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ABSTRACT
Monochorionic twin pregnancies (MC) are less frequent but they
are considered higher risk pregnancies compared to dichorionic
pregnancies. As a result, determining the chorionicity of a
twin pregnancy is of vital importance for the surveillance and
management of the pregnancy. The problem originates from
the fact that monochorionic twins have one placenta, and as a
result the circulation of the two fetuses is closely related to each
other mainly through anastomosis of the placenta. The number
and type of anastomosis is of great importance for the course
of the pregnancy. Diagnosis of chromosomal abnormalities in
such pregnancies requires excellent knowledge of invasive
procedures and good clinical skills. Monochorionic twins are at
increased risk for unique complications including twin-to-twin
transfusion syndrome (TTTS), selective intrauterine growth
restriction (sIUGR), and twin-reversed arterial perfusion
(TRAP) sequence. Twin-to-twin transfusion syndrome is a very
well known and described complication of monochorionic twin
pregnancies and must be considered and checked in each
monochorionic pregnancy. Selective feticide is not a method
used very commonly in MC pregnancies, but may be applied in
selected cases. For TTTS laser treatment of the anastomosis
is a method of choice, but should be performed in centers with
experience.
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Introduction
The prevalence of multiple pregnancies varies worldwide,
ranging from 6,7:1000 deliveries in some countries (e.g.
Japan) up to 40:1000 in some other (e.g. Nigeria).1 The
respective prevalence in Europe and North America is
around 11:1000. Infertility treatment and the advances
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in assisted reproductive technique is associated with
an increase in multiple pregnancy, and as a result
with an increase of monochorionic twins. The inci
dence of monochorionic (MC) twins is about 1 to
3:1,000 pregnancies, and account for almost 20% of
all twin pregnancies.2 Monozygotic (MZ) twins arise
from one oocyte and one sperm cell, which finally
produce two fetuses rather than one. Depending on
the day of the division, if the division occurs between
the 4th to 12th day after fertilization, the fetuses that
derive from that division, are in different amniotic
sacs, but they share the same placenta and are called
monoc horionic.3,4 So, all MC twins by definition are
considered to be monozygotic (MZ), that is, they have
the same chromosomes and though they may have
phenotypic differences and mild variations in their
genotypes, due mainly to epigenetic or environmental
in utero factors, their karyotypes are considered to be
identical. The risk of chromosomal abnormalities is
the same as for singleton pregnancies and in the vast
majority both fetuses in MC pregnancies are equally
affected.5 However, there have been described cases of
MC twins with differences in their karyotypes and this
phenomenon is called heterokaryotypic monochorionic
twin pregnancy. Generally, this phenomenon is caused by
postzygotic mitotic events (non-dysjunction or anaphase
lag) but several mechanisms may be involved.6,7 The
theories for explaining the major or minor differences
of the karyotypes of MZ twins involve first a mitotic
error resulting in mosaicism that could occur before the
separation of the two fetuses, so that, the distribution of
the cell lines in the two fetuses are different. According
to the second theory, the zygote may initially be karyo
typicaly normal but after the separation of the two
fetuses an error occurs in one of the two fetuses, causing
a chromosomal abnormality. Another possibility is that
of blood mosaicism due to transfer of blood cells from
one twin to another, through placental anastomosis and
that is the reason why for karyotyping of monochorionic
twins amniocentesis is preferred to cord blood sampling.
Monozygotic twins with concordant chromosomal
aberration and discordant phenotypes have also been
described.8-10 Mosaicism with different proportions of
abnormal cells could affect each embryo differently,
while variations in the proportion of placental vessels and
hence, blood flow could lead to differences in the fetal
growth. Finally, placental vascular anastomoses can lead
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to twin-twin transfusion, and thereby to blood chimerism
and confined placental mosaicism, and differences in
epigenetic control. Discordances in monozygotic twins
have been described mainly for trisomy 21, trisomy 13, sex
chromosomes and other less frequent abnormalities. If
one of fetuses has a non-viable abnormality, there will be
early fetal demise and possibly will never be detected. If
the aneuploidy is a viable condition this may give rise to a
heterokaryotypic monochorionic pregnancy.8-14 So, when
performing invasive diagnostic testing for karyotyping
of monochorionic twin gestations, both fetuses should
be sampled. Because although monochorionic twins
theoretically should have identical karyotypes, rarely
heterokaryotyping and discordance for chromosomal
abnormalities between the two embryos may occur
and sampling both fetuses is generally recommended
if the patient is undergoing a diagnostic testing for fetal
aneuploidy.8,15,16 Special attention should be paid to
monochorionic diamniotic pregnancies that derive after
assisted reproductive technology (ART), irrespectively of
whether it is an in vitro fertilization (IVF) technique or
intrauterine insemination (IUI) since the risk of difference
of the karyotype in the two embryos is reported increased
compared to MCDA cases that are conceived naturally.17-19
Evidence regarding the loss rates after prenatal diagnostic
invasive testing in monochorionic twins is scares,
and as expected due to the limited number of MCDA
pregnancies no big randomized studies evaluating these
data exist. Two significant studies from Canada and
USA showed conflicting evidence. Millaire et al studied
45 monochorionic twin pregnancies who underwent
amniocentesis for different reasons and found no fetal
loses in these cases.20 Cahill et al reported an almost
6 times higher loss rate for the monochorionic twins
that underwent amniocentesis (26 cases) compared
to monochorionic pregnancies that did not have an
amniocentesis (295 cases).21 However, the sample of
monochorionic twins that underwent amniocentesis and
was included in the study was limited.15
The incidence of structural abnormalities in twins
is higher compared to singleton pregnancies. However,
the frequency of malformations in monozygotic twins is
considered to be higher than that of singleton pregnancies
or even dizygotic twins. This fact has been attributed to
vascular events or variations in the division of the zygote
that are responsible for the formation of monochorionic
twins.2,22,23 The percentage of occurrence of the same
structural abnormality in both monochorionic twins is
however rare, and has been calculated to less than 20%.
Neural tube defects, anencephaly, holoprosencephaly,
sirenomyelia and VACTERL anomalies are more common
in monochorionic twins.1,24 This increased risk of fetal

abnormality in twins may be subjective, as by definition
twins are monitored and scanned more frequently
during pregnancy, increase the percentage of diagnosis
of structural abnormalities. What is more mainly due to
ART twins are seen more often in women of advanced
maternal age, which statistically increases the risk of
fetal abnormalities.

Methods of Invasive Prenatal
Techniques in Twins
Invasive procedures for fetal karyotyping in twins
as expected are more challenging than in singletons.
Chorionic villus sampling (CVS) and second-trimester
amniocentesis for twin pregnancies both require expe
rienced operators to ensure sampling of both fetuses and
minimize procedure related risks. Fetal blood sampling
(cord blood sampling) has limited application in twin
pregnancies. Second trimester amniocentesis performed
after 15 weeks of gestational age is considered a safe
and accurate procedure for sampling all fetuses of a
multiple gestation. Three techniques have been described,
involving a single (one method) or double uterine entry
(two methods), but they have not been extensively studied
and investigated in randomized studies.25

Two-puncture Technique
The technique that is most widely accepted is the one that
involves two different punctures, one for each sac, using
two different needles and two different puncture sites on
the uterus, preferably one on each side of the intertwin
membrane and noted on ultrasound. The method was
first described in the beginning of 80s by Elias et al.26
With twin pregnancies there is a risk of puncturing
unintentionally the same sac twice, and this risk for all
pregnancies has been estimated to around 1.8%. The use
of specific dye has been tried in several studies, in order
to minimize the risk of sampling the same sac, rather
than both fetuses. This technique involves injecting a
dye into the first sac immediately after the collection
of the first amniotic fluid sample.27,28 Then, this first
needle is removed and the second needle is inserted to
the second amniotic sac for the collection of the other
sample. If during this aspiration the presence of dye is
identified then there is a possibility of the sample been
wrongly collected from the first sac again, rather than
the second one, and the location of the puncture site can
be modified until a clear sample is obtained.29,30 The
most common dyes that have been used are methylene
blue and indigo carmine. Methylene blue was one of
the first dyes to be used, and has been associated with
small bowel atresia, fetal hemolysis and fetal death
and its use has been abandoned. Indigo carmine has
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also been used, and has not been associated with an
increased risk in congenital anomalies, though a mild
vasoconstrictive effect following intravenous injection
has been described.31,32 However, some studies found a
relationship with neonatal jejunal atresia and always the
injection of a foreign substance in the amniotic cavity is
of some concern. Another technical disadvantage with
the instillation of indigo carmine is that the dye tends
to concentrate at the bottom of the amniotic sac before
it diffuses to the entire amniotic cavity.33-36 Nowadays
especially after the advances of ultrasound technology
and the better picture that they offer most amniocentesis
are without the use of dye but with direct ultrasound
guidance.

Single Needle Insertion Technique
(Single Uterine Entry Technique)
The second amniocentesis technique is the single needle
insertion technique (single uterine entry technique)
according to which the needle is inserted close to the
intertwin membrane under ultrasound guidance and
it was first described by Jeanty et al in the early 90s.37
A fluid sample is taken from the first sac, and then the
needle is advanced with ultrasound guidance through
the membrane into the second sac. The first 1 to 2 ml
of amniotic fluid is discarded to decrease the risk of
contamination from the first sac, and then a sample is
taken from the second sac. Advantages related to this
technique involve: only one uterine puncture instead of
two, shorter duration, less maternal pain and discomfort,
and finally better confidence that we have sampled two
different twins. However, three negative issues that are
considered with this technique include (a) difficulties
in entering the second sac directly—tenting dividing
membrane (b) possible contamination of the sample taken
from the second sac with fluid from the first fetus and (c)
the risk of rupturing the intertwine membrane leading
to iatrogenic monoamnionicity (pseudomonoamniotic
twins) and the complications that may arise from such
a condition (e.g. cord entanglement and amniotic band
syndrome).38 Studies have shown a decreased risk of the
above mentioned complications with the one-puncture
technique, however, there are not many studies evaluating
this specific technique, as it has not been applied widely,
and hence the data provided are limited.39-43

Double Simultaneous Visualization Technique
Another technique that has been described is the one
that involves constant direct ultrasound observation
at the time of the insertion of the needle, but with
simultaneous insertion of both needles (one needle into
each sac) from one or different operators. This technique
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has been described by Bahado-Singh et al in 1992.44
However, it has not gained widespread acceptance, as it
is time consuming, needs more manpower—specialized
physicians involved and the positions of the amniotic sacs
frequently make this technique impossible to achieve.1,26

Pregnancy or Fetal Loss Rate
The post-procedure fetal loss rate associated with
amniocentesis in twins must be compared with the
backg round loss rate associated with twins, ideally
taking into consideration the chorionicity, because of
the higher spontaneous loss rate in monochorionic
twin pregnancies.45,21 After correcting for as many con
founding factors as possible, the most recent studies
report an attributable loss rate varying from 0.3 to 2.2%.46
A recent study calculated the risk of pregnancy loss
before 24 weeks’ gestation to be one in 64 or 1.6%.20 When
a twin pregnancy follows fetal reduction of a higher order
multiple pregnancy, amniocentesis does not seem to carry
a greater risk of pregnancy loss than exists in higher order
multiple pregnancies that undergo fetal reduction but no
amniocentesis (total loss rate 8.1 vs 12.5%; no statistical
difference).47,48 In a review of four studies with a total of
614 twin pregnancies undergoing CVS, the overall loss
rate before 22 weeks was reported at 3.1%, with a total
loss rate (up to delivery) of about 4.8%.49-53 Agarwal and
Alfirevic in a recent metanalysis suggested the risk of
miscarriage with amniocentesis or CVS in twins increases
by approximately 1%, with the overall fetal-loss rates after
CVS and amniocentesis being similar.54

Error in Chorionic Villus Sampling in
Twin Pregnancies
The major advantage of CVS is the earlier diagnosis
since it is performed in the first trimester of pregnancy,
compared with amniocentesis. Early diagnosis provides
in time reassurance of fetal well-being and decreases
maternal anxiety. It also helps with the management of
the pregnancy itself, since the diagnosis of one or both
abnormal twins earlier in pregnancy offers more time for
the decision of how to treat the pregnancy. What is more,
if both fetuses are affected the earlier the pregnancy is
terminated the less is the psychological impact on the
parents.
In general first-trimester CVS in multiple pregnancies
is technically more demanding than second trimester
amniocentesis. A disadvantage of CVS in twins is the
relatively high possibility of contamination of one sample
by cells belonging to either the other twin or to the
mother, leading to confusing diagnosis and needing a
repeat procedure (CVS or amniocentesis). The possibility
of CVS error can be accurately calculated when the
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result shows concordant sex karyotypes but the outcome
of pregnancy or later ultrasound assessment shows
discordant sex twins.26,55 Earlier experience reported a
rate of up to 6% of CVS error in twin pregnancies under
going CVS, whereas more recent studies report lower
rates of 2 to 4%, while even newer studies suggest that
the contamination rate is even lower. In study that used
fluorescence in situ hybridization (FISH) analysis the
percentage of contamination of the CVS samples was
much higher and was calculated to 11.5%.56-58 Jenkins
and Wapner suggested taking the CVS sample near
the placental cord insertion for each twin, avoiding the
intertwin membrane, and using both transabdominal
and transcervical approach, in order to decrease the rate
of contamination.59 Current recommendation is to aim
for a contamination or inadequate sampling of around
3 to 4% for each center. Weisz and Rodeck suggest that
candidates of undergoing CVS for twin pregnancy should
be counseled that about 2 to 3% of twin pregnancies
having CVS will need re-sampling because of uncertain
results.60
The risk of fetal loss in twin pregnancies is considered
to be higher than in singleton pregnancies and has been
calculated to around 2 to 4%, although other studies have
disputed this percentage showing many variations in the
fetal loss rate. In one study, the risk of CVS associated
fetal loss before 28 weeks of gestation did not seem to
differ between twin and singleton pregnancies (4.9% vs
4.0%). When only chromosomal normal pregnancies are
considered, the overall loss rate found in a study of 202
twin pregnancies that underwent CVS became 3.7%, a
figure that is considerably less than that of amniocentesis.
In another study, the pregnancy loss rate before 20
weeks following CVS was found 3.3% comparable to
2.8% in a control group of twin pregnancies undergone
amniocentesis.1,61 Hence, it may be claimed that in
experienced centers, CVS is as safe as amniocentesis for
prenatal diagnosis in twin pregnancies.

Fetal Blood Sampling (Cordocentesis)
Fetal cordocentesis for prenatal genetic testing has
been previously used to validate abnormal findings in
amniocentesis or CVS. It has also been used in case that
a rapid chromosomal diagnosis (rapid karyotyping) was
pending, since the results are offered in 2 to 3 days time.
Nowadays, novel molecular techniques allow accurate
rapid karyotype determination, thereby limiting fetal
blood sampling’s application. Likewise in singletons,
cordocentesis in multiples is technically challenging
requiring skilled operators with extensive experience
in other invasive ultrasound-guided needle procedures,
such as amniocentesis and CVS. Umbilical cord is
usually punctured proximal to its insertion into the

placenta. A needle guide or freehand technique may be
used. In a study conducted in 2003, involving 84 twin
pregnancies, mainly screened for hemoglobinopathies,
the overall procedure-related fetal loss (up to 2 weeks
postprocedurally) was 8.2%, about fourfold higher than
the correspondence risk in singletons.62 However, this
technique can be used as an alternative to amniocentesis
after 20 weeks’ gestation to confirm an abnormal
karyotype in a DC pregnancy, when selective feticide
is considered a few weeks after the initial procedure.
Nowadays diagnostic cordocentesis is not recommended
as routine procedure except for suspected hematologic
disease cases.63

Twin-to-Twin Transfusion Syndrome
Introduction
Monochorionic pregnancies have a perinatal mortality
rate nearly twice as high as dichorionic twins (2.8 vs 1.6%)
and four times as high as singleton pregnancies (2.8 vs
0.7%). Monochorionic diamniotic (MCDA) pregnancies
are at increased risk of developing twin to twin trans
fusion syndrome (TTTS). About 8 to 10% of these MCDA
pregnancies will develop TTTS with potentially catastro
phic complications for the embryos (Table 1).90-92
The pathophysiology of TTTS is based on the angio
architecture of the placenta. The reason for the develop
ment of TTTS in MCDA pregnancies is attributed to
vascular connections between the embryos, which are
embedded in their common placenta.64 By definition all
MCDA twins have connections of their circulatory systems
through anastomosis in the placenta. Placental anasto
mosis can be arterioarterial (AA), arteriovenus (AV) and
venovenous (VV). Arterioarterial and VV anastomosis are
Table 1: Staging of TTTS (Quintero criteria)
Ultrasound
parameter

Categorical
criteria

Stage I

MVP of amniotic
fluid

MVP < 2 cm in donor sac,
MVP > 8 cm in recipient sac

Stage II

Fetal bladder

Non-visualization of fetal
bladder after 60 minutes
of observation

Stage III

Umbilical a., DV
and umbilical
v. waveform

Absent or reversed
umbilical artery end
diastolic flow, reversed
DV a-wave flow, pulsatile
umbilical vein flow

Stage IV

Fetal hydrops

Hydrops in one or both
twins

Stage V

Absent fetal
cardiac activity

Fetal demise in one or
both twins

TTTS: Twin to twin transfusion syndrome; MVP: maximum vertical
pocket; a.: artery; v.: vein; DV: ductus venosus; Quintero criteria
modified according to SMFM Clinical Guidelines by Simpson64-65
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Table 2: Ultrasound findings predictive of twin to
twin transfusion syndrome
First
trimester

Discordance of CRL of the two twins67
Pathologic DV (reversal of A-wave)71,72
NT >95th centile or NT difference >20%69,70

Second
trimester

Discordance of AC >20%67
Placental echogenicity73
Membrane folding66
Velamentous cord insertion for the donor twin74

CRL: crown-rump length; DV: ductus venosus; NT: nuchal trans
lucency; AC: abdominal circumference; Table is according to
SMFM Clinical Guidelines by L Simpson64

superficial and bidirectional located on the surface of the
chorionic plate, forming direct communications between
the arteries and the veins from the two fetal circulations,
thus, allowing flow in either direction depending on the
relative interfetal vascular pressure gradients.74,93 For the
development of TTTS responsible are the deeper anasto
moses, which are called arteriovenous (AV) anastomoses,
which are located at the capillary level deep within a
shared cotyledon. The blood flow in these anastomoses is
mostly bidirectional, allowing blood transportation from
one twin to another. However in some cases, this blood
flow through the anastomosis is directed only from one
twin to another, leading to a donor-recipient relationship
between the two embryos, which gradually results to the
development of TTTS.94-96 It is believed that the presence
of bidirectional AA anastomoses is protective against
the development of TTTS, as the placentas of MCDA
pregnancies that do not develop TTTS have AA anasto
moses (84%), while the placentas of TTTS cases have less
AA anastomoses (20-30%). Apart from the anastomoses
discordant placental function may play a role in the
development of TTTS and also other factors involving
the regulating endocrine system of renin-angiotensin
(Table 2).97-99

Treatment Methods
The progression of TTTS is variable and most cases
diagnosed at stage I remain stable or regress without the
need of invasive interventions. However, more severe
cases (stage III–IV), have a very high perinatal loss rate
(70–100%), if they remain untreated, particularly when it
presents 26 weeks. It is estimated that TTTS accounts for
up to 17% of the total perinatal mortality in twins, and
for about 50% of all perinatal deaths in MCDA twins. If
appropriate treatment is not offered death of one fetus is
possibly unavoidable, with high risk of fetal demise of the
second twin either antenatally (10% risk of fetal death)
or postnatally (10–30% risk of neonatal neurological
handicap). Survival of one twin ranges between 15 and
70%, depending on the gestational age at diagnosis and
severity of disease.100-103
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The invasive procedures for the treatment of TTTS
include: amnioreduction, amniotic septostomy of the
intertwin membrane, umbilical cord occlusion leading
to selective reduction and laser treatment of placental
anastomoses. Before proceeding to any invasive method
for the treatment of TTTS, it is crucial that appropriate
counseling is offered to the parents who have a pregnancy
complicated with TTTS, so that they understand the risks
of each method, what the method involves and what is
the natural history and the prognosis of TTTS.76,78,104
Amnioreduction aims to decrease the amniotic fluid
from amniotic sac of the recipient embryo, in order to
reduce the intra-amniotic and placental intravascular
pressures, improving in that way the placental circulation
and at the same time to relieve the feeling of discomfort
that is caused by the increased amniotic fluid to the
pregnant woman and possibly decrease the risk of
preterm delivery.105,106 Amnioreduction is preferably
done when the MVP is >8 cm, and depending on the
physician performing the procedure, it is conducted by
draining about 1 to 2 liters of amniotic fluid, usually
slowly, or by watching the MVP decreasing under eight
(preferably 5–6) with direct ultrasound observation.64
The procedure of amnioreduction itself is technically
straightforward and similar to amniocentesis, using
a 20 or 18 gauge syringe, and can be performed after
14 weeks. However, it does not treat the cause of TTTS,
as it does not interfere with the vascular basis of the
condition nor prevents the risk of neurological damage
in case of single embryo demise.1,107,108 It offers a possible
relief of the symptoms and as it does not treat the cause of
the problem in most cases amniotic fluid in the side of the
recipient reaccumulates and more than one procedures
of amnioreduction is most likely to be needed (70%)
increasing at the same time the risk of infection, preterm
labor and preterm rupture of membranes, placental
abruption, fetal trauma and fetal death and in more rare
cases with necrotizing enterocolitis and renal failure.78 A
procedure related risk of delivery has been estimated to
4%. Amnioreduction appears to be effective in mild cases
of TTTS, with a therapy failure of one every three cases
and over half of the treated patients still experiencing loss
of one or both fetuses. The overall perinatal survival rate
for cases < 26 weeks has been calculated approximately
to 57%.109-112
Septostomy is a method that has been suggested for
the treatment of TTTS and aims to the intentional division
of the intertwin membrane, so that amniotic fluid can pass
from the recipient to the donor embryo, and theoretically
the volumes of the amniotic fluid of the two embryos can
reach similar levels in the two sacs.113 The disadvantage
of this method is that similarly to amnioreduction it does
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Table 3: Septostomy vs amnioreduction75
Septostomy
(n = 35)
30.7 weeks

Amnioreduction
(n = 36)
29.5 weeks

Variable
Mean GA at delivery
(weeks)
Survival of at least 1
80% (28/35)
78% (28/36)
twin at 28 days of age
All perinatal deaths up to 30% (21/70)
36% (26/72)
28 days of age
GA: gestational age; Table is according to SMFM clinical guidelines
by L Simpson64

not offer treatment of the causative pathway of TTTS.
However, few data are available to support this technique
and the pathophysiological explanation remains to be
demonstrated.114 Amniotic septostomy, is currently not
proposed as a method for treatment of TTTS, since it does
not improve the prognosis of the pregnancy and what is
more it can cause iatrogenic conversion of the pregnancy
from diamniotic to monoamniotic, adding the risks of
such a condition (e.g. cord entanglement) (Table 3).104
The presence of placental anastomoses and circulatory
communic ations between the two embryos makes
the injection of any lethal agent for selective fetocide
unsuitable.115 Thus, complete occlusion of both the
arterial and venous flows in the umbilical cord of one
of the twins (usually the recipient) is more appropriate.
Umbilical cord occlusion for selective fetocide refers to
the interruption of the blood flow in the umbilical cord of
one of the twins, causing the death of this particular twin,
aiming to improve the outcome of the other surviving
twin, as there will be no second twin and no intertwin
communication of blood flow.116 The occlusion of the
umbilical cord leaves the vessels between the donor and
placenta intact.117 Bipolar coagulation of the umbilical
cord is the most preferable method for selective fetocide
in monochorionic twin pregnancies, but other methods
have also been suggested (embolization with sclerosant
agents, fetoscopic cord ligation, laser coagulation etc).115
The procedure is usually carried out with the help
of ultrasound direct vision, using 2 to 3 mm bipolar
forceps, which is inserted through an adapted cannula.
The procedure does not last long, it needs a single port
entry and can be performed after 26 weeks of pregnancy.
Confirmation of successful coagulation of the cord is done
with color Doppler when absence of flow in the umbilical
cord is seen. By definition the maximum expected overall
survival rate for twins after umbilical cord occlusion is
50%, and as a result it is usually reserved for severe TTTS
stages (III or IV).118-120
The application of any invasive procedure (amnio
reduction, septostomy) before starting treatment with
fetoscopy and laser photocoagulation may decrease the
visibility because of bleeding, chorioamnion separation,
inadvertent septostomy, or membrane rupture.64

In 1990, De Lia introduced the use of laser photo
coagulation for the treatment of TTTS. Since then, the
method has evolved and successfully studied in many
studies.121 Aim of selective photocoagulation is to only
coagulate the anastomoses that are responsible for the
development of TTTS instead of coagulating all the
placental vessels of the intertwin membrane. Laser
surgery has shown better results than amnioreduction
decreasing in some studies the perinatal death rate even
by 20%. The introduction of laser treatment for TTTS
appears to improve the outcome of these pregnancies,
showing a significant decrease of perinatal mortality
and an improvement of neonatal outcome. Studies show
that laser treatment for the treatment of TTTS appears
to have better results and neonatal outcome than the
more traditional methods of managing TTTS, such as
amnioreduction, which has been more widely studied.
Laser treatment for TTTS involves photocoagulating
the vascular anastomoses crossing from one side of the
placenta to the other. The proper use of ultrasound is of
crucial importance for the completion of the procedure,
as it is necessary first of all to identify and document
the localization of the placenta, its vasculature and the
anastomosis.64 Also the endoscope for the coagulation is
inserted in the uterus under ultrasound guidance. Laser
coagulation is the only method that actually treats the
cause of TTTS as it occludes the placental anastomoses
that are responsible for the problem called TTTS.64,122 By
ablating the anastomosis, when it is done appropriately
laser treatment results in the complete separation of the
placenta in two functionally two placentas, and the ‘new’
placenta that results at the end of the procedure behaves as
two placentas, so that the pregnancy can be characterized
as dichorionic. For the proper performance of laser
treatment very important is the adequate visualization
of the vascular equator that separates the cotyledons of
one twin from the other. Also important is the selective
coagulation of anastomoses rather than non-selective
ablation of all vessels crossing the separating membrane
as it appears to lead to fewer procedure-related fetal
losses. The concept behind selective photocoagulation
is to only coagulate the vessels participating in the
syndrome instead of all vessels crossing the intertwin
membrane. Some of the criteria for application of laser
treatment are gestational age between 15 and 26 weeks,
recipient twin with distended fetal bladder and MVP
>8.0 cm, donor twin with MVP <2.0 cm and nonvisualized
fetal bladder.64,123-125
Recent data show that laser treatment for TTTS
appears to be a better method for the management of
severe cases of TTTS (Quintero stages III–IV), than the
(Tables 4 and 5) older methods, such as amnioreduction.
The Eurofetus trial studied the efficacy of laser treatment
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Table 4: Laser treatment for TTTS vs amnioreduction
(data from Eurofetus)76,77

GA at delivery (wks)

Laser
N = 72
twin pregnancies
33.3

Table 5: Laser treatment for TTTS vs Amnioreduction
(data from NICHD Study)78

Amnioreduction
N =70 twin
pregnancies
29.0

Survival of at least one 76% (55/72)
56% (36/70)
twin at 6 months of age
All perinatal deaths at
44% (63/144)
61% (86/140)
6 months of age
CPLM at 6 months of
6% (8/144)
14% (20/140)
age
52% (75/144)
31% (44/140)
Alive, without neurolo
gical symptoms at
6 months of age
Normal neurologic
82% (60/73)
70% (33/47)
development at 6 years
TTTS: Twin to twin transfusion syndrome, GA: gestational age,
wks: weeks, CPLM: cystic periventricular leucomalacia; Table is
according to SMFM Clinical Guidelines by L Simpson64

in severe cases of TTTS before 26 weeks of gestational
age and showed neonatal survival of at least one twin
and at of 6 months of age in 76% of cases, compared to a
corresponding lower 56% in cases that were treated with
the method of amnioreduction.76 Further data analysis in
a stage-adjusted series suggested laser therapy resulted
in a higher perinatal death rate than amnioreduction
for TTTS cases of stages I to II. For the treatment of
TTTS in cases of stage I, there are no randomized
trial designed exclusively for the efficacy of treatment
methods for this particular stage. Pregnancies of stage I
TTTS are most frequently managed expectantly. This
is indeed justified as most of these cases (75%) remain
stable and do not progress to a higher level or regress
spontaneously.64 However, in 10 to 30% of stage I cases
there is a progression to a more severe stage, interventions
and other methods of management than conservative
one have been evaluated. Amnioreduction is the case
that has been studied more widely for stages I and II
and in 20 to 30% of cases they were treated completely
with only treatment method amnioreduction. This rate
that is not significantly different than the correspondant

Laser
N = 20 twin
pregnancies
30.5
65% (13/20)

Amnioreduction
N =20 twin
pregnancies
30.2
75% (15/20)

GA at delivery (wks)
Survival of at least one
twin at 30 days of age
All perinatal deaths at 30 55% (22/40)
40% (16/40)
days of age
Recipient twin fetal
70% (14/20)
35% (7/20)
mortality
TTTS: twin to twin transfusion syndrome, GA: gestational age,
wks: weeks; Table is according to SMFM Clinical Guidelines by
L Simpson64

rate of expectant management, especially for stage I.126-128
Current evidence is not sufficient to determine optimal
treatment for early stage I of TTTS due to the small
number of cases treated at this stage to date (Table 6).
Evidence show that neonatal outcome and also morbi
dity and mortality risks are improved when any of the
three invasive techniques is applied (amnioreduction,
endoscopic laser treatment, septostomy) when compared
to studies where no treatment was applied, and that is
valid regardless of the Quintero staging.129 Surv ival
of neonates in cases of TTTS that where treated with
amnioreduction is around 37 to 60% with the highest
survival rate calculated as 82% in a study. Amnio
reduction is not without side effects and the neurologic
impairment after serial amnioreductions has been
calculated to 17 to 33%. The corresponding numbers for
laser photocoagulation, are neonatal survival rate about
55 to 73% and neurologic impairment about 4 to 18%.
Studies have shown an 80% survival rate in cases that
were treated with septostomy (Table 7).
In a recent study, Van Mieghem et al studied 97
monoc horionic diamniotic pregnancies and tried to
identify predictors of TTTS and selective intrauterine
growth restriction (sIUGR) in cases of moderate amniotic
fluid discordance. The outcome of MCDA twins with
discordance in the amniotic fluid could not be predicted,
however, they managed to identify high-risk and low-

Table 6: Outcomes of pregnancies with TTTS after laser treatment
Overall
0
1
2
surviving surviving Neonatal perinatal
surviving
survival
embryo
death
embryo
embryos
Study
Years N
Stage III Stage IV
Ville et al80
1998
132
12%
10%
36%
38%
27%
4.5%
55%
2000
200
N/A
N/A
50%
30%
20%
3.8%
65%
Hecher et al81
175
37%
4%
35%
38%
27%
5.4%
54%
Yamamoto et al79 2005
2006
200
40%
5%
59%
24%
17%
4.8%
72%
Huber et al82
84
2007
137
44%
12%
74%
17%
10%
11.3%
83%
Quintero et al
2010
164
79%
17%
38%
46%
15%
6.4%
62%
Morris et al83
Totals
1008
35%
7%
49%
32%
19%
5.8%
65%
TTTS: twin to twin transfusion syndrome; N/A: not applicable; GA: gestational age; wks: weeks; N: number; Table is according to
SMFM Clinical Guidelines by L Simpson64
GA at
delivery
(wks)
N/A
33.7-34.4
N/A
34.3
33.7
33.2

286

DSJUOG
Invasive Procedures in Monochorionic Twins
Table 7: Neonatal neurological outcome after laser treatment for TTTS
Normal
development

Major
neurological
abnormality

Minor
neurological
abnormality

Study

Years

N

GA at
assessment

Sutcliffe et al85

2001

66

24

N/A

9%

N/A

Banek et al

2003

89

22

78%

11%

11%

Graef et al87

2006

167

38

87%

6%

7%

88

2009

88

24

89%

5%

7%

Lopriore et al89

2009

278

24

82%

18%

N/A

86

Lenclen et al

TTTS: twin to twin transfusion syndrome; N/A: not applicable; GA: gestational age; wks: weeks; N: number; Table is according to SMFM
Clinical Guidelines by L Simpson64

risk subgroups for TTTS, based on the severity of fluid
discordance and gestational age.130

Complications of Laser Treatment
For severe TTTS laser treatment is the first-line of treat
ment for severe TTTS. The survival rates after TTTS
for at least one twin is reported in studies around 75
to 85%.64 As with any invasive prenatal procedure
risks and complications have been documented, such
as increased risk of preterm premature rupture of
membranes (PPROM).131 The rupture of membranes
has been reported in more than 1:4 of the cases that
underwent TTTS treatment (28%) and a similar rate of
these cases has been associated with about the same
percentage of preterm delivery (30%) before 32 weeks.
Recent studies report that there is a 10% risk of PPROM
with a 10 to 30% risk of fetal death, of at least one of the
two twins.64,76,81,122,132 Another recognized complication
of laser treatment is unintentional septostomy of the
intertwin membrane. Usually, it can be caused by difficult
entry in the uterine cavity close to the donor embryo,
where because of the anhydramnios the membrane
may not be visible and perforated. Another reason is
by coagulation of anastomoses close to the intertwin
membrane.131 The formation of pseudoamniotic band
syndrome (PABS) has been reported as a possible
complication of treatment for TTTS. Cruz-Martinez
et al studied 414 MCDA pregnancies who underwent
laser treatment for TTTS. The overall survival rate was
73% for both twins and 92% for the survival of at least
one twin. Inadvertent septostomy after laser treatment
was noted in 30 cases 1 week after the operation, and in
eight cases it was diagnosed after delivery because of
PABS, which was manifested with limb constriction. The
authors concluded that inadvertent septostomy after laser
treatment for TTTS occurs in about 7% of cases and is
associated with an increased risk of PABS and of adverse
perinatal outcome.131
Yamamoto et al noted that laser treatment for TTTS
increases the risk of intrauterine growth restriction

(IUGR).79 The pathophysiological pathway that has
been described for the cause of development of IUGR
after laser treatment has to do with the unintentional
damage of placental functional mass and necrosis
caused by devascularization after laser therapy. The
risk of developing IUGR regards one or both twins,
and eventually if restriction occurs early in pregnancy
and persists, fetal death may occur.79 When IUGR is
diagnosed before the application of laser treatment,
especially when absent or reversed end-diastolic flow in
the umbilical artery is noted, there is a 20 to 40% increased
risk of postoperative fetal death of one of the two twins,
mainly the donor.64,133-134 Postoperatively fetal demise of
the recipient twin is more common when reversed a-wave
in the ductus venosus, or hydrops occurs.135 Some studies
show improved survival rate of the recipient twin with
administration of nifedipine 24 to 48 hours prior to laser
photocoagulation, especially in cases with twin to twin
transfusion syndrome cardiomyopathy.136 If recipient
cardiomyopathy exists the time needed for cardiac
function back to normal levels after laser treatment is
in average 4 weeks.137 Abnormalities of the pulmonary
valve, which are seen mainly in the recipient twins,
have also been noted to improve after laser decreasing
the number of fetuses needing surgery after delivery.137
Eighty seven percent recipient twins who survived after
laser treatment for severe TTTS, were reported to have
normal cardiac function at about 2 years after delivery.138
Other complications that have been documented with
laser treatment involve amniotic fluid leakage into the
maternal peritoneal cavity, vaginal bleeding, placental
abruption and chorioamnionitis.64,79 The instruments
used for laser photocoagulation are of larger diameter
than the spinal needle that are usually preferred for
amnioreduction or even septostomy and even that factor
is enough to increase the risk of complications. What is
more laser therapy is a much more invasive procedure
than the other two mentioned above, increasing the
risks of complications at least three times,64,76 giving an
overall risk of complications about 3%.76 Despite these
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risks, fetoscopic laser photocoagulation appears to be the
optimal treatment for stage II to IV TTTS. The risks of
each invasive procedure is something that patients should
be aware of and all the advantages and disadvantages of
each procedure should be discussed with them before
taking the final decision about the method of treatment.
What is more, it should be noted that even with laser
therapy, intact survival of both twins with TTTS is only
about 50%.64

Outcome of Treatment—Neonatal Follow-up
Studies regarding the long-term neurodevelopmental
outcome in cases of TTTS that had conservative manage
ment showed a high rate of perinatal mortality and a
high rate of major neurodevelopmental impairment. The
long-term outcomes for the survivors with TTTS were
good when survivors were delivered after 29 weeks of
gestation.139 It appears though that severe TTTS cases
have a high percentage of major neurodevelopmental
impairment irrespectively of whether they are treated
conservatively or with laser photocoagulation.
The percentage of long-term neurologic complications
in survivor neonates after laser-treatment for stage I TTTS
has been reported about 3%. The corresponding overall
rate for any stage TTTS is about 5 to 20%.64 This risk of
neurologic impairment appears to be comparable both
between donor and recipient and survivors after laser
or amnioreduction treatment.64,85,87-89 The detection rate
of severe brain lesions (e.g. periventricular leukomalacia,
intraventricular hemorrhage grade III or IV) in fetuses
during pregnancy is much higher in pregnancies affected
by TTTS (10%) compared to MCDA twins without TTTS
(2%).64 Advanced gestational age at the time of laser
surgery, low birth weight, and severe TTTS, are risk
factors that further increase the possibility of adverse
neurological outcome of the surviving neonate.64,89
Fetal MRI after fetal death of one of the twins who were
treated with laser for TTTS can detect brain injury much
earlier than ultrasound,64,140,141 and MRI imaging has
been suggested by some centers pre- and post-treatment
for TTTS, and for cases complicated by single twin
demise.64,132,141-143
Laser photocoagulation for at least severe cases of
TTTS appears to be the best possible option for treatment.
However, parents and physicians need to have in mind
that TTTS is a very high risk case in terms of perinatal
outcomes and that the possibility of death of at least one
of the two twins is very high, about 30 to 50% and that
even after survival from treatment for TTTS there is a
significant risk of long-term neurological impairment
ranging from 5 to 20%.64
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