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ABSTRACT

Twin-to-twin transfusion syndrome (TTTS) is a severe problem that affects 10-15% of monochorionic (MC) multiple pregnancies. Connecting
placental vessels on chorionic plate between donor and recipient twin is accountable for inequality of blood flow. There is an indication for the
superiority of fetoscopic laser ablation over serial amnioreductions regarding survival and neurological outcome for stages lI-IVTTTS. However,
the optimal management of stage | is still debated. In this review, we discuss the basics of twin gestation, optimal management, pathophysiology,
long-term neurodevelopmental outcome, and future aspects of TTTS.
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INTRODUCTION

Development of two or more embryos simultaneously in a pregnant
uterus is termed as “multifetal gestation.” Development of two
fetuses (whether through monozygotic or dizygotic fertilization)
simultaneously is known as twin gestation; development of three
fetuses simultaneously as triplets; four fetuses as quadruplets; five
fetuses as quintuplets, and so on. The incidence of twin gestation
is about 1 per 80 live births. The incidence varies among different
countries and ethnic groups, with the incidence being highest
in African countries, lowest in Japan and intermediate among
Caucasians. According to Hellen’s rule, frequency of twinsis 1in 80;
the frequency of triplets is 1 in 802; the frequency of quadruplets
is 1.in 803, and so on. The exact cause of multifetal gestation is
not known.3

In the past 30 years, rates of twin pregnancy have increased
much in high-income or middle-income countries owing to a more
advanced maternal age to become pregnant, a decrease in fertility
and improved use of assisted reproductive techniques.*~®

It is a well-established fact that twin pregnancy is linked with
higher maternal and perinatal risks. The maternal adaptation
to a twin pregnancy indicates several complications. Maternal
death associated with a twin pregnancy is 2.5-fold higher than
in a singleton pregnancy. The rate of perinatal mortality is two
to three times higher in twins than among singleton newborn
infants, mostly due to low birthweight, preterm birth, fetal growth
restriction, and intrapartum anoxia.”®

Types oF TwiN GesTATION® '°

Dizygotic Twins

When two or more ova are fertilized by sperms, the result is
development of dizygotic twins or nonidentical twins or fraternal
twins. As a result of being fertilized by two separate sperms, the
two embryos can be of different sexes. Furthermore, in dizygotic
twins the two embryos have separate placentae and there is no
communication between the fetal vessels of the two embryos
(Fig. 1).

Monozygotic Twins

Monozygotic twins are formed due to the division of a single
fertilized egg (Fig. 2). In monozygotic multiple pregnancies,
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different types can result depending on the timing of the division
of the ovum (Fig. 3).

Diamniotic Dichorionic Monozygotic Twin Pregnancy

The embryo splits at or before 3 days of gestation. This results
in development of two chorions and two amnions. There is a
development of two distinct placentae or a single fused placenta.
This type of monozygotic twin accounts for nearly 8% of all twin
gestations (Fig. 4A).
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Amnion

Amnion

Fusion of
two different ova
with sperm

Fig. 1: Formation of dizygotic twins
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Fig. 2: Formation of monozygotic twins (MCDA)

Diamniotic Monochorionic Monozygotic Twin Pregnancy

The cleavage division is delayed until the formation of inner cell
mass and the embryo splits between 4 days and 7 days of gestation.
This results in development of a single chorion and two amnions.
Nearly 20% of all twins are of this type (Fig. 4B).

Monoamniotic Monochorionic Monozygotic Twin Pregnancy

The embryo splits between 8 days and 12 days of gestation. This
results in development of one chorion and one amnion. Such types
of monozygotic twins are rare, accounting for less than 1% of all
twin gestations (Fig. 4C).

Conjoined or Siamese Monozygotic Twin Pregnancy

The embryo splits at or after 13 days of gestation, resulting in
development of conjoined twins, which share a particular body part
with each other. Development of such type of monozygotic twins
is extremely rare. Joining of the twins can begin at either pole and
may be dorsal, ventral, and lateral. Of the various types of conjoined
twins, parapagus twins (laterally joined) are the most common type.

TwIN-TO-TWIN TRANSFUSION

This is a rare complication that can occur in Monochorionic (MC)
twins, which causes the blood to pass from one twin to the other
(Fig. 5). This usually occurs due to the presence of placental vascular
communication. The placental vascular anastomoses responsible
for the development of TTTS could be from artery-to-artery (A-A);
artery-to-vein (A-V); or from vein-to-vein (V-V) (Fig. 6). As a result
of the vascular communication, one of the twins, which donates
blood (donor twin) becomes thin and undernourished, while
the other twin who receives blood (recipient twin) grows at the
expense of donor twin. The donor twin in TTTS usually shows
poor growth, oliguria, anemia and hyperproteinemia, and low or
absent liquor, resulting in development of oligohydramnios, etc.
(Flowchart 1). With the severe disease, the donor may not produce
any urine, resulting in oligohydramnios and nonvisualization of
urinary bladder on ultrasound examination. In these cases, the twin
may become wrapped by its amniotic membrane, resulting in the
formation of a “stuck” twin. On the other hand, the recipient twin
shows polyuria, polyhydramnios, and an enlarged urinary bladder.
In the long run, this twin frequently develops polycythemia,
biventricular cardiac hypertrophy, and diastolic dysfunction with
tricuspid regurgitation. The death of this twin eventually occurs
due to congestive heart failure.

Classification of identical twins by time of splitting
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Di Di Mono twins
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»

Fig. 3: Formation of different types of monozygotic twins (Di Di,
diamniotic dichorionic; Mono Di, monochorionic diamniotic; Mono
Mono: monoamniotic monochorionic)

Twin-twin transfusion syndrome (TTTS) is comprised of high risk
of mortality and morbidity and complicates 15% of monochorionic—
diamniotic (MCDA) twin pregnancies.'® Twin-to-twin transfusion
syndrome (TTTS) is triggered by unstable blood flow from the donor
tothe recipient via placental anastomoses."'® Twin-to-twin transfusion
syndrome diagnosis typically presents as oligohydramnios—
polyhydramnios sequence and is based on ultrasound.'® When left
untreated, TTTS is 80-100% harmful for fetuses; nevertheless, the
increased use of interventions such as laser coagulation of the intertwin
anastomoses (laser therapy) has caused significantly enhanced survival
rates for both twins (69.5%) or at least 1 twin (89.5%).%°

Zhao et al.examined 235 MC placentas in untreated cases. Color dye
injection after birth was made to examine the incidence, type, location,
and size of the placental anastomoses. The number of superficial
arterio-arterial anastomoses with bidirectional blood flow between
the two cord insertions was substantially lower (47%) in TTTS cases in
analogy to uncomplicated cases (96%). To add-on, if artery-to-artery
connections were presentin TTTS placentas, the median diameter was
suggestively thinner, and they were located more centrally in contrast
to cases without TTTS. These conclusions emphasize the exceptional
role of the MC placenta and its vascular connections between the twins’
umbilicoplacental circulations in the pathophysiology of TTTS.?!

Ultrasound Findings

The fundamental diagnostic criterion in TTTS is the finding of
oligohydramnios in one twin and polyhydramnios in the other twin
belonging to MC twin gestation. The criterion for the diagnosis of
oligohydramnios is no fluid or a pocket of fluid less than 2 cm in its
largest diameter. The criterion for the diagnosis of polyhydramnios
is a pocket of fluid 8 cm or more in its largest diameter. Almost
80-90% of cases of TTTS, if left untreated, prior to 24 weeks of
gestation, are associated with the loss of one or both twins. In case
death of one of the twins occurs, the blood vessel connections in
the placenta can place the surviving twin at risk for long-term brain
damage. Sonographic criteria for the diagnosis of TTTS as proposed
by Harkness and Crombleholme are described in Box 1.2

Quintero Stages of TTTS?3

Stage

A small amount of amniotic fluid (oligohydramnios) is found
around the donor twin, and a large amount of amniotic fluid
(polyhydramnios) is found around the recipient twin. However, some
urine is still visible sonographically within the donor twin’s bladder.
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Figs 4A to C: (A) Diamniotic dichorionic monozygotic twin pregnancy; (B) MCDA monozygotic twin pregnancy; (C) Monoamniotic MC monozygotic
twin pregnancy

|, Recipient

Figs 5A and B: Twin-to-twin transfusion syndrome. (A) Diagrammatic representation; (B) photograph showing the donor and recipientimmediately
following the delivery

Stage ll Stage lll

In addition to the presence of above findings, there is absence of  In addition to the characteristics of stages | and II, Doppler studies
urine in the bladder of donor twin on ultrasound examination. In  are critically abnormal. Critically abnormal Doppler studies are
these cases, laser photocoagulation may be helpful. defined as absent/reverse end diastolic velocity in the umbilical
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artery, reverse flow in the ductus venosus, or pulsatile flow in
the umbilical vein, ductus venosus, or umbilical artery. Laser
photocoagulation is recommended in this situation.

Stage IV

In addition to all of the above findings, the recipient twin
shows evidence of heart failure, ascites or fetal hydrops. Laser
photocoagulation may be attempted, but the chance of survival
in this stage is much lower.

Stage V

In addition to all of the above findings, one of the twins has died.
Usually the donor twin is the first to die, but death can occur first
in either of the twins.

There are a number of limitations of the Quintero staging
system; for example, donor twins with a visible bladder might

Fig. 6: Diagrammatic representation of placenta showing arteriovenous
anastomosis

Flowchart 1: Pathogenesis of TTTS

have unusual Doppler findings. Two research groups from the
United States, the Children’s Hospital of Philadelphia (CHOP score)
and the Cincinnati modification of the Quintero system, merged
extra cardiovascular parameters for the calculation of neonatal
outcome.?*2> Their purpose is to build on the conclusion that
recipients displayed signs of heart failure even atinitial TTTS stages.
WohImuth et al. evaluated the fetal cardiovascular hemodynamics
in TTTS.2%27 Up to 70% of receivers revealed echocardiographic
signs of anatomical or functional cardiac compromise. An additional
study indicated that cardiac function of the recipient twin was
abnormal, even at stage | or 1.2 In contrast, donor twins normally
demonstrate regular cardiac parameters. Though, from the clinical
point of view, the Quintero staging system is commonly used even
if it does not correspond to a chronological order of deterioration
in all cases. Intrauterine fetal death might also take place at stage |
without worsening to more advanced stages. To add on, Quintero
staging demonstrated a bad estimate of neonatal outcome
after laser treatment. Yamamoto et al. completed a longitudinal
examination of bladder filling in donors.?® They described by
definition a visible bladder in stage | but absent voiding dynamics
in almost half of the cases, meaning that the difference between
stage | and stage Il does not reflect the quantity of urine production
and in our view does not have any clinical consequence.

Treatment Options

Since more advanced stages of TTTS have a worse prognosis in
comparison with the earlier stages, when severe TTTS occurs
at a very early gestational age (prior to 16 weeks), the option of
termination of the pregnancy can be considered. The various
therapies that are presently available are involving the balancing
of the fluid volumes between the two sacs, and interrupting the
communication of blood vessels between the twins. The treatment
options that are currently available are described below in details.”

| Monozygotic monochorionic diamniotic twin |

i Presence of A-V anastomosis l

Donor twin

\ Blood moves from donor to recipieM

Recipient twin

v

v
Reduced intravascular fluid volume |

Decreased urine production to compensate
for reduced blood volume

\4
Large bladder on ultrasound examination, oligohydramnios

I

Fetal anemia and poor growth
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’ Increased intravascular fluid volume

Increased urine production by the recipient
to compensate for increased blood volume

v
Large bladder on ultrasound examination, polyhydramnios

I

| Biventricular cardiac hypertrophy |

v
| Diastolic dysfunction |

v
| Tricuspid regurgitation |

v
| Congestive heart failure and fetal death |
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Box 1: Sonographic criteria for the diagnosis of TTTS

+ MCtwins

+ Twins having same gender

« Presence of hydramnios (defined as the largest vertical
pocket > 8 cm) in one twin and oligohydramnios (defined
as the largest vertical pocket is < 2 cm) in the other twin

- Discrepancy in the size of umbilical cord between the two
twins

 Cardiac dysfunction in the recipient twin along with the
presence of hydramnios

« Abnormal findings on the Doppler velocimetry of
umbilical vessels or ductus venosus

- Significant discordance of growth among the twins.

Reduction Amniocentesis

Serial amniocentesis involves the removal of the excessive amount
of amniotic fluid from the sac of the recipient twin through the
process of amniocentesis. This technique may be useful for milder
cases of TTTS that occur later in pregnancy. The procedure is
generally not thought to be effective for more advanced stages
of TTTS (stages Ill and IV). As a general rule, no more than 5 L of
amniotic fluid is removed at any one time. The procedure is usually
completed within 30 minutes or less. However, the procedure
may only temporarily restore the balance in the amniotic fluid in
both twins’ sacs as the fluid levels may return within a few days.
Thus, the procedure might require to be repeated after every
few days. The procedure of repeated amniocenteses for the
treatment of TTTS can result in numerous complications such as
premature labor, premature rupture of the membranes, and rare
infection or abruption. Pregnancies managed with serial reduction
amniocentesis on an average deliver by 29-30 weeks of gestation.®

Septostomy (microseptostomy)

Septostomy involves the creation of a hole in the membrane
between the fetal sacs using a needle. This causes the movement
of the fluid from the amniotic sac of the recipient into the sac with
absent or low fluid (donor’s sac). Though the risks for complications
like infection, premature labor, and premature rupture of the
membranes are rare, septostomy carries the additional potential
risk for the hole between the two sacs to become too large.
Sometimes, it can cause the entire separating membrane to
get disrupted allowing the babies to share the same amniotic
space. In the worst case, this could result in entanglement of the
umbilical cords of the two twins, resulting in the death of one or
both the fetuses. However, the advantage of septostomy over
amnioreduction is that the patients undergoing septostomy
typically require fewer procedures in comparison with those treated
with amnioreduction.'

Selective Laser Ablation of the Placental Anastomotic Vessels

In more advanced stages of TTTS (stage Il and higher), ablation
of the communicating vessels on the placental surface using
laser beams under ultrasound guidance can act as a curative
procedure. A fetoscope is introduced in the amniotic cavity after
the administration of adequate anesthesia to the patient in order to
directly visualize the blood vessels on the surface of the placenta.
Vessels that are found to communicate between the twins are then
ablated using laser light energy. Being a more invasive procedure
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in comparison with amnioreduction or septostomy, laser ablation
is associated with a higher risk of complications such as premature
contractions, premature rupture of the membranes (15-20% of
cases), placental separation (2%), and infection. In order to prevent
these complications, tocolytics to prevent uterine contractions and
antibiotics to prevent infection may be given both before and after
the procedure. In addition, laser therapy may be associated with
unique risks since the laser energy may cause certain areas of the
placenta or blood vessels on the surface of the placenta to bleed.
Therefore, after laser therapy, close ongoing maternal and fetal
surveillance is necessary.’

Selective Cord Coagulation

In this procedure, under ultrasound guidance, one of the twins is
purposefully sacrificed in order to save the life of other twin. This
procedure is used when laser ablation of the connecting vessels
is not possible or if one of the twins is so close to death that laser
ablation is unlikely to be successful. By stopping the flow in the
cord of the dying twin, the other twin can be protected from the
consequences of its sibling’s death. In this procedure, the umbilical
cord is grasped and electrical current is applied to coagulate the
blood vessels in the cord in order to stop the blood flow through
them. Complications of this procedure include premature delivery
and premature rupture of the membranes.’

Selective Fetal Reduction

This option is considered if severe disturbances in amniotic fluid
volume and growth disturbances develop before 20 weeks of
gestation. In such cases, due to shared circulation among twins,
both fetuses typically will die without any intervention. Various
techniques, which may be used for feticide, include injection of
an occlusive substance into the selected twin’s umbilical vein or
radiofrequency ablation, fetoscopic ligation, and laser coagulation
of one umbilical cord. Despite these procedures, other fetus remains
at appreciable risk.?

In 2015, Akkermans et al.?° circulated a systematic review
comprising 25 years of fetoscopic laser coagulation in TTTS. They
briefed the effect of 3,868 women included in 34 studies and stated
alarge variation between the various fetal medicine centers in terms
of case load and outcome. Though, mean survival of both twins and
of at least one twin substantially improved from 35% to 65% and
70% to 88%, respectively. The mean gestational age at birth of all
series was 32.4 + 1.3 weeks.

Another essential feature is neurodevelopmental follow-up
studies in survivors. Fetal brain lesions following laser surgery
may be portrayed by prenatal ultrasound or MRI. The lesions may
be ischemic or hemorrhagic, and the prevalence is roughly 2%
(equally allocated in donors and recipients). Substantial risk factors
are recurrent TTTS and postlaser TAPS following incomplete laser
surgery.3®van Klink et al. showed that severe cerebral injury at birth
was independently associated with neurodevelopmentimpairment
at 2 years of age.>! Schou et al. investigated the prevalence of
severe neurodevelopment impairment (cerebral palsy, bilateral
blindness and/or deafness, and severe cognitive and/or motor
delay) in children at the age of 2 years after fetoscopic laser
surgery for TTTS.32 Nine out of 86 children (10.5%) were affected.
It is important to know that follow-up studies reported varying
rates of cerebral palsy and neurodevelopment impairment in
TTTS treated cases with laser surgery. This may be due to different
methodology, heterogeneity within small case series, and lack of
uniform outcome criteria.

/
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Van Klink summarized 13 studies and found a prevalence
of 6.1% for cerebral palsy and 9.8% neurodevelopmental
impairment.> Preterm delivery was an independent risk factor
for neurodevelopmental impairment after laser treatment.3*
Other important risk factors were increased gestational age at
intervention, higher Quintero stage, perinatal severe cerebral injury,
and low birthweight.3333 Twins with TTTS have the highest risk for
congenital heart defects in comparison with uncomplicated MC
twins and singletons. The prevalence of heart disease in children
after laser therapy was investigated in cohort studies. Herberg
etal.found a structural heart defectin 6 (9.7%) out of 62 survivors at
the age of 10 years.3® Pulmonary stenosis was the main finding and
detected in five cases, both in former recipient and donor twins.3’-°

Unfortunately, many cases of TTTS worldwide are still left
untreated. A global survey of 64 centers of fetal therapy units
offering laser treatment for TTTS identified 33 high-volume (>20
procedures annually) and 31 low-volume (<20 procedures annually)
units, respectively. The investigators found a striking difference
between the two groups in terms of the geographic location. Low-
volume centers were more frequently located in South America,
Australia, and the Middle East (p < 0.01). In contrast, 79% of the 19
European fetoscopic centers were high volume units. Therefore,
some regions may have difficulties to establish and run high volume
centers offering laser treatment in TTTS. Meanwhile, international
collaborations with the goal to provide timely access to treatment
is a main challenge.*0-4?

CONCLUSION

In conclusion, fetoscopic laser coagulation is the gold standard
for treatment of severe TTTS at mid-gestation (16-26 weeks).
There is some indication that early and late laser interventions
are achievable and might enhance the outcome. Some fetal
medicine centers are able to provide the conservative treatment
with close supervision to the stage | TTTS. However, shortening of
the cervix, maternal discomfort, and increasing polyhydramnios
are the criteria in order to perform laser treatment. Following the
introduction of fetoscopic laser surgery for TTTS 25 years ago,
perinatal mortality was significantly reduced. High-volume centers
are able to achieve 70% double twin survival and survival of at least
one twinin >90% of cases after fetoscopic laser treatment. In order
to achieve that, laser therapy should be centralized in specialized
centers performing at least 20 procedures per surgeon annually.
Prospective registration and standardized long-term outcome
studies are very important.**** It will be exciting if noninvasive
treatment for TTTS will be viable in the future. Meanwhile technical
advances in terms of flexible scopes can enhance the visualization
and coagulation of all anastomoses.
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