in twin
pregnancies. Acta Obstet Gynecol Scand 1985; 64: 537-539.

Bower SJ, Flack NJ, Sepulveda W, Talbert DG, Fisk NM. Uterine artery blood flow response to correc-
tion of amniotic fluid volume. Am J Obstet Gynecol 1995; 173:502-507.

Dickinson JE. Severe twin-twin transfusion syndrome: current management concepts. Aust N Z J
Obstet Gynaecol 1995; 35: 16-21.

Hecher K, Plath H, Bregenzer T, Hansmann M, Hackeloer BJ. Endoscopic laser surgery versus serial
amniocenteses in the treatment of severe twin-twin transfusion syndrome. Am J Obstet Gynecol
1999; 180: 717-724.

Mari G, Roberts A, Detti L, Kovanci E, Stefos T, Bahado-Singh RO, Deter RL, Fisk NM. Perinatal
morbidity and mortality rates in severe twin-twin transfusion syndrome: results of the International
Amnioreduction Registry. Am J Obstet Gynecol 2001; 185: 708-715.

Cincotta RB, Gray PH, Phythian G, Rogers YM, Chan FY. Long term outcome of twin-twin transfusion
syndrome. Arch Dis Child Fetal Neonatal Ed 2000; 83: F171-F176.

Rodeck CH, Weisz B, Peebles DM, Jauniaux E. Hypothesis: the placental ‘steal’ phenomenon - a pos-
sible hazard of amnioreduction. Fetal Diagn Ther 2006; 21: 302-306.

Mahony BS, Petty CN, Nyberg DA, Luthy DA, Hickok DE, Hirsch JH. The “stuck twin” phenomenon:
ultrasonographic findings, pregnancy outcome, and management with serial amniocenteses. Am J
Obstet Gynecol 1990; 163: 1513-1522.

De Lia JE, Cruikshank DP, Keye WR, Jr. Fetoscopic neodymium: YAG laser occlusion of placental ves-
sels in severe twin-twin transfusion syndrome. Obstet Gynecol 1990; 75: 1046-1053.

Ville Y, Hecher K, Ogg D, Warren R, Nicolaides K. Successful outcome after Nd : YAG laser separation
of chorioangiopagus-twins under sonoendoscopic control. Ultrasound Obstet Gynecol 1992; 2: 429-
431.

Ville Y, Hyett J, Hecher K, Nicolaides K. Preliminary experience with endoscopic laser surgery for
severe twin- twin transfusion syndrome. N Engl J Med 1995; 332: 224-227.

Duncan KR, Denbow ML, Fisk NM. The aetiology and management of twin-twin transfusion syndrome.
Prenat Diagn 1997; 17:1227-1236.

De Lia J, Fisk N, Hecher K, Machin G, Nicolaides K, Hyett J, Quintero R, Thilaganathan B, Ville
Y. Twin-to-twin transfusion syndrome--debates on the etiology, natural history and management.
Ultrasound Obstet Gynecol 2000; 16: 210-213.

Hecher K, Diehl W, Zikulnig L, Vetter M, Hackeloer BJ. Endoscopic laser coagulation of placental
anastomoses in 200 pregnancies with severe mid-trimester twin-to-twin transfusion syndrome. Eur
J Obstet Gynecol Reprod Biol 2000; 92: 135-139.

Quintero RA, Comas C, Bornick PW, Allen MH, Kruger M. Selective versus non-selective laser photo-
coagulation of placental vessels in twin-to-twin transfusion syndrome. Ultrasound Obstet Gynecol
2000; 16: 230-236.

De Lia JE, Kuhlmann RS, Lopez KP. Treating previable twin-twin transfusion syndrome with feto-
scopic laser surgery: outcomes following the learning curve. J Perinat Med 1999; 27: 61-67.
Middeldorp JM, Sueters M, Lopriore E, Klumper FJ, Oepkes D, Devlieger R, Kanhai HH, Vandenbussche
FP. Fetoscopic Laser Surgery in 100 Pregnancies with Severe Twin-to-Twin Transfusion Syndrome in
the Netherlands. Fetal Diagn Ther 2007; 22: 190-194.

Sutcliffe AG, Sebire NJ, Pigott AJ, Taylor B, Edwards PR, Nicolaides KH. Outcome for children born
after in utero laser ablation therapy for severe twin-to-twin transfusion syndrome. BJOG 2001; 108:
1246-1250.

Banek CS, Hecher K, Hackeloer BJ, Bartmann P. Long-term neurodevelopmental outcome after intra-
uterine laser treatment for severe twin-twin transfusion syndrome. Am J Obstet Gynecol 2003; 188:
876-880.

Graef C, Ellenrieder B, Hecher K, Hackeloer BJ, Huber A, Bartmann P. Long-term neurodevelopmental
outcome of 167 children after intrauterine laser treatment for severe twin-twin transfusion syn-
drome. Am J Obstet Gynecol 2006; 194: 303-308.



188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

Ultrasound examination in twin-to-twin transfusion syndrome

Lopriore E, Middeldorp JM, Sueters M, Oepkes D, Vandenbussche FP, Walther FJ. Long-term neuro-
developmental outcome in twin-to-twin transfusion syndrome treated with fetoscopic laser surgery.
Am J Obstet Gynecol 2007; 196: 231-234.

Yamamoto M, EL Murr L, Robyr R, Leleu F, Takahashi Y, Ville Y. Incidence and impact of periopera-
tive complications in 175 fetoscopy-guided laser coagulations of chorionic plate anastomoses in
fetofetal transfusion syndrome before 26 weeks of gestation. Am J Obstet Gynecol 2005; 193: 1110-
1116.

Robyr R, Lewi L, Salomon LJ, Yamamoto M, Bernard JP, Deprest J, Ville Y. Prevalence and manage-
ment of late fetal complications following successful selective laser coagulation of chorionic plate
anastomoses in twin-to-twin transfusion syndrome. Am J Obstet Gynecol 2006; 194: 796-803.

Fisk NM, Galea P. Twin-twin transfusion--as good as it gets? N Engl J Med 2004; 351: 182-184.
Huber A, Diehl W, Bregenzer T, Hackeloer BJ, Hecher K. Stage-related outcome in twin-twin transfu-
sion syndrome treated by fetoscopic laser coagulation. Obstet Gynecol 2006; 108: 333-337.

Lewi L, Jani J, Cannie M, Robyr R, Ville Y, Hecher K, Gratacos E, Vandecruys H, Vandecaveye V,
Dymarkowski S, Deprest J. Intertwin anastomoses in monochorionic placentas after fetoscopic laser
coagulation for twin-to-twin transfusion syndrome: is there more than meets the eye? Am J Obstet
Gynecol 2006; 194: 790-795.

De Paepe ME, Friedman RM, Poch M, Hansen K, Carr SR, Luks FI. Placental findings after laser abla-
tion of communicating vessels in twin-to-twin transfusion syndrome. Pediatr Dev Pathol 2004; 7:
159-165.

Lopriore E, Middeldorp JM, Oepkes D, Klumper FJ, Walther FJ, Vandenbussche FP. Residual anastomo-
ses after fetoscopic laser surgery in twin-to-twin transfusion syndrome: frequency, associated risks
and outcome. Placenta 2007; 28: 204-208.

Wee LY, Taylor MJ, Vanderheyden T, Wimalasundera R, Gardiner HM, Fisk NM. Reversal of twin-twin
transfusion syndrome: frequency, vascular anatomy, associated anomalies and outcome. Prenat Di-
agn 2004; 24: 104-110.

Wee LY, Taylor M, Watkins N, Franke V, Parker K, Fisk NM. Characterisation of deep arterio-venous
anastomoses within monochorionic placentae by vascular casting. Placenta 2005; 26: 19-24.

van den Wijngaard JP, Lopriore E, van der Salm SM, Schaap AH, Vandenbussche FP, Deruiter MC, van
Gemert MJ. Deep-hidden anastomoses in monochorionic twin placentae are harmless. Prenat Diagn
2007; 27:233-239.

Hack M, Fanaroff AA. Outcomes of children of extremely low birthweight and gestational age in the
1990’s. Early Hum Dev 1999; 53:193-218.

Dickinson JE, Duncombe GJ, Evans SF, French NP, Hagan R. The long term neurologic outcome of
children from pregnancies complicated by twin-to-twin transfusion syndrome. BJOG 2005; 112: 63-
68.

Lopriore E, Bokenkamp R, Rijlaarsdam M, Sueters M, Vandenbussche FP, Walther FJ. Congenital heart
disease in twin-to-twin transfusion syndrome treated with fetoscopic laser coagulation. Congenit
Heart Dis 2007; 2: 38-43.

Wren C, Richmond S, Donaldson L. Temporal variability in birth prevalence of cardiovascular malfor-
mations. Heart 2000; 83: 414-419.

Cheung YF, Taylor MJ, Fisk NM, Redington AN, Gardiner HM. Fetal origins of reduced arterial disten-
sibility in the donor twin in twin-twin transfusion syndrome. Lancet 2000; 355: 1157-1158.
Gardiner HM, Taylor MJ, Karatza A, Vanderheyden T, Huber A, Greenwald SE, Fisk NM, Hecher K.
Twin-twin transfusion syndrome: the influence of intrauterine laser photocoagulation on arterial
distensibility in childhood. Circulation 2003; 107: 1906-1911.

Barr M, Jr., Sedman AB, Heidelberger KP. Renal tubular dysgenesis in twins. Pediatr Nephrol 1998;
12:408-413.

Beck M, Graf C, Ellenrieder B, Bokenkamp A, Huber A, Hecher K, Bartmann P. Long-term outcome
of kidney function after twin-twin transfusion syndrome treated by intrauterine laser coagulation.
Pediatr Nephrol 2005; 20: 1657-1659.

Carr SR, Luks F, Tracy T, Plevyak M. Antenatal Necrotic Injury in Severe Twin-to-Twin Transfusion
Syndrome. A Case and Review. Fetal Diagn Ther 2004; 19: 370-372.

45






